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STEPHEN L. BERGER, P.E.
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4418 Pleasant Valley Court
Oakland, CA 94611
(510) 622-2345 Work
{510) 658-2256 Home

July 31, 1998

Walter Weathers
333 Clay Street, #4440
Houston, Texas 77002
BENDIX REFERENCES AND RELATED MATERIAL
Dear Walter:
I have enclosed literature and patent references on Bendix (both Aldrich and Kwolek), some patents
assigned to General Motors, a 1950 article by a Chrysler employee, and a 1979 general reference
comparing different brake linings.
Most of the references should be self-explanatory after reading the enclosed three page report I wrote

for NRDC in 1983. The report also details a telephone conversation I had with Aldrich in 1983. If
you have any questions, I will gladly discuss them with you.

Sincerely,

Stephen L. Berger, P.E.



Stephen L. Berger
6631 Saroni Drive
Oakland, CA 94€11l

June 22, 1983

Desr Bsarry,
Here is the report on ashestos-free brakes for NRLC,
I looked through the Engineering Index from 1970 to

April 198% and the Index for SAE Transactions from 1974 to
1981.

The only reference that might be of interest snd which 1
could not locate here is a book entitled ¥riction Materials;
Recent Advances by Louis R. Newan (it might be Newman) published
in 1978. It is based on patents and mentions commercisl
aprlications.

Sincerely,

fi;j;z}é9\“



ASBESTOS FREE RRAKES

Stephen L. Berger
June 22, 1983

Possible replacements for asbestos braske linings (peds)
can be divided into two groups: (1) the semi-metsllic friction
materisls, snd (2) linings in which the asbestos fibers sre
replaced by other fibers, specifically Kevlar (du Pont trademark)
aramid fibers.

The followine references describe the semi-metallic brake
134
linines,

5Az Transactions Psper No, 710591, by F, William Aldrich
from the Eendix Corp. This 1971 pasper describes the advantaces
of semi-metsllics: 1improved wesr resistance; improved fade
resistance; improved high speed effectiveness; improved frictionsl
stability; minimal noise; and excellent mating surface compstibility.
The paper seems to imply that semi-metsllics sre useful as both
disc and drum braskes.

SAE Transactions Paper No., 750874 by John F, Kwolek, at the
time from the rendix Corp. This 1975 paper is directed to semi-
metallic solid rotor disc brakes in small csrs. Reviewing the
history of semi-metallics, the paper states that they were
first developed in the 19¢€0's and first used on foreien vehicles.
Police cars and taxicabs were slso equipped with them, In 1970
in this country, semi-metallics were used for the front disc
brakes of police cars. Additional costs were apparently the
only reason widespread usage did not occur.

"Semi-metallics are currently being produced for
one domestic vehicle eocuipped with solid rotors.
Combinations of orgesnic snd semi-metellic peds sre
being used on a domestic station wagon, luxury cer and
seversl lignt truck applications. The use of semi-
metallics has also been expanded to the larger disc
brakes currently released for heavy trucks.”

The sbove paper mentions & 1974 U.S. pstent 3,835,118
(enclosed) to Rhee and Kwolek and assigned to the Bendix Corp.
This petent is the only place I found which actually describes



typical semi-metallic breke pad formulations. The pstent
discloses coarse sponge iron particles as a friction modifier,
The pstent slso mentions that "one of the major obstacles to
the acceptance of semi-metallics as a friction material has
been the poorer wear resistance of the semi-metallicso(compared
to organics) when operating st temperatures below 325°F.,” (col.
3, line 66 to col. 4, line 2). The brske pad of the patent
apparently overcomes this objection.

SAE Paper No. 790717 (sbstract only is enclosed) by Harry
M. Schiefer snd George V. Kubczak of Dow Corning Corp. This
1979 paper describes s Dow Corning friction modifier for semi-
metallic brskes and clutches to reduce sgueal and wesr.

An article, based on the above 790717 psper, in Autonotive
Engineering entitled "Friction lModifiers Tailor Brake and
Clutch Characteristics," This srticle gives more detail than
the abstrsct and compares the properties of the different
classes of brake linings. Semi-metallic brake linings (because
of their hardness) without friction modifiers creat much noise
(the saueal one hears from msny Zuropesn cars).

4 telephone call to Aldrich st Bendix in Troy, L.Y. (518
27%3-€550) reveasled the following information about semi-metsllics:

1) some Zuropean manufacturers have used semi-metallics
for about a decade

(2) companies are very secretive about their orovprietary
brake formulations and, therefore, few articles givine
details are published

(3) semi-metallics work better than asbestos linings, but
cost more

(4) more than half of GNMN and Chrysler disc braskes are now
semi-metallics

(5) brake manufacturers will soon have to stop using
asbestos because it will be too expensive for then
to meet the proposed OSEA standards.

A telephone call to Schiefer at Dow Corning in Kidland,
Mich, (517 49€-4000) did not revesal any new informstion, but
he did confirm thst brake formulations are hard to find in the
published literature.

I do not have information on chang2s in msnufacturing
equipment or processes for the semi-metallics,



Brekes in which asbestos is replaced (the basic formulation
remaining sbout the same) are best exemplified by SAE Transactions
Psper Ko. 800667 by Halver Y, Ioken from du Font, This 1980
paper suggests replacement of asbestos by a combination of "s
low cost inorgasnic filler with higher cost reinforcing fibers
added for strength snd crack resistance., This approach would
in principle make it possible to continue to use the production
methods that have been developed for asbestos-based friction
materials.,”

The paper presents a table which lists the advantages and
potential problems of various reinforcing fibers for friction
materials. The problem with Kevlar: "Cut forms...reguire
speciagl attention in mixing becsuse the fibers are tough and
do not breask up but tend to clump together on prolonged mixing."
The psper does mention that Kevlar reinforced friction masterials
can outperform ssbestos friction mesterials. However, Aldrich
told me that Kevlar is very expensive (sbout $6.00 per vpound
compared to sbout $0.25 per pound for ssbestos) snd that this
fact might limit the commercial applications of Kevlsr. On the
other hand, the formulstions in the paper use only 5% kevlar, btut
premium quality asbestos linings use 50-50% asbestos., Semi-
metsllics cost less than Kevlar-besed friction meaterisls.

Also enclosed is U.S. patent 4,112,501 to Aldrich and
sssigned to Zendix. This discloses 8 friction materisl reinforced
with steel and cellulose fibers. Aldrich said that this patent
is "worthless.,"

Tnere is also enclosed an abstract of SAE Paper No., 800979
entitled "rerformance Characteristics of a Non-Asbestos Cellulose
Fiber Composite Friction FMaterial." No evaluation of this
paper can be made by me.

Lastly, there are two U.S. patents, 3,870,581 assigned to
Johns-l‘anville snd 4,118,528 assigned to Raybestos lManhattan,
both disclosing glass fiber clutch facings.

In conclusion, asbestos free brake linings can be made
using either semi-metallic friction materials or by replacing
the ssbestos with 2 combination of kevlar sramid fibers and
filler, Since semi-metellics have already proven themselves
in commercial applications in Europe, and recently in the U.S.,
end cost less than Kevlar-based friction materials, they will
probably be the first choice of U.,S. manufacturers when
asbestos is eliminated.,
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MODIFIED ORGANIC BASE FRICTION MATERIAL
F. William Aldrich and Theodore E. Deane, Troy, N.Y,,
assigoors 1o The Beadix Corporstion, a corporatios of
Delaware
No Drawing. Filed Sept. 13, 1965, Ser. No. 487,052
Int. CL CO8g S1/0x. COOh 314, Fled 69-02
US. Cl 260—34 § Clsims

ABSTRACT OF THE DISCLOSURE

An organic base friction materisl having dispersed
therein chunks of a semi-metathic friction modifying ma-
terial to serve as the fnction controlling means. The
semi-metallic moditier being essentially high concentra-
bone of metal and metal oxide powders in a base vrpanic
resin matnia

Ir order to ohtain the ultimate in friction charavteris-
tice parucularly high friction level for un organic type
brake bining or fricuon material. it is necessary to add
fricti. - modificss The most common of these friclion
modiaers are the cured resinous particles such as that
Jerived from Cachew nut shelt hquid The use of such
cashew rean porudles results in ancreased frictiona: ef-
c.useness of the bace hnng or friztional material, par-
tuhoh ol smerent 00 retatine!s -low temperatures How-
cver sach use has the disadvantuge of decreased tale
resisicnee of decreased eflechiveress at elevaled tempera-
tre o poee pecovemy, ond alo the disadvartage of de-
Ccreaaedd efTestveress oner dong terne normd s Tob
soaed g ar NLTLese ST Tugaitee pedal pressutc over hite
(O byl

At oalirrroae de toe snch vurld resineu
ol s e e el noreame muderials of abrasise char
acterstes Suct maera!s for example slumina will of-
ter ancre see efTectiveness and will also ofler umproved
tade ressiance  imrreved recosery properties, and iess
hedeor . opeaad pressere increase ) with extended use
Suck mutchials, howeser, also hine achmite
disadvont, increased nosse charusteristics und ex-
.¢ shve weaning. grooving or general destruction of the
m.Lop sofioce torabe diem or diw).

o an obyeds of the present anvention to pravide o
senomtdhie dnenion modifier for orgamic base iming o
pioonde ancreased friction eflectiseness at both Jow and
Ceeaind omipetatures without displaving poor fude re-
teeorvery, lore wrm hardemng, excessive wear,
Or sCnning

It 1+ arather ¢™ect of the present invenuon to provide
an amproved fricuor modifier for organic base lining
comprised of a sent metalhic poarticle o1 chunk consisting
Wometg] powder of mataloe onide powder matniy, 4
oy constiiuent and powdered graphite all bound
to.eher under haat and pressure by a thermesetting
paenvlic resir binder.

The triction modifier of the present insvention is for
use with an urganic base lining of the conventional type
consnting of a rewn base with sdditive organic friction
modificre awpestor und the like.

The serv-nietallic fricion modifier or frichon con-
troliing means added 1o the basic orgunic lining pref-
era™y comprises 112 1o 20% by volume of the total lin-
ing matenial. Below 1720 eflectiveness 1s not obtuined.
procosang limitations cause the addition to
pecome uneconomical A functional upper limat iy 28%
wherain tne ebrasive content cun be expecicd to have
delcienons effects with respect 1o drum or dise wear

The senn-metaliic as 1w be added i a3 particle o ¢chunk
swegreatet thae 20 mesh ainve the effect s manhed ot
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smalier particie sizes There ic effectively no upper limit
on particle size and the entite 25% of semi-metallic may
bt comprised of a singlc Jurge parucle ©r insert in the
base organic Howcver. to tacilitate processing. s pre-
ferred particle size tange s from plus 20 1o minus &
mesh

The preferred composition of the semi-metailic {ri.-
tion modifying particle is as follows

Condtituent Vol., percent
Organic resin binder _._..._...._._ 20 and o\¢!
Graphite - e e e oo 1826
Ceramic powder . ... .. _...... 10-25
Meisl or metal oxide powder _. ... ________ 30-%0

The processing sequence is to manufacture s semi-
metslhe foction modifying particle by combining the
metal or metal onide powder. cerumic powder and
powdered gruphite in ar otgame resin binder of the
thermosetting phenchic reun type which v then cured
under heat and pressure to form a Pended nipd mass
of senu metalhe muatersal This mutenal i~ ther broken
into particies 0f a size greater than 20 me k und added ‘o
a conventional organic braie hirang min, comprising pref-
erably [': 1o 2000 of the volune of the hinshed hning
material The organic hming matcran witsn semmetaline
pariicde added v then provessed cured und sraped into
a fimnhed organmic hrahe himing segment o Mook The
appeetanee of the Lamg can best be doscrired a motiled
compated 1e corcennona hmngs when t* ¢ senn-metaling
particle size owntir the preterred size Tanee of pius 26
m.es & npedh
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the mice b v mor pegrrad 1ot T rarse sl Gooenst
speabins. the hine of Wisin tion petween TATIN afd

metal onvides whisn car be sarstiiated o0 Uie mictal con-
tert depends on the abiasive or hardness (naiacteringg

Hoake B, manotaciorod e wocorlar oo waith the
above teachines repre-er s o vpnilicert ady e et
corventiorgl orcame bricgs known an bt art
Genctally spoahing the doanoe s e tern s of pecreawed
ficine tocthon etfodtnvene ar e of
OpeTalion € orparison To's tevea! that incrcased effon-
thveness s ot pronoerced under sesefe cenditions of
operation. whore comsentiony! saganie hineps ore the
weshest For envample, rrabe fade indaced = tast ten
perature, coused Booarequent Proec arphoshion ae she ot
ume mieroa’s 1 dessened tons b Kecon oo
eflectinencas wver tade s iRcteeed i Caless of 2F
Hich peed and burnsh cwear o effectinencess 1 ime-
proved by o sinular depree While to some crtent Lhese
are predictable resulis of high friction characterist.os of
melsl und ceramic parbicles resistant 1o detersoration at
high temperature, the main significance of the present in-
venton rewdes an the fuot that ths mmpio-ement i+
achieved without sactifiong hning wear or sonng the
mating brabe surface sucht as envountered witt mets)
bave or 1margime hnings. In facr test resu e nove oe
monsttated unoanctease i himng dife 0! wicater then
207 companing an organic with 190 sern-mictalig pai-
ticles wath a sull orpanie of the same type
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3,434,995

3

from 1'% to 287 by volume of 4 semimetallic partikle of a
size greater than 20 mesh: said semi-metallic particle hav-
ing as constitucnts by volume percent graphite from 15-
25%, ceramiv powder from 10-25%, and metal or metal
oxide from 30-5077 being bound together by an organic
resin binder from greater than about 20% .

2. A modified organic basc friction material as clainicd
in claim 1 wherein said organic resin binder 15 a thermo-
sctting phenolic resin

3. A modificd organic base friction material a< cluimed
in claim 1 wherein said ceramic powder is a ceramij.
selected from the group consisting of sillamanite. mullite,
magnesium oxide. zirconium oxide or mixtures tuereof.

4. A modified orgamc base friction lining material as
claimed in claim | wherein said metal or metal oxide 11
selecied from the group consisting of iron copper, ron
oande. or miviures thereuf

5. A modified organic bose friction material consisting
of an organic base fricuon liming material containing

4

from '3 10 207 by volume o 4 semy-metalls. particic
within the «ize range of plus 20 minus 4 mesh, said senmi-
metallic particle having as constituents by volume percent
graphite from 15-28¢  cerunuc powder from 10-24";
and metal or metal oxsde from 3 <90 heing Round 1o

gether by an organic resin binder from greater than
about 207¢
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Semi-Metallics:

A New Type of Friction Material

THE PAST TWO decades have seen rather dramatic changes in
the requirements for frictional elements used in the braking
systems of motor vehicles. Essentially, this shift in require-
ments has been in the direction of greater heat resistance,
greater frictional stability at a higher friction level, reduced
noise. and extended durability. In general, the staic-of-the-urt
development of friction materials has kept reasonable pace
with these required changes through improved resin binder
systems, improved frictuon modifiers and fillers, and the in-
creased application of scientific aids for greater uniformity

Although friction material development has not been rc-
stricted to the use of organic constituents 100% , a substanual
portion of their composition has been organic type materals
and they have been, thereby. subject to whatever shortcomings
these materials may have. It s unfortunate that the prime
shortcoming of organic type matenals, namely their inherent
nature to change both their form and properties with tempera-
ture, 15 at complete odds with the requirement of frictional
materials to maintain maximum uniformity and stability of
effectiveness over a wide range of temperatures.

In the past, considerable eftort has gone inio a potential
solution to this problem of organic thermal instability in the
form of development based on 100% norganic materials,
namely sintered metallics. However, even these supposed
ultimate materials had their shoricomings, perhaps the greatest
of which was that they also had too much sensitivity to
temperature. At low temperatures they were ineffective and
at high temperatures they were too effective. Their major
advantage was low wear in the extreme temperature ranges of
1000-2000 F, which made them quite successful as aircraft

ABSTRACT

F. William Aldrich

Automotive Control Systems Group, The Bendix Corp.

linings. Sintcred metallics did have, however, a potential of
frictional stability, superior to the organics, if it could be
controlled.

It became obvious that if the technological advantages of
both the organic and sintered metallic friction types could be
combined. then a new generation of substantially improved
friction matenals could be obtained. The result of this mar-
riage I~ todays state-of-the-art semimetallic friction materials.

This paper will, as a rule, not difterentiate between drum
brake ind disc brake applications for friction materials, since
the basic charactenstics remain essentially the same regardless
of appheation. Any difference in the requirements of friction
materal for these two types is ordinarily only a matter of
degree. with disc brakes. for example, generally operating at
higher temperature ranges than drum brakes

CLASSLES OF FRICTION MATERIALS

Any discussion of friction matenals can be clantied to an
extent, by first classifying them along general lines. For pur-
poses of this paper, let us assume three classes for current
matenals. Class A, Class B, and Class C, with the latter being
semimetallic.

As a general category. Class A friction materials would be
represented by production materials on American made
cars over the last 5-10 year period. They would be further
categorized as bemng fundamentally organic in nature, ex-
cluding. of course. their inorganic asbestos content com-
mon to most of them. They are probab'y highly loaded with
organiy 1esin hinders, organic resin friction modifiers. and

A new semimetalhc type of fictson maternial has been devel-
oped which offers improved frictional stabihty and high tem-

perature wear resistance. Having minimal organic content,
these matenials avoid the thermal sensiivity to chemical and
physical change characteristic of typical friction materials.

2029
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natural or synthetic rubbers or elastomers. They trequently
also contain small amounts of graphite or other carbun type
materials, and possibly small amounts of inorganic wear fillers
such as ground limestone. As a class, they would be generally
low in inorganic content, particularly anything of a sub-
stantially abrasive nature. Again, as a class they are reasonably
quiet, give respectable durability, and under most conditions
perform their frictional purpose without distinction. On the
demerit side. sizeable increases in temperature raise havoc
with their efficiency, and long term use or abuse frequently
lowers their effectiveness. They lose friction rapidly at tem-
peratures over 450-500 F and start considerable thermal
decomposition above 600-650 F. Once having been in this
“affective” temperature range. they are seldom like they were
before.

Class B matenals represent a first step major compromise 1n
attempts to improve the Class A types. Asa class, they ordr-
narily have higher inorganic and lower organic contents
design factor to improve their thermal stability . They are
most apt to have some degree of abrasive content to help
stabilize their frichonal properties.

Generally, as a class, they have better fade resistance. better
recovery, and overallimproved frictional and thermal stabiliy.
They may give good lining life at higher temperatures (+450
deg). but frequently at the expense of the mating surface
which suffers from excessive wear, grooving. or scoring. They
are quite apt to be noisy, and in terms of frictional stabihity
may become overly effective with use or abuse, thereby in-
creasing their noise and reducing their controllabihity.

The more recent Class C or semimetallic friction matenal
attempts to extract the desirable properties from each of the
Class A and Class B types. To gain maximum frnictional and
thermal stability it minimizes organic content. but it does not
ignore it since organics do add desirable properties. It also
maximizes inorganic content to gain thermal and frichional
stability, but it does not overdo these since it does nut want
the potential hazards they offc:.

WEAR AND FADE RESISTANCE

It has previously been noted that one of the shortcomings
of organic type materials is their tendency to change form and
propetrties at efevated temperatures. It is this characteristic
which contributes substantially to highly accelerated wear as
the temperature goes up. The property of wear is usually
considered to be an economic factor only, but to some extent
it can also play a part in performance factors. In the case of a
drum braked vehicle with duo-servo brakes,moderate differ-
ences in side-to-side lining temperature or side-to-side lining
wear rate can lead to unbalanced friction levels and severe
pulls or single brake burn-up. Whether the chicken or the egg
comes first is problematical, but the fundamental process 1s
the same. In a disc brake, the lack of servo action mayv prevent
pulls for a longer time, but moderate temperatures or wear
differences at the higher operating temperature range of the
disc brake can result in undesirable and substantial lining life
variations, side-to-side and front-to-rear.

F. WILLIAM ALDRICH
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Fig. 1 - Wear versus temperature charactenstics
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Class A organics do have, as the temperature increases. a
temporary degree of self-protection by virtue of their fade
properties. By this we mean that increased temperature de-
creases their effectiveness and their work output, thereby
protecting them from further temperature increases and in-
creased wear rate. However, since fade is generally less on
each successive fade condition, this protection is somewhat
short lived. Some Class A materials also have such a steep
wear versus temperature curve that constant surface renewal
minimizes fade and also reduces or eliminates this self-protec-
tion,

Class B organics generally have improved fade resistance and
more gradual wear versus temperature curves, This better fade
resistance tends to reduce their self-protection. In spite of the
better high temperature wear capability of the Class B types.
the organic materials present still cause eventual wear resis-
tance breakdown, even though it may be at a level 100-150
deg higher than a Class A type. At this point, however, the
asbestos fiber is reaching the temperature range of substantial
loss of water of crystallization and is itself deteriorating,
actually forming new materials such as olivene.

Class C or semimetallic linings have a wear versus temperature
curve of considerably less slope than the Class A and Class B
organics. The wear versus temperature curves of Class A,
Class B, and Class C materials, as taken from actual constant
torque sample dynamometer tests, are shown in Fig. 1. It will
be noticed that the Class C semimetallic is essentially insensi-
tive to temperature in the 250-650 F temperature range, while
the Class B starts to break at +500 F, and Class A starts to
break at +400 F. Also note that up to 500 deg or so the Class
B material wears at a rate somewhat greater than either the
Class A or Class C types.

Because of the minimal organic content of semimetallics.
they also have minimal fade. Based on the previous fade =
self-protection discussion, one would at first consider this a
detriment. In reality the semimetallic has 8 type of self-pro-
tection which organics seldom have—that of repetitive fade or
considerably less tendency to antifade. This is quite evident
when one looks at what happens on typical vehicle tests in-
volving more than one fade, such as SAE J843b. In Fig. 2,
it will be noted that for Class A and Class B organics that the
second fade shows considerably less friction loss than the
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Fig. 3 - Disc pad durability-city traffic test; Class A versus Class ¢

first fade, while in the case of semimetallic materials, the
second fade may show almost equal friction loss.

In the case of semimetallics there is reason to believe that,
in addition to the binding action of the resin system there is
an inherent mechanical bonding of the metallic components.
Such supplementary mechanical bonding. of course, contrib-
utes substantially to high temperature strength and wear resis-
tance and can take over at the point the organic binder fails
There is also indication that the mechanical bonding is in-
creased with use or duty.

Early semimetallic linings showed low temperature trafti,
wear shightly poorer than Class A materials and more ty pical o
the Class B types. However, this characteristic has now been -
proved so that on normal city traffic type driving the sen-
metallic shows appreciably better wear. Fig. 3 illustrates

Fig 4-Discpad wear at 100 mph 1 ull brake dynamometer, Class A
versus Class CL 10-stop test

actual tratlic durability test results, generally 350 F max, on
four Class A production organic disc pad linings and two

Class C senumetallic materials. The C2 material, a more recent
development, shows still further gains over the C1 type. At
the other end of the duty scale, Fig. 4 illustrates 100 mph
wear rate results on a full brake inertia type dynamometer

using these same materials. Again, the more recent C2 material
shows improvement over the C1.

FRICTION

Class A friction materials as a rule have the highest friction
when cold and the lowest friction when hot. Class B materials
are generally somewhat lower friction cold and higher friction
hot compared to Class A tvpes The senumetallic materials
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have substantially different friction characteristics, in that
they tend to increase with friction with both increased tem-
perature and increased surface speed. This charactenistic has a
distinct advantage for high speed effectiveness. Historically,
high speed effectiveness of organic materials has been a
problem. Since increased surface specd means increased

temperature, the organics have usually shown poorer effective-

ness, as the speed increased, frequently requirning some cxten-
sive power assist {0 maintain reasonable pedal efforts. In
contrast to this, the semimetallic materials have temperature/
speed characteristics which tend to reduce pedal effort and
stopping distances from high speeds. Also, in contrast to
previous full metallic linings (sintered materials). the low
speed cold effectiveness is greatly improved. It is acknowl-
edged that there is still some room for additional improve-
ment of this characteristic with semimetallics, but to date,
there has been no serious deficiency in this area. Actual tests
have been made in the subzero temperatures of a Canadian
winter.

Stability of friction throughout the life of the lining has
also been a problem with organic types. Their general charac-
teristics of high initial friction have frequently led to 1mitial
vehicle braking instability, and their characteristic of friction
drop or loss after moderate abuse (fade) or long terin light
usage has frequently initiated complaints of ineffectiveness.
In addition, their characteristic of friction “peaking” with
severe use, particularly in the case of Class B materials, has led
to vehicle braking stability and controllability problems. By
virtue of their minimum organic content, semimetallic maten-
als are much more frictionally stable over a wider range of use
or abuse.

NOISE

This nonfunctional characteristic of brake systems and
friction materials has kept industry engineers “hopping™ for
vears. The friction materials engineer may be reluctant to
agree that noises are always the linings fault, but he doces have
to agree that there are linings more or less prone to producing
noise. Brake design or lining attachment not considered, class
organics generally tend to produce their maximum of audible
response in their cold or warming condition. Class B types
usually duplicate the Class A in this respect, and supplement
this with additional noise when warm or hot. The effect of
this characteristic is that the driver of the vehicle has the
greatest odds of obtaining noise under the conditions under
which he does the majority of his driving.

Again, semimetallic materials tend to reverse these charac-
teristics. They tend to produce minimum noise cold or
warming and have their maximum noise while hot (for exam-
ple, above 350 F). On this basis then, the driver is most apt
to hear noise not under normal driving conditions, but rather
during the less frequent or abnormal conditions.

COMPRESSIBILITY

In the disc brake, the compressibility of the lining material
is a significant contributor to excessive fluid displacement.

F. WILLIAM ALDRICH
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The actual compression of the pad material is a function of
both the inherent compressiblity of the pad and line pressure
required, which is a function of the materials fade resistance.
This allows us to approach the compression problem from
both directions; reduce inherent compressibility and/or reduce
line pressures required (improve fade).

Class A materials, because of their high organic content
which tends to create inherent compressibility, and also to
create fade, generally offer the maximum in fluid displace-
ment. Class B matenals with less organic content tend to
offer substantial improvement in this area. Class C semi-
metallic materials with still less organic content and improved
fade resistance, have a potential of substantially greater im-
provement in reducing fluid displacement.

The accurate comparison of compressibility of various
friction materials under controlled laboratory conditions is
difficult, due to their variable initial sweil characteristics on
heating. One procedure which has been used involves main-
taining a constant 5000 psi joad on the sample and plotting,
swelling, or compression versus temperature up to 800 F
(Fig. 5). It will be noted that the Class A organic with high
elastomer content had an initial and immediate compression
prior to its showing any degree of swell. All the pad materials
displayed the same basic characteristics; that is, they showed
swell under initial heating-up to some point in spite of the
preload. It will be noted that the Class A organic with high
elastomer content actually crushed at a pad temperature
below 400 F, while a similar material with low elastomer
content showed improvement, but still crushed at less than
550 F. The Class B material started to compress at S50 F
and failed at less than 700 F, while the semimetallic material
started to compress at 650 deg but would not crush at the
800 deg temperature limit of the oven used.

OTHER CHARACTERISTICS

In the early stages of development, the increased heat
conductivity of a metallic type friction material, particularly
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for disc pad use,and its effect of fluid boil was considered a
potential problem. The use of a two layer, organic backed
semimetallic pad with the organic acting as a heat dam was
indicated. However, many actual vehicle and dynamometer
tests without such insulation failed to produce fluid boil.
Controlled tests did indicate fluid temperatures 60-80 deg
higher with semimetallics than with organic. A practical
consideration, however, is that under extreme temperature
conditions or use, the wear of organic materials can be so
great as to bring the actual shoe in contact with the rotor, a
most critical set of conditions. This possibility is recognized
by SAE and certgin vehicle manufacturers who appraise their
designs for fluid boil in the bare shoe condition.

Compared to organic linings, semimetallic materials have
relatively low coefficients of friction against the backing
plate or shoe, and a “normal” riveted attachment can result in
some shift or loosening and potential cracking. For this
reason a roughened or grit blasted shoe surface is recom-
mended, preferably combined with a tapered rivet head.
Alternatives to this are a higher cost organic backed pad or
integrally molded or bond-molded assembly.

Although the chemical composition of semimetallics varies
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considerably from that of normal organic friction materials,
their mating surface compatibility characteristics are extremely
satisfactory. Compared to other materials even approaching
their performance and wear Jevel, they are extremely kind to
mating surfaces and generally require no special drum or

rotor metallurgy or finish. In the case of heavy duty drum
brakes for large trucks, they virtually eiminate drum spotting
and heat checking typical of most materials in use.

SUMMARY

A new type of friction material of improved frictional and
thermal stability has been developed. This new type of fric-
tion material, when compared to current conventional types
has the following characteristics:

1. Improved wear resistance, particularly at high tempera-
ture.

. Improved fade resistance.

3. Improved high speed effectiveness.

4. Impioved frictional stability.
5
6

()

. Minimal noise.
. Excellent mating surface compatibility.
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1

FRICTION MATERIAL REINFORCED WITH
STEEL AND CELLULOSE FIBERS

BACKGROUND OF THE INVENTION

Organic friction material compositions currently used
in clutch and brake linings of vehicles must be capable
of withstanding severe operating temperatuses and dy-
namic pressures experienced during repeated applica-
tions. To prevent s deterioration in performance and
physical degradation during an application, the linings
are reinfoced by ssbesios fibers randomly dispursed
throughout a resin matrix. However, recent medical
evidence indicates that asbestos fibers can cause health
hazards of the lungs in persons exposed to ssbestos
fibers of the type used in the manufacture of clutch and
brake lining. The health hazard is caused by the polu-
tion of the surrounding eavironment with small parti-
cles of asbestos during the mixing of the friction compo-
sition in a manufacturing facility.

In an effort to reduce the environment contamination
by the asbestos fiber and thereby continue manufactur-
ing asbestos based organic friction linings, s water
slurry process is disclosed in U.S. patent application
Ser. No. 754,477 has been evalusted. The water slurry
can be transmitted throughout a manufacturing facility
without contaminating the surrounding environment
with asbestos fibers. However, before the friction mate-
rial can be cured, the water in the slurry must be re-
moved in order 1o be assured that any resulung limng
has essentislly the same operating characteristics as a
lining made from a dry mix.

In another attempt 1o reduce the occupational heaith
hazards in the manufacture of linings 1t has been sug-
gested that the ashestos fiber be replaced with glass
fibers. ‘

U.S. Pat. No. 3,967,037 discloses several lining com-
positions utilizing fiber glass. From experimentauon 1t
has been determined that such lining compositions are
acceptable, however, in admixing the ingredients the
fiber glass tends to ball and thereby reduce the continu-
ity of the fnction material. In addition, when fiber glass
base friction materials are mated with a steel brake rotor
or drum, an unacceptable wear condition occurs.

U.S. Pat. No. 3,896,075 discloses another friction
composition wherein the asbestos in an organic lining is
replaced with basalt fibers. Because of the process re-
quired to reduce the mineral basalt into a fiber state, the
use of such fnction composition to date has not received
open acceplance as 8 substitute for asbestos based or-
ganic friction matenals.

L.uer as disclosed in U.S. Pat. No. 4,019,912 the rein-
forcing of the structure of a resulting friction lining was
achieved through the use of carbon fibers. However,
the pyrolysis step required to reduce the rayon or cellu-
lose fiber to a carbon fiber would destroy the elastomers
and inorganic fillers found in organic friction composi-
tions.

SUMMARY OF THE INVENTION

I have developed an organic friction material compo-
sition consisung of an asbestos free foundation material,
organic and inorganic friction modifiers retained in a
matrix of a thermosetting resin. The asbestos free foun-
dation material includes as & minimum of 3 percent steel
fiber and § percent cellulose fiber and other fibers such
as carbon, mineral and fiber glass. The stee] and cellu-
lose fibers when randomly orieatated and uniformly
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dispursed throughout a friction lining provide sufficient
strength 1o allow s friction lining made of the compos!-
tion to withstand dynamic losdings without deteriorat-

1t is thesefore the object of this iavention to provide
an asbestos free organic friction lining with sufficient
structural strength t0 repestedly withstand dynamic
joads without deteriorating when used in a brake lining.

It i another object of this invention to provide an
organic friction materisl with s foundation matenal
made up of a combination of at least 3 percent steel fiber
and S percent cellulose fiber. The sieel and cellulose
fibers being dispursed throughout the friction material
1o uniformly distribute forces exerted on a brake lining
and thereby prevent degradation thereof during re-
peated dynamic brake cngagements.

1t is another object of this invention for providing an
organic friction material with a base material of steel
fiver and cellulose fiber to establish a substantially uni-
form wear charscteristic over the operating range of
friction lining.

These and other objects should be apparent from
resding this specification and viewing the drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1-24 of the drawing are graphs comparing the
wear characteristics of the non-asbestos organic friction
material composition made according to this invention
with s typical asbestos organic friction hining; and

FIG. 28 is a table illustrating non-asbestos friction
materia) composition made according to this invention

DETAILED DESCRIPTION OF THE
INVENTION

In order to evaluate the non-asbestos friction meteral
compomitions disclosed by this invention, typical asbes-
t0s base friction material compositions were used as 2
standard 10 determine the wear rate and coefficient of
friction characteristics of the non-asbestos base friction
material when used in s brake.

FIG. 25 illustrates the relationships of the vanous
combinations of the fibers substituted for asbestos as
disclosed by this invention.

The ingredients in the asbestos and nor-asbestos fnic-
tion material {formulations were processed nto brake
friction lining in the following manner as described in
detail for the base line ssbestos material composition A.

The asbestos fiber, dry phenolic resin, equal parts of
cashew nut powder and syvnthetic rubber scrsp and
barytes were mixed together until a homogeneous mux-
ture was achieved. Thereafier, the mixture was placed
in 3 moid and compacted into a briquette. The briquette
was then transferred to a press and compressed by »
force of about 5,000 pounds per square inch while the
temperature of the briguette was raised to about 250° F.
temperature. The 250° F. causes the phenolic resin to
flow throughout the mixture and establish a matrix for
holding the other ingredients in a fixed position. The
briquette was then transferred to 8 curing oven having
a temperature of about S00° F. to further set the resin.
The briquetie was then ground 10 » specific size corre-
sponding to a brake pad. This brake pad was then
placed on a dynamometer and from the tests performed
thereon it was established that the composition Formula
A had an sverage coefficient of friction of 0.36 at 450°
F. and a wear rate as illustrated by base line 20 showr in
FIGS 1-9, 20 and 21
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In order to establish a broader base for evaluating the
non-asbestos friction material compositions, a second
asbestos friction material identified as Formula B was
compounded. In Formula B the large amount of asbes-
tos in Formula A is replaced by additional cashew fric-
tion powder and a filler of graphitc particles to produce
a brake lining. The average coefficient of friction of
Formula B a brake pad made from, using the same dyna-
mometer test as used to evaluate Formula A was found
to be 0.35 and the wear rate 18 illustrated by hine 21 in
FIGS. 10-19 and 22-24

Upon initial evaluation of the non-asbestos friction
materials 1t became evident that the removal of asbestos
from the mixture left the remaining ingredients in a dry
crumbly state during the briquette forming stage.
Therefore, it was necessary to add part of the phenolic
resin as 3 liquid 1o all the non-asbestos composition in
order to produce a composition capadble of being han-
dled as a preformed bngquette.

The non-asbestos friction matenal composition No |
shown in FI1G. 25 wherein a combination of sieel fiber
and cellulose fiber were substituied for the asbesios
fiber was formulated in the same manner as Formula A
and formed into a brake ining When the dynamometer
tests were performed. composition No ] had an aver-
age coefficient of frnction 0 34 a1 450° F and a wear rate
illustrated by line 22 1n FIG 1 As can be seen. the wear
rate approaches that of the asbestos matenal of Formula
a, which 15 currently accepted by the vehicle industry

In order 1o esuablish a group of morganic fillers ac- 3

cepable for use 1n a non-asbestos fricion matenal, walc
was substituted for the whiting of composiion No 1
and composition No 2 stown in FIG 28 wa« estab
lished The dynamometer test for the brake hning made

from composition No 2 indicated than an average coef- 3

ficient of fnction of 0 30 at 450° F and a wea: rate as
illustrated by hine 24 1n FIG 2 could be eapected from
this composition

Because of the availability of barytes and its low cost,
a senes of compositions inciuding baryles were devel-
oped

As shown in FIG 28, composition No } was formu-
lated When the brake lining made from composition
No 3 was evaluated by the dvnamometer test a coefhicr-
ent of friction of 0.31 at 450° F was obtained and 8 w cat
rate illustrated by line 26 1n FIG 3 was produced

Even though the wear rate of composiion No 3
could be expected to be better than that of Formula A,
it was felt that the coefficient of friction could be 1m-
proved through the addition of either a different filler
or fiber material Through expenimentation it was deter-
mined that glass fiber has a higher coefficient of fncuon
than cellulose fiber. Therefore, glass fiber was subsi-
tuted for the cellulose fiber and composition No 4
shown in FIG 25 was produced. When the brake hining
of composition No. 4 was tested through the dynamom-
eter test, a coefficient of fncuon 0.35 at 450° F was
produced and a wear rate illustraied by line 28 1n FIG
4 was achieved. Unfortunately, with this amount of
glass fiber in composition No. 4 surface polish or wear
of a rotor or drum brake could be expected.

Therefore, the amount of glass firber was reduced
and cellulose fiber added 10 produce composition No. §
shown in F1G. 28. When the resulting brake hintng made
by composition No. § was evalusted in the dynamome-
ter test, a coefTicient of 0.32 at 450° F. was obtained and
a3 wear rate illustrated by hne 30 in FIG 8 was
achieved.
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In an attempt to smooth out the wear rate of composi-
tion No. § as illustrated by line 30 1n F1G. §, a filler of
3% by volume of carbon was added to composition No
$ to produce composition No. 6 in Table 1 The compo-
sition No. 6 was made into a brake friction lining and
when evaluated in the dynamometer test, an average
coefficient of friction of 0.28 at 450° F. was obtained
and a wear rate illustroted by bne 32 in FIG. 6 was
produced.

In a further attempt to broaden the base for the inor-
ganic filler modifiers, a composition No. 7 as shown 10
FIG. 28, was produced In composition No. 7 & mins-
mum of 3% by volume of rotten stone was added 10 the
basic stee! and cellulose fiber compositon. When the
brake lining of composition No. 7 was tested on the
dynamometer and an average coefficient of friction of
0.32 at 450° F. was obtained and a wear rate as illus-
trated by line 34 in Flg. 7 was achieved

In order to improve the wear rate of the non-asbestos
friction material whiting was selected as the inorganic
modifier, and composition No. 8 shown in FIG 25 was
produced When the dynamometer test was run for the
brake lining made from composttion No 8. an average
cocfficient of fnction of 0.30 at 450° F was obtaned
and a wear rate illustrated by hne 36 in FIG 8 was
produced

In an attempt to improve the coefficient of frction of
composition No 8 the fnction producing matenal kryo-
lite was added theretc to produce composition No 9
shown 1n FIG 25 When the brake lining of composi-
tion No. 9 was evaluated in the dynamometer test, an
average coefficient of fnction of 037 at 450° F was
obtained and a wear rate illustrated by hne 3810 FIG. 9
w as produced

Composition No 10 shown in FIG 28 includes the
same type ingredients as Formula B with the excepuion
of the asbestos fnction matenal To estabhish broad base
for the friction matenal and improve the coefficient of
frncuon of the non-asbestos matenal the cellulose fiber
was replaced with glass fiber When the brake hining
composittion No 10 was evaluated by the dynamometer
test, an average coefficient of friction of 0 35 a1 450" F
was obtained and a wear rate illustrated by hne 40 1n
FIG 10 was achieved From this test 1t was determined
that while glass fiber when added to non-asbestos fric-
tion matenal composttions. does increase the coefficient
of fnction, however, the wear rate is also increased

Thereafter, composibon No 11 shown in FIG 28
was deseloped with wood flour added in place of the
glass fiber of composition No. 10 When the brake hining
of composiion No 11 was evaluated through the dyna-
mometer test, a coeflicient of fnctian 0 37 at 450° F was
obtaimned and s wear rate as illustrated by hine 42 1n FIG.
11 was produced From this test 1t was determined that

$¢ cellulose type fibers when combined with steel fibers

produced s more satisfactory non-asbestos fnction ma-
tenal composition than when a single fiber matenal is
used.

Thereafier, an attempt was made 1o establish the
opuimum limits for steel, cellulose, and other fibers
when used as the foundation mateiill .or a non-asbestos
fnction matenal. Thus, composition No. 12 shown 1n
FIG 25 was produced. In composition No 12, the
volume of cellulose fiber was double that of the steel
fiber When the brake lining made from composition
No 12 was evaluated through the dynamometer test. a
coefficient of fniction of 0.35 at 450° F. was obtained
and a wear ratc as illustrated by hne 64 1n FIG 12 was



ORGANIC FRICTION MATERIAL COMPOSITION

*I'YPICAL ASBESTOS
FRICTION MATERIAL NON—-ASBESTOS FRICTION MATERIAL FORMULAS
FORMULAS
INGREDIENTS A B8 1121 3[4]5(6]7(686[910[11]12]13{14]15]16]17(i18]19[20]|2]]|22|23[{24
ASBESTOS FIBER 82 43
STEEL FIBER 5|5|8|/8|8|8|8|5|/5/|8;8/6/8(8[8|8 eliIs|s|8i8|8i8
CELLULOSE FIBER 71 7110 T|7110{10]10 16 110I3|I3]13[13]13 25115
GLASS FIBER s{3|3 10 3
WOO0D FLOUR 10
PHENOLIC DRY 2% 16 15118 {17{20j20]|20[20(17 {20(20[18]20]|25}20{20{20{20{20{20{20]|20]17 |20]I8
RESIN LIQUID 5/5{8[5/55(5/5(8|8[S5[8]3]5]|%]8% 5/%18i3(5]8%8}I10
{o) ORGANIC 22 34 A AL A A AR A AL QQJGQG olo|@|a
MODIFIERS 4T|47]|45|47]45]42]45]43|40/4%|48]40|40]40i40[{40140/40/45]45]45]40]17 |25
(b) INORGANIC I 7 M@ (s erf(m)jcer o [qodfenjon{onisalas)i¢e) | en|enioe @ 01(2:) (23) K2 4)
MODIFIERS 21121 |23118 12 |18 |12 [20(23(12| 11|11 [12]12]14}14]14]11]|15]2%5]122]|30]25 (24

) CASHEW NUT POWDER, NATURAL RUBBER, SYNTHETIC RUBBER SCRAP, LATEX, CRUDE MOLASSES, ASPHALTIC BASE MATERIAL, ETC.

(NDARYTES. 'NITINO TALC, ROTTEN STON

ER. WOLLASTONITE, KRYDLITE, ETC,
fnu. Pcncsnnc"es GIVEN

E, CARBON PARTICLES, GRAPHYTE PARTICLES, CRYOLITE, IRON OXIDE,

IN. VOLUME OF TOTAL COMPOSITION

@ AT LEAST 25% OF WHICH IS CASHEW NUT POWDERS

(AT LEAST I6% OF WHICH IS WHITING (I3) AT LEAST 2% OF WHICH IS BARYTES
(2) AT LEAST 6% OF WHICH IS TALC (14) AT LEAST 3% OF WHICH IS CRYOLITE
K3)AT LEAST 10% OF WHICH IS BARYTES (I5) AT LEAST 3% OF WHICH IS ROTTEN STONE
EQAT LEAST I5% OF WHICH IS BARYTES (I6) AT LEAST 3% OF WHICH IS IRON OXIDE
S) AT LEAST i2% OF WHICH IS BARYTES ITVAT LEAST 3% OF WHICH IS COPPER POWDER
6 AT LEAST 3% OF WHICH (S CARBON _ (18) AT LEAST (1% OF WHICH IS BARYTES
TIAT LEAST 3% OF WHICH IS ROTTEN STONE (I19) AT LEAST 5% OF WHICH IS WOLLASTONE
) AT LEAST 11% OF WHICH IS WHITING 20)AT LEAST 5% OF WHICH IS CARBON
OF WHICH IS KRYOLITE (21) AT LEAST 12% OF WHICH IS BARYTES
OF WHICH IS BARYTES (220 AT LEAST 10% OF WHICH IS SILANIZED MINERAL FIBER|
OF WHICH IS BARYTES (23)AT LEAST 25% OF WHICH IS BARYTES
KI2AT LEAST 11% OF WHICH 1S BARYTES K24)AT LEAST (0% OF WHICH IS CARBON

FIG. 25
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produced Unfortunately, composition No. 12 was
spongy and therefore, it was determined that the cellu-
lose fiber should be reduced.

Thereafter, the cellulose fiber of composition No 12
was reduced to produce composition No. 13 shown in
FI1G 28. A brake lining made from composition No. 13
was evaluated in the dynamometer test, had an average
coefTicient of friction of 0.32 at 450° F. and 2 wear rate
as illustrated by line 46 in FIG 13. This composition
was not spongy, however, it should be noted that the
coefficient of friction was reduced.

Therefore, in order to increase the coefficient of fric-
tron, cryolite was added to the composition No. 13 and
composition No. 14 shown in FIG. 25 was produced. A
brake lining made from composition No. 14 was evalu.
ated through the dynamometer test had an average
coefficient of friction of 0.37 at 450° F. and a wear rate
illustraied by line 48 1n FIG. 14.

Since the wear rate and coefTicient of friction of com-
position No 14 was much improved over Formula B,
the orgamic modifier base was expanded through the
substitution of rotten stone for the cryolite to produce
composition No 15 shown in FIG. 28 When » brake
Iining made of composition No 15 was evaluated
through th dynamometer test, an average coefficient of
fricion of 0 33 at 450° F was obtained and a wear rate
lustrated by hine 50 1n FIG 15 was produced.

Composition No 14 was further expanded through
the substituuion of 1ron oxide for the cryolite to produce
composiuon No. 16 shown in FIG. 25 When a brake
liung made of composition No 16 was evaluated
through the dynamometer test. a coefficient of friction
of (: 34 a1 450° F was obtained and a weas rate as illus-
tratec by line 52 1n F1G 16 was produced

Composition No
through the substitution of copper powder for the cryo-
lue and glass fiber 10 produce composition No 17
shown in FIG 25 A brake hning made from composi-
tion No 17 when evaluated through the dynamometer
test had a coefTicient of fncuon of 0.34 a1 450° F and »
wear rate as illustrated by line 54 1n FIG 17.

Composition No 14 was sull further expanded
through the addition of fiber glass to the base matenal
tc produce composition No 18 shown in FIG 25 A
brake hining made from composition No 18 when eval-
usted through the dynamometer test had a coefficient of
fncuon of .37 a1 45C° F and a wear rate as tllustrated
by hine 36 1n FIG 18

In order to establish relationship between steel fiber
and cellulose fiber in the non-asbestos friction matenel,
the «cJlulose fiber was climinated from the basic compo
siion and composiion No 19 shown in FIG 28 was
produced In an atiempt to provide composition No. 19
with an adequate coefficient of friction, at least $% by
volume of Wallasionite was added to the composition
A brake hining made from composition No 19 when
evaluated through the dynamometer test, had a coeffici-
ent of fnction of 0.32 at 450° F. and a wear rate illus-
trated by line $8 1n F1G. 19.

As seen in F1G. 19, the wear rate for composition No.
19 was not as good as asbestos Formula B. Thus, the
stee! fiber in composition No. 19 was reduced and car-
bon particles were added to produce composition No.
20 as shown in FIG. 25. When a brake lining made of
composition No. 20 was evaluated through the dyns.
mometer test, & coefficient of fricuion of 0.37 at 450° F.
was obtained and a wear rate illustrated by hne 60 was
produced. In some spplications in order to achieve

14 was still further eapanded 3
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structural strength io the friction lining, the carbon

particles can be replaced with carbon fibers.

In a further attempt to establish a base for the inor-
ganic friction modifiers, the volumetric percentage of
the steel fiber was increased and a minimum volumetnc
percentage of baryles was established at 12% to pro-
duce composition No. 21 shown in FIG 25. When »
brake lining made from compositior’ No. 21 was evalu-
ated through the dynamometer test a coefficient of
friction of 0.32 at 450" F. was obtained and a wear rate
illustrated by line 62 in Fig. 21 was produced.

Thereafter, the steel fiber was maintaned at 8% by
volume and silanized mineral fiber was added to pro-
duce composition No. 22 shown in FIG. 25. A brake
lining made from composition No 22 was produced,
and when evalusted in the dynamometer test a coeffic;-
ent of friction of 0.28 at 450° F., and s wear rate as
illustrated ty line 64 in FIG. 22 was produced.

From the foregoing test it should be evident that the
range of steel fiber should be maintained between 3 to
15 volume percent of the tota) mixture. However, unce
the optimum range of cellulose and other fibers had not
been established, therefore, composition No. 23 shown
in FIG 28 was devised. In composition No. 23 the
cellulose fiber was increased to 8 manimum of 25 per-
cent of the total volumetnc percentage of the composi-
tion while at the same time the cashew nut powder was
reduced to 159 When s brake liming made from com-
position No. 23 was evaluated through the dynamome-
ter test. a coefficient of friction of 0.45 at 450° F was
obtained and a wear rate as illustrated by line 66 1n F1G.
23 was produced. As seen, composition No 3 almost
matches the wear rate for currently acceptable asbestos
hning and could be accepted by most vehicle manufac-
turers without extended qualification testing Thus. the
industry would be able to meet the Federal Clean Air
and Health Standards of 1975 within the prescribed
time set for compliance.

To substantiate the results of coraposivon No 23
another composition No. 24 shown in FIG 25 was
prepared by reducing the percentage of cellulose fiber
while increasing the resin content and substituting car-
bon in powder form for a portion of the barvies There-
after, when a friction hring made from composition No
24 was evaluated through the dvnamometer test, a coef-
ficient of friction of 0.28 at 450° F was obtained and a
wear rate as illustrated by line 68 1n FIG 24 was pro-
duced

From the foregoing compositions 1t was determined
that while steel and cellulose fiber produce an accept-
able non-asbestos frniction material, when combined
together with inorganic modifiers, which can include
glass. mineral and carbon fibers produce a friction mate-
rial with a substantially uniform wear rate throughout
the operating range of most brake limings

I claim.

1. An organic frichon material for use as » frction
lining consisting of a mixture of:

8-50% by volume of a combination of pon-asbesios
fibers selected from & group comsisting of fiber glass,
mineral fiber, at least 3% by volume of steel fit .1y,
and st least 5% by volume of cellulose fibers,

12-35% by volume of thermosetting phenolic resin,

$-35% by volume of cashew nut particles:

3-20% by volume of elastomenc modifiers; and

10-55% oy volume of inorganic modifiers, said thermo-
setting phenolic resin being responsive to heat 10
form a matnix for holding said non-asbestos fibers,
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cashew nut particles, elastomeric modifiers and inor-
ganic modifiers in a fixed relationship, said non-asbe-
stos fibers and phenolic resin matrix providing struc-
tural strength for allowing the friction lining to with-
stand dynamic repeated engagements with a rotating
member and providing a substantially uniform wear
rate up to 600° F. during a dynamic engagement.

2. The organic base friction matenial, as recited in
claim 1, wherein said phenolic resin includes at least
12% dry phenolic resin powder.

3. The organic base friction material, as recited in
claim 2. wherein said phenolic resin includes up 10 18%
liquid phenolic resin to attenuate segregation of said
clastomenc and inorganic modifiers prior 1o the appli-
cation of heat to the mixture

4. The organic base frichon material as recited in
claim 3, wherein said elastomeric modifiers is selected
from a group consisting of natural and synthetic rubber
scrap, natural latex. crude molasses, and asphalt

5
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8. The organic base friction material, a3 recited in
claim 4, wherein said inorganic modifiers are selected
from a group consisting of barytes, whiting, talc, rotten-
stone, wollastonite, pumice, iron oxide powder, copper
oxide powder, carbon and silanized mineral particles.

6. The organic bese friction material as recited in
claim 1 wherein said non-asbestos fibers include up to
10% fiber glass fibers.

7. The organc base friction material, as recited in
claim 1, wherein said non-asbestos fibers include up to
10% wood flour fibers.

8. The organic base friction material, as recited in
claim 1 wherein said non-asbestos fibers include up to
10% silanized mineral fibers.

9 The organic base friction material, as recited in
claim 1 wherein said non-asbestos fibers include up to
10% carbon fibers.

10. The organic base friction material as recited in
claim 1 wherein said phenolic resin includes at least $%
liquid resin
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Friction Materials for Small

Car Solid Rotor Applications

WITH CONSUMER INTEREST in lower priced vehi-
cles and improved fuel economy on the increase,
domestic vehicle manufacturers are giving more
serious thought towards producing sub-compacte
(vehicles having curb weights less than 2600
1bs.). Foreign vehicle manufacturers have pro-
duced vehicles equipped with solid rotor disc
brakes in this weight category for over a de-
cade, but most American manufacturers have beer
hesitant to use the solid rotor disc brake
systems found on a majority of these lighter
weight cars due to several factors.

From the brake engineer's point of view,
while solid rotors offer lower cost, the ven-
tilated rotor offers substantial improvement
in brake cooling over solid rotors thereby
lowering the brake lining temperatures encoun-
tered during usage. The front brake tempera-
turc profile for a durability test of & 1973
Domestic Disc-Drum Station Wagon is illustrated
in Figure 1. This vehicle had standard venti-
lated rotors, which weigh 27 lbs. each; the
brake test weight was 5860 1bs.; operating tem-
peratures generally ranged between 150° and
340°F. The same durability test was also con-
ducted on a 1973 European made vehicle equipped
with b-wheel disc brakes. Brake test weight of
this vehicle was 2800 1lbs., with the solid
rotors weighing only 6 lbs. each. A comparison
of the front brake temperature profile for this
vehicle (see Figure 2) with that of the 5860
lbs., Station Wagon test indicates the average
brake lining temperatures increased 75°F, with
peak temperatures 150° hotter than those experi-
enced on the heavier station wagon.

Several differences can explain these rec-

Semi-metallic friction materials recent-
ly developed offer significant improvements
in lining 1ife, rotor compatability and noise
over organic friction materials on small car:

2369

TEMPERATURE (°F)

ABSTRACT

John P. Kwolek

Automotive Control Systems Group, Bendix Corp.
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Fig. l-Average front brake temperature pro-
file, 1973 station wagon @ 5860 1lb G.V.Ww.,
ventilated rotors, 11l cycles

sults with the most influential factor being
rotor weight and design. The purpose of dis-
cussing these temperature profiles is to empha-
size the fact that the lighter weight vehicles
equipped with solid rotors require linings which
can successfully operate at higher temperatures
than those experjenced on the heavier domestic
vehicles presently produced with ventilated
rotors.

equipped with solid rotors. Improvements
originally predicted from full brake inertia
dynamometer tests have bveen verified on ve-
hicle durability and fleet tests.
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Fig. 2-Average front brake temperature pro-
file, 1973 sedan @ 2800 1b G.V.W., solid
rotors, 11 cycles

TYPES OF FRICTION MATERIALS

Fricticn materials are designed for speci-
fic applications, with the composition and
method of manufacture determining the particu-
lar properties of any specific material. The
primary function of the friction material is
to produce a relatively high constant coeffi-
cient of friction under the conditions antici-
pated in use. The friction material must also
exhibit excellent resistance to wear and
opposing surface compatability under these
same conditions. A previous classification of
friction materials (l)* gives some insight
into the fundamental compositional differences
and how these differencec affect friction and
wear in brake linirg prerently used by vehicle
manufacturers.,

The organic friction materials presently
used on domestic passenger cars eguipped with
ventilated rotors, which are referred to as
Class A materials, are fundamentally organic
in nature excluding their inorganic asbestos
content. "As & class, these materials are
reasonably quiet, give respectable durability
and, under most conditions, perform their
frictional purposes ..." namely, maintain ac-
ceptable friction and fade resistance.

Class A type friction materials are not
generally found on solid rotor applications
because: )

l. Lining wear rates increase exponential-
ly at)the higher operating temperatures (Fig-
ure 3).

*Numbers in parentheses designate Refcrences
at end of paper,

J. P. KWOLEK

CLASS A- CONVENTIONAL ORGANIC —
CLASS B - HEAVY DUTY ORGANIC —-—
CLASS C - SEMI- METALLIC

.osoﬁ
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.005
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250 350 450 550 650
LINING TEMPERATURE - *F

Fig. 3-Average wear versus temperature charac-
teristics, inertia dynamometer, 1740 1lb
wheel load, ventilated rotor

2., They exhibit more fade and over recovery
when compared to Class B organics or semi-met-
allics (Figure 4).

Organic friction materials designed for
heavy duty (Class B) generally have higher in-
organic contents to improve their high tempera-
ture wear resistance and fade resistance. Ab-
rasives are generally added to achieve higher
friction. Historically, these types of mate-
rials have been used on solid rotor applica-
tions because they are more suited to higher
operating temperatures than Class A type or-
ganics (Figure 3) and the fade performance
(Figure L4) demanded by this class of vehicles.

RECOVERY
1600+ ‘

SEMI-MET-...-
CLASS B -
CLASS A —

8

LINE PRESSURE_(PS1t)

3

5 10 15 5 10
STOP NO.

Fig. 4-Green fade and recovery, 1973 sedan

@ 2800 1b G.V.W., 4 solid rotors, (fade

60 mph, 15 fpsps, 35 second interval), (recov-
ery 30 mph, 10 fpsps, 1 mile interval)



FRICTION MATERIALS

But, as so commonly found in friction material
development, improvements in one area usually
results in losses in other areas. Class B
materials generally exhibit higher low tempera-
ture wear rates, and frequently either groove,
score or wear the mating rotor surfaces. They
are also quite prone to generate objectional

noise.
The success of sintered metallic-ceramic

friction materials for specialized applications
such as Jet Aircraft Brakes, Heavy Duty Clutch
Facings and Police and Racing Car Brakes sug-
gested metallic composites would some day find
usage in Automotive Braking Markets if refine-
ment could be made. Semi-metallics, the third
class of materials, rely heavily on iron, steel
and graphite substitutions for the organic and
asbestos materials usually found in the ClassA
materials. But, unlike the sintered metallics,
semi-metallics can use organic components to
add desirable properties. As in all friction
materials, the use of abrasives must be mini-
mized in order to maintain acceptable mating
surface compatability.

HISTORY OF SEMI-METALLICS

The semi-metallic formulations developed
in the 60's for heavy duty ventilated rotor
applications were first released on foreign
vehicles equipped with soclié rotors. These
vehicle manufacturers released semi-metallic
formulations for police cars and quickly ex-
panded their usage to taxi cabs ard & few
vehicles sold to the general public.

In 1970 domestic manufacturers released
semi-metallic formulations for the front §en-
tilated rotors) disc brakes of pclice cars
based on the success of these materials in
meeting Los Angeles Police Dept. Braking Stan-
dards.(2; Bythis time the advantages of semi-
metallics over conventional organics were
clearly understood:

1. TImproved friction stability.

2. Improved fade resistance.

3. Excellent high temperature wear resis-
tance,

L., Minimal speed spread.

5. Excellent compatability with rotors.

6. High performance with minimal noise.

Even these with advantages, widespread
usage could not be anticipated on domestic
vehicles sold to the general public because
of the additional costs., Raw material mix
cost represents the major factor in the pre-
mium prices of semi-metallics. These compounds
generally weigh approximately twice as much
as Class A organics and use materials which
cost more per pound than those found in con-
ventional Class A organics. The smaller sized
pads used in small car solid rotor applicatims

drastically reduce the affects of raw material
mix cost and semi-metallics can be competitive
with many of the higher priced heavy duty
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(Class B) organics on small cars.

With the advent of FMVSS 105-75 testing,
it became apparent that, while semi-metallics
showed excellent friction stability from 2nd
through 4th effectiveness, the pre-burnished
friction had to be improved.

Still another area of concern was initial
wear (referred to by some as low temperature
wear). One particular type of dynamometer test
procedure, a wear versus temperature schedule,
indicated higher wear rates than those experi-
enced with conventional organics at low tem-
peratures. Subsequent dynamometer tests and
microscopic examination of the materials
proved this to be an initial wear problem and
that conditioning of the lining at higher tem-
perature and by extended usage dramatically
improves lining life at low temperatures (see
Figure 5). The analysis of numerous vehicle
tests conducted confirmed that the wear rate
of semi-metallic formulations improves with
usage (see Figure 6).

PREVIOUSLY CONDITIONED TO 250°F =———-
PREVIOUSLY CONDITIONED TO 400°F ------
PREVIOUSLY CONDITIONED TO §550°F --rore

<.020 . s R . .
E 7/ IW(T1AL RANGE FOR 250° WEAR
010 v—ezme * . . .

U i L
- e

P
:.........mq--o-o-o.-..-...- ---- ""‘-s..___._.

300 600 900 1200 1500
TOTAL STOPS AFTER PRECONDITIONING
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Fig. 5-Effects of preconditioning semi-metal-
lic on subsequent low temperature incremental
wear, inertia dynamometer, 1740 lb wheel load,
ventilated rotor, all stops from 50 mph,

12 fpsps deceleration
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Fig. 6-Incremental mileage projections for
Detroit Durability of Semi-Metallic, 1973
domestic sedan, 5560 1lb G.V.W.

Even with this knowledge, the development
program for semi-metallics concentrated on im-
proving pre-burnished friction and initial
vwear characteristics. The program led to sig-
nificant {mprovements and resulted in the
issuance of a patent (3) for this new type of
material. Pre-burnished front torQue was in-
creased 20% and initial low temperature wear
rates were decreased to levels comparable to
those obtained with conventional Class A or=



