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m Nov, 28, 1958, Ser. No. 776,978
10 Qaiam. (L. 79-—-181.9)

This investioa relates to fricuop maierials and x par-
ucalady coscerned with ferrous fricion members for
amse s cluches, brakes and the like

Thes agpbcatios u 2 continuation-n-part of applica-
som SN. 684954, fled September 19, 1957, now aban-
doned.

An object of the invention & 10 provide a ferrous fri -
tion facing consusting essentially of iron, graphite and a
metallic Jubr. «nt consisting of bismuth or alioys of bis-
amb with meals that are substantially wnsoluble 1 1ron

In carrying ou! the above object. it 15 a further ob.
joct of the mvention to form the fricuon member from
a sintered mixture of ron powder with graphite which
member also contains a iobrnicant metal in the form of
bismuth, bismuth-lead alloys, and bismuth-cadmum al-
Joys aad wherein ~-aphuie males up & substanusl por.
tiop of the member

A uill further object of the invention 1s 10 provide a
farrous fricuon member which comsists essenually of
graphite ranging between 206 and 307 by weight and
a lubnicating metal suck as bismuth or bismuth alloye
wherein the alloy has a mehumg point not greater thar the
meluag paant of bimulh und whereic the othe: meials
in the alloy are substanually insoluble 1o wron

Ip carrying out the above objeci 1t 1s o further ob-
ject where bismuth or a bismuth-lead alivy 1c used as a
jubricaling meial. 10 inciude smal quabt.lics of an add.
tiopa] meta; substanially ponalloyable with the lutncat
ing metal. one of such metals being coppe:

1t is a furtber object )b some cases 10 utilize small
quantities of sulfur not over 1% n combination with
the wrop either as an added ipgredient or as ah 1mpunt
in the fron used and ‘or a cerami: matenal such st mul.
lte it quantrtres of less thas 1%

Another object of the ipventior 1s 10 provide the fer-
rown fmction clemem as heretofore disclosed with a strong
me:d supporting member for facintating the mounting
of the fricuon element. said member tahing the form
of a 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 1avention to
provide a simered ferrous friction element consisting
ewentislly of grapbne 30 to 45 parts by weight, copper
© to 15 parts by weight. tbismuth or insoluble alloyvs
thereo! 6 to 10 parts by weight and iron 100 parts by
weight

fn carrying out the above object. it 1s a further object
o opuonally inclade sulfur and mulhite sn the above

. formulation.

Anothrer object of the invention is to provide a fer-
rous friction member contaiming substantial quantities of
gaphile together with a jubricaung metal which is sub-
stannalh ipsoluble in the metals making up the ferrous
frictios member, said lubricauing metal having a meiting
poimt within the rapge of temperatures encountered Jur-
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 to stabilize the frictional char-
scteristics of the element.

Further 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 a 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 fricuon facing tbereon.

Figure 3 is a chart of a family of curves for ferrous
friction materials including different metal lubricants 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 S 1s a view of one segment of the friction ma-
terial and its support

In modern automotive development, extreme operai-
1ng condiuons are encountered at friction surfaces used
for b,akes, cluiches and the like. These extreme condi-
tions make convenuonal nonmetallic clutch facings and
brake Linings costly 10 use since these malenals must op-
erale below certain himiting temperatures if tbeir eff.
ciency 15 to be maintaiped which requires cooling medis
and other devices to imut the temperatures I is, there-
fore. desirable to provide facing materials for clusches,
brakes and the lihe which can withstand considerably
higher temperatures than the usual noametallic materials
add whih mainiain substanually constant frxctional chas-
acterisics throughous their operaling temperature range

Meialhic facing matenals made from mintered melals
such as sintered bronze. sintered 1ron and the like have
been used sparing.y ir the pasl and while the wear char-
actelistics on these elements are considerably bettes than
nonmeteallic elements, it bas been found dificult to con-
trol the coefficients of friction thereof through the wide
range of temperatures that are encountered in normal
operation whereby the build-up 10 friction during suc-
cessive $10p»> makes them erratx in their operation and.
therefore, generally undesirable

Recently, improved fricuon facipgs have been pro-
posed of the metallic 1ype wherein substanual quantities
of graphite have been incorporated therews to smooth
out the coefficien: of frictiop 10 some extent over a wide
range of temperature These facings provide commder-
ably better opersting characterisucs and are frequently
cnurely sausfaciory under pormal operaung conditioas
However, when heavy duty service 1s encountered such
as. for example with taxicabs. busses or stops from lugh
speeds. these fncuon materials do pot always maiotain
their stabilny within the range desired

The present invention 1s durected to a frictwon moatenal
which hus a stabilized coeficient of frictiom and, there-
fore, 15 extremely useful in any application such a4 a
ciutch or brake wherein stabilized fricton 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 stabilization of
friction characteristics is accomplished through the use
of a metallic Jubricant which is transitory in character
at the surface of the element. that is to sa), the Jubii-
cuting metal is held in the solid state within the pores of
the friction element at 1emperatures below its melting
point and, when these temperatures are exceeded, this
metal. due to its insolubility with the other components
of the elerment and due to its expansion, will exede omo
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the surface 5f the element and provide a fluid lubricant
which stabilizes the frictional characterisucs of thu le-
ment while maintaining the desired frictional characte:-
istics thereof as provided by other components of the ele-

interface detween 1be element and the brale drum or
other rubbing surface, etc.

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

ment. 1]

It is understood that, in the description to foliow. the 'Ex n!s\ 2f Fad s o b 8|Eae
ferrous friction element may be uted in connection with - e
brake bands or clutch discs or brake discs as the casc &ponge or Rudueed Oaide lron ! ' | l
may be. For example, in Figure 1. a convenuional brake e mrhout 1% - | L e | 10| 10w
band is shown at 20 which includes a plurality of pads 10 wraptate... . . .0 L . ] | W[
of fricuon material 22 attached thercio In Figure 2. g:,’;‘""" R AT 1 B
a cluich disc or brake disc is shown at 30 which 1ncludes ARSTRERSTRTRRASRRNE VRN TOURRRY I ‘

a steel disc 32 baving & fricuon layer 34 attached thercto Mullite . ...} T I """ L IR

Specifically, we have found that, in a ferrous friction - ) . . -
element wherein the major component is iron. large quan- 15 These ingredients in finely divided form, for example,
tities of grapbite are highly desirable 1o supply the de- capable of passing through a 100 mesh screen are inti-
sired fricuosal characteristics 10 the element In this mately mixed and are briquetted into the desired shape
connection, graphite ranging from 20% to 30% by weight under briquetting pressures ranging from 60,000 to
of the element is incorporated in the element together 80,000 pounds per square inch and are then sintered
with a lubricating metal such as bismuth. or alloys of 20 udder noroxidizing conditions for from. 30 1o 40 mi-
bismuth with metals which are insoluble in won and utes at lemperatuers ranging from 1800 .F. 10 2000 .F.
wherein the melung point of the alloy does not eaceed ln. each case, 4 sirltered fricuon element is formed which
the melung point of bismuth, for example. lead-bismuth will exude bismuth, bismuth-lead, etc., as the case may
alloys and cadmium-bismuth alloys. The low meling be, at the surface thereof.
metal may be bismuth alone which melts at ubout $20° F 26 More specific examples comprise
or it may be an alloy of bismuth and lead which melts Example 7
at or belo» the melung poiat of bismuth  In this con- ] .
pection, an alloy of BB lead and 125 bismuth hus 67 pars —250 mesh sponge iron powder (combined sul-
substaptially the same melting point of bismuth whereas fur up 10 1% by weight)
the eutectic alloy of lead and bismuth which contains S0 20 parts artificial graphite (density 1.85 grams per cc.,
$S % bismuth and 441z len§ melts ar about 25¢° F —325 mesh)

Thus. bismuth-lead alloys where the minimum bismuth 8 parts 130 mesh copper powder

percentage 15 125 may be used s o substitute for pure § pants 100 mesh bismuth powder

bismuth according 1o use «nce anv ollov having this  _ These ingredients are intmately mixed and are briquetted
composiuon will melt 41 or below the melung point of 3 4t 60.000 pounds per sQuare 10ch and are then sintered
bismuth In thit connection the service requirements of for 40 minutes in a nonoaidizing atmosphere at 1800° F
the brake should be tuken into consideration  Heavy The resulting friction facing has a fiber strength in the
du_l) applications are best served by the higher meling order of 3720 pounds per square inch

point alloys wheress hght duty applications may maie

use of the lower melung porat alloys  In alf cases ut ¥ Example 8

15 desirable that the meluny puint of the lubricat:og 67 parts —250 mesh sponge iron powder (with 1% com-
metal 1s 10 the range of temperature atiained duriy nor- bined sulfur) .
mal use of the friction demont und thest cuild.Loas 15 parts powdered aruificial graphite (density 1.85 grams
lhergfore govern to & lurge degrec the choice of materil per cc., —325 mesh)

Similarly, alloys of bismuth and other metals muy be 49 1S pans coarse flahe atural sraphite (density about 2.1
used wherein the other metul 1n the alloy s substan: grams per cc., 2u 10 3° mesh)

tially ipsoluble n iron for example. cadmwum s 1n- $ parts 150 mesh copper powder

soluble in lal:;l)n and Imois with, bomuth to folrlm lox; Tf]r( 10 parts 100 mesh bismutb-lead (50-50 mixture) with
n nt OV n thi- connc.ion, dn alloy R 4 . . N .

bisgm':(l’h and 7% cadmium has subsxagnall_\' 1??: same 90 or M‘thoul s part 6(.) njiesb S)nxb'euc mullite .
melting point of pure bismuth where: the eutecuc alioy These ingredients are intimately mixed and briquetted
of 60% bismuth and 407 admism melts at ohout at 70,000 pounds per square inch and sintered for about
292°F  Stated broadly therefore. alloys of bismuth with 40 mipoutes in a nonoxidizing atmosphere at a tempera-
metal: insolubie 1n iron where:n the alloy has u melting ture of about 1800° F. The resultog friction element
point not in excess of the melung poini of b.smuth are 55 Dhas a Bber swengih 10 the order of 3045 pounds per
useful as the lubricaung meta} square inch.

Tbus. it wil} be seen that we have chosen a lubiicat- It is understood that the lubricating metal such as
ing metal which 15 msoluble in the iron und which melts bismuth-lead alloy may be introduced by impregnation
within a runge of lemperature generally reached by the it desired, although the usual technique as described Yere-
friction element during use  Otier snsoulble metals could 80 tofore are preferred.  Furthermore, due 1o the sinering
possibly be used bu:, in thesc cases. the melting po:ni 1s slfp, it is usually pot mecessary to pre-alloy the bismuth
sufficienty high that the hquidus stste of the metal 1s v'flh any other metal to be used therewith since alloying
not reached upon operation of the friction element “”}“(l’“l;' Ln sxtt:)dur}ng ;hc sintering.
whereby erratic results occur due to the fact that the 5 the fo ! et_a ;c ncmlm ¢lements made by any of
so-called lubricating metal may be hquid 1n one case s mor: (:;'emen lo:c cxamples are preferably b°“.°d m &
and olid in anothe: 1o enab:en ‘tehea:x ‘;l;;nﬁ:ﬂm; O iporng, the sintering

Therefore, in euch nstance. the low melung point shoe or plate. This parlicuTar ‘::e;%?;;:li:d “:1‘ fml
metal. which acts as & lubricsung metal, mels at tem- present invention and 1s fully disclosed inp. o ‘b:
peratures ‘.-.th the normulepcr.mng lemperature range 70 Smiley application, SN $96.266. filed July 6, 2956, as.
of the fnction element and. in eich nstance. where com- signed to the assignee of the present invention. s"'ciﬁ.
binations of these low melung point metals are used, cally, a backing muterial that is particularly useful with
the eutectic mixtures thercof melt at relax.lvely lower tem- the present formulations, since it bas similar physical
peratures to quichly stabilize 'lhe fncuqnul character- change characteristics during briquelting and sintering,
stics of the element by preseniing a hquid phase ai the 75 comprises a mixture of about 9§ parts 100 mesh sponge
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iron powder, S parts low density powdered
(1.68 grams per cc.. —325 mesh), and thres
molybdesum disdpbide powdar (250 mesh).

gredisnts are intimately mizsed and the mixture is
in s dic in desired quantity. Any of the aforementioned
friction maserial mixes is s filled into the die and the
two layers are simulianecusly briguested a: pressures of
frem 60,000 to 80,000 pounds per square ‘ach. The
briquette is sintered under conditions, times and tem-
peratures noted in any of the examples A coexteasively
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 eclements and the present invention is di-
rected solely to the frictios layer and its characteristics.

Ip place of the composite material described, tbe fric-
tion layer may be supported by and bonded 10 a retaining
device or member made of stamped or cast metal. Such
» retuner is shown at 40 1n Figures 4 and §  The re-
tainer 40 is preferably made of stamped sicel and is
made in the form of a shallow cup or tray which carries
a fricuon material layer 41 therein The retainer 49
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 riveted 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 10 the coptaiper 40 by bnquetting the powdered ma-
terial directly in the retainer  Prior to the briquetting
operation. the retsiner surface is preferaby fluth copper
plated as well koown in the art w0 facilitate the bond

It will be observed that. when the graphite content of
the friction matenal exceeds 25% . different manufaciur-
ing techmique- are requirad in order to form an elemet
baving sufficient suength for the intended purpose and.
to this end. different types of graphite are used to over-
come probletns which anse when using either type of
graplute alone  These manufaciuring techmgue: form no
part of this ipveruon and are fully disclosed in copend-
ing applicavon SN 684.853 (Dochket No MP-27124.
filed September 19, 1957, wherein the f{ull disclosure of
the reasons for mixing the different types of graphite
are se: forth In this conpection, so far as the finished
fricuon element is concerned, there s no substantial dif-
ference in the operational characteristics of the different
types of graphite but the sirength of the finished cle-
ment s marbedly enhanced by nmixung two typsy of
graphite

While the friction elements uulizing graphite in the
order of 20% have good fricuonal characieristics and
under pormal operauing condiions funcuor well. there
is some tendency toward Dpoisy operation under certain
specific conditions.  As the graphite content is increased,
this poise conditon decreases 10 a point where the ele-
ment is comparable with convenuonal nonmetalic ele-
meuis at 25% of giaphiic and above In other words.
as the graphite increases, the tendency toward noise de-
creases under all conditions

The new fniction facings described herein function
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 n Figure 3 are for two different
friction linings Curve #1 is for the material disclosed
in Exampic 8 Curve #2 is the material using 5%
biamuth alioy instead of the bismuth-lead alloy. 1o each
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lustrative oaly and that clays. silica magnesium oxide.
mica or any of the other refractory ceramic materials
may be used with varying useful 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-
men1, consisting essentially of: a sintered ferrous base
having dispersed therethrough graphite in quantines of
from 20% 10 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 [ast-menuoned metal being pres-
ent 1n quantities of from 3% to 10% by weight

2 A frniction material for use as a friction facing ele-
ment. consisting essentially of  a sintered ferrous base
having dispersed therethrough graphite in quantities of
from 20% 1o 30% by weight. 10ogether with bismuth n
quantities of from 37 10 10% by weight

3 A fricuon matenial for use as a fricuon facing ele-
ment. consisting essentially of. 4 simiered ferrous base
huving dispersed therethrough gruphite 1n quantities of
from 20 10 Y07 by weight 1ogether with a bismuth.
lead aliov having a melting point not exceeding the melt-
ing point of bismuth 1n quannties of from 1% 10 107
by weight

4 A fncuon matenal for use as s fricton facing ele-
ment. conusung essentialiy of a sintered ferrous hace
having dispersed therethrongh graph'te in quantimes of
from 20% 10 307 by weight. together with a metal taken
from the class of bismuth and bismuth alloys with metals
insoluble in iron wherein said allovs have a melting point
not an excess of the mrlung point of bismuth in quant-
ties of from 3% 10 10% by weight

£ A sintered frction material for use s o fnctep
facing element. consisting essentially of iron inludng
sulfur up 10 1% by wesght thereof. 100 paric graphite 30
to 45 parts, copper up to 15 parts. and a met.! tuben
from the class consisiing of bismuth and bismuth alloy
with metuls insoluble sn iron wherein said alicys have
melting points not in excess of the melting point of b
muth. 6 to 10 parts, said proporuons being evprecsed ac
parts by weight.

6 A sintered fricuon matenial for use as a friction
facing element, consisting essenually of: iron. including
sulfur up to 14 by waght thereo!l. 1C0 puits. grapluic
30 to 45 parts. copper up to 1 pacte, mullir: up to !’
by weight, and & meiul. taken from the cluss consisting
of busrruth and tivauth allove with metal .nso)able
iron wherein said alloys have melting poinis not in ex-
cess of the melting point of bismuth, 6 to 10 parns, said
proportions being expressed as parts by weight.

7. A sintered friction material for use as a friction
facing clement, consisting essentially of: iron 100 parts,
graphite 30 10 45 parts, copper up to 15 parts, and bis-
muth 6 to 10 parts, said proportions being expressed as
parts by weight.

8. A sintered fricuon matenal for use as g friction
facing element, consisting essentially 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 2% .
and 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 element, consisting ossentially of: iroa 100 paru,
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4
graphite 30 to 43 parts, copper up to 15 paris, and a bis- ment being coextensively attached at ope surface thereof
muth-lead alloy 6 10 10 parts, said proportions beiag ex- 10 8 strong metal supporting member.
pressed as parts by weight.

10. A beavy duty brake compnsing a fricuop elemeni. Rafereaces Cited in the file of this patent
cousisung essentially of iron 67 parts, graphite 20-30 O UNITED STATES PATENTS
parts, a bismuth-lead alioy wherein the bismuth and lead 2.072,070 Fisher - oo e e Feb 23,1937
are in oqual propurtions 5-10 parts, copper 8 parts, all 2,416,830 Heuberger ... . _..___ Mar. 4, 1947
Proportions being expressed in parts by weight, said ele- 2,863,211 Wellman _ .. ... Dec. 9, 1958
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