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This invention relates to friction matenahy and is par-
ticularly concerned with ferrous friction members for usc
as clutches. brabes und the like

This application 15 a conunuation-in-part of apphcu-
ton SN S30.842 filed October 17, 1955 now abandoned

An objéet of the imvention 1s to provide a ferrous fric-
tion facing consisung essentally of ron. graphite and
nolybdenum disulfide

Ia carrvine out the above object, 1t is a further object
of the invention 10 form the friction member from a
cntered mAntule consisting essentislly of iron powder.
graphite and mohybdenum dicelfide wherein the graphite
mahes up between one-fifik ~nd onc-fourth of the weight
of the member

A <ult fusther obicct of the invention s o provide a
ferrous fror:en membyr wheren the member consists
essantiadly of graphite ranone between 20070 and 257
b oweigh: moh hdenum disclfide between 27 and 69
by weight with on mahare up substentiaily al’ the 1o
mainder

Another object of the imvention o 1o provide the fer-
rous friction clement s heretofore disclosed wherein the
clement i voenter ek bonded 1o o strang metal sup
porting member for fuaihtaing mounung of the frictian
clemznt

Morc spearfic. v, 1t js an object of the invention to
provide a sintered ferrous fricuon facing consstine essen-
tally of 2077 gruphite. €% molivbdenum disulfide with
substantaithy al)! the 1emasnder being sron with or without
small addinons of modifyving mater:als wherein said per-
centages are expiessed on a weight basis

Further objects und wdvantages of the present invention
will be apparent from the foilowine description reference
being had to the accompanying drawings wherein pre-
ferred embocdiments of the present invention are clearly
shown

In the drawings

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

Figure 2 v a view in perspective of a clutch disc

Figure 2 15 a view in perspective of 4 clutch or brake
disc for use in a cluitch or brake pach

Figures 4 and § ure charts showiny o comparison be-
tween convenuion:l and metallic brake linings in de-
celeration tests

Modern automotive devclopments have imposed ex-
tremne operating conditions on the conventional type of
cluiches und Wushes  The fricuon surfuces of conventional
clutches and brahes are usually composed of molded non-
metallic material such us asbestos. cotton linters and the
like bonded together with a synthetic resin such as a
phenol-formaldeh; de resin, the minture may also include
fricion fortifying matenials  This mixture of ingredients
1s molded 1010 « brake band or disc surface which may be
bonded or riveted 10 a mctal support. While these fric-
tion 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 materids used in the brakes
In most cases, nonmelathic brakc matcrials are not use-
ful at temperatures above 750° I and such temperatures
are frequently exceeded in repeated hich specd stops under
extremc conditions

Since the trend 1in automotine dosien s tov ord heavier
and ‘or higher powcicd vehidles, it s apparent that the
fricnon materials tised i the brake and Jdoich surfaces
must be improved in order 10 heep up voth the develop-
ment of the industry

11 has been found that metallic triction materials offer
an interesting fiecld of development  Howcever., most
metathc friction macnials while hiehlhy satisfactory, for
example. tn wet cJutch apphoatioens are not uscful for
brakes wnce they tend to sgucak and zrab in the dry
condition  Furthermore, duc to the abrosion of the mate-
rials in the dry condition. moch of the fricton facing is
abraded from the friction surfoce which, o turn, sclf-
sgeravates the wear condimon Faithermons el the noisi-
ness of these muatenials has made thea nnsunable in the
rast for passenger vehicles

There are. however. muns advantaaes the use of
metathe 1ncton matenials, some ot the more 1mportant
being abiliny to withstund hich sompersta. condions,
abilitv 1o wthstand hisher enewine pic sures and. an
most coses, fonger wearing charactenistios

We have developed a foction maternad whioh overcomes
these past diszdvantazes of mer Yo frio osn madonals
when used in the dny <tate and whioh hos maintained
alb of the dvantapes of maatbe 00 matana!s We
hoae found that our friction mcand! when (o 1 n con
sunction with g dive or band tpe Brake wall outlas
nonmietaolic fncoan mateii's mans e wnd witl nos
bo duicteriouddy affected wtihe bk tomposiinics reached
dunine repeated high <nced viops 10 b wo s 1osts show
that the presont friction muecral vl ogivear several
satsof copventonal nonmiciallic fr.tan b nuatona! under
idenucal operating condions  Fusthe: the metailic
fricuon muterial does net exhebit the fude-out of irictional
quahiies normalhy present in newy ietaltic matoriads when
crvessive temperatures sre enconntered  Under actual
read conditions. the present frichian materal operates
smoothly and silenth throczhout envtented ive  In fuct
the facing material operated well under teas COMPrising
ten consecutive stops from o mavumum speed of one
bundred miles per hour. u condion whh con'd not be
duphcated with noametaliic innes which 1aled com-
pletels after three to four of such stops

Our new friction material is u sintercd forrens matenal
having varving degrees o1 porosin and mude from a mix.
tuie comsising cssenttalhy of wen povdor sraplite and
molybdenum  disulfide 10 thes basie ravgiae gy he
added small quantities of sultar and corame. materials
such as calvmed mullite 1o2eher wah vopner and lead
for rnod;f_\ln;; the achion ot dhe frcton material The
friction matenad i~ prefaabn bordod o ., stronz metal
suppori through which 1t moa be sintabh <coue 10 the
brahe or clutch mechanem m whieh U s to be <ubse.
queatly used Do to the proence ot o argy Yianuty of
grophite. the marcrial decs ned have o hieh Jdegree of
fienibility and s not readiiy bendable . therefore, the
strong metal support such ws 4 steel backing 15 generally
preferred.

Speafically, the m 1o 3 contans ¢
of from 20’ 10 25 b weigh
denam dinalfide an Guaniues of trem 20, g0 6¢ by
weight with subst.ntially Wil the sem under baing wron
The material v m .‘d: by nuvng the gredicnts in fincly
divided form wherein. for example. the 1on powder ranges
between 1S5S0 and 325 e fhis mivtuic s then
briquetted 1o the desired shope under briguciting pres-
sutes runging from 0,000 10 1ob,uw po.nds per syuare
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iach, preferably at 70,000 pounds per square inch The
briquettes are aext sintered for about 45 minutes at a tem-
porature ragng betweep 1850° F. and 2050° F. under
0R-ORMIZIAg CORAIUONS, fOr caampic, 1B Mynn“. »
compietaly burned satura) gas, crached ammoaia ot hydro-
o The resulting malerial presents a highly desirsbie
friction material thut will withsiand hugh tamperaiures,
mMaiMain its frictional qualities over a wids raage of tam-
peratures, and which is Jong weanng and qQuiet.

Is most cases, as previously stated, it is desirable to
boad the ! to & strong backing member, aad thi
is accomplished by plucing the briquettes upoa supparting
members of steel that have preferably beea flash-coated
with copper. A number of tbese “sandwiches™ are stacked
on top of one another with suitable specern thercbetween
amd the bonding is accomplished with the stack under pres-
sure. A procedure of this character is fully disclosed in
Wellman Pateat 2,178,527 und is well known in the art
It is preferable 10 accomplish the sintering and bonding
in & singic operation although it is 3lso posible to first
sinter and then bond 1t this case. the bniquettes are
sintered between sheets of graphitic matenial or metal
having a nonadhenag refractory coating thereover.

Another modificaion of the process contemplates a
presiater of the briquetied 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 briquetie and
makes it easier 10 handle. The presintered bniquetie is
than aseembled wath the backing member and 13 bonded
in the usuas! maonper at sbow 1750° F. for 30 minues.
These condiuons ma) vary, for example, the bonding tem-
perature may be between 1780 F und 2100° F while tae
time ma) be berween 20 minutes and 45 munutes varying
imversely as the temperature Dunng the bonding step.
the porous parn is compleiely sintered. These vanatons
in operaling conditons may vary wnd:l) apd are not
cntical 50 long as a good sinter and bond is obtained

A preferred embodiment of the iovention comprises
the following formulauon.

Example 1

22% Acheson =38 graphite
4% molybdenum disulfide, 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 s steel support-
ing member of the desired configuranon which has a flash
copper piste thereon for a peniod of about 45 minutes
a1 2050° F under pressure whereupon the material forms
a strong sintered layer coexiensively bonded to the sup-
portisg membe: The fricuon and wear characteristics
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
iros or may be an impurnity therein and may range up
o 1% by weight of the 10ta! mix This addition ap-
pears to improve wear The ceramic material, such as
mullite, may range up 10 75% by weight of the total
mix. This addition acts as a friction modifying material
and gooerally raises the coefficient of friction slightly.
In any case, these additions are optional and should not
aucesd 3 totaf of 2% by weight of the element. It is
uaderstood that, in many cases. the effects of sulfur and
caramics 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
coramic material within the ranges noted as impurities
therein

Similarly. small additions of lead und ‘or copper may
bt added to modify friction characteristics as is well
known in the art. For example, copper up to S% by
weight and ‘or lesd up 1o S% by weight may be added
These modifications prove useful under certain conditions.
O invenuon, however. is direcied specifically to the
basic formulatiop of & bigh percentage of graphite (20%
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to 25% ) with molybdenum disulfide 1n controlied amounts
wherein the remainder of the element consists essentinlly
of iron with or without the modifying ingredienls set
forth hercin,

Some specific examples of other mixes which are satis-
factory are as folloms 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 sinered on
a steel supporting member whuch has been flash-copper
plated for a period of forty-five minutes at a temperature
of 2050° F.n a nonoxrdiung stmosphere under pressure
The powdered matenal forms a strong. sintered layer
cosxtensively bonded 1o the supporting layer.

Example 3

22% Acheson graphute

4% 100 mesh molybdepum disulfide :

74% 250 mesh reduced iroo oxide powder contaiung 1p
combined form sulfur wogether with insoluble ceramic
matenial 1p quantiies equal 1o about 1% and .75% re-
spectively of the total mix

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

Example 4

20% Acheson graphite

2 5% 200 mesh copper powder

4.85% 100 mesh lead powder

4% 100 mesh molybdenum disulfide

.75% sultur

.65% calcined mullite

Remainder 100 mesh reduced irop oxide powder

The same procedure for forrung 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 suifur equal to about 1% of the total

mix.

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

In the drawing, several forme< of the friction member
doocribed in this disclosure are shown For example.
in Figure 1, a conventional type of brake band 20 is
shown which has a ferrous friction surface 22 and » metal
supporting back 24. This band may be made as herein
described by placing preformed friction layers 33 upon
the preformed supporting members 34 and stacking the
sandwiches upder pressure in a suitable furnace for
simering. Figure 2 shows one type of cluich plate at 36
which includes a splined hub 38, a steel disc 3 and
friction surfaces 32 bonded thereto  The friction surface
32 may be provided at both sides of the clusch (as
shown) if desired.

Pigure 3 shows still another form of clutch or brake
st 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 48 on the outer periphery or as at 42 at
the inser periphery theroof This type of plate s gen.
orally used in a pack wherein alternate plates are splined
at the inner 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.
392,396, pow Patept 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™ charactenstics of the
lining are indicated by the increasing bydraulic pressures
required to maintain constant deceleration Thus, at
S0 miles per hour, the pressure required to maintain this
decelcration 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 temth At 70 mules per hour,
the lining failed on the sixth stop

By way of companson. Figure S shows the same curves
for our improved metallic bning as described herein and
made in accordance with Example | It 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 substantiaily constant  No failures were
noted All tests were made on identical equipment and
with i1dentical braking elements with the exception of the
brake matenial per se¢  Jo this instance. the commercial
lining tested was of a 408 squure inch area while the
ferrous houng was only 36 square ipches 1n area

The present invenuon. therefore, 1y directed basically
to a porous ferrous fnicuon element including a relatively
bigh percentage of graphite together with significant quan-
tiues of molybdenum disulfide wherein said element may
Or may not contain small addimons of wear and friction
modifying ingredients  The fricuon element may also
ioclude an impregnan: within the pores thereof if it 1s
desired for sealing the pores against the ingress of the
atmospbere where the matenal 1s to be stored over ap-
preciable periods of ume. Thus material 1s preferably
a beat resistant resin which can be impregoated inwo the
matenal and whick does not markedly influence the
frictional charactenstics of the matenal Therefore, 1t 1s
understood that impregnants may be used witbou! de-
partng from the concept of the invention

Throughout this specification. the term ceramic material

is used together witk mullite as ope embodiment there-

of. 1t 1s 10 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 10 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 209
10 25% graphite, 2% 10 6% molybdenum disulfide and
the balance jron.

2. A new arucle of manufacture, comprising. a fric-
tion facing coosisting essentially of a compacted and
sintered body formed from a powdered mixiure of 229
graphite. 4% molybdenum disulfide and the balance
iron

3. The anicle as claimed in claim 1 wherein the friction
facing is coextensively bonded (0 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.

5. A new article of manufacture. comprising. a fric-
tion facing consisting essentiully of a compacted and
sintered body formed from a powdered mixture of 207
1o 25¢% gruphite. 2% to 6t molvbdenum disulfide. and

25 the balance iron wherein the iron includes as impurnities

insoluble ceramic material up to .75% angd sulfur up to
1% by weight of the powdered mixture

6. The article claimed 1n claim § including lead and
copper in quantities less than $% by weight each

7. A new arucle of manufacture. comprising. a fri-
non facing consisung of a sintered compact of graphite

20% to 25%, molybdenum disulfide 27 1o 6% . sulfur
up to 1%, mullite up to 75% . copper up to $7% . lead

up to 57 and i1he balance iron, said quanuties being ex-

5 pressed by weight

& A new arucle of manufacture. comprising. a fric-
ton facing consisting of a sintered compast of graphiie
20%, copper 37, lesd $%, molybdenum disulfide $%,
caloiped mullite .75%, sulfur 67% and the balance
iron. said quantities being expressed by weight
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