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ABSTRACT

Friction materials for automotive brakes are complex composites
containing three general types of Ingredient materials: reinforcing
fibers; modifiers that adjust or maintain friction level, wear rate, and
noise properties; and organlc resin binders* Historically, the
foundation or major constituent of automotive friction materials has
been asbestos fiber, so chosen because of thermal stability, friction
level, reinforcing properties, availability, and relatively low cost.

Numerous substitutes for asbestos in conventional organic materials have
been evaluated, including both naturally occurring and synthetic
materials. Olrect substitution of these alternative materials in
conventional formulations has resulted In poor friction levels, friction
instability, roughness, structural failure, increased noise, mating
surface deterioration and/or front-to-rear vehicle brake imbalance.
Complete reformulation, not simple substitution, is necessary to meet
the numerous, complex performance requirements of consumers,

manufacturers, and government standards, such as FMYSS 105-75 and FMV$$
121.

In the 1960's, a new class of friction materials, called semimetal lies,
was developed to meet severe braking requirements, primarily in heavy-
duty disc brake and extreme duty truck block applications. Semi-
metallics operate satisfactorily against the ventilated cast-iron rotors
In the smaller brakes of downsized cars, as well as against the solid
rotors found in the lighter brakes of new front wheel drive vehicles.
Semimetallics rely on steel fiber and powder metallurgy techniques for
reinforcement, and do not require asbestos. The improved performance o*
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semimetal lies compensates for their higher costs due to more expensive
Ingredients, higher specific gravity, and more costly processing
requirements. Overall development took more than ten years from
Introduction to significant customer acceptance.

The characteristics of semimetal lies make them extremely difficult and
costly to process as a drum lining segment. Consequently, an additional
new class of friction materials is under development, specifically for
drum lining applications. Additional development effort Is necessary,
not only to confirm the performance characteristics of these new sub-
stitute fiber formulations, but also to develop new processing tech-
niques. These new-type friction materials will be more costly, however,
due to the ingredients and new processing techniques.
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INTRODUCTION

Automotive brakes can be viewed, quite simply, as energy transformers.
During a brake application, the friction materfal (stator) makes contact
with the rotating drum or disc (rotor), creating a friction force
resisting the relative motion between the two bodies. The energy of
motion is transformed into heat energy, which {s dissipated, primarily
through the rotating member.

As one might expect, the friction material must operate in a rather
hostile environment. Lining soak temperatures in excess of 400°C
(750°F) are not unusyal, and temperatures at the contact interface can
excead 850°C (1560°F). The nature of the on-the-road operating
environment (dust, mud, salt, water, etc.) complicates the problem. The
friction materfal must possess an optimized balance of characteristies,
and maintain these characteristics throughout 20,000 to 40,000 miles of
vehicle operation.

The fundamental characteristics of friction materials are listed in
Table 1. Friction level must be adequate and stable over a wide range
of operating speeds, application pressures, and temperatures, regardless
of the conditioning and age of the material. Of particular {nterest are
the fade/recovery characteristics, i.e., the ability to resist friction
Tevel deterioration when subjected to extreme elevated temperatures (the
fade) and then to return to the pre-fade friction level on cooling (the
recovery). The friction material must have good wear properties for
Tong 1ife, but it must also not cause excessive wear or grooving on the
mating disc or drum. Excassive compressibility, noise and roughness
(chatter, vibration, pulsation) must be avoided, and sensitivity to
moisture must be minimized. Finally, the friction material must be
capable of being manufactured with consistency at a reasonable cost.

Detafled definitions of these characteristics, and their interaction and
interdependence, have been discussed at length by Aldrich and Jacko

(1)s In general, attempting to improve upon one characteristic often
results in the deterioration of other characteristics. The development
of friction materials is therefore a complex, interactive process
seeking an optimized combination of interdependent characteristics.

The existence of numerous brake designs provides another lavel of
complexity in designing friction materials. Linfngs for drum brakes
require a8 wide range of properties. The duo-servo drum brake {(the most
popular U.S. design) requires two different types of linings, designated
primary and secondary, each of which needs different properties of
strength, wear resistance, friction level and friction stability. The
non-servo drum brake (used on many sub-compact vehicles) requires a
friction mterial which encompassas the best characteristics of the
primary and secondary in a single formulation, with emphasis on low-
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temperature properties and static friction capability. The large
hydraulic and air-operated drum brakes utilized on medium and heavy
trucks require, in general, the maximum properties of the smaller
vehicle 1inings but at significantly higher operating temperatures. The
arcuate form of drum brake 1inings places additional restrictions on the
formulation, because of processing requirements.

Disc brakes demand a totally different set of operating conditions for
the friction materials. ODisc brakes generally operate at significantly
higher temperatures than equivalent drum brakes, and the front disc
brakes run hotter than the rear drum brakes on the same vehicle (Table
2). The friction material for disc brakes must be specifically designed
for these higher temperatures, and must possess a higher coefficient of
friction and better wear characteristics across the temperature range.
Friction-material formulations must also be tailored to the specific
needs of the particular vehicle application. Numerous parameters such
as vehicle weight, front-to-rear brake balance, actuating system design,
and duty cycle affect the capability of a particular lining formulation
to perform satisfactorily.

The existence of numerous complex performance standards emanating from
consumers, associations, manufacturers, and government agencies provides
an additional set of parameters that friction materials must meet.
Stgnificant differences can exist between friction materfals used as
ariginal equipment in new vehicles and friction materials available as
replacement parts {n the aftermarket. CEach vehicle manufacturer has a
unique, extensive set of test and acceptance standards to ensure the
safety, durability, and performance of its products and the components
usad therein, Government-instituted requirements exist at the federal,
state, and local levels. Federal uirsments include those promylgated
by the Department of Transportation {vehicle performance), the
Occupational Safety and Health Adminfstration (manufacturing work
practices), and the Environmental Protection Agency (manufacturing
practices and raw materials).

In order to meet the many characteristics outlined thus far, friction
materials for automotive brakes have developed as complex composites
containing three general types of {ngradient materfals: reinforcing
fibers; modif{ers that adjust or maintain friction level; wear rate and
noise properties; and organic resin binders. Historically, the type of
friction materials used in most automotive applications has been conven-
tional organic friction material. The foundation or major constitytuent
of conventional organic friction materfal has been asbestos fiber, so
chosen because of its unique combination of characteristiecs. Asbestos
fibers provide reinforcement, possess a2 high coefficient of friction,
and more importantly, have excellent thermal stability. The openness of
the fiber, its adsorptiveness, and its compactibility enhance the
processing and uniformity requirements. Finally, asbestos fibers have
been availabie in a variety of grades at a relatively low cost.
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Once the friction material has been cured* the asbestos fibers are
locked Into the matrix. During brake operation, the high temperatures
generated at the Interface convert more than 99.71 of the asbestos to
non-fibrous residues (primarily olivine) in the wear debris (2), and
less thym 0.02t asbestos becomes airborne (3,4).

The conventional organic formulations and the processes by which they
are made have been dependent upon and tailored to the physical and
chemical properties of asbestos. Two courses of action are open for
elimination of asbestos from automotive friction materials:

1. Develop a new generation of friction materials, designed from the
start without asbestos In mind.

2. Attempt to substitute an alternative fiber system for the asbestos
in conventional formulations, with subsequent modification of
composition and process techniques.

Bendix is aggressively pursuing both courses of action. As Mr. william
Agee, our Chairman and Chief Executive Officer has stated, Bendix Is

committed to being asbestos-free at the earliest possible date within
this decade.



semimetallic disc pads

Properties

In the 1960s, a new generation of friction materials, called
semimetallic, was developed to meet severe braking requirements which
organics could not meet. Class A organics (typical U.S. materials),
which perform well In low and moderate temperature duty, are prone to
fade and exhibit compressibility and poor wear resistance at high
temperatures. Class B organics (typical European and Japanese
materials) provide good high-temperature wear and friction levels, but
have poor low-temperature wear resistance, produce rotor scoring and/or
wear, and are prone to being noisy. Semlmetalllcs were initially
developed for these extreme, high-temperature applications (5).

Semimetalllcs rely on steel fiber and powder metallurgy techniques for
relnforcement. Various property modifiers are added to enhance
performance to desired levels, with a resin binder holding the materials
In a uniform solid mass. Semlmetallics may contain metallic powder,
sponge Iron particles, ceramic powder, steel fiber, rubber particles,
graphite powder, and phenolic resin (6,7). Some manufacturers utilize a
backing layer of a different composition which can contain asbestos.

Problems Overcome

Inherent in the uniqueness of the semimetallic formulations and their
performance properties were a number of significant problems which
required resolution. Concentrated development effort was required to
resolve both processing and performance related issues. Processing
issues Included: the uniformity of the raw materials mixtures, the
ability to form and handle the In-process material, and the ability to
manufacture high-quality parts consistently. Performance Issues
included: materials strength, cold friction properties, Initial wear
resistance, and attachment to the backing plate. The development effort
on semimetallic friction material has been continuous, not only to
further Improve Its characteristics and properties, but also to overcome
the problems Inherent In accomodating new vehicle applications.

Semlimetalllcs gained acceptance because they were able to solve some of
the problems that could not be overcome using Class A or Class B
organics. The Improvements/advantages are listed In Table 3. The key
element Is the attainment of overall excellent properties at both low
and high tenperatures. Semlmetalllcs cost more because of more
expensive Ingredients and a costlier process, but the improved
performance capabilities offset these factors. An Increased usage of
semlmetalllcs has occurred over the past few years. The downsizing of
vehicles, with resulting smaller front brakes and higher operating
temperatures has given Impetus to Increased use of semlmetalllcs (8).
It Is expected that the trend toward asbestos-free semimetallic disc
pads will continue.
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SEMIMETALLIC ORUM LININGS

An obvious alternative to conventional organic drum brake 1inings is the
use of semimetallic material for drum linings. In fact, one of the
first applications for semimetallics was for air brakes on heavy-duty
trucks used in the logqing ndustry -- an extremely severe application.

Significant development effort has been expended on semimetallic drum
brake 1inings. However, the basic nature of semimetallics does not lend
itself to the arcuate segmant conf{gquration required for small drum
brakes. The semimetallic mix dces not possaess the necessary green
strangth, {s difficylt to bend into the arguate shape, and {s more
brittle {n its curad form and therafore subject to cracking.
Modifications to the formulatfon to facilitate processibility generally
result in 2 product that cannot achieve commercially acceptable
perfaormance characteristics. ‘

These difficuities present a clear challenge, and development work on
semimetallic drum brake linings continues.




ALTERNATE FIBERS/REINFORCERS
Prcgert1es

Alternative fiber systems in conventional organic formulations regresent
the second course of action open to friction-material manufacturers..
Table 4 is a summary of the properties of some of the various materials
which could be considered as alternate refnforcements. Since convene
tional organics and samimetallics have traditionally been reinforced
with asbestos and steel fiber, respectively, these fibers are also
included in the table for comparative purposes. The data in Table 4
were obtained from the material manufacturer's literature and extensive
characterization data developed at Bendix. Characterization included
scanning electron microscopy and x-ray energy spectroscopy ({SEM/XES).
The selection of suitable alternate materials mist also consider the
health and safety implication of the substitute fiber system. After
considerable study of exi{sting information, Bendix has chosen substituyte
materials which, in our judgement, are free from serious health
{mplications.

Processing Conditions

Current organic friction materials have been developed around the unique
properties of asbestos. Asbestos fiber bundles open during mixing and
entrap the friction medifiers and resin, giving a consistent mix. The
compactabiiity of asbestos facilitates forming at room temperaturs with
moderate pressure.

The non-ashestos fibers are much more difficult to handle. Mnst are
vary brittle and have 1ittle or no surface adsorptivity. High bulking
and seqreqation occur during mixing. Spring hack and low tack lead to
weak structures. Combinations of additives and new processing
techniques are required to overcome these problems and produce the
cohesiveness necessary for manufacturing parts.

Performance Cﬁara;teristfcs

The characteristics of the fibers can have significant influence on the
performance properties of the final composite. Asbestos has 2 high,
stable friction level, good adsorptivity for strength and wear
resistance, and does not contribute to noise.

Substitute fibers generally show greater frictional fnstability, little
or no surface adsorptivity, and/or significant contribution to both
noise and mating-surface degradation.




NON-ASRESTOS ORGANIC DISC PADS

Failures on Direct Substituytion

A commercial Class A organic disc pad for-ulation, similar to one
reported earlier (9) and known to contain shenolic resin, asbestos
fiber, orqanic friction particles (cashew and rubber dusts), zinc chips,
and barytes was selected as a baseline composition. In a sarfes of new
formylations, the ashestos fiber was replaced with glass fiber, mica,
mineral wool, Franklin fiber, a gqlass fiber/mica mixture, a
g}ass/Fiberfrax/graphite fiber mixture, and a glass/Wollastonite fider
mixture.

The comosites ware run on an fnertial dynamometer equipped with a
Bendix-designed Series III disc brake loaded to 1000 1bs. Stops frem S0
mph {80 kmph) at 3.66 mpsps (12 fpsps) deceleration were run at
different initial brake temperatures up to 315°C (600°F). All fiber
substitutions produced roughness followed by poor friction. Generally,
the compositas were structurally inadequate producing tear-out and poor
wear resistance, in addition to Poughess (Table 5). All formilations
were considered failures. This led to the conclusion that simple direct
substitution of alternative fiber systems was not practical.

Alternate Approach

A new baseline was selected with 1nc}eased reinforcement content to
better screen the following characteristics:

o processing

¢ streagth

o performance (friction, wear, drum compatibility, and noise
propertias) .

0 cost

The initial objective was improved structural capability. A number of
formulat{ons were made using high fiber concentration. As shown in
Table 6, the tensile strength results were very encouraging. The next
step, which proved very difficult, was attaining a proper balance of
friction and wear to go along with the strength.

Sample Dynamometer Results

A serfes of combinations of matarials with a fixed ratio of qlass fiber
and the other reinforcoments was evaluated on a2 sample dynamometer
{Table 7). The resuylts indicate that all of these reinforcement
combinations are poor substitutes for asbestos fibers in that they
exhibit poor friction, poor wear resistance, poor frictfon stability, or
poor rotor compatibility. However, some clues were provided and ft was
passible to combine two of the formilations to produce a new composite
M. This material was then reformulated with additional property
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modifiers in 6 other iterations to produce yet another formulation S,
which exhibited a high but stable friction coefficient, equivalent wear
resistance, and slightly poorer rotor wear resistance. At this point,
the study was transferred to full brake inert{al dynamometer testing.

Inertial Dynamometer Results

The inertial dynamometer confirmed that formulation S had a higher fric.
tion Tevel, ¢lightly better wear resistance, and slightly poorer rotor
compatibility than the baseline (Tahle 8). Approximately 40 iterations
of formuylation § led to formulation AA which gave good friction with
friction stability and very good wear resistance. Further {terations
(~10) led to formulation AL which gave lTower friction, poorer wear, and
good rotor compatibility. In addition to inertial dynamometer tests, a
series of vehicle tests was also initfated.

Vehicle Test Results .

Several formutation {terations were coupled with processing imorove-
ments. Formulation DA was developed after approximately 50 iterations
following Formulation AL, Formulation ON was developed after 13 itera-
tions of a new-concept material which has been patented (10). The
vehicle test results (effectiveness, fade, and recovery, in addition to
wear data and noise ratings) are given in Table 9 and were run according
to a2 modified SAE JB43¢c schedule. Formulation Rendix 07180 fs a Class A
organic used as the baseline.

The line pressure data show that the non-ashestos organfcs have higher
preburnish, post-burnish, and final effectiveness than the baseline,
based on full-system as well as fronts-only checks. This higher fric
tion Tevel and friction stability are also demonstrated in the fade and
recovery portions of the test.

Both non-ashestos organics showed poorer burnish wear resistance, and
both showed improved wear resistance during the fade and recovery por-
tions of the test.. The rotor compatahility of both non-ashestos
organics was poorer than that of the asbestos-based baseline,

Formulation DA, which is more typical of Class A organics, showed less
loss in rotor wear than did the new-concept ON material. 8oth materials
werse prone to be noisy.

Status

Non-asbestos organic disc pads are still in the development stage
because several problems have not yet been resclved:

0 rotor compatibility
o wear durability

0 noise properties

0 processing

Bendix is continuing development efforts to commercialize non-ashestos,
organic disc pads.
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NON-ASBESTOS ORGANIC DRUM RRAKE LININGS

Process Characteristics

Orume-brake 1inings require different processing characteristics than do
disc pads. When made by a wet process technique, friction materials
require a binder-wetted plastic mass with good ¢old flow properties.
When made by a dry process technique, they require good hot flow
properties, but must first be capable of being preformed under cold
pressure conditions to develop strength for handling purposes. 3cth wet
and dry process types require the capability of ultimate arcuate
formation. Al]l currently known alternate fibers result tn seriocus
problems in these areas. :

As in the case of dis¢c pads, the direct substitution of alternate fiber
in existing asbestos formylations has been unsuccessful. Rasie
processibility has been the first obstacle. The generally stiff, none
absorptive alternate fidbers do not result in a wetted, densified mass.
This precludes cold-pressure forming {nto brake-lining strip configura-
tions typical of wet-process mathods. In the case of dry-process
methods, the fiber stiffness {s a deterrent to good physical integrity
of preforms and also leads to excessive 1ining cracking during

bending. In general, the alternate fiber materials do not result in a
mix character which allows them to be processed effectively by currently
known technfques. The solutions to these problems call for radically
different approaches to material formulation and processing '

techniques. The new processing techniques require substantial capita}l
fnvestment. :

Testing and Development

With the application of suitable material and process changes, non-
asbestos type drum linings have been experimentally fabricated and
tested, Hundreds of formulations of duo-servo primary 1inings and
secondary linings, along with those for non-servo type brake linings,
have been made. When processed satisfactorily, these materials have
been tested on sample dynamometers and inertial dynamometers before
selecting the hetter ones for vehicle testing. The use of different
formulations to overcome the process problems has resulted {n substan-
tially different frictional and wear characteristics which have had to
be modified te duplicate current matarfals more closely.

Table 10 illustrates the magnitude of some of the early problems and
some of the later results. Initial tests using very high friction
combinatfons (A and R) run on Vehicle 1 with a front-brake hold-off
valve, resulted in a serious duty shift with front brakes projecting
greater than normal mileage, and the rear brakes projecting short life
because of thefr higher work Joad. However, when Combination A was run
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on Vehicle 2 (which had no front-brake hold-off valve), the secondary
Yining (the same as in Combinations A and B) projected almost the
minimum requirement of 15,000, although the primary gave only 7900
miles. Subsequent tests of {mproved combinations, particularly with
improved primary 1ining Vife, projected over 20,000 miles. Tests on
Vehicle 3, again without a front hold-off valve, projected reasonably
good 1iFfe on Combinations E, F, G, and H, with quite acceptable life on
the more recently developed Combination H. A comparison of wear projec-
tions on Combinations F and G shows the importance of primary-secondary
teaming., Both combinations had the same primary, but with different
se?ondaries, the life of the primary decreased from 20,900 to 12,200
miles., ’

The above data {llustrates that basic 1ife and performance are achiev-
able, at least on certain vehicles. However, the matarials noted above
were prepared by more {nvolved, more expensive processes and are noisier
than current asbestos types, and the mating surface conditfon requires
further improvement., Further, the ability of these materfals to withe
stand extended {n-service usage must be evaluated in & wide range of
vehicle applications and environments.

Status
The first generation of asbestas-free drum 1ininas {s being evaluated by

some vehicle manufacturers. BRendix is continuing development efforts on
further improved materials.
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ECONOMIC IMPACT

The economic Impact of eliminating asbestos from automotive friction
materials Is significant, and Includes three distinct segments:

1

2)

Research and Development/New Capital Investment: Bendlx has com-
mitted, and will continue to commit, extensive funding to both
research and development efforts and to the new equipment and
facilities required to support asbestos-free friction materials.
Over the last five years, the number of dynamometers and test
vehicles at our Friction Materials Division has doubled, and engi-
neering headcount has been Increased by over 60 percent. The
total engineering budget has tripled, and the share of the budget
devoted to asbestos-free product development has grown from 13
percent in 1976 to over 71 percent for 1981. The corporate
research laboratories have also expended significant effort in
support of the division. Based on our current plans, Bendlx
estimates that It will have committed over $25,000,000 to engine-
ering activities on asbestos-free product in the U.S. by 198S.

Capital expenditures must also be increased significantly. Over
the next five years, the average annual expenditure related to
asbestos-free products will be triple the historical average
annual expenditure for the entire division. Based on our current
plans, BendIx estimates that It will Invest over $60,000,000 (1980
constant dollars) In new equipment and facilities for asbestos-
free products.

Product Cost: The basic cost of the product Itself Is a complex
function Involving many factors. The amount and types of
materials used, and the basic raw materials cost are obvious
factors. The fixed and variable costs of manufacturlng can differ
greatly, based on the type of process and Its complexity,
production volumes, labor costs, energy cost, and process yield,
among other factors. Administrative costs and
handling/distributlon costs are also significant variables.

Preliminary cost estimates Indicate that asbestos-free drum brake
linings may cost 20% to 50% more than current linings. Oise brake
pads may cost 20% to 100% more than current materials. These esti-
mates are for products delivered in the original equipment market.
We emphasize these are preliminary estimates. Until parts can
actually be manufactured on production equipment In significant
volumes, costing estimates must be preliminary. The estimates are
highly dependent on the raw materials and processing techniques,
which can vary significantly. Moreover, research and development
continues, and future results can affect product cost.
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3} Implementation Costs: A4s noted earlier, vehicle manufactyrers
have an extensive series of stringent test requirements. Each
diffarent vehicle confiquration requiras the series of tests to
ensure that the product conforms to the requirements, Since
ashestos-free materials may have some performance or property dif-
ferences from current materials, vehicle system redesign may be
necessary. We do not have sufficient information to accurately
estimate costs associated with the test programs. We would expect
that each vehicle manufacturer would expend millions of doliars,
and possibly tens of millfons, in converting their product lines
to asbestos-free materials, A key element is the timing of the
test programs. Expenses could be minimized by converting to
ashestos-free materials as part of the scheduled new vehicle

design programs, where significant brake-system testing is already
necessary,



TIMING

Friction materials development is a lengthy process. As mentioned
previously, the materials themselves and their properties are the
results of optimization procedures, and the necessary testing programs
are extensive. These programs Include not only testing by the friction
material supplier to develop and document the materials’ capability, but
also extensive testing by the customer to ensure suitability and
regulatory conformance In the particular application.

Historical data gives us a sense for program timing. Evolutionary
changes generally require eighteen to twenty-four months for supplier
development and validation testing, twelve to eighteen months for
customer application testing, and six months manufacturing lead-time—
that is a total of 3 to 4 years. An example of such a change would be
an improved organic disc pad utilizing the same basic components (i.e.,
asbestos, resin, modifiers). Compared to its predecessor, the new
formulation might exhibit 15 percent better wear, Improved fade
resistance, and the same friction and noise properties. Today's

asbestos organic linings are essentially the product of 40 years of
evolutionary changes.

Revolutionary changes, which advance the state of the art, are more
difficult to come by. It is unrealistic to put a timetable on inven-
tion, hut establishing the feasibility of a new concept can take 12 to
18 months. Reducing that concept to a product with some or most of the
basic characteristics can take 12 to 24 months. Fornulation development
to obtain a balanced set of characteristics for commercial application,
and validation of those properties requires 24 to 36 months. As before,
12 to 18 months for customer application testing, and six months
manufacturing lead-time are needed—that is a total of 5 1/2 to 8 1/2
years. The semimetalllc discussed previously Is a good example.

Semimetallic development began in 1962. The first low volume, special-
purpose applications occurred in 1969. General acceptance came in the
mid 1970s with the second generation of semimetalllc formulations.
Today, semimetalllc disc pads are utilized on the front brakes of
approximately 50 percent of the new vehicles built in the U.S., and
projections approach 100 percent utilization by 1985. It has taken
continued development and Improvement of semimetalllc properties to
achieve this level of use.

The elimination of asbestos from automotive friction materials mist be
considered a revolutionary change. There are strong indications that
the asbestos-free materials can achieve general acceptance more rapidly
than semimetallies did. However, basic development needs demand a
minimum time from the start of a program to Initial production applica-
tion. Assuming a 1975 start date, historical data would suggest that
Initial applications could be expected in the 1982/83 time frame, and we
believe that we are close to that timetable. However, this only applies
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to the first generation of ashestos-free materials. Continued engineer-
{ng effort (evolutionary changes) will be required to develop both the

-second generation of materials with improved properties, and the multi-

plicity of types of formulations necessary for different applications.

As indicated earlier, semimetallic disc hrake 11nings containing no
asbestos in either the friction material or the backing layer are in use
today. It should be peinted out that the semimetallic friction
materials have some characteristics which may preclude their utilization
in certain vehicle applications. An orderly transition ta significantly
increased utilization of semimetallic disc pads on new U.S. vehicles is
in prggggs. and will probably approach 100 percent utilization no later
than N

NDevelopment continues on both asbestos-free organic disc-brake linings
and on semimetallic drum brake 14nings, but the timing for production
{mlementation cannot be accurately predicted.

The inftial generation of asbestos-free organic drum-brake linings is in
the final development stage at Sendix, and initial evalyatinns are
underway at vehicle manufacturers. Some asbestos-free blocks are avail-
able commercially for heawy truck applications. While it {s too early
to tell whether theses formulations will achieve commercial success, the
first significant production releass would prohably be. in 13982,

Although this presentation has primarily addressed original equipment
considerations, the use of ashestos-free materials in the aytomotive
aftermarket will create additional challenges. As new vehicles are
produced with ashestos-free friction materials, they should be serviced
with asbestos-free products. However, since the ashestas«free materials
may very well have property and performance dffferences comared to cur-
rent friction materials, it may not be possible to substitute the
asbestos-free materials directly in older vehicles without compromising
safety. Hence, significant time and effort will be needed to evalyate
the effect of new asbestos-free friction materials in aftermarket appli-
cations to ensure safe and efficient braking and adequate lining life
prior to the release of these asbestos-fras materials for use in the
aftermarket. ’
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SUMMARY

Automotive friction materials are complex composites that have developed
around the properties of asbestos. There is no simple substitution for
asbestos fibers in automotive friction materials. Extensive engineering
programs are required to develop new asbestos-free formylations and
process techniques, and to conduct testing to ensure the adequacy and
safety of the new friction materials. .

Semimatallic disc pads, originally developed for heavy duty applica-
tions, meet the criteria of being asbestos-free and are in use today.
The trend toward significantly increased usage is well established. The
first generation of asbestos-free drum linings for passenger cars and
1ight trucks is in the final stages of development at Bendix, and in the
initial stages of evaluation by vehicle manufacturers. If these
asbestos-free drum 1inings prove to be commercially acceptable, initial
1imited production usage could occur as early as 1982. Some ashestos-
free friction materials are currently available on the market for heavy
truck applications.

Engineering programs continue on improved versions of the materfals
mentioned above, and also on other types of materials which might prove
successful. Rendix is committed to developing ashestos-free alter
natives, and an orderly transition to such materials is now taking
place. Significant engineering effort and time {s needed to accomlish
this transition.

As stated {n the Bandix Corporation's 1979 annual report, “...Rendix
early in the 1980's will offer its automotive customers brakes made with
long-wearing high-performance friction materials that are asbestos-
free.,” We intend to mest that commitiment.

017.



1.

2.

4.

S.

§.

7.

8.

10.

_" REFERENCES

F. W. Aldrich and M. G. Jacko, "Organic Friction Materials,*
Bendix Technical Journal, Vol. 2 (No. 1), 42-54, (Spring 1969),

M. G. Jacko and R, T. Ducharme, “Brake and Clutch Emissions
Generated During Vehicle Operation,” Society of Automotive
Engineers Transactions, 82, 1813 (1973); also SAE Paper /30548,
A. E. Anderson, R. L. Gea;er, R. €. McCune.Tand J. g. Sprys,f
“Asbestos Emissions from Brake Oynamometer Tests," Society o

; a1s0 EZE Paper

Automotive Engineers Transactions, 82, 1832 (1973)
730549,

J. C. Murchio, W. C. Cooper, and A. DelLeon, "Asbestos Fibers in
Anbient Air of California,” Final Report, University of California
Contract ARS 4-054-1, March 1973 (also EHS Report #73-2).

B. W. Klein, “Semimetallic Quter Pads for Disc Brakes," Bendix
Technical Journal, Vol. 2 {Ne. 3), 109-113, (Autumn 1969).

S. K. Rhee and J. P. Kwolek, U.S. Patent 3,835,118, issued
Sept. 19, 1974,

M. G. Jacko and S. X. Rhee, "Brake Linings and Clutch Facings,*

Kirk-Othmer Encyclopedia of Chemical Technology, Vol. 4, 202-212,

J. P, Kwolek, “Friction Materials for Small Car Solid Rotor
Applications," SAE Paper 750874, October 1975.

M. G. Jacko, "Physical and Chemical Changes of Organic Disc Pads
on Service,” Wear 46, 163-175, (1978).

B. W. Klein and M. G. Jacko, U. S. Patent 4,175,070 issued
November 20, 1979. ’

-18 -




TABLE 1

CHARACTERISTICS OF FRICTION MATERIALS
FRICTION

o LEVEL (COEFFICIENT)
e STABILITY - SPEED

~ PRESSURE
~ TEMPERATURE
- CONDITIONING
- AGE _
o FADE/RECOVERY ' e
WEAR
FRICTION MATERIAL
DRUM OR DISC
NOISE
ROUGHNESS

MOISTURE SENSITIVITY
"MANUFACTURABILITY

o PROCESSIBILITY
o UNIFORMITY
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