! -2
Sintered Alloy for O l-Retaining Bearing and Met hod for_M%h;k&nQufﬁﬂﬁiﬁg
Sintered Alloy 5 The present invention relates to a sintered -
alloy for an oil-retaining bearing and a method for manufacturing the -
sintered alloy, and nore particularly to a sintered alloy and a nethod for
manuf acturing the same which is suitable for the 10 bearings of audio
instruments and the like. The sintered al{qy has excellent adaptability to
the counterpart of the bearing, causes relatively little increase in
tenperature when it is driving, because of the low friction coefficient,

a_ng Ihas ex?:el I gn_t 15 siwebp8aCAL18Yyr eBgt bi1SRetaiadng! bexsihgve been

wi dely enployed in oi I=retarnrT gartngs. and _serve as Jnportant conponents
in nmost appliances. | angy Meshad £or ¥ afacEur YL Sapanese
| ndustrial 20 Standards (JI'S) various Kilws of industrial appliances are
standar di zed. These bearings are made from various kinds of alloys for
exanple, iron alloys, iron-copper alloys, iron-carbon alloys, iron-copper-
carbon al | &s, i ron- coppee -prasent| bpyenbionzeedbkogsto28 siobpped all oys,
| ead- bronze al | 9ys kb ST Ak ! 3113k LoYSn 1 d8PBREEEnEARRR! aLﬁ\bgthe@éG- 51554,
_for exanple, discloses a green conpact eSsentially conposed of an iron

powder and a brRWiRFGRRFINGhTRE SbRAPAEED 8140B) cBPEd™PE®a sintering

process to prodite: 3daldr By € 6r&dsahteyedThelapowadnanine@ned gempventi onal

oi |l -retaining beari which js made from an.all oy _a, gai n_cogponent of

Which i iron HEAREFREANY EBRanrRgl “BiFBnseno thaPAFore? Fhecan serve as(@

a heavy- dutd bdsaming85cf #bdkeeinssuomeatsoaundnthenalikbearirhg has a | arge ™
(7 sintered alloy has excellent adaptability to the

counterpart of the bearing, causes relatively little
increase in temperature when it is driving, because of
the low friction coefficient, and has excellent

15 mechanical strength. .

Sintered alloys have been widely employed in
oil-retaining bearings and serve as important
components in most appliances. In the national
standards in Jépan_called Japanese Industrial

20 Standards - (JIS) various kinds of industrial appliances

are standardized. These bearings are made from
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various kinds of alloys for example, iron alloys,
iron-copper alloys, iron-carbon alloys, iron-copper-
carbon alloys, iron-copper-lead alloys, bronze alloys,
25 copper alloys, lead-bronze alloys and similar alloys.
Japanese Patent Laid-Open 56-51554, for
example, discloses a green compact essentially
composed of an iron powder and a brass powder, which
compact is subjected to a sintering process to produce
30. a sintered alloy. -
The above-mentioned conventional oil-retaining
" bearing, which is made from an alloy a main component
of which is iron has excellent mechanical strength.
- Therefore, it can serve as a heavy-duty bearing.

35 However, such a conventional bearing has a large



-2- friction coefficient which di sadvantageously causes increased abrasion
In the counterpart of the bearing, and al so has poor corrosion resistance.
lsn .or.der to resolve the above 'di sadvantages of 5 conventional bearings, a
copper -base sintered alloy for oil-retaining bearing has been proposed.
However, such bearings nade of copper-base all oy are expensive and have
poor nechanical strength. In order to acco date these material 10
properties of the above conventi onal beangggj anot her conventional bearing
has been proposed, which bearing is made froma sintered alloy. A green

comact of the Seatetedyallay s gssenbiiahl ;campgasd abuat, i Lan aguier. o

copper powder, Eastone -a |t ona SUCR as bronze
powders, brass ponﬂeesseﬂeabrpewdersnambecepnamespbver0§omﬂerbeaHQWGVer,

t he sintered a"QMdoélgB'%a%tE%%rC%B¥§m51QHaEeQ§§EbHEeSUffers from

segregati on of the additional netal ers. In addition, the bearing nade
of such 20 sintered al E8yoKgert ke §3ﬁ916Fsﬁaﬁaﬁpagésda§a9§éPFﬁ§§5nﬁée of

i ron-base al 50ysc%eentmenau0|aee&|l@ sQf at Beppeerpbpawdes nksreal aliitegl y | arge
inthe green- conpact of the all oy. urthe&gnre when t he g oportion of the
copper powder or *Phe®¢ pﬁ&FaﬂgéégaPF8§lﬁ8 8F PgedspropgpsfiycfOVFYPTe,

beari ngs nmade frenbaubbaahhgysmaﬁe efpeonppee -badesdlifiey aremekpensamwe
di sadvant ages as Qﬁaﬁ g s g%ge C%ghgggge%tggﬁg glloys Incidental ly, the
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conventional po e enti one I's°general |y poor in ease of 30
coquctlon so that the nﬂﬂt@ﬁdeﬁu§9 Becomodeted theger material

10 properties of the above conventional bearings, another
conventlonal_bearlng has been proposed, which bearing
is made.from a sintered alloy. A green éompact of the
sintered alloy is essentially composed of an iron
powder, a copper powder, and at least one additional

15 metal powder such as bronze powders, brass powders,
lead powders and German-silver powders. However, the
sintered alloy of this other conventional bearing
euffers from segregation of the additional metal
powders. In addition, the bearing made of such

20 sintered alloy has the same disadvantages as bearings
made of iron-base alloys when the proportion of the

s _ iron powder is relatively large in the green compact

' of the alloy. Furthermore, when the proportion of the
-copper powder or the copper-base alloy powder is
25 relatively large, bearings made from such alloys are
expensive and suffer from the same disadvantages as
bearings made from copper-base alloys.
Incidentally, the conventional powder mixture
mentioned-above is generally poor in ease of
30 compection so that the mixture must be compacted under
a relatively large pressure or there must be included
therein a suitable powdered solid lubricant for
smoothly conducting the compaction prooess of the
mixture. In cases where the powder mixture includes a
35 ‘suitable powdered solid lubricant mixed with the
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arelatively large pressure or there nust- be included t-herein a suitable
powdered solid lubricant for snmoothly conducting the conpaction processrof,
the mxture. In cases where the powder m xture includes.a 35 suitabl?&i
powdered solid lubricant mxed with the -3- mxture, the alloy has
rel atively poor nechanical strength, angd the dies have a limted life.
Figure 3 is a photom crographic illustration show ng the m crostructure of
a conventional sintered 5 i ron-copper alloy a green conpact of which

i ncl udes 70%mbytueeghthef adloyr AAspewvletiaady3pdobymaehghical a copper

wder. As i I f Fi .3, L t d ti
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e ot | (P8hbathqueRs AbcobLERLRLALrPEoEbAYantEohl1UTH0-RRA! | AN0CS,

for examgle an axis o ape deck,
whi ch ax?s |srpnovpggqrmpﬂhoynérgraanrspapaﬁg pEywhihebl snghudest at es f(om

hi gh speed r?b@tb?nwEQ h@“b?pSﬁdLEQBabeBerFQBdtBb% QPPhéESBEOBf good
mechani cal stren ensurlng he sane axis angle position, low friction

coefficient, CSHBeExEQW9§ﬁt 28s 184SPEaBi EFPY FOIRRE douht@Ppart of axis are

needed to efﬁeet&&eé# pn¢vaaa wappeBOpaetaadeethen afebhamsorﬂm it is very
difficult to_achieve bhese ert es e;&ect ect of the
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bearing'0 is in proportion to the ratio of powders of the ~‘J_
mixture. _ ' '

Nowadays, one of the most important uses of

'oil—retaining bearings is in audio appliances, for
example, the capstan axis of a tape player or a video
15 tape deck, which axis is proﬁided with inertial
rotating fly—wheels and rotates from high speed
rotation to low speed rotation.  For this application,
good mechanical strength, ensuring the same axis angle
" position, low friction coefficient, and excellent
. 20 adaptability to the counterpart of axis are needed to
effectively prevent wow, noise and other problems.
But it is very difficult to achieve these properties \)
effectively.

It is an object of the present invention to

25 provide a sintered alloy for an oil-retaining bearing
and a method for manufacturing the same which is
suitable for the bearings of audio instruments, being
excellent in adaptability to the counterpart of the
bearing, causing relatively little increase in

30 temperature because of its low friction ¢oefficient,
and_having excellent mechanical strength.

According to the present invention, these
disadvantages inherent in the above conventional
sintered alloys are eliminated by employing the

35 following sintered alloys for oil-retaining bearings



and a method for manufacturing the same which is suitable for t he bearings
of audio instrunents, being excellent in adaptability to the counterpart of
the: bearing, causing relativel'y little increase in 30 t enper at ure because
of :A”Ts low friction coefficient, and havi ng excel | ent mechani cal strength.
According to the present invention, these disadvantages inherent in the
above conventional sintered alloys are elimnated by enploying the 35
following sintered alloys for oil-retaining4bearings -4- and net hod for
manuf acturing the sintered alloys: 1. A sintered alloy suitable as a

material for an oil:ret ng bearin I Si dlscretep rticles of iron
wherein the enti raemi)é?‘?‘%h%‘# ‘19°’élﬂ’? ‘tiga r%éb?] '{'}9 Y LRg XS5 coat ed
with copper or a kopper- Ua&m:@ézteﬁ;/ a]tltuy sSwuitterkelce ad ey mmrqrnasl np2Cad 0

ey M Iro&lape%é) avi byegﬁ romty“géOS&ZE/ ogﬂi%\% oé 2‘%‘7%)2 °

to 9% by wei ght |ead an g an op rangi ng
volune. 10 2. iron Wh&mﬁinxthewenﬁﬂﬂﬁzRﬂﬂWQhﬁf&#sﬁunﬁﬁQQjQﬁIQECEU|tabIe

: il fa
or an oil-refai (r;#:kgn #{ﬁ%@l CCpgméa,aS&éw with & ©Ofgr (d )C%G%f-lroy wei ght

copper-coated ir oat | (% an iron powder with 25
copper; 15 °Y(|fr*)e nswwq R et sCCBSP’i/\)eﬁ’q}ﬁ o ts‘hl%ﬁ%db\per-coat ed
iron powder with v&é)x 90 Pk 5 Dy v&i DY Kaf ﬁéfgﬁtea@b;agbéloy povsler 2 anslf or

copper-tin-lead allo omder o for el i tu i.i) _conpacting
sai d powder mi xt d'r’*’el‘;*h gﬁ%g%m LS add v A

&/ open por051ty ranging from 15 to 28% by volume.

10 2. A method for manufacturing a sintered alloy
suitable for an oil-retaining bearing, comprising the
steps of: '

(i) preparing a copper-coated iron powder by
coating an iron powder with 25-60% by weight copper;

15 ' (ii) mixing 100 parts by weight of said
copper-coated iron powder with 10-150 parts by weight
of tin-lead alloy powder and/or copper-tin-lead alloy
powder to form a powder mixture;

i (iii) compacting. said powder mixture into a

20 green compact;

(iv) sintering said green compact at 500 to
s . 780°C to produce a sintered alloy;: .
. (v) sizing said sintered alloy:
the resulting alloy product comprising particles of

25 iron cOatéd on their entire peripheral surface with
copper or a copper-base alloy and having a composition
of 20 to 55% by weight iron, 30 to 75% by weight
copper, 2 to 12% by weight tin and 2.5 to 9% by weight
lead and having an open porosity ranging from 15 to

30 28% by volume.

Additional aims and features of the present
invention will become apﬁafent from the following
~description of the preferred embodiments of the
present . invention, which will be made with reference

35 to the accompanying drawings in which:



(iv) sintering said green conpact at 500 to [err] to produce a sintered
alloy; (v) sizing said sintered alloy; the resulting alloy product N
congrising particles of 25 iron coated on their entire peripheral surfQce
wi th copper or a copper-base alloy and having a conposition of 20 to 55% by
wei ght iron, 30 to 75% by wei ght copper, 2 to 12% by weight tin and 2.5 to
9% by wei ght | ead and havi ng an open porosity ranging from 15 to 30 28%

by vol une. Additional ains and f eat ur €s of the present invention wll

beconme apparent fromthe foll ow ng description of the preferred enbodi nents

of the present invention hch_wil | Li.h.reference to the
acconpanyi ng dramﬁngsb?ﬁuﬁﬁ?gh}s a“-§B?ﬁ?§§§eg%gpé°§ﬁ?eHﬁéfgé ecti onal
vi ew of a sphepheaficaloarpar packécdearedtedt Witbppeprpeki which dsed in the

pr esent invenhgga;igigﬂge %eEQHQnigggﬁEggq;sectional view of an 5
! !

irregul ar-shape 1ron particle coated wth copper which is used in the
present invention; an8iphgeré 3si angephatrefficFegtapRré VERWsefadPon of a

conventi ohal sipbghtdrakhapeWhireh partacne tbaBeandieAPpepper tWhdchati o of
70 to 30. K now.to the draw , there are

10 ) Referrlng ) ags
illustrated: &8 PPEA pAr £PE Bre5eRtc4PYEPTHaPFi P8 2; a copper coating 2a;
and a fine particle 3rifaeer di ig tophbeopieseniraphientiildnsteathionr on

particle 1 1socoated yihh.eaanethicths 1§89 3high ehntlins?iLA"tI N0
pomderrnxtur8 i Gh |S(xnmacteé|r10 a _
and copper in the ratio of 70 to 30. :

o/
10 Referring now to the drawings, there are .
illustrated: an iron particle 1l; a copper'particle 2;
a copper coating 2a; and a fine particle 3.
According to the present invention, each iron
particle 1 is coated with copper in the preparation of
15 ~ a starting powder mixture which is compacted into a
green compact from which a sintered alloy is produced
by a sintering process. A copper coating on each iron
particle 1 is produced by one of the methods of
electroplating, hot dipping, electroless plating, or
20 dry plating. As shown in Figures 1 and 2, the iron
particle 1 is entirely coated with copper coating 2a,
and is further coated partly with fine powder 3 which _ o/
results in an irregqular surface on the iron particles.
The electric current density and operating
25 time of the above processes are controlled to produce
the desired copper coating on each of the iron
particles 1. The iron particles used in the present
invention are coated with 25-60% by weight of copper,
preferably 28-45% by weight of such copper metal
30  coating.
Figures'l.and 2 show that each of the iron
particles 1 is coated with copper coating 2a. More
‘than 95% of the surface of each iron particle 1 is
effectively coated with_copper. As shown from the

35 photomicrographic illustration, the copper coating 2a
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green conpact from which a S|ntered alloy is produced by a sintering
process. A copper coating on eachiron particle 1 is produced by one of the
net hods of el ectroplating, hot-dipping, electroless plating, or 20 dry
plaffhg As shown i'n Figures 1 and 2, the iron particle 1 is entirely
coated with copper coating 2a, and is further coated partly with fine
powder 3 which results in an irregular su[fgce on the iron particles. The
el ectric current density and operating 25 tTme of the above processes are
controlled to produce the desired copper coating on each of the iron

particles 1. The |rS|c1)rArpairrtIle Lﬁsarus faQ: %4%{% gorb&:eql t‘ﬁ%r‘lm%aerre coat ed

wth 25-60% by weight of co &rab s‘uch copper
metal 30 coati n\gllqil g &P 1flaml 625 mwathvatth@amﬂmaqm@n morPqeRESicles 1

is coated with coppgs, Caald NG ul'\4¥ %Jﬁm&% Qilltlh%e'i}érzf aga ff each iron
particle 1 is effectively coate As shown fromthe 35

phot oni cr ogr aphi ¢4919%ATAR (ﬂﬁ‘d t%ec‘bﬂﬁép ectSatim§ea case @f e an

irregul ar subf aC@ne?cH&ﬁexﬁngtmpnﬁrxmmeaﬁ. WL powaed0 didiecispd® nake the
conpacti on process The irregular surfaces 3 will never allow

segregation and Gt d'ef ects in the case of the 5 met hod using a m xture
of iron powder and copperIrnmoidtartallinG denttdld \presernthe nweggsindn i nventi on,

al though the sizg t4§$ {ﬁgl&ﬁ%%fg(¥ﬁ €§§ ﬁgygggfégjﬁst dé possible to

enpl oy iron partlc si'ze range t'han a conventi onal
particle specified, it is p0551ble to employ 1ron particles in

~ 10 wider particle size range than a conventional particle
size of 100 mesh employed in manufacturing iron-base
sintered alloys. Namely, even when relatively fine
iron particles are employed in the present invention,
such iron particles are coated with copper such that

15 they have increased diameters} which makes it possible
to easily treat such fine iron particles coated with
copper'in_the same way as conventionalQSize-iron
particles. 1In addition; due to the presence of .the

.copper coating on each of the iron particles, such

20 iron particles coated with copper are excellent in

ease of compaction, which makes it possible to

A normally or easily compact oversize iron particles in
the same manner as that of the conventional-size iron
-particles.

25 ' The tin-lead alloy powders of the present
invention consist of 10-63% by weight of tin and the
rest is lead. The copper-tin-lead alloys of the
present invention consist of 5-12% preferably 5-8% by
weight of tin, 1-15% preferably 2-8% by weight of

30 lead, and the rest is copper. Soft properties similar
to those of solder metal are obtained by alloying tin
with lead, and further alloying with copper to make
the alloy product having excellent adaptability to
copper-coated iron particles. If the alloy material

35- ~contains less than 2% by weight of tin and less than



size of 100 nesh enpl oyed in manufacturing-iron-base sintered alloys.
Nanmel y, even when relatively fine iron particles are enployed in the
present invention, such iron particles are coated with copper such that Qﬁ- Y
t hey have |ncreased di aneters, which makes it possible to easily treat sueh
fine iron particles coated mnth copper in the sane way as conventional -size
iron particles. In addition, due to the presence of the copper coating on
each of the iron particles, such 20 - i%ton particles coated with copper are
excellent in ease of conpaction, which makes it possible to normally or
easily conpact _oversize iron partlcles I n_the sane manner as that of the
convent i onal 2sP¥eb¥r BR1gREL PE| dgadpsthe above pyppertheFeSaalPSy powder s

Ff ;he Ereseaé bavamheandcolnswb e]j:héﬁ f2%abyivelightoatating moget hefrestzl S
ead. The co ead all gys .of .the sent ‘invention_consist of 5-12%
preferabl y 3 @%thr'e&fﬁ Rf ElfwaBP‘ZPErQBF? Shay, 3& i ght of 30

| ead, and thseight bf tepfera pBotespr fper siasesinygl @ithoirbase of sol der

el ars oo gkptd: by, GhieK S LpabiahuLeRdoosnd IELASE oLl ovino Wik

copper to nmakeé aving exce Pty to
copper - coat edlikedy par beckredativeibeunshagabdeerial 35 contains |ess than

2% by wei ght of tin apd 3§o§Q§Bn of Zogﬁe§@@g¥t$@'QQBnOBob@@Q the above
properties can_not be obfai ned if it contains nore than

12% by melghF“éfCPPﬁeraﬁ&Po#eﬁQrélﬂﬁ¥nP?W§S§ Renghengd pBRYS 4Mprocess for
sintering w thei E@Ateredpantiioy eFodacthiar predairad 1y chraapeadr bgowder is W

10 mixing 100 parts by weight of copper coated iron
powder with 10-150 parts by weight of copper tin-lead
alloy powder.

In general, the green compact containing the
iron particles coated’with'copper has an opén'porosity

15 ranging from about 23% by volume to about 38% by |
volume, specifically ranging from about 26% by volume
to about 32% by volume. If the open porosity of the
green compact is less than 26% by volume, specifically
less than 23% by volume, then when the sintered alloy

20 product made-from the green compact is used as an
oil-retaining bearing, it is impossible for the
sintered alloy produced from the green compact to e
reserve a margin for the sizing process and to have an
open porosity for the oil-impregnation process. 1In

25 contrast with this, if the open porosity of the green
compact is more than 32% by volume, specifically more
than 38% by volume, the green compact suffers from '
poor mechanical strength which increases damage to the
green compact during handling and sintering

30 operations. -

Incidentally, in the green compact of the
present invention the iron particles contained therein
have the same coating proportions as each other.
However, according to the present invention, it is

35 also possible to employ a green compact in which the
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likely to be relatively.unsuitable. The proportion of copper coated iron
powder and copper-tin-|lead alloy powder
al .oy product is preferably obtained by 10
cobber coated iron powder with 10-150 parts by wei ght of copper-tin-I|ead

al | oy powder.
coated with copper has an open porosity 15 rangi ng from about 23% by
vol une to about 38% by volume, specifically ranging from about 26% by

vol une to about 32% by vol une.
| ess than 26% by
the sintered al

from poor
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The green compact of the present invention is
generally compacted under a pressure of about 2-3
ton/cm2 by the metal pattern. This compacting
pressure is 70-85% of conventional compacting
pressures for iroen péwders. .

In general, the green compact is sintered at a
sintering temperature of from 500 to 780°C preferably
550 to 700°C and for a sintering time of about 30 to
60 minutes in a reducing atmosphere or in an inert
atmosphere.' _

The thus sintered compact of the alloy is then
subjected to a sizing operation to produce the desired
alloy prbduct having a predetermined size and a
predetermined porosity. The sintered alloy has a

- sizing margin the proportion of which is about 20 to

'35% based on the open porosity of the green compact.
The sintered alloy is subjeéted to sizing to produce
an alloy product which has an open porosity of from 15
to 28% by volume. If the 6pen porosity of the alloy
product is less than 15% by volﬁme, it is impossible
to conduct a successful oil-impregnation operation for
the alloy product such as is suitable for a material
for an oil-retaining bearing. On the other hand, when
the open porosity of the alloy product is more than
28% by volume, the alloy product suffers from poor

oy a green conpact in
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different fromeach other. For exanple, -according to t.he present invention,
the green conpact may be conposed of: iron particles having a
copper-coating 5 proportion of 10 wt.% iron particles haV|ng a S
copper-coating proportion of 20 wt.% and iron particles having a Vv
copper-coating proportion of 30 w.% They are m xed with each other and
further mxed with the copper alloy powders of the present 10 I nventi on.
The green conpact of the present invertidrmis generally conpacted under a
pressure of about 2-3 ton/cnR by the nmetal pattern. This conpacting

pressure i s 70-85% aqf on ent| a 1 ssures for iron
powders. |n gBREPEPICBhe SGFr&ERT 5 %E”Ee bqu ?Q& ﬁﬁﬁgyéPﬁPgPFﬁg
t enperat ure ohabr am 5@ent @o[relsn]typloéf éram L8550 23%] byr odmshef,or a

Sintering t My B0t 3300001 BYLARAn Bobehica AT sliey 10 an

I nert 20 at he thus srntere
subjected to an§|pnﬁgl@pgﬁamaénomong@@ﬁ@éeﬁhe deS|red aIon product havi ng

a predetepm ned size gngoqlgrq@g&qegthqugrgglby Ri®eSiapgered all oy has a
25 sizing nar%ln t he praoportion of which is ab ouF to 35% based on the-

open por05|tym8fYPﬁ@“@F@éﬁS@éﬁﬂéétlSTWéX§@nFéF§dt§FI8§hF§ SHFHTEES to

sizing to protﬂm@e&@ alnl faypm@rélﬂtze\ahlc@tmaha&o&n t@p@iem&@slat powidelr om 15 to
28% by vol une. . por osi the. a product .is | ess than
15% by vol une! 1?F“F§ %ﬂ 015 £ 8¥5%ﬁ8u69t8 §3§c@§§@&l9&ﬂpﬁ ﬁpregnatlon
oper ati on for Howevalr,oxther gidsterizeld soliid Jubrdgantf such mst erial for a
oy “oradhc? G 8 iSRRIy WER 1 S R0aRhly e,
from poor starting powders of lron, German silver and bronze so
that such lubricant powder tends to float on the
powder mixture so as to segregate therefrom during
transportation, handling in press hopper, and
15 compaction treatment of ‘the mixture, which makes it
difficult to uniformly mix the lubricant powder with
the remaining starting powders. In order to resolve
such segregation problems, the solid lubricant such as
graphite is mixed with the remaining starting powders
20 in a granulated condition, the lubricant assuming a
fine-powder shape removed, which is found effective
against the segregation problem. Namely, the size of o/
a commercially available graphite powder is within the
range of from 1 to 30 microns, or from 1 to 50
25 microns. In contrast with this, a preferable size for
the graphite powder employed in the present invention
is with the range of from 10 to 150 microns, more
preferably within the range of from 20 to 100 microns
in which a graphite powder up to 10 microns,
30 preferably up to 20 microns in size is removed,
whereby the graphite powder may be uniformly mixed
with the other staring powders to resolve the above
segregation problem. Separation of the graphite
powder up to 10 microns, preferably up to 20 microns
35 in size is effectively conducted in a liquid which



-9- nechani cal strength, Preferably, the alloy product has an open porosity
of from 18 to 23% by vol une, which gives the alloy product good nechani cal
trength and oil-inpregnation properties. 5 A solid | ubricant
suc as graphite and nol ybdenum di sul fide is ‘mixed with the ot her starting

powders in a pulverized condition to prepare a powder m xture which is
conpacted into the green conpact. However, the pulverized solid |ubricant
such as 10 graphite has a | ower density tildar any of the remaining
starting powders of iron, CGerman-silver and bronze so that such | ubricant
powder tends to float on the powder m xture so as to segregate therefrom
during transport @reyentsarrdie mgainhiptree@@vvld@p*pénronarmowcimm@dx i orknd
treatment of the ;i d W, WG TRHSS dahtdisfs ffl legl q,ll.ygl fcq; o M tihe

| ubricant powder with the remaining starting ers. In r to resol ve

such segregati on R9ESHIbdes £ BErdd iof £ G@@l@@ﬁﬁl§@bﬁﬂﬁ¥Q$’ te is mxed

wth the renalmlabmagaﬂﬂdg;dyamgyzingoprdc@s@egranulated condition, the
shape renoved, which is found ffectlve

| ubricant asguming a fin

agai nst the Segregation g?%bwgﬁkcﬁa | Fhe REeSeRt dRventdatertildl 137

avai |l abl e graphibﬁbwumuharuuedMHHde .the range of from1l to 30 m crons, or

froml to 50 25 m Crongy o t'?: %Q%t rsq%tte\gegih tlti'o s %fpr fer eehsc| ze for
t

t he graphite powder enployed esent i nvention e range of
from10 to 150 mwmlqmrbelprgemnwmgﬁaﬁ ofi maree trlmlge?oc%r bryro\rﬁlznltto 100

anns in which g qnaphide e, Whel ikt eHed @130y30 of RS graliahtup to
20 crons | size i.s renoved,
invention have excellent mechanical strength,

specifically to pressure resistance, and when employed
in oil-retaining bearings will effectively prevent the
rotary shaft of the oil-retaining bearing from
shaking. ' . ' .
15 In the case of sintered alloys comprising less
than 55% by weight of iron, each of copper, tin and
lead can preferably be added and the resulting
sintered alloy of this invention has good adaptability
to the counterpart of bearing a low friction
20 coefficient and maintains the bearing within a
relatiVely'low temperature range. - |
In order to effectlvely coat the iron
partlcles of the present 1nvent10n and obtain
corrosion resistance, the sintered alloys of this
25 invention comprise more than 30% by weight of cepper.
In order that the final sintered alloy contains
sufficient iron, tin and lead, less than 70% by weight
of copper should be used. |
In order to obtain excellent'edaptability to
30 the counterpart of the bearing and a low friction
coefficient, the sintered alloys of thie invention
should comprise more than 2% by weight'of tin, and
" more than 2.5% by weight of lead. The cost of the
product is kept low by restraining the upper limit of
35 tin to 12% by weight, and restraining the upper limit



wher eby the graphite powder may be uniformy mxed with the other staring
powders to resolve the above segregation problem Separatlon of the
graphite powder up to 10 m'crons, preferably up-to 20 mcrons 35 in siZex a
is effectively conducted in a liquid which - 10 - prevents the graphite,
powder from producing dust. And in case a solid lubricant is coated with
copper, it is possible to strip off the goating though the conpacting and
si zing processes. 5 The effe%? of the present invention will be
now descri bed below. Due to the sintered alloys of the present invention

being conpri sggd Qéaav£§ §Qaaﬁ29éﬁ Mtwegggelfica&Qgt9§rbk0bé§gpkhe si ntered

all oys of the present vent e excel ant c strengt h,
speci fical | y Teeppedsnitsr BEPEidnce, sahtahhenbebpregebetNesn| iFepai ni ng

bearings w || ceppeeti ¥ehyapaeveat,t Bear ahar yosbnéteol inesoi kheet ai ni ng
bearing from shaki case of S|n%§red al | oys

n
conpri sing | eBE® Hﬁﬂ 5826B?emeﬁﬁ?an1?Y6ﬂtlgﬁcﬂb5?lﬁo & abPYR and | ead
can pref e?abl propeadied aondat heffésikhtngxsenter ed aIon of this invention

has good adaptabllltyIBo t?gécggnggﬁggvé ﬁgebggigng MIfrICtIOH 20

coefficient and maintains eari e y lom1tenperature
range. In ordemptegeategnloélyheohearheglaod babrngabsngf t he present

:gxggtigg ggd g?&gkggggr{egﬁoalisglakaaﬁ@t BPetﬁénb§é§Qn€|LH¥§nQEoRh'S 25
rrEassan open porosity of more than 1§ by volume. By

10 restricting the upper limit of the open porosity of -
28% by volume, the alloy product of the present |
invention retains good mechanical strength.

In order to coat the iron particles
effectively, to obtain good corrosion resistance and

15 easy compacting operation, irbn particles are coated

. with copper'metal powders of more than 25% in
proportion by weight. By restricting the upper limit
of coating copper powders to 60% by weight, tin and
lead are effectively included in an amount which

20 produces a suitable alloy of the present invention.

Each of the compacting iron particles coated .
with copper fetain mechanical strength, and the alloy a
product of the present invention, when used as a
bearing, prevents the rotary shaft of the bearing from

25 shaking, has good adaptability to the_countérpart of

 the bearing, and sufficient mechaniéal.strength can be
obtained because of the properties of mixed metals. .
Since a considerable amount of iron powder is
contained in the present invention, the cost of the

30 alloy product of the present invention is kept
relatively low.

As for the iron particles coated with copper
according to the present invention, each of the iron
particles are further coated with powders of tin-lead

35 alloy or copper-tin-lead alloy, and when the alloy
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In order that the final sintered alloy contains sufficient iron, tin and
| ead, | ess than 70% by wei ght of tcopper should be used. In order to obtain
excel.l ent adaptability to 30 " the counterpart of the bearing and a | ow
fri/ction coefficient, the sintered alloys of this invention should conprise
nore than 2% by weight of tin, and nore than 2.5% by wei ght of |ead. The
cost of the product is kept |ow by restraiypng the upper limt of 35 tin
to 12% by weight, and restraining the upper limt of lead to 9% by
wei ght, specifically 7% by weight. These limts provide a suitabl e bal ance
bet ween iron, caplyct idf attte | eskemndi thent Dod hiesSeetpIbyed imea products
of the present invention obtain the above 5 . properties to .a sufficient
extent. In orderb“at‘-’lorlan i“‘eé\?tee]ih%l 'prlgtf PR 57 Il-rplﬁfg‘feegnaa‘fal‘ tha%lfﬁ% HRar i ng
and l.ubricati ng Uperecaumrerpatte of | dye preadtiong of lavmef pratsiernt | nvent i on has
an open porosity, 9 v.al u Lt ng the upper
cégffggf%ﬁgfgkgﬁ%%tﬁﬁlé#,rE%dE?&ééﬁﬁﬁéegﬁé%ﬁai

limt of the open porosity by vol une, y product of the
present invehti ctPRAGH HEl b dehFergturs ke sine mrpndugtedraerat o coat the

iron particles efdmptively. 149 Qdhpd fhO0Rd, Coffpsiut&spdaneeIepd 15
easy conpacting operation, iron particles are coated w th copper ngetal
powders of nore R %5 04 FRE B Ubr tR ot W St MhtPT AT T i 2t i RS t heCRipper
limt of coatinganpperepovatetesd tvai 0% dypeei mhidets N sadl tleadgeeen

Crep ovond | RS0 e LU SenPLaT 683 rapliably, o) o o
sintered at a relatively low sintering temperature of
from 450 to 750°C.

In cases where the amount of tin-lead-copper
alloy powder is less than 10 parts by weight based on
100 parts by weight of copper coated iron particles,
15 it is possible.to obtain the above effects. On the
other hand, when the amount of tin-lead-copper alloy
powder is more than 150 parts by weight, the cost of
the sintered alloy product increases whilst'any
improvement in mechanical strength is not expected.
20 Copper powder coating formed on iron
particles, and further coating formed by tin-lead-
W copper alloy powders will make the compacting process

easy.
25 - EXAMPLE

Minus 100—meshlifon particles were copper
plated to prepare a copper-coated iron particles which
have a 40% by weight of copper coating. Tin-lead-

30 copper alloy powder comprising 5% by weight of tin and
5% by weight of lead, and molybdenum disulfide (MoSj3)
powder éoated slightly with tin-lead alloy powder and
copper powder, including 63% by weight of tin and 37%
by weight of lead were prepared, and the powders were

35 mixed as shown in Table 1, from No 1 to No 7.



wi th copper retain mechanical strength, and-the alloy product of the
present invention, when used as a bearing, prevents the rotary shaft of the
beari,ng from 25 shaki ng, has good adaptability to the counterpart of t He’
beari'ng, and sufficient nechanical strength can be obtained because of thes
properties of m xed netals. Since a considerable anmount of iron powder is
contained in the present invention, the cost of the 30 al |l oy product of
the present invention is kept relatively low. As for the iron particles
coated with copper according to the present invention, each of the iron
particles are further coated with powders of tin-lead 35 al l oy or
copper-tin-lead all oy, and when thé £4(ﬂ/ - 12 - product of the present
invention is enployed in a bearing material, it inparts inproved
adaptability to the counterpart of the bearing, low friction coefficient of
the alloy, and inproved thermal 5 conductivity through sintering
conducted at a relatively |low tenperature. Tin-I|ead-copper alloy powders

i mproving the sintering properties of the iron particles coated with copper
powder s, Qg the green conpacts of the present invention are preferably 10
sintered at"a relatively low sintering tenperature of from450 to [err] In

" cases where the anount of tin-I|ead-copper alloy powder is |ess than 10
parts by wei ght based on 100 parts by wei ght of copper coated iron

particles, 15 it is possible to obtain the above effects. On the other
hand, when the anmpbunt of tin-]ead-copper alloy :
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i powder is nore than 150 parts by. weight, the cost of the sintered alloy
product increases whilst any inprovenent in nmechanical strength is not

expected. 20 ' Copper powder coating fornmed on iron particles, and
2 f}L;__r,t her coating foernmed by .tin-lead- copper alloy powders will make the
c¢bnpacti ng process easy. 25 EXAMPLE M nus

100-nmesh iron particles were copper plated to prepare a copper-coated iron
particles which have a 40% by wei ght of gapper coating. Tin-|lead- 30
copper all oy powder conprising 5% by weight of tin and 5% by wei ght of

| ead, and nol ybdenum di sul fide [err] powder coated sliqptl mﬁtq_tin-lead
al l oy powder and copperpfinwder sticwd uainmps63%dns IGHINSHF K54 %Nnd 37% by
wei ght of | ead were prepared, .and t ey &shdwn Nirxexhialse shown in
Table 1, from NpeFifdNgrAVIties ﬂéﬁﬁq{qr g\]dgﬂ - 14 - Table 2 shows
conpositions and theoretical specific gravities of No 1 to No 7 shown in
Table 1. [err] - 15 - :
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Each of these powders are conpacted to nmeke the products about 6.02mmin
outer dianeter, about 12.07mmin inner diameter and about 10mmin | ength.
These products are further sintered at a sinteri'ng 5 tenperature of [ergik '
in alcontinuous sintering furnace at a speed of 7m nminute. Table 3 shows N
conpact densities, densities after sintering, outer dianmeters, changes in
outer dianmeters through sintering, squeezing points and hardness of these
products. 10 15 20 25 30 35 16 TABEE153-Conpac Density

Open Qut er - Change in Quter [err] Har dness
density after "~ Porosity di anet er di aneter through-
poi nt Sintering Each of these powders are cogpatcéeidngoAwekage
5. 954 thé. gggducts abou£86862mm in o&%e@oalameter, abogt522
14. 34 : Maxi, mum 5. 970 6. 100 29. 20
12. 020 12. 07mm0131&nner diameter andlgbgyt 10mm in leggdhm nunmum
5. 940 Th6566ﬁroducts aré8ffPther sintér@@0at a sintering0. 580
13. 65 5  tem eraghlffggeeg8°c in a gbggg us sinteriaeg £ 0. 60
0. 200 p 86 1hpous sinteriggyipgnace
5.918 at6a06peed of 7mmZfBiA8te. Tablé. 998hows compact0. 663
15. 11 42:0; 08X densities 5 .o 090 28. 60
a . t
12. 000 N 1?18?588e“51 ies after’sififering, outdr'flaperers.
5. 900 chgnggg in outer dgapgters throughgeintering, - 0.746
14.13 sq88e@ilyf points and hardn@s838f these Balels. 0. 30,
0.020 0.166 1. 40 ProeRT 6 Av. i
6. 042 6. 184 28. 42 12. 006 0. 530
13. 97 28. 4 Max. 6. 050 - 6. 220 28.70
12. 010 : 0. 497 14.12 31.0 Mn
6. 030 6. 160 28. 00 12. 000 0. 580
13. 83 26.0
15
20
\.)
25
30

35



‘Difi

0. 020 .+ 0. 060 0.70 0. 010
0. 083 : 0. 29 5.0 Av. 6. 082
,6.,188 27.48 12. 017 ' 0. 439 , 15. 22
48>8 Max. - 4 6. 100 6. 200 27. 80 12. 020
- 0.414 15. 56 ] 50.0 Mn. 6. 070
6.170 27.40 12. 010 - 0.497 : 14.
95 48.0 Di f. 0. 030 0. 030 0. 40
0. 010 0. 083 . 0.61 2.0 Av.
5.784 5.984 °~ 27.48 11. 948 - 1.011
| 12. 44 55. 6 Max. 5. 850 . 6. 070 28. 90
12. 000 - - 0.580 13. 17 80 .0 Mn.
5.740 5. 860 26. 50 . 11. 895 - 1.450.
11. 43 52.0 Di f. 0.1166° 0. 210 2. 40
0. 105 - 0.870 ‘ 1. 74 8.0 Av
5. 826 6.148 25. 86 TABLEB74 - 1.624
12. 51 73. 0 Max 5. 850 6. 270 26. 70
11. 940 107+ 1209 Ferr—M-r-
5. 800 6.070 [CompactDeasity50 |Open | Qhfer81()Change in Outer f&.u D185 4 Hardrens,
12.18 [err] dBish ty afLer _ Porosity (i@®er | diameter thr@xvlgpgmt ; .
2.20 0] 130 Sinterige (77 Sinteringq, 81 ;1Y
Mo Awrage526625.954 6.080”" Sg’ﬁ 88 g7 |29 652 1%%88 %.4
>. 860 ainG) %.970 11.9%9 120200 9- 6630414 14m - 42 91
57.0 Mn 4i numum 980 6.060 285608402.000 - 028 20 ° 13,65 11.31%0
0.746 Difference { 1@.0307 0.040 BH00| DD.f200 0.166 0.0 3.0
0. 020 0. 40 0610 0083 ' - 0.64
5.0 UNIT v, | ghoB | 6.064 | B48c| 11.9% Q8P . 151 (g0
% Kaf/ [[err] | 2okl |- These sintefed b dqducts .gre furt s'i zgg tph
make the oil -r<1[:"é| ni ng b%‘ rgs_é-'@ [ ng% gg'%r of: t O: 08{%%3 q)
porosity of abopt 25% py unmeqy nend oq,t:gr bapEtler o out : 12.;0@mm
These beari ngs EJE_T the pr gqpnf i g\@nf on wete testled f nr tepperature ! -
i ncrease by usiimg themn ag.o@e rlot gnga aki 2.4201 arjoogy |at 15300 rpm or (341 500M.4
rpm 40 mnuteg fromthe stant -of-the testi(in ggneral, the t enper at- ure of
bearings increasad for|36.06 nut 6820 1p 8.9 { 2.03D |mi nufed’ t here Wall no 3
temperature ing Nease) ThAR enp@r(l%e rem% e%é)%) vas | fot t?ge&lSOOzsrg)rr
test, and [err] "} ‘for the 808b I‘ppﬂ r 8088 /s N
Av. 6.082 6.183 21.48 | 12.017 0.439 -15.22 T 4.8
U Max. 6.10 | 6.20 | 27.80 | 12.020 0.414 15.5% | 0.0
Min. 6.070 6.170 21.40 | 12.010 0.497 4.9 . 4.0
Dif. 0.030 0.030 0.40 0.010 0.083 0.6i | 20
Av. 5.784 | 5.9 | 27.48 | 11.98 1.011 2.4 | 556
Max. 5.8% | 6.010 | 2.9 | 12.000 - 0.580 1301 1 60.0
Min. 5.740 5.860 26.50 | 11.8% 1.450 11.43 520
Dif. 0.110 | 0.210 2.40 | 0.105 0.870 L4 |
Av. 5.8%6 | 6.148 | 25.8 | 11.874 1.624 12.50 1 7.0
Max. 5850 | 6210 | 26.70 | 11.%40 1.077 2.9 | Ry
Hin. 9800 6.070 | 24.50 | 11.810 2.14 1218 . 10
Dif. 0.050 | 0200 | 220 | 0.130 1.077 0.8 | 170
Av. 5.6% | 5.846 | 2.42 | 11988 0.619 1264 | 536
Max. 5710 | 5.850 | 29.60 | 11.990 0.663 12.9] i 5.4
Hin. 5.680 5.840 20.20 | 11.980 0.746 12.21 ‘ 52.0
Dif. 0.030 0.020 0.40 | 0.010 0.083 0.64 | 20
UNIT o | e | Vit | m % Kef/m?® | .




of these tests illustrate the advantageous property of bearings of the
present invention. 15 The i nventors of the present invention hgne
exam ned the sintering properties of said testing powders No 1 to No 7, Qnﬁ
t hrough batch sintering at a sintering tenperature of [err] and conti nuouss
sintering at tenperatures of [err] and [err] for 1 20 hour. The results
of these texts are al nost the sane as t? results described in Table 3
-except the changes of squeezing point of 2-6 kg/m®, and hardness of 2-25
HRH. As described above, in the sintered alloys of 25 t he present

invention, a copper CefkkRyslihthQPh Bauhe aran Rgfithied &S -3y a3 1o
prevent the iron froml.owering the friction coefficient_ of the alloy, and

i nprove the aﬂéb?aEPP|P?loFeFﬁé"&PHoﬁePGlPﬁé ebudtergaciagesedufal ~ when

the alloy ser aeauas oao%&m eah Beroslityaddi talb@rlh,t tse wyntweylemes) | oy of the

present inventi % Q exgelle t Ln Ehﬁ conductivity and may be
produced t hrof§ £&r PAGTEsTEuCred°]E F PWVer | ow sintering

t enper at ube. Nanely, Theise peasiiblgs od ea3|bfepemduammdnzunnnmamﬂ 35
all oy of the RLESE tf°QV%%HF%@PtES%P§%%¥%gE|1§Ymﬁfiﬁﬁ%%f%ttyg t he present

i nvention contributes °A sintered .
al | oy suitabl gogary ﬂxu@rmﬂtaﬁgmga@toﬂﬁﬂﬂeﬂﬁmnpﬁga&eéﬂﬂﬁ;annwl%ﬂr@

di screte partighegedl fifoq tW@ersecla&tt B¢ enbl rf%s&er(llﬁahgwer%wf% of each
iron particle 1s coated with copper or. a copper-base
temperature of bearings increased for 30 minutes,

10 after 30 minutes there was no temperature increase). e
The temperature increase was 15-16°C for the 1500 rpm
test, and 24-25°C for the 5000 rpm test. The results
of these tests illustrate the advantageous property of
bearings of the present invention.

15 . The inventors of the present invention have
examined the sintering properties of said testing
powders No 1 to No 7, through batch sintering at a
sintering temperature of 600°C, and continuous
sintering at temperatures of 650°C and 700°C for 1

20 hour. The results of these texts are almost the same
as the results described in Table 3 except the changes
of squeezing point of 2-6 kg/mmz, and hardness of 2-25 \/
HRH. '

As described above, in the sintered alloys of

25 the present invention, a copper coating is formed on
the iron particles so as to prevent the iron from
lowering the friction coefficient of the alloy, and
improve the adaptability of the alloy to the
counterpart or journal when the alloy serves as a

30 bearing. 1In addition, the sintered alloy of the
present invention is also excellent in thermal
conductivity and may be produced through sintering
conducted at a relatively low sintering temperature.

Namely, it is possible to easily produce the sintered

35 alloy of the present invention. Consequently, we
believe that the present invention contributes much to
industry. '



:5 all oy, the sintered alloy conprising 20 to 55% by weight iron, 30 to
175% by wei ght copper, 2 to 12%by weight tin, 2.5 to 9% by weight |ead and
"haV| ng an open porgsity ranging from15 to 28% by volune. 2. ~ A nethod
- manufacturing a sintered al | oy 10 suitable for an oil-retaining

bear| ng, conprising the steps of: (i) pre‘p]a‘?'l' ng a copper-coated iron powder
by coating an iron powder wi th 25-60% by wei Eht copper; (ii) mxing 100
parts by weight of said 15 copper - coa I“ton powder with 10-150 parts by
wei ght of tin-lead all oy powder and/or copper-tin-lead alloy powder to form
a powder m xtur (i) corrp ctin I d powder mxture |nto green
conmpact; 20 . eéf"f?g%lsdl “fs’do ¥ [@r] to
produce a si nteroed-aielmnl(ng) b &z iy smnr.brsjgme; elisaiﬂeozya gtdle::rcﬂseﬁ tafg

al oy product caqr t f t on t tir

peri pher al surfa(r?gdvm%%}z%q{ ﬂl% %Z}t%r co 3’% ase 4 ﬁce O%ae%cg{/l ng a
conposition of 2garn P@E;%lb&lmsgmoam width tappisd mr mminpecmm:aesed 2 to
12% by vei 9Bt UidLiand Zrie 10 vy WY st Ui NG ALLREN POrosi ty

rangi ng from15 to 8% b y vol une.
weight iron, 30 to 75% by weight copper, 2 to 12% by

weight tin, 2.5 to 9% by weight lead and having an

open porosity ranging from 15 to 28% by volume.

i~/_ 2. A method for manufacturing a sintered alloy
10 suitable for an oil-retaining bearing, comprising the
steps of:

(i) preparing a copper-coated iron powder by
coating an iron powder with 25-60% by weight copper;
(ii) mixing 100 parts by weight of said
15 copper-coated iron powder with 10-150 parts by weight
of tin-lead alloy powder and/or copper-tin-lead alloy
powder to form a powder mixture;
(iii) compacting said powder mixture into a
green compact;
20 _ (iv) sintering said green compact at 500 to
' 780°C to produce a sintered alloy;
— (v) sizing said sintered alloy;
the resulting alloy product comprising particles of
iron coated-on their entire peripheral surface with
25 copper or a copper-base alloy and having a composition
' of 20 to 55% by weight iron, 30 to 75% by weight
copper, 2 to 12% by weight tin and 2.5 to 9% by weight
lead and having an open porosity ranging from 15 to
28% by volume.
30
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