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ganics. Vehicle tests also showed a reduction
in noise levels, an unexpected bonus.
Semi-metallics are currently being pro-
duced for one domestic vehicle equipped with
solid rotors. Combinations of organic and
semi-metallic pads are being used on & domes-
tic station wagon, luxury car and several
light truck applications, The use of semi~
metallics has also been expanded to the larger
disc brakes currently released for heavy trucks,

SMALL CAR SOLID ROTOR APPLICATIONS

As previously discussed, one of the pre-
requisites of a friction material is its abil-
ity to resist wear under various temperatures
it will experience in service. We also have
seen that smaller cars eguipped with solid
rotors will subject the friction materials to

a wider range of temperatures than the mate-
rials used on larger cars equipped with ven-
tilated rotors. It has been our experience
that reasonably good predictions of durability
life can be made knowing the wear versus tem-
perature characteristics of any material.

The effects which rotor weight and brake
configuration have on operating conditions can
easily be observed or measured with a Full
Brake Dynamometer. A procedure which has been
used consists of a series of braking cycles
at six different initial brake temperatures.
Each cycle is comprised of 300 stops made from
50 mph at 12 fpsps deceleration., The time
interval between stops is varied to maintain
& constant initial rotor scak temperature. The
initial rotor soak temperature is increased
from 250° to 625°F in 75° increments. After
the 625° cycle, a 250° cycle is repeated tc
establish the low temperature wear rate after
severe usage., The linings are measured after
each cycle and the incremental wear plotted.
The total rotor wear experienced for the 2400
stop test is also recorded,

The data illustrated in Figure 7a, b and
c, were accumulated using a 9" diameter solid
rotor, 0.375" thick weighing 6 lbs. Wheel
load used was 975 lbs,

The results clearly show the wear superi-
ority of the semi-metallics over both the
Class A and Class B organics., While the total
rotor wear for both the Class A and Semi-
metallic formulations were comparable, the
Class B materials showed considerably higher
opposing surface wear,

Another inertia dynamometer wear proce-
dure used by some European manufacturers to
screen potential friction materials is a series
of I cycles consisting of 250 snubs, from 50
to 17 mph (13 ft/sec? deceleration) in which
the time intervals between applications is
held constant at 95 seconds. Temperatures
generated on this schedule are relatively low,
usually peaking at about 250°F for the brake
outlined above. As in the previously discusse
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ed wear versus temperature data, the semi-
metallics showed distinct advantages over both
the Class A and Class B organics {see FigureS8).
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Fig. 8-Incremental lining wear, inertia
dynamometer simulation of 2800 1lb G.V.W.,
sedan running low temperature durability

In the introduction, front brake tempera-
ture profiles were outlined (Figure 2) for a
durability test of a vehicle equipped with
solid rotors having a brake test weight of
2800 1bs. Tests conducted on Class A,

Class B organics and semi-~metallics using this

vehicle procedure have repeatedly verified
that semi-metallics offer distinct improve-

ments in lining life. The results {llustrated

in Figure 9 confirm the incremental wear rates

previously found in fill brake dynamometer
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tests. The differences between front and rear
brake mileage projections are due to the dif=-
ferences in operating temperatures and lining
availability. Rear brake operating tempera-
tures were approximately 100°F below the front
brakes thereby drastically improving the wear
rates of the Class A organic. In the case of
the C(Class B organic and semi-metallics, the
lower rear brake mileage projections are the
result of differences in available lining
thickness.
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Fig. 9-Mileage projections, 2500 mile dura-
bility test, 1973 sedan, 2800 1b G.V.W.

The particular brake system evaluated
utilized front brakes lined with pads 0.L75"
thick while the rear brakes had pads which
were 0,185" thick. It {s interesting to note
that similar tests on larger cars equipped
with ventilated rotors rarely show life pro-
Jjections over 30,000 miles.

Significant reductions ir noise levels
were noted when semi-metallics were compared
to the Class B organics. While specific
noise hunts detected brake noise ratings as
low as "7" for the semi-metallics, the Class B
organics showed unacceptable noise ratings as
low as "4'" (see SAE J1060). Further improve-
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ment . in noise rating levels were achieved
when typical U.S. type insulators were added
to the back of the steel shoes,

A series of vehicle tests were initiated
over 8 year ago in Europe in which a new semj-
metallic formulation was installed on vehicles
subjected to three differcrnt types of duty and
were compared to & typical 0.E, organic lining:

1. Taxi cabs having automatic and standard
transmissions.,

2. Rental cars.

3. Business travelers (described ac country
driving).

The estimated annual driving ranges from
12,500 miles (20,000 km) for rental cars to
25,000 miles (40,000 km) for taxi cabs and
business travelers. The results tabulated
below (Tatle 1) indicate the semi-metallics
reduced lining wear rates significantly, show-
ing 250 to L3094 {mprovement.

With respect to rotor wear the semi-metal-
lic offered similar advantages over the Class B
organic (see Table 2),

SUMMARY

The performance and wear advantages of
semi-metallic liningc over conventional organic

J. P. KWOLEK

types have previously been established, More
recent development has made them more compar-
able for initial friction and low temperature
or initial wear characteristics,

The high temperature wear capacity of
semi-metallic linings enhances their potential
for usage on smaller cars with solid rotor
brakes. Actual vehicle comparisons have shown
substantial improvements over Class B type or-
ganics for projected lining life, rotor life,
and noise characteristics under & variety of
usage conditions,

The gains in lining and rotor life offer-
ed by semi-metallics would appear to make them
a most viable and cost effective candidate for
use on small cars with solid rotor brakes and
relative small lining pad areas.
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Table 1 - Lining Wear Rates (MM/1000 Kx.)

Tax! Cabs Car Business

Automatic  Manual Rertals Travelers
Class B Organic (0.E.) 6.5 L0 1.5 1.5
Semi-Metallijcs 1.5 1.5 0.% 0.5

Table ¢ - Rctor Wear Rates (MM/20,000 Km.)

Taxi Cabs Car Business

Automatic Manual Rental- Travelers
Class B Organic (0.E.)} 0.57 0.33 0.12 0.10
Semi -Metallics 0.02 0.02 0.06 0.04
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1
SPONGE IRON FRICTION MATERIAL

BACKGROUND OF THE INVENTION

Fri tion materials consisting of graphite. metalhic. ce- ‘

ramic and rubber powders held together by a thermoe-
sciting resin have been used as brahe pads in braking
swstems to provide a umforny coefficient of friction
without excessive fade Such a brake hining matersal is
fullv describedin LS Pat No 3,434 998 incorporated
herein by reference

The Department of Trunsportation of the LS. Gos-
ermmert has proposed that acceptable safe brahing dis-
winces he reduced 1t has beer determined that of an or-
gant. friction matenial. such as that disclosed n U.S
apphoanon Ser Noo 30w .01 mcorporated beremn by
reference. could be modified o provide & agh coeffi-
aient of friction immediately upon engagement of the
wear pads with o mating brake surface, the proposed
standards could be met. Frictional modifiers having
higher coefficient of friction were tried. however, un
desirable side effects such as noise, poor wear, fade.
grooving in the mating surfaces and reduced structural
strength resulted

SUMMARY OF THE INVENTION

We have diseovered a composition for a semu-
metalhc fnction material wherein coarse sponge iron
particles are utileed as o actiona! modifier: The abra-
sinve surface of the sponec iren will provide o brake hin-
ing with @ high coefficient of fniction wpon imitial en-
gagement wik oocorresnonding braking surtace Bee
cause the sponge ron partobes wie unanneaded and
it Purmish e fempereture wedart on i
fction pad will be reduced Tac nregular surface of
ponge cron winch andudes nunuie e
hoies wnl comphment the nose stignualing compo-
nentin the sern-metalhe mcton material to essentially
ehmngte squead asocnated durny o fnctond! engage.
ment Since the sponge iron particies hine o nomimai
<z of hetween 20 to RO mesh which tend o ruptun
andur transverse soads stec fibers g propostioned
soloconship wath the spongs iron rarticles are added o
P cere-metalhc friction matenias 1o provade sructural
an.ty o the brake liming

1w, therefore. an ohject of thisinvention to provide
4 ~ern metalinc hase materil with o fniction medifies
consning of coarse sponge ron particles o incrcase
cold friction and reduce wedr when used as a brake
pad

11 1s another object of this invention to provide a
semy-metaliic base material for a brakc pad having
coarse sponge iron particle~ as the principle compo-
nent to compliment noise reducing ingredients therein
n attenuating sounds created upon the brake pad en-
gaging a corresponding brake member

It is still a further object of this invention to provide
2 semi-metathe material having coarse sponge iton par-
ticles umformly distributed theren to provide a high
coefficient of friction at low temperatures and steel fi-
hers theren to provide structural umty when the semi-
metallic matenal is used as a brake pad

it s sull a further object of this mmvention to produce
aseme-mctalhe fricton meterial consisting of a minture
of metalhc and ceramic powgere. coarse sponge 1ron,
granhite, rubber particles and steel fibers ngidhy poss-
troned o rean natnny for use s brde pad hoaang
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a high coefficient of friction upon initial engag=ment
with a corresponding brake member.
These and other objects will become appazent from
reading this specification and viewing the drawings

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 is a perspective view of a friction pad for use
in a brakc assembly.

FIG 2 is an enlarged view taken along hne 2—2 of
FIG 1 illustrating the relationship of the compaositional
ingredients in the friction pad.

DETAILED DESCRIPTION OF THE PREFERRED
COMPOSITION

Throughout this specification the terms metallic
powder und ceramic powder are used to denote a mate-
rial having a nominal size which will pass through a No
R0 mesh screen and consist of at least 85 percent of o
base material with the balance being mainly oxides of
the base material. Simifariy the term “spenge iron™ de-
notes a matcrial having a nominal size, 8 percent of
which wil! pas< through a No 20 mesh screen. vet will
be retained on an 80 mesh screen. and cons:t of at
least 90 percent metallic 1iron

The brake pad 12 for a shoe 14 shown in FIG | i
constructed of a semi-metalhic matenial whose principal
ingredientc are sponge aron, graphite and modifie-
held together by a thermosetting phenolic resin which
18 then cured under heat and pressure to form &
bierded ngrd mase 16, a< llustrated in FIG 2, Whaie
dise brahe padsare rotillustrated. test resultcindicate
the same adsantages car he found when this material
isused on dise brahes

The sponge ron particles 38 are irregular in shape
wi't g surface having pin hole voids therein The
sponge iron i< produced by o method hnown as the
Sicurin proacess I this process, powdered magnetite
won ore. carbon cobe and kme are charged in layers
inte covered ciunibles These ingredients are heated in
koo unat reduction is complete  After coohing, the
ior produced which o removed will have a phisical
appearaice of o round porous cake abou 10 inches in
diamcter and 2-2"2 inches thick The reduced sponge
cakes are then crushed and disintegrated into partucles
Hoeganaes Sponge Iron Corporation. Runerton, NJ
produces sponge aron particles that are unannealed.
devugnated M 20,80, heving a nominal size which can
vary from 20 mesh to £0 mesh have proven satsfactory
for brake pads These sponge iron particles have an
abrasive surface sufficient to provide a high coeflicient
of friction upon initial engagement of the pad 12 with
a corresponding braking surface. yet are large enough
to resist abrasive wear at low operating temperatures,
thereby reducing low temperature wear.

A typical composition for the semi-metallic brak
pac 12 s as follows '

\olume  Volume
Percent  Percer:
Metalhe powden (copper tres & 2w i e 2
Sponge lron Parnicles M 10 1 4
Ceranic Puwders ratimante mulle - e 2018
magravunr evide Aanun satfre
Alumimem evie snd s e e oy
SR aren eure
Steet Fider (e 2
Rubbur poary .

JeoL
taranky ) v .
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-Continued metallics (compared to organics) when operating at
Vol val temperatures below 325°F. Average driving seldom re-
Percem  Percomt sults in temperatures above 325°F and is generally con-
T - _ sidered to generate brake temperatures of around
henelic tewn binder ri— s 250°F. Thus, the wear rate of any potentially commer-

cial friction material must be equivalent to organic ma-
terials at these lower operating temperatures The use
The ingredients are mixed together and formed nto  Of coarse sponge iron particles has shown a significant
a desired shape Then the mixture is placed in an oven ~ feduction in both the 250°F and 325°F wear levels,
where the resin is cured to hold the other ingredients 10 thereby improving the chances for commercial accep-
in a fixed position with respect to each other. After cur- tance
ing the resin the material 1s shaped into a finished prod- As previously discussed, the proposed Department of
uct such as the brake pad 12. The relationship of the ~ Transportation reduction in acceptable safe brake
vanous ingredients are illustrated in FIG 2 as follows.  stopping distances requires that the brake systems re-
sporge won particles 18, graphite particles 20. rubber 15 main balanced throughout the test. This requires a fric-
particles 22, ceramic powders 24, stee! fibers 26, iron tion material which will exhibit the same friction levels
powder 28 and resin 30, throughout the test. While conventional semi-metallic
Brake pads manufactured according to a formula as ~ materials exhibit better friction stability than most or-
represented above were compared with brake pads of ~ ganics throughout the test, one problem was found with
a comentional semi-metallic friction composition 20 conventional semi-metallic materials, that was low ini-
wherein the metalhe powder constituted about 20% by tial (pre-burnished ) friction As a result. conventional

volume of the total mixture with the following results semi-mctallic materials were unable 10 meet the pre-
Y PRI Coclficient of Frichien Wear (1n > 10 3 dor WG Stope
1% et 47e <50 290t AR aTsot £80°F
St e Some Moathie (SIS [URY [URRS [T A I < 10
Sen Motohe Spongy lron A [VIRY (VR 02 Iy 3 ¢ 1

The importance of providing an initially high coeffi- burmished stopping distances proposed by the Depart-
cren® for the brake pads can readily be realized from ment of Transportation The use of coarse sponge tron
the foiiowing formula through which the effective brak- ¢ particles in semi-metallics have demonstrated signifi-

ing dntance on u level roadway may be approximated T cant improvement in imtial (pre-burmished ) fricuon,
) which will be required if semi-metallic materials are to

d=17.30f be considered for commercial usage
wheto Further. upon investigating the semi-metallic mate-
¢ = hraking distance 1n feet 40 ral it was determuned that the sponge iror. will compl:-

I = ntia! speed. miles per hour ment the rubber particles thereir to attenuate nose or

= coefficient of friction between friction members squeal caused upon engagement of the brake pad with

such as bruke pud and drum a corresponding member.

Assuming that the coefficient of friction will remain It is assumed that the voids in the sponge iron part-
substantially uniform the period of time required to 45 cles act as acoustical absorbers by breaking up the path
bring a vehicle 1o a stop will be propartionally reduced through which sound< may travel.

The over-all transverse structural unity of the brake

Av an example. assume identical vehicles wherein pads may be varied by the amount of stee! fiber 26 used
onc has bruke pads constructed of a standard semi- in the mixture. However, due to the dispanty in price
metallic material and the other of a semi-metallic mate- 50 between stee! fiber and sponge iron (about 6 times). for
nial with sponge iron particles and both are traveling at mass production a volumetric change in stee! fiber con-
60 miies per hour. the effective braking distance will be tent will usually be adjusted by a proportional change
as follows in the quantity of sponge iron particles.

d=60"%(30 X 0.32) = 3600/9.6 = 375' Thus, we have developed a semi-metallic composi-

55 tion wherein the structural charscteristics are en-
disponge iron = 607%/(30 %0.38) = 3600/11.4 = 306’ hanced by the use of sponge iron particles when used

Thus the vehicle with the brake pads having a semi- as a friction pad in a braking system.

metallic material with sponge iron particles therein ex- We claim'

hibits a shorter effective braking distance which will 1. A semi-metallic base material for use in a vehicle
conform to the proposed stopping distance of the De- brake as a friction lining. said material consisting of &
partment of Transportation mixture of.

The wear resistance of conventional semi-metallics metallic powder selected from a group consisting of
are equivalent 1o organic materials between 350° and iron. copper, zinc and mixtures thereof from 0 to
450°F and are superior 1o organics at temperatures ¢ 30 percent of the total mixture;
above 450°F However, one of the major obstacles to sponge iron particies from 10 to 40 percent by vol-
the accpetance of semi-metallics as a friction material ume of the total mixture, said particles having a

hav been the poorer wear resistance of the semi- nominal size which can vary from 20 to 80 mesh.
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ceramic powders selected from a group consisting of
sillimanite. mullite. magnesium oxide, barium sui-
fate. aluminum oxide. silica, iron oxide and zirco-
nium oxide from 2 to 15 percent by volume of the
total mixture,

rubber particles from O to 10 percent by volume of

the total mixture,

steel fibers from O to 20 percent by volume of the

total mixture,

graphite particies from 19 to 39 percent by volume

of the 1otal mixture, said graphite particles absorb-
ing thermal energ) created during engagement of
said friction hning with a corresponding member,
and

a phenolic resin binder from 13 to 41 percent by vol-

ume of the total mixture. said phenolic resin binder
being responsive to heat to form a solid matrix for
holding the selected metallic powders. spohge iron
particles, ceramic powders, rubber particles and
steel fibers in a fixed relationship.

2. The semi-metallic base matenal, as recited n
claim 1, wheretn said sponge iron particles and rubber
particles attenuate any noise created dunng said en-
gagement

3. The semi-metaliic base matenal. as recited n

20
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6
claim 2, wherein said sponge iron particles, ceramic
powder, metallic powders. and stecl fibers combine to
provide said friction lining with a coefficient of friction
between 0.34 to 045 in a temperature range up to
250°F.

4. The semi-metallic base materials, as recited in
claim 1, wherein said stee! fibers constitute between 3
to 16 percent by volume of the total mixture to provide
structural unity for the friction lining.

S. The semi-metallic base material, as recited in
claim 4, wherein said sponge iron particles uniformly
distributed throughout the total mixture are unan-
nealed 10 provide reduced low temperature wear rates.

6. The semi-metallic base matenal, as recited in
claim §, wherein said sponge iron particles uniformly
distributed throughout the total mixture are to provide
increased friction in the preburnished state.

7. The semi-metallic base material, as recited in
claim 6, wherein said sponge iron particles uniformly
distributed throughout the total mixture are to provide
less frictional change from preburnished. to burmished,
1o faded state

L4 L d Ld » .
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FRICTIONAL MATERIAL

Thomas G. Ankeny, Birmingbam. Mich., and John W.
Arpett, Dayton, Ohio. sssignors to General Motors
Corporation, Detroit, Mich., a corporation of Delaware

Flled Nov. 28, 1958, Ser. No. 776,973
8 Claims. (Cl. 29—182.5)

This invention relates to friction matenals and is par-
ticularly concerned with ferrous friction members for use
as clutches. brahes and the like

Thiy application 1s a connnuation-in-pari of apphca-
ton SN S30.842 filed October 17, 1955 now abandoned

An objéct of the imvenuon i to provide a ferrous fric-
tion facing consisting essentullv of wron. graphite and
noly bdenum disulfide

la carrvine out the above obyect, 1t is a further object
of the invention 10 form the fricion member from a
antered miviture comsisting essentslly of iron powder.
graphite and molybdenum Jisulfide wheremn the graphite
mahes up between one-fiftl: ~nd onc-fourth of the weight
of the member

A <l fusther obioct of the invention s io provide a
ferrous fnarien membyr wheren the member consists
essentially of graphiic tansng between 2070 and 25%
b oweigh: moh hldenum disclfide between 27 and 6%
by weight with ton mahire up substentiaily ol the e
mainder

Another object of the imvention @ 10 provide the fer-
rous friction clement s heretofore disclosed wherein the
element v coenter el bonded o w strong metal sup
porting member for faahtat:ng mounung of the frictian
clement

Morc speaific. 'Iv. 1t js an object of the invention 10
provide a sintered ferrous friction facing consisting essen-
tailh of 2077 gruphite. &7 molibdenum disulfide with
substantailly al! the 1cmander being iron with or without
small addinons of modifyving mater:als wherein said per-
centages are evpiessed on o weight basis

Further objects ond wdvantages of the present invention
will be apparen' f:om the foilowine descripion reference
being had to the accompunying drawings wherein pre-
ferred embodiments of the present invention are clearly
shown

In the drawings

Figure 1 i< a view n perspective of a typical brake
band

Figure 2 v a view in perspective of a cluich disc

Figure 2 15 a view 1n perspective of o cluich or brake
disc for use in a cluich or brake pach

Figures 4 and § are charts showiny o comparison be-
tween convenuion.:] and metallic brake linings in de-
celeration testy

Modern automouve devclopments have imposed ex-
trane operating conditions on the conventional type of
cluiches und Wushes  The friction surfuces of conventional
cdutches and brahes arc usvally composed of molded non-
metallic material such as asbestos. cotton linters and the
like bonded together with a synthetic resin such as a
phenol-formaldeh; de resin, the miature may also include
fricon fortifying matenials  This mixture of ingredients
15> molded 1010 o brake band or disc surface which may be
honded or riveted to a mctul support. While these fric-
non elements and facings are satisfactory under normal
driving conditions. it has been found that repeated stops
from high speeds causes a tremendous overheating and
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eventual breakdown of the materiils used in the brakes
In most cases, nonmeclatlic brakc matcrials are not use-
ful at temperatures above 750° I and such temperatures
are frequently exceedcd in repeated hizh specd stops under
extreme conditions

Since the trend i automotive dosten as fov rd heavier
and ‘or higher powercd vehiddes, 1t s apparent that the
frcnon matetals tsed an the brake and chtch surfaces
most be improved in order 1o keep up woth the develop-
ment of the industry

11 has been found that metathic nction materials offer
an interesting fiecld of dJevelopment  Howcever. most
metalhic fricton maerials while highiy satisfactory, for
example. in wet cutch apphoations are not uscful for
brakes wince they tend to squcal and zrab an the dry
condihon  Furthermore, duc to the abrosion of the mate-
rials in the dry condiion. moch of the fricton fucing is
abraded from the friction surfuce which, o wrn, self-
ceeravates the wear condimen Fasihormose the noisi-
ness of these muatenials has made thea nnsutable in the
rast for passenger vehicles

There are. howevor. mans advanraces an the use of
metalhc 1incton matenials, ~some of the more 1mportant
being ability to withstund hich tompercta. condinions,

abiinv 1o withstand hrcher engeatine poc sures wnd. n
most cases. fonger wearing charactenistios

We have developed a frict:on material which overcomes
these past diszdvantazes of mot Lo fric on madonals
when used an the drny <tate and which hos maintamned
Al of the Cdvantapes of moa'le faous atinals . We
hoave found that our frction mocan! when ta an con
nction with g dive or band tpe Rrakes wall outles
nonmictatlic fncoan mateinds mans Coes and watl nos
bo duicterionshy affected wtahe bk tomposiicios reached
durine repeated high enced siops Inbeci we s sty show
that the present friction mucoral vl oatvear soveral
scts of conventona! nonmciallic v an- nyatona! under
iWdentical operating conditons busth: the metalbe
friction muaterial does net exhebit the fude-out of trictional
quahiues normaliy present o neayetallic matoriads when
croessive temperatures are encoantered  Under actual
read condiions. the present fricthian myatial operates
smoothly and silently throuzhout extented vse  In fuct
the facing material operated weit under tev's Comprising
ten consecutive stops from o mavumum speed of one
bundred miles per hour. a condion wh h vou'd not be
duplicated with noamcialiic innes which 1aled com-
pictels after three to four of such stops

Our new frictiton matenal is w sinter d forrons matenal
huving varving degrees ot porosiy und muade from a mix.
tute comsisting cssentiath of wen poedor craplate and
molybdenum  disulfide 1o thes basas rastiae may be
added small quantiies of sultar and corime materials
such as valemed mullite 1ozeher waeth coprer and lead
for modifying the achiom ot dhe fncnen material The
friction matenad i prefaabny bordod 1o . strone mota)
suppori through which 3t moa be soabh woowie 10 the
brake or clutch mcchansm i whoch U s to be <ubse-
quentty used Do ro the poonce o o Loee guantty of
gr.phie. the material does oot have o hieh degree of
fiexibility and i~ not readiiy bendable nd. lh:rcf&rc. the
strong metal support such as 4 steel backing 1s generally
preferred.

Spearfically, the m e ) contaanes £ 9hid in quantines
of from 207 10 25 b weight agether-with molyb-
denum disadfide an Guantiies of trem 20, g0 646 by
weight with substintuially ol the sem under bang ron
The material »w made by nuvang the agicdicnts in fincly
divided form wherein. for example. the von powder ranges
between 150 and 325 mcsh Phis mnvnic v then
briquetted to the desired shoupe under briyuctting pres-
sutes ronging from 40,000 10 10DUKW po.nds per squarg
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inch, preferably at 70,000 pounds per square inch The
briquettes are next sintered for about 45 minutes at a tem-
peraturce ranging between 1850° F. aad 2050° F. wader
0B-0RdIZIAg COBIUONS, fOr CAAMPpIC, IB thynn“. »
completaly burned aatura) gas, crached ammonia ot hydro-
s The resulting malerial presents a highly deairsble
friction material thut will withstand hugh lemperaiures,
maisdain its frictioaal qualities over a wids raage of tam-
peratures, and which is Jong weanng and quiet.

In most cases, as previously stated, it i dewirable to
bond the ! to a strong backing member, aad thn
is accomplished by plucing the briquettes upoa supparung
members of stee! that have preferably beea flash-coated
wilh coppesr. A number of these “sandwiches” are tacked
om top of ose another with suitable specers therebetweea
and the bonding is accomplished with the stack under pres-
suwre. A procedure of this character is fully disciosed in
Wellman Pateat 2,178,527 und is well known in the art.
It is preferable 10 accomplish the sintering and bonding
in a singic operation although it is also posible to first
sinter and then bond 1t this case. the bniquettes are
sintered between sheets of graphitic matenal or metal
having a nonadhenng refractory coating thereover.

Another modificaion of the process contemplates a

r of the briquetted powder at a tempersture in
the order of 1600 F 10 1950 F. for a period of 30
0 45 minutes Thus parually sinters the briquette and
makes it easier to handle. The presintered bnquette is
than assembled wath the backing member and 13 bonded
in the usus! maenbper at sbow 1750° F. for 30 minutes.
These condiuons may vary, for example. the bonding tem-
perature may be between 1750 F und 2100° F while tue
time ma) be berween 20 minutes and 45 munutes varying
inversely as the temperature Dunng the bonding step,
the porous pan is completely sintered. These vanauons
in operaling condiuons may vary vnd:l) and are not
cnitical 5o long as a good sinter and bond is obtained

A preferred embodiment of the invenion compnrises
the following formulauon.

Example 1

22% Acheson =38 graphite
4% molybdenum disuifide, 100 mesh
74% 250 mesh reduced oxide irop powder

A mixture of this matenal is bnquetted at 80,000
pounds per square inch and is sintered on a steel support-
iag member of the desired configuranon which has a flash
copper piate thereop for a peniod of about 45 minutes
a1 2050° F under pressure whereupon the matenrial forms
a strong sintered layer coextensively bonded to the sup-
portisg membe: The fricuon and wear cbaracteristics
of this material may be modified by small additions of
sulfur and ceramic materials such as mullite, clays, etc.
1o this case, the sulfur is preferably combined with the
irop or may be un impurity therein and may range up
o 1% by weight of the 10tal mix This addition ap-
pears to improve wear The ceramic material, such as
mullite, may range up 1o 75% by weight of the total
mix. This addition acts as a friction modifying material
and geperally raises the coefficient of friction slightly.
In apy case. these additions are optional and shouwld not
aicosd 3 totaf of 2% by weight of the element. It is
uaderstood that, in many cases. the effects of sulfur and
ceramics can be attained without adding any material to
the mix. In these cases, reduced oxide iroz powder
may be chosen which contains sulfur and insoluble
csramic material within the ranges noted as impurities
therein

Similarly. small additions of lead und ‘or copper may
be added to modify friction characteristics as is well
kaown in the art. For example, copper up to $% by
weight and or lead up to $% by weight may be added
These modifications prove useful under certain conditions.
O invention, however. is directed specifically to the
basic formulation of u bigh percentage of graphite (20%
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10 255 ) with molybdenwm disulfide 1n controlied aumounts
wherein the remainder of the clement consists essentiully
of iron with or without thc modifying ingredieas set
forth hercin,

Some specific examples of other muxes which ure satis-
factory are as follows wherein all percentages are ex-
pressed by weight

Example 2

20% Acheson graphite

3% 150 mesh copper powder

S 100 mesh lead powder

$% 100 mesh molybdenum disuifide

.75% calcined mullite

66.25% 100 mesh reduced iron oxide powder containing
combined sulfur therein equal to 1% of the iron

This minture of powdered matenals s briquetted at
70.000 pounds per square inch and may be siniered on
a steel supporting member which has been flash-copper
plated for a period of forty-five minuies at a lemperature
of 2050* F. in a nonondiang stmosphere under pressure
The powdered matenal forms a stropg. sintered layer
cosxtensively bonded to the supporting layer.

Example 3

22% Acheson graphute

4% 100 mesh molybdepum disulfide

74% 250 mesh reduced iroo oxide powder contaiung 1n
combined form sulfur together with insoluble ceramic
matenal 1n quantiiies equal 1o about 1% and .75% re-
spectively of the total mix

The rmuxiure of these powdered matenals may be prepared
and sintered as 1n Exarople 2

Example 4

20% Acheson graphite

2 5% 200 mesh copper powder

4.5% 100 mesh lead powder

4% 100 mesh molybdenum disulfide

.75% sulfur

.65% calcined mullite

Remainder 100 mesh reduced iron oxide powder

The same proceduse for forrmung the material and sintering
the same as in Example 2 may be followed

Example §

21% Acheson graphite

4% 100 mesh lead powder

$% 100 mesh molybdenum disulfide

Remainder 250 mesh reduced iron oxide powder con-
taining combined sulfur equal to about 1% of the total

mix.

A mixture of this materia)l may be formed and sintered
as ip Example 2.

In the drawing, several forme of the friction member
doscribed in this disclosure are shown For example.
in Figure 1. a conventiona! type of brake band 20 is
shown which has a ferrous friction surface 22 and s metal
supporting back 34. This band may be made as herein
described by placing preformed friction layers 32 upon
the preformed supporting members 34 and stacking the
sandwiches under pressure in a suitable furnace for
simtering. Figure 2 shows one type of cluich plate at 36
which includes a splined hub 38, a steel disc 30 and
friction surfaces 32 bonded thereto  The friction surface
32 may be provided at both sides of the cluch (as
shown) if desired.

Pigure 3 shows still another form of clutch or brake
at 34. In this form, the steel disc 36 supports a friction
surface 38 at one or both sides thereof and the disc may
be splind as at 40 on the outer periphery or as at 42 at
the inser periphery thereof This type of plste s gen
orally used in » pack wherein alternaie plates are splined
at the inper and outer periphery respectively These
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plates may be used in disc brakes, for example, as dis-
closed in Lambert Patent 2,405,219 which shows one
type of sutomotive disc bra’ e. or multiple plate cluiches
as disclosed in Almen and Carnegic applcation S.N.
392,596, pow Patent 2,733,797, assigned to the assignee
of the present imvention

The three curves in Figure 4 show consecutive stops
at one minute intervals at 50, 60 and 70 miles per hour
with a commercial molded nonmetallic lining wherein
the rate of deceleration is maintained at fifieen feet per
second per second. The “fade™ characteristics of the
lining are indicated by the increasing bydraulic pressures
required to maintain constant deceleration Thus, at
30 miles per hour. the pressure required to maintain this
deceleration vaned from 490 pounds per square inch for
the first stop to 855 pounds per square inch for the tenth
stop At 60 miles per bour. these figures were 560
pounds per square inch for the first stop and 1145 pounds
per square inch for the teath At 70 mules per hour,
the lining failed on the sixth siop

By way of companson. Figure S shows the same curves
for our improved metallic bning as described herein and
made in accordance with Exampie 1 11 will be seen
that the pressures required for the first siop are con-
sistently lower and that the pressures required for subse-
quent stops are substantially constant  No fadures were
noted  All tests were made on identical equipment and
with 1dentical braking elements with the exception of the
brake material per s¢  Jn this instance. the commercial
lining tested was of a 408 squure inch area while the
ferrous hnung was only 36 square ipches 1n area

The present iovenuon. therefore, 1y directed basically
to a porous ferrous fricuon element including a relatively
high percentage of graphite together w:th significant quan-
uues of molybdenum disulfide wherein said element may
Or may not contain small addimons of wear and friction
modifying ingredients  The fricuon element may also
inciude an impregnan: within the pores thereof if it 1s
desired for sealing the pores against the ingress of the
atmospbere where the matenal is to be stored over ap:
preciable periods of ume. This matenal 15 preferably
a heat resistant resio which can be impregnated inwo the
matenal and whick does not markedly influence the
frictional charactenstics of the matenal Therefore, 1t 1s
understood that umpregnants may be used witbou! de-
partng from the concept of the invention

Throughout thus specification. the term ceramic material
is used together witk mullite as ope embodiment there-
of. 1t is to be undentood that thus example 1s illustrauve
only and that clays, silica magnesium oxide, mica or
any of the other refractory ceramic materials may be
used with varying useful resuits.
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While the forms of erabodiment of the present in-
vention as herein disclosed constitute preferred forms,
it is to be understood that other forms might be adopted.

What is claimed is as follows:

1. A new article of manufacture, comprising, a fric-
tion facing consisting essentially of a compacted and
sintered body formed from s powdered mixture of 20
10 25% graphite, 2% 10 6% molybdenum disulfide and
the balance jron.

2. A new arucle of manufacture, comprising. a fric-
tion facing coosistung essentially of a compacted and
sintered body formed from a powdered mixiure of 22%
graphite. 4% molybdenum disulfide and the balance
iron

3. The anicle as claimed in claim ] wherein the friction
facing is coexiensively bonded to a metal backing mem-
ber ’

4. The arucle as claimed in claim 2 wherein the friction
facing 1s coextensively bonded to a metal backing mem-
ber.

S. A new articlie of manufacture. comprising. a fnc-
tion facing consisting essentlly of a compacted and
simered body formed from a powdered mixture of 207
1o 25¢% gruphite. 2% to 6t molvbdenum disulfide. and
the balance iron wherein the iron includes as impurinies
insoluble ceramic material up to .75% and sulfur up 1o
1% by weight of the powdered mixture

6. The article claimed in claim § including lead and
copper in quantities less than 5% by weight each

7. A new arucle of manufacture. comprising. a fri-
tion fucing consising of a sintered compact of graphite

20% to 25%, molybdenum disulfide 27 10 6% . sulfur
up to 1%, mullite up to 75%. copper up to §%. lead

up 1o $% and 1he balance iron, said quanuties being ex-
pressed by weight

8 A new arucle of manufacture. comprising. a fris-
tion facing consisting of o sintered compast of graphiie
20%, copper 37, lesd $%, molybdenum disulfide $%,
caloined mullite .75%, sulfur 6% and the balance
iron. said quantities being expressed by weight
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This investioa relates to fricuop maierials and » par-
wculagly coscerned with ferrous fricion members for
mse o cluiches, brakes and the like

Thes agpbcatios u 2 continuauon-in-part of applica-
ocm SN, 684954, Rled September 19, 1957, pow aban-
doned.

An object of the inventon & 10 provide a ferrous fri. -
tion facing conusting essentially of iron, graphite and a
metallic Jubr. «nt consisting of bismuth or alioys of bis-
amth with metals that are substantially insoluble 1o ron

In carrying ou! the above object. 1t 15 a further ob.
joot of the mvention to form the fricuon member from
a sintered mixiure of won powder with graphite which
member also contains a lubncant metal in the form of
bixmuth, bismuth-lesd alloys, and bismuth-cadmum al-
Joys aad wherein ~-aphuie males up & substanual por-
tiop of the member

A uill further object of the invention 1s 10 provide a
farrous fricuon member which comsisth essenually of
graphite ranging between 209 and 307 by weight and
a lubnicating metal suck as bismuth or bismuth alloye
where:n the alloy has a mehltmg poin: not greater thar the
melung poant of bimull #nd whereio the othe: meials
in the alloy are substanually insoluble it won

In carrying out the wbove objeci it 1s o further ob-
ject where bismuth or a bismuth-lead alloy 1c used as a
Jubricating meial. 10 )nciude smal quabitics of an add.
tiopa! meta; substanlially ponalloyable with the lubricat
ing metal. one of suck metals being coppe:

It is a further object ip some cases 10 utilize small
quantities of sulfur not over 1% n combipation with
the wron ecither as an added ipgredient or as an impurity
in e ron used amd ‘or a cerami: matenal such st mul.
lfte it quantrtres of less thas 1%

Another object of the 1pventior 1s 10 provide the fer.
rown fmction clemem as heretofore disclosed with a strong
me:d supporting membe: for facilntating the mounting
of the fricuon element. said member 1ahing the form
of s sintered ferrous matenal of different compostion
and geeater strength than the friction element and bonded
coextensively thereto

More specifically. 1t s an object of the ravention 1o
provide a simered ferrous friction element consisting
ewentislly of grapbne 30 to 45 parts by weight, copper
0 10 15 parts by weight. bismuth or insoluble allovs
thereo! 6 to 10 parts by weight and iron 100 parts by
weight

fn carrying out the above object. it 15 a further object
to opuonally include sulfur and mullite n the above

. formulation.

Anothrer object of the invention is to provide a fer-
rous friction member contaiming substantial quantities of
graphile together with a jubricaung metal which is sub-
stanhalh ipsoluble in the metals making up the ferrous
frictios member, said Jubricating metal having a meiting
poim withip the rapge of temperatures encountered dur-
ing subsequent use of the friction element whereby the
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metallic lubricant melts and exudes to the surface of
the element during use 1o stabilize the frictional char-
scteristics of the element.

Furtber objects and advantages of the present inven-
tion will be apparent from the following deacription, ref-
er-="~ heing had to the accompanying drawings wherein
preferred embodiments of the present invention are clear-
)y shown.

In the drawings:

Figure 1 is & perspective view of a typical brake band
including the ferrous friction element thereon.

Figure 2 is a view in perspective of a conventiomal
cluich disc utilizing the ferrous friction facing thereon.

Figure 3 is a chart of a family of curves for ferrous
friction materials including different metal Jubricants and
showing coefficient of friction plotted against time and
temperature.

Figure 4 is a perspective view similar to Figure 1|
showing another means of attaching the friction lining
to the shoe.

Figure $ 15 a view of ope segment of the fricuon ma-
terial and its support

In modern automotive development, extreme operat-
ing conditons are encountered at friction surfaces used
for b,akes, cluiches and the like. These exureme condi-
tions make convenuonal nonmetallic clutch facings and
brake bmngs costly 10 use since these matenals must op-
erate below certain limiing temperatures if their eff.
ciency s 10 be mamntained which requires cooling medis
and other devices to hmut the temperatures 11 is, there-
fore. desirable to provide facing materials for clukches,
brales and the lihe which can withstand considerably
higher temperatures than the usual noametallic materials
add which mainiain sobstauially constant frctional char-
acterisucs throughoui their operating temperature range

Meiallic facing matensls made from sintered metals
such as sintered bronze. sintered 1ron and the like have
been used sparing.y ir; the past and while the wear char-
acteistics on these elements are considerably betier than
nonmetallic elements, it bas been found difbicult to con-
irol the coefficients of frictson thereof through the wide
range of temperatures that are encountered in normal
operation whereby the build-up 1o friction during suc-
cessive $10p»> makes them erratx in their operation and.
therefore, geperally undesirable

Recently, improved fricuop facings have been pro-
posed of the metallic type wherein substantal quantities
of graphite have been incorporated therewn to smooth
out the coefficien: of frictiop 10 some extent over a wide
range of temperature These facings provide consider-
ubly betier operuting characteristics and are frequenthy
cnuirely sausfaciory under normal operaing conditioas
However, when heavy duty service 1s encountered such
as. for example with taxicabs. busses or stops from ugh
spceds. these fncuon materials do pot always maintain
their stabiiny within the range desired

The present invention 1s durected to a friction matenal
which hus a stabilized coeficient of friciom and, there-
fore, s extremely useful in any applicetion such a4 a
clutch or brake wherein stabilized friction charactenstics
are desired over 8 wide range of temperatures, whether
or not the application falls in the category of a heavy
duty application We believe that this stabilizatiom of
friction characteristics is accomplished through the use
of a metallic lubricant which is transitory in character
at the surface of the clement. that is to sa), the lub.i-
cuting metal is held in the solid state within the pores of
the friction element at temperatures below its melting
point and. when these temperatures are exceeded, this
metal. due to its insolubility with the other components
of the eletment and due to fts expamsion, will exude omo
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the surface 5f the element and provide a fluid Jubricant
which stabilizes the frictional characterisucs of the ule-
ment while maintaining the desired frictional characte:-
istics thereof as provided by other components of the ele-
ment.

It is understood that, 1n the description to follow. the
ferrous friction element may be used in connection with
brake bands or clutch discs or brahe discs as the casc
may be. For example, in Figure 1. a conventional brake
band is shown at 20 which includes a plurality of pads
of fricuon material 32 attached thereio In Figure 2,
a cluich disc or brake disc is shown at 30 which includes
a steel disc 32 baving a friction layer 34 attached thereto

Specifically, we have found that, in a ferrous friction
element wherein the major component is iron. large quan-
tities of grapbite are highly desirable 10 supply tbe de-
sired fricvomal characteristics to the element In this
connection, graphite ranging from 20% to 30% by weight
of the element is ibcorporated in the element together
with a lubricating metal such as bismuth. or ailoys of
bismuth with metals which are insoluble in ion and
wherein the melung point of the alloy does not eaceed
the melung point of bismuth, for example. lead-bismuth
alloys and cadmium-bismuth alloys. The low melting
metal may be bismuth alone which melts at ubout $20° F
or it may be an alloy of bismuth and lead which melts
at or belon the melung poiat of bismuth In this con-
pection. an alloy of 887 lead and 129 bismuth hus
substaptially the same meling point of bismuth whereas
the eutectic alloy of lead and bismuth which contains
$5%% % bismuth and 44!z le~{ melts at about 288" F
Thus. bismuth-lead alloys where the minimum bismuth
percentage 15 12 may be used .» o substitute for pure
bismuth according to use unce snv allov having this
composiuon will melt ut or below the melung pont of
bismuth In this connection the service requirements of
the brake should be tukhen into consideration  Heawvy
duty apphications are best served by the higher meli'ng
point alloys whereas hight duty upphcations may make
use of the lower melung pomnt alloys  In ol cases 1t
is desirable that the meluny puint of the lubricatiog
metal 15 10 the range of temperature atiained durig nor-
mal use of the {ricuon cdlemont and thest cuind.Luds
therefore govern to a lzrge degrec the choice of materi.l
Similarly, slloys of bismuth and other metals muy be
used wherein the other metal in the alloy v substan:
tially ipsoluble 1 iron for example. cadmium 15 in-
soluble in jron and aiioys with b.amuth 1o form low melt-
ing point alloy:  In thi- conncction. an alloy of 28
bismuth and 757 cadmium has substaptially the sume
melung point of pure bismuth wheress the eutecuc alloy
of 60% bismuth and 40T caudmium melis ot shout
292° F  Stated brouadiy therefore. alloys of bismuth with
metals 1nsoiubie 1n tron where:n the alloy has u melting
point pot in excess of the melung point of b.smuth are
useful as the lubricaung metal

Tbus. it wili be seen thai we have chosen a lubnicat-
ing metal which 1s msoluble in the 1ron und which melts
within a runge of temperature generally reached b the
friction element duning use  Otiier insoulble metals could
possibly be used bu:, in thesc cases. the melting poini 1s
sufficienty high that the higuidus stste of the metal s
not reached upon operation of the frcuon element
whereby erratic results occur due to the fact that the
so-called lubricating metal may be liquid 1n one case
and solid in anothe:

Thberefore. in euch instance. the low melung point
metal. which acts as a lubnicsung metal. melis at tem-
peratures within the normul opersting temperature range
of the fnction element and. in eich instance. where com-
binations of these low melung point metals are used,
the eutectic mixtures thercof melt at relatively lower tem-
peratures to Quichly stabilize the frictionul character-
istics of the element by presenting a hquid phase ai the
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interface Detween i1be element and the brale drum or
other rubbing surface, elc.

Some examples of suitable mixtures are us follows,
all proportions being in parts by weight:

t { [ |
|Ell-|£\ 2E}Zx3 ta 0|E|l ¥a e
&ponge or Ruduecd Oavde lrom l l '

(with or without 1% com.
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Lcﬁ ......................................... ¢i......
Mullite . ... oL JI ..... I (BN B N PP

These ingredients in finely divided form, for example,
capable of passing through a 100 mesh screen are iti-
mately mixed and are briquetied into the desired shape
under briquetting pressures ranging from 60,000 to
80,000 pounds per square inch and are then sintered
under nonoxidizing conditions for from 30 to 40 min-
ules at temperatuers ranging from 1800° F. 10 2000° F.
In each case, s sifitered fricuion element is formed which
will exude bismuth, bismuth-lead, etc., as the case may
be, at the surface thereof.
More specific examples comprise

Example 7

67 parts —250 mesh sponge iron powder (combined sul-
fur up 10 1% by weight)

20 parnts artificial graphite (density 1.85 grams per cc.,
—325 mesh)

8 parts 150 mesh copper powder

S parts 100 mesh bismuth powder

These ingredients are tnthymately mixed and are briquetted
at 60.000 pounds per sqQuare 1och and are then sintered
for 40 mipoutes 1n a nonoxrdizing atmosphere at 1800° F
The resulting friction facing has a fiber strength in the
order of 3720 pounds per square inch

Example 8

67 parts —250 mesh sponge iron powder (with 1% com-
bined sulfur) :

15 parts powdered aruficial grapuite (density 1.85 grams
per ¢c., — 325 mesh)

15 parts coarse flshe patural sraphite (density about 2.1
grams per cc., 2u 10 3¢ mesh)

$ parts 150 mesh copper powder

10 parts 100 mesh bismuth-lead (50-50 mixture) with
or without %3 part 60 mesh synthetic mullite

These ingredients are intimately mixed and briquetted
at 70,000 pounds per square inch and sintered for about
40 miputes in a nonoxidizing atmosphere at a tempera-
ture of about 1800° F. The resulting friction element
bas a fiber strength 10 the order of 3045 pounds per
square inch.

It is undersiood that the lubricating metal such as
bismuth-lead alioy may be introduced by impregnation
if desired, although the usual technique as described here-
tofore are preferred. Furthermore, due to the sinering
step, it is usually not pecessary to pre-alloy the bismuth
with any other metal 10 be used therewith since alloying
will occur in situ during the sintering.

All of the above friction elements made by any of
the aforementioned examples are preferably bonded to a
more dense and sironger material during the sintering
1o epable them to be riveted or spot-welded to & steel
shoe or plate. This particular step forms no part of the
present invention and 1s fully disclosed in copending
Smiley application, SN 596266, filed July 6, 2956, as-
signed to the assignee of the present invention. Specifi-
cally, a backing mauterial that is particularly useful with
the present formulations, since it bas similar physical
change characteristics during briquetting and sintering,
comprises a mixture of about 95 parts 100 mesh sponge

RISy SO —




8,048,

8

irop powder, 5 parta low demsity powdered
(1.68 grams per cc.. —32S mesh), and thres
molybdesum disipbide powdar (250 mash).

gredisnts are intimately mized and the mizture
is a dic ip desired quantity. Any of the aforementioned
friction maerial mixes is s filled into the die and the
"o layers are simulianecusly briquested a: pressures of
frem 60,000 to 80,000 pounds per square wch. The
briquette is sintered under conditions. times and tem-
peratures noted in any of the examples A coextensively
bonded material is formed having a strong backing layer
and a friction facing of the desired characteristics As
meotioned before, the application SN 596,266 gives a
detailed disciosure of the method of making these com-
posite friction clements and the present invention is di-
rected solely to the friction layer and its characteristics.

In place of the composite materia) described, the fric-
tion layer may be supported by and bonded 10 a retaining
device or member made of stamped or cast metal. Such
a retuner is shown at 40 1n Figures 4 and §  The re-
tainer 48 is preferably made of stamped steel and is
made in the form of a shallow cup or tray which carries
a fricion matenial layer 41 therein The retainer 40
may include fastening means 42 welded or otherwise at-
tached thereto as shown in the right side of Figure $ or
the ret  .er may be riveied by means of rivets 43 or di-
rectly welded to the band 28 In the case of rivets 43
being used, the friction layer 41 is counterbored so that
the heads of the rivets bear against the container In
al) cases. the fnchion layer 41 1s sintered and bonded in
situ 1o the copiaiper 40 by bniquetting the powdered ma-
terial directly in the retainer  Prior to the briquetung
operation. the retuiner surface is preferaby fluch copper
plated as wel! koown in the art w0 facilitate the bond

It will be observed that. when the graphite content of
the friction matenial exceeds 25% . different manufaciur-
ing techmique- are requirad in order to form an eleme .t
baving sufficien: strength for the intended purpose and.
to this end. different types of graphite are used to over-
come probleins which anse when using either type of
graphute alone  These manufaciuring techmgue: form no
part of this ipveruon and are fully disclosed in copend-
ing applicavon SN 684.853 (Dochet No MP-2712,.
filed September 19, 1957, wherein the full disclosure of
the reasons for mixing the different types of graphite
are set forth In this conpecuon, so far as the finished
fricuon element is concerned, there 1s no substantial dif-
ference in the operationa! characteristics of the different
types of graphite but the sirength of the finished cle-
ment s muarbedly enhanced by mixing 1wo (yp2s of
graphite

While the friction elements utihzing graphite in the
order of 20% have good frictiona) characteristics and
under pormal operauing conditions funcuon well. there
is some tendency toward poisy operation under certain
specific conditions.  As the graphite content is increased,
this poise condiuon decreases 1o & point where the ele-
ment is comparable with conventional noometallic ele-
meuts at 25% of giaphiic and above In other words.
as the graphite increases, the tendency toward noise de-
creases under all conditions

The new friction facings described herein fuaction
well with conventiona! mating surfaces such as stee] or
cast iron which is normally used as clutch disc and brake
drum material. It will also function ip combination with
other metals providing the Jubricant metal does not alloy
therewith at operating temperatures. For this reason, the
metal of the mating surfaces should be chosen from met-
als and alloys that do not form intermetallic compounds
with the low melting point metals such as lead. bismuth
or cadmium used in the friction material.

The curves shown 1o Figure 3 are for two different
friction linings Curve #1 is for the material disclosed
is Exampie 8 Curve #2 is the material using 5%
biamuth alioy instead of the bismuth-lead alloy. In each
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embeditoent
thareof. K is 0 be ondesstood thet this example is i
lustrative ooly and that clays, silica magnesium ozide,
mica or any of the other refractory ceramic materials
may be used with varying usefu! results.

While the embodiments of the present invention as
herein disciosed constitute preferred forms, it is to be
understood that other forms might be adopted.

What is claimed is as follows:

1. A friction material for use as a friction facing ele-
menl, consisting essentially of: a sintered ferrous base
having dispersed therethrough graphite in quantities of
from 20% 1o 30% by weight, together with at least one
metal taken from the class consisting of: bismuth, bis-
muth-lead and bismuth-cadmium alloys wherein the
melting point of the alloys does not exceed the melting
point of bismuth, said last-menuioned metal being pres.
ent in quantities of from 3% to 10% by weight

2 A fnction material for use as a friction facing ele-
ment. consisting essentially of - a sintered ferrous base
having dispersed 1herethrough graphite 1n quantities of
from 20% 10 307 by weight, 10gether with bismuth in
Quanuties of from 3% 10 10% by weight

3 A fricuon material for use as a fricuon fauing ele-
ment. consisting essentially of . a4 sintered ferrous base
having dispersed therethrough gruphite 1n quantities of
from 205 1o 307 by weight 1ogether with a bismuth-
lead allov having a melting point not exceeding the me't-
ing point of tismuth in quantiies of from 1% 10 107
by weight

4 A fncuon matenal for use as a frichon facing ele-
ment. consinung essentially of a <intered ferrous hace
having dispersed therethrongh graph'te n quantimes of
from 20% 10 307 by weight. together with a metal taken
from the class of bismuth and bismuth alloys with metals
mmsoluble tn 1ron wherein said allovs have a melting point
not an excess of the melung point of bismuth 1n quanu-
ties of from 3% 10 10% by weight

$ A sintered frction material for use as o frict ep
facing element. consisting essentially of iron n.ludng
sulfur up 10 1% by weight thereof. 100 parts grophite 30
to 45 parts, copper up 1o 15 parts. and a mei.) taben
from the class consisiing of bismuth and bismuth alloy
with metuls insoluble sn 1iron wherein said alicys have
melting points not in excess of the melung point of b
muth. 6 to 10 parts. said proporuons being e\pre<sed ac
parts by weight.

6 A sintered fricuon material for use as a friction
facing element, consisting essenually of: iron, mcluding
sulfur up to 14 by waght thereo!. 100 puits. graphiic
30 to 45 parts. copper up to 18 parts. mulhir: up to .
by weight, and « mcial. taken from the clis, consisting
of bisrruth and !ivauth allove with metal .nsolable
iron wherein said alloys have meliing poinis not in ex-
cess of the melting point of bismuth, 6 to 10 parts, said
proportions being expressed us parts by weight.

7. A sintered friction material for use as a friction
facing clement, consisting essentially of: iron 100 parts,
graphite 30 10 43 parts, copper up to 15 parts. and bis-
muth 6 to 10 parts, said proportions being expressed as
pans by weight.

8. A sintered fricuon matenal for use as g friction
facing element, consisting essentislly of iron 100 parts,
graphite 30 10 45 parts, copper up to 15 parts. together
with sulfur and mullite in quantities not in excess of 27 .
snd bismuth 6 to 10 parts. said proportions being ex-
pressed as parts by weight

9. A sintered friction material for use as a fricuon fac-
ing clement, comsisting esscotially of: iroa 100 pars,
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graphite 30 to 43 parts, copper up to 15 pans, and a bis- ment being coextensively attached at ope surface thereof
muth-lead alloy 6 10 10 parts, said proportions being ex- 10 a strong metal supporting member.

pressed as by weight.

10. A b::v? duyt) :;:ke compnsing a fricuop element. References Cited in the file of this patent
coasisung essentially of iron 67 parts, graphie 20-30 O UNITED STATES PATENTS
parts, a bismuth-lead alioy wherein the bismuth and lead 2.072,070 Fisher - oo Feb 23 1937
sre in equal propurtions 5-10 paru, copper 8 parts, all 2416830  Heuberger ____._ ... ___. Mar. 4, 1947

Proportions being expressed in parts by weight, said ele- 2,863,211 Wellmap - ..oeooooaoo.. Dec. 9, 1958
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This in ontion telales to a toique transmitting and/or
encrey absorbing device and as specifically dirvcted to
brakes. clutches and the like.

More particularly, the invention is directed to the
combinatior. of a sintered ferrous brake lining or facing
used in conjunction with « brehe member including a
trahing surfsce formed from: stecl substenbally free frem
ferrite.

An object of the invention is to produce a combination
o1 clements for use in 4 10°gue trxnsILTE and-or an
energy absorbing davice oot parucuiarly a brake wherein
the umformity of operaticn s improved

In varrsing out the sbane objest it s a further object
ol the invenion to redose codd podal effect noraiclly pres-
ent 10 automoetive bralins svster s

Furthe: ohjects and wdvanizgss of the pioseni mven-
tion will be opparen: from the iodowang dewcorten.
yefesence being hid o the - ccompanting drawinse whero
in prcferred embodiments of the prosont imvention ar
¢le.rly shown

Inthe doow.ngs

LG e wphote e oo aph o sooanctien of
AL I0T0O steei Jram shov 7 the foom . the structure,
and

TIG 2 55 aphoto miros wpn 0w o seutan ol o
CAL o Ssteel dram hew of fernte  the
midtaostructure,

Recert trends in automoeine ¢oarn and mpronvcd read
condions hove made rossbic hisher spadd trnli in
autemonne sehicles. Thess drents hive reguited mm-
proverent in brahe Jdevien SanArudtion so fal g
vehicles muay be stopred within ws. v distaner even thom
th. heghies speeds  In o Corfe nuae ths fonditien pos.
st heavy duty brabe e e nodesiads Bave Boon dova-
opad which are metalins ononacse cad which wlt s
stand the high temperatur. sondinens whach prevan in the
brzbe duning @ stop of stops from hgh speeds These
teasperature conditions are suflioent o, in many inctan,
c.use chatring of non-mic e tvpe hmines inclodaee o
genie Bype material. Ths new bruie Lining motaiial
which is speciically @ sinorld forrous siatenal irctudire
graphite, is disclosed tn sovme detiidoain US. Patens
2945291 and 2945929, amory others which re as-
signed to the assignee o1 this applization. Thew metalise
friction materials have the ability 1o provide reasonably
constant coefficients of friction over 4 wide range of
temperatures and specifically are capabic of maintaining
ths reasonably high cocfficicni of friction at b:zh tempera-
tures whereby the vehicle may be brought 1o a stop with-
out excessive pedal pressure and wheicin the friction ma-
terial remuins unharmed dus to the rise in temperaiuie

These same materials. however. do not provide Lhe
ultimate in cold pedal operaiion under nurmal cenditions.
Cuold redal may best be Jdefincd as a reduction in effcctive-
ness of the brabes aftcr u period of inactivity, that s,
when the rutomotive vehicie has beon standing idle for
period of time, for example, the “rat stop or first fiw
stop, made require gronter ptal pressure to bring the
c:ir 10 a stop than do subscquent apeiations of the braking
s.stem.  This condition. whiie not scrious from a safety
paint of view, is nevertheless, annoying and has acied a
a Juterrent in some casce. toward the apphication of m tal-
Jic brake linings in pleasurc schicles.
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We have found that cold pedal conditions may be
preatly Jessened by utilizing a specific combination of
elements in the braking system. Thus, when using a
ferrous metal brake lining such as is disclosed, for ex:
ample, in Patent 2,945,291, we have found that the cold
pedal effects are greatly lessened if a brake drum surface
formed from steel substantially free from ferrite is used
in combination therewith. Most automotirz vehicles
made toduy utilize gray cast iron brake drums. The
combination of the metallic I'ning with the aforementioncd
steel drum reduces the cold pedal efiect in the order ol
25% whereby much better and morc uniform operation
is obtained from the braling sysicm.

A 1ypical coid pedal test procedure is 25 follows: ths
linings and drums 2re conditioncd by making ien stops at
14 mile intervals each from 40 miles per hour at a decei-
eration rate of 10 ft./scc.2.  The vebicle is then parked
for a minimum of twoe boure  The cold pedal is then
evaluated by making ten stops =t P2 mile inervals fren
40 mic per hour at a dicclesatin rate of o ft /s
whersin the initial and finul line prescures reguued to
mainta.n the spec e docdoration is seomaed o
cach stop

Uting brahe dinings as disclosed in the sforemor et
patert with o standurd cast aren drumm condionm oo tre
tenih stop of the scheduie sequired 270 ps: tu praviace
the dewred deceleration  Afler the car v o parrsd for
the two hour rest penod fron o furward stop, the firs
che.b step ofter the cooling ¢ff poied 12puired enindt
Fine oo ure @0 320 pad. Vhich oy by tcemaed il cotd
fore od ol taeress W hocur v v 10 w0
ing offl peniad from a reverse step. tho o oaert st
qured antis) Bne pressure of I8 oo TR mo T
termad coid geverse effectivanes-

Ii the car iv parhed wih o oG shap bofore e
coching poriod and a centrulicd r2virse stop s Madd
before the first chedk sop. the £t chalk (1 Toguites
initia} line prosure of 3%° pas Thiy 1: also culi
cold toverse effecteeness

It wi'l be notee. that the T Prossime anoresse 10 e
a speific deceleration 10 stop 1. the somic o efect o 00
i tne immediate previous sicp wes a taens2 sicp whiohr
the 1evetse stop was before ¢ wter e soohnn ¢ pene .

Thus the disterence botweer w o v eelhe effecinvens:
at 270 psi.oané cold reserse ofice saess at VS Pt
VIS pei. This differcnee will e doedted by the drnet
zrlis heown as harden ! podot 1t occur- o poaTR L
drovnz when odoner bache eat of Loparhng sralc urn
then is toguitca o make 4 Jorw ud stop Ths chapg i3
braherout-wi is neied regardte: - of the our pald.

Th: :.mo schaduled 1ot were mawde veing Jrums
formed from SAY 1080 wce) wth Wl other cond it
identizal,  Tn this instance the warm ¢ Tectiveness dropy -
to 2185 psi. the cold forwnrd effectiveness to 230 pe
and the cold reverse eflectiveacss to 280 psi. Thus, the
sic:] dwn narrowed the difference belwueen the wari:
stop and the cold reverse sicp to 35 ps.i. over the 115
p.s.i. requircd when using a prav ca\! iron drum.

In addition to the improved brulc characteristics. stosi
has greatly improved tensile stength over the usul gras
cast iron, as is well known.  Further, whan subventic!h
frec from ferrite, the stecl has reduced scoring tendenc.
This is a very important ¢comsideration since freo ferrs.
such s is formed in SAF 1610 qeel pooduces marked
scoring tundencies and is nat us ful in braking upphications

Steel offers another benefii that is comn.crcially im
poriant, namely, due to the ircreused strerat™ over prad
cast iron the drums my be made conside. iy Lehtar
with decreased will thackness witheut saenficmg rege Jd-
nees. It chonld be understood that similar res il can
k2 oblaincd using cast 1on drume hined with the desire!
sieel surface.  Thus, when th: term drum is used hieren
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the term is sufficiently broad to include any combination
providing the braking surface is substantially free from
ferrite.

In place of SAE 10R0 or 3085 steel any other stcel
which bas a structure substantially free from feritc is
uscful, for example SAE #8660, #9260. Alloy steels
of this character may also be used where specific physical
characteristics are desired which may be obtained from
the alloy.

In general, sintered ferrous linings and/or facings hav-
ing a sintered ferrous base and including graphite in quan-
titics above 10% with or without well-known friction
fortifvine and/or modifyving materials, may be used effec-
tively in th: combination.

Any stcel drum having a metallographic structure sub-
stantially free from ferrite when used in combination with
a sintered. ferrous brake lining material will oTer im-
proved aperational characteristics. particulaly in the cold
pedel range.  Such improvements are easily noticcable
by the operator of the vehicle and les«en the diference in
rodal pressures required to bring a car to & stop under any
givon set of conditions.

1t is to be understood that the principles inveived are
cqunliy applicahic to dise brukes. drum trukes. clutches
enl’cr other terque transnmutting and ‘or cnergy absopb-
inz devices wherein sliding or rubbing enzacomiont occuars
bt ooon the severad elermicnt of the strecture,

Wh iz the embodimer:s of the present inventicn as
hoioin disciosed, constitnte preforred forms, it is to be
under:tood that other fornis might to adopted.

Woitis Jamed s as foliow:

1. A torque transmitting and encrgy absorbing device,
¢ aarnsing 0 combinatien: & driving and ¢ driven mom-
ber wheren one of sad menibers comprises o sintered for-
ra.s surface and wherein the other of sawd membere con-
sist o 1 stee) surface subsiintally free from ferrite where-
by the combination of the sintered ferrous surface and the
si.iil st 21 surface effect uriform torque transmission and/
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or enerpy absorption over a wide range of operating
temperatures.

2. A torquc transmitting device comprising a sintered
ferrous facing and a mating surface consisting of stec!
substantially free from ferrite.

3. A brakc for use in an automotive vehicle and the
like, comprising in combination; a sintered ferrous brake
lining and a braking surface coopernting with said lining.
said braking surface consisting of steel substantially free
from ferrite whereby the combination of the sintered fer-
rous linin? and the said steel braking surface effect uni-
form braking conditions over a wide range of operating
temperatu:es.

4. A brakc for use in an automotive vchicle and the
like, comprisiry in combination; a sintered ferrous brake
lining and a brake drum for use as a rubbing surface
against said lining, said drum having a contacting surfacc
consisting of stee] substantiuliv free from ferrite whereby
the combination of the sintcred ferrous lining and the said
stee) braking surface effect uniform braking conditions
over a wide rance of operating temperatures.

5. A brake for use in an automotive vckizle and tbe
Jike, comprising in combtiration. a sintered ferrous brale
lining and a bruling surface cooperating with said lining,
siid braking surfaze consistine of SAL 1080 stec] sub-
stantialiy free from ferrite whereby the combination of
sitid sintered brake Jining and said SAE 1080 sieel braking
surfuze effect unifo-m breling conditions over a wide
ranze of opcraiing conditions.
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HE varied properties required of a brake lining

material calls for careful selection and blending
of its ingredients.

Lining requirements are:

1. Correct coefficlent of friction, \xhxch is influ-
enced by temperature reaction, aging qualities,
water reaction, and oll and grease reaction;

2. Durability;

3. Relative freedom from any tendency to score
drums;

4. Quietness in operation; and

5. Nonoffensive odor.

Lining friction coeficicnts generally run between
0.20 and 0.40. Manufacturers usually describe lin-
ings as having high, medium, and low friction co-
efficients without specifying friction vaiue numeri-
cally. It's not hard to compound a lining with an
initial specific friction coefficient; but to produce a
lining with uniform braking performance under
various operating conditions takes much compound-
ing study and laboratory and road testing.

The ideal lining would have a constant friction
coefficient at high and low temperatures, under wet
and dry conditions, throughout the lining's l:fe.
There is no such lining. Al lining- disintegrate
under high braking temperatures. Cuaemical ond
physical changes either increase friction coeflicient
(build-up) or decrease it (fude).

With fade, if 1riction charactcristies return to
their initial conditicn, the lining is said to have
good recovery properties, Satisfactory huings fade
slightly with each brake application, but recover
immediately after cooling  Linings producing huild-
up in friction coefficient are not satisfactory

Fricticil coefficient may increase or decrease with
age When it decreases, it develops a hard pedal.
Scme linings harden and tend to score drums and
be noisy.

Other linings are sensitive to water on the fric-
tion face, with effects as proncunced as those from
temperature. Moisture alsu causes “morning sick-
ness.” Iron oxide forms on the dirum and gives high
friction reaction during the first two or three stops
made after the car has been parked over night. Be-
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cause ¢f contact with oll and grease 131 service, lin-
faes should have some resistance to these materials.

Linings clso shouid wear slowly and uniformly.
This insures morc consistent braking action by con-
tinually renew.ng the friction surfuce. Negligible
wear v.ay produce a glazed friction surface.

Certain ingredients tend to score drums. Steel
drums; sco:e more readily than cast-iron ones.
Brake system gufetiness is a function of the lining
as well as other factore. Ingredients must r.ci pro-
duce offensive odors at hizh braking temperatures.
Good compounding inzredienits may be discarded
because of this limitatiorn:.

Brake lhning materials derive their properties
frcm fillers, binders., and wear-enhanciiig ingredi-
ents, such as those in Table 1. Selection and per-
centages of ingredients used varies with the type of
lining.

Chief lining constituznt is Chrysotile asbestos,
vsed as the primary reinforcing material. Chemi-
cally, it is an hydrous magnesivm silicate (H, Mg,
Si, O,). The miperal fibers are g to 6 in. long.
Under high magnification the fiber looks like many
finer crystalline threads bundled together. Diam-

Table 1—Brake Lining Ingredients

Binders Fillers Friction Moditying and Curing Agents and
Reintorcing Nonreintorcing Wear Enhancing Agents Accelerators
Elastomers Chrysotile Asbestos Barivrm sulpliate Ca.hew nut hiquid Standard rubber and resin
Rubber Calcium sulphate products (pow ders? primary and secondary
GR-S White Jead Rubber and synthetic curing agents and accel-
Buna N Lead carbonate rubber erators
Neoprene Clay Ground rubber tire scrap
Phenolic resins Asbestine Iron oxide
Oli modified phenolic Metals—lead. zine. brass
resins Lead salts
Cashew nut ofl resins Tale
Dryving oilg Grapiite
Bulfurized olls Bituminous maierialy
Abrasives

SAE JOURNAL
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BRAKE LINING MATERIAL

Ingredients Hold Key

eter of the smallest fiber which can b separated is
aboat 0.00603 in.

Asbestor makes a gocd triction material because
of its heat reastance, chemicil resistance, flexibil-
itv. low thermul conductivity. and hardness, Its
recction to heat is particelar.y important.

The asbestos fibers stary losing thewr water of
crvstaliization at about 600 F.  The loss rate in-
¢roases with temperat:re and become rapid at 1000
F. When the water is driven .7, ashestos looses its
ervetaliine properties cnd bocomes a powder.  As-
be-tos fiber breakdown te powder with heat malke:
po~~ible rejuvenation of the lining's friction surface.
Today's brake linines would he impossible if heat
generated it braking 4 car decompescd only organse
muterials and changed arbestos mito a hurd, organic
fused laver of abrasive maienal

Poor heat-conductin,; properties of w-bestos help
Leep heat frem penetrating deoply into the lining.
This would produce chemucal ehange. in binder
materials ard would hurm Hning fr.etion character-
151iCs.

Atbestnz [akrics have 4
about 0.35. This is witlun
arour.d which satisfactory
her:, desigred.

Brass iead, or lead alloy wires used in woven moa-
ternnls streiothen the varn  Some ciaim lead sur-
passes other metals because it stabilizes the fricticn
coefficient. act~ as a dryv lubricant to prevent drum
scorin,”, and inhibit- ferniation of abrasive particles
on the friction surface.

Metallic powders, such as zir.c and Jead, improve
performance at hiph tempceratures.  Limitation
with fine Jerd is thut it oxidizes easily to litharge,
which promotes oxidi:ticn 1+ unsaturated organic
compounds. Somn:e believe these powders help
bLrewk the continuity of the frictionn surface film
daring brukiie action, Laree amounts of metal
(4G5¢), such a~ brass chips. are added to linings for
very hivh teriperature reqairements.

Brake lining comneunders also add Irad to com-
positions in the form of organie sait. Hizh teni-
verature hherates it os finely divided Jead in a

iriction coefficient of
the 0.2 to 04 rangc
brakine systems have
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reducing cr inert atmosphere. This preverts oxida-
tion of thic metal to an oxide and permits it to func-
tion as a {riction stabilizer.

Grahhite in Hning cempounds imparts a Jubricat-
g effect for smoother stopping. It can be incor-
poratea in the hard rubber or added separately.
Some compourders see two advantages for graphite
encased in rubber.  First, it does not interfere with
flow of the resin binder during curing. Second,
graphite is released for its lubricating action only
after the rubber is softened by high bruking tem-
poerature,

Iror oxide in small amounts sometimes 1. used as
a frict:on-controlling element. It tends to have a
sel{-polishing action which partly contrcls surface
frictional properties.

The compound usually requires large amcunts of
inorganic filiers to produce frictional effects. This
necessitutes an improved friction stabiizer that
functions over a wide temperature range.  Organic
modifiers--such as rubber, ground rubver scrap,
pitches, and gilsonite- function best over narrow
temperature ranges.

A powndered product made from cashew nut liquid
is cne of the better friction-stabilizing and wear-
enhancing agents used today. This material works
satisfactorily up to temperatures of 600 to €50 F.
Tire scrap particles funiction up to abont onlv 509 F.
About 6 tu 8 of dust is needed to improve wearing
qualities.

Grcund-rubber tire scrap has been, and wili con-
tinue to be, widely used because it is a cheap raw
mauterial, Other friction modifiers—such as pitecnes,
uilsonite, coal. and petroleum coke—can be used in
limited quantities oniy because of their low tem-
perature resistance. Braking temperatures destruc-
tively distill these materials to form tarry or pitchy
residues at the friction surface. These increase the
friction coefficient at Jow temperatures. But at high
temperatures, volatile materials muy be driven oft
tco rapidly ‘before formation of tarry products, los-
ing their effectiveness.

Research today is almed at getting binding ma-
terials with high heat resistance. Currentiy the
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Lists New Need
With Bonding Lining

Add bonaatiiity s a sizzth lining regairen:ent,
Gdvices 3. G0 Tilden, The Pernnafuse Coo The
advent ~f bornded brole lidongs makes this a
n.ct,

Tilcien's asgansaticr has set W an o rhitrery
mirinian bord strenoin ceouin men o f 030 et
inocheas Toos giover ot ral chonr ofroneth g
1T 300 Iy o5« 14, Tl-in sesment. That s
ottt tive Ling e maxinrim shear Dvee ex-
er~cc ou lindngs b sinvulated €iaele ney ~top
W) v oereicralionn

A Thare fuctours progaciag cood bondanid;
i ove ot e estaonisled. Bultesta Bove e
| raae te frd the effe st of poreaty Strerod’y

oot o gor crava fess Gheorheny Toaenos ond
Dot
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Fig 1—hs this brake shoe shows, bonaed lininz makes availuble twice the us:al liming and v -tually elinurates

Bondire smitabihy also cuails for aval. oty
of the entire lmine thickness use.  Thats
why wire-hack linirgs are no® suited for Land-
ing. They co ot be used onir dowvn 1o the wire
hacking,; afier that they -~core the drum~  With
w.re haching, the promis~ed doupnle wear from
Do-ged Jinos canuret be reahizod

Tymeal ol the extrio wenr
Lori-d Boeno s tne B o s Voo
sLoe W a pond ooy o w s uscd il e
miin hed e cosviimtels taroauch el
at the ce v oo ntial e N
i score, oxeent for the o
Lhrs came from et metan-ta-met ! oot
betweeen bras shoe grd drun,

Thatih, potnts out that o Dbnn e

-
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floe porUien

prove foe puth tor candeet’™ O oheat olo the
broke shions, hacay piate. an. oaxle o 1 pro-
vides oo bradae vt ke Lt ot gager

Gy present daorovered s

main bhisCine goents are svnthenie re ar, érnving
oils, raboer. cnd bituminons materica.. Mot fn-
portant vooup is the synth.elic rens. 01l modilied
phenolics are moutly used.  Syntnetie rezinz hold
much promise because they can be sviithetized in
¢ laboratory tc mee¢t desired Lindi:e material
Tequirements.

Available resirs vary in their prepestics  Some
eov be used alore, othiers must be used tozether
with nature.. synthetic, or reclafined rublcr O
modified types also are commondy usc¢ saatl, thcse
rubbers,

Used 25 a binder. rubber or GR-5 must be vuloin-
iz:d to function properly. In linine compositions
they usually are cured to a hurd rubucr with 25 1o

Tiheir rela-
LG T pera-

407, sullur o tlie valear itine azent.
tinvely Jow sofrenin: and deconip:
tures hniut rubbers clone o3 cinding avernts. In the
future it may e possihic & sy th twe ruboer
polymers that will make satisfactory brake lining
bindi::g materials. Some day <pecial rubbers may
be expressly mide for this nze.

Dryine oils, used for many ve:rs in brake lini.g
furmulations. are himited becaus<e of control of
polymrerization (hardening). They are used in &ir-
curing tvpe and woven hinings,  Wide use also is
made of them as a binding compenent in modifyving
phenohe resms,

(The paper also tells how fabric and muoided lin-
frigs are mudc.)
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Designers can affect frictional coefficients of brake ana
clutch linings by blending ingredients in their binders.

Friction modifiers tailor brake

New requirements for friction
lining materials exist because
of the elimination of asbestos in
brake and clutch compositions and
the use of small pads for down-
sized and compact cars. Semi-
metallic compositions generaily
need some friction modifiers to
reduce squeal and wear and pro-
duce friction characteristics that
are less temperature-dependent.
Research on solid friction control
additivies at Dow Corning has pro-
duced new technology by which
friction and wear properties can
be tailored to specific require-
ments.

Friction modifiers

Friction modifier additives are
synergistic blends of tempera.
ture-stable materials which can
be incorporated into various com-
positions to provide specific fric-
tion, wear, and load-carrying pro-
perties. Concentrations of one to
six weight percent can reduce
noise levels and dependence of fric-
tion on speed and temperature.

Additives, such as cashew resin
or graphite, have been used for

' many years to control friction

properties in brake and clutch
compositions. Friction composites
are composed of a balanced mix-
ture of resin plus additives and
generally contain over a dozen
ingredients to achieve desired

characteristics. In Europe MoS:
(molybdenum disulfide) has been
utilized as a friction modifier
for harder brake pad compoesitions.
Comparisons were made between
MoS: and a composition termed
by Dow Corning “Friction Modi-
fier A",

Phenolic resin compositions

Phenolic resins are the most
common organic binders used in
friction composites. Compositions
of phenolics with high loading
of MoS: powder and Friction
Modifier “A’ were tested using
an Alpha LFW-1 friction and wear
testing machine.

Phenolic resin by itself does
not have the best lubricating
properties. Addition of MoS: or
Friction Modififer “A” provided
a reduction in wear and friction.
Generally, the phenolic resin with
Friction Modifier “A’" gave lower
initial coefficients of friction
and wear values as compared to an
equivalent weight concentration of
MoS:. Coefficient of friction for
the Friction Modifier “A’ formu-
lation changed less with time than
the base resin or MoS: composi-
tion.

Additional tests at a lower load
of 13.6 kg and higher speeds re-
vealed that formulations with Fric-
tion Modifier A" gave a more con-
stant coefficient of friction with

74 —mmn oo

changes in speed, load, and time.
At higher speeds and lower loads,
no difference in wear was appar-
ent between MoS: and Friction
Modifier “A’”, but wear was sig-
nificantly lower than the base re-
sin.

Compositions

Three different brake composi-
tions were categorized as follows:
¢ Class A—High in asbestos and
organic components
* Class B—Less asbestos and or-
ganic components plus some inor-
ganic components
» Class C—Semi-metallic non-
asbestos composite -
¢ Class C prototype—Semi-metal-
lic nonasbestos (omposite with
10% Friction Modifier “A".

Table 1 lists the different char-
acteristics of the three classes.
The brake compositions were test.
ed on the LFW.1 test machine.

The results of the testing are
listed in Table 2. Good corre.
lation between the LFW-1 tests
and the general characteristics
provided for each of the classes
was obtained. Complete correla-
tion existed for the wear of the
brake composite and the metal
mate, and very close correlation
existed with noise and friction
properties at low and high tem-
peratures.

Class C, which produced the

a)
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