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This invention relates to a method of producing 
powder metal articles. ' . _ 

‘In a broad sense the invention has for an object 
theproduction of powder metal articlesthat‘are 
constituted,’ at least in part, by a combination of 
zbnes of metals that have different characteris-‘ 
tics and which are, in the article, so intermingled 
and interlocked that they will constitute one in- ' 
tegral body in which'there is no clear line of de 
marcation or cleavage between the metallic zones. 
A further object of the invention resides in the 

production of powder metal articles of the con 

zones will have different heat ‘dissipation and 
other characteristics, and yet which, during use, 
will maintain their integral structures. 
A still further object of the invention resides in 

forming such articles by centrifugal arrangement 
of the metal powders and by pressure, which 
articles may subsequently be sintered and if de 
sired hardened in whole or in part. 
A still further object of the invention resides 

in forming the articles by centrifugal arrange 
ment of the metal powders and the application 
of centrifugal force or pressure to the articles, 
and by force or pressure exerted at right angles 
or at substantially right angles to the application 
of the centrifugal force. ' 

. .. tv 2 . - ' 

placed powder metal or at least one of the ?rst 
placed‘ powder metals- of thegaggregation, when 
an aggregation is ?rst placed instead of a single 
metal, and includes also the powder metal next 
placed in the mold, or, when an aggregation of 
metals is next placed in the mold, which includes 
at least one of said ‘metals of. said next placed 

- aggregation, then‘ placing a layer of another pow 
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I stituency above referred to, in/which various - 

15' 

20 

25 

It is a still further object of the invention to _ 
form the articles so that between zones of metal 
powder there will be a preformed zone of metal 
powder that partakes of the nature of the ad 

. jacent or ?rst mentioned zones and between 
which and said adjacent or ?rst mentioned zones 
there will be no clear line of demarcation or 
cleavage. , i 

It is another object of the invention to form 
articles from powder metal which are made up of 
superimposed zones of different metals which 
have different coefficients of expansion and so to 
intermingle or interlock the metals of said zones 
that the coe?icient of expansion of one zone will 
blend into the coe?icient of expansion of another 
zone, with the result that there will be no clear 
line of demarcation between the zones of di?fer 
ent coe?‘icients of expansion. / 
A still further object of the invention resides 

in imparting movement to powder metal particles 
in a mold in at least three directions during the 

emplacement and compacting of the powder 
‘metals. 

The method includes, broadly, the placing of a 
layer of powder metal or an aggregation of pow 
der metals‘ in a mold, then placing, in the mold, a 
layer of powder metal" which includes the ?rst 
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der metal or aggregation of powder metals in 
the mold. After such emplacement of the three 
layers of powder metals; centrifugal pressure is 
applied to the same to arrange and compact them 
into the form of the mold. Following this, the 
.thus partly formed article is removed from the 
mold and sintered and’, if desirable in any partic 
ular instance, is partly or wholly hardened as, 
for instance, by heat treatment and may then be 
machined to the desirable form. Of course the - 
amount of pressure necessary and the tempera 
tures of sintering and hardening are well known 
in the art. ' r 

In a more speci?c aspect of the invention it in 
cludes the application of centrifugal force to the 
various layers of metals or aggregations of metals 
as they are arranged in the mold and before the 
application of such pressure to cause the powder 
particles to rearrange themselves one upon 
another to produce a compact mass with a re 
duced number of voids and with greater surface 
contact ‘between the metal particles and to cause 
the layers to de?nitely conform to the form of 
the mold. _ _ 

The method is capable of producing articles of 
various forms, for instance a clutch or brake 
member, which includes a friction element and a 
backing or carrier element, or a cylinder such as 
used in a compressor or an internal combustion 
engine, which includes a cylinder lining or bore 
in which the piston operates and heat dissipating 
?ns on the outside. 

It will be immediately recognized that many 
other articles, which need not here be enumerated, 
may be produced by this method and, so, for the 

‘ purpose of illustration only, we will describe the 

45 method as applied to the formation of a clutch 
element and as applied to the formation of a cyl 

~ inder of the type above referred to. 
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In the drawings: , 

Figure l is a sectional view, in- conventional 
representation, showing a centrifugal mold after 
the powder metals have been emplaced and pri 
marily subjected to centrifugal action; 
Figure 2 is a section taken on the line 4'—l 

of Figure 1; ' 
Figure 3 is a fragmentary section as on the line 



5-3’ of‘ Figure 3 through thecentrifugal ‘mom, 
" after ‘the powder metals have been-subjected to 
the complete centrifugal actionf and - _ 

Figure, 4;is an elevation of the. injector.‘ - I . 
Describing now the method as employed in the 

formation of a cylinder, and assuming that it 
is desired to form a‘ cylinder which has aninner 
zone of one metal and an outer zone or envelope 
of another metal, we will designate the inner 
zone'as made up of powder metal C. the outer’ 
zone as made up Of powder 'metal D- and the in 
termediate zone as made up of powder metals 
C plus D. Here again it is to be understood that 
metals 0 may be a single metal or an aggre 
gration of metals, asv may also be powder metal 
D. If it'isdesired to form a cylinder such as 
used in a gas compressor or an internal'combus 
tion engine, for instance, where heat is developed 

lo 

and must be dissipated, the metal forming the > ' 
facing of the cylinder should of course be re 
sistant to wear and the e?ect of heat and the 
metal forming the envelope should have a high 
degree of heat radiation. Such metals are well 
known in the art. ' ' - 

Our method may be performed by using a hol 
low rotatable mold that will have the desired 
cross sectional form, such, for instance, as cir 
cular, angular or irregular. ‘ 
A circular cross sectional mold is indicated at 

6 in the drawing, is mounted for rotation on suit 
able bearers ‘l, and is driven at the desirable high 

‘ speeds to develop the desired centrifugal force. 
by suitable means such as a cooperating gear and 
rack 8—9. A core I0, having‘ the‘desired ex 
terior con?guration, extends longitudinally. and 
axially of the mold and is mounted to be driven 
with the mold, preferably at the same speed, by 
any suitable means [not shown]. Plungers H 
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and 12 are mounted adjacent the open ends of' 
the mold 6. One of these plungers, II for in 
stance, is so mounted that it will close one end 
of the mold and the other is so mounted that it 
may be backed away from the adjacent mold end. 
Each of the plungers H and I2 is adapted to en 
ter the adjacent mold and by suitable and well ' 
known mechanism, be forced into the mold un 
der great pressure. 
In carrying out our method in the formation 

of a cylinder such as referred to above, we ?rst 
inject metal powder D into the mold which has, 
preferably, already been set in rotation at the 
desired speed. This injection may be accom 
plished by an injector l3 which is connected to 
a source of powder metal D under pressure. The 
powder metal D is forced from ori?ce M in the 
injector toward the inner wall of the mold to 
form a layer of powder metal D of the desired 
and controllable thickness against the inner wall 
of the mold. During the rotation of the mold 
the powder metal D arranges itself in a substan 
tially even thickness around the inner wall of 
the mold and the centrifugal action will main 
tain the powder metal in this condition. After 
the lapse of a suitable period the injector is with 
drawn from the mold and after being connected 
to a source of powder metal of a preformed ad 
mixture of C plus D [or replaced by another in 
jector already connected to such a source] is in 
serted in the mold further away from the mold 
wall and spaced from the inner face of the al 
ready emplaced powder metal D, the distance 
being sufficient to permit the building up of a 
layer of powder metal C plus D. This admixture 
of powder metal C plus D is then injected into 
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4. 
- against the. inner‘ face of the previously emplaced 
layer ofp'owder metal D, until a layer of the ad- - 

1. mixture of the desired thickness is built up. ‘Ilhis; 
‘admixture of‘ powder metals C-plus D will all“ 
-range itself ‘in substantially uniform thickness 
around 'the inner face of the‘ already emplaced 
layer of powder metal D. The position ofuthe 
injector is indicated in dotted lines l3’. HrThe; 
injector is then withdrawnvand after being con-1'. 
nected‘ to a source of‘ powder metalC it is re-‘ 
inserted [in the. position-indicated at l3"] in 
the ‘mold adjacent the .core In [or the injector 
may [be replaced; by an injector already con-. 
nected to a pressure source‘ of powder metal C]. 
The powder metal C is then projected under‘, 

pressure from the source into the space between ' 
the, core I0 and the inner face‘ of the layer ofv 
the admixture of powder metals C plus D,’so as 
to substantially fill the remaining space-1, ‘ 

- Thus three layers are formed between the mold 
and the core [but-these may be increased in 
number if desired], one’ of powder metal D, one of 
an admixture of powder metals C 
one of powder metal C. “ 

If desired, the rate of rotation of the mold may, 
after the emplacement of the layers of powder 
metals, be increased to develop a greater cen 
trifugal force. This rotation is continued until 
the metal particles have rearranged themselves 
to eliminate the voids to a great extent until the 
layers have blended into each other and until the 
embryonic cylinder is sui?ciently compacted and 
formed. ' ‘ 

In one phase, the mold is then stopped and the 

plus D, and 

.plungers operated to exert pressure on the em 
bryonic cylinder in a manner as previously de 
scribed, and oneplunger may then be withdrawn 
and the other advanced to eject the thus formed 
embryonic cylinder. The embryonic cylinder may 
be then sintered in the usual manner, as is well 
known in the art, and when desired, ?nally hard 
ened in whole or in part and machined. 
During the rotation of the mold the centrifugal 

force will cause the powder metals to arrange 
themselves radially and will cause them to com 
mingle and interlock. In other words the metal 
particles of each zone will rearrange themselves 
to eliminate voids to a great extent and the por 
tion of the powder metal C adjacent the admix 
ture of powder metal C_ plus D will penetrate and 
interlock with the adjacent portion of the powder 
metal admixture C plus D, and the portion of the 
powder metal C plus D adjacent the powder metal 
D will penetrate and interlock with the adjacent 
powder metal D, with the result that the layers 
or laminations will be destroyed, as such, and 
will become indistinct zones with powder metal 
D on the outside, powder metal C on the inside 
and the admixture of C plus D blended with and 
interlocked with the two powder metals C and D. 
Thus there will be no distinct line of demarca 

tion between the zones of metals or between their 
coef?cients of expansion. ' ' 

Moreover, with this procedure the powder 
metals are compacted both radially or trans 
versely and also longitudinally, and thus formed 
into an interwoven or unitary structure. 
Our invention also contemplates the imparting 

of other motion to the powder metals as they are 
emplaced with the result that there will be fur 
ther tendency to eliminate voids; This we may 
accomplish by vibrating the mold as it rotates, 
that is, by imparting to it longitudinal rapid re 
ciprocations. Means for accomplishing these 

_ the mold under pressure from the source and 75 movements is illustrated as air hammers l5 which 



“amass: “ . 

\I » .~. .. e » ; _ 
are locatedadlacent oneend of the ‘mold and , vg'ihar'aoteristlcs which. are imparted to it byeithierr 
rresilient buffers li'iwhich 'ar'elo'cated adjacent ” heat treatment/or hardening. . *" 
the other? end of the mold, the‘hammers and 
buffers coacting to cause the longitudinal recipro 

- cations~ of .the ‘mold. _ _ - ~ ' _ ' » ' 

‘a , We have said that the article, whatever its 
- form, may be heat treatedpr' hardened in whole 

' 5 

or in part. -In other ‘words, the entire article may ; 
be heat ‘treated or hardened if desired, or'only a 
portion of the article may be heat treated or 
hardened. As, for instance, ‘in the case of the 
clutch element, the clutch plate or carrier may 

10h 

be heat treated or hardened to the ‘desired depth ' 
_ and in the case of the cylinder the internal sur 
face may be heat treated or hardened to the 
desired depth. " I.’ 
There are many known ways of heat treating 

or hardening parts or the whole of metal .bodies. 
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For instance, the article may be heat treated _ 
or hardened in part or in whole by the electrical 
induction heating method which is well known in 
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the art and involves, broadly speaking,‘ the use of ~ 
an induction heating coil which carries a high 
frequency alternating electric current and which. 
is set up adjacent to, within or around the article 
to be treated. The current sets up a magnetic 

25 

?eld around a coil and with each alternation of ‘ 

The placing of a metal article within the ?eld 
sets the particles of metal in violent agitation 
and this results in heat. If the surface is to be 

' hardened it is of course subsequently quenched, 
but if it is to be unhardened so as to retain its 
toughness and elasticity no quenching is in 
dulged in. _ 

It ‘is thought unnecessary to ' illustrate this 
method of heating or hardening as it is believed 
that the above statement is su?icient to identify 
it with the well known art. I _ ‘ 

It will thus be seen that the method will pro 
duce articles whether ?at [as exempli?ed by a 
clutch element] or cylindrical as [exempli?ed 

‘ current the magnetic» ?eld is reversed in direction. ' 
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by a compressor or internal combustion engine . 
cylinder] or of another form, wherein the powder 
metals of‘ two spaced zones will be joined by an 
intermediate zone of powdered metal that par 
takes of the nature and characteristics of the 
powder metals of contiguous zones and wherein 
there is no line of demarcation or cleavage be 
tween the zones. The ?nished structure will thus 
be unitary or integral and may be worked to form 
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it into articles of various con?gurations and for , 
various uses. 
Of course the selection of the metals for the 

various articles is controlled by the requirements 
of the articles to be formed, and since the char— 
acteristics of such metals are well known and the 
invention contemplates the use of a. wide variety 
of metals, it is thought unnecessary to here list 
the metals that may be used. 
The product formed by this method will in 

clude a zone of a powder metal or powder metals 
of certain characteristics, a zone of powder metal 
or powder metals of different characteristics and 
an intermediate zone .that includes the powder 
metals of the ?rst-mentioned zones, and wherein 
the three zones will have no clear line of de 
marcation between them but will be blended, in 
terlocked and intermingled each with the other. 
After the article has been sinterrd it of course 
may be used in applicable instances in its sintered 
condition, or it maybe worked into the desired 
form. When the article is to be used where it 
‘s desirable to have a part thereof hardened or 
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(‘While we have illustrated and described‘ our‘ 
methodjand product and¢mechanism>which may, ' 
be used in performance of the method: wedonot." 
intend'tobe limited to the precise details asgmany . 

\ variations may be made withimthe’ scope of the‘ 
invention andlas herein explained and as defined 
in‘ the appendedv ‘claims. . ‘ ' ‘ , 

Weclaim: \ .' . - . v ' j 

1. .The’method of creating ‘hollow cylindrical 
powder metallurgy articles which comprise an 
inner ‘zone includingone metal, an outer..zone 
including a different metal and an, intermediate 
zone including said‘ metals of said inner and outer ' 
zones ln’a hollow mold having a core arranged‘ 
axially therein with ‘its outer face spacedvfroi'n' 
the inner face of the mold: which'includes rapidly 
rotating said mold‘, injecting the powder metal’, 
which is to form said outer zone into said rapidly 
rotating hollow mold,:continuing the rapid rota-' 
,tion of said mold until said injected powder metal 
arranges itself~~in a hollow cylinder against the 
inner surface of said ‘mold to form the outer zone, ' 
thereafter continuing the rapid rotation ofsaid / 
mold and injecting the powder metals‘ that ‘are: 
to form said intermediate zone into said rapidly 
rotating mold and in direct contact with the ‘in; 
terior surface of the metal of said outer zone,‘ - 
thereafter continuing the rapid‘ rotation of said 
mold until said last mentioned injected powder 
metals arrange themselves in a hollow cylinder 
against the interior surface of the hollow cylin 
drical outer zone formed by said ?rst mentioned 
~powder metal, thereafter continuing the rapid ‘ 
rotation of said mold and injecting the powder 
metal that is to form said inner zone into said 
rapidly rotating ‘mold and in direct contact with 
the interior surface of the powder metal of said 
intermediate zone until the injected powder 
metals extend substantially'from the inner sur 
face of said mold to the outer surface of said 
core, thereafter continuing the rapid rotation of 
said mold until said last injected powder metal 
has penetrated the powder metals of said inter 
mediate zone and the powder metals of said in 
termediate zone have penetrated said metal of 
said outer zone, arresting the rotation of said 
mold and thereafter applying reactive forces to 
said metal powders in directions substantially 
parallel with the axis‘ of said mold to compact 
said metal powders into a substantially hollow 
cylindricalmass between said core and said mold. 

2. The method of creating hollow cylindrical 
powder metallurgy articles which comprise an 
inner zone including one metal, an outer zone 
including a different metal and an intermediate 
zone including said metals of said inner and 
outer zones in a hollow mold having a core ar 
ranged axially therein with its outer face spaced 
from the inner face of the mold: which includes 
rapidly rotating said mold, injecting the powder 
metal which is to form said outer zone into said 
rapidly rotating hollow mold, continuing the 
rapid rotation of said mold until said injected 
powder metal arranges itself in a hollow cylinder 
against the inner surface of said mold to form 
the outer zone, thereafter continuing the rapid 
rotation of said moldand injecting the powder 
metals that are to form said intermediate zone 
into said rapidly rotating mold and in direct con 
‘tct with the interior surface of the metal of 
said outer zone, thereafter continuing the rapid 
otation of said mold until said last mentioned 

heat treated that part of course will have the 75 rnjected powder metals arrange themselves in a I‘ 
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‘hollowic'ylinder against the interior surface‘ the, 
hollow cylindrical outer zone formed by said- first 
mentioned powder‘ metalg thereafter.‘ continuing - I‘ 
the rapid rotational’ saidmold and injecting-the, 
powder metal that is to form said inner-‘zone, into 
said rapidly rotating mold and in direct contact - 

2,541,531; . 

with'the' interior surface of the'powde'r metal 1 
of-said (intermediate zone 'until- the injected 
powder metals extend substantially,~from the 
inner surface of said mold tothe outer surface of 
said core; thereafter continuing the rapid‘ rota‘, 

1 

metal against a- face of said intermediate zone ' 
by rotating a mass of said'last 'mention'ed pow 

. derv metal sufficiently rapidly to cause said mass 
to. arrange itself against'said face by centrifugal 

I action, and thereafter'exerting ‘force against said 
created zones of powder- metal. 7 ’ 

I ,5.The'>method ofcentrifugally ‘forming a.pow 
‘ der metallurgy article having a plurality of con 

10 

tion of said mold until said‘l‘ast injected ‘powder metal has penetrated the powder metals of said,v 
‘intermediate zone and the powder metals of said '. 
vintermediate zone have penetrated said metal of 
said outer zone, applying endwise vibrations to 
said mold during the injection of all of said metal 
powders and during the rotation of said mold, ar 
resting the rotation of said mold and thereafter 
applying reactive forces'to said metal powders 
in directions substantially parallel with the axis 
of'said mold to compact said metal powders into 
a substantially hollow cylindrical mass between 
said core and said mold. 
3 3. The method of creating c'ylindrically curved 
powder metallurgy articles which comprise an. 
inner zone including one metal, an outer zone 
including one metal and an intermediate zone 
including at least two metals in a hollow mold; 
which includes rotating, said inold su?lciently 
rapidly to develop su?‘lcient centrifugal .force to 
cause the powder metals subsequently injected 
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into said mold to arrange themselves as herein- ' 
after recited, injecting the powder metal which is 
to form said outer zone into said rapidly rotating 

' hollow mold, continuing said rapid rotation of 
saidmold until said injected powder metal ar 
ranges itself against the inner surface of said 
mold to form the outer zone, thereafter continu 
ing said rapid rotation of ,said mold and injecting 
the powder metals that are to form said inter 
mediate zone into said rapidly- rotating mold and 
in direct contact with the interior surface of the 
metal of said outer zone, thereafter continuing 
said rapid rotation of said mold until said last 
mentioned injected powder metals arrange them 
selves against the interior surface of the outer 
zone formed by said ?rst mentioned powder 
metal, thereafter continuing said rapid rotation 
of said mold and injecting the powder metal that 
is to form said inner zone into said rapidly rotat 
ing-mold and in direct contact with the inner 

_ surface of the powder metal of said intermediate 
zone, and thereafter continuing said rapid rota 
tion of said mold until metal of said last injected 
powder metal has penetrated the powder \metals' 
of said intermediate zone and metal of ‘ said 
powder metals of said intermediate zone has 
penetrated said metal of said outer zone. 

4. The method of centrifugally forming pow 
der metallurgy articles having a plurality of 
contiguous zones of powder metals which in 
cludes creating an outer zone of a powder metal 
in a con?ned space by rotating a mass of said 
powder metal sufficiently rapidly to cause said 
powder metal to arrange itself in said space by 
centrifugal action, creating an intermediate zone 
of a mixture of powder metals against the face 
of said outer zone by rotating a mass of said 
mixture suf?ciently rapidly to cause said mass 
to arrange itself against said face by centrifu 
gal action, creating an inner zone of a, powder 
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tiguous zones-of powder metals which includes 
forming an outer zone-of a powder metal against 
a con?ning wall by rotating a mass of saidpow 
der- metal su?iciently rapidly to cause said pow-' 
der metal toa'rr'ange itself againstsaid wall by 
centrifugal action, forming an intermediate zone 
of a mixture of powder metals in contact with 
‘and againsta face of said outer zone by'rotating 
a mass of _. said mixture su?‘lciently rapidly to 
cause said mass to arrange itself against said 
face by ‘centrifugal action, forming an inner 
zone of powder metal in contact with and against 
a face of said intermediate‘zone by rotating a 
mass of said last mentione’d powder metal suffi 
ciently rapidly to cause said mass to arrange 
itself against said last mentioned face by cen 
trifugal action,’ and thereafter continuing rota 
tion of said masses'suf?ciently ‘rapidly and for a 
suf?cient time to cause said masses to intermin 
gle with each other and to be compactly and 
permanently formed into an article. ' 

6. The method of centrifugally forming'a pow 
der metallurgy article having a plurality of con 
tiguous zones of powder metal which includes 
forming an outer zone of a powder metal against 
a con?ning wall by rotating a mass of said pow 
der metal sufficiently rapidly to cause said pow 
der metal to arrange itself against said wall by 
centrifugal action, forming an inner zone of pow 
der metal different from the powder metal of 
said outer zone in contact with and against a 
face of said outer zone by rotating a mass of said 
last mentioned powder metal sufficiently rapidly 
to cause said mass to arrange itself against said 
face of said outer zone by centrifugal action, and 
thereafter continuing rotation of said masses suf 
?ciently rapidly and for a su?icient time to cause 
said masses to intermingle with each other and 
to be compactly and permanently formed into an 
article. - 

DANIEL L. MORRIS. 
CORYDON M. JOHNSON. 
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