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Foreword

This catalog demonstrates the reliability of producis manufactured by
the Wakefield Bearing Corporation, now in its 60th year of opera-
tion. You will observe thot the sequence of laboratory testing which
occurs in our process and that of the manufacturers of our raw
maoterial powders iz much more advanced than the quality control
practiced in the recent past. For this reason, the user of sintered metal
products must be constantly aware of the progress of the art, and
of the succession of improvements in physical propetties leading to
increasing dependability.

While research up to 1964 resulted in much progress, we are in
no way satisfied that all the work has been uccomplished, We feel
there are very large areas for new investigation, some of which will
lead to properiies aos yet unknown, but which reach beyond the
reaim of wrought matericl. However, such research connot be mean-
ingful until the basic fundamentols and valves are well establiished. In
publishing this informalien, we are oftempling to show the foundation
on which we presently produce our producls, and on which we hope
to build for the future.

We cell your aftention, in the following pages, to our capability
in processing bearings and parts, which stems from cn abundance of
recently acquired capital eguipment ond an extremely competent
group of empioyees.

One of the most importont features 1o be considered in selecting
a sintered metal source is size. There is very definitely e point where
a too small company will not support the necessary production and
mecharical engineers with advanced metallurgists. On the other hand,
a very large producer does no! give the immedicte and persanal
cftention needed for speedy resulls, especiclly where volumes are
modest.

We ot Wokefield find ourselves in the happy siluation of being
neither tco large nor too smoll. We do have extremely competent
people, who are not involved in red tape to the extent that they can-
not give proper attention to each situation promply. Your contact will
be direct and personal.

To use our services lo full advantege, we suggest you present
your problem to us by mail or directly to our sales representatives, The
review by design engineers, metalfurgical engineers and production
specialists follows. In the event thot some points are still obscure, we
hope you will cllow the specialist in guestion to visit you, or as
frequently hoppens, have your appropricte specialist visit us. In any
event, we do offer great competence in canference work.

When the situation has been assessed as to product, a price is
determined. In almost all cases, the savings are astonishing, You will
find we are skilled in offering the hest value for your dollar, which
should not be confused with the lowest price in every instance.

Finally, the very nature of the grow!h statistics of our industry
forkid a negative approach. We feel nothing but optimism for the
fulure,
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CHARACTERISTICS OF
SELF~LUBRICATING BEBEARINGS

Again, in evaelualing hearing applications, we resort at once to the data listed below to
establish the useful role of sintered bearings, as compared to other moterials. We think
this is important, due to the promotional efforts published from time to time in faver of a

particular miracle product.

Maximurn
Qperating
Temperature
i
... water [ubricalion .. Moderate
.. water lubrication . . Heavy
... water lulbri:uﬁnn . Moderate
process liquid
... lubrication ... . Moderate .. 11,000
...impregnoted with
lubricant ... . Heavy ... ...50,000
...impregnated with :
lubri;onf___.,._‘__.__._',,._...,._:.. .Moderate .,.,\1‘2,900 )
imp}eghuled with’
synthetic & dry Cn
lubricants . ... Heavy ... .. 30,000
.. impregnated with . '
lubricant - Moderate ... 8,000
Oy Light ... . .. 1,000
dey Light ... e 1,000
iy T . Moderate .0 20,000
R 2 Light ... ... 1,000
Y Moderate .,.,:,‘!2,00{:3_
.. Plastic bearing * )
cage impregnated
with dry lubricant .Heavy ... N
... dry— no metal-
- fo-metal contact . Moderate N ¢
--.. dry — no metal- .
to-metal contact : Light ... .. vean 2

*Wakefield
alfoy #11 500°F

* Both light fo medium loads
* Wakefield Wakefield Bearing Corp., — Findings.
afloy #4 700°F

Reprinted courtary of Mil} & Faclary, Havomber 19462
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Finely divided metal powders are the raw materials of
sintered metal porls. Pure powders, produced from
high grade raw materials, may be combined o pro-
duce olloys of standard composition and often of
vausval compositions for special properties. Some com-
binations can only be made by powder mefafllurgy.
Powders are blended together and carefully tested for
chemical and physical properties befare being placed
in praduction.

Lubricant

N

To form a shape from powdered metal, blended
powder is poured into a rigid die, and pressure is
applied from top and bottom by mavable punches.
Presseres range from 5 to 50 tons per square inch, The
pressure forces particles together, so that they interlock
and form bonds. The shape then haos sufficient coher-
ence and skrength fo be efected fram the die. The
degree o which the powder is compressed confrols the
density, or weight per unit volume, of the pressed part.

Exact control of density is
extremely important, as most
of the physical properties of
a part depend upen it

All compacts produced from
a particufar die are identical
in dimensions, Very complex
shopes can be formed re-
peatedly and accurotely in
this single step.
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Sintering is the heatl Yreatment of o pressed shape to
sirengthen and increase the bonds belween metal
particles. These bonds grow with increasing time and
temperclure of sintering; however, the temperature is
held below the melling paint of the major metallic
constituent so thot the pressed shape is retained, During
this heat freatment paris are protected from oxidation
by controlled ctmosphere,

After sintering many parts are resdy for use, but
various further finishing aperations may be applied to
sintered puaris,




DRILLING

Some of these, such as sizing or oil impregnetion, are specific 1o sintered meto), others
such as machining, heat treatment, barrel finishing and plating are operations common
to other metal {obricating methods.

Sizing is frequently included in the pracess. This consisls of a repressing operaolion in
precision dies, during which surface finish ond dimensional accuracy are improved.
Some increase in density and strength may also occur,

Machining on sintered parls completes those portions which cannot be directly molded
in pressing, for example undercuts or tapped threcds. We speciclize in parts 100%
complete,

MILLING

Heat treatment of sintered steels compares with conventional stecl heat trectment.
Hardness and strength are increased by quenching and tempering. On high density
sintered steels, case carburizing is also possible.

Commonly used surface finishing treatments include black oxide steam treatment, barrel
finishing and plating.

Cne finishing trealment unique 'o powdered metal is oil impregnation. The pores or
spoces between the metal particles are usuclly interconnected. Lubricaling oil can be
absorbed ond retained by these pores by capiliery action. In application, when o
bearing or moving part is warmed by friction in operetion, the oil flows out of the
pores and lubricates the bearing surfoces.

OIL IMPREGNATION OF SINTERED PARTS IN A VACUUM TANK

Unfortunately, we cannot dismiss the subject quickly, but must proceed o cover at
some length the details which follow. At this point, however, the potential user would
do well to consider a visit to our plant, as we welcome the opportunity to convey first
hand the graphic presentation of actual production and discussion of the materials, &
review of which follows,



-OYS AND APPLICE

IRON, AND ALLOY STE

Alloys No, 16, 17, 18, 19, 18, 27, 18, 29 ropresent the ectly work
in sinfered iron, and have asfablished uses ond geoad historize! beack-
ground in suilehle applications. In genercl, they are used @ oil
retcining bearings, east iran substiteles; and applications whers high
strongth is net important, Fobricabon costs are low. Use of the par-

bBevlar alley will be dafermined as ke dewcription of the applicetion’

oppears. ) . :
Wa alse find in this group cortain military specifications, listed on
" page 10 - . .

) T i
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Alloys No, 3B ore the stainless steel group, under which the varlous
analysis are desctibed by the wsval AISI numbers. Their comosion
resistance is imporanf, bu? due care must be token nat fo axpect
exact duplicotien of the wrought material. as serafch ¢orrosion tokes
pfoce more easily. We should be consulied on specific applications, i
thit question is importont. Ganercily, there is @ rising vie of the
stainfess alloys For dotaration, and heat resistance metals.

You will note many variotions in fobrication, which add to the use-
fulniass of thizs product, Therefore, they are especiolly enginesred
products. -

Ve ore vary interested s the now usage ;i our No. 38 alloy, which I'

contains 2% Aluml Oxide coverad by L, 5. Patent #3,118,272.
Wo have ohserved high wear resistance, low fricttore values, high
heot strength cnd other propertiss vnusual in powdered metal, Qur
dotoc on hearings i most impressive, showing on extromely forge
number of cycles under test. Further, as o cam, we do have field
experientes whith I+ of groat volue. All cpplicalions need careful
censiderction, and we weltome the oppodunity te discuss them.




COMPOSITIONS (con¢t.)

IRON, AND ALLOY STEEL COMPOSITIONS

NON-FERROAUS ALLOYS

BRONZE
Allo:y Nio. 14 it o very pepular and widely used perous typs bearing,
containing NO GRAPHITE. Used an light duty applications, wharo

oiling it scheduled, and opplied moinly to autemolive typs beorings,
The squivalent of popular bronze olifess bushings.

COPPER
~ Affoys Mo, 52_ u;-l_c! 58 are ;ulmhla for terminals, contocls and other
electrical conductor tompondnls, ond have o distinet odvantags In

exéellani oppedtance af Jow tosh. They olic find themselves to more
* complex shapes and tioter Faferances ihan sand-cast pleces,

Alley MNo. 17 conluins copper and tin, plus & lorger omaunt of
graphifs retained in the some mannar oz %22, However, the oiling
cycles cen bs emited under some loads and spseds. Qur recommen~
daticn i1 advised on the vage, as it I based an wide ond successful
experisnce. This olloy also is odaptable Fo hlgh temparature, above
the bum off point of oll and for heavy loods, Ovens, househald
equipmant, camaeras, ouldear epplicatians, convayors, calender rolls.




COMPOSITIONS (cont.)

NON FERROUS ALLOYS

LEADED BRONZE
COMPOSITIONS

Alloys No, 13 and 12, Leaded bronzes, with and without grophite,
have mony axcallent properties for solf-lubricelion and resistonce fo
shock foods. Cerluln high spwds ars wa!! erved hy Hieto alloys, For
exumpla, tompretiort.

Allay Ho. 3. A Grophited brunxo of lower poresity doveloped aspe- a,a L {
clally for the foxtile frade ko overcome the offect of lint and fy, and At AN KR
te provide self-lubricotion. Fiald usege aver o pariod of yeors indl- ' . '\ﬂ \n“ “ .
cates this clloy ls cutstonding, ond nccopfed by many of the textile . ) AL i
machine manufochirers,

BRONZE NVMOLYBDENUM
. DISULPH!DE COMF’DSITIQNS

Allays No. 1 and Z ars o new hrnn:s devolopment uaing mu!yh—

donwm disulphide with excelfant Iuhorulﬂry and fleld retufts, for

higher spoeds ond heavier foads, than #11. bt shows remmkubly )
consistent resubls, Priced higher, due to motarial costs. Test sampfes

fumithed on reguest. For wie Ir: splndles, holst pulleys, snd ale:-.
fric maotors. - s




 COMPOSITIONS (cant.)

NON FERROUS ALLOYS

. COPPER~NICKEL
| ALLOY COMPOSITIONS

’ Allby No. 2T h a 'coppor nickel alloy for uso on regular and special
" oHoy shafls. Bt will not gall, is corrosion’ reslstont and exceedingly -
efficiant In temperatures te 900 dugreu E. Can bo adapted to mo-
,_r.hme pum. This is a quhve!y new and important development,
Saft waler uppli:nliem, chemicol handllng oquipmcnf, cabalytic
) :mckmg plunh, .

 GRAPHITED 'rlm-l_EAn
COMPOSITIONS -

Allor No. 15'is & gmphtlad Babb!n matul highly faverad by soms -

pump monufacturers) Also b puﬂlcu]uriy valusble whore Bolbbitt
_ beurings ore del!red,_ and __\g\_rhero cortoin self-lubricating properiies

“are. needed for safuly fdclﬂtﬁ in the event of oll Feilure. it has the
 advanfege of removable Babbm bearings, and tan be installed en
" ihw Job, Specially sulted for afrcraft ond marine upp!lcallum;

Nu. 43 NIC:KEL SILVEFI ALLDY

Alluy No. 48 & o, nl:hl-coppomint maferial unful for corrosion ye
:lsh:m:a. If has good phys!ml properties and is mm.mngneli:. We
find o ‘particular uwgu In foud hundling equipment With :Bmmn
" plating directly on the sinhm:d cmd‘ palished surfaco, the appﬂur-
.. ance is utrmcl[vm




SINTERED BEARINGS
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Note that in our tables of physical properties on pages &4~70 we have many alloys which are not presently

covered by specifications but whose properties for exceed those referred to in the cbove specifications.

-coppar-carbon clloys
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First, only the best equipment, bought
from Kux, Stokes and others, brand
new, has been added.

Secondly, before the actual need
arose, the equipment was acquired
in order to keep pace with projected

-growth, and fulfill needs as they

drose. We will confinve to do so. We
have placed no limits.

Third, no expense is spared in keep-
ing equipment in top operating
condition. '




To assure reliobility, we do maintain
a very high percentage of inspectors
to production workers.

Our Wakefield and Route 128 area
is one rich in people with mechanical
skills, which is tremendously helpful
in quick expansion and rapid rises in
production demands.

Finally, our raw material suppliers are
an extraordinarily efficient group,
whose delivery and quality are de-
pendable, which allows 0s to plan
production without reservation.

12



13

The first is mechanical, in which all geometry of the product is handled.
Included are plant equipment, methods, tools, and product design. Under one
head, therefore, is continuous thinking, without interference. The action can be
very fast.

Without doubt, product design is the principal occupation, as we deal with our
customers on a very close basis.
Changes and suggested improvements
are frequent, as are recommendations
based on past successful field service,
or from data known to be reliable.

At all times, competent design engineers
are available for field trips, or to re-
ceive visits at the plant. Using this ser-
vice saves many hours or even weeks of
time in reaching conclusions. We can
best summarize by saying we have
produced parts satisfactorily that
no one else wanted, due to design
problems.

Qur second engineering activity is mef-
allurgy, where we perform all the neces-
sary laboratory tests. At times, we
supplement this work with the use of
outside sources. We feel that our labo-
ratory facilities and staff place us
omong the leaders in the field.

This statement is best judged by results,
which are exiremely satisfactory. We
are currently conducting over fifty sep-
arafe research projects.

Here again, design work on a given pro-
ject is performed, with the recommenda-
tions for materials based on growing
lists of data. Hisforical records are
maintained fo follow up the appropriate
situation.

The third phase of engineering is met-
allurgical research, which has a large
field of opporfunity. We do research
both with a specific objective, and also
where there is no apparent commaercial
end use. In any event, we hope that full use of this facility will be made, as we
feel the customer may have an opportunity for product improvement,

Where o customer has companion people and laboratory equipment, we like to
exchange observations and suggestions. Research proceeds on a broader bosis,
as there are more minds at work, more ideas flowing. You can use this service
with the greatest confidence, as a customer’s plans, hopes and ideas are never
disclosed elsewhere.

Here again, we are prepared to have the appropriate metallurgist visit with you.



Drawing of the part showing minimum acceptable tolerances.
Generally speaking, looser tolerances mean lower price.

Material specifications and physical properﬂ'es_ required in the
part. (Tensile strength, impact resistance, porosity, elongation,
hardness),

Operations which the customer intends domg to complete the
part for use,

Function of the part, r.md nssembly, wﬂh mdlcahon as to
whether des:gn chcmges are posmble.

Quantities for which prices are required, and estimated an-
nual usoge.

14
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METAL POWDER

The contra! of the properties of finished sintered
metal parts begins with close control of the row
matericls by the metal powder manufacfurers.

Raw materials for powdered metals are ingof, high
grade scrap, and ore. The powders are produced by
atomization of molten metal, by reduction of crushed
oxide, hy electrolysis, or by o combination of these
processes. Our supplies offer many different grades
of powder with distinct properties, which allows us
to choose the grade of material most favorable fo
the properiies of the final part.

Chemical composition is as important in powder
melal as in other metallic and non-metallic materials,
Mot only is the starting chemistry of the raw material
specified, but throughout the melling or reduction
cycles controls are applied which result in @ product

with close chemical foleronces. Electrolytic powders
are the most pure. Impurities can lower final
strength ond ductility, and effect our processing by
causing unexpected dimensional distortion and re-
duced compressibility which results in o low density
part. On the other hand, some trace elements
present in the powder are helpful alloying agents,
and result in better praperties, Some are useful for
parliculer reosons, i.e. sulfur in iron increases
machinabitity.

Of equal imperfance are the physical characteristics
of powdered metal; the size and shape of the par-
ticles. A distribution of particie size is normally
desirgble. Consistency from lot to ot of powder is
necessary to insure uniformify of pressing, dimen-
sivrial changes during sinfering, and as a result, final
properties, The size distribution is tested by screen

anglysis during manufacturing as well as on the
final powder product. If it is not within specifica-
tions, the powder can be ground or milled to the
proper size, or size fractions may be separated aut
and reblended in the correct proportians, If mechan-
ical working is necessary, the powder is annecled to
remove work hardening strains which could impair
compressibility.

Particle shape is controlled by the manufacturing
process, Reducltion of oxide produces an irregular
ar sponge powder, Efectrolytic powder it character-
istically dendritic and atomized powder is spherical,
Figures 3 and 4 illustrate the appearance of un-
compacted powder. These characteristics affect the
flow rote of the powder into a cavity, and alto the
apparent density, (weight of o voleme of loose
powder}, Control of both these properties is vital
for speed in filling the
die cavity during the
pressing cycle, and
more important, for
consistency in the
weight of powder
which fills the die cav-
ity. Consequently both
properties are lested
by the supplier and, if
outside specification
fimits, may be cor-
rected by further grind-
ing or blending. Since
only minor changes
can be mode on the
pearticle shape by these
methods, powder may
have to be completely
reprocessed to bring if
within tolerance. Perticle shepe has o substantial
effect on the behavior of the powder under pressure.
lrregularly shaped powder particles interlock when
compdcted to form a strong unsintered or green
part, whereas spherical powders must depend solely
on cold welding for green strength. On the other
hand, such regularly shoped powders pack tegether
fo form o more dense compact than do sponge
powders under similar pressure.

Qur suppliers do not limit themselves to testing just
the properties of the loose powder, but actually
press and sinter test samples from every lof, fo
assure their customers thot the powder will perform
correctly in production. These tests are repected by

" us, and results correlated, so that no powder of

substandard quality ever enters the production pro-
cess. The tests performed cre described fully below.



The mixing of metai powders with olloying elements
ond other constituents can be performed either by
the powder manufuacturer or consumer, Alloys are
often made by mixing and sintering elemental
powders, Examples include copper and tin powders
which produce sintered bronze, and iron and graph-
ite mixtures which form steel ofter ;inrering_ The cor-
rect percentage of each constituent is weighed out
and charged into a rotating drum or double cone
blender. A small percenfage of sclid lubricant is
mixed into the powder and serves lo reduce friction
and die wear during pressing. The lubricant vola.
tilizes and disappears during sinfering., During the
mixing cycle, samples cre withdrown to check the
degree of mixing attained and the oppuren'r density

and flow characteristics of the mix.

Powder is now ready for use in production, but
before release, it must pass the tests estobfished
by us fo insure perfect uniformity and high quality
in our finished parts, The mixed powder undergoes
a final check for flow rate ond apparent density.
Samples are then mode and tested in our laboratory
facitities, which approximale as closely as possible
cur production conditions, and are controlied to
assure standard conditions for each tesk. Test bers
first are pressed to our standard density for the
particuler alloy. (Fig. 2) The pressure required fo
cltain that density is recorded, and if it is exces-
sive the powder is rejected, since there is danger
either of tool breckage or sub-standard density in
praduction,

The test bars are then sintered under slandard con-
ditions. Dimensional stability during sintering, break-
ing strength, and hardness are checked. Deviation
from our standard tolerances on any one of these

tests is cause for rejection of the entire ot of powder,

POWDER MIXING

THIS INFORMATION WAS SUPPLIED BY:
Easton Metal Powder Company
The Glidden Company
Greenback Industries Inc.
Heeganaes Sponge lron Corporation

The New lJersey Zing Company

16
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Mixed metal powder is poured into a die cavity and

then compressed by punches moving simultanecusty
from above ond below, After ejection from the die
the compact has sufficient strength to be handied
and hos approximately the same dimensions and

densily as it will have when finished.

The green powder compaclts have shrength because
the particles of material are enmeshed and joined
by cold welds during the pressing. Fig. 3 shows
highly magnified views of uncompressed powders.
The irregular shope contributes fo the intermeshing
effect. Spherical powders such as those in Fig, 4
have very little green sirength, {strength in the

unsintered condition).

Cold welding describes the odhesion or bonding
that can take place between two very clean metol
surfaces, If there are no oxide or lubricant films,
surfaces can be brought! so close thaot the attractive
forces between atoms can bridge the gop and
attract or bind one particle ta onother. The galling
and seizing which can take place in an improperly
lubricated bearing is simply the cold welding that

results from break down of the lubricating film,

Mixed powders always conrtain ¢ lubricant which
lowers friction between the compact and the die
wail. If there were no lubricent, the powder would
tend to gaoll and seize, ejection would be difficult,
and the pressure applied to each end of the com-

pact would not be properly rensmitted 1o the center.

Metal powders under pressure do not behave as a
Hquid. Some of the pressing force is absorbed in
moving the powders aleng the die wall as shown in
fig. 5. bubricants minimize this problem, but @ non-
uniform pressure along the length of the piece wili

result in seme degree of non-unifarm density.

Figure & {from lones, "Powder Metallurgy'” — P.
299) shows the variation in density throughout o
compact. Proper die design and part design can
aid in alaining o uniform density. Ht should be
reatized that the lowest density region in & part
will be the region of minimum slrength. For this
reason we hold the overall density of our pars
os high as possible, consistent with the neced for
porosity for oil retention.
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D.DENSITY:: Key to physical properties

LLNALKIE TEHSEE SLAERGIH @51

 Hg. 7

Fig. &

The density of o part pressed from powdered metal
determines most of the physical charocteristics. For
this reason, we regularly check the density of pro.
duction pleces affer pressing and after finishing.
The density of a part it defined os the weight of o
unit volume. Typically, the weight is measured in
grams ‘and the valume Tn cubic centimeters. if all
parts were cylinders or cubes we covid measure the
dimensions with micrometers, which would give vol-
ume in a straight-forward way. The majority of our
structural pieces, however, have irregular shepe,
and the volume is measured by the amount of water
they displace. Delails of this technique are given
on page 51, '

Let us consider briefly the woy in which several
important physical properties depend upon density,
Az one might suszpect, if the cross sectional ureo of
a fensife fest specimen is reduced by introducing
perosity the specimen will he weaker. The ultimate
tensile strength of gne of our alloys is shown in
Figure 7 for several densities.

For solid steels, there is a {rough} relationship be-
tween Rockwell hardness and the ultimale tensile
strength. For this reason, it is nalural to prescribe a
hardness standard for porous meterials as an indi-
calion of strength, There is no objection fo the pro-

P
=
,,,,,, e
i e
: e
;
i
i
1 . . .
&0 42 44 64 62
EFFECT OF DENSITY ON ULTIMATE TENSILE STREIRGTH
5
.
. [ -
- 8. )
2 Korsebag 1
- St
gl o | e
- E Weod B
o oA b E
FA L . BRI
3. .
4.
A L]

Hoo8 ® @ B w :
= OF THICHETICAS DESHTY
TIFRCT OF CENSTY D RiCED WARDRISY END MACHD RARSNESS

cedure as long as the value of o hardness test for
sintered matericls is understood, We publish, in the
section beginning on page 63, en exhoustive kst of
our aifoys with hardness end tensife volues, If the
strength required is known, then the hardness volue
of the material may be read from our table and
uvsed for inspection or quakity control. Densify may
vary slightfy in any one port which will give high
and low hardness reodings. The reason for the vari-
ation of hardness with density is easy to under-
stand, When the diemond point or steel baoll of o
Rackwell hardness tester is pressed agoinst a sur-
faee with a certain force, the more porous matericl
offers less resistance lo indentation and gives o
lower hardness reading. Rockwell hardness testing
averages the cffect of solid material end pores.

If a material must be hard to promole wear resist-
ance, the micro-hardness of the material is the sig-
nificant property, Weor situations normally do not
involve the loeds which are found in sfalic struc-
tural applications, The wear resistance is therefore
determined by the hardness of the solid material
between the pores. In micro-hardness testing, a
smalt diamond point is placed on an arec of solid
maferial and the length of the indenlation mea-
sured with the aid of o high powered microscope

(400X}, The readings so cbtained do not average-

the strength of pores ond solid material but are
characteristic of the metal ifself, The dependence of
mi¢ra-hardness and macro-hardness on density are
shown quantitatively in Fig. §°*. As would be ex-
pected, the micro-hardness is not sensitive fo poros-
ity and macro-hordness approaches micro-hordness
at full density.

The modulus of elasticity of iron decresses from
30 x 10% psi in a fully dense moterial to & x 10¢
psi ot 36% porosity or 64% of full density.

The last physicol property to be considered is poros-
it. Studies have shown* that, up 1o 92 % of theoreli-
cal density, the porosity is all interconnected and
avoilable for accepting oil, The percent porosity is
just 100 minus the percent of theoretical density of
the parf.

The effect of density on physical properties has
been indicated in the preceding paragrophs. Be-
cause density is so important, powder pressing
becomes one of the most important steps in the
process. The density obtoined af pressing is very
nearly the density of the final part. Density is very
rarely increased by more than 10% in subsequent
processing. Uniform and high density can only be
obfained through adequale tool design and suffi-
cient press capacily,

“This data Jr taken from Gosfzel’s Trootite Powder Malalluray.
"G, Arthur el Ingh. of Maetefe 1955, 83 (?), po 329014

is
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Fig. ¥ pictures o complete set of powdered metal briguetting toels. The product is a hwo level part. Levels are
defined as the number of thicknesses in the pressing direchion.

In most cases, separate punches and compecting motions in the tools or press are required for each level,
thereby limiting the number of levels that can be pressed without sacrificing density ond related properties of
the part.

The part as shown haz one hole, however, addilional
holes in the pressing direction con be included by
adding core rods.

The cross sectional configuration of the pu\rt in the
pressing direction is practically unlimited,

One sef of powdered metallurgy compacting tools
will replace several jigs, fixtures, culters, etc., neces-
sary for praducing parts by conventional machining
methods, All dimensions are established by the pre-
cision die and parts are then reproduced uniformly
from ane lot to the next,

All tools are designed by Wakefield Bearing Corp.
and are manufacivred in our own well equipped
tool shop or by reputable outside sources. Fig. 10.
PUNCH

Only those tool shops specializing in powder metal
tool menufaciure are employed,

F.PRESSING CYCLE

At the start of each production run, the weight of
powder is calculated which will, when compacted,
produce a port of the correct density and length.
The tools are cdjusted in the press so that the die
cavity is exactly the right depth !o contain the
required weight of loose powder. The powder is fed
into the die from a hopper or shoe, which, as it
swings to one side, also levels off the powder ot the
top of the die. The vpper punch moves down lo
close the die, then both the upper and lower
punches apply the compacling force. After compac-
tion, the upper punch withdraws and the lower
punch moves upwards to eject the part from the die.
A new cycle begins os the powder shoe moves
across the die covity, puthing the prested part to
the side, and the lower punch retracts {o receive the
next charge of powder,

The first parts from the press are checked al once for density. Most parts ore pressed lo o predetermined
length, so that the volume is constant. The importance of the apparent density of the powder becomes obvious.
i the weight of powder charged into the die cavity varies, the weight of the pressed part, and i85 density,
also vories,

Tool breakage con occur if excessive pressure fs required o compress powder into a certain volume. This
condition arises with hard powders which resist deformotion and compoction, or with an excessive amount
of powder in the die cavily, Tooling for very complex parts is often fragile end cannot be used to attain high
densities. A} the end of a produclion run, tooling is inspected for wear and is repaired if necessary.

QOur presses, both mechesnical and hydraulic, are all cutomatic and double ccling. 70% of them have been
purchased in the Jast 8 years. They range in capacity from 4 to 400 tons, allowing for great versatility in the
size of parts we can produce.
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Sintering is the heat treatment of green

compacts to convert them into stronger, more
ductile components. The green parts have their
strength by virtue of cold welds and mechanical
interlocking. During sinlering the areas of cold
welding are enlarged ond perfected so that ne
division is visible between powder particles. At
the same time the irregular voids between par-
ticles are rounded and filled in by the surround-
ing material. To the extent that voids are filled

in, the external dimensions shrink. If voids are

crected, the external dimensions grow.

There are basically two forms of sintering:
solid phase and liquid phase. In solid phase
sintering, no liquid is formed, whereas, a molten
metal is created in liquid phase sintering, We
shall consider these two types of sintering

separately,

An example of <olid phase sintering would be the
heat treatment of pure compacted iron powder to
form sintered iron, or a mixture of iron, nickel and
carbon [our #39 alloy) to form sintered steel. We
will ¢consider the single component sintering first. A
pure iren compact might appear as shown in Fig.11
before sintering. The particles are crushed together
with some coid welding. There is some residual
entrapped lubricent, As the compact is preheated
in the furnace the lubricont edded for pressing pur-
poses vaporized at 720°F and helps to clean the
particie surfaces of oxide,

A} higher temperctures the atoms near the cold
welds begin 1o rearrange themselves by moving

from regions of strain to regions of less strain {from

VOID SPACE
and

ENTRAPPED
LUSRICANT

METAL
PARTICLE

COLO WELD —
METAL BOND

Betavie af rofd wark, no

high to low energy areas). This movement often
accurs on the surface of ¢ pore whose shape is as
shown in Figs. 12 end 13. The ctoms move toward
the sharp corners of the pore and cause the pore
to become rounded, In so doing, the areas of cold
weld ore exponded ond shrong bonds are formed
between the metal pearticles, The metal particles
recrystallize and the new grains that are formed
con grow across the originel division between metal
particles, When this grein growth accurs, there is
no fonger any evidence of the criginal separate
metal particles, so that the material is strong and

homogeneaus.
The usual sintered metot structure will contain some

porosity and a great many bonds between paorticles.

If the material is sintered for a longer time, the

At
MO tue

grain boundaries are eviden)




vaids tend to disuppear. Essentially, atoms from the

surface of the moterial move aleng grain boundaries
to fil the veids. The groin boundaries are rather
open regions in the material ond are an easy path
along whichk atoms can move, This void filling effect

is illustrated in Fig. 14,

If we are sintering the iron-nickel-carbon steel, the
same sintering effects accur as for the pure iron but
with one additional complication. The aloms from
the nickel and carbon particles must diffuse or move
into the particles of iron while the iron particles are
forming bonds. The situation at the joint belween
an iron and nickel particle is shown in Fig,15. At the
sintering temperature the nickel atom indicated by
the arrow may be vibrating strongly enough to jump
into the vacant iron site. An iron atom can jump info
the vacant nicke! sites, With other vacont sites in
the rows of atoms, nickel can diffuse into iron and
vice-versa, The same thing heppens with carbon, It
is only ot the proper sintering temperatures that the
atoms con move across boundarie: and change

sites,

The object ot this diffusion and sintering is to form
¢ homogeneous iron solution in which some iron
sites ore occupied by nickel afoms and others by
carbon, There should be a minimum of nickel and
carbon rich areas when the sintering is completed,
In cddition to diffusion we of course experience
bond formation with void shape chenge and shrink-
age during sintering.

ATOM MOTION

SURFACE

FEHE
FIARLIYS
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-
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In sintering o bronze aifoy composed of approx-
imately 0% copper and 10% tin, the tin melis
and forms o liquid phase, The tin is not present
in sufficient quantity to couse the compact to
sag while the tin is molten. The principal od-
vantage of liquid phase sintering is speed. Since
the tin is molten, voids are more readily rounded
than in the case of solid state diffusion. In ad-
dition, the tin atoms ore extremely mobile in
the liquid state and move into the copper quite
readily to form bronze. Eventually alt of the tin
diffuses into the copper and there is no liquid
left. The grain structure of the bronze changes
from very small clusters as it is first formed to
goed size, strong, and readily muachined grains
when the sintering is completed properly. The
sequence of stoges in sintering bronze is shown
in the color microphotos of figures 16 through
21 at 200X.

Figure 16 shows the oppearance of an un-
sintered compact of copper end tin. The tin is
present as silvery porticles while the copper 1s

red colored, The dork areas are pores or holes
in the compact.

Figure 17 illustrates the very beginning of
the sintering process. Some tn has diffused into
the copper, resulting in the formation of yellow
colored alpha bronze ot the boundary between
tin and copper. The lin ctoms actually move
into the copper and occupy sites formerly oc-
cupied by copper. This process is calied forming
a solid solution.

In Figure 18, all the free tin has dissolved
in the bronze, but it has not yet distributed itself
uniformly. The red arecs contain less than 10%
tin and the yellow creas more than 10% tin.
A uniform tin content will occur by diffusion of
tin during @ longer sintering treatment, As the
tin dissolves in copper, the copper grains re-
crystallize as clusters of smali alpha bronze
grains,

COPPER FREE TIN

Fig. ¥ 6 ALPHA

Fig. 18



The first copper particles to recrystaliize
show o reasonable grain size in Figure 18.
Longer heat treatmends results in the
removal of all copper rich areas, and the
growth of small grain clusters into large
grains as shown in Figures 19-21, Cur
average sintering is similar Yo Figure 19,
with special freatments resulting in the
structure of Figure 20. The lerger grain
size means eosier machining and should
be requested where secondary mochining
operations are to be performed,

In sintering bronze, the copper does
nol melt, but remains as a solid skeleton,
In ocur iron-copper alloys, the copper melts
and diffuses into the iron, Just above the
melting peint of copper, 7-8% Cu will
dissolve in the iron, the rest of the copper
remaining in the free state. The dissolved
copper exerts a considerable sirengthening
effect on the iron, increasing ultimate ten-
sile strength from 25,000 to 50,000 psi.

Copper infiltration of iren results in a
much stronger port, We normally accom-
plish this form of liquid phase sintering by
pressing the iron powder, sintering, putting
a wafer of copper an the sintered part
iFig. 22} and resintering. The copper mells,
and runs id the pores by capillary action.
The resulting structure is very dense {7.3
gr/cct and has the appearance of 400X

\__sﬂhown in Figq[E 23

COPPER
CYLINDER

IRON
COMPACT

Copper And lron Assembly,
Prapared For Infiltration
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Sintering of parts must be corried out under con-
trolled atmosphere conditions, If solid matericls are
heated in air, the resulling skin of oxide formed can
usually be removed. A porous product, however,
becomes oxidized throughout due to the numbers

of pores open to the surface,

Atmospheres containing Ha or CO, such as pure
hydrogen, dissociated ammonia, and partially
burned hydrocarbon gases, reduce oxide already
present in the powder, and prevent oxidation during
sintering. [nert atmospheres, such as nitrogen ond
completely burned hydrocarbon gas, merely prevent

oxidatlion at sintering 'emperatures.

In the case of sintered steels, o second considera-
tion during sintering is the maintenance of the
desired carbon level, low levels of axygen, CO»

and water vapor insure against decorburization,

The composition of hydrocarbon gases may be con-
trofled by vorying the degree of combustion, which
affects the moisture content and CO-CO; ratio.
Oxygen and water vapor may also be removed by
scrubking and drying units before the atmosphere
enters the furnace. Quantitctive anclysis is made of
the varicus components of the atmosphere, as is
frequent measurement of the dew point, which indi-
cates the emount of moisture present. Thus we are
assured of a controlied otmosphere of correct com-

position in contact with the parts.

Sintering is performed in continuous furnaces. Parts
placed in the front end enter the heeting chamber
and cfter sintering is completed move into o water
tacketed cooling zone without leaving the protective
atmosphere. When cool they are removed from the
back end. The ends are secled off by doors, or
ftame curtains so thol air connot enter to oxidize

the work.

POEHEAT L HEATING
2ONE ELEMINTS WATIR
wat COOLERS

ADJUSTARLE DOODRS
WIEH FLAME CUITAIN

DESIGM PRIMCIFIES OF A PUIHEIR TYPE FURMACE
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Strength of materials

The best lest of the overall sirength and sinferir.tﬂg of a particulor
part is o destructive break test. The required breukmg sfrenglh is
either ugreed upon with the customer or is left to our discretion.
The A_STM Radiat crushing strength Ts often used for cylindrical
shupe;. On setting up speciﬁculions,' 30 to 100 pieces of the first
productian lot should be broken by a test mutually agreeable fo us
and the cusfomer. If this production lot performs satisfactorily in

_application, the breaking strengths are used to set up a sampling

plarn for checking strengths of fulure production lots, We routinély'
break an average of 0.1% of the production pieces which has
proved o successful method of preventing field failures. We
would be pleased fo discuss the statistical methods of sumplirig
plans in detail at the customer's convenience. Strength tests are
performed on o dynamometer which meas'ur_es with a precision of
2% of the applied load, The maximum Joad applied is either 1,000
or 10,000 pounds. Figure 26 shows the machine set up to measure
the breaking sfreri"glh, of o praduction bearing.




lardness testing

Hardness testing is a quick method for eval-
veting the strength of sinfered matericl.
The hardness of the material, as measured
by a Rockwell tester, depends upon the
alloy, the density, and the condition of
heat treatment, The customer should nof
set up o hardness speciflcetion based upon
the hardness of o wrought material which
has proved successful in his application,
ldeclly the customer should know the re-
quired fensile strength, elongation, and
impact strength required and either fet us
recommend a malerial or choose o mote-
tial himself from the extensive listing of
physical properties beginning on page 63.
If we have o material that meets the
strength requirements, then the hardness of
that material should be specified as a

means of testing for strength.

If the customer specifies o hardness test,
the picces of the first acceptable produc-
tion run can be checked for hardness. This
data con be used to set vp a sompling
plan to ossure required hardness and
strength. If such a program of testing is
anticipated, it should be mentioned in the

request for quatation,

High hardness is often desirable for wear
resistance, both to galling end abrasion.
For wear resistance, the hardness of the
individual particle is the determining foctor,
This microhardness or porticle hardness is
meoasured with a special machine, of the
type made by Wilson, which is shown in
Fig. 29. A polished metallurgical specimen
is viewed at 400X magnification. A dia-
mond point is then lowerad ot a controlled
rafe, under a fixed lood {often 50g) onte a

| pfocess. of macrohardness testing {normal Rockwell testi_hgj_.

ﬁ_arlicu[u.r or'ecx'p\f the surface. This diemond makes a small .
diamond sl"mpe.d indentalién_ in 1he suaff&ce,' whose length .
is typically 001 «.002 inches for o hardened steel. A picture
of ane of these indentations is shown in Fig. 28, The length
is niéas:_i:jréd to the nearest .1 micron {.000004 inches} and
the result ;c__:nveﬂ__éd_to Knoop hardnass {or the equivalent
Roche!f_h&fdnéss}. Typical values of microhardness for our
p__r__cdu_ds .are given in the fobles of physical properties be-
ginning on page & 3, If microhardness festing for quality as-

‘syrance is desired it should be stated in the request for quo-

tation and we wilf _:;et up a sampling and festing plan. The

“microhardness of @ port can often be related to macrohard-.

Irj_es"s_by'_meor;urfng__ both on the same sample. This féchnigde

) _ﬁpu!d allow an _ini'!__ia'l standardization of hardness by micro- _

Edrc{qes’é readings fol!owe“_c_! by an wctyal production control
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accuracy in sintered parls' is fo repress them in a die
whose dimensions are those of the flnal product, This

operation, called sizing, slightly compresses the sin-

tered piece and improves the surface finish, The com-
pression info the sizing die fends fo work harden the
surface of the piece and increase wear resistance.

‘The sizing operalion does not close the surface pores

ds o machining operation might. For comparison,
Figs. 31 and 32 show pictures of the surfoce of a
part after sizing and cafter machining.

The dimensional accuracy to be obtained from sizing

Jis excellent, typically a totfal of 001 per inch af

cross seclion, and .010¥ per inch of length.

FINISHING OPERATIONS : SIZING

~ The usval methad of obtaining high dimensionat

SRR
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i

The sizing operation and sizing presses are shown

in Figs. 33 and 34, Some alloys change dimensions
so greally on sintering that two sels of tools are
necessary, one for compacting and one for sizing.
fn practice, for those alloys thot do chunge dimen-
sions we make sizing lools to the print and com-
pacting tools with dimensions compensated for
growth or shrinkage in sintering, so that the part
will be of approximately the proper dimensions affer
sintering, The finished dimensions are then obtained
by sizing the parts in the set of toals which produce
the dimensions required.

We can advise the customer before final selection of
an alloy, whether his tolerances are such that one
or two sets of tools are needed,




The section on design illustrates how threads, under-

culs ete, cannat be molded but must be machined.

Wakefield Becring Corp. hos many years of valu-
able experience in machining sintered parls,

We have recognized the fact that most customers
do not wish to purchase o semifinished part for
reasons of economy and split responsibility. There-
fore we have increased the copocity of our second.
ary machining facilities in milling, drilling, tapping,
precision boring and grinding, to meet increasing
demands for completed parts,
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_Heat: treatments

HARD, MICXIL RICH ARIA

'rtg 35— 200x . NICKEL STEEL, ALLOY 20 SHOWING .

Steam blackening
A black oxide steam finish FesOq n':my be applied to
‘ferrous sintered materials, This coating gives an at-

tractive black matte finish and enhunce#féorroﬁqn

resistance, tensile sirength, and hardness. However,
it does impair slightly some physical chordctarl‘sﬁc's,

such as machmcbnl:ty and duchhly, so that our
" engineering staff should be consulted before it is
. specified.
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STRUGCTURAL PARTS
AND BEARINGS

Wakefield's specialty is the production of
structural parts cystom made for an individ-
val application and often of geometry and
materials unusual in powder metallurgy. Parts

can range in size from less than a gram to
eight or ten pounds each. '

In ordinary metal working practice, com-
plex shapes require many machining opera-
tions, each one o source of possible error
and additional expense. But once o powder
metal die is made and approved, the same
parts are reproduced each time accurately
and at less expense than by machining
methods. Savings on quantities as fow as
250-500 pieces are often enough to justify
the purchase of tooling. Elsewhere (page
50} we have explained some of the limils on
shapes, but many of these limits can be over-
come by minar changes in part design, or one
or two simple machining operations. Often
several components can be combined into
one powder metal part at considerable
saving.

Materials olso are selected for the proper-
ties necessary for the specific job, leading to
superior part performance. Many of our
powder alloys have compositions and proper-
ties impossible fo achieve in other materials.
i necessary, new materials are developed
for specific needs. Our engineering staff is
always ready to design a “tailor made' part
for your particular needs. Send us your
requirements.
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P is the pressure on the bearing and is given by " ln principle, there is a PV value for a bearing for Co
' load (ib} ' . any given lifetime. This is shown graphically in Fig. .~
P ol LAY .2 . .
Length X LD, !b/m. _ 36..

Lengfﬁ orid 1.D. are measured in inches.

Yi§ the surface ?etﬁcitY in feet/min: o chosen, Equation (1) may be solved for the speed

(RPM) X (1.D.) X = o in pms  soed er e A
o | RPM =

Vo= . :
. - {PY¥} X 12 X [ength {inches}
. X loud {ibs}

" or the allowed load may be calcolated from

RPM == Rev_oluﬁﬁns her minute of shaft.
- Load X RPM X =

Thus PV == {1) . _ Yl X 12 X length linches} .
1? X length N Ioads: {tbs} == —C REM
400,000 |-
50,000 |-
I% FAILURE 39% FALURE
Y
L i | '
10 bre. W A, 1000 hre/  £2,000 her o 0000 b
LIFE TIME-

Figure 36 _

The range of loads and speeds that give a constant PY value is limited. Loads which exceed the elaskic Eimit"'zﬁ
of the moterial are foo high, whereas the maximum speed in rpm is uncertain. Most:bearing tests are per-

formed at 1750 rpm, but this is not the upper limit for speeds. Qur laboratory is currently engaged in

‘research info the natire. of PV vs. life curves for various alfoys, and at the same fime, checking the limits'of .
load and rpm thot give a constant PY. We would be pleased to send test resulis as they become available fo

.. anyone wha is interested.

For ﬁurpcses-of comparison, Table [f, page 3 , confains « fisting of various bearing rcterials and their - '

PV values,

“For a given PY value, any combination of load dnd "
rpm moy be used in Equation (1) If the load is

34
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Wakefield Bearmg oFFers more lhan [wemy dlffr.'rent__ e

bearing alloys. Mcmy of them were developed to

meet o pariicular cusfc_:rne_r need. We would be

- pleased to reéomﬁ{end one"'for your specific applica-

v hon or develop a new one if the circumstances
' worronf

As a. guide line to our bearmgs, alloys 14, 23 and

22 are 90-10 bronzes with 0, .5; and 2.5% grophlte""

added, Graph:te adds extra fuhncahng ability when

. the oit fifm breaks down under high loads. Tensile
cmd compressive streng!hs are lowered by graphlfe,-
however, hmnmg the amoynts whlch can be added _

- Each bearing represenls a: compromnse beiween
s!reng!h and lubrlcuhcm "

Alioy 2 contc:ms -

o !uyercd srruciure ltke graphlte wh:ch cxds-'--:

C. SPECIAL

BEARING DESIGNS

In cddition lo conventional sleeve, flange and thrust
bearings, we offer ceriain novel designs, covered by
potents, which show improved performance,

-The combinatien of oil impregnated wood, capable

of retaining aimost 50% lubricont by weight, and

“sintered bronze haos been successful. In this case the

mefat is the load carrying member, while the woad
acts as a lvbricant reservoir. Yarious examples of
this combination ore shown in Fig. 37,

Another successful design innovation is the placing

of a groove in the 1.D. of a bearing such that foreign

. material and gumming products of overheated oil

are removed from the shaft and prevented from

causing premalure failure. This device has been

successful especially in dirty or high heet situations
af low forque valuves. '

'_'fwell in - apphcahons where frefhng corrosmn “was

B.BEARINGS -- ALLOYS

con s__idérhiﬁly_ in houndury ,__Iiibric'd!:'.é'n situations, ‘

fron base bearings ore less expensive than bron;é'
but offer higher sirength and a PV valye gf___chour_'."
35,000, compared fo that of bronze at 50,000. .
Typical iron base: ciloys sm[able as bcarmg mu—.'
terials cre 19 cmd 28. lron bearmgs are no[’ as
corrasion resnsfonr as ‘bronze. o

- Our ql!oy ‘58, iron wuh ‘I % AI;O;, hcs proved !o be_.?".ﬁ.-..
Toan ouis’rcmdmg beunng in Ioboraiory Ieshng. The -

wear resrslcnce of thls mufenu! is descrlbed ‘on .

. _-pcgcao Tﬁe olummum Ox:de helps ,G Prevent'"
“dhe-""’ﬂ weur whlle resulhng in onIY ‘a i:mned
. SR qmounr cf abruswe wear, The beq,mg has workec{\__:_-' _
A% MQS?- a COMpound w;!h' ] -

MET AL - WWooo
ComMawATioN BEANwGSE

o

;

ANEFAL
M A

Fig. 37




We huve been dchvely mveshgutmg the

’ bearmg propemes of a porous, ail cunfnmmg

' --ff_s!nierecf shaft. “The - usual obiechons raised
'agumst the shofts are sirength, size I:mutalions,:
i and éost. Qur strengths can be from 30,000 pSl_.:"" )
~ tensile ;lrangtﬁs to over 100,000.. By pressing af -

D.SINTERED SHAFTS

' 'duce shaﬂs up to three feet Iong und an mch ar o
_more in d:umeter. These rough pressmgs are
. then !umed arid ground to an excel!enl finish.
The ﬁna[ cost is compehrwe with pohshec! and
- ground u!loy steel. Huvmg dealt with the objec-

hons to shnﬂs, let us next :onslder fhe many

" tight angles fo the axis of the shaft we can pro- potenfmi advantages.

Poraus shafts allow oil impregnation in such quantities that @ 1 x & inch shaft contains

11 times the oil ina ¥ x T%" x 1” iong sleeve bearing. The oil moves along inside

the pores of the shaft and is emitted ot the warm bearing surface.

& 1 The flow of oil from the shaft is aided by centrifugel force.
f!

‘%ﬁ Buring periods of rest, the shaft will vansfer oil to the mating perous bearing.

The shaft can contein inhedded solid lubricents such as W53, Mo 51, graphite, or B M,
Al2Os,

e The shaft can be hollowed out to contain a reservoir of cil which is metered to the

%"r,w/ bearing surface through the pores.

A shoft can run agoinst a solid housing without the need of on additional bearing in

the housing.

Shafts of alloy 39C will hove the wear resistont nickel rich particles. Shofts of alloy
58A will have particles of Al3O; which have high weor resistance and low coefficient

of friction.

Loss of oil away from the bearing can be controlled by clasing the pores in the shaff
surface ot that point.

Wider temperature ranges for operatien could be produced by using two oils of differ-

ent viscosities, ane in the shaft, and ane in a porous bearing.

Bacuuse of the nova!fy of !he idea of ¢ sm!ered shnf!s m your prudu:ls. We fee! !hal_':'_"." e

smtered shuﬂ‘, and the rnuny udvuntages noted' them ure muny apphcuhons i whlch lhe sm--' '

above,_wa hr.wa upphed for'a’ putent on the -

Iered shuﬂ wﬂl be supenor to c sohd one. _'

e shufr We mvlte your inqmry ubout the use af-



E.SPHERICAL BEARINGS

S;::heric'ul bearings are Idff__en the answer
where uiign_méqr of two s...lee?e bearings
would be fr_éublesoﬁe or expe__qsi@re_. Since
these bearings rotate m a sphe_;ic':r_:_xi holder

" They are purfecf_fy aligned with ti-le_ shoft:
Perfect alignment couple.c"! wi'l':.i't-lﬁé_;.'!i;uid
and solid lubricants contained in the mdte-
ricl results in a superior bearing sysf:ém. -
Our spherical bearings have been used

with nofable success in fractional horse-

power electric motors,

F

BEARINGS DIMENSIONS TOLERANCES

. . 001" for bearings up to 115" in ID,
Ins:d;ig:i"g:’“'d“ ~=.0015 for beorings 1347 to 214" in ID.
Plain and - 002" for bearings over 214" in 1D,
Flenged Bearing:

=005 for bearings vp to F4A” in fengih.
Length +: 0075 for bearings over F¥4 " up 1o 3”7 in fength.
= .010 far bearings over 3”7 in length.

0015 {0.003” 10%al indicolor reading} for bearings up to 114"
in 1D, Totol reading can be 001 o1 stight additional cost,
0027 {0.004" 1otal indicator reading) for bearings over

1% " in ID.

Concenlricity

005" for beorings vp to 1Y," in 1D,

Inside Diometer 20057 for brarings over 1Y, " in 1D,

Thrust

Beorings Cryhide Diameter % 005" for bearings up 1o 14" in OD.

= .0107 for beorings over 14" in OD.

Thickrews .00257,

Reso. tolerances_raprasent fhe coined condition. If loosar. ol
be eliminated and any cose, a fower cost will resulf.

GPRESS FIT OF BEARINGS

VWhen a sintered bearing is pressed into a PRESS FiT

housing, the degree of interference parily * In general close-in is .0007 per .001” press fit.
determines the amount that the LD, closes : ' o :

in. The 1.D. close-in alsc depends upon the
wall thickness and the elastic strength of
the bearing, and Youngs Moadulus of the Up to 750" a0l . 003" 0006 - 002"
becring and the houvsing. Thin wall bear.

QUTSIDE DIAMETER PRESS CLOSE IN LD,

ings tend to close in more than thick wall. 750 - 1.500 0015 - 0035 001 -.002

Based on measurements of our own bear aver 1.500 002 - 004 0013 -.003
m_gs we "‘-_‘“ﬂ“""‘-‘“d 'h"...":_”°w?“?9 for close- Variations in density or wall thickness will affoct these
in shown in the accompanying table as a figures stightly. : o

practical guide.



SHOULDERED
ARBOR

The majorify of the bronze and iron bearings which
we produce gre impregnoted with a high quonlity
300 or 400 SUS wrbine oil, This ail is strongly forli-
fied with oxidation and corrosion inhibitors ond will
operate for very long periods of time af tempera-
tures up fo 180-200°F,

We have recently investigoled a group of synthelic
ails that promise to provide lubrication in the fem-
peralure range from 250-T000°F, We invite in-
quiries on applicotions in this temperature ronge
because we would like further evidence of the use-
fulness of these lubriconts, It is intereslting to note
that clthough o bearing may have on overall lem-
peralure of 150°F, the interfoce temperalure maoy
locally approach 500°F or higher for short periods
of time. This effect con cause deterioration of oile
that are not oxidation resistant ot high temperalures.

R BEARINGS

H.INSTALLING BEARINGS

I.BEARING LUBRICATION

In addition to liquid petroleym or silicone lubricants
we offer a wide range of solid lubricents for use
under conditions of boundory lubrication, including
graphile, Mo52, W53, and Al:Os. We are now in-
vestigating additions of Boron Mitride for high fem-
peratures or severe conditions of lubrication.

We do no! claim that our hearings never require
oiling. It is true, though, tha! ot lower speeds and
loods, the bearings often will run longer than the
lifetime of the equipment in which they are instalfed
without additianal lubricalion. In our testing, we rup
bearings wilthou! odditional lubrication uatil they
fail. We are in the process of defermining how long
a given alloy will run at vorious PV volues, This in-
formation should be of considergble use in fvlure
design work.

AlR SUPFLY PORQUS
AIR BEARING

ESCARING

HOUSING
POTENTIAL USE OF POROUS MATERIAL N AN AlR BEARING

38



l 0.D. ‘Any Length

Actwal | Neminal | Actual Upto Neminal | Actual | Nominal| Actual p 10

127 | 3716 | .89 1/ | |38 | 3771 i/2 502 | 1-1/4
127 | 7732 | 220 5/16 * 3/8 377 | 9/16 | 565 | 1-1/4
127 1 1/4 252 3/8 3/8 377 | 5/8 627 | 1-3/8
| ,
L 127 | 516 314 3/8 3/8 377 | 11/16 | 690 | 1-1/2
27 | 3/8 377 3/8
/ / 3/8 377 | 3/4 753 | 1212
58 | 7732 | 220- 174
7/16 | 439 | 9/16 | .565 | 1
5/32 | 158 | 1/4 252
7/16 | 439 | 5/8 627 | 1-1/2
©3/16 | 189 | i/4 252
3/16 | 189 | 5/16 | 314 *1/2 | s02 | s/8 627 | 1-172
3/16 | 189 | 3/8 3771 5/8 | 1/2 | .502 | 13/16 | 690 | 1-1/2
7732 | 220 | s/16 | 314 3,8 ©1/2 | 502 ) 3/4 753 | 1-3/4
7/32 | 220 | 7/168 439 34 | 1/2 502 | 13/16 | 835 | 1-3/4
1/2 502 | 7/8 753 | 1-3/4
1/4 252 | 5/16 | .314 /2 |
1/4 252 | 3/8 377 1 ‘
9/16 | 585 | 11/16 | 696 | 1-1/4
1/4 | 252 0 7716 | 439 | 1
9/16 | 565 | 3/4 753 | 1-3/8
174 | 252 1 1/2 502 | 1
9/16 | 565 | 13/16 | 815 | 1-3/8
5/16 | 314 | 3/8 377 3/4

/16 565 7/8 878 1-1/2

5/16 | 314 | 7/16 439 1 1

5/16 314 1/2 502 1

627 | 374 753 | 1-5/16

ASTM Sfondard” -
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MNominal | Actual | Nominal | Actual X Nominal | Actugt E Nominal | Actueal :
5/8 | .27 | 13716 815| 1-5/16 1-1/4 | 1.253 [ 1-7/16 | 1.441 ] 1=1/2
- s/8 | 627 | 7/8 878 | 2 “1-1/4 | 1.253 | 1-1/2 | 1.503| 1-3/4
5/8 | .627 | 15/16| 940 2 1-1/4 | 1.253 | 1-9/16 | 1.566 & 2
5/8 | 627 | 1 1003 | 2 12174 | 1.253 1 1-5,/8 | 1.628 ] 2
el o0 | 1arsl sis| 1 1-1/4 | 1.253 [1-3/4 | 1.753| 2
11/16] 450 | 7/8 878 | 1-1/4 1-5/16 | 1.316 | 1-1/2 | 1.503 ¢ 1-1/2
11/16] 690 | 15/16| a0 | 1-3/2 1-5/16 | 1316 11-5/8 | 1.628] 2
- 34 | 753 | 7/8 878 | 1-1/2 1-3/8 1 1.378 | 1-9/16 | 1.566 | 1-1/2
3/4 753 15/16| 940 | 1-1/2 1-3/8 | 1.378 | 1-5/8 1.628 | 1-3/4
3| 753 1 o053 1-3/8 | 1.378 {1-3/4 | 1.753 | 2
3/4 | 753 | 1-1/16 | 1.066 | 2 1716 | 1.441 | 1-5/8 | 1.628| 1-1/4
3/4 | 753 |1-1/8 | L1282 1-7/16 | 1.441 [1-3/4 | 1753} 1-3/4
3/4 | 753 | 1-1/4 | 1.253| 2
1-1/2 | 1.503 | 1-11/16| 1491 | 1
13/16| 815 | 1 1.003 | 1-3,4 “1_1/2 | 1.503 | 1-3/4 | 1.753 | 2
8 | 878 | 1 003 | 1-1/2 1-1/2 | 1.503 | 1-13/16] 1.816| 2
7/8 878 | 1-1/16 1066 | 1-1/2 - 2 1.503 ; 1-7/8 1.878 | 3
7/8 | 878 | 1-1/8 [1.128| 2 o172 | 1303 |2 20041 3
7/8 | 878 |i-1/4 | 1253 2 1-5/8 | 1.628 | 1-7/8 | 1.878 | 1~1/2
: 1-5/8 | 1.628 |2 2.004 | 2
15/16] 940 | 1~1/16 | 1.066 | i-1/4
15/16] 940 | 1-3/16 | 1191 | 1-1/2 1-11/1¢ 1.691 | 2-3/16 | 2.191 | 3
15/16/ .940 | 1-1/4 | 1.253| 1-1/2 1-3/4 | 1753 | 1-5/16 | 1.941 | 1-1/2
; 1.003 | 1-1/8 | 1.128| 1-1/2 1374 | 1753 2 2004 2
, 003 i 3me [as | 1o/ 1-3/4 | 1.753 2—1,_;’8 2129 2-1/4
‘1 1.003 | i-1/4 | 1.253| 1-3/4 1-13/1¢ 1.816 | 2-3/16 | 2191 | 2
; 1,003 | 1=5/16 | 1.316) 2 1-7/8 | 1.878 {2-1/4 | 2254 2
"1 1.003| 1-3/8 | 1.378| 2
1 1003 1172 | 1.503| 2 1-15/14 1.941 | 2-5/16 | 2.317 | 2
1-1/16 | 1.066 | 1-5/16 | 1.316| 1-1/2 2 2004 |2-174 | 2234 | 2
2 2.004 | 2-3/8 | 2.379 | 2-1/4
1-1/8 1.128 | 1-1/4 1.253 1-1/4 -2 2,004 | 2-1/2 2.504 3
1-1/8 | 1.128| 1-5/16 | 1.316| 1-1/2 s1/a | 2255 |osre | 2629
1-1/8 | 1.128 | 1-3/8 | 1.378| 1-3/4 s Taasn 557 Tasa | 3
1-1/8 | 1.128 | 1-1/2 | 1.503| 2
2-3/8 | 2.379 | 2-3/4 | 2754 | 3
1-3/16 | 1091 | 1=5/16 | 1.316| 1-1/4
1-3/16 | 1191 1-3/8 | 1.378| 1-1/2 "2-1/2 | 2504 |3 3.005) 3
1=3/16 | 1191 | 1-7/16 | 1.441| 2 2-3/4 | 2.755 | 3-1/4 | 3.255
13716 | 191 | 1-t/2 | 1.503| 2 3 3.005 | 3-1/2 | 3.505

“ASTM Stondard
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a1

3/16 5/16 314 3/8 7/16 1/16
3/16 3/8 377 3/8 7/16 1/16
1/4 3/8 377 1/2 1/2 1/16
1/4 3/8 377 1/2 15/32 1/16
1/4 7/16 439 1/2 1/2 1/16
1/4 252" 1/2 .502 1/2 5/8 1/16
516 3147 7/16 439 1/2 9/16 1/16
5/16 314 1/2 502 1/2 9/16 1/16
3/8 377 1/2 502 1/2 5/8 /16
3/8 1/2 502 1/2 5/8 3/32
3/8 377 1/2 502 1/2 3/4 3/32
3/8 5/8 427 5/8 7/8 1/16
7/16 9/16 565 1/2 11/16 oo 1/16
7/16 5/8 627 5/8 7/8 1/8
1/2 5/8 627 3/4 31/32 . 3/32
1/2 5/8 627 3/4 3/4 3/32
1/2 5/8 627 1/2 7/8 1/16
1/2 11/16 490 3/4 31/32 3/32
1/2 502 11/16 690 1/2 13/16 1/16
1/2 3/4 753 3/4 15/16 1/8

*ASTH Stondard




* Neminal

Overch

5/8 3/32
5/8 1/16
5/8 1/8
5/8 1/8
5/8 1/8
3/4 1/16
3/4 3/4 1-1/8 3/32
3/4 3/4 1-5/16 1/8
3/4 1 1-7/16 1/8
3/4 1 1-1/2 1/8
3/4 1 1-5/16 1/8
3/4 I 1-1/8 1/8
3/4 1 1-3/16 1/8
7/8 1 1-1/4 1/8
7/8 1 1-1/2 1/8
1 1 1-1/2 1/8
; 1 1-7/8 1/8
1 1 1-5/8 1/8
1 1174 1-3/4 7/32
1 1-1/4 1-7/8 1/8
1 1-1/4 , 1—3/4' 3/16
1-1/8 1—1/2 1-3/4 1/8
1-1/4 1—1/2 1-11/16 :? 1/8
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1/4 7/16 1/16

1/4 1/2 1/16

/4 5/8 1/16
5/16 5/8 1/16
5/16 3/4 1/16

3/8 5/8 1/16

3/8 3/4 1/16-1/8
7/16 3/4 1/16

1/2 3/4 1/16

1/2 7/8 3/16

1/2 1 1/16-1/8
9/16 1-1/4 1/16-1/8
5/8 ] 1/16-1/8
5/8 1-3/16 1/16-1/8
5/8 1-1/4 1/16-1/8
5/8 1-1/2 1/16-1/8
3/4 1-1/4 1/16-1/8
3/4 1-3/8 1/16-174
3/4 1-9/16 3/32

3/4 1-3/4 1/16-.1/8
7/8 1-1/2 1/16-1/8
7/8 2 1/8

7/8 2-1/8 1,8

i 1-1/2 1/16 -3/16
i 1-5/8 1/16-1/4
1 1-3/4 1/16-1/8
1 2 1/8 -3/16
1 2-7/8 1/8
1-1/16 2-3/8 1/16-1/8
1-1/8 1-7/8 1/8

1-1/4 1-11/16 1/8

1-1/4 2 1/16-1/8
1-1/4 2-3/8 1/14-1/8
11/4 3-5/16 1/16-1/8
1-3/8 1-15/14 1/8

1-1/2 2 1/8

1-1/2 3-1/2 3/16
1-2/16 2-7/16 1/8

1-3/4 2-7/16 1/8

1-3/4 2-5/8 1/8
i-15/16 2-5/8 1/8

2 3 3716 -1/4
2 3-5/8 3716
2-1516 4 1/8 -1/4
2-1/2 3-1/4 1/8

2-.3/4 3-7/8 1/4




L.BEAR STOCK

Wakefield Bearing Co., produces bar stock in all standard alloys
as salid and cored bars of various sizes. This malerial is availoble
from us or our distributers for immediate delivery off the shelf, which
allows you to machine replacement parts, with minimum delay. Bar-
stock of unusyal or-special afloy or density con be made up in 24
hours, Mdchined bar stock is olso used to test prototypes of new parts,
although care must be taken that material of appropriate density is
used, so that performance will be the same as that of a parf pressed
~ fo shape. . o \ '

Optimum machining !echﬁiq_uéé _fd'r powdered metal should be used i
in machining bar.sfock, fo avoid smearing and closing off the oil
refoining pores, - ' - .

Refer to the section on machining p55.

All d_imé}{sféns are oversize such that. the stock will clean up fo the
nominal dimension upon. turning. ' : :
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1/2

5/8

3/4

7/8

I-1/4

1-3/4

2-1/4
2-1/2

1-1/2

2-1/4
2-1/2
2-3/4

3-1/2

0.D,

2-1/4
2-1/2
2-3/4

3-1/2

2-3/4

3-1/4

4-1/2

2-1/4

3-1/4
3-1/2
3-3/4

4-1/2

2-3/8

3-1/2

4-1/2

2-1/2

3-1/2
3-3/4

4-1/4
4-1/2

2-3/4

3-3/4

3-3/4

4-1/2

3-1/4

4-1/4

3-1/2

4-3/4

5-1/2

4-1/2

5-1/2

Length

6-1/2
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Will finish to dimensicns shown

| oo i |

0.D0. | Length

1/4 61 /2 1-3/4 | 6-1/2 3 6-1/2
3/8 | 3 1-1/8 | 6172 1-7/8 | 6-1/2 3-1/4 | 6-1/2
1/2 | 6-1/2 1~1/4 | 6-1/2 2 6-1/2 3-1/2 | 6-1/2
5/8 | 6~1/2 1-3/8 | 6-1/2 2 /4 | 6-1/2 4 6-1/2
3/4 | 6-1/2 1=1/2 | 6-1 /2. 2-1/2 | 6-1/2
7/8 | 6-1/2 1-5/8 | 6-1/2 2-3/4 | 6-1/2
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- Qutside. diamefer .............

Measuremen! over _
' wrres Wit esnieeban g anaae sty

-_-.-.Tcp__ over wires L.

' Invo!ure proﬂ[e

cereee 0037, 4,001 per inches diameter
003" S 001" LT

002” i".UD]I” S e , T3
- ...-.,...001 * per ihchil'ep'g'lﬁf'

1o to 64 Piteh. ....... 001"

Toc_nh to toolh error

0 to 26 teeth. ....... v 00T 4

20 or more .

' Com:enrrnc:!y of I.D. to ieeih
- up lo P p:tch diamefer. ..
2:} !O 4!} - i
aver 4 ' '

Ilon vary wtdely Some, uppllcahons have. refmwe!y
low strength and wear-requirements, and for: these -
sinfered metal offers-a low cost and entirefy. salis-
"~ factory - gear. In dddmon, our gears. have recently '

begun replacing’and out-performing cot steel gears

in applications-previously considered loo severe for:
" powdered metol. These: gears-are. mode from our

high density nickel steef alloys, which offer good

wear tesistance combined with- impact and’ fatigue
strength. This- combinalion’ of wear: resistance. and,
toughness is: uﬂnbufuble to the. partiak air hardening

of Ihese mcke! steel alloys..

Hard areos of martensite increase wearability, while
softer pearlite conkibutes toughness. A micraphote-

'graph of this struclure appeors on p 3 1.

. For situations’ in which lmpdct loads. exist, our- #35
‘and 72 al!oys, both-of- hngh densuy, offer a great
- improvement. over-other’ smlered siee[s. See page

58 fcr Tensile impact-data. .

On. desugnmg-gears for powdered metal and sefeck

ing: satisfactory. materials for them, the dynamic and

001 o

Q003 TR - -
e D04 TIR -
e D05 TIR

_stolic loads on the gear Footh and the fimil load for

wear:should be computed, The designer is referred
to- Professor, Earle Buckinghem's Manuval of Gear -
Design, seclion two, pp 141-1492 in which com-
plete formulae dand definitions are cvailable. The

formulae also oppear in Machinery's Hand Book,.
" pp 715-720, 13th edition. Qur engineering staff:

will be happy to assist you in your gear design

proh!ems

There are rhree material dependent factors neces-

- sary for the computation of the load carrying ability

of a gear. For Dynomic Load the elastic. modulus

must be known, Table II shows elostic- modulus . - -

valves for Wakefield alloys most commonly used in.
gear epplications, It will be obsérved that the values

depend @ greal deal on-density. th compuling the

Static Beam-Strength-of teeth, the: safe static-bend-.,

-ing stress for the material is required. Values for

this. are. given in Table ITY.

The: Limir toad for Wear invalves both elastic modu-
" lus ond surfoace endurance limit of the material.

These:values appear in Table IIT.

O.REINFORCED GEARS

The process of powder metallirgy offers a definite

strength advantage in the production of a.reinforced
gear,. The gear teeth can be made with an inter-
connecting reinforcing web ds. shown in. Figure 39.
This. web could not be-used in the standard gear
eulting practice, Gears with:left and right hand: webs
can be conveniently used in motched pairs. Depend-

ing on. the' rotio. of gear thickness lo the footh.
length, we esiimu_!e an increased looth loading
. 0f-50%. :



MATERIAL PROPERTIES FOR GEAR DESIGN

 SAFE STATIC BENDING STRESS
AND SURFACE ENDURANCE"LIMIT, 'S

T 3600060000 |-

P.FILTERS

Sintered bronze and stainless steel filters
can be vsed fo remove particles from 5-100
microns or lorger from a wide variely of
fivids. Impurity particles are easily filtered
from air, waler, petrofeum products, acids,

or boses at high or low temperalures.

The metal porticles thaf are vsed in making
bronze filters are very small, perfeci

spheres, closely graded in size. The regulor
packing arrangement of these particles pro-
duces pares of reqular and known dimen-
sions. The filter will remove porticles larger
than the known pore size. Close conirol of
filtering praperlies is possible with our wide
range of filter grades avoilable, By using
table IV, to select filler matericls, the cus-
tomer can obtain the degree of filtration
he requires.
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Average
Particle Size
Romoved
imleronal*

Minimum Size
Completely
Removed
imicrans)*

Removed about 50 %
of Particlos Coanter
Than

{mlcranal*

170

500

100

100

300

50

80

240

40

57

170

30

39

120

20

28

85

15

21

60

10

33

5




_G. DESIGNING FOR POWDER METALLURGY

To derive the greotest benefits from the powdered metal process, both in cost end performance, the desigaer
should observe the basic rules of powdered metal part design.

These rules insure beiter too! strength, higher port density and physical properties, uniformity, and reliability. -

The following sketches wilt be helpful.

007 Flat on chamf. cllows for
E greater tool strength

greater than %3

tha x 45" chomf.—{-—- '/u——liy
for wall thickness - - ?

Rad. allows for beter

powder flow and increases Rad. for wall thitkness loess than %
part strength |

Avoid wall thicknoess
less then - ‘s

For greater strength,
lower step dios.
~i— should be machined

! Loength J
|Length should be no greater than 2% times dia,

l Must be machined

~,
THREAD —

must be machined

= Must be machined

:;_-:iHo!c must be drilled

Can be molded

When pressure is applied to powder in the die cavity, the powder does not flow freely in oll directions as
would a liquid, but will move only in the pressing direction.

The die must be constructed to allow free movement in this direction. All sharp corners, and projections,
restricing powder flow should be eliminoted. Threods, undercuts, holes at right angles to the pressing direc-

tion can not be molded. However, they can be easily machined ond the cost of machiring a sintered blank is
in many cases lower than other methods of manufaciure,

In the ebove, sketches the pressing direction is indicated by t
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.where

R.TOLERANCES

' The following table gives general rules for
.+ the folerances, which can be expected in

pi?\irderea metal parts. For specific types of
parfs, such as bearings or gears, more de-

1c'§_i[ed tolerances are published under the

abpropriute section in this catalog.

C_ross section ................ .001 per inch
Length ... e .010 per inch
Center location .

from hole to ho!e ........ .004 per inch

These figures apply to pcn'is finished by a siz-
mg operation.

PHYSICAL PROPERTIES

' A. DENSITY AND OIL.

!mpregnared Bearings™.

The denslty of g part may be culculafed as follows

_Aw-welght of Ihe purt :n mr in grams '

we:ghr of fhe purr in a:r(affer cocmng -.-mh [
Irunspurent !acquer)m grams.

The denssly of a sm!ered meful produc} should i
- be checked in accordunce with lhe Metal Powder -
< Hidustries Federation specification 8-50, ‘“'Accep-
':f:.'_ 'fance\ Tests on Structural Parts Made from Metal
Powders", or American Society for Testing Material
) specification B 328-60 "Density and Interconnected
Porosity of Sintered Metal Structura[ Parts and Ol[-

Depending on the configuration of the parf,
it may be poss:b!e to hold closer folercnces

Our engineering staff should be consulted
before firm figures are sef.

If cost is a factor, the designer should bear
in mind that any relaxation of these toler-
ances may represent a substantial saving.
Tools can be less expensive, and one set of
tools may serve when ordinarily two would
be necessary. Production rates can be accel-
erated, and even entire operations eliminated
with no sacrifice in physical properties, if
dimensional tolerances are broad.

OF SINTERED METALS

CONTENT

' c'-———wmghl of the part in water fas coared w:lh fhe".'

R fransparen! Iacquer} in grams S

D densrty in grams per cubsc cenhmeter

' We find in prachce that |l' i usuc!Fy nor neceuary

10 use the lacquer if the weight 8 is the weight of

. the sample after huvmg been WEIghEd in woter and -
“with the excess water drops wiped oﬁ’ The steps
' mvo]ved in fokmg a sample density are llluslrared in '
. Fig. 40-41. On all somples, care should be exer- E
" cised in- mukmg ‘certain that no bubb!es adhem to .
- the- samp!e surfuce Ordmdrlly, Ihe sample is supr_..

ported an a fhm Ihrecxd or wire as shovm The thin .

_thread does not cause nohceabie mcccuracy on"

bu!cmces w;lh a sens:i?wfy of U? gmm S




2 The mensurement of' avmlab_e poroslty or ml
" coatent is_ also’ descnbcd in’ the fwo spectf‘cchons "
_ menhoned above The percenl by volume ‘of the '
B scrr'pnc which represenls poroslly cun be calculated_': )
" from !he re{uhon. ' - : )

BT

. wh'ere

o :A“werght of 1he cu.\‘ free samp?e'm grums o

B __wesghr of !he o:i :mpregnuted sample m_ grams

we:ghf of the oul :mpregnored sample mrnersed
i wurer.

:mtcrcommumcotmg poro;:ly, by volum

NN
X3 2
-

My
{4

Specific Gravity

300S8US

4875

6005U5

885

B. RADIAL CRUSH TEST

The Radial Crush fest is described in M.P.LF. speci-
fication 35.61 — “Materials Stondard and Specr—
fication”.

The Radial Crush is a strength test that can be ap-
plied to q_'lindrical bushings and bearings. The
bearing is comprassed between two flat platens as
shown in Fig.42.The foad, P, at which the bearing
first cracks is called the Radial Crushing Strength.

This load may be determined from the dimensions
of the bearing and a factor K, called the strength
constant:

Flg. 42

- - H TWO
CYLINDRICAL ” it PLATENS

BEARING or ||
BUSHING

COMPRESSION TESTING A CYLINDRICAL BEARING
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L P= KL
L

Pﬁ.;‘&.diul'crusf;ing Ioud pounds

. D oumde dmmeler of becmng in inches

woil Ihtckness of ﬂle beurlng, in mches .

) _:_f_l..—lenglh of Ihe bearmg, in mches

' K—s!rangth consfont pc:l.mcis/:rl3 C

B.RADIAL CRUSH TEST (cont.)

The strenglh conslant is opproxamulely related to the :
tensile strength as follows: ~

K psi == 1,87 Tensile Strength [psi}
In this way, strength cdnsfanis can be determined
from the tensile strengths gwen int the lable of physi-
col pmpemes begmmng on page 63. They are alzo
specified in MPIF and ASTM standards.

Hardness !eshng may be used os a subsmul’e foron

emptrrcal sfreng!h test or as'a test of the wear

___resrs!ance of o thm, hurd case. Hurdness runges
- that' are. to be used for ucceptonce somplmg shoufd

be determined as described above for the emplracol'
crush:ng strengths. Thot is, the hardnesses on the

~-first successful produchon lot should be used fo set.
up standards for subsequent produclion and accepf» g
ance. The valves of the hardr_]es_s given in the tables
. of physical properties beginning on puge 64 may
be used as @ guide o the hardnesses to be ex-
pected. In_general, the customer should chosse the -

" alloy for fensile strength and use our value of hard-

. ness ds'u téstx fdr'lhat."".lénsile strength. o

_ A more delalied dnscussmn of hardness teshng was

g:ven on pugeZS.

D.HAFIDNESS TESTING |

Hurdhess values ore measured on o meeroscopic

) scule with the series of testing machines that employ

the Rockwell scale, The ASTM specification B. 347-397

s uppropnciie,._ even fhou_gh directed specifically af

friction materials,

Case hurden:ng by curbunzmg or nitriding should
properly be evaluated with a ‘microhurdness fester,
The g_energl oper_uhon of such a machine was ex-

" plained on page 28. It is very likely that we can

relate microhardness to Rockwell A or superficial

'hardness ‘and to the service hfe on a given park

Thus, the ﬂrst few praduchon pieces could be

. checked by microhardness and Rockwell A testing

to ascerfain what volve of Rockwell A should con-
stitufe acceptable hardness of production pieces,”



Metallography can be used both as a tool for
analysis of failure gnd for continuous production
quality confrol or occeptance sampling, I the
customer would like to perform melallographic ex-
amination, we recommend the following procedure.

1. Extract olf oil from the somple by a solvent or
heating in protective atmosphere. Retained oil
makes examination difficult because it flows from
the pores and causes spots on the polished surface.
These spo!s can, hawever, be temporarily removed
with alcohol,

2, Mount sample in Bokelite if the sample is too
small to hold while polishing.

3. Rough grind, preferably wet, on an 80 mesh
belt.

4. Finish grind on emery papers #1, 1/0, 2/0,
3/0 and 4/0 dry.

5. Polish on o rotating wheel, using AlO; 1u in
water syspension, A Buehler Meticloth is satisfactory,

6. Elch to remove smearing

A. Iron base — 5.10 seconds by swabbing
in 2% Nital,

B. Copper buse — 20 seconds in a solution
of 5 parts NH;OH 2 parts H20 ond 2.5
parts HaOaz, by swabbing or immersion,

7. Final polish on Buehler microcloth with .Tp
cluming in water.

8. Eich lightly, 1-5 secands, in sofution of step &.

9. FExomine under suitable reflecting light (metal-
furgical] microscope (100-480X]),

Many micro-photographs of properly and improperly
sintered materials have been included in the cola-
log. Following is o list of such photographs for
reference and comparisons: £ 22, 23, 24, 31,

The Best way fo carry out dimensional inspection is
described in MIL STD 105D on acceptance sampling.
if the customer can specify an Acceplance Quality
Levet [AQL) in the request for quotation, we can set
up our production inspection to gugrantee this level.
The low AQIL required for the more critical parts wifl
be reflected in the prices we are able to quofe. Ifis
economically advantageous for the customer not to
request an AQL lower than {5 reolly needed for
the part.
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nEcoMMENDEn gg
HEAT c .
T R EAT M E N T
PRACTICE
PURE mém' Case cnnaumzsn' 150%
..'_'._‘.:.\.._.‘___,Wakeﬁe!d Sintered Sfeei o!ioys su:fubie For "'_and no case resulfs. At densities above 70
hec:t frectment mclude Nos 3‘? 65 72 61 porosity -is no longer interconnected - com-

pletely, so that gas cannot’ penetrate thtough-
out the piece. A cose can.then be formed... -
- However, the: depth of case'is extremely sen-.
sitive ‘o the density, .as.the few"remoining...
surfatce pores allow carbon fo pehietrate more
. quickly as'‘gas -than it could- by diffusing -
“thréugh the. solid steel. Case depth depends.....
-, on the combmchon of dens:ty cmd hme of'--;-_;_-"

tructure is wear: res:stance, "buf a d:sadvan-e
age. is thc:t machm:ng is made diff cult by~

____expenmenfchon for.the mdmduui job.- For_""'_:
",fth:s redson mcmy cusfomers prefer to' ieav

mg carburization -
6 -the mtrodUchon '
“af earbon -thrbughouf a part will cause. more

expansion than would & thin"case. Aguin, the

_dimensional change can bé'determined. for
... thé. density of the specific part. Die to minor

density. fluctuations- within a-part, however,
o!erqnces shoufd be as broqd as poss:b!e

Quench hurdenmg of ‘sur steel - c:Iloys,"'-""-
_whetlier carburized. or in the siftered condi-

. tion'is most_successfully accomplished. by

- " holding “the_work at 1550°F, for Yo hour -
-and_queriching into agitated . oil jof (140~ © ° .

275°F. Partsshiould “be- heated in-a non- '

“oxidizing - -atmosphere.. which is" neuteal 1o -

" the carbon content of the parts. If possible

they “should' beé heated. “and. quenched “in

.. racks to reduce the. chunce of d:sforhon.

. .Quenzchlng /should be. foliowed by o temper-
-ing. freafment usuai!y for an. hour..The tem-

- necessqry, a: freaimen? af 4000F _lﬂcreuses_",”
toughness with the sacrifice of
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1I.PLATING

The usuc{ processes for plating non porous
metafs can be apphed fo powder metal parts
LS wel_i However, care must be taken that

there i isno, mferconnected porosafy ‘within the

part as the platmg hqmds may impregnote
fhe pc:rf by cap:ﬂc:ry achon and subsequently

bleed out and destroy' the plated finish.

Parts can be supplied by us in a condition

‘suitable for plating, or the customer can

have parts infilirated with plastic before
plating by his own shop or a local supplier,

~ which will fill the open porasity satisfactorily.

J. ENSIE |M|=Ac: TEST

~The :mpacr sfrengfh of smrered materials is

_usually not presented with other physical

property data. In'the post, values have been
low and would only serve to show the mate-
‘rial in an unfavorable light. The queshon of
:mpact strangth cannot be avoided in the
more severe appl:cahons ‘of sintered steels

for which we receive inquiries. For this reason’

we have measured the tensile impact strength
of our sintered steels and compared them
with fomiliar wrought materials. Tensile im-

pact testing is described in ASTM Spec:f‘ca- '

-tion D1822-61T. The tensile bar specimen is
gripped as shown in Fig.45 in o TMImachine
{Fig.46). The pendulum carries the specimen
down cgomsf an anvil. The trailing gr:p
catches on the anvil while the forward gnp

continves on and breaks the spec:men in

tension. The energy in foot pounds is read
“directly on the upper scale. Data are nor-
malized by dividing the energy fo fracture
by the cross sect:on drea.

n Table VI are presen!ed the dato on our
best materials in several heat treated condi-
tions. For ease of comparison, data on the
wrought mc:tenc:ls, cold rolled steel, stainless
steel, copper, brass, and aluminum are also
presenfad

Nofe'thuf our. best materials, clloy 72 and
annealed infilirated iron, are in the same
range of strength as copper, brass, and
aluminum, which are certainly not brittle
materials. Even our 39C alloy as sintered,
with the relatively low impact strengths of 64
1. |bs. has been used with.tfremendous suc-
cess on a wide variety of gears and struc-
tural parts. The wide range of impact allows
considerable latitude in material selection.




TENSILE IMPACT STRENGTH,

Imspact Strength

TENSILE IMPACT TESTING (cont.]

TABLE VI ' -
SINTERED AND WROUGHT MATERIALS

WROUGHT MATERIALS

SINTERED MATERFALS Fool |b1. /in.
Quenched ,7

Density and
Alloy g/cc Sinterad Quenched Tempered Annealed
39C 6.35 27 23 14 108

6.83 64 45 37 141
58 6.34 0 27 20 54

&.55 7.5 33 18 38
65 6.86 92 31 58 330

7.01 210 25 360 355
72 7.06 550 24 405 315

7.39 590 49 530 695
Infiltrated 7.52 204 19 107 905

Iron

wrought Impact Slrer[ﬁih
Materiols ot /0.
316 Stainless Steel 4600
oo

Cold Rolled Steel 1905
Brass, half hard 1450
Copper 1280
Aluminum 805
Cast iron {Grey} 45

i ]
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K. WEAR
RESISTANCE tc_.on_t.:l

TableYIl, Values of K, the Wear Coefficient

Like Metals [Unlike Metals| Mon metals
Lubrication in Conlact in Contact in Cantact
Clean Surfaces 52107 2x 1074 5x 1078
Poar lubrication 221074 104 FEN [l
Avcrage lubricatien| 073 1078 5x 1078
Excellent lubrication| 1070307 H LR vt 1074

fn an auvtemobile engine, the piston-cylinder system
has a K of 10-7, From the table we see that like
motericls give o very high wear rate when they are
¢lean, {note, the best way to clean a metal is to
abrade it lightly with dry, fine, emery paper)., Mon
metals seem to have the edge under no lubrico-
tion" conditions. It must be rememberad that P, the
hardness, enters into the evaluation of malerial tost
by wear. P for nylon is about 1/20 that of steel so
that wnder conditions of average lubrication, the
materiat loss for metal is less than for nylon, the
higher K value of the metal notwithstanding.

Whot is meant by like metals or unlike melals with
respect to the above table? Pure metcls like Cu/Cu
or In/In are examples of like metals that seize
easily, and have a high K value. Most alloys act as
urlike melals, even when bearing and journal are
of the same alloy. Thus steel on sktee! is on accept-
able combination with low K, Similarly brass/brass
or bronze/branze act as unlike mefals, Apparently
having fwo phases in an alloy helps it to oct as
“unlike’ even toward itself, In carburizing or nik-
riding to form FeaC or iron nifride we get non metal
constifuents that help to moke the steel oct in the
“unlike"” manner toward itself. High hardness is
helpful in adhesive wear resistence,

Abrasive weoar results from sharp, hard porlicles
plowing up the surfaces in contact and creating
small chips or weer garticles. This form of wear is
illustrated in Fig. 48.

The rate of abrasive wear can be estimafed by o
formula similar lo that for adhesive wear:

KxLxl

4680 x P
The letters clf have the same significonce as for
adhesive wear except that K has a new physical

meaning. Here K equcls the tangent of the angle A
in Fig. 49.

If A is greater than 45%, K can be greater than 1.
Typical values for K are given in Table VIIL.

Table VIII
K values for Abrasive Wear

e

Application K
Sharp File 0.1
Emery Paper .01
Loose Particles .00t
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VICKERS HARDNESS — KG MM’

Abrosvive Wear Resistance {reciprocal of
wear rate) as o Funcion of Hardnass.

Since K values tend to be much greater for abra-
sive wear than for adhesive wear, we try fo elimi-
nate abrasive wear firsh

it is interesting to note that high hardness pays o
diminishing return when attempting to combat abra-
sive wear, Figure 50 shows that increasing hardness
from Re 50 to Rc 63 does not decrease the wear
rate very much, This result does nof apply to adhe-
sive wear, as was shown by Olson & Chapman [ASM
Transactions Vol 53, P 359, 1941.) For adhesive
wear, high hardness gives high wear resistance,



Contact”
Initial stages of adheswe wear Points

O—.
TR,

Flg. 51a.

j——.-
,—'J,/ /x/// ////\f\f\;’\f\ ///
2770 ol Coalesced”
Contact Points
Coalesced contact points, just prior to the loss
of a wear particle by adhesion to the other surface

Eig. 51b.

;///\D E?;’\U QAU’DJ\D"

<

Contact Points o A1203 Partule

Prevention of contact point coalescence by dispersed
Al,0; particles, .05-10 microns

Fig. 5lc.

Abrasive Particle

Z_Matenai
remaved / Pore

by abrasion

Material removal by abrasive wear

Eig. 53

Cur alioy 58 is an iron makix with fine AT2:0; par-
ticles included. The aluminum oxide may cause some
abrasive wear, but the porticles are so small the! the
wear rate is very low, The Al1:0; particles actually
help prevent adhesive wecr by the following mecha-
nism, [nitially in the interaction between two sur-
faces, the points of contact are evenly distributed
over the surface. (Fig. 5ta}

During continued motion, the contact points coalesce

and form a region with many contact points,  [Fig.
51b)

1t is this coalesced contact point region which then
can be tronsferred, os on adhesive wear porticle,
from one surfosce to the other, Apperenilly the
AT110O: particles in the matrix physically prevent
coalescence, (Fig. 51c}

We thus reduce adhesive wear at the expense of o
little abrasive wear. This would suggest thal a com-
binatian of Al,, for adhesion prevention plus @
hard, carbonitrided surface for abrasion resistance
would be excellent for over-gll wear resistance, A
microphoto of alloy 58 at 300X is shown in Fig, 52.

Wear of a soft Bearing on a hard shaft,

One remedy for wear that hes often been em-
ployed in the past is to use a soft bearing on a hard
shaft, In principle the soft beoring will imbed any
hard abrasive particles and remove them from the
system so that ro wear can occur. E, Rabinowicr
stated of an ASM meeting October 3, 1943, thot
for this system to work successfully, the hord mate-
rial must be five times os hard as the soft material.
Both hardnesses should be measured on an absclute
scofe such o3 Vickers or Knoop, and not Rockwell
C or B,

We maintain that microhardness is the best measure
of resistence to wear for a porous surface. With
microhardness testing one investigates the resistance
to deformation of the matrix material itself and ex-
cludes the effect of porosity, For example, In con-
sidering resistance to abrasion, we care concerned
with the plowing away of ma¥ix material by o hard
particle, There is nothing o be lost from veoids on
the surface. Wear by abrasion of a sintered porous
surface is shown in Fig. 53.

We con then stete thal a surface with ¢ micrehard-
ness of Rc 65 is os resistant te abrosion as a
wrought matericl of the same hardness. For adhe-
sive weor, which can be more greally affected by
hardness, the some considerctions apply, We are
not worried about loss of material from pores but
only from the matrix,
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N.EFFECT OF DENSITY ON ELASTIC MODULUS
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DENSITY IRON ALLOYS, oo

equal that of ihe waght maf
“this fact is. reddily uriderstoo
remembers thct the surfug:_

STAIKLESS
$TEEL 316

STATHLESS

_same iength of hme"- Th'
STEEL 410

fered sfc:m[ess sfeel is elear,

3.5% N1 IaoN

Ha cusfomer is concerned that sintered stain- ..
“less’ sfee! w:ll not* meet h:s requarem s, for




P.FRETTING CORROSION

Frelting corrosion is a persistent problem in

some applications. It is characterized by the
generation of a red or black powder, ac-
~ companied by roughening of the metallic
- surfaces. The factors which seem to con-
tribute to the situation include humidity in
the atmosphere, vibration, and too small
clearances between the fretting parts.

In the field fretting corrosion sitvations have

often been correclted by using oil impreg-
nated powdered metal parts, Additionai suc-
cess has been experienced with our alloy
#58, coniaining aluminum oxide. [t-is be-
lieved that this material wears in and adjusts
the running clearance so that fretting will not
oceur. In addition the aluminum oxide pre-
vents cxdheswe wear particles from formmg
and oxidizing.

STAINLESS
1 WEEK
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Before selecting a specific alloy or density.

from this listing, our engineering staff should

always be consulted. We may advise you of:

" o more appropriate alloy or density for your
patticular part, or suggest a design change
which would allow us to obtain the prope'rtie's
_you require af lower cost. - '

‘Although we have published physical - data
* varying with density, all other variables were
“held constant in these tests. Therefore the

ek

effects of using different grades of powder,
. of varying the alloy constituents, of sintering -
fi_rﬁes, temperatures and otmospheres, are- .
not shown. These variables can be Uéed_ to
change properties from those pub:fishe:":l '

~ here. For some alloys we list fhe'eﬁet_:fs of”
finishing operations, such as coining and heat
treatment, Most of them, however, were .

© tested.in the as-sinfered state. The improve-

' meﬁfs':o_f various finishing operations are sub
stcm:ﬁc!"cmd should be borne in mind,

Campositien Condition Denliiyé Porouity
i gfec ; *%

[ lbsfagin.] ¥ 2% yield | Rackwell

: Microhardness
Teniile Compressive | Hord- convorted
Strength Strongth : noss from Knoop

NICKEL STEELS

s anered TTUEEETTTES

6.89: 11.7

46.53
6.79
6.90

©6.50

! as sintered |

l annealed
23.25 Fe-4 Ni
12Cu-75¢C

! carburized

6.80 7 12,9 |

39C: 93,25 Fe-4 Ni ©6.82; 12.8
2 Cu-75C - 6.90 11.4

© 95.25 Fe-4 Ni
|75¢ 3.5

qnneqled 70

3.0

0 137,700
0 144,500 | 1.

s sintered . 6.6
4.5 :
£ 101,700

- 62,300
4.4 |

B84 B88-C43
BB7

B76
878

T A
B92 | 886-C33
BP5 |

C22 | (C54-60

C36 | C54-60

s .

B9S | B94.C22

BO7 |

69,700
74,300
78,700

59,800
62,700
69,400

ToipNRIN e
—higLO Lo

65,565+
76,100
88,800

R — =
0 by i e N

C24.37

_.._._.
i N

C58-60

92,500

74,300
75,200
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i : Tensile Elong- | Compressive; Herd- hardnass
Compotition Condition i Density | Porosity ¢ Seangth atien Strength | ness convested
: Pl | % |fbs/1g.in, Y .2% yield | Rockwell | from Knacp
95.25 Fo-d Ni | hoottrealed ;719 1 73 131,000 18 b
F5-C 7.39 4.7 148,300 3.3 78,500 n C42.45

) 188,200 3.4 i oca4

case carburized . - cio |
agL 93.75 Fe-4 Ni as sinterad 43,200 0.2 B77
T Cu-.75-C-.5 Fb 57,500 05 | B3
heal treated
case <arburized |
| 39A | 96Fe-4Ni sintered 6.59 16.4
COPPER -
sintered 5.49 280 18,100 25 | 12,300 H75
619 21.5
. c47
97.5 Fe-2 Cu- sintered i 559 27.6
5C P a04 28
95.5 Fe-3 Cu sintered 5.57 261 P 37400 1 08 ¢ 0 msr P
1.5¢ 576 238 | 4300 | 16 i et ¢ f.
5.96 21.1
95 Fe-5 Cu as sinfered 578 24.1
© 591 22.5
ai sinfored 6.43 157

BP3-CI5

cnnealed

BES.C44

24 Fo-5 Cu
11

age hardened

105,600

26,600
26,800
31500

b4 u_n ...-W Cu

92Fo-7 Cu- | sintered
1c

80 Fe-20 nc T sintered

) 5.99 35,300
{18 | 75Fe23.5Cu | sintored 5.66 22,800
1.5C 414 25500
70 Fe-30 Cu sinlered 5.77 291 246,300
4,08 255 30,800
50 Fe-50 Cu sintered 478 19.9 34,400
&.61 209
6.64 206
41 Fe sintered 579 6.4 10,900
&.05 231 15,100
517 214 16,100




Micro-

Tensile , Compressive hardness
No. Cemposition Condition Dentity Parosity . Strenglh  Elongatien  Slzength Hardness converted
g/fee i % ibs/3q. in. *h 2% yield  Rackweli from Knoop
a1 Fe ; tase corburized 6.6 ) Cis C58.64
432 98,5 Fe-1.5C sintered 582 132 39,500 Lg B47
5.98 1.1 44,500 1.0 B57
618 B4 46300 2.2 B&6
INFILTRATED Fe e
"35 BOFe20Cu sintered 6.98 78,800 1.2 B85
.75-1.00¢C 7.16 . 94000 1.7 B92
7.32 f102.300 1.7 895
annealed 690 . 54,900 4.0 853
717 68,700 a8 B71
700 o 79500 4.5 875
heat trealed 595 87,000 1.5 B4
7ac {105,700 vy B93
7.18 L 17800 10 897
STAINLESS STEEL ............ [P — R I R ——
38A 304118 Cr8Ni = sintered 684 1 180 38,200 19.0 840
) balance Fe i
398 [ 316L18Cr-8Ni ¢ sinlered &80 ;150 40,000 11,3 Ba9
2 Mo belance Fe
{ 38€ : 302818 Cr-8Ni | sintered ;656 . 170 4700 . 124 B44 ¢+
SPECIAL WEAR RESISTANT MATERIAL _____
A .11 20.4 12,4005 a7 H63
58-41, 98 Fe-241,0s sintered 633 . 175 14,200 4.7 Hé® B&2.44
646 158 15,900 4.2 H73
i siptered 6.35 16.6 52,300 A B77
6.51 14.5 54,800 1.7 882 BA&-100
i . s64 . 130 59,400 1.5 B84
58.39 91.25Fe-3Ni | onnealed &34 | 169 43,200 2.0 B&G
2 Cu-2A1,0; : 654 1 142 47,500 1.8 B7} BR1.C28
75C 647 125 4B.800 2.2 B75
heat treated &30, 174 L 55500 1.2 82
657 1 138 | 41,100 1.4 890
683 130 66,900 2.1 B9}
BRONZE
Former Tensile Compratiive ‘Hardness Miceo-
Mo. Composition Designation Density Parasity Strength  Elongation  Strength gkoc&wcll . hardaes
.14 90 CU-10 Sn Coprex 5.27 28.5 15,500 &7 14000 | Hal
; : i 671 134 19,800 5.5 15,300 | Hs9
(2AF 1 90 CU-10 Sn Grophex 574 3315 15.000 50 7700 ; H40
: - 5C . 620 | 280 19,200 7.5 10500 . HS53
22A ' 92 Cu-B5n | Graphex 12 © 253 10,400 3.7 9000 | H34
Po-2.5¢0 ’ 857 197 13,500 35 10,200 | H30
1 ; : _ 667 . 185 15,300 40 10,500 °  H35
P 23A ¢ 92 Cu-BSn " Graphex 618 | 286 11,500 5.0 10,400 H36
14 478 . A7 15,400 57 $4.000 H55
) : 685 . 209 . 16300 5.0 14400 1 H56
24 | 90 Cu-105n | Graphex 608 275 1 10200 4.0 8.450 | H22
i -F1SC : 519 T 2.2 10,800 5.5 9250 . H30
. : o 646 ' 228 12,500 5.8 10600 H4l
27 ¢ 90 Cu-10Sn ! Graphex 542 1 334 2,400 5.0 5,150 xx
o h25C 601, 264 - 13,500 50 8,400 H3s
3 i 91Cu-25n | Grophex 589 1 275 | 8800 50 7350 ¢ HID
I S 1 598 ¢ 264 | 2,300 40 7500 M2
: 830 225 11,100 45 8500 M2
P41 ¢ 92Cu-BSn | Grophex 587 i 281 4,900 1.5 4,200 xx
; ¢ -H4C ; 587 i 255 7,400 2.0 5650 xx
615 | 220 ;8300 40 7.650 HiD
2 | 90Cu-105n ! Graphex 615 ¢ 300 i 11700 5.0 %500 ¢ H29
i -haMes, PoAM 655 | 245 ¢ 15500 7.0 12,200 - Hs4
2A | 92 Cu-85n | Graphex 633 [ 280 1§ 10500 48 10,400 H31
o -l-4MoS, 4m 644 [ 263 ¢ 11,200 50 11,400 K13
L ) 676 . 33 140 4.9 14,200 H55
P 90CQu-105%n Graphex 643 ¢ 270 1 14000 5.6 10800 | Hd4
i 2MoS, ~ 2 685 ¢ 222 ;18,000 9.0 12000 1 Hs9
TA | 92Cv-8%n { Graphex 646 | 264 12,600 3.3 11,300 H4?
© ~-2MoS; M 664 1 245 12,900 332 12,600 H54
682 | 224 14,800 4.2 13,800 H42

66



Former Tentile Elastic Hardnett Micra-
Mo, Compasilion Oesignation bDensity Pargsily Strength  Elangation Limit Rockwsell  hordness
_____ LEADED BRONZE
12 88 Cu-105n Coprex .94 22,3 19,000 10.0 14,200 H34
2 Pb 7.24 17.8 26,400 13,2 16,100 Had
8 86 Cu.¥ Sn Grophex 675 19.4 13,000 6.9 7500 H34
—5Pb--2C 70t 16.2 12,900 6.9 8,100 H4s
1a 77 Cu-8 8n Grophex 578 280 4,400 2.7 3,300 -
1570 -4.5€ 820 7 400 45 4,350
13 88 Cu-11 5n Graphex 5.81 7.2 2,700 [04] 7.0 H:
~2Ph--35C 6.38 0. 14,200 00 9700 Ha7
25 846 Cu-10 5n Graphex 6.55 225 11,500 3.5 10,100 H32
—4Pb-i-1.5C 6.80 19.5 13,700 ¢0 VL4000 K44
& B7 w7580 Graphex 428 24.5 8,920 8.3 & 100
—55Pb-25C 478 13.5 12100 7.5 8.050 H26
4 86 Cu-5 5n Graphex 609 245 5,200 1.4 4,650
9PbaC 6.49 ws o 7500 3.5 6,250 H26
2 48 Cu-10 Sn Craphex 470 22.) 9700 50 5,250
—2280 -+ 2C 7.06 183 1L700 5.0 6,400 H1g
N NICKEL BRONZE =~ o :
21 33 NI-65 Cu Graphox 5.74 333 8.800 2.8 5,550
~~28a -+ 2C Cu-Mi 6.03 293 2,500 2.8 8,750 M2z
________________________________________________ OTHER NON-FERROUS = e
37 78.5 Cu-20 In Braws 7.40 113 24,300 110 H72
- 1.5 Pb 7.83 85 23500 17.2 HEC
48 64 Cu-18.5 Zn Micket Silver 7.35 15,0 23,000 7.5
1B NI LS P ) ) .
52 Cu Copper 6.81 21.7 13,500 159 Hig
753 157 21500 26.8 Ha5
53 Ag Sifver B.10 223 11,300 10.5 H12
8,30 20.8 12,600 13.1 H25
55 Ti Titanium . 408 100 . 74000 6.0 B5G
5 94 Cu-6 S © B.25.B.40 45 40000 5 B4S
i 15 70 Cu-25 Ni-5 Sn 7.70.7.80 0 1 45,000-50.000 5
COEFFICIENY of FRICTION
Recommended Angle of
Campoiition Teud Range Figura Repote
$3.25 Fed Ni .230 .230 3"
. 2Cu75¢C
i &% 93.25 Fe-4 Ni 210 210 12°
2Cu-75¢C
i 72 95.25 Fo-4 Ni 210230 218 12,257
: 75
L 39l 93,75 Fa-4 Ni .210-.220 215 12.25"
: VCu.75C-5 Pk
98 Feo-2 Cu .225-.250 .225% 137
97.5Fe2 Cuu5C 225,250 225 1a”
955 Fe.3Cu-1.5C .210..230 220 12.5°
95 Fe.5 Cu 250 250 147
?5 fe.5 Cu ,205-.215 .210 1.75"
93 Fe.7 Cu .250 .250 4
92Fe.7Cu1 C .230 ,230 13
?1 Fe.§ Cu-1C ,225..250 .225 13
85 Fe-15 Cu .225..250 225 13
80 Fe-20 Cu ,235.,250 225 13
18 75Fe22.5Cu 1.5 C .225.,250 225 13
70 Fe.30 Cu L300 .300 17.57
50 Fe-50 Cu .230 .230 13"
Fe .250-.285 .265 14,75
93.5F21.5C .210-230 .220 12.5
: Stainless Steel 240 .240 115
;5847 93.5 Fe-2 Al;Oy \260.,280 .265 14.75
| 58.39 £1.25 Fo-dNi .230 230 13
; 75C ;
as1s
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Recommended Angle of

No, Compasition Tost Runge Figure Repote
BRONZE COMPOSITIONS
14 90 Cu-105n \275-.300 .275 16.0
23 90 Cu-10 5n-+.5 C .250-.275 250 14.5
224 92 CuBSn25¢C J300-325 .300 i7.5
234 92Cu85n+.5C \275.300 275 18
24 0 Cu-10Sn LS C .275..300 .275 14
22 S0 Cu-105n1+-2.5C 278 275 14
3 91 Cued 5n--3 C .225.,250 L2258 13
1 P2CuBSn b 4C .250..275 .250 14.5
2 90 Cu-10 5a-+4 MoS, .250 250 14.5
24 R2 Cu-85n b 4 Mo§; ,225..250 225 13
1 90 Cu.10 $n-+2 MoS, \275..300 275 14
1A 92 Cu-B 5n -2 MoSs ,250-.300 250 14.50
12 88 Cu-10 5n.2 Pb .225..250 228 13
: B4 Cuo R Sn5Pb -2 C .275-.250 225 13
10 77 Cu-8 5n-15 Ph-+4.5 C .100-.225 200 115
13 BB Cu-105n-2 Pb+i 3.5 C .225..250 225 13
25 86 Cu-105a-4 Po-+-1.5C .225..250 .225 12
& BF Cu-7.55n-5.5Pb12.5C .225-.250 .225 13
4 BA Cu-5 5n.9Pb -4 C .225-.250 225 13
9 68 Cu-10 5022 Pb-+-2 C 200 200 115
NON FERROUS

23 33 Ni-45 Cu-2 $n-3-2C \275..300 .275 16
az 78.5Cu-20 Zn. 1.5 Pb .230-.250 .240 13.5
52 Cu .285 .285 15
53 Ag .250 .250 14
35 Titanivm .230 .230 13

*This fgure docreases rapidly alter break-in period a3 shown by No, 2 Allay which coeflicient of friction
reduced lo approximately .07 after slight ¢ooling of molybdenum disulphide has hed time to be dis.

persed on 1haft,

&8
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Tamsile

Compressivo

Strenglh Strenglh Porasity
14 90 Cu-10 5n 15,900 14,900 23.8
23 90 £u-10 5n-+.5C 22,900 12,900 214
224 92 Cy-85n+-2.5C 4,000 11.300 19.5
234 92Cu-8Sn-t-.5C 14,200 12,900 23.8
24 90 Cu-105n-i-1.5C 13,400 11,400 232
22 P0 Cu-10 $n--2.5 C 17,600 10,200 19.3
3 91 Cu-9 §n-+3 C 12,800 9,500 18.6
11 92 Cu-8 5n-i-46 12,500 10,900 16.4
2 90 Cu-10 Sn-1-4 Mo$, 15,500 11,400 4.9
2A 92 Cu-8 5n-1-4 MoS; 12,600 12,800 24,8
1 90 Cu-10 5n -2 MoS; 15,700 11,400 249
14 92 Cu-§ 5n-i-2 MaS; 12,900 12,300 248
12 88 Cu-10 5n-2 Pb 14,500 12,800 25.0
8 86 Cu-9 5n.5 Pb-+-2 C 12,500 7.750 2L2
19 77Cu-B5n15Pb 1-4.5C 7,500 5,200 17.8
13 88 Cu.10Sn-2 Ph-1-35C 15,900 16,700 17.5
25 B4 Cu-10 Sn-4 Pb-+-1.5 C 12,300 10,400 22,0
3 87 Cu-7.5 $n-5.5 Pb-1-2.5C 10,900 7,350 20.7
4 B4 Cu-5 $n-9 Pb-i-4 C 8,100 7.500 18.2
9 68 Cu-105n-22 Pb +-2C 9,100 4,900 23.5

Tensile Comprossive
Sirenglh Strongth Porosily
28 98 Fe.2 Cu 21,700 24.0
29 7.5 Fe-2Cu-5C 26,700 223
26 95 Fe-5 Cu 22,000 28,200 214
19 21 fFe-B Cu-1C 45,300 45,000 223
17 85 Fe-15 Cu 312,100 246,200 25.2
- 16 80 Fe-20 Cu 36,500 19,200 25.0
18 75 Fe-235 Cut5C 24,400 45,600 3.1
27 70 Fe-30 Cu 29,600 26,400 26,5




. CALCULATED FROPERTIES OF COMPACTS |
AT 705« OF THEORETICAL DENSITY

BRONZE COMPOSITIONS

Tantile Compressive
Mo. Coempesition Density Sheagth Stiength Porasily
14 S0Cu-105n 5.15 12,400 13,500 30.0
23 90Cu-105n+4-.5C 6.03 17,600 9,450 0.0
224 92Cu-B5n--2.5C 574 7,800 4,450 00
234 92Cu-85n-+.5C 6,046 10,600 9,650 o
24 $0Cu-105n-+-15C 5.87 9,500 7,550 30.0
22 $0Cu-105n--2.5C 572 11,700 6,500 30.0
3 ?1Cu-95a-+-3C 5.68 7,600 6,600 300
11 $2Cu-85n-+-4C 5.52 6,400 3700 30.0
2 90Cu-105n-1-4Mo5; a.16 11,800 9.550 30.0
2A ?2Cu-B5n-+-4Ma5; 615 9,500 8,900 30.0
1 $0Cu-1050-12Mo5; 6.16 11,400 10,000 100
1A 92Cu.85n-+2Mo5; 615 9,200 9,200 300
12 88Cu-1050-250-2Pb 816 11,200 10,100 30,0
8 B6Cu.95n-5Fh 1-4.5C 5.90 2,500 7,200 30.0
10 77Cu-B5n-15Pb-}4.5C 562 3,600 2,950 300
13 38Cu-103%n-2Pb-3-3.5C 5,60 8,000 4,050 300
25 86Cu-105n-4Pb-+15C 5.92 7.300 4,650 300
6 B7Cu-7.550-5.5Pb-+-2,5C 582 6,900 4,350 300
4 86Cu-55n.9Ph-|-4C 5.45 4,000 2,800 30.0
9 68Cy-105n-22Pb-1-2C 6,04 6,000 3,050 300
FERRQUS COMPOSITIONS
28 98Fe-2Cu 552 14,000 0.0
29 97.5F¢.2Cu-.5C 5.40 16,600 10.0
26 95Fe-5Cu 5.4 20,400 24,300 30.0
114 91Fc-8Cu-1C 5,40 30,700 35,000 10,0
17 85F¢-15Cu 561 23,000 22,000 oo
16 80Fe-15Cu 5.61 28,300 16,400 30.0
18 75Fe-21.5Cu-1.5C 5.46 20,300 43,100 30.0
27 7OF¢-30Cy 57! 25,400 22,300 300
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1. Composition format:

Compositions are listed in two ways. Materials in which the addition agents {graphite,
MoS2, etc.) do not alloy are listed with the metallic components toto!!mg 100%, and the
addition agent as an added percentage. For example: Alloy 22A is 92% Cu-8%
Sn -{- 2.5% Graphife (ol percentages are by weight). Metallurgically, the bronze matrix
is a typical 22-8 bronze alloy. For materials in which the additives alloy with the base
metal, all constituents add up to 100%. For exemple: alloy 45 contains 92°%, Fe, 7%
Cu, 1.0% C. The carbon indicated in these alloys is the amount of graphite added. The
combined carbon is about 659, of the amount of carbon shown by the composition.

2. Theoretical densities of sintered alloys are calculated from the densities of the com-
ponents and their weights if a comparable wrou ght material does not exist. The theorehcai
densities may be calculated from the formula:

D theoretical = P measured
P

1. —

100

D theoretical == theoretical density
D measured == the density volue listed in the table

P == % porosity listed in the table for the particular measured density.

Example: Alloy 23
D measured = 6.20 gr/cc
P = 28%
D theoretical = 6.20 ==6.20 ==8.61 gr/cc
.8 72
100

We do not list theoretical densities in the tables because the porosity figure, 28%, imparts
a better physical feeling for the sfructure of the material and its oil holding copacity.

3. Tensile tests were measured on standard MPIF tensile bars on our Dillen Dyna-
mometer or at the facilities of SKC Research Associates,

4. Hardness measurements were made with the Wilson "Rockwell” tester and with
Knoop microhardness tester. To compare the various Rockwell scales employed, we have
plotted Rockwell hardness versus Knoop hardness, (elongated diomond indenter} on
page 72,

5. The porosity listed in the preceding table is total porosity. The porosity available for
oit holding is 2 - 5% less.

6. The elastic limit in compression is measured by compressing a cylinder of the mate-
rial and determining ot what stress .2% permanent deformation occurs.
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The following definitions are wccording to MPIF standard 9-62 and are those most applicable to this
manual.

APPARENT DENSITY ~—

The weight of a unit volume of
powder, usually expressed as grams
per cubic cenlimeter, determined
by a specified method,

ATOMIZED METAL POWDER —

Metal powder produced by the
dispersion of molten metals into
particles by the impingement of o
rapidly moving gas er liquid stream,

BLANK —
A pressed, presintered or fully sin-
tered compact, usvally in the un-
finished condition, requiring culting,
machining, or some other opera-
tion to give it ils finol shape,

BLENDING -—
The thorough intermingling of pow-

ders of the same nomincl compo-
sition [not to be confused with
mixing},

BRIQUET —

See Compach

BURN OFF —

That stage of a sintering cycle
referring to the time or tempera-
ture necessary 1o remove ingre-
dients used to assist the forming of
o powder metallurgy part.

CARBONYL POWDER —

A metal powder prepared by the
thermal decompesition of a metal
carbanyl,

CLASSIFICATION —

Separation of a powder info froc-
tions according to particle size,

COINING —
The pressing of a sintered compact
to obtain a definite surface con-
figuration [rot to be confused with
repressing or sizing).

COLD PRESSING —

The forming of a compact at room
tempercture,

COLD WELRING —

Cohesion between two surfaces of
metal, generally under the influ-
ence of externally applied pressure
at room temperalure,

COMPACT —
An object produced by the com-
pression of metal powder, gener-
olly while confined in a die, with
or without the inclusion of non-
metallic constituents. Synonymous
with Briquet.

COMPACTING TOOL SET —

See Die.

COMPRESSIBILITY ~—

A density ratio  determined under
definite testing conditions,

COMPRESSION RATIO —

The rotic of the volume of the
toose powder to the volume of the
compact made from it. Synony-
mous with Fill Ratio.



CONTINUOUS SINTERING —

Sintering in such a manner fthat
objects are advanced through the
furnace at o fixed rate, by manue!
or mechanical means.

CORE ROD —

The member of the compacting teof
sef or die that forms a through
hole in the compact.

CRACKED AMMONIA —

See Dissociated Ammonia,

BENDRITIC POWDER —

Particles, usuclly of electeolytic ori-
gin having the typical pine tree
like structure.

BENSITY (DRY}—

The weight per enit volume of an
unimpregnated powder metallurgy
part.

DENSITY (WETI —

The weight per unit volume of
powder metallurgy part impreg-
nated with oil or other non-metallic
moferial.

DIE —

The part or parts making up the
confining form in which « powder
is pressed. The parfs of the die
may be seme or all of the follow.
ing: die body, punches, and core
rods. Synonymous with Mold ond
Compacting Teol Set.

DIE BODY —

The stotionary or fixed part of a
die,

DIE LINER —

A removable liner or part of a die
body or punch. Synonymous with
Bie Insert,

DIE LUBRICANT .—

A lubricant mixed with the powder
or upplied to the walls of the die
and punches to facilitate the press-
ing and ejection of the compact,

DISSOCIATED AMMONIA —

A reducing gas produced by the
thermal decomposition of anhy-
drous ammonia over a catalyst, re-
sulting in a gas of 75% hydrogen
and 25°% nifrogen. Synonymous
with Cracked Ammonia,

ELECTROLYTIC POWDER —

Powder produced by the pulveriza-
ticn of an electro-deposit.

EXOTHERMIC ATMOSPHERE (GAS} —

A reducing gus atmosphere used
in sintering and produced by par-
ticl or complete combustivn of a
hydrocarbon fuel gas and air.
Maximum combustibles approxi-
mately 25%.

ENDOTHERMIC ATMOSPHERE (GAS) —

A reducing gos otmosphere used
in sintering and produced by the
recction of a hydrocerbon fuel gos
and aic over a catalyst with the aid
af an external heat source. It is
low in carbon dioxide and water
vapor with relatively large per-
centage of hydrogen and carbon
monoxide. Maximum combustibles
approximately §0% .
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FINES —

The partion of a powder composed
of parlicles which are smaller than
a specified size, currently less than
44 microns.

FLOW RATE —

The time required for a powder
sample of standard weight to flow
through ar orifice in a standard
instrument according to o specified
procedure,

GREEN —

Unsintered {not sintered]; for ex-
ample: green compact, green den-
sity, green strength,

GROWTH —

An increase in dimensions of a
compact which may occur during
sintering {converse of shrinkage),

HOT PRESSING —

The simulfancovs healing and
molding of a compact.

HYDROGEN LOSS —

The loss in weight of metal powder

or of a compact cavsed by heating

a representalive sample for o spe-
cified time and temperclure in a
purified hydrogen atmosphere —

broadly a measure of the oxygen

content of the sample, when ap-

plied to materials containing only ¢

such oxides as are reducible with
hydrogen and no hydride forming
element.

HYDROGEN REDUCED POWDER —

Powder produced by the hydrogen
reduction of a metallic compound.

IMPREGNATION —

A process of filling the pores of a
sintered compuact, usually with a
lubricant; also o process of embed-
ding porticles of o ron-melciiic
substance in a metal powder mat-
tix, as in digmond impregnated
tools,

INFILTRATION

The process of filling the pores of
a powder metallurgy part with o
metal or alloy of a lower melting
point.

INTERCOMMUNICAYTING POROSITY —

That type of porosity in o sintered
compacet in which the pores are
connected to each other ond the
surfaces so that o fluid may poss
from one to the other completely
through the compact,

K-FACTOR —

The strength constant in the for-
mula for “'‘Radial Crushing
Strength.” (See Radial Crushing
Strength.}

LIQUID PHASE SINTERING —

Sintering of o mass of powders
consisting of lwo or more constitu-
ents, at a temperature below the
melling point of the high-melting
constituent, but ahove the melting
point of the low-melting constifuent.



LOWER PUNCH —

The member of the compacting

teol set or die thot defermines the

powder fill and forms the boom of
the part being produced. Second-
ary or subdivided lower punches
may be necessary to fecifitate fifl-
ing, forming and ejecting of mul-
tiple level parts.

LUBRICATING —

Mixing with, or incorporaling in,
a powder, some agent to facilitate
pressing and ejecting the compact
from the die bedy; applying a lu-
bricant to the die walls and punch
surfaces,

MATRIX METAL —

The continvous phase of a poly-
phase alloy or mechanical mixture;
the physically conbinuous metallic
conshituent in which separate par-
ticles of conother censtituent are
embedded.

MECHANICAL COMPONENT —

MESH -

A shaped body pressed from metal
powder and sintered wherein selfs
{ubricalion is nol a primary prop-
erty, A powder metaliurgy pert but
not an oil-impregnated bearing.
See Powder Metallurgy Part.

The screen number of the finest
screen through which substanlially
ali of the particles of a given sam-
ple will pass. The number of screen
openings per finear inch of screen.

METAL FILTER —

See Porous Metal.

METAL POWDER —

MIXING —

MOLDING —

Discrete particles of elemental met-
als or alfoys normally within the
size range of 0.1 to 1000 microns.

The thorough intermingling of pow-
ders of two or more materials.

The pressing of powder to form o
campach.

PARTICLE SIZE —

PARTICLE SIZE

The controliing lineal dimension of
on individvel porticle as deter-
mined by analysis with sieves or
other svilable means.

DISTRIBUTION —

The percentage by weight, or by
nember, or by volume of each frac.
tion into which a powder sample
has been classified with respect fo
sieve number or microns. [Pre-
forred usage: Vparticle size distri-
bution by weight'' or “particle size
distribution by frequency™.)

PERMEABILITY ~—

POROSITY —

A properly measured as the rate of
passage of ¢ liquid or gas through
o campact; measured under speci-
fied conditions.

The amount of pores {voids] ex-
pressed as a percentage of the
total volume of the powder metal-
tury park,
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POROUS METAL —

A metal structure heving controfied
interconnected porosity and uni-
form pore openings produced fo
meet fiitration or permeability re-
quirements. Synonymous with Metal
Filter

POWDER FLOW METER —

An instrument for measuring the
rate of flow of o powder accord-
ing fo a specified procedure,

POWDER LUBRICANT —

An dagent mixed with or incorpe-
rated in a powder lo facilitate
the pressing and ejecting of the
campact.

POWDER METALLURGY —

The arts of producing metal pow-
der and of the utilization of metal
powders for the prodyction of mas-
sive materials and shaped objects.

POWDER METALLURGY PART -

A shaped object that has been
formed from metal powders and
bonded by heating befow the meli-
ing point of the major constituent.
A structural or mechanical com-
ponent, bearing or bushing, made
by the powder metallurgy process.

PRE-ALLCYED FOWDER —

An alloy in powder form in which
each puarticle is of alloy compo-
sition,

PRE-MIXED POWDER

A uniform intermingling of powders
of fwo or more materials performed
by the powder producer (not fo be
confused with pre-blending — see
Blending).

- PRESINTERING —

Theheutmgofa ompucturu!e
perafure beiow"rhe normal final -
sintering temparuture, usually to
increase the ease of handling or .
shaping the compucr or ro remave
a lubricant or bmder prior - ro__.‘_
sintering. SRR

PRESSED BAR —-

A compact in Ihe form of a bar,
green compact.. L

PRESSED DENSITY —

The werght per enit volume of cm_\_"
unsintered compucf Synonymous B
with Greern _Denslry__. o :

PUNCH — A .l
Part of o dre of compachng taolset
which is used Io transmit pressure,_‘ T
to the powder in the die covity. =
See Upper Punch and tower Punch, -

RADIAL CRUSHING STRENGTH—\.

The load cupuctry, expressed in:

pounds, of a hollow cyhndnca!_:
specimen made. by powder metal-".
furgy, to resist fracture induced by
a force opphed between flat paral- . .
lel plates in a darechon perpen- ..

dicular to lhe uxls of Ihe specimen, '

RATE-OF-QIL-FLOW —

The rate at ‘which a spemﬁed o:l
will pass through a smtered porous
compact undcr specnﬂed test con- .
ditions, . - :

REDUCED METAL POWDER— .

Metal powder produced without
melting, by the reduction of metal
oxides or other compounds with
hydrogen, curbcm, curbOn I'I'IOI"I'I.";__:.
oxide or mixtyres thereof,




REPRESSING —

SHRINKAGE —

The application of pressure to o
previcusly pressed and sintered
compact, usvally for the purpose of
improving some physicel praperty.

A decrease in dimensions of a com-
pact which may cccur during sin-
tering (converse of growth}.

SIEVE ANALYSIS —

Particle size distribution; usuvally
expressed as the weigh! percent.
age retained vpon each of a series
of standard sieves of decreasing
size and the percentage passed by
the sieve of finest size. Synony-
mous with S¢reen Analysis,

SIEVE CLASSIFICATION —

SINTERING —

SIZING —

The separation of powder into par-
ticle size ranges by the use of o
series of graded sieves,

Bonding of particles in a mass of
metal powder by molecufar [or |

afomic) aftraction in the solid state,
through the cpplication of heat,
causing strengthening of the pow-
der mass and normally resulting in
densification end recrystallizalion
due to material transport, {Sinter-
ing (Nounl — See Powder Metal-
lurgy Part)

A finol pressing of a sintered com-
pact to secure desired size.

SPONGE IRON

POWDER —

Iron powder of porous struclure
uswaily produced by the reduction
of iron oxide.

SPHERICAL POWDER —

Globular shaped puarticles.

STRIPPER PUNCH —

SUPERFINES —

A punch, which in addition to form-
ing the top or bottom of the die
cavity, later moves further into the
dic to eject the compact,

The porticn of a powder composed
of porticles which are smaller than
a specified size, currently less than
10 microns,

TAP DENSITY —

The apparent density of a powder
obtained when the receptacle is
tapped or vibrated during loading
uvnder specified conditions,

UPPER PUNCH -

WARPAGE —

The member of the compacting tool
sel or die thal closes the die and
forms the top of the part being
produced,

Distortion which may occur in o
campact during sintering.
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The current Bibliography represenis only a

very small portion of the articies available

on. Powder Metallurgy. The articles selected

herein have been chosen as representafive of
those felt to be of most interest to the readers

of this catalog. The books and periodicals

listed in this Bibliography cite many other

articles on the subject for the reader who

wishes o investigate other phases of Powder
Metallurgy in detail, Those articles listed in

the Bibliography published in our previous.

catalog are not included in the current Bibli-

ography, but are cvailable for reference,
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GOEYZEL, C. G. — Treatise on Powder Metal-
lurgy — Yol | — 1949; Yol. [l — 1930; Yol,
tl — 1952 — {Interscience Publishers, Inc,, New
York).

JONES, W. D, — Fundamental Principles of Powder
Metallurgy — 1960 — {Edward Arnold, Lid.,
tondon].

KINGSTON, W. E. — The Physics of Powder Metal-
furgy — 1951 — (McGraw-Hill Book Company,
Ine., New Yorkl.

LESZYNSKI, W. Pawder Metallurgy ~— Praceedings
International Conference — New York — June
13-17, 1960 — {Metal Powder Industries Fed-
eration & Powder Metallurgy Committee, ALM.E.)
— {Interscience Publishers, lnc.,, New York).

SCHWARZKOPF, P. — Powder Metallurgy — lts

Physics and Production —— 1947 — [The Mac-
millan Co., New York).

WULFF, J.— Powder Metaliurgy — 1942 — {Amer-
ican Society for Melals, Cleveland, Ohio).

. Symposium on Production end Design Limitg-
tions and Possibilities of Powder Metallurgy
Parts — 1945 —- {American Society for Test-
ing Materials, Philadelphia].

_____ ~.Symposium on Powder Metaliurgy — 1943 —
{American Sociely for Testing Materials, Phila-
delphia}.

Special Report No. 38 Ed 2 — Symposivm on
Powder Metallurgy — 1947 — {lron & Steel
Institute ~— London}.

Symposium on Powder Metollurgy — 1954 —
tiron & Steel Institute — London), 1956.

A.5.M, Review of Metal Literature — 1946 - 1965 Inclusive —- {American Society for Metals, 7301

Euclid Avenuve, Clevelond 3, Ohio).

Engincering Index Service — {Engineering Societies Library, 29 West 39th Skreet, Mew York 18,

New York).

'STANDARDS AND SPECIFICATIONS

Metal Powder Industries Federation, 40 Ecst £2nd Street, New York 17, New York,

American Society for Testing Materials, 1916 Race Street, Philadelphic 3, Pennsylvania.

{Specifically Devoted to Powder Metallurgy}

Metal Powder Association Proceedings of Annual Meetings ~— [Metal Pawder Industries Federation, 60
East 42nd Street, New York 17, New York) — 2nd (1946} Through 20th [1964) Annual Proceedings.

Powder Matallurgy — [(Powder Metallurgy, Ltd., Joint Group of the lron & Steel Institute and Institute
of Metals, London, 5.W. 1, Englend), — 1957 — 1943,

Powder Metallurgy Bulletin — {Powder Metallurgy Bulletin, 320 Yonkers Avenue, Yonkers, New York}.

Metal Powder Report {Powder Metallurgy Lid. of London, Paramount House, 75 Uxbridge Road, Ecling

W. 5 Englend).

AIME Powder Melallurgy Committee Mewsletter (Institute of Metals Division, Metallurgical Society of
AIME, 345 East 47th Street, New York 17, New York).
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ARTICLES

W. R. Anderson — Process Controls for Quality and
Quanlily in Powder Metcllurgy — Proceedings —
Metal Powder Industries Federation — T16th An-
nual Meeting — April 25-27, 1960, pg. 42-49,

W. R. Andersen, W. F. Bissett, & P. R. Kalischer —
Powder Metallurgy Operations ot Maylag —
Precision Mefal Molding 19, March, 1961, pg.
43-46.

H. E. Barkan — Powder Metallurgy Ports — Their
Advaniages in Design — Electricel Manufacturing
65, March 1960, pg. 139-147,

V., D, Barth — Selected References on Making High-
Temperature Allays by Powder Metallurgy -— De-
fense Metols Informeltion Center — Memo No.
47, March 18, 1940, 3pP.

W. L. Batten — How ta do More with Prealfoyed
Powders — Maelal Pragress 75, April 1959, pg.
105-112,

W. L. Batten — Application of Stainless Steel Pow-
der Metallurgy — Proceedings — Metal Powder
industries Federation — 16th Annual Meetling
e April 25.27, 19860, pg. 120-129,

W. L. Batten — Developments Extend Market for
Stainless Powders — iron Age 186, September 1,
19460, pg. 64-46.

G. R. Bell & L. M. Maricchi ~ Powder Metallurgy as

an Aid to Production Engineer — Engineer and
Foundryman 22, August 1957, pg. 54-60,

G. R. Bell, F. 8. Webb, & R. Woolfall — Pressing
and Sinfering Characteristics of Certain Copper
and Tin Powder Mixes — Metallurgia 58, Novem-
ber 1958, pg. 233-241,

E. Betz — Melcl Powders — Boon for Induskry —
Canadien Metalworking 24, July 1961, pg.
21.22,

H. R, Biehl — Acceptance Inspection for Quafity |

Assurance of Powder Metallurgy Paris — Pro.
ceedings ~— Metal Powder Industries Federation
— T8th Annual Meeting — April 23-25, 1962,
pg. 74-84.

L. ). Bonis & N, }. Grant — Structure and Properties
of Dispersion Strengthened Internally Oxidized
Nicke! Alloys — Met. Soc. of ALM.E. Trans, 224,
No. 2, April 1962, pg, 308-316.

B. Bovarnick — MNew Basis for Inspection Method for
Sintered Metal Components — Proceedings —
Metal Pawder [ndustries Federation — 15th An-
nual Meeting — April 20-22, 1959, Port I, pg.
72-81,

S, Bradbury — Complex Powder Metal Parts for
Higher Density — lron Age 187, June 5, 1958,
py. 124.125,

R, Burgess — Reclistic Toleronces for Sinterings —
Precision Metal Molding 16, October 1958, pg,
52-53.

C. Burley, Jr. — New Methods Spur Metal Powder
Use — American Machinist 103, July 13, 1959,
pg. 108-109,

A. Clayton & G, Brewer — Sintered Porous Media
—— Engineering Materials & Design Conference ——
2nd. Proc. 1961, pg. M1-5.

W. Coursen — Use Quelity Conirol to Lower Costs
~— Precision Metal Molding 28, December 1962,
pg. 32-34,

S. R, Crooks — What Carbon ond Alloys do for
Iron Powder — Metal Progress 74, December
1958, pg. 68-73.

G. W. Cunningham — Powder Metallurgy —- State
of At — Battelfe Technical Review 1T, No. 8,
August 1962, pg. 3-9,

F. 1. DeMaine — Pralotype Toaling for Powdered
Metal Parts —— Precision Metal Molding 19,
December 1961, pg. 28-32.

J, E. Ellio — Porous and infiitrated Metal Pt. 1 —
Powder Metallurgy Applications, Bearings, Funda-
mentals of the Process; Pt. 2 — iron-Copper
Matarials, Sintered lron Bearings, Sintered Com-
ponents ~— Metal Industry 92, April 11, 1958, pg.
293.296, 92, April 18, 1958, pg. 307-309.

), E. Ellichk — Poravs and Infiltrated Metal —
Metal Industry 92, Aprit 25, 1958, pg. 334-336.

M. Eudier ~— Mechanical Properties of Sintered Low-
Alloy Steels — Powder Melallurgy, No. 9, 1962,
py. 278-290.

P. E. Evans & G, C. 5mith — Raolling of Strip from
Metal Powders — Sheel Metal Industries 32, No,
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4. L, Bverhart — Designing for Metal Powder Struc-
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Manuval Ne. 158, April 1959, pg. 113-124.

P. ). Foille — How Design Afects Quality of Pow-
dered Metal Parts — lron Age 188, July 6, 1961,
pg. 76-78.

E. J. Fitzgerald — Powder Metallurgy — 1962 —
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F. Giordano — Roll Peen Powder Metal Parls for
Size and Finish — Toof & Mfg, Engr. 48, No. 5,
May 1962, pg. 125-126.

E. Gleixner — How lo Specify Powdered Melal
Parts — Precision Metal Molding 18, Mo. 4,
April 1962, pg. 36-39,

F. T. Gray & P. V. Schneider — Application of
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ceedings — Metal Powder Industries Federation
— T18th Annual Meeting — April 23-25, 1962,
pg. 58-66,
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R. E. Green — Some Current Applicctions of Pow-
der Melaliurgy — Machinery (London) 107, Me.
2603, October 3, 1962, pg. 760-765.

E. Gregory — Extruding Metal Powders — Metal
Progress 75, No. 4, Aprit 1959, pg. 113-116,
150-152, 154, 1564, 158,

L. Griffin — High Density Sintered lron Compo-

nents for Fuze Assemblies — Proceedings ~—
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Annual Meeting — April 23.25, 1962, pg.
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J. Haller —- Sizing ond Coining of Melal Powder
Parts — Machinery (New York} 65, No. 8, April
1959, pg. 135-138.
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Materials and Design Cenference Proceedings —
February 1940, pg. 51-512.
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lurgy — Powder Metallurgy — No, 9, 19462, pg.
247-264,
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Design Problems —— Precision Metal Melding 15,
No. 7, July 7, 1957, pg. 42-43; 69.

B. 1. Horton — Improving Quality, Performance, and
Economy in Postoge Meters Through Powder Met-
cllurgy — Proceedings — Metal Powder Indus-

tries Federation — 18th Annual Meeting — April
23-25, pg. 67-73.

R. 5. Jemieson & E. Geijer — Machinability of Sin-
tered Iron — Proceedings — Mete] Powder In-
dustries Federalion -— 15th Annual Meeting —
April 20-22, 1959 (Part 1}, pg. 82-93; Supple-
ment — 16th Annual Meeting — April 25-27,
1940, pg. 19-33.

I. Jenkins — Recent Developments in Powder Metal-
lurgy — Iron & Steel Inst, Journal 189, Part |,
May 1958, pg. 15-18.

H. F. Johnson — How to Make Structural Parts from
Powdered Metals — Conadian Metalworking 24,
July 1961, pg. 26-27.

W. V. Knopp — Sintered Nickel Steels —- Precision
Metal Molding 18, No. 9, September 10, 1940,
pg. 55-61.

. Kothari — Heat-Treated Powder — Iren Parts —
Machine Design 30, No. 22, October 30, 1958,
pg. 93-96.

1. Kovacs —~— Porous Metal Filter Media Solve Tough
Operating Problems — Materials in Design Engi-
reering 47, Mo, 1, lanuary 1958, pg. 126-128.

A, ) Last — Powder Metallurgy and Sintering of
Iron — British Chemical Engineer 2, No. 8, Au-
gust 1957, pg. 433-436.

H. Lefer ~ Sinfered Insert Shaves Cost of Die Cast
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lography of Aluminum Powder Extrusions —— Jour-
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Properties of Aluminum Powders and of Extrusions
Produced from Them — Journal of Metals 9,
January 1957, pg. 124-130,

3. A, Lend — Roll Compacting Produces Pure Nickel
Strip — Journal of Metals 10, November 1958,
pg. 731.734,

1. E. Miller — Furnace Upgrades Powder Parts fo
Mcet Design Challenge — Iran Age 797, No. 11,
March 14, 1963, pg. 92-93.

J. F. C. Morden — Powder Metaliurgy — Mefal In-
dustry 9@, No, &, February 8, 1957, pg, 103-105,
108; April 5, 1957, pg. 265-248.

). F. C. Morden —- Powder Metallurgy — Metal
Industry 92, Na. 3, lanuary 17, 1958, pg. 43-46.

H. C. Mouwen & T. R. Fruda — Forms and Prop-
erties of Porous Metal Products — Proceedings —
Metal Powder Industries Federgtion — 18th An-
nual Meeting — April 23.25, 1962, pg. 166-171.

W, A_ Qlep — Powder Metal Preducts — Wisconsin
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Y. Pryer — lron Powder Part Herdness Gains
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1056-1060.

H. G. Taylor — Case Histories of Typical Structurcl
Components Made from Metel Powders — Ma-
chinery {Londan}, 102, No. 2630, April 10, 1963,
ng, 832-838,
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