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This invention relates (0 friction matznais and is par-
ticularly concerned with ferrous friction membess for use
as clutches. brakes wnd the hike

This apphication 1 a continuation-in-part of apphcu-
ton § N S30.532. filed Ootober 17, 1958 now abandonced

An objéct of the imvenion i to provade a ferrous fric-
tion facing comasting esseatially of 1ron, graphite and
molybdepum dwulfide

Ia carrving oal the above obhikot 1t is a further object
af the inventien 10 form the friction member from a
cntered misvule coMsialing owenitslly of iron powder.
graphite and moh bdenum Jieclfide wheren the graphite
makos Up betweun one-fifilhh “nd onc-{ourth of the weieh
of the member

A )t fu-ther obiodt of the irvention i 1o provide a
ferreus focren member wheren the member consists
exonually of graphiic tarone boiween 209, and 287
b oweich: mob Slenum Jdisetfide between 270 and b5
by oweipht with 2on sabars up sehsteontiaily sl the e
mainder

Another object of she imvepnion o provide the for-
rows froouen clement o beretofare dosclosed wherein the
element i« coenter ek bonded 1o o strang melal sup
porting member far fuciitanng mountng of the fricuan
elemeant

Morce speatic. "IV, 11 is ah objest of the invention 1o
provide a siacered ferrous fricuon facing cansisting cssen-
uathh of 2077 pruphite. £7 mohvbdenum disulfide with
substantailly o' the 1emasnder bemg sron with or without
small wddinons of modifiing materials wherein said per-
centages are expiossed on o weight basis

Further obpect wnd Ldvantages of the present invention
will be apparent from the foslowine deseription reference
being had to the accompsnying drawings wherein pre-
ferred embodiments of the present invention are clearhy
shown

In the drawings

Figure 1 i< a vicw n perspectine of & iypicsl brake
band

Figure 2 v & view in perspectine of a clutch disc

Figure 2 1 a view an perspective of a cluich or brake
disc for use in a ¢luich or brake puch

Figures 4 and 5 ure chans showing o comparison be-
tween convennion.l und metathc brake linings in de-
celeration tests

Modern auvtiomotuve devclopments have imposed ex-
trame operating conditions on the conventional type of
ciuiches and Wruhes  The fricuion surfuces of conventional
clutches and brahes are usually composed of molded non-
metallic malerial such &5 asbestos. cotion lintets and the
Jike boaded together with a symbetic resin such as g
phenol-formaldeh; de resin, the munture may aiso include
fricton fortifsing materials  This mixture of ingredients
1y molded inte u brake band or disc surface which may be
bonded or riveied to a metal support.  While these fric-
tion elememnts and facings are satisfactory under pormal
driving conditions. it has been foupd that repeated stops
from high speeds causes a tremendous overheating and
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eventual breakdown of the materils uscd in the brakes
In most cases, nonmelallic brahe mstcrials ace not use-
ful at temperatures above 750° b und such temperatures
are frequently exceeded in repeated hizh specd stops under
extreme conditions

Since the trend 10 autamoiny oo s 1ov and heavier
and ‘or higher powesed vehictes, 1t s apparem that the
friction matetoals tsed 1 the brake and charch surfaces
nunt be amproved in onder o keep up wil thy develop-
ment of the industry

11 has been found that metallic tnction materisls offer
an jnteresting ficld of development However., most
metatlic friction maenals while hiehiyv satisfactory, for
exampic. tn wet clutch apphoatons are not useful for
brakes vimce they tend 1o ~queab and zrab o he dry
candimon  Furthermaore, duc to the abs.sion of the mate-
rials i the dry condition. mnch of the Triction facing iy
abraded from the friction surfuces which in wirn, self-
serravates the wear condimen biihornnosy the noisis
ness of these materiads bas made them nnsunahle in the
rast for passenger vehicles

There are. howover. munsy advans s i thy use of
metaths inchion maaenaly, ~ome ol the more uportant
being ahilits to wihstund hizh fompereia. condinons,
abhiny to withstand hrsher ensaine peoo sares and, an
Most cses, [enper weaT.ng Charadtorndes

W have develnped a foctron matered whooh overcomes
these pavt dosdvantazes or mor Y0 e on pudcnalb
when used i the drv <taie and whooh hos mantained

Al of dbe Cdvaniages of morattc faour pratorisdls We
bove found thar eur fuction mecon! wien oo b gn con
Smcnon with o« Jdissoor band ope Bakes wall ouatlas?

nonmets liy frusn maieiids mans tes wad vl nae
be duicterionshy affected bl bk omporor s reached
durne repeatad hagh anced wops I 10w oais show
that the present fction mosorad v ogreear soveral
solsof convantional nonmutailic troaa b anst ! under
wdentcal operating canditian- Fuithe: the metaltic
{ricton material docs net exhebit the f.ole 0t of trictional
quatiues aormally Present o nen aetalic moloriats when
crvessive temperatures are encaantered  Lnder actual
road condivons. the present friciian matral operates
smoothly and silentls throvzhoul eniented vee  tn fact
the facing material aperated well undar 1o Comiprisine
Ien consecutive stops fromy s mavmum greed of one
Pundred miles per hour. o vonoian whoh contd net be
duphicated with noamciathic oo wlueh taled com.
pletels after threv 10 four of such wops

Our new fricnon mautenial is 1 wnterod forrois matenal
having varying degrees o1 poroaty and mude from 2 mix.
tie comisting cxantnadly of wen poedor craphite and
molybdeoum  disulfide 1 thee base taingae msy be
added small quanunes of saltar and cermme. materiads
such as Culvmed mul'ite woeehor wih vopner e tead
for modifuing the action ot ahe Frinon material The
fociion matctid ~ prefaabiy boadad to . srone metal
suppoti throuph which o1 moan be sntabh woowie 1o the
brake or ctulch mcchanam s whoh i s 1o be subse-
queatty used  Dou rothy peonce of w dargy gianuty of
gr.phite, the marcrial does et huve o heely degrcé of
flexihility und s not readiiy bendable ond. thorefore, the
Mrong metal support such ws g stedl backing 1y generally
preferred. )

Speatically the m L 3 contaans pr. bt in quantities
of from 207 10 25 by weght tagetlier with molyb-
guenam disilfide an guanins of trem 20, 1 8¢ by
weight wah substcrtially oY the rem ander boing won
The matetiab v made by puang the mgredients i finely
divided form whuerein. for example. the ston powder ranges
berween 180 ant 325 miesh Ty mnvtuie s then
briguetied W the desired shope under briquetting pres-
suies tengeng from 40,000 10 HLgiw po.nds per syuarg
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inch, preferably st 70,000 pounds per square inch The
briqueties are pext siniered for about 45 minules at a em-
porsiwre raapag between 1350° F. and 2030° F. umder
ROROAMUZIAZ COBLIOTS, {0 CAampic, 1B debiyds aiedd, W&
completaly burned satura) gas, crached atmmoais or hydro-
o The resulting malierial presents a highly desirable
friction material thet will withstand lugh iampsralures.
maisiain it fricliooal qualities over a wiis raage of 1.am-
paratures, and which is Jong weanng and quiet.

I most cases, as previousl; saied, il # dewrable to
bond the ! 10 a strang backing member, aad this
is accomplished by plucing the briquetios UPOR supporung
membars of siee! that have preferadly beea fash-coated
'Ihwnu A numbex of Lhese “sandwiches™ are stacked

o8 top of oae another with suilable spacors therebetween
asd the bondin; is accomplished with the stack under prea-
swmc. A procedure of this character is fully disciosed in
Wellman Pateat 2,176,527 und is well known ip the art
1t i preferable 10 accomplish the sintering and bonding
m a sngit operation although it is also pomible to first
sinter and then bond It this case. the bnqueftes arc
sinteced between sheels of graphitic material or meal
having a nonadhenag refractory coating thersover.

Another modification of the process copiemplaics a
preswater of the bngquetied powder at a temperstwe ia
the order of 1600° F 10 1950 F. for a period of 30
0 45 minutes Thus parually simers the briqueile and
malkes it easier to bhandie. The presintered briquette is
then wsscmbied with the backing svember and 13 booded
in the usual mander al sbow 1750° F. for 30 minutes.
These condivons may vary, for example. the bonding tem-
parature may be between 1750 F upd 2100° F while tae
time may be berween 20 minuies and 45 munutes varying
isversely as the 1emperaiure  During the bonding step,
the potous pan is compleiely sintered.  These vamanons
in operaling condiuons may vary v:d:!y and ere pot
cridical 50 long as a good simer and bond is obtained

A preferred embodiment! of the 1oveplioo comprises
the following formulation.

Example 1

22% Acheson =38 graphite
4% molybdenum disuifide, 100 mesh
T4% 250 mesh reduced oxide irop powder

A mixture of this matenal is bnquetted a1 80.000
pouxis per square inch and is sintered on 8 steel support-
iag member of the desired configuraton which bas a flash
copper piste thereon for a penod of about 45 minutes
a1 2050° F under pressure whereupon the material forms
a sirong wntered layer coextensively bonded w the sup-
pottisag mambe: The fricuon and wear characteristics
of this material may be modified by small additions of
sufw and ceramic materials such as mullite, clayy, etc.
1o this case, the sulfw it preferably combined with the
iroc or may be un impurity therein and may range up
w 1% b) weight of the 1otal mix This addition ap-
puars o improve wear The ceramic matensl, such as
mullite, may range up 0 7$% by weight of the iotal
mix.  This additron acts as a friction modifying matesial
and gowerally raises the coefficiemt of fricuon slightly.
Iz any case, these additions we optional asd should not
encesd 2 sl of 2% bv weight of the element. It is
vadersood that, in many cases. the effects of sulfwr and
caramics can be ettained without adding any matenia! 1o
the mix. [In these cases, reduced oxide iron powder
may be chosen which comaims sulfur and insojuble
ceramic materia! within the ranges noted as impurities
thesein

Similarly. small additions of lead und ‘or copper may
be added to modify friction characieristics s is well
kaown in the a1, For example, copper up 10 5% by
weight and ‘or lead up 10 $% by weight may dbe sdded
These modifications prove useful under certasin conditions.
O invetiugs, however. is directed spacifically to the
basic formulatiop of 4 high percentage of graphite (20%
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10 25% ) with molybdenum disulfide 1a coptrolied amounts
whersin the remainder of the clement consists ensentinlly
of iron with ot without 1the modifying ingredieau set
forih bersin.

Some specific examples of other guxes which are salis-
factory are as follows wherain all percentages are ex-
presasd by weight

Ezampie 2

20% Achesor 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 suifur therein equal 10 1% of the iron

This minture of powdered matenals w» briquetled at
70.000 pounds per square wch and may be sinered on
8 steel supporting member which has been Rash-copper
plated for « periad of forty-five minutes al a lemperature
of 2030" F. in a nonondiang stmosphere under pressure
The powdeted matenal forms & strong. sintered layes
coaxtensively bonded o the supporting layer.

Example 3

22% Acheson graphiie

4% 100 mesh molybdenum disuifide

74% 250 mesh reduced iros oxide powder confaiung 1o
combined form sulfw together with insoluble ceragnic
matertal b quantiues equasl 1o cbout 1% snd 75% re-
spectvely of the 1otal mix

The rmuxiure of these powdered matenals may be prepared
and sintered as in Exaropie 2

Example 4

20% Acbeson graphute

2 5% 200 mesh copper powder

45% 100 mesh lead powder

4% 100 mesh molybdenum disulfide

15% sulfur

65% calcined mullite

Remainder 100 mesh reduced iron oxide powder

The same procedure for formung the material and upiering
the same as in Example 2 may be followed

Example §

21% Acheson graphite

4% 100 mesh lead powder

5% 100 mesh molybdenum disulfide

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

mix.

A mixtare of this materinl may be formed and sinlered
as in Example 2.

In the drawing, sevaral forme of the friction member
denctided in this disclosure are showm For example.
ie Figure !, 8 conventional type of brake band 2¢ &
showp which has a ferrous friction surface 22 and » phetal
sepporting back 24. This band may be made a1 herein
described by placing preformed friction layers 33 upon
the preformed supporting members 34 and stacking the
sandwiches under pressure in a suitable fumace for
simtering. Figure 2 shows one type of cluich plate at 36
which includes a splined hub 18 a steel disc 30 and
friction surfaces 52 bonded thereto  The friction surface
31 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
surfsce 38 ol ope or both sides thereof and the disc may
be lplinod as 8t 48 on the ouler periphery or as at €3 al
the inser periphery thereof This type of plate i gen.
erally used in & pack wherein slternate plates are splined
at the ianer and outer periphery tespectively These
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plates may be used in disc brakes, for example, as dis-
clossd in Lambert Patent 2,405.219 which shows one
type of sulomotive disc bra' ¢, or multiple plate cluiches
as disclosed in Aloen and Carnegie applation S.N.
392,396, pow Paiept 2,733,797 assigned 1o the atsignee
of the present igvention

The three curves in Figure 4 show consecutive stops
at ooc minute intervals a1 50, 60 and 70 miles per hour
with a commercial molded nonmetallic Jiong wherein
the rate of deceleration is maintaiped at fifieen feet per
second per mcond. The “fade™ characienstics of the
hoing are indicated by the increasing bydraulic pressures
required to maintain constant deceleration Thus, at
S0 miles per hour. the pressure required (0 maintain this
deceleration vaned from 490 pounds per square inch for
the first stop 1o 855 pounds per square inch for the 1enth
stop At 60 miles per bour, these figures were 560
pounds per square inch for the firsy stop and 1145 pounds
per square inch for the tenth At 70 mules per hour.
the lining failed on the suxib siop

By way of companson. Figure $ shows the same curves
for our improved metallic bning as described herein and
made ip accordance with Example | Tt will be seen
that the pressures required for the first s1op are con-
sistently Jower and that the pressures required for subse-
quent stops are substantially constant  Na failures were
noted  All tests were made on identical equipment and
with 1dennical braking elemenis with the excepuon of the
brake mutenal per se  Jn this instance. the commercial
lining tested was of a 40 8 squure inch area while the
ferrous himng was only 36 square 1nches in area

The present iovenuon. therefore, 1 directed basically
to a porous ferrous fncuon element includipg a relatively
gt percentage of graphite topether with significan: quan:
tiues of molybdenum disulfide wherewp sa:d element may
or may nol coptain small addimions of wear and friction
modifying iegredients  The friction element may also
include an impregnan: within the pores thereof if it 1s
desired for sealing the pores against the ingress of the
atmosphere where the matenal 1s 1o be stored over ap-
preciablie periods of ume. Ths matenal 1 preferably
a beat resistant resip which can be impregnated iniwo the
matenial and whuck does not markedly nfluence the
frictional charactenstics of the matenal Therefore, 1t 1s
understood that ympregnants may be used withou! de-
parting from the concept of the invention

Throughout thus specification. the term ceramic material
is used together with mulhie as ope embodiment there-
of 1t 1 to be undentood that thus example 15 iljustrauve
only apd that clays, silica magnesium oxide, mica or
any of the other refraclory ceramic materials may be
used with varying useful results.
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While the forms of erabodiment of the present in-
vention as herein discloaed constituie preferred forms,
it is 10 be understood 1hat other forms might be adopted.

Whal is claimed is as foilows:

t. A new ariicle of manufaciure. compriing, a fric-
tuon facing consisting essentially of 3 compacled and
sintered body formed from 3 powdered mixture of 200
10 25% graphite. 2% 10 6% molybdesum disulfide and
the balance Jjron.

2. A pew article of manufaciure, comprising. a fric-
tion facing consisng eisentially of a compacted snd
sintered body formed from a powdered minture of 224
graphite. 47t molybdenum disulfide and the balamce
iron

3. The anicle as claimed in claim | whetein the {riction
facing is coexiensvely bonded (o a metal backing mem-
ber ’

4. The article as claimed in claim 2 wherein the friction
facing 1 coentensively bonded 10 a metal backing mem-
ber.

5. A new article of manufacture. comprising. a fric-
ton facing consisting essentlly of a compacied and
simered body formed from a powdered mixture of 207
10 25 gruphite. 2% to 67 molvbdenum disuliide. and
the balance iwron wherein the sron includes as impurilies
insoluble ceramic material up to .75% and sulfur up to
1% by weight of the powdered mixture

6. The article claimed i claim § including lead and
copper 1n quantities less than 8% by weight each

7. A new arucle of manufacture. comprising. a {1 -
nion facing consisting of a sinlered compact of graphite

20% 10 25% ., molybdenum disulide 27 (0 6% . sulfut
up to 1%, mullite up to 757, copper up 10 §7 . Jead

up 10 $%¢ and i1he balance iron. said quanuues being ex-
pressed by weight

E A new arucle of manufacture, comprising. a friz-
tion faciop consisting of 4 sinlered compact of graphite
204, copper 3%, lesd 3%, molybdenumn disulfide 5%,
calaped mullite 75%, sulfur 67% and 1he balance
iron. said quantles beng expressed by weight
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