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1 DESCRI PTION Sliding Menber, Sliding Menber

Manuf acturi ng Method, and Coating for Sliding Menber

5 Technical Field [0001] The present invention rel ates

to a sliding nenber, a sliding nmenber manufacturing

met hod, and a coating for a sliding nenber. Background

Art [0002] Fluoric resins typified by PTFE

(pol yt et raf |l uor oet hyl enBESCRIPAHOMVe | ow friction 10

resi stance and excel |l ent abrasion resistance, are used
Sliflmg  Mandbang Shidirige Membpesr Maxafaplueng Phthod; d@ddc Goetmg ffor Sliding

di scl oses that a coating obtained by adding a fluoric
Menglsirn powder to a urethane resin as a binder is

prepared and applied to an alum numalloy plate for a

recordi ng nmedi um cassette shatter to forma coating

filmhaving a coefficient of kinetic friction between
Techigigaldfidldd. 20 and a surface roughness Ra of 0.2 mor

| arger. 15 [0003] Further, Patent Document 2 discl oses
[000f &t Thetprreseakinnentionurekates éo b clidihg esabef, a slidaigmembe manufacturing

menbers that slide to each other is set in the range
mebmdyeeha dogtinpferdslde membérot h i ncl usi ve, and a

fluorine-containing coating agent is applied to the

- Bagkgrdund Ardce of one of the nenmbers, thereby reducing

the anount of abrasion at the sliding faces of both
[000BE Flues msinm teifehine PTFE 2ol Patrefitorbethulenelt which have low friction
-Japanese Patent Application Laid Open Publication No.

‘resibOmnad e Bcel Bt abndsidboesiviente, are defdoesdaliRatrentbers.  For example,

Application Laid Qopen Publication No. 09-212967A
PatBmtdDbureent faliscidses thav @ obating dtsaibal B hdding @AGWYic Iresin powder to a
order to enhance a sliding characteristic (abrasion
urethes¢ stsincs, a [bondef rik qirépewed ped iappliik &) aof alsmotuna alloy plate for a
coating filmcontaining a fluoric resin, the content
recofdinghmefliunocisseticestiatter R6fdrmm 4 neatgskth hiong \necaeffidierst of kinetic
reduces the content of the binder resin to the
frictiombetsrepn 0i03ventliOi2 dndveesurfage miughiness Riarcd Ot i@k ldrper.
coating filmand liability for peeling off of the
[0063jaturtherf iRatant Movutieet Badieclosks ethatathe fmakinium surfess esighness of
increase in content of fluorine,

- resin-made members that slide to each other is set in the range between 1 pm and 100 um,

both inclusive, and a fluorine-containing coating agent is applied to the sliding face of one
of the members, thereby reducing the amount of abrasion at the sliding faces of both the
resin-made members.

Patent Document 1: Japanese Patent Application Laid Open Publication No. 10-106215A

- Patent Document 2: Japanese Patent Application Laid Open Publication No. 09-212967A

Problems that the Invention is to Solve

[0004]. In order to enhance a sliding characteristic (abrasion resistance, low friction
resistance) of such a coating film containing a fluoric resin, the content of the fluoric resin
is increased. However, this reduces the content of the binder resin to the contrary,
inviting lowering of the strength of the coating ﬁlfn and liability for peeling off of the

coating film from the base material. For this reason, increase in content of fluorine,
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2 nanely, enhancenent of the sliding characteristic is
limted. [0005] The object of the present invention is
to enhance the sliding characteristic of a sliding
menber with | ess anmount of asfluoric resin and to
i ncrease adhesion between a coating filmand a base
material. 5 Means of Sol ving the Problens [0006] For

nanpelg kinhagpetrient efthe giring clomadenmtioid Emited.t he present
i nvention has attenpted to increase the anount of

[00p$ Lidibe rebjechaf theoptesériblitesntipo it e eshdrdi riye sliding characteristic of a
characteristic of the surface of a sliding nenber

slidmig tnesnber miithddssammomtt offa Aubficiogsirc andsi incrdad® @dhesTdre between a
present invention provides a sliding nenber including:

coating fiih ace a bageanatpdalt i on 10 (43), at | east the surface
| ayer portion (43) including a matrix resin (44) in

Meahs afSdlvingrtheProtdeian particles (45) are di spersed, a
surface of the surface |ayer portion (43) serving as a

[0086] #ongcklinpethp afdremanti@ned| robikink,ythe fpréskntaniventionshas attempted to
particles (45) are dispersed and exposed at the

increhiedthe gmofift dfafbrinerthitcrontrimtesaadche didhms elthrpaedtisticAfahe surface
of the plurality of fluoric resin particles (45)

of asstigangdnergbealwithon liléed hindimigp ffadberipeedin.on out war d,
conpared with each remaining part thereof buried in

[008He Thmpresent iresntion gebyides QGH8Ing meniree isdludington stefdoe dayer portion
containing the fluoric resin particles (45), the

(43pliding characteristic thereof is enhanced as the
exposed area of the fluoric resin particles (45) in
20 attlsass thediurfgcd lager postiom (43¢ drodullind-Ho weandx resivi (4d) irhehich fluoric
matrix resin (44) with the fluoric resin particles

resin (pdfjcladi (4Pears elispreed) ¥ sutfive exthe sedacrlegergiortibie (43) serving as a
fluoric resin particles (45) in the sliding face

 slidmigrfideypetiom, esponds to the content of the fluoric resin

particles (45) in the surface |ayer portion (43).
[ 009 Plurality @b fluosis tresin pattivdespd Sy ewtdispeyedtandrexpeseiat the sliding
fluoric resin particle (45) exposed at the 25 sliding

- facef portiopxpeEineish axpoded ExpOtSad of diid pimeality ol fluohierresih particles (45)

along the sliding face outward, conpared with the
exparehing piong thastiding ehen bohiioni edwianl, tdompaskdr withresh nemaining part
(44), so that the
thereof buried in the matrix resin (44).
[0008] In the sliding member containing the fluoric resin particles (45), the sliding
characteristic thereof is enhanced as the exposed area of the fluoric resin particles (45) in

its sliding face is increased. However, with the matrix resin (44) with the fluoric resin

- particles (45) dispersed merely; the exposed area of the fluoric resin particles (45) in the ~ -

sliding face simply corresponds to the content of the fluoric resin particles (45) in the
surface layer portion (43).
[0009] In contrast, in the present invention, each fluoric resin particle (45) exposed at the

sliding face expands at the exposed portion (45a) thereof along the sliding face outward,

compared with the remaining part thereof buried in the matrix resin (44), so that the

wexposed area of the fluoric resin particles (45) in the sliding face portion is increased by the
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exposed area of the fluoric resin particles (45) in

- the sliding face portion is increased by the 3
expansi on. Hence, an excellent sliding characteristic
can be attained even with thg |imted content of the
fluoric resin. [0010] Werein, the surface |ayer
portion (43) may be fornmed by applying a coating on

expameiog] i Hience, nenbxeellent sidinpehberiwestid chedreabitained ehen with the
the sliding nenber itself This 5 point of viewis

limajep lcbetenitod’ thehBudrmviesini ons descri bed bel ow unl ess
ot herwi se noted. [0011] In another aspect of the

[0G10¢ sWhereimdtengurfaine layes podiong4¥embe hei foohedlbg applying a coating on
surface layer portion (43), at |east the surface

thd dideng pentbieowor (43) bé fiednedi intpgeallyatvith Xxhe aBding (Méhnbérnitself. This
which fluoric resin particles (45) are dispersed, a

pomtof dew iniprlied te the fimeatibmydascitoxit ebow (4IB3s aherwisegnodsd. a
10 sliding face portion, and an abundance of a

- [0l i dn ianethet espent of thet presest imliendor, acsiding hieatber Sndhidphen surface

than an abundance of a fluorine elenent in the

| laysupdrace(43ayer portion (43) under the sliding face

portion. [0012] The abundance of the fluorine el enent
i n tahkasguhé swrdack dyer pmaiohi(43) ind8dingadadtrikresin {#4) in which fluoric
sliding face corresponds to the content of the fluoric

| resingsdrticlga (45) aredispetSyd, iansutfaee sfiteastefata@ Yeger ppiohi (dB) serving as a

(43). In the present invention, the abundance of the
slidihgiface pexrtieheamnt in the sliding face portionis

hi gher than the abundant thereof in the surface |ayer

por ehabuldidye ofimdduorineeslahérdiinghd aliding dadel portiol i &igher than an

means that the fluoric resin particles (45) are

- abudpesarf a Qoenatletbat &l ihdi sacfadabgebportiioa (KB nedksahe sliding face

Hence, an excellent sliding characteristic can be 20

-poribh.ai ned even with the limted content of the fluoric

resin. [0013] Preferably, the abundance of the

(0012 judihe nbuelaace of therfludnee $ldnbntdn flrcsmirface layenposion (295 under the
times or larger than the abundance of the fluorine

slidi gefapntorraspoins ts thiedf @aneent af/de flworit resin pa8}les (5] di tHetsarface layer
sliding face portion. [0014] This provi des advant ages

porfion (4Bt almithg passerix askhtibot, tht iabindpned aof atht efhicginecelambit in the
|l ess 25 content of the fluoric resin particles.

sliding face portion is higher than the abundant thereof in the surface layer portion (43)

under the sliding face portion. This means that the fluoric resin particles (45) are exposed
wide at the sliding face by the increase. Hence, an excellent sliding characteristic can be

attained even with the limited content of the fluoric resin.

- -{0013]- Preferably, the abundance of the fluorine element in the sliding face portion is 1.25- -

times or larger than the abundance of the fluorine elemen‘; in the surface layer portion (43)
under the sliding face portion.

[0014] This provides advantages for obtaining an excellent sliding characteristic with less
content of the fluoric resin particles. |

[0015] In another aspect of the present invention, a sliding member includes:

a surface layer portion (43); and
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[0015] In. another aspect of the present invention, a

sliding nenber includes: a surface |ayer portion

(43); and 4 a base material (41), at |east the surface

| ayer portion (43) includingga matrix resin (44) in

which fluoric resin particles (45) are dispersed, a

surface of the surface |ayer portion (43) serving as a

sl i ditage fmateeiab@d),i on, 5 the surface |ayer portion (43)

bei ng forned by applying a coating containing the

mat rai Jeastgbe surfatd layan dodioh|(d¥rihcludingiarmatoixtrben BdBen which fluoric

material (41), a nmass ratio between the matrix resin
resipdpirticdesd (4N erd Hispersal, mesicfachef tig sefaceMidyer pomionr(@Bpserving as a

from"70:30" to "65:35", and an abundance of an

. slidingiface pertiehenent in the sliding face portion being set

in arange 10 between 26 mass % and 40 mass % both

i nclthessurface 1@ Ghrtionn43hbeing fotaedaly apisiping ofodting containing the

fluorine elenment in the sliding face portion is set to .
matvex 12fin if@E)andadtuokia rep tonhe besetrhaterigt(db), of the fluoric

resinis restricted, in other words, increasing the

anmoamassfratidbetwatn the masiknesid (f)ehdribe flaoriexesal beng set within a

sliding characteristic can be attained while

- rangxfreinl “‘GOt308dh &65:¥Bhesds of the coating film (43) to the

base material 15 (41) is ensured. Further, this
enhanekweihcodf dhffucsine dlemgene hatha cliding Shéecporchibeng tdtdn a range
friction resistance that the coating film (43)
betwemeltvegssfpand 40 indisn 8p, bothandukiee. nenber, - t hereby
further enhancing the peeling resistance. [0017] ‘
[00We Ereshort, ithe abuddance @fiticflearére dléraembinnbasicing facepertion is set to
fluorine element over 40 nmass % it is necessary to
be 2@inrasy % edlargert Whila theuratio off thé dlunEt résin i€ séstricted, in other words,
involving difficulty 20 in ensuring the strength of
increheng tet amouitt iof he A@jriaredint h&hastias] meeesdlenf slidieg characteristic
coating film (43) to the base material (41). [001 §
canAerafained vésilengxcalldy ddhestienessafaky commigniilnp (i3 aoitkkebase material
pol yi m de, polyam de-imde, or the |ike may be
(41 e npleosueel. asFadter,mitis iexharesinant( 48 thastidinge charkdteritsicareduces the
no object. This point of viewis applied to the other
friciionw essistors thatsibei doatingd €llmwW(48h resives tupanvslEngm od @dother member,

thereby further enhancing the peeling resistance.
[0017] Wherein, in order to increase the abundance of the fluorine element over 40
mass %, it is necessary to fairly reduce the amount of the matrix resin, involving difficulty

in ensuring the strength of the coating film (43) and the adhesiveness of the coating film

- (43) to the base material (41). - -

[0018] Acrylic resin, alkyd resin, epoxy resin, polyamide, polyimide, polyamide-imide, or
the like may be employed as the matrix resin (44) and their kinds are no object. This
point of view is applied to the other inventions described below unless otherwise noted.

[0019] As the fluoric resin, fluorine-containing polymers of which main compoﬁent is

tetrafluoroethylene are preferable and include, for example, PTFE (tetrafluoroethylene),

FEP resin (tetrafluoroethylene-hexafluoro propylene copolymer resin),. PET resin
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25 [0019] As the fluoric resin, fluorine-containing
pol ynmers of which nmain conponent is
tetrafl uoroethyl ene are preferable and include, for
exanpl e, PTFE (tetrafl uoroethylene), FEP resin
(tetrafl uoroet hyl ene-hexafl uoro propyl ene copol ymer
resin), PFT resin 5
(tefrafbtoradthyl enesptrydre pepplevifiylathe o pommpytherviesiy), endvére like.  This point
copolymer resin), and the like. This point of viewis
of wipplis epgplied td the cthdrénventivendtaseniieddebor ihlesh diidrowe mokeaks s
ot herwi se noted. [0020] In the above, preferably, the
[002D] dirtig: fbmee mrefetabby) theadidingsfacd partion hagh pefse Rarghinedsi Ra within
a range between 0.03 pmand 0.2 pm both inclusive. 5
a r4r@e Dafwedh Or08hym ahd@.2fum, doktoimciesest ance of the sliding
face is reduced, bringing advantages for enhancing
[002hEe Whérdby ghechitian kasistaice of tHetslidimgffacd Beeduyoed fremghigeadvantages
to set the surface roughness Ra within the range
forbathapeing Othe 3sljdiny ahatralerdstipm Ibds hfurthed pedferable] @022 the surface
Anot her aspect of the present invention provides a
roughmeds Rg withidh eie ramgeieagdeanr(.0t0ummat Holdpmi, bath deklusgve he
steps of: 10 formng a material (56) at |east a
(003D} fAawehel ayeict phtheippeseqrdidyeafonvdroeides 8 shididg ntdmtrer manufacturing
"matrix resin (44) in which fluoric resin particles
methé8) inelbdindithpsemad and subjecting a surface of the
surface | ayer portion (43) of the material (56) to
| apporadng 6 mateeridd (BE)sdi east © seficedaguponien BuUghnars iRanade of a
of the surface |ayer portion (43) within a range
matixtregie iid4).i0 Srhpchnflworid rOsi2 ppdticles h43)ard dispersddy end 15
[ 0023] Accordingly, each exposed part (45a) of the
f | ueubjectingsa surfaas bf bk earf{céSyyee ypaiad 43} of thé easwial 669 to lapping
of the surface |ayer portion (43) is crushed by
undeappisngetto se pantfacutorghksalRangf thHehauwfue l@aee poflons(43) within a
i ncreases the abundance of the fluorine elenment in the
rangadibdteeen @.08 juoandod.2 pirh)éothlinélasiee.l ayer portion (43) to
be hi gher than the abundance of the fluorine el enent

0023 tAeordingdy, dactoéxpobel patt {4af of teditucpioresinpaltitRy .(4Fhexposed at

abundance of the fluorine element in the 20 surface

~ the pafidear tiof surfaee dayef patioh 43 1is pashddby lag@ihg hasxpmnd outward along

correlation wth the surface roughness Ra of the
the surfdcac e Thayiacreqpos theabufdidye whihe fluosine blenrdf ingtheshirface portion of
the | apping. When the surface roughness Ra is set

the wirifdvie asteh portian 43 Jae habigheOtHA tipmatandarte 21 g fluneine element in the
i ncl usi ve, the abundance of 'the fluorine elenment in

insithef sy hateedayd:i mrtiaf (4Ne Fhe abmelaheay ef the fluorine element in the

surface portion of the surface layer portion (43) has a correlation with the surface

- roughness Ra of the surface layer portion (43) which can be adjusted by the lapping. —~ —

When the surface roughness Ra is set within the range between (.03 pm and 0.2 pm, both
inclusive, the abundance of the fluorine element in the surface portion of the surface layer
portion (43) increases, with a result of an excellent sliding characteristic. It is further
preferable to set the surface roughness Ra within the range between 0.03 um and 0.1 pm,
both inclusive.

[0024] Another aspect of the present invention provides a coating for a sliding member to
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portion (43) increases, with a result of an excell ent
sliding characteristic. It is further 25 preferable to
set the surface roughness Ra within the range between
0.03 pmand 0.1 pm both ing usive. [0024] Anot her
aspect of the present invention provides a coating for
a sliding nenber to 6 be applied to a base materi al

be(appled o f oasemamtatd (4 Hdo ffodma 4R ngofilawii3) lof suhidtaoeface serves as a
serves as a sliding face of a sliding nenber,

sliling Ifaretioff g slidingemanberyiashuding44) ; and a fluoric resin,
5 a nmass ratio between the matrix resin (44) and the
f | uor maetrixassin (BBj agl set within a range from"70: 30"
to "65:35", and the coating being used for a sliding
menteefiuaic rekinch sliding face is subjected to |apping
under pressure after the coating film (43) is forned.
[ 002binaddhatio hhisveenalhe mgirixoresia (4H4) aidtre fhivbieredif being set within a
applied to the base material (41) and the 10 surface

rarge ftoae T’ thG6H84”,emdt ing film (43), that is, the
sliding face is subjected to | apping under pressure,
t he the¢ voating bedsy wseddbt a cliding (ddnbep)afegdch alidihfdace is subjected to
sliding face are crushed to expand therearound al ong

lapping \widedpragufeceder thenatdas titrg (43)ds ftbmedance of the
fluorine elenment in the sliding face portion to

[06haWhen theeostingliong stitimpanérabdrds wpplietl tb e 1sdst dhadgrial (41) and the
menber. 15 [0026] Further, the excellent sliding

surftea ofi dtecthisformed amating fHid @3N ehatey ele siidifp faes $s aitidendd to lapping
of the fluoric resin in the present invention,

undee pudskineg thenfhionier resia eparticled (¥53 iex pives sit die §liding dmatdre grushed to
film(43) to the base material (41) with the amount of

expané therecnioxnnd edony itrc skding dfacq nishcreasing tthe abundaredusft then fluorine
of friction resistance of the coating film(43) wth

eletnbet entitendeling $ddedporgon hareaabame thei stidinphelsarbotédugie of the sliding
advant ages for enhancing the peeling resistance of the

meecoating film (43). [0027] Referring to the ratio
between the matrix resin (44) and the-fluoric resin,

[002bE Futther, theadxicellaft stitiegrohbracterishs can Yeldifaibel evaaswith less amount
hi gher than the above range, the anmount of the

of the fluoric resin in the present invention, resulting in increase in adhesiveness of the

coating film (43) to the base material (41) with the amount of the matrix resin increased
and resulting in reduction of friction resistance of the coating film (43) with the enhanced
sliding characteristic. This brings advantages for enhancing the peeling resistance of the

coating film (43).

- 0027]- Referring to the ratio between the matrix resin (44) and the fluoric resin, when the —- -

- ratio of the matrix resin (44) becomes higher than the above range, the amount of the

fluoric resin in the coating decreases though the adhesiveness of the coating film (43) to
the base material (41) increases. Because there is a limit to increase the abundance of the

fluorine element by lapping, it is difficult to obtain both an excellent sliding characteristic

~ and small friction resistance. On the contrary, when the ratio of the fluoric resin is higher

than the above ratio range, the adhesiveness to the base material (41) becomes insufficient
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fluoric resin in the coating decreases though the
adhesi veness of the coating film (43) to the base
material (41) increases. Because there is alimt to
i ncrease the abundance of the 25 fluorine el ement by
lapping, it is difficult to obtain both an excellent
sliding characteristic and small friction resistance.
wifnletshmatdntesiar(id) Woaph thveslididg chapdctérizticfib enhidnced.eSTherefore, the
is higher than the above ratio range, the
co@tthigeinv@deBdiable tb pecllfame theetiags materiad()l).becones
insufficient 7 with less matrix resin (44) though the
[062I81] dirafgrabivg tlechetrixsesia (44 iepilannrld-imldwgasd ore, the
coating film(43) is liable to peel fromthe base
mat gh¢ al fldbk)e. [ G&28] Rsef emald y, dfhe paliytdtzafloe®ethylene  and
(44) is polyam de-imde, and the fluoric resin is nmade
tetaflupkthiyine dkkafhiiode plopl RAe capullymér resin.
tetrafl uoroet hyl ene- hexafl uoro propyl ene copol yner
[0020% i FulydnflQ2 hideolhaliredebitsardide Wohd thae ktihgd ddraatizelein adhesion to
bond that brings advantages in adhesion to the base
thenbdse rmhabri{] 44]) andl agidi ighid¢rboed fan bribpatdinta@s in heat resistance is
advantages in heat resistance is enployed as the
emphiyed ¥s desinatrixdtsin (29), tsbahattthe cennigl filgh {43)Mak Aidh heas resistance,
hi gh heat resistance, high strength, and high
highdbresgtl carislsioh adiidabehassao e Rfse Matdrihl Y41)FUFufiBér, obfluoric resins,
fluoric resins, 10 FEP resin having a conparatively
FEP esvinRdting g co@pirhtivay tel retlingt pod@tks f@lied at hekigo@ the goating film
film (43) to function as an adjuvant for film
(43) a6 faddtion aanah Adjuvdane fe@afkn thenatibh REane dnetadee abundance of the
fluorine elenent in the entirety of the coating film
fludrdad) cledbnd &, theTdntidety i 0Tght [teatitig0flm E@3Y | MYhdQI PTF having the high
remains as particles after baking of the coating film
meltihg) poditdeldaing @s paitba difteb Baltihg of depioadng ifilva r(@3sambbdiie crushed
abundance of the fluorine elenent in the sliding face
by fierlhpping, inckéashignhe abanlagoecst theflhodid element in the sliding face portion.
characteristic is attained. [00301 As a solvent of the
Hee@abn agelloit sddisbicthragteriaidie aitaingd.or gani ¢ sol vent such
as NWP (N-nmethyl-2-pyrrolidone) or the |ike or water
[0080)y Asen sifesht of theacoatif® fdiS dlidingarhembas ah lbegankoioleink s@dhchs NMP
a netal as the base material (41), it is preferable to
‘redel-Qoptrdiidendasahetike bt alater (dbly) benhded. ain arhse wshg wafer as the
[003 1] Further, an additive such as a pignent
solvene bdlh At Ak Hrbasachatdial (41K £t Bnstefetdbiy to wiRlefIOLEThs baaeymatenal
be bl ended with the coating far a sliding nenber. In a

(41T a4 agfanbbhendi ng an

[0031] Further, an additive such as a pigment including carbon and the like and other

materials may be blended with the coating for a sliding member.” In acase of blendingan -~ -

additive, it is preferable to set the amount thereof small so as to avoid adverse influences

on the sliding characteristic and the adhesiveness to the base material (41). For example,

in a case using carbon as the additive, the amount of the fluoric resin blended is set to be

3 % or lower, preferably 1 % or lower, and more preferably 0.5 % or lower.

Effects of the Invention

© [0032] According to Claims 1 to 3, an excellent sliding characteristic can be attained even
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additive, it is preferable to set the anount thereof
small so as to avoid adverse influences on the
sliding characteristic and the adhesiveness to the
base material (41). For exanple, in a case using
carbon as the additive, the amobunt of the fluoric
resin blended is set to be 25 3 %or |ower,

witiplisiited ablegs dmétmsof thevibroricaedn.nor e preferably 0.5 % or

| ower. Effects of the Invention [0032] According to
{0083 Jaidwsordingoto3Claan 4 xamettcelentsdlidihign ghardraerastic enainshd ettajngd while
be attained even S. with limted or |ess anount of the
excélleno milesivenaéss. of[ 1A 833tinAcklm @I gottbe Ghswi matgriala(@l) is ensured. In
excel l ent sliding characteristic can be attained while
addebonethieaihanchmait wé tiesdidifg theacteratic rphéndesthedBeling resintance of
base material (41) is ensured. In addition, this
the esdtimpddmedB). of the sliding characteristic enhances the
peeling resistance of 5 the coating film (43). [0034]
{00 carchrdimgtio Chan H, The frivtiohrredstance ofethie sdidingefaoé bedranes small,
sliding face becones small, bringing advantages for
bringitgasdeantggdstfor alhaniing thehsdidagtohetasteristic.[ 0035] Accor di ng
to Caim6, an excellent sliding characteristic can be

[003]t Abcveding\vte KClaint 6, anl exsellent sliding chdrattbsticl can beattnimsd ryen with

10 [0036] According to Claim?7, the sliding face
lessparounbdef thafiuokc Fasipgh abundance of the fluorine el enent
can be obtained even with | ess anount of the fluoric
[00361sAncording @nClaéncgl the ndlididg fHeagportion detiegi lsigh aboadanige of the
attai ned while the adhesiveness of the coating film
fluofidd)eldroerit heanbbas @bmixiedr évan (ith ) lesss amoha@nofthe Huptiheesin, and an
t he enhancenent of the sliding characteristic reduces
excélleat Slidiag characteditkt @nde afainedewkitmthieraghésivene§sAaf the coating film
bri ngi ng advantages 15 for enhancing the peeling
43y esiist ameemaferinh€dhont énbgnéddl mFp#4Bgr, thO@8HancAment df nige sliding
to Caim8, the coating film (43) can have hi gh heat’
chametstisticaredaceshhe ffirictiinrresighhce affithe exatidd Sht (43)h bshngiag @edsantages
to the base material (41) and an excell ent
for athaticing eipeelite ratahee of thaicomihg B @B8).Descri pti on of
the Drawings 20 [00381 [FIG 11 FIG | is a vertical
[003¢ cAcandiaf ta Gaimol] tleosmatiag Sim @GE canlihage high heat resistance, high

strength, and excellent adhesiveness to the base material (41) and an excellent
characteristic can be attained.
Brief Description of the Drawings
[0038] [FIG. 1] FIG. 1 is a vertical section of a scroll compressor according to
Embodiment of the present invention, -~~~ =~~~

[FIG. 2] FIG. 2 is a section schematically showing a part of a thrust plate used in
the compressor. |

[FIG. 3] FIG. 3 is a view schematically showing a state in which the thrust plate is
subjected to lapping.

[FIG. 4] FIG. 4 is a section schematically showing a state in which fluoric resin

particles at a sliding face are crushed by the lapping.
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Enbodi ment of the present invention. [FIG 2] FIG 2

is a section schematically showing a part of a thrust

plate used in the conpressor. [FIG 3] FIG 3 is a

view schematically showi ng agstate in which the thrust

plate is 25 subjected to lapping. [FIG 4] FIG 4 is

a section schematically show ng a state in which

f | UQFIG. 3]€3G NS ispagraple Inelictiag tike Slldtidinsigp bagecn e faseustigithess and

by the lapping. 9 [FIG 5] FIG 5 is a graph indicting
surfaee FredhadntatishoPa Stingetioe potoace roughness and

surface F concentration of a sliding face portion.

[ FI GFIG]6]FFIG. Bid 8 phophdtetphaghiapil bbtshbowe byliding face of a

shooting a sliding face of a non-polished article. 5

nofl-fdlshed hrticlec. 7 is a photom crograph obtai ned by
shooting a sliding face of an article that has been

subj[Ert.er ¥IG. |7aRpd photofakRbaaph obaiet hReflotnga sliding face of an
Nunerals [0039] (17) thrust plate (sliding nenber)

artickhathas Bedidublecrl td Qpphd) coating film (surface |ayer
portion) (44) matrix resin (45) fluoric resin

Ex%%hhii@ﬁﬁfll@%ﬁiceﬁﬁﬁ&&l’s part (56) material 15 Best
de for Carrying Qut the Invention [0040] An

[0039?@117)&&1'%& Shtet($IRIiRY @S@BEr) I nvention will be described
below in detail wt reference to the draw ngs.

[ 00441) Hake fabicsialenbodi ment, the present invention is
applied to a thrust plate (a sliding nenber) of a

SCr ¢43) ooty RIBSQurfhdd lapi@omtidn) FI G 1.
(44) matrix resin
(45) fluoric resin particle
(45a) exposed part
(56) material
Best Mode for Carrying Out the Invention
f0040] An embodiment of the present invention will be described below in detail with
reference to the drawings.
[0041] In this embodiment, the present invention is applied to a thrust plate (a sliding
member) of a scroll compressor (1) shown in FIG. 1.

[0042] <Scroil Compressor>

~-—The-scroll' compressor (1) is used for compressing a low-pressure refrigerant -~ -

sucked from an evaporator and sending it out to a condenser in a refrigeration circuit of a
refrigeration apparatus that performs a vapor compression refrigeration cycle of an air
conditioner, for example. This compressor (1) includes a drive mechanism (20) arranged
in the lower part of a casing (10) and a compression mechanism (30) arranged in thé upper
part of the casing (10). |

[0043] The casing (10) includes a cylindrical casing body (11), an upper head (12) ﬁxed at.
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20 [0042] <Scroll Conpressor> The -scroll conpressor
(1) is used for- conpressing a | ow=pressure
refrigerant sucked from an evaporator and sending it
out to a condenser in a refrigeration circuit of a
refrigeration apparatus that perforns a vapor
conpression refrigeration cycle of an air
theappel ¢ridostethe cdsig Bodn{llly.andla lsweoheudg33pfixddlyt thetdwdtesd of the
a drive nmechanism (20) arranged 25 in the | ower part
castifg Bodyadilng Kukfher,athd casiag{phleis girovidak edithnitsthe (@O9r part thereof a
arranged in the upper part of the casing (10). [0043]
refiifgamtdatake plpe QU 4) awd atdBs uppedpaitrtbérecd refragérag disdhigrge pipe (15).
(11), an upper head (12) fixed at 10 the upper end of
Thé hraleasipai gl ey thd B)schapel pipel (@BpirehwateddBio the xeapahtor and the
the I ower end of the casing body (11). Further, the
cor@landen of (HkOkfd geratonviict@tt, vdspértiatlyt heén teveasingd0), taharppef housing
a refrigerant intake pipe (14) and at the upper part
(16 hefigad indmedihtelyobslantthélicmpaisgon pdeRarish)(30) white arlbakehousing
pi pe (14) and the discharge pipe (15) are connected to

(19 Befiedaeivaihedrias thdcheniSmgpoenser of the
refrigeration circuit, respectively. In the casing

| [0064P)The aitive PpEThahiemhS (209 is Cdmposed ofl X @tbtornfRdyliaal @l Jrive shaft (21).

bel ow t he conpression nechanism (30) while a | owner

ThdieEdrn@1) intRies an hihxdal &igdoo\@3)Hixedrto \tBe RGABOBN(I13 @hrough the
(0044] The drive mechanism (20) is conposed of a notor

- uppe2RousaipA(18) siid the Ishafhouidad [19) ahbi @ rotet (24) (iztdd to thelinisk® peripheral

an annul ar stator (23) fixed to the casing body (11)

facé bf €hegatbN@3), e dEpe shdtd (2R) N@infzldhnedie tohdelrore(24).  This drive
housing (19) and a rotor (24) fitted to the inner

shap€22 )b estalablyauppeied hiea baldbedringd33) oftthe ugpértousingi(16) and a ball
(22) being connected to the rotor (24). This drive

beasihg{19a) 32jheilowetoruisilgl(¥9)supported by a bal | bearing
(18) of the upper housing (16) and a ball bearing

(0043198 thefdrivBehdfoys), Hedbi s1Dsupb8) path (XRED Exteidih@én theiakeal direction
shaft (22), a main oil supply path (22c) extending in

thefebisafoirabd. di A il pplylpurtip 2B is ipsofidedBdthe Avwexr &nd of the drive
supply punp (22d) 1s provided at the |lower end of the

shaflr(2¥eso ah1af puhgdJp Fedrigiatod oflUeterigal Inedd bijex@ av thei Bottom of the
reserved in an oil stop at the bottomof the casing

casing q10) i Assationt with thd fdtatidneofr 1t akiveshaft (3A)e Thé weain oil supply
shaft (22). The main oil supply path (22c)

patle @Iy eireatigisates Wixhan ol supBlyiry(nposiown) @oddebdt)each part so as to
provi ded at each part so as to

supply the refrigerator oil pumped up by the oil supply pump to each sliding part.

[0046] The compression mechanism (30) includes a fixed scroll (31) fixed to the upper

~~housing (16) and a moveable scroll (32) rotatably supported on-the upper surface of the - -~ -

upper hosing (16) through the thrust plate (17) and set movable with respect to the fixed
scroll (31). The fixed scroll (31) includes a fixed-side head (31a) fixed to the upper
housing (16) by means of joint means such as a bolt and a spiral (involute) lap (31b)
integrally formed with the fixed-side head (31a). The movable scroll (32) includes a
movable-side head (32a) and a spiral (involute) lap (32b) integrally formed with the

movable-side head (32a). The lap (31b) of the fixed scroll (31) and the lap (32b) of the
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supply the refrigerator oil punped up by the oi
supply punp to each sliding part. 20 [0046] The
conpr essi on nechani sm (30) includes a fixed scrol
(31) fixed to the upper --hpusing (16) and a
noveabl e. scroll (32)- rotatably supported on
t he- upper surface of the upper hosing (16) through
mdvhgbld BeroHt (3R) aiesh (Wil cacidothet. rTheafpaee i tvhhicke she tdpst @1b, 32b)
the fixed scroll (31). The fixed scroll (31) includes
coadtiwithcbash déhehbaidieéBthe)fixketsald Head {31a) app e mévabii-side head (32a)
(16) by neans of joint nmeans such as a bolt and a
sers¢ dsal cofripessiontchimban3881b) 25 integrally formed with
the fixed-side head (31a). The novable scroll (32)
[004T | Atdl @sletapodig83d)| B- foirgled Heate (3ia)pedipteral ppitrafl the compression
(involute) lap (32b) integrally formed with the
chambealiB3)- i aetchemaim(dida . with ehel iapeke Py (o) tihe dpuoeeow-pressure
scroll (31) and the lap (32b) of the I | noveabl e
speY ldw (E2gonmsstion nbeleaih GOh el the Tasing fHEe AlsoMal distharge port
the laps (31b, 32b) contact with each other between
(33bhés forpsed isihd @ ehtd hatiFahe evifpredsiomehaatice (33)de abeadommunicate
(32a) serves as a conpression chanber (33). [0047] An
withnthetdigehsdge (Fpa)13)svik el e i (highh@euicespaee) kpher e compression
part of the conpression chanber (33) so as to
meClomifn(30Rirctheichding (1)1 nt ake pi pe (14) via a space
(1 ow pressure space) bel ow the conpressi on nechani sm
[00a8P)Atithe tipyser @Bd iofighd dide shAltS@2), shete ashdiged pdehring Pdivion (22a)
is formed in the central part of the conpression
exterthung @4di41B,;3 bousarad Sarkloait @oranidic pbeionW22b) t dveerttis ctbathgecenter of
pi pe (15) via a space (high-pressure space) above the
rotgtotessiive shagod2nitsndif@agion Botéspondiag ng tHeldhtimull orbital radius
[0048] At the upper end of the drive shaft (22), there
of e eefodiitioachfathd eaviesitgle pab1LI(BL). ( ZRathe dtxdréndd g thathvadrisyrface of
outward and an eccentric portion (22b) eccentric to
thetrhevabbrdids hedd (32a) af itlenmotatld ecrdlli (82), shaflind(i2adl) beating portion (a
di mensi on corresponding to the optimumorbital radius
fittiag pokton)) €32d) i formed ko bh e Byl evidcihe lebcdn®?) por@ont(22b). This
ot her hand, at the |ower surface of the novabl e-side
beahﬁg@oﬂﬁ)&&@Zé)fhaTshﬁ inmet alidreeteiClatick tad2he oatee Viidntekr afghe eccentric
bearing portion (a 15 fitting portion) (32c) is forned
porion @2b).0 be coaxial with the eccentric portion (22b).
This bearing portion (32c) has an inner dianeter
[O0k%Y Tle etd(éggibc; Peztion {22b) @nduiied iesariaf pbhngB2eNndre iconnected with each
portion .
other by means of a slide bush (25). Also, a sleeve bearing (29) is fitted between the slide

bush (25) and the bearing portion (32¢). An Oldham coupling (34) is provided between

- the movable scroll-(32) and the upper housing (16) to serve as a mechanism for inhibiting =~

rotation of the movable scroll (32).

[0050] With the above arrangement, when the motor (21) is operated, the drive shaft (22)
rotates in association with the rotation of the rotor (24), so that the rotational force is
transmitted to the movable scroll (32) through the slide bush (25). The movable scroll

(32), which is inhibited from rotation by the Oldham coupling (34), only revolves around

“the center of rotation of the drive shaft (22) without rotation. By the operation of the
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[0049] The eccentric portion (22b) and the bearing
portion (32c) are connected with each other by neans
of a slide bush (25). Also, a sleeve bearing (29) is
fitted between the slide 20sush (25) and the bearing
portion (32c). An A dham coupling (34) is provided
bet ween the novable -scroll- (32) -and the upper ‘
revhintisn nd thd Govableserolk (323, thenmaiaedsiom ¢hambien i33)i atween the fixed
rotation of the novable scroll (32). [0050] Wth the
scralb@¥e ard thegaoeddle swhikr32he chahged R ¥9luine. ofersdoeddtion with the
the drive shaft (22) rotates in association with the

changt &t valomefthérbef, thrtiow-fraskire ©frigebatt id hirkedtrat thaahtake pipe (14)

force is 25 transmtted to the novable scroll (32)-

and R rcon@keskditinsthe dempresdior{ 2mbef I@3)nmy thlat thegeewlite (3R refrigerant
which is inhibited fromrotation by the O dham

becomephighg (£Hgr, tho high-pressodevie frigerami il discidngedcRomethe discharge pipe
rotation of the drive shaft (22) wthout rotation. By

(15),hke egFeipatnioi sobjettbd tol Zrocensed ot dondepshitibi expmnsidyl, and evaporation
scroll (32), the conpression chanber (33) between the

andf isxestkegCined lthe Rikdkeapipet (1) mpuimbtcee bs ceomhpre(sd@) This operation is
changed in volunme. In association with the .change in

repyddine thereof, the | owpressure refrigerant is sucked
fromthe intake pipe (14) and is conpressed in the

[008 DimpTsesi$y, ot edasnd Eice (08 Fje thAGt plart (17hef the esmpressa@f(1) Bdubricated
refrigerant 5 becones high. After the high-pressure

by tef reifiggsratot oilssupbaehdirgath theomminheil dumslhaade (3¥che However, the
(15), the refrigerant is subjected to processes of

confpeeden $Ht inan , beexaatsd @m thaficlleeviap Giridt i conditidnsl amwl in turn, in the
sucked into the intake pipe (14) again to be

_condvivpriessedefiiborasorapieoxadts omthebeatigpiiat.ed. [ 0051]

Usual Iy, the bearing face of the thrust plate (17) of
A. Thecoppsses $Dris 6fdrated in therdoadition that Ghdoefi degator oil in the oil stop is
refrigerator oil supplied through the main oil supply
exhpadtdd. (22c) . However, the conpressor (1) may be
operated in the follow ng strict conditions, and in
B. The tompressoR €1) is arlied it® npéragt afted thiefafiigaimtretuney do the compressor
exi sts on the bearing face. A The conpressor (1) is
(1) dpei ahechiph pgrégueoside tafothet Rétigdrittor efrenigan adperatoinl stop of the
the oil stop is exhausted. 15 B. The conpressor (1)
conipsessbdn(l) and the tepergfec afwahed b tHedfquidyefidgdratet urns to
the conpressor (1) fromthe high pressure side of the
C. Tefapegivatcoatines ircthic tconditiop éraathedituid @firigdraritheturns excessively to

dilute the refrigerator oil in the oil stop in the operation of the compressor (1) and the

bearing face is washed by the liquid refrigerant of the refrigerator oil.

--[0052} Under -the -circumstances'; in the present- embodiment;- the - thrust plate' (17) i o o

arranged as follows to improve the sliding characteristic thereof so that abnormal abrasion
and sticking‘of the movable scroll (32) and/or the upper housing (16) are prevented even if
the compressor (1) is operated with no refrigerator oil on the bearing face.
f0053] <Structure of Thrust Plate>

The thrust plate (17) is formed, as schematically shown in FIG. 2, in such a fashion

that a zinc phosphate film (42) is formed on the surface of a base material (41) of a steel
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conpressor (1) and the bearing face is washed by the

l[iquid refrigerant C. The operation continues in the

condition that the liquid refrigerant returns

excessively to dilute the nafrigerator oil in the oi

stop in the operation of the conpressor (1) and the

20 bearing face is washed by the liquid refrigerant of
plateread raeaatige fidd qurGick lafed @bRlon SR (s fomaed ondbursirfvead, the zinc

in the present enbodinent,---the -thrust plate (17) is

| phospliaznfiina (429, the klrans of chel coptiny &lrk baviigiad antding face.

characteristic thereof so that abnormal abrasion and

[0054] Dkibegoefing fikn @B)afll@icesdl parfdey (48hdleadisfcdiedlipemnatrix resin
housi ng (16) are prevented even if the conpressor (1)

(44).s Alper aphdalwy taf fworicefesingeiraitlos (48)| aronlispeset) eadi exgosed at the
face. 25 [0053] <Structure of Thrust Plates The thrust

slidplgafaee (tHe/Jurfase)f cirih@chatiag fid@@Mpdndceath yxpphed\part (45a) Gf the fluoric
2, in such a fashion that a zinc phosphate film (42)

resih aftivlee@spat theeslRid are i9krashdihse asnid expald dlddg tief slading face
steel 13 plate and a coating film (surface |ayer

outPedd! tepared 43th the rémiineg wint thbeos bufiel i bk mdtfixzksia (44). The
phosphate film (42), the surface of the coating film

expaiot 60e®E @ushel dixpgsell gaa. (458068 1hel fludriteresiagiartieled icmases the
(43), fluoric resin particles (45) are dispersed in a

abufidince %1 thesiudbring 4% menfirsthe sidiplgfiad pdriiomhighétihan ¢he sisindance of
particles (45) are dispersed and exposed at the 5.

the fhothaderhaien (Helasideiof e epatily flre(d4apatiden thef sliding #39.
and each exposed part (45a) of the fluoric resin

[0056]r Itiis neg: (45 thaightive shbivali the ffudeie resin enashebaldng af tho coating
expand along the sliding face outward, conpared wth

filnl (48) iLABPsUNnABE matie Fe3i (4a) ahé the Audrhe erebeitofriasinelied and

- (44). The expansion of each crushed exposed part

dispefsed Yluofic tdith ddntribiutes t6 €lsd abupddirice off @& flngine akesent he
abundance of the fluorine elenent in the sliding face

[0056]r The Mdddig hesin (4ANist fudyaiidedanizesedfing 18 4 bmded, uhe ifheric resin
element in the inside of the coating film (43) under

partidhe (&6} fhnidinihgae paftioRs aftet forinati®be tHehmbating G W3NBIPTFE, and

shown, the fluoric resin nelt in baking of the coating
the fludrid fedid)mélseddh SRkhg @d thecdatife fith (#X) dnelslispetséd )in @rcmatrix resin
the fluorine elenent of the nelted and dispersed
(44)ik BBPiresif.esi n contributes to the abundance of the
fluorine elenment. [0056] The matrix resin (44) is
[0037)| yatrustePlatriMmugetuingdviathod>bi nder, the fluoric resin
15 particles (45) remaining as particles after
f or aat &xampdé dfhthresaplarg nfanbific(udidy methd@sEviland described next.

Wherein, the present invention is not limited to this example.

- [0058] “~Formation of Material-

First, the base material (41) having a surface roughness Ra of about 0.1 pm is
treated with an aqueous solﬁtion of zinc phosphate to form the zinc phosphate film (42) on
the surface of the base material (41). Then, a coating having the following composition is
applied on the surface of the zinc phosphate film (42) and is baked to form the coating film
(43).

[0059] .(Corﬁposition of Coating)
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the fluoric resin nelted in baking of the coating film
(43) and dispersed in the matrix resin (44) is FEP
resin. [0057] <Thrust Plate Manufacturing Method> An
exanpl e of thrust plate manuf;acturing nethods will be
descri bed next. 20 \Werein, the present invention is
'not limted to this exanple. [0058] -Fornmation of
Mat @olyamidd-insitle; 2heciplgartmat eri al (41) having a
surface roughness Ra. of about 0.1 Itmis treated
W t PTER (AREDURItEE pointR3 wéight paet phosphate to form the
zi nc phosphate film (42) on the surface of the base
mat FEPatsif ¢260.°CThélting poi@oal’ ngighapang t he fol | owi ng
conposition is 25 applied on the surface of the zinc
phosp#stie; 6.15 me{ghtpagnd is baked to formthe coating
film (43). [0059] (Conposition of Coating) 14
Pol BaRieae NMP deopat@mwringht part PTFE (380 C nelting
point); 3 weight part FEP resin (260 C nelting point);
[0080] Wak etipep@ite fofbadhyd the cotindfiMe (4B is T8 1C, Svhish ¥ @Wer than the
NVP (proper anount) [0060] The tenperature for baking
meking pebaof figs FEP fs(dgowded (28@h 6 sritdilies lyrdin diconeer)tdndraceordingly,
the nelting point of the FEP resin powder (2 gm or
the PR eSin 19 hvltad G dfFEiaking, soadmdtoaaeitditagl formatibreof-tHe coating film
resinis nelted in the baking so as to contribute to
(435. orpeRbii2nthe PP AR p&w@dri (Qqurh i drremd] 8 krailBdauser) thae aRhElEng point
powder (2 pmor smaller grain dianeter) has a nelting
high®ithin #2 dein@bturt Henbdldies, tie faedind b thef Miloriadekingpartiles (45) and
remains as the fluoric resin particles (45) and
disfsbrseAah $iedcdafing HigmC 0 The figickndssof THaeohting Rie afteobakifieis set to be,
coating filmafter baking is set to be, for exanple,
for aketile Abotiod b 70 1Al SAlsd, hige sutfdcaeughaegResBthRaosing film (43)

the coating film(43) 1is about 0.3 to 0.6 m [0061]
is abohit ©H (e pin0 Materi al
[0061] -Treatment to Material-

Next, the surface of the coating film (43) of the thus obtained material is subjected
to lapping. FIG. 3 shows schematically the state where lapping is performed. In the
drawing, the reference numeral (51) denotes a lapping surface plate and (52) denotes a
pressure plate. The surface of the coating film (43) is lapped in such a state that. the

material (56) is fixed to the pressure plate (52) and an abrasive liquid (58) in which free

abrasive grain (87) is dispersed is allowed to intervene between the lapping surface plate

~{51) and the coating film (43) of the material (56).. The lapping pressure is set in the -~~~ -~

range between 9.8 kPa and 49 kPa, both inclusive, and preferably, in the range between 9.8

“ kPaand 19.6 kPa, both inclusive.

[0062] This lapping with the abrasive grain (57) crushes each exposed part (43a) of the
fluoric resin particles (45) which is exposed at the surface of the coating film (43) so that

each exposed part (45a) expands outward along the surface of the coating ﬁlm. (43), as

- shown in FIG. 4, compared with the part thereof buried in the coating film (43). By doing
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15 Next, the surface of the coating film (43) of the
thus obtained nmaterial is subjected to |lapping. FIG
3 shows schematically the state where |apping is
performed. In the draw ng, {he reference nuneral (51)
denotes a | apping surface plate and (52) denotes a
pressure plate. The surface of the coating film (43)

- 50, tife dcanpe Blrh I4PUES adilst bickndRal abhie 30 ah ard de (ubdYe tdighness Ra

fixed to the pressure plate (52) and an abrasive

theteo@l Bedbr{RGnalln WisGRefbrBR BGealicasimee ehmthness T within the range
di spersed is allowed to intervene between the | apping

betSetd RO il Bld9.2 (1l bothnfcltdige.coating film (43) of the
naterlaP (56) -The lapping pressure is set in the

(0063 JRelRESIWBRI bedwErkRa D R of ShukeRaR a bal M bunahnisi of Flucaii@ Element
preferably, in the range between 9.8 kPa and 19.6
inSﬁ?ﬂtce_PQﬁtﬂ&nloﬂ_@ouﬁh%Fi-lm[—OOGZ] This lapping with the
abrasive grain (57) crushes each exposed part (45a) of
t he F1@5 5f {sURrdrepH ek NaRadlt 4:64 €5 o4t Whfithnis RABPSBOWing the
at the surface of the coating film (43) so that each
rel 86REEE BeReh suffacy r@Fmg Ra0atid\&rfhea | FOBndeh@atioar faB0&dance of a
of the coating film(43), as shown in FIG 4, '
fludiBRPRAMBsht Mvhbn tRElapsing id pafafled BUiH 8@ $rint dife 60MEIabusive grain
film(43). By doing 15 so, the coating film(43) has a
(573 chaiobdvEKARES vitferdd it abd0e EbMnBNbrigeRitimlik @f@loyed (matrix resin
roughness Ra  thereof becones small.” It is preferable
oly@mS@LinkiAg): SHhdrRS GediRUOTTIES S+ REEM febing £he0:B8nge The surface F
@ bet ween O.@OS mand 0.2 p,m both incl Esi ve. [8063]

concéitafibh OREN nfeab@bdeRMhoSH TRISR (RausHpesdisParsivedX-ray fluorescence
Abundance of Fluorine Element 5 in Surface Portion of

- difffRebh Nevide). M T GonPolished &HfiaRNis( ab @urtidlt Sedbreadifg isabjected to

on the logarithmc scale) showing the relationship

lapHiBl \WE& ha$ Wl Sudfete FOLANARSEa B oaN@msSatid aGarflice F concentration of 22
concentration (abundance of a fluorine elenent) when

mads'. | TRPIsBFadeSronehidc@s MAChnd the stilFscedF doRcditatoRbrd feindicated in
abrasive grain 57) changed variously, wherein the

Tabdbpve coating conposition is enployed (matrix resin 10
(pol yam de-imde): fluoric resin (PTFE + FEP resin) =

[0064): Bfhbie Mhe surface F concentration was neasured
usi

rav-disnersive X-rav fl.uorece
G ]S e AR A (s o SHSCRE hReERrADR (185 T Ly
artiicl e bef of-&8 being subjected to 22.88ping and has a
"~ sur|fface roughAess Ra of| 0.5 gm and2&2%urface F

corjcentrati om2of 22 26.20

0.1 27.80

0.08 : 28.06

0.05 29.10

0.03 _ _ 2767

0.02 20.69

{0065] FIG. 5 and Table 1 prove that when the lapping attains the surface roughness Ra in
the range between 0.03 um and 0.5 um, both inclusive, the surface F concentration
becomes higher than that of the non-polished article, resulting in excellent sliding
characteristic of the thrust plate (17). This is because each exposed part (45a) of the
fluoric resin particles (45) which is exposed at the surface of the coating film (43) is

crushed by lapping to expand therearound.
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mass- % The surface roughness Ra and the surface F
concentration are as indicated in 15 Table 1. [0064]
[ Tabl e 1] Surface roughness Ra (nfurface F
concentration (mass % 0.52209 0.423.21 0.226. 20
0.127.80 0.0828.06 0.0529.10 0.0327.67 0.0220.69
[0065] FIG 5 and Table 1 prove that when the | apping

[0086] &IGS6 ieplsits bate sufaghofeas nBapolishet lagiclamgeF itk tAw arphoto of
0.03 pmand 0.5 m both inclusive, the surface F

theourfaendf el cdatind 600 g shd ihglne ipldtb d17)t feasrdade tohe present invention
non-polished article, resulting in excellent sliding

whitll leRaseas tsebjesitd ¢o ®dppidpesd hs us hayd atserfick7ougHivss Rasof 0.05 pm.
because each exposed part (45a) of the fluoric resin

FIRa thtsesndlBiughhdse bf icBn@vpaagdoatex petssitrthacarfak pdidon of the
coating film(43) is <crushed by | apping to expand

codtiAg Ifig@l ouNkile, 16is [(BA&6of Iffom E1GST thap et @noéx bhes at the surface of
surface of the non-polished article and FIG 7 is a

thebetigy fifm ath@ushedftaerpald thbeakaal iang thd fluworiaf resingparticles are also
thrust plate (17) according to the present invention

crudftidab idtaéas @edtes Ubihe ek@sbedl pattappicng so as to have a
surface roughness Ra of 0.05 gm FIG 6 shows smal |l

[oo6PM mﬁﬁ‘ﬁﬁ% € FIRIE auETab1e 1¢trvsaifapaF tcdndontrhtién Bay 4 pesk at around
portion of the 5 coating film Wile, it is understood

thef suefbdkdughhedsIRY of NMSCoMVaKE pedréBeatviichehs vaffaeerovfhness Ra is
the coating filmare crushed to expand therearound and

inctegest hatDrdeCreb®si N Whéd ithd etrface rahgmessC Rashedarge, the surface F
increase in area of the exposed parts thereof. [0067]

conBedteitioh Ny nbOsdhigh bocane thablpdsdd parte(4SHy bfuhe fluoric resin particles
concentration has a peak at around

(45) are crushed by lapping insufficiently. On the other hand, the surface F concentration

. decreases as the surface roughness Ra is decreased. Because, the grain diameter of the

abrasive grain (57) must be small for reducing the surface roughness Ra and the fluoric
resin particles (45) at the surface of the coating film are shoved away by the abrasive grain
(57) of small size.

[0068] According to the above results, it is understood that lapping to attain the surface
roughness Ra within the predetermined range is effective for increasing the surface F
concentration. When the surface F concentration of the polished article is 1.25 times or

larger than that of the non-polished article, the sliding characteristic is improved

- remarkably.~ For setting the surface F concentration to be 1.25 times or ‘larger, it is

preferable to set the surface roughness Ra within the range between 0.03 pm and 0.2 pm,
both inclusive.

[0069] The grain diameter of the abrasive grain (57) influences the surface roughness Ra
resulted from the lapping, and the surface roughness Ra are 0.03 pm, 0.05 pum, 0.1 um, and
0.5 pm when the grain diameters are 4 pm, 8 pm, 12 wm, and 20 pm, respectively, in

general.  Accordingly, it is preferable to set the grain diameter of the abrasive grain (57)
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the surface roughness Ra of 0.05 m and decreases when
the surface roughness Ra is 10 increases and
decreases. Wien the surface roughness Ra is large, the
surface F concentration is n so high because the
exposed parts (45a) of the fluoric resin particles
(45) are crushed by lapping insufficiently. On the

withirhie rirgedetwdet 3sunfaad @5 hng dotecludive 0ahd eerprakesdlasvithin the
the surface roughness Ra is decreased. Because, the

range aetveeh dnd &1d 1 pkhbothalvt@svare grain (57) nust be
smal | for reducing the surface roughness Ra and the

(0070 GAbandence @F i Flupdid Bldrednt (iASSlidihg tHee Rurfiac €SoffadehBortion of
coating filmare shoved away by the abrasive grain

Coftmp) Fitth)-smal | size. [0068] According to the above
results, it is understood that |apping to attain the
sur facdesciibe)abess Mathel blekehttiAGerdivadehe sifard Fr af@eniration is
is effective for increasing the surface F

inceapeehichadt than. thihen tHehgors polished aktid® lb?veﬁﬂ)je%tih nhefsuifhe of the
polished article is 1.25 tines or 20 [arger than that

coafihg tfit@ t0QabHdel. | SWaekeRy, theCdi@fact Feofbdrliatign of the non-polished article
characteristic is inproved remarkably.-- For setting

corteRporildtd AeLabundiee O thicailictine dediént in 25 édaBS M under the sliding
larger, it is preferable to set the surface roughness

fac&ahmiis, Mhdrinkide of &edRaliet HREN ThOsh@dhaRbiheflgdhine dl&hbnt therein
inclusive. [0069] The grain dianmeter of the abrasive

undgf dierslidmg)fatedaniRnaesutelen st Amanitc? ek BessidRay 288 is polished to
resulted fromthe | apping, and the surface roughness

expoge &eLinBidebfaht cOatity €l 4hdlrhgElenddifs eﬁsﬁndg]m e Bxpdied surface
grain diameters are 4 gm 8 gm 12 gm and 20 gm

portiés pegialysed Yising An RIBXEr The iM\ide06fhB@bitingd filnk Sinder the sliding face
preferable to set the grain dianeter of the abrasive

can®edixBodel bly 1dpping thiislidingEadcridier helcsRitions @mmﬁﬁ g2Bin@ameter of
both inclusive, and nore preferably, within the range

the BBia¥®€ ArAn, N8 RP&@1abBingPredd e 1 infyeddisdlBing [sB€A) hnd 30 sec polishing
- Abundance of Fluorine Elenent in Sliding Face Portion

timé peiddace Portion of Coating Filn) 5 As described
above, in the present invention, the surface F

[00ZUNLEetHig diai Othe isGrfadeNE IcOAS@Ikatib) BE Fhet Nidind Bt pottidohéf the sliding
non-pol i shed article by subjecting the surface of the

mer@b@t ik Mgkabirkdnubing |aaPPIDRY theViheideiof thd beatimprfilac’ dxposed by lapping
concentration of the non-polished article

the sliding face under the above conditions, and then, the surface F concentration of the

exposed surface portion is measured. When the surface F concentration of the former is

higher than that of the latter, it can be confirmed that the present invention is effective.

-f0072] --Others-

It is noted that the thrust plate (17) is provided in the above embodiment. Instead,
the coating film (43) having an excellent sliding characteristic may be formed directly on
the upper housing (16) by the same manner as in the above embodiment.

[0073] Further, the surface F concentration of the sliding face portion may be increased by

- varnishing rather than lapping.

Industrial Applicability




corresponds to the abundance of the fluorine el enment
in the coating filmunder the sliding face, that is,
the inside of the coating film The abundance of the
fluorine element therein 10gnder the sliding face can
be measured in such a manner that the sliding face is
polished to expose the inside of the coating filmand
- [00TheAgl duveritbel ebést ithg presehhénexposad ssefiflafbe sljpling inpambers of
is anal yzed using an EDX. The inside of the coating
conipréssonsndétheliie. sl i ding face can be exposed by | apping
the sliding face under the conditions of 20 gmgrain
di aneter of the abrasive grain, 9.8 kPa | apping
pressure, 1 msec polishing speed, and 30 sec
polishing 15 tinme period. [0071] In this way, the
surface F concentration of the sliding face portion of
the sliding nenber is measured using an EDX, the
inside of the coating filmis exposed by |lapping the
sliding face under the above conditions, and then, the
surface \F concentration of the exposed surface
portion is neasured. When the surface F concentration
of the former is 20 higher than that of the latter, it
can be confirmed that the present invention is-
effective. [0072] . -Ohers It is noted that the
thrust plate (17) is provided in the above enbodi nent.
Instead, the coating film (43) having an excel |l ent
sliding characteristic may be fornmed directly on the
upper housing (16) by the sane manner as in the above
enbodi ment. 25 [0073] Further, the surface F '
concentration of the sliding face portion nmay be
I ncreased by varnishing rather than | apping.
I ndustrial Applicability 18 [007] As descri bed above,
the present invention is useful for sliding nenbers of
conpressors and the like. 19 CLAIMS [1] A sliding
menber, conprising: a surface layer portion (43), at
| east the surface |ayer portion (43) including a
matrix resin (44) in which fluoric
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resin particles (45).are di spersed, a surface of the
surface | ayer portion (43) serving as a 5 sliding
face portion, a plurality of fluoric resin particles
(45) are dispersed and exposgd at the sliding face
portion, and each exposed part (45a) of the plurality
of fluoric resin particles (45) expanding along the
sliding face portion outvwerdIMSonpared with each
remai ni ng. part thereof buried in the matrix resin
[1] (44) slidiQg hdmbAr,donthrBhene singice le@rpoitdnig3), a surface
| ayer portion (43), at least the surface |ayer portion
(43t 1éaREfh duacedtay@tpottior @3) thelwdidhg 4 mawkX ekinf(Hdpini which fluoric
resin particles (45) are dispersed, a surface of the
resitf patiales (dRyae dpPeisedn butBice SENE Bgfas layer Portibm@t3h aewing as a
portion, and an abundance of a fluorine elenent in the
Sﬁ&ﬁ?ﬁﬂk?@ﬂﬁﬂge portion is higher than an 15 abundance
of a fluorine element in the surface |ayer portion
(43 puidiy of MRofik irehin Paiitirlee (4P0drkidipersed]and hapsdedditnige sliding
menber of Claim 2, wherein the abundance of the
facefl pd#@6n, R ded=ERRRpoded paie(4Sh) of g paeityof thuoricirssid .palicles (45)
times or larger than the abundance of the fluorine
exp@ld@igeilbng Mhd REJiSHT thes GottidyiesutPerd, icomphrd) with Gcatln deaining part
the sliding face portion. [4] A sliding member,
ther€dTHRFib® oG maki Wsiro@a).| ayer portion (43); and abase
material (41), at least the surface layer portion (43)
[2] | NCA YH#RG nfeniBRE, donprigiigha bétdaceilayerpotionfUdiori c 25
resin particles (45) are dispersed, a surface of the
surdt a&st tha ¥eifadeahidrPartishdU3s Bickiding amatix ®kindH#pinfweldeh fluoric
portion, the surface layer portion (43) being forned
resif Yar@iplek 545)9&1‘6 despaisedOa S@caiofithg sirfee AByaiaiottion (433 iserving as a
(44) and a fluoric resin to the base material (41), a
Sﬁﬁﬂ?@&g@@hk@ﬂﬁﬁimeen the matrix resin (44) and the
fluoric resin being set within a
an abundance of a fluorine element in the sliding face portion is higher than an

abundance of a fluorine element in the surface layer portion (43) under the sliding face

‘portion.

i3] The sliding member of Claim 2,

wherein the abundance of the fluorine element in the sliding face portion is 1.25
timés or larger than the abundance of the fluorine element in the surface layer portion (43)
under the sliding face portion.
(4] A sliding member, comprising:

a surface layer portion (43); and

a base material (41),

at least the surface layer portion (43) including a matrix resin (44) in which fluoric

resin particles (45) are dispersed, a surface of the surface layer portion (43) serving as a

sliding face portion,

the surface layer portion (43) being formed by applying a coating containing the




10

15

20

25

range from"70:30" to "65:35", and an abundance of an
fluorine elenent in the sliding face portion being set
in arange 5 between 26 mass % and 40 mass % both
inclusive. [5] The sliding npgber of any one of O ains
-1 to 4, wherein the sliding face portion has a surface
roughness Ra within a range between 0.03 ~trn and 0.2
mattinyesbotdd) ambtd {lsdrieresingd thi tmbé chatregiah@ithher
manuf acturi ng nethod, conprising the steps of 10
f or na ngsaratmtbetweeh thé Glatrat resmadt) andstheffhmeiclragie being set within a
portion (43) of which is made of a matrix resin (44)
range fwm E70:830°Utor'i66:368sind parti cl es (45) are dispersed;
and subjecting a surface of the. surface |ayer portion
( 43)ancdbuhthenceat en flabrifbdyment ih aippsliding fanel portipn dsBigrset in a range
to set a surface roughness Ra of the surface | ayer
betyeaen 26 masd 39 and 4thinasses, beh gelisetenween 0. 03 [tm and 0.2
gm both inclusive. 15 [7] A coating for a sliding

 [SrentiBre dididgemeanbéricfdny ondob@iaimathtedi al (41) to form a

coating film (43) of which surface serves as a sliding
f acewlofreia tisd $lidiinpyfane pdréion hacospfdcs ragzhnaessfat witkinraaange between
(44); and a fluoric resin, 20 a mass rati o between
0.08hen awd 6.2y, dettnincUdiveand t he fluoric resin being set
wthin a range from"70:30"to "65:35", and the
[6]c oatA slidihg nenbes mdnbfactuang hethodgeomypriiig the stdpis oft
sliding face is subjected to |apping under pressure
af t ébrmihg acoatefiglg56) htnedsd 3)suiface layermsbrtigB 43} o€ viidi isigade of a
for a sliding nmenber of Caim7, 25 wherein the matrix
matrésiesin((44) inivehigtoflyeni einipaititéss (afichre A pédsedirand 1 esi n
is made of polytetrafluoro ethyl ene and
t et rsabjectirgoeiirfdce né theaxshdalayer portigy (48N ef the pedtyriad (56) to lapping
resin. -
under pressure to set a surface roughness Ra of the surface layer portion (43) within a

range between 0.03 pm and 0.2 pm, both inclusive.
[7] A coating for a sliding member to be applied to a base material (41) to form a
coating film (43) of which surface serves as a sliding face of a sliding member,
comprising:

a matrix resin (44); and

a fluoric resin,

a mass ratio between the matrix resin (44) and the fluoric resin being set within a

- range from “70:30” to “65:35”, and

the coating being used for a sliding member of which sliding face is subjected to

lapping under pressure after the coating film (43) is formed.

(8] The coating for a sliding member of Claim 7,
. wherein the matrix resin (44) is polyamide-imide, and
the  fluoric resin is made of  polytetrafluoroethylene ~ and

tetrafluoroethylene-hexafluoro propylene copolymer resin.




