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This investion relales to frictop maierials and x par-
welady coscerned with ferrous fnction members for
use o8 cluches, brakes and the like '

This agpbcation u» » comunuauon-in-part of applica-
uom SN. 684954, Rled September 19, 1957, pow aban-
doned

An object of the invenbon u 10 provide a ferrous fri -
tiop facing conusting easentially of iron, graphie and a
metallic Jubr, ..t consisting of bismuth or alioys of bis-
aud with meals thet are substantally usoluble i8 iron

Jo carrying out the above object. it 13 a funber ob.
juct of the mvention 1o form the fricuon member from
a sintered mixiure of iron powder with graphite which
member also contains a lubncant meial in the form of
bi.muth, bismuth-lead alloys, and tsmuth-cadmum al-
loys aad wherein ~-apbute mabes up & substanuial por-
tiop of the member

A uill further object of the invention 1s 10 provide a
farrous fricuon member which comasts cssentially of
graphite ranging between 20% and 307 by weight «nd
a lubnicating metal suck as tnmuth or bismuth allose
whereip the alloy has a mehumg point not greater thar the
melung paint of biamulk snd whereio the other meials
in the alloy are substantally nsoluble g wron

Lo carrying out the above objeci at 1v o further ob-
ject where bismuth or a bismuth-lead allvy 11 used as a
Jubsisaling meial 10 jnciude smal quabifics ©f an add
tiopa! metal substanlixlly ponalloyable with the lutsiat:
ing metal. one of such metals being coppei

1t 15 & furthes object »n sDme cases 10 utihize small
quantines of sulfur mot over 1% 1n combipation wih
the oo cither a3 ap added ipgredient or 4s an ympurify
in e ron used avd ‘01 a ceram: maienal sich as mul-
ite m quaotrtres of less thep 1%

Another object of the invention 1s 10 provide the fer-
rows fACHoR element as heretofore disclosed with a strong
il supporting membe: for faciiating the mounnhng
of the fricuom element. said member 1ahing the forn,
of 3 sintered ferrous matenal of dfferemt composmon
and geeswr stsength than the fricton element and bonded
coextensively therelo

More specifically . 1t s an object of the 1ovention (o
provide a simered ferrous friction element consisting
ewemiuily of grapbrie 30 to 45 paris by weight, copper
¢ 1w 15 paru by weighi. bismuth or insoluble alloyvs
tereof & to 10 party by weight and iron 100 parts by
wei i

fo carrying out the above object, 1t 1s & further object
ro opuonally inclode sultur and mullie sn the above

. foramulation.

Anothrer abject of the invention is to provide a fer-
rous frictiop member containing substantial quantities of
graphite together with a jubricaung metal which 15 sub-
stantialhv iosoluble in the meiads making up the ferrous
trictioa member, said lubricaung metal having a melting
poimt within the rapge of temperatures encountered Jur.
ing sabsequent use of the friction element whereby the
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metallic lubricant melts and exudes 10 the surface of
the element during use 10 stabilize the frictional char-
actetistics of the element.

Further objects and advaslages of the present inven-
tion will be apparent from (be following dexcription, ref-
er=="~ heing had to the accompanying drawings wherein
preferred embodiments of the present investion are chear-
ly 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 » convedtional
cluich disc utilizing the ferrous fricuon facing tberean.

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

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

Figure S 15 a view of ooe segment of the fricuon ma-
terial and its support

In modern automotive deveiopment. extreme opers:-
1ng condiuons are encountered at friction surfaces used
for b,akes, cluiches and the like. These extreme coadi-
tiomx make convenuonal nonmetaliic clutch facings and
brake Lmngs cosily 10 use since these malenals must op-
erate below certain limiting temperatures if their efS.
crency 15 10 be maintained which requires cooling medis
and other devices 1o limis the 1emperatures 11 is, there-
fore. desiwrable 1o provide facing materials for clukchea,
brakes and the dihe winch can wihstand consderably
higher 1emperatures than the usual poometallic materals
add which mainian snbstantially constam fricticaal char.
acterisics tbhroughoui their operaling temperature runge

Metallic facing matenals made from sintered meinls
such as sintered bronze. suntered 1roo and the iike have
been used sparing.y 1 the pasd and whiic the wear chai-
aviC11505s Ob 1these elements ase considerably better than
panmetalli. elements, it hay been found difbcult to con-
trol 1he coefhcients of fnction thereof through e wide
range Of temperatures that are ehacountered ip pormal
operation whereby the build-up 1o friction during suc.
cessive stops makes them erratk in LLeir operation and,
therefore, generally undesirable

Recent)y, improved fricuon facipgs have beem pro-
posed of the metallic 1ype wherein subsianual quantities
ol graphite have been incorporated therein 10 smooth
out the coefficien: of fncuiop 1o some extent over a wide
range of temperature These facings provide coasmder-
ably betier operuting characierisucs and ave frequenthy
entirely sausfaciory under pormaal operaung conditicas
However, when heavy duty semace 15 encountered such
as. fur example with taxicabs. busses o1 stops from hugh
speeds. these fnchon matenials do pot always maiotain
their siabiltty within the range desired

The present invention s direcied to a fricton matenal
which hus 2 stabilized coeflicient of friction and, there-
fore, 5 extremely useful in any applicstion such = &
cluich or brake whereio stabilized frichion charactenstics
are desired over a3 wide range of temperalures, whether
or not the application falls in the calegory of a heavy
duly application We believe that this stabilization of
friction characieristics is accomplished through the use
of a metsllic lubsicamt which is vansitory in character
a1 the surface of the clement. that is to sa), the Juba-
cuting metal is held in the solid siate within the pores of
the frichon clement al temperatures below its melting
point and, when these temperatures are exceeded, this
metal. due to its insolubility with the other componenus
of the elerment and dee to its expagwion, will exude omc
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the surface of the clemvent and provide a fluid tubnicant
which stabilizes the frictional characterisues of the dle-
menl while maintainiog the deasired frictional characte:-
iRicy thereof as provided by other components of the ele-
ment.

It is understood that, 1n the description 1o follow. the
ferrous fricticn element may be usad in connecuion wilh
brake bands or clutch ducs or brake disca as the case
may be.  For example, in Figure 1. a convennional brake
band is ahowa at 2¢ which inciuder » plurality of pads
of fricton matenial 23 attached thereio  In Figuie 2,
a cluich disc or brake disc is showp at 38 which racludes
a stee] disc 32 baving a fricuon layer 36 mttached thercto

Specifically, we have found that, in a ferrous friction
clement wherein tbe major component is iron, large quan-
tities of grapbite are highly desirable 10 supply the de-
sired fricbonal characteristics 10 the element  In this
connection. graphite ranging from 20% to 30% by weight
of the elemem it incorporated in the clemen: together
with a Jubricating meta! such as bismuh. or alloys of
bismuth with metals which are insoluble in ron and
wherein the melung point of the alloy does not eaceed
the meliing point of bismuth, for example. jead-bismuth
alloys and cadgmium-bismuth alloys. The low melung
metal may be bismuth alone which metis at ubout $20* F
of it may be an alloy of bismuth and lead which melts
al or belon the melung poiat of bismuth  In this con-
pection, an alloy of R8¢ lead apd 127 bismuth hus
substantially the same melting point of bysmuth where.s
the eutectic alloy of lead and bismuth which contains
$54 % bismuth and 4312 len§ melts at abour 2% F
Thus, bismutb-lead alloys where the mimmum bismuth
percentage 18 127 mas be used oy o substitute for pure
bismuth according 1o use unce anv alloy having this
compositon wil! melt a1 or below the melung point of
bismuth In thic connestion the service requirements of
the brake should be tuhen into consideration  Heavs
duty apphications are best seived by the higher meling
point alloys wheress hght daiv applicanons mas maie
use of the lower mejung point alloys  In ol cases
18 deswrable that the meluny puwint of the Jubricatog
meis] is 10 the range of temperature attained duridg nor-
mal use of the {nciuon cdlemant wod hese Cuadilods
therefore govern 10 & lurge degier the choice of mater...]
Similarly, slloys of bismuth and ather meials muy he
used wherein the other metal n the alloy v substan:
tially insojuble in iron for example. cadmiwum 15 n-
soluble 10 iron and aioys with boamuth o form low melt-
g point alior: In thie conmecucn. am alloy of 240
bismuth and 5% csdmium has subsiaptially the scme
melung point of pure bismuth wheress the euvtecuc alloy
of 60% bismuth and 407 waudmium mehr w1 shout
292° F  Siated broadiy therefore. alloys of bismuth with
metal: (nsoiubie 1n iton where:n the alloy has & melting
point Dot in eacess of the melung point of b.smuth are
uscful as the Jubnicaung metal

Tbus. i wili be seen thai we have chosen a lubiicar-
ing metal which 15 tnsoluble in the sron und which melts
within a runge of 1emperature generally reached by the
friction element duning use  Otiicr 1nsoulble Meétals could
possibly be used bu:, in thesc cases. the melting poni s
sufficicny high thst 1he higuidus stste of the metsl s
not reached upon operation of the fficuon element
whereby erratic results occur due to the fact that the
so~Called lubricaiing meial may be hiquid 1n one case
and wlid in anothe

Therefore. in euch instance. the Jow melung point
metal. which acts #s a lubricoung metal, melis at tem-
peratures within the normal operating temperature range
of the fnction element and. in each instance. where com-
binations of these low meluing point metals are used.
the eutectic mixtures thercof meh at relatively lower tem-
peratures to quickhly stabilize the frictiona) characier:
stics of the element by preseniing a hquid phase a1 the
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interface between 1be element and thbe brale drum or
other rubbing surfsce, etc.

Some examples of suilable mixtures are us follows,
ull proportions being in paris by weight:

t { '
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These ingredients in fnely divided form, for example,
capable of passing through a 100 mesh screen are igti-
mately mixed and are briquetied into the desired shape
under briquetting pressures ranging from 60,000 to
80,000 pounds per squarc ioch and arc then sibtered
under nonoxidizing conditions for from Y0 o 40 min-
utes al temperatuers ranging from 1800° F. (o 2000° F.
In each case, « siftered friction element is formed which
will exude bismuth, bismuth-lead, etc., as the case may
be, at the surface thereof.
More specific examples comprise

Exomple 7

67 pans —250 mesh sponge iron powder {combioed sul-
fur upto 1% by weight)

20 parts artificial graphite (deosity 1.85 grams per cc.,
~ 325 mesh)

8 parts 130 mesh copper powder

S parts 100 mesh bismuth powder

Tbese ingsedients are tntsmately mixed and are briquetted
at 600! pounds per square 10ch and are then sintered
for 40 mioutes 1n a nonoxidizing atmosphere a1 1800° F
The resulung fricuon facing has a fiber sirengibh in the
order of 3720 pounds per square inch

Example &

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

13 parts powdered aruficial grapoite (demsity 1.85 grams
per cc., —325 mesh)

15 pans coarse flshe patural sraphite (densny about 2 |
grams per cc., A 10 3" mesh)

5 parts 150 meash copper powder

10 parts 100 mesh bistuth-lead (50-50 mixture) with
or without 3 pari 60 mesb synthetic mullite

These ingreditnts are intimately mixed and briquetted
at 70,000 pounds per square inch and sintered for abouw
40 minutes a0 2 nonoxdizing atmosphere al a tempera.
ture of about 1800° F. The resulupg friction element
has a fiber strength 1o the order of 3045 pounds per
square inch.

it is understood tbat the lubricating metal such as
bismuth-lead alloy may be introduced by impregnation
if desired, although the usual technique as described Yere-
ofore are prefesred.  Furthermore, due 10 the sin.ering
siep, it is usually not necessary 10 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 o
more denie and sironger material during the sistering
10 epable them to be riveled or spot-welded to & atee)
shoe or plate. This particulas step forms no part of the
present inventiop and s fully disclosed ip iog
Smiley application, SN $96.266, filed July 6, 2956, as.
signed 10 the assignee of the present invention. Specif-
cally, a backing muterial thai is particularly useful with
the present formulations, since it has similar physical
change characieristics duting briquetting and sintenog,
comprises a mixture of about 95 parts 100 mesd sponge
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iron powder, 5 parts low dessity powdered
(158 grams per cc.. —323 mesh), and thre
molybdenum dimipbids powdar (250 mash).
gredisgts are intimataly mized snd the mirture is
in a dic in desired gquantity. Any of the sforementioned

i

material mixes is e filled into the die and the
o layers are simulianecusly brigossied at pressures of
from 80,000 to 80,000 pounds per square ‘och The
briquette is siotered under conditions, limes 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 characterisucs Az
meatioved before, the application SN 596,266 gives a
detailed disclosure of the method of making these coemn.
posite {riction elements and the present invention is di-
rected sokely (0 the frictiot lsyer and its characteristics.

1o place of the composilc material described, the fric.
1on layer may be supported by and bonded 10 » retaining
device or member made of stamped or cast metal. Such
B retuner is shown at 40 in 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 fricuion matena) layer 41 therein  The retainer 40
may include fastening means 42 welded or otherwise st-
tached thereto as shown 1n the right side of Figure $ or
the ret  .er may be riveted by means of rivets 43 or di-
rectly welded to the band 20 Jn the case of rivets 43
being used. the friction layer #1 is counterbored so that
the heads of the rivets bear against the container In
2)) cases. the fncnon layer #) 15 sintered and bonded in
situ 10 the comaiper 40 by bnquetting the powdered ma-
terial direct!ly in the retainer  Prior 1o the brigquetung
operation. the retsmer surface is preferaby fluch copper
plated as wel! known in the ar w facilitate the bong

It wil} be observed that. when the graphite content of
the friction matenial exceeds 25G | different manufactur.
ing techmque. are requarsd in order 1o form an elzmet
baving sufficient sirength for the intended purpose angd.
to this end. different 1ypes of graphite are used to over-
come probletns which anse when using either type of
paphite alone  These manufaituring techmgue: form no
part of this imvernon and are fully disclosed in copend-
ing applicauon SN 684.853 (Docket No MP-2712).
filed September 19, 1957, wherein the full disclosure of
the reasons for mixing the differeni types of graphite
ate st forth  In this conpecuon. so far as the fipished
fricuot element is concerned. there v no substantial dif-
ference in the operational characteristics of the different
types of graphite byt the strength of the finisbed cle-
ment s marhedly enhanced by mixiog Wo typssy of
gaphite

While the friction elements ut:hzing graphite ip the
order of 20% have good fricnonal characieristics and
under pormal operaung condions funcuon well thzre
is some tendency toward noisy operatiob under ceriain
specific conditions.  As the graphite content is increased,
this poise condiuon decreases to a point where the ele-
ment 8 comparable with conventiona] soometallic ele-
menta &l 25% of graphiic and above In other words,
as the graphite ibcreases, 1he tendency toward noise de-
creases under all conditions

The pew friction facings described herein fumction
well with cooventional mating surfaces such as stee] or
cast irom which is normally used as clutch disc apd brake
drum material. 1t will also function ;p combination with
other metals providing tbe Jubrican! metal does not alloy
therewith at operating temperatures.  For this reason, the
metal of tbe mating surfaces should be chosco from mer-
als and alloys that do not form intermetallic compounds
with the iow melting poiot metals such as lead. bismuth
or cadmium used in the friction material.

The curves shown 1n Figure 3 are for two different
friction linings Curve #! is for the material disclosed
is Example 8§ Curve #2 is the material using 5%
bismuth alioy instead of the bismuth-lesd alioy. In ench
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lustrative only and thal clays. silica magnesium oxide.
mica or apy of the other refractory ceramic materialy
may be used with varying useful results.

While the embodiments of the present investion as
berein disciosed constilute preferred forms, it is to be
understood that other forms might be adopted.

What is claimed is as follows:

1. A fncion material for use as a fricion facing ele-
meni, consisting essentially of . & sintered ferrous basc
having dupersed therethrough graphite in quantives of
from 20% 1o 30% by weight. together with at least one
metal taken from the class consisting of: hismuth, bis-
muth-lead and tismuth-cadmium alloys wherein the
meliing poimt of the alloys does not exceed the melting
point of bismuth, said last-mennoned metal being pres-
ent in quantities of from 3% to 10% by weight

2 A fnction matertal for usc as a frictwon facing ele-
ment. consisting essentially of  a sintered feirous base
having dispersed 1herethrough graphite in quantities ol
from 20% 1o 30% by weight. 1ogether with bismuth 1
quanuties of from 3% 10 10% by weight

3 A fricuon material for use as « fricuon fauing ele-
menl. consisting essentially of . 4 siniered ferrous base
having dispersed therethrough graphite 1n guanhiies of
from 205 10 307 by weight 1oge‘her with a bismuth.
lead aliov having a meliing pomnt not exceeding the me't-
inge point of hismutk In quantities of from 3% o 107
hy weight

3 A frction matenal for use as & fricnon facing ele-
nent. conrscung essentizlls of A <intered ferrous hace
having dispersed therethrongh graphite in quantinies of
from 207 10 30% by weight together with a metal taken
from the class of brsmuth and bismuth alleys with metals
insoluble tn iron wherein said allovs have 8 meltng porni
not in excess of the melung point of lismuth in quant-
ties of from 3% 10 10% by weipht

£ A sntered fuction matertal for use us o frivt er
facing element. consisting essentially of gron molud g
sulfur up 10 1% by weight thersof. 100 paric graphite 10
to 45 parts. copper up to 15 parts. and a2 met.! aben
from the class conssting of bismuth and bismuth alloy
with metuls insolubie in iron wherein said alioys have
melung points not in excess of the melting point of hue
muth. & to 10 parts. said proporuons being expre<sed as
parts by weight.

6 A sintered fricuon matenial fo- use as » friction
facing element, conusting essemually of iron. ncluding
sulfur up 10 1% by waght thereo!. 100 puits. graphiic
30 10 45 parts. copper up to 15 parte, el up 1o 0o
by weight, and & meiul. taken from the clin copsisting
of bisrruth and ! ivawth allove with meral .nsolable
iron wherein 5aid alloys have meliing poinis not in ex-
cess of the melting point of bismuth, 6 1o 10 parts, said
proportions being expressed iy parts by weight.

7. A sintered friction material for use as s friction
facing clement, consisting essentially of: iron 100 parts.
graphite 30 10 45 parts, copper up 10 18 parts. and bis-
muth & 10 10 parts. said proportions being expressed as
parts by weight,

8. A wntered frichon malerial for vse as 3 friction
facing element, consisting essentially of - yron 100 parts.
graphite 30 1o 45 paris, copper up to 1 parts, together
with sulfur and mullite in quantities not in excess of 2% .
snd bismuth 6 to 10 parts. said proportions being ex-
pressed as parts by weight

9. A sintered friction material for use as ¢ fricuon fac-
ing tlement, coousting ssscotially of: iroa 100 parts,
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graphite 30 to 45 parts, copper up to 15 parts, and a bis- ment being coexiensively astached at one surface thereof
muth-lead alloy 6 10 10 parts, said proportions being ex- 10 & strong metal supporting member.

pressad a1 parts by weight. . .
10. A beavy duty brake compnsing a frcLOD elemeni. Refereacet Cited in the fiie of this patent

coasising essentially of iron 67 paris, graphue 20-3¢ 8 UNITED STATES PATENTS
parts, » bismuth-lead alloy wherein the bismuth and lead 2072070  Fisher oo oeeoeenen Feb 231 1937
sre in equal propurtions 3-10 parts, copper 8§ parts, ail 2416830  MHeuberger _____....._.. Mar. 4, 1547

proportions being expressed in pans by weight, said ele- 2.863.21] Wellman _ oo Dec. 9, 1958
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