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STAT

In responze to the nesd for infermation on the
niciane, and plaoners engaged in the various fields of metalworking and machine
engineering, thiz article discusses the pogeibilities for the utilization of
powder metallurgy in general and the manufacture of erall-sized machines parts
in particular, with primary emphasis on the manufacturs of complicated iron
and steel parts. Due to reduced porozity, the machine parts produced by means
¢” powler metallurgy approximate, in quality, casiings and rolled products.

paxrt of engineers, tech-

Powder metallurgy also
manufacture of machine parts
wachining operatione.

reduces the coats of labor and materials ip the
; due to the complete or partial elimiration of

Engineers and technicians engaged in the various fi
gineering and metalworking have, in general s not yet bes
the poeeibilities inherent ip the utilization of powder
reduction of produstion costs.

elds of machine en-
ome acquainted with
metallurgy for the

The purpose of thia articla ig to acquaint experts, especially on the
Planning leval, with the assertial features of porder metallurgy, ita methods » -
and posaibilitiea. A knowledge of powder metallurgy will be helpful in solv-

ing some probleme ar design and in selecting the 08t suitable procesz for
the manufacture of machine parte,

Although the products now fadricated by means of powder metallurgy con-
stitute only 0.1 percen* of all metal products produced in the entire world ;
this percentage ig increasipe very rapidly. To illugtrate the importance of
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this new branch of industry and the role it plays in modern machine manufac-
ture, it will suffice to point ocut that in highly industrielized countries, a
motor car now contains about 100, and a mcdern sirplane more than 4,000 machine
parts produced by means of powder metallurgy.

The large measure of a-ceptance of powder metallurgy, which 18 expected
to increase in the future, may be attributed tc two basic advantages:

1. By means of powder metallurgy, it ia possitle to produce materials
that cannot be manufactured in any other wmanner. This process enables us to
regulate the poroeity of certain produsta, As a result, yYerrous powders may
be used tc produce metals which peenezs the gqualities of bronze and lead. We
use this procese, for instance, in the manufa:ture of zelf.lubricating axie
bearings, filters, condenzaticn rings, sto.

Thi: method makes it possikle to combine certsin unelloyable metals, asuch
as copper and lead, in sc-called pzeudoalloys, Similsrly, metale with widely
different melting pointz, such as tungszten and copper, can be zombined to form
integral compourds. Moreover, metal: and aemimetals cr oxldes and nitrides can
be combined to produce compcunde such &5 copper-graphi“e, titanium carbide,
corundum, etc.

2. Parts cap be molded into fipiszhed or cemifinished dimensions ﬁﬁunga.r-
ian. %oleranzes/ H7, h7, e*i.), thuz entizely or partially eliminating machine
operations, wi‘h ccnzequent great 2avings ic material and working time., In
this manner, produciion cozéz of parts cin be reduced in aome :ases by four
rifthe.

I% iy, tharefora, of 3ome interess 0 cite a fay Sypilczl applications which
11lluatrate the sivantagmz afforded by powiler metallurgy. The fcllowing have
advantages:

iraphite -bronre brush materiels used i1n the elaxtric iniustsy; friction
washeva made of copper, leai, :iinc, graphi<e, and c2xrundum used in machine
tools f¢r the macufasture of autcmebrles and ajrplares; and porous, eelf-lu-
tricating axla bsazing: vhich cvwersome many d1f€isulties in caaez where sys-
tematic lubriza*ion i« impcse-ible. Axle bearings v2th iron basea ere of sgpecial
interest, tecause they can ve Fubstituted for arle tearinge wvade of other metals,
Fuel filter: of considerably reduzed walght, st‘ainz2d by tdn4rolled poroeity,
for autcmobils, marine, sircrafs, and statiopary diezel =ngines; noncorroding
steel filters &2 substitute2 for norferrcuz metal:; pcrouz ivon washersg %o re-
place lead washerz in watlar pipes; ani axiramely hsrd contazi materials of-
nonveldable me+tale for the alectrotschnical  industry, produced by smbedding
such metelx as wolfrar in nickel, copper, silver, e%z. ¢

The new prccess 12 employed primarily in the manufaztuze of »nall parts
weighing 80 to 100 gramé and used 1e <h= light-machine, vanhi:le, and household-
appliance iniuztriss, 1nsluding sewlng -ms:hine parta, office machine paxts,
sprockets for ticycles, ticyzle brake hubs, gears for cil pumpe, roller-bearing
raceways, valve liftevs, meat-grinier )mives and disks, lozk parte, keys, etc.

It may te pointed out, hovevar, that thiz article 12 devoted mainly to the
manufacture of i=¢n and #teel machins parte., Even within this restricted fleld,
it 18 not propoasd to deal with porcus machine parts but only with machine parts
of complicaied constructicn and of slight porosity, degigned to approximate the
strength »f 201:3 metals, This branth of power metallurgy has jusv begun to
come to the foera as 3 competitor of cther metalworking proceszes,

For exploiting tbe pogaibilitiee ¢f powder metallurgy with respect to the
nanufacture of ma~hine payte. *he desiomeras muet £irst hazome acquainted at
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least with the general outlines af 1ts technology.

must becoms successively acquainted with it:
tialities of its physis

To proceed further, they
icherant )‘umitations » the poten-
al and mechanical properties, and its strong points.

Prodvcing the Powder

The first step shown in Flgur~ ; 2,.. . rates the process for producing
netal powder for machirne parts. Different methcds may te smployed for this
purpote, pending on the requirements cf econony and future use.

Preparing the Powier

The second ziep consiste of the preparation of the pcowler, which involves
the following processes: preliminary sieving, heat treatment, milling of the
heat-treated powder, final eieving, and mixing.

Pressing Process

The third step coneists cf compressing the powder., The hydraulic or
mechanical presses used for this purposs develop pressures of from 2 to 10 tons
square centimeter. Compresszon if followed by eintering in = gaseous atmos-
phere in electric ovens at temperatures ranging from 80C to 1 »300 Qegrees centd-
grade, If necesasary, compres*’on and sintering are repeated, sometimes followed
by a copper bath and finally by c¢alibretion, The powder 1s routed along one

of the four basic tourses 11luatrated, depending on strength ani other require-
ments, These four basic Bequenies,

however, frequently undergo variations » Which
depart from ths routings iilustrated in variations 1 y 2o 3, and

Subseguent Operaticne, Finishing Procecsea

Any remairing operationg tha' are nete2?Rary, =uch 83 ms:hining, polishing,
final heat treatment {(hardering, ‘smpering, ~&:ehariening;, or o1l impregnation
(as in the cass of axle Learinga), are rerformed in the fourth step.

Detsils of Varia®isar in Third S+ep

Variation 1. The preasure i1z varisd between : and 8 tons per square
centimeter, depending on the degree of porosity to be cbaired, Lower pres-
eure is used, for instance, in the -uie of machine psrts whizh are to Se {m-

pregnated with cfl {axle baarings), reater pressure 1§ required for parts
e whic':h will operate undsr greater stress,

Variation 2: In the maaufacture of machine per
preliminary pregsure rangez between % apd 6 tons ber square centimeater; pre-
liminary sintering takes placs at temparatures between 800 and 900 degrees centi-
grade; finsl compression 13 varied betwean b and 6 tons per aquare centiceter;

and fipal siniering is done at temperatures beiween 1,100 and 1,300 degrees centi-
grade,

5 requiring greater strength,

Variaticn 3; This varission 1s ldentical

with the previous one, except thet
after final sintering, c¢old-calibrating

sompregsion i¢ employed for presision.

Variation 4: This variation may be applied to par
via variation 1, 2, or 3. In this case, however
pPlated to increase strength and reduce porosity,

ts vhich have been routed
» the machine parts sre copper-
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Befores proceeding to £111 in the details of +he above outline, it 15 first
necessary to study the various pulverization procegses commonly used to pro-
duce the powders necessary for powler metallurgy.

Pulverizing Processes

The ircm or metal powder required for vacuum reshnology, for compressed
iron powder cores for the communi:ations industry, etc., 13 produced from gas
phases by means of the carbonyl method. The produst thus ottsined kas great
purity. The grarulea are sphericsl and have a diameter of C.1-5.0 micruna,
However, this method 1z very coetly; the heavy inveatment required for it pro-
hibits the exteneive marketirg of powder thus produced, except for gpecial
purposses,

Although the eleztrolyti: meinod of powdzr produciion 12 somewhat mere
extensively uzed than the zarboayl method previously described, 1ite more ex-
tenolve uge 1: profitatle only at locations which have i1mmediate access to cheap
electric power. The fern-zhaped granpules thus ottained, having a dendritic
construction, measure 5-30 wicrons?; thue purity of thia powder, a3 well as its
excellen® compressitility, alco render it suttable for use ip vacuum technology
ard for the manufasiure of compressed “-on pewder core: ané permanent magnets.

The so-called vortex-mill !"Hametag"! prozes:, & mechans:sl method of
powder prcduction, uskee 1% possible “¢ pulverize btroken wires, plate scraps,
granulated metals, szl steel skavinge. TIn <his prozess, cuarsely broken shav-
ings, wiras, or plate s2rape are pulverized in s slcsed dmm by ‘we counter-
rotating propeller:. The powder thus ob<ained 15 widely used in the manufac-
ture of machine pari: and self-lubricating axle bearings.

The disadvanvags of ~his presess 1z the relatively sxwall output of the
equipment {1G-IC kilograms per hour': furthermors, the «c-culled edge hardnees
of the re:uliing machine parts 1g n-+ perfect., Thir defiziensy 12 avtribut-
able to the dtek shape of the granulez, which does not assure zatisfactory
binding after comprszsicn,

The moet widely uzed prciezs ionaz:ts cf feriing molen metel through thin
Jets and pulvericing 1t ty 8 high-pressure spray ¢f water or air., Before the
particles sclidify, they £s11 on revclving zhovela, which cut them inte a fine
powder, This procesz, which ¥ields cas %3 & tcns of powler per hour, assures
an adequate supply of powler metal for =he large-zzale produstion of, machine
parts. I7 the basic material 1s pig iven of Ligh cazkon :on*ent, cast irom, or
steel, the zcncentrated oxide layer Zevering the individual granules will cause
decarburization {refining) in the :ubz%ance wnen alr 1s the medium uged in the
powdering procezs. As & result, carbon moncxide Le produced fn the form of
minute gas globules in the center: cf the granules, Aftzr sub3equent annealing,
the powder thus obtained has exzellent Pprapsertiee for compression,

The metal powdexa produced by the feregoing methods must then be prepared
for the pressure-melding proces? in vhe terhnelogizal zequance indicated (see
Pigure 1, Step 2:, This prepsratiop scmiiste of ileviag and grading, removing

- the oxygen abscrbed juring the pulverizatisn prosess, wiliing the powder cosa—
Jesced by the decxidization process, alloying, and adding lubricants to Pacil:itate
comprezeicn, etc.

Prezsing

The ccmpacting of metel powders iz performed under a preseure of 2-10 tons
per sguare centimeter in & special hydraulic or mechani=al press. In the
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following, surface W1ll be taken to mean the greatest cross gectlon of the part
to be produced, perpendicular to the direction of the applied pressure. The
density of the finished product depende on the itude of the pressure applled;
consequently, it 1s possible to regulate porosity, Although low pressures (2-3
tons per square centimeter) are applied fsr the molding of self-lubricating axle
bearings with a final porosity of about 30 percent, steel machine parts of great
atrength and minimum porosity are moulded under pPreesures of 6-10 tons Per square
centimeter, The application of higher pressures 1s not economical bacause of the
excegaive atrain cm the Presses and tool:z,

When under FPresiure, the metal powder: used for the manufazture of machine
parte 40 not manifest the same tehavier ae de liquide. Pricticn ie generated
between the powder porti:zles and aleng the surfacas cf he 19515, thus hindering
the uniform trarsmfeslon of the preziure,

Wher dealirg with ccmplicated wachine parts, *he ersire preseing technique
aust be adjusted to compenzate for the particular characteristiss displayed
by each type of metal powéer, Corzequently, a Jetailed d122us3ien of this prob-
lem Aappears ‘o be LECe&ATY,

If metal pow :r 1z %o be :owpactel 4c form s £011d 2ylinder, and the com-
pacting pressure 13 exerted i nly one directior {see Figure 2] the density
of the -ompact powder decreases 1in direct PrCrpcriion ae +he length of the cyl-
inder exceed: 1%z diamerer, TIf the 1/d ratis 2: gzeater ‘than one, +then the de-
crease in jen2ity will exceed 10 percent &t the poict farthest Prem +he Pressure
punch. If tre 172 tatie 12 gredter than 2, the decreate will excesd 20 percent,

However, 1f pressure 1a exertei from twa 31385, as 11lvi<ratad <pn Figure 3,
densities are cbtatned vhich ara Suitable for purpose: of mashine production; in
cage the 1/4 ratas iz 2qual to one, the decrec:e in density %111 te lees than
5 pexrczent. Figurs 4 graphieally 1llustrates +h<e point. It alsc reveals that
the frictise generated by the intarastien of ‘he gramiles ind by ‘he movement of
the granulee again:zt +he Furfases 2f che forming toole can be lecreazed substane
+1ally by siding a lubpi-ant, au-h as gzapkise or #vesrin, to ‘he powder.

To offse= *he desresse jn dens1ty rezuleing frem the froction generated by
the interaction of the granules, 501 to 23::1i°s°e ‘ha even 2preed of the powder
to the extrems‘iecs of the die, twn Nffeven- z2ihols ars employed., Im +he firast
method, 1llustratsd +n Figuaze 3, tha 3ye t2ly designed 40 recelve the rowier
Temaine staviomary, watle -ne uprer arl lower putshea exe-t brerzurs from two
directionz. The rewsnd ma<hed 1s derigned *to reduie 'pe effent: cf the friction
generated by ‘he movement of tna @ranules sguinet <he gi%e walla of the die
(see Figurse Sani €;. 1t will te seen in Figure 5 that, 1z thie ta2e, the die
bedy is moved by the proder wader Zprivg 202176 vhishk 15 varied axcording to the
powder used. Pigure € t1luz=rates 4 veristien ip «hi:h the motion of the die
body corresgonds to the motion o? the punchs,

The properties of the metal povders descrided in +he foragoing cauze
difficulties in *he msmufacture of srregularly shaped marhine psrts, Finighed
brijusttes of srregulac zhapes wili ba cf [pprowimately uniform density only
when the degree of - mpression L2 uniform throughout the place,

When d=aling w1k an irregulsrly shsped part isee Figures Ta, b, and c),
the resulting vartatic, in density can be tolerated. In the event, however,
that a part requires steps which exceed one fourth of “he iotal thickness,
the product will be unfit for use tecauga of waeven deratty, Im euch tazes,
the procedurs 1llustra+ed in Figurs 7a should be ufed, in which four punches,
moving independently of cne snother, assure the uniform ien21ty of the “inished
briguette, On the other hard, 1t 14 not poesible 4o assure uniform denzity
W¥hen compreesing zimilar parve with the punch depicted in Plgure Tec,

© 5.
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A comparison between Figures Ta and 8a revesls that punches 1 and 2 will

bave to compress sections of powder of the same height but to different degrees,
vhich will positively cause unevenness.

To eliminate unevenness, the equipment illustrated in Figure Bb has been
employed for filling in the powder,

The motion of the lover punch 1s synchronized with the motion of the upper
punch, a8 shown in Figure 8b and 8c. Figure 83, on the other hand, 1llustrates
the manner in which the finished briquatte 18 ejected from the die, while Figures
9a b, and ¢ 1llustrate problems of tool construction.

With respect $o the machine part illustrated in Figure 10a, uniform denuity
cen be obtained by the following mathod:

1. Preliminary pressing is done under relatively slight pressure to ob-
tein the form as shown in Figure 10b,

2., This 1s followed by preliminary sintering at sbout 1,100 degrees centi-
grade,

3. Finally, finish pressing ie accomplished under high pressure to obtain
the form shown ir Figure 1Ca, followed by final sintering.

The foregoing discu=sion Justifies the conclusion that the various ghapes
of machine parts which <an be prcduced by means of powder metallurgy are limited
by the following principal considerations:

1. Powder does not tshave in the same manner a8 do ligquide or plastic
substances, that is, powler does not £111 out overcomplicated forms, does

not flow around, does not fill out corners, and can be chaped only in the d1-
rection of the prassurs. .

‘2, Only such shapes can bte obtained which will allow the punchee to com-
pact the powder in the direction of the pressure and permit the resulting bri- I
quette to be ejected from *he die. .

- The followiug are recondary limitations:

1. An unfavorable distribution of density will be obta‘ned in the case of
8011@ cylindrical parte when the ratio of the length to the diameter exceeds 3:1

for bronze and copper and 2:1 for irom, If thase ratios are exceeded, deforma-
tion will follow after eintering.

‘t
2. There canbe no undercut yjrojections in the side of the die, such as those
which are usually found in cerrain typee of cenventional dies, for the purpose |
of facilitating chip clearance 3n the course of subsequent turning and grinding
" of the casting (see Figure 11u). However, there is no need for such a procedure 1
' in powder metallurgy, because the machining or polishing cperation is entirely
elizinated, since the perte are usually made to final dimensions.

3. In shaping the dia, any shoulder-forming engle must be chamlered as
11lustrated in Figure 11b. Since the compressing of a perfectly sharp shoulder
is impractical, & minimum radius of 0.2 millimeter must be applied in such cases,

Lk, The ~hamfer Tequired at the ends of the castings must form the smallest

Possible angle with the horizontal, since acute chamfers are easily bdroken (see
Figure 12},

-6 -
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5. Only holes with 8xes parallel to the axis of pressure can be cored in
the powder-meta) dfe, Holes with axes rwning athwart the axis of Ppressure mugt
be macl;.ined subsequently,

6. Peather edges, very narrow or deep notches, thin bosses, and gears are
difficult to compress under a wodulus of 1.5. Buch machine parts will easily
break when they are ejected from the die, Abrupt changes in cross-section thick-
nesa cause considerable cracking slong the junctures on shrinkage of the metal
after the sintering process,

Taking these considexations into account, machine parts are frequently de-
signed to make a fey zachining operatiorns necessary after the powder-metallur-
glcal process has been completed,

The foregoing is Tepresented by Figures 13a and 13h in which the part
shown 18 a feed attachment for a Zewing machine, Figure 13a represents the
part vhen the powder-metallurgical process has been completed; at this stage
the teeth are st11] mis2ing, The teeth are cut in a subseguent machining opera-
tion. Figure 13b shows the part in 1ts final, finighed form, produced by con-
ventional machining operations.

Figures 1ha ana 14 11lustrate bobbin parts of a seving machine made accord-
ing to two different technologies,

Where parts ware brevicusly manufactured of tempered alloys, they are now
Deing wade from steel povder containing 0.6 percert of carbon, presaed twice
(6 tons per square centimeter, plus 6 tons par square centimesar), a:d cali-
breted,

Figures !5a and 15b illustrate the manufacture of the brake drum of 8 bi-
¢ycle, which entailsz a Bteep brealosr amounting to 20 degreee and 2ubsequent |
undercutting to a diameter of 19.7 mllimeters, The part Previcusly produced
from A 3% 11 polished rods [2ee Figure 158/ 18 nov manufactursd by powder
netallurgy from ateel containing 0,8 perzent of carbon, preesed “wice {6 tons
Per aquare centimeter each time), followed by calibration.

Figures 16s and 16b represent the upper escentric ofa sewing machine. The
hole having ita axis rarsllel <o the direstion of bressure must ke machined
eubsequently, ainze 1ts relatively small dismeter involves danger of die break-
&ge in this zpecial cage,

Sinterix_xg

* The powders, when pressed into proper shape and removed from the die, have a
strength similar to chalk; they must be handled carefully lest the edges break
off or.become marred. (So-called peripheral stress is one of the characteristic |
features of various metal powders), To endow machine parts with the dursbility
required for practizyl purpodes, the Preseing process must be followed by sin-
tering. This process should take place in reducing or neutral atmosphere to
prevent intermed:ate oxidation, Usually, an electric furnace with molybdenum
resistance elements 1e enployed for eintering, The temperature varies from 800
to 1,300 degrees centigrade, api sintering lasts from 2 to 60 hours.

Sintering assizts in forming the durability and mechanical properties of
the finighed Part; in this respect, sintering is of even greater importance
than the prezsing process. The temperature and duration of sintering determine
the porosity of the substance and also the ~ohesi- . batween the individual metal
particles, The diffusion that takes place at various temperatures during sin-
tering is explained by research engineers as follows:

-7 -
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The amplitude of atomic oscillations increases at the sintering tempera-
ture to such an extent that the magnetic fields of force of the atoms along
the edges of the crystals become diffused and the atomie chaing of the two erystal
particles become connected, Once this connection has been estabiished, it
persista even after the cooling process has been completed. This increase in
amplitude and atomic oscillation are also vresent within the crystal, but here,
a state of equilibrium exista, The Possibility of oscillation is much greater
along the surface of the crystals, since only & unilateral stress ~x18ts and the
space for movement ig larger. The surface of the crystals 18" sharply articulated,
There appear peaks and deep indentations » with the atoms representing the peaks
taking up positions in the indentation of another crystal,

Theae phenomensa have been substantiated by experiments performed in con-
nection with Bintering, in which a vacuum Vas used instead of a protective hy-
drogen atmosphers, Since the gas charge hindering surface diffueion (the sur-
Tface being defective » Or its hollow portions baving been occupied by foreign
rarticlea) wvas eliminated, better results were obtained in this case than when
& protective hydrogen atmosphere was used. (The use of the vacuum has not been
generally adopted because of the technical difficulties involved).

Experiments have heen conducted to prove that in the fusion of two metals
in their solid state, the first step consists of the migration of electrons
from one atomic orbit to the other. A current of 3.5 amperes was passed through
pressed iron-powder rods » resulting in an insrease of temperature amounting to
2-3 degreas centigraie. Desplite the rige in temperature, considerable additional
stability wae found in the pressed parts » which wvas attributed to the electronic
flow.

The higher the temperature at which diffusion takes place, the greater the
rate of diffusion, Its magnitude depends on the duration of *he sintering proc-
es8;, on the number of atoms rarticipating in it ; 8and on how closely individual
crystals have approached one another during the pressing process. The porosity
remaining after the crystals have cohered decreases slightly during the in-
crease in granulation occurring in the recrystallization which takes place dur-
ing sintering.

. Figure 17 1llustrates the extent of diffusion and the increage 1in stability
values as influenced by the duration of the gintering process. Figure 18 illuse
trates the effect of the temperature of the eintering process on stability,

Figure 19 shcwe the electric resistance of metal powder prior and subse-
quent to the sintering, From these indications, certain conclusions may be
drewn with regard to the extent of granular vonding. This figure alco {1lvs~
trates +the considerable difference vhich exist in the resistance valueg be-
fore and after sintering,

The resistance of metal powders decreeses by about one half when tha
presture increases from 2 tons to 6-8 tong per square centimeter; there is
little or no change if the pressure is further increased. Therefore, an in-
creage in pressure reyond 8 tons Per square centimeer 1g not economical,

Figure 2C illustratss the effects of yrepeated comprassion and sintering
on density ana stability values, It is not\ economical to increase the number
of operations beyond two or three at tne moat, An increase in compresgion
pi‘essure especially is not economical, sinca the density of the piece sub-
Jected. to sintering wili not increyse eseentislly even if greater pressure
promises such an increase (gee curve, 6 tops Per square centimeter),

Sintering no% only establishes the propeé- relatiouship between franules
of pure iron or other pure metal powders brought into close proximity by the
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Préssing process, but also has the function creating diffusion (alloying) be-
tween the initial substance and the alloying substances admixed with the initial
substance 1n"511r1'erent"ratios. Por example, a mass compresse: from & mixture
of soft and cast-iron powder and annealed at & temperature of about 1,200 degrees

centigrade for 3-I hours will yield e uniform, tempersble perlite-ferrite
material of crystalline structure.

The carburization of parts manufactured of pure iron powder can take place
either in a 8a1+ bath or in a gas. Due to the object’s porosity, the carbon
absorption occwrring during the carburization starts on the surface and than .
penetrates the interior, Diffusion taking place between the irom particles and

the carbon during subsequent sintering results in a metal of unifora carbon
content.

A procees similar to that obgerved duri

€ the sintering of ferrocarbon alloys
occurs when iron powder is mixed with Ppowie:

T8 of manganese, chrome, etec.

Bintering of the above material does not always take place in the protec-
tive hydrogen atmosphere usually employed for this purpose. In view of the
intense removel ‘of carbon taking place in such cases, it 18 preferable to econ-
duzt the sintering in graphite tubes under a graphite-powder cover; a suitable

neutral atmosphere for such treatment is a mixture of CO and €0, or hydrogen
and CO.

Physical Properties Articles Produced by Powder Metallurgy

Figure 21 illustrates the Physical and mech&nical properties which can be
cbtained by using varicus methode in powder metallurgy.

In addition to tensile stress —
bon steels, the figure shows the same
products. A comparison of the curves
quired, powder metallurgy is endeavori

through elimination of porogity -- the
metals,

etrain curves for standard alloys and car-
curves for various powder-metallurgical
reveals that when great durability is re-
bg by four different wethods to achieve --
physical prbperties of dense , standard

The -first method 1s to increase compresgion. While the tensile strength
of a part produced at lower pressure (4 tons per sguare centimeter) and pressed
once amounts to approximately 50 percent of that of standerd steel, pressure
of 6 tons per gqQuare centimeter increases the tensile strength to 60-70 percent
of that of standard steel. However, as has been pointed out, this method is
uneconomical due to the size of the required preeses and the high cost of tools.

Another metlod involves repeated pressing end sintering, If & pressure of
6 tons per square centimeter is applied twice and followed by several sinter-
ings, 80 percent of the tensil strength of standard steel has been obtained. This

Process cannot be carried beyond the limits pointed out in comnection with
Pigure 20,

By repressing the compact while it 15 st{11 warn, it hae been possible o
obtain a density approximating 100 percent that of. standard steel and a corre~
sponding tensile-strength value, Preliminary pressing at 6 tons rer square centi-
meter was followed by preliminary sintering at a temperature of 800 degrees
centigrade, The compact is then repressed at 700 degreez centigrade and receives
& final sintering at 1,200 degrees centigrade. However, this method has certain
limitations. Some tolerancee can be maintained only within approximate limits,
and only parts of relatively simple contour can be prode-ed.
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The most suitable method for eliminating porosity is to impregnate the
prepressed and presintered rarts with copper (see Figure 21), The pressed and
sintered part is placed in copper powder or chips, after which it is heated
uiitil the melting point of copper is reached. The molten copper 18 sbeorbed
by the part through capiliary action, and £111s up the pores. BSince a% its
ovn melting point, copper dissolves iron to some extent (8 percent st 1,100
degrees centigrade) ; some alloying occurs between the iron and copper. This
alloying increases the tenmsile strength of the product, possibly even sur-
pessing that of standard steels. Results even better than the values shown in
Figure 21 have been obtained by employing special heat-treatment processes,
Parts processed by this method offer excellent resistance against corroaion.

Close examination of the curves in Figure 21 reveals that vhile the tensile
strength for the various Processes approximate feirly closely the values for
standard steels, elongation values » on the other hand, remain very much behind
the elongation values of standard gteels,

When a part made by powvder metallurgy is to replace a standard-metal part,
its low elongation value, compared toc carbon steel, need not be prejudicial
to its use if the tensile strength 18 adequate and other factors of economy are
inits favor. While the fatigue limit of standard steels amounts to avproximately
- 50 percent of their tensile strength, the fatigue limit of materials produced by
powder metallurgy is much higher, amounting to approximately 70 percent of their
tensile strength, Powder -metallurgical parts, although possessing relatively

lower elongation, often can be bent better than standard-metal parts which have
@ higher elcngation value .

So far, low-carbon steel is the basic raw material for parts produced by

powder metallurgy, but rapid progrees ie being made toward the manufacture of
alloy steel parts.

Today, stainless chrome-nickel steel parts and nickel tempered steel parts
with durability values higher then those of carbon-steel parts are being manu-
factured. For instance, the indexes for a sprocket wheel manufectured of case-
hardened tempered steel are as follows. R., 58-61; tensile strength, 50 kilo-
grams per square millimeter; elongation, 10 percent. Experiments which have
been conducted with nickel-alloyed materials impregnated with copper and sub-

dected to special heat treatments show a tensile strength of 130 kilograms per
square millimeter, with an elongation of 4 percent.

It is possible to machine parts produced by powder metallurgy without
special difficulty, although the edges of the cutting toole are exposed to
greater stress due to the porosity of the waterial, By using built-up hard-
alloy tips, however, they can te machined economically,

Permigsible Variations in Size

Generally speaking, s tolerance of ¥ 0.01 millimeter can be maintained
per 25 millimeters of length in a direction perpendicular to the pressing, and
8 tolerance of 0.1 millimeter can be maintained per 5 millimeter panllel tothe di-
re:tion of pressing., These tolerances can be reduced in case of smaller pro-
ducts by changing tools more frequently or by subsequent calibrastion.

In the case of products of cylindrical shape, eccentricity of +0,02-0,06
millimeter can be maintained, Teeth on Epur gears can be held to a tolerance
of *0.02 millimeter.
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Econony of Powder )leta.llurg

" "Production costs of smaller machine parts can be reduced by powder metal—
lurgy. The following btrief summary represents a condensation of detailed calcula-

tions performed by the avthor with the cooperatisn of leading experts in the fleld
of powder metallurgy,

The manufacturing cost of a complicated 50-gram part made by conventional
machining technology is approximately 450 forints per 100, This figure was

arrived at by checking the manufacturing costs of about 200 different parts of
this type.

Selecting from the ebove parts those suitable for manufscture by powder
metallurgy, the wanufacturing cort vas cut to approximately 100 forints per
100 parts. If the cost for subsequent mackining operations is added, the
total 13 200 forints per 100 parts, However, such economy can be expected only
in mass production, due to the high cost of dies. ’ :

In view of the fact that & complex die costs about 6,000 forints, the
smallest series should be 10,000 units. The manufucture of even smaller series
18 justified only when 1t would be inexpedient to employ other methods.

The menufacture of self-lubricating axle bearings represents a special-
{zed chapter of the technology of powder metallurgy. The same 18 true of ob-
Jects exposed to light stress or of special physical properties,

BIBLIOGRAPHY

M. J. Balshin, Poroshkovoye metsllovedyeniye

M. J. Balghin, Poroshkovya metallurgiys

Kieffer and Hotop, Sintereisen und Sinterstahl

H. 8ilbereisen, "Das pulvermetallurgiache Fertiungaverfahren,"” Werkstattste-
chnik und Maschinenbay Vol 4Q No 6

C. C. Goetzel, Treatise on Powder Metallurgy

Powder Metallurgy Bulletin. 1 September 1948 (lectures d.elivered.at First Inter-
national Congress for Powder Metallurgy at Graz, 1948)

Sanitized Copy Approved for Release 2011/10/06 : CIA-RDP80-00809A000700060354-1 ——_



