1 SLID NG ELEMENT AND FLU D MACHINE 5 Technical Field [0001] This
invention relates to sliding elenents and fluid conpressor machi nes and
particularly relates to a sliding elenent including a fluorine-containing
resin.layer formed on a surface of its netal substrate and a fluid nmachi ne
using the sliding elenent. 10 Background Art [0002] Al nost all rmachines
presently used enploy sliding elenents, such as bearings or neshing gears.
Such sliding elenents are required to have not only necessary nechani cal
strength but also slidability or wear resistance in their surfaces. An
exanple of a nethod for satisfying the slidability or wear resistance is
to supply liquid lubricant to their sliding 15 parts. However, depending
upon where the slidi ngLEYENGBLEMENEAND FEHDIYACKINE i qui d | ubri cant may
be unfavorable. In addition, the supply of liquid lubricant often leads to
cost rise. For these reasons, there have been devel oped great many
techniques for giving slidability or wear resistance to the sliding

el ement BathhivabFisdld hout using liquid lubricant. An exanple of the
techniques is a technique for formng a sliding coating on a surface of 20
t he sl i dDol]el €hienhvention8lateSi tncdidly elemgnte|aadethtid camgressqquinpeldngsoatiday e
mechani cal strength, their substrates are in many cases nade of netal

Sl i di ng pedéuiattyscebasrtonl sjidingederhent indledisg bstyoainesontainiig rgsindayqrdormed

| ubricants, such as MbS2 or graphite, and polyneric conpounds, such as

f 1 uor or esiasurbec afitemethkyubitzate anba fusl medhing yenertbe fidiegclemsiever, because
such solid 25 |ubricants and pol ynmeric conpounds (resins) have poor
adhesion property to netal constituting the substrate, various

consi derations have been nade in order to enhance the adhesion property. 2
[ 0004] = MackeronnskAetn consi dered as measures to enhance the adhesion

property are to roughen the substrate surface and apply solid |ubricant or
resin t d0904 r@h@%ﬁg@l@hmﬁgg@semiy used employ sliding elements, such as bearings or

" meshing gears. Such sliding elements are required to have not only necessary mechanical
strength but also slidability or wear resistance in their surfaces. An example of a method
for satisfying the slidability or wear resistance is to supply liquid lubricant to their sliding

15 parts. However, depending upon where the sliding element is used, the supply of liquid
lubricant may be unfavorable. In addition, the supply of liquid lubricant often leads to cost
rise. For these reasons, there have been developed great many techniques for giving
slidability of wear resistance to the sliding element surface without using liquid lubricant.
An example of the techniques is a technique for forming a sliding coating on a surface of

20  the sliding element.

[0003] Since sliding elements are required to have mechanical strength, their substrates
 are in many cases made of metal. Sliding coatings commonly used for the substrates
include solid lubricants, such as MOSi or graphite, and polymeric compounds, such as
fluororesin, because they have good sliding performance. However, because such solid

25 lubricants and polymeric compounds (resins) have poor adhesion property to metal

constituting the substrate, various considerations have been made in order to enhance the

adhesion property.




(see, for exanple, Patent Docunent 1 and Patent Docunent 2). According to
the nmet hods, the adhesion property is enhanced by penetrating solid
lubricant or resin into mcroscopic 5 recesses in the substrate surface.
Pat ent Docunent 1. Published Japanese Patent Application No. HO5-180231
Pat ent Docunent 2: Published Japanese Patent Application No. 2000-145804
Di sclosure of the Invention 10 Problens to Be Sol ved by the Invention

[0005] Theod]eChRids oftb:s chbs@bed Bs RREGREs OGINARRL thé AdAMSY pRopBAY @RMonNg t he

surface layer of the nmetal substrate. Therefore, the techni que cannot be

appl i ed rbegtehithé Bebsh@MRThee aPippli ¥Olid/ Ribriciht ¥ GBsiN 36 dRMNolghenkd 30Fice
According to a Barfield-type constant-velocity joint disclosed in Patent

15 Docuresy fof extiplesPhisdtdcRntul { a6 PhientSDbh186ne d). LA csiig R B8 niefhds,0 have
a surface roughness of 10 to 30 min ternms of center |ine average

roughneske Rihesibh @i@fcetyas chtd@cedby ettty sélid Mblisdn@r eQRC avd hiiessbid
convexities of sinple profile, which provides a snmall effect of

penetr atrédegses o the shibdtatecmpfacr resin into the concavities. This does not
of fer enhanced adhesion property. Particularly, if resinis applied to the
subst r atPatestiDbaaesnt d: putiBhahiapacdse Paf2at ApslicatioNong054892%le, the resin may

be peeled off fromthe substrate, thereby significantly increasing the
coef f i ciPatent Bbcimém i Bublshed Fpapsse FhteniThpicatiobNen2@@niiB80be sol ved even if
the substrate surface after shot blasted to have a surface roughness of 10
to 30 min ternms of center |ine average roughness Ra is subjected to
conversion treatnent. [0007] The present invention has been nmade in view of
t he f or dysilesyrenfithetlneerdfoor e, its 25 object is to provide a sliding
el enment in which a fluororesin-containing sliding coating has an enhanced
adhégi ofrehlepera e Sadvadio tdelfsentere surface and a fluid nmachine using the
same. 3 Means to Solve the Problens [0008] To attain the above object, in
t he pref@®MS]i nlhenterlomqueadistliostidnip Batemtelnocunmant disgolyes hhudening ¢bé swdanst ai ni ng
resin layer on a surface of its netal substrate. L
layer of the metal substrate. Therefore, the technique cannot be applied to sliding elements
not involved in such hardening.
[0006] According to a Barfield-type constant-velocity joint disclosed in Patent
15 Document 2, the substrate surface is subjected to shot blasting to have a surface roughness
of 10 to 30 pm in terms of center line average roughness Ra. Therefore, the surface has
only large concavities and convexities of simple profile, which provides a small effect of
penetrating solid lubricant or resin into the concavities, This does not offer enhanced
adhesion property. Particularly, if resin is applied to the substrate surface, a problem occurs
20 that, during service, the resin may be peeled off from the substrate, thereby significantly
| increasing the coefficient of friction of the joint. This problem cannot be solved even if the
substrate surface after shot blasted to have a surface roughness of 10 to 30 um in terms of
center line average roughness Ra is subjected to conversion treatment.”
[0007] The present invention has been made in view of the foregoing and, therefore, its

25  object is to provide a sliding element in which a fluororesin-containing sliding coating has

an enhanced adhesion property to the substrate surface and a fluid machine using the same.




[ 0009] Specifically, a first aspect of the invention is directed to a
sliding elenent 5 including a fluororesin-containing resin |layer on a
surface of a nmetal substrate. Furtheryiore, the surface of the substrate is
subj ected to surface roughening to have a surface roughness |arger than
0.5 mand smaller than 10 min terns of the arithmetic mnean height Ra of
the profile of the surface. [0010] According to the first aspect, the

subst r at Resuth deRe adrPitBemsesin | ayer are firmy 10 adhered to each ot her
and there is alnost no possibility of the resin | ayer chipping off from

t he subsfooesie. TbQ@dih] thd aB@&SHeASRARS pRbert MeyehAYE N dRlihd Seib® i5¢lLcHsNY
el ement according to the first aspect, wherein the surface of the

subst r atfudrsresiviogiigal tefindbydr ag @ sugb@ s ethigubamge.a surface roughness
| arger than 0.75 mand smaller than 10 min terns of the arithmetic 15

nmean hei[ge9|RaSpécifidadlypraofiist @sgict tofiehs Unfaagion ik0flfediedArcardidig tlemehte
second aspect, the substrate surface and the resin layer are very firmy
adhersed ihdudiag haoflheroraaiidcontdigingf ausid, 1dyee ohi ppivnfacofdf af nidnd Eésirmel ayer
fromthe substrate can be surely prevented. [0013] A third aspect of the

i nvent i diurihermidre, tei sirfige elf ehestbsaaroisdiubipcted fohaurface sbugheningtoslexwend
aspect, wherein the surface roughening is conversion treatnent. [0014]

Accor di rsgrihee taughtdss datgasthex 0,5 pinearslumfies thanuldhpmi ingeman obthecanthmed out

wi th high accuracy and high reproducibility. [0015] A fourth aspect of the
i nvent i aneansheigdhe Reloif thepyoBleanfthnt suafacor di ng to any one of the first to
third aspects, wherein the resin |ayer contains polyam de-imde resin. 25
[0016] ABGWNdi Ageardinghie thicofirst hspastp 8etsubstiate pwica andylks resiniape aradientyard to
break and can be nore firmy adhered to the nmetal substrate. [0017] A
fiftll asgbered bf cachethenand theomisiabmeshao pbisihility «fltbermsin lapwehitiping eféframy one

of the 4 first to fourth aspects, wherein a surface |ayer of the substrate
i s subj det asE®eno hardening. [0018] According to the aspect recited in

claim5, the need to additional|ly carry out )
[0011] A second aspect of the invention is the sliding element according to the first

aspect, wherein the surface of the substrate is subjected to surface roughening to have a
surface roughness larger than 0.75 pm and smaller than 10 pm in terms of the arithmetic
15 mean height Ra of the profile of the surface.
[0012] According to the second aspect, the substrate surface and the resin layer are very
firmly adhered to each other and, therefore, the chipping off of the resin layer from the
substrate can be surely prevented.
[0013] A third aspect of the invention is the sliding element according to the first or
20 second aspect, wherein the surface roughening is conversion treatment.
[0014] According to the third aspect, the surface roughening can be carried out with high
accuracy and high reproducibility.
[0015] A fourth aspect of the invention is the sliding element according to any one of the
first to third aspects, wherein the resin layer contains polyamide-imide resin.
25 [0016] According to the fourth aspect, the resin }ayef can be made hard to break and can
be more firmly adhered to the metal substrate.

[0017] A fifth aspect of the invention is the sliding element according to any one of the




hardening is elimnated, thereby providing cost reduction. [0019] A sixth
aspect of the invention is directed to a fluid machine including a sliding
5 elenent. Furthernore, the sliding elgnment includes a
fluororesin-containing resin layer on at |least part of a surface of a
metal substrate and the surface of the substrate under the resin layer is
subj ected to surface roughening to have a surface roughness larger than 0.5

gm and  fRedol ferirth Apactd OvigiieinA suffhddah of iR AbitAoRisuBjctBaR Rehahdnilia of the
profile of the surface. [0020] According to the sixth aspect, the

subst r at [@O88]r f Aceording foh@er8pdo récié@rin Alaiths, 4 et db nAdRioaaMBNtarky olihe
fluid machine are firmy adhered to each other and there is al nbst no

possi bi INdrdentg it BEmiresdd) tHepsbsTpreniilippicog redhictibi.om t he substrate. [0021] A
seventh aspect of the invention is the fluid machi ne according to the sixth

aspect, [#0r9]ei A diki Spéch a€ eheOhivdion Subizéotal & afldRr midkend Belutinaysiding
subjected to surface roughening to have a surface roughness larger than
0. 75 5gm ederters nEdrtlermbieatheldlidgm dlément Sndledeym Oiorbfesinasontairg resinnager diei ght
Ra of the profile of the surface. [0022] According to the seventh aspect,

t he subsit ieattepastusffaamefannd 4 metal adistratk aye theasuefavesithe futrstrhte vadéraheeesio each
ot her and, therefore, the chipping off of the resin |ayer fromthe

subst r atlayer ansubgectadrte lsyrfpreavegiteathg t BOR3 subface rgighhesadqeatthaf 0.6 e amvent i on
is the fluid machine according to the sixth or 20 seventh aspect, wherein
t he sur fsawder thaghe pmig tesnsodibearghontic mean heipht R4 O0Rd profibeof tte mgface. t he
ei ghth aspect, the surface roughening can be carried out with high
accur acyl0 higordimgriodhe ishith iaspect, [tBO 28strateniunfadee aspabe resin ldyer phvlent i on
is the fluid machine according to any one of the sixth to eighth aspects,
wherl8i n slifiagetasiant imihe fluibmeaehinsarp dirpdnidherddriv ¢ach etberandaBerp d0ABPsiAwcor di ng
to the ninth aspect, the resin_|layer can be nmade hard to break and can be
nore fi Mepspbilihelrtheresin lewes ohimping offliGemyrthe subspra@27] A tenth aspect of the
invention is the fluid machi ne according to any one of the 5 sixth to
ni nth adf&dds, Avisaerthrmsperé of|thelimgnbore i he fluidanpiircaceording (q des ainth
aspect, wherein the surface of the substrate under the resin layer is subjected to surface
roughening to have a surface roughness larger than 0.75 um and smaller than 10 um in
15 terms of the arithmetic mean height Ra of the profile of the surface.
[0022] According to the seventh aspect, the substrate surface and the resin layer are very
firmly adhered to each other and, therefore, the chipping off of the resin layer from the
substrate can be surely prevented.
[0023] An eighth aspect of the invention is the fluid machine according to the sixth or
20 seventh aspect, wherein the surface roughening is conversion treatment.
[0024] According to the eighth aspect, the surface roughening can be carried out with
high accuracy and high reproducibility.
[0025] A ninth aspect of the invention is the fluid machine according to any one of the
sixth to eighth aspects, wherein the resin layer contains polyamide-imide resin.
25  [0026] According to the ninth aspect, the resin layer can be made hard to break and can

be more firmly adhered to the metal substrate.

[0027] A tenth aspect of the invention is the fluid machine according to any one of the




[ 0028] According to the tenth aspect, particularly the |ubricating property
inrefrigerant can be enhanced. [0029] An el eventh aspect of the invention
is the fluid machine according to the fenth 5 aspect, wherein the
refrigerant contains a fluorine-containing material. [0030] According to

t he el eventh aspect, a conpressor with high cooling efficiency and

excel lent lubricating property can be provided. [0031] A twel fth aspect of

the an%mth%lnfnﬁlég&tg lvefﬁefhmml&&lgf%%@asr& Bé%dttg' &talgtr el event h

aspect, wherein the m'xture ratio rlcat to t igerant is 5% or

l'ess. 1Qo§4H)32hcL560 eg% Rk deRihl eﬂgecrt ‘r’gr{ﬁiﬂ}aﬁ?}s ﬂ%q{lbnc%'uﬂ & ?r&ﬂ%ﬁy W ¥db&an@t i 0 of

| ubricant to the refrigerant t He cooling efficiéency can be
enhanceggn beesRIncéy.t hi rteenth aspect of the invention is the fluid machine
according to the tenth or eleventh aspect, wherein substantially no

| ubri canboig %%@edeﬁthtdlzﬁedt%ffﬁh@ﬁfv@ﬁﬁon {sQQé”ff]]mdA\ﬁﬁ@lhﬁé Becdr@ink RE thdHehdheent h
aspect, the cooling effitciency can be significantly 15 enhanced. [0035] A

f our seenkhecaspredin He feltfetAy &diANa HBofiRCcddtihRgFRa8iANe according to any
one of the sixth to thirteenth aspects, further conprising a scroll

mechani §003040) Acévzling itd ehedel®d@hih asgéctss E@thp@sdop ithBlyh mmgr@ﬁmﬁéy grch
other. Furthernore, at |east one of the pair of scrolls 50, 60)

const i t ekedlehhRibitatighgorRe R be ptovidddi tion, the scroll (50: 60) serving
as the 20 sliding el enent 1ncl udes the resin layer on at |east part of a

surface [@313 nAt@lelfduptdtaifahe ifvoRE&] isABE At nachiae hberdiapnd eentchthaepect ,
the resin layer fornmed on at | east one of the scrolls (50, 60) is firmy

adher ed elevetthespachstheadie tlendixtire rtio of labrigast tonke eddgariitlis §% wflesshe resin
| ayer chipping off fromthe substrate. [0037] A fifteenth aspect of the
i nvént i ¢en323 t Aecdrding donthe hiweltlaagmeti sigeet thet méxtuRSratiouof ddnichntatmpéet |
wherein the resin layer is directly fornmed on a bearing part (53) of the
nmovabl e refcgalaht is50ell, he 08dingadiaentiyngntbe enlwnced.f t eent h aspect, since the
resin layer is directly forned on the 6
[0033] A thirteenth aspect of the invention is the fluid machine according to the tenth or
eleventh aspect, wherein substantially no lubricant is mixed in the refrigerant.
[0034] According to the thirteenth aspect, the cooling efficiency can be significantly
15  enhanced.
[0035] A fourteenth aspect of the invention is the fluid machine according to any one of
the sixth to thirteenth aspects, further comprising a scroll mechanism (40) including a pair
of scrolls (50, 60) meshing with each other. Furthermore, at least one of the pair of scrolls
(50, 60) constitutes the sliding element. In addition, the scroll (50, 60) serving as the
20 sliding element includes the resin layer on at least part of a surface of a metal substrate.
[0036] According to the fourteenth aspect, the resin layer formed on at least one of the
scrolls (50, 60) is firmly adhered to the substrate and there is almost no possibility of the
resin layer chipping off from the substrate.
[0037] A fifteenth aspect of the invention is the fluid machine according to the
25  fourteenth aspect, wherein the resin layer is directly formed on a bearing part (53) of the

movable scroll (50).

[0038] According to the fifteenth aspect, since the resin layer is directly formed on the




bearing part (53) of the novable scroll (50), the bearing part (53) of the
movabl e scroll (50) is firmy adhered to the resin |layer and the
processing can be sinplified. [0039] A sixteenth aspect of the invention is
the fluid nmachine according to the fourteenth aspect, wherein the resin

| ayer is directly formed on the entire novable scroll 5 (50). [0040]
According to the sixteenth aspect, since the resin layer is fornmed on the

entire eﬁﬁﬁé;};ﬁ‘t %%)Qift* %%ablwcfonf 8500, tht at&mct Bt PINTIRE Mbvabi@Qddkll A

sevent e pect ‘o e invention i§ the fluid nachine according to the
fourteer[gﬁg i@%ﬁ%ﬁ}adh\%@&@ﬂfé 48 1dyeSady thé‘%ﬁfceésﬁ%dﬂaﬁ%tshﬂpﬂf&rdmd on a movable
wap (52) ‘of the 10 novable scroll (50). [0042] According to the

sevent eqpiiy) aspesikiceRthNEPelth8f HES lifvenBY¥LTis | e A8 ClhbohiAO r0BGdRB tof AR
novabl e wap (52) of the novable scroll (50), the surface of the novable

wrap (5Zpuddenttt RPedDVBBem Seredih 14R0)s discdily it o eieeehiir® nidvableasioll | ayer
and the cl earance between the novable scroll (50) and the fixed scroll

(60) scanspe reduced. 15 [0043] An eighteenth aspect of the invention is the
fluid machine according to the fourteenth aspect, wherein the resin |ayer

i s direqbogo)f OAEI&QdiﬁP t@Rhe& Eik ek fthSdspéACEn & the esin flapeeds sl lon( O)entireposed
to the novable scroll (50). [0044] According to the ei ghteenth aspect,

since t hgovabRi sordllagey, this fadilitees thy prases@sh.on the entire surface of the
fixed scroll (60) opposed to the novable scroll (50), the fixed scroll 20

(60) is 6041 yAasthetteshtli @spdre of ali¢ nveayion iankt flhél eleehinanmeotdaigmeerhet he
fixed scroll (60) and the novable scroll (50) can be reduced. [0045] A
ni net eerbirteathespecSf whdreinithe sssini layeriis dirdrelyffbmmedl ovag hioveblacoep N @ftle t he
sixth aspect, further conprising a scroll nmechanism (40) including a pair
of 46r olnhevabkGerolQp0). meshi ng with each other. Furthernore, a thrust bearing
- (80) of the novable scroll (50) of 25 the pair of scrolls (50, 60)
const i t 0@R]t haceirdidg g thel svemtenth aspedgistricorthe tdvim lajenistditgedy iforged(a0)
serving as the sliding elenent includes the resin |ayer directly formed on
a sl i di lge movatilapean §$2) of themapablsrsctdie(Shhvbbhuafase pbitie gGable wrap (52) of
the movable scroll (50) is fimly adhered to the resin layer and the clearance between the
movable scroll (50) and the fixed scroll (60) can be reduced.
15 [0043] An ecighteenth aspect of the invention is the fluid machine according to the
fourteenth aspect, wherein the resin layer is directly formed on an entire surface of the
fixed scroll (60) opposed to the movable scroll (50).
[0044] Accofding to the eighteenth aspect, since the resin layer is directly formed on the
entire surface of the fixed scroll (60) opposed to the movable scroll (50), the fixed scroll
20 (60} is firmly adhered to the resin layer and the clearance between the fixed scroll (60} and
the movable scroll (50) can be reduced.
[0045] A nineteenth aspect of the invention is the fluid machine according to the sixth
aspect, further comprising a scroll mechanism (40) including a pair of scrolls (50, 60)
meshing with each other. Furthermore, a thrust bearing (80) of the movable scroll (50) of
25  the pair of scrolls (50, 60) constitutes the sliding element. In addition, the thrust bearing

(80) serving as the sliding element includes the resin layer directly formed on a sliding

surface (81) thereof on the movable scroll (50).




7 [0046] According to the nineteenth aspect, since the resin |ayer is
directly fornmed on the sliding surface (81) of the thrust bearing (80) on
t he novabl e scroll (50), the thrust bearing (80) and the resin |ayer are
firmy adhered to each other. 5 Effects of the Invention [0047] According
to the first aspect, the adhesion property of the resin layer to the netal
substrate i s enhanced, thereby providing excellent slidability. [0048]

Accor di n@ote] t hecsemens tashasitenth AHeadHiRsd MR rBfiP REEE ¥ Blecliries o theayer to
the netal substrate is surely enhanced, thereby providing very excellent

sl i dabi | dliding sheFatd@APbf AeeRisk Rgrih®(F0hon ki fbvasPasdll (30)ehs wrfiadeearing
roughening of the netal substrate can be carried out with high accuracy

and hi ghigoppidate edshi laidriare filRSQAHNAGE &F dichattep the fourth aspect, the resin
| ayer can be hardened and the adhesion property of the layer to the netal

substrate can be further enhanced. [0051] According to the fifth aspect,
cost reduction can be achieved. 15 [0052] According to the sixth aspect,

t he gl i diftgrselfeehvenriont he fluid machi ne exhibits high adhesion property
of the resin |ayer to the substrate surface and thereby providing

excel | enfD047]i dAbedriing.to fH¥0mS3] aspecpthdiadiesion privsergesfaht resaslpgatto theheetsl i di ng
elenment in the fluid machine exhibits surely exhibits high adhesion

pr oper t ysubftratdis enbaicad,|thgreby povidieg cswcbiddnt alidabdityf ace and 20 t her eby
providing very excellent slidability. [0054] According to the eighth
aspect, [0048]suAtemédingcughe néavgd afpecheheredladsionurspartst ef e resindayt italitheg
elenment in the fluid machine can be carried out with high accuracy and high
r epr oduchgpl subsiratd BeEE]Y Advoedi, thgraby prérddmg vety exspléant slidabdity.esi n | ayer of
the sliding elenent in the fluid 25 machine can be hardened and the

adhd8i ol0fdY pehrsordingttnghd thjadrasperti the snacs| rougheaingaefethe auetalisabstiate prsy
enhanced. [0056] According to the tenth aspect, both the cooling efficiency
and t he Hewsrriedami wifh high accuracy and high reproducibility.

[0050] According to the fourth aspect, the resin layer can be hardened and the adhesion
property of the layer to the metal substrate can be further enhanced.
[0051] According to the fifth aspect, cost reduction can be achieved.

15 [0052) Adéording to the sixth aspect, the sliding element in the fluid machine exhibits
high adhesion property of the resin layer to the substrate surface and thereby providing
excellent slidability.

[0053] According to the seventh aspect, the sliding element in the fluid machine exhibits
surely exhibits high adhesion property of the resin layer to the substrate surface and

20  thereby providing very excellent slidability.

[0054] According to the eighth aspect, the surface roughening of the metal substrate of
the sliding element in the fluid machine can be carried out with high accuracy and high
reproducibility.

[0055] According to the ninth aspect, the resin layer of the sliding element in the fluid

25  machine can be hardened and the adhesion property of the layer to the metal substrate can
be further enhanced.

[0056] According to the tenth aspect, both the cooling efficiency and the lubricating




8 property can be enhanced. [0057] According to the el eventh aspect, the
| ubricating property and the conpatibility of the sliding elenment with
“refrigerant can be enhanced. [0058] Agcording to the twelfth aspect, the
cooling efficiency can be enhanced while the 5 lubricating property is
mai nt ai ned. [0059] According to the thirteenth aspect, the cooling
efficiency can be enhanced while the lubricating property is maintained.

[ 0060] Aeseftdicagbé enifafeed ourt eent h aspect, the adhesi on property of the
resin layer forned on at |east one of the scrolls (50, 60) can be

enhancegpos7her gkuordih@Vo tiengevextedspedif the 10brédatida prdpetty .anfl ARG ddmpatibditdi ng t o
the fifteenth aspect, the adhesion property of the resin layer to the

bear i ng opdiktslidingtehendi wadhlrefrigefanl dan(te@nhaardbe enhanced, thereby providing
further sinplified processing. [0062] According to the sixteenth aspect,

t he nee0038] el Acdordinhgch the tweilthespecothe/comling bffrdericy cah he emntedovhilhienovabl e
scroll (50) to a treatnment for formng a resin layer, thereby facilitating
t he protdsehting prop&63is idataindd.ng to t he seventeenth aspect, the adhesion
property of the resin layer to the surface of the novable wap (52) of the
nmovabl e [859p| | A¢cHBJing snthbeahietetreth agstcg il ¢dnding ciféciermnycen hetenbawed héiilsovabl e
scroll (50) and the fixed scroll (60) can be reduced, thereby 20 providing
good sedie Inbriqatiop eraperty [OM6ijainkedcor di ng to t he ei ghteenth aspect, the
adhesion property of the resin layer to the fixed scroll1£60)_can be
enhancef@®fl theocdieanartbe foetasetinasphet, e abhesione prsiperty 849) the fesin tlpkers i xed
~scroll (60) can be reduced, thereby providing good sealing property. [0065]
Accor di %gmd ontaé lqsisheneeafithdrscaslie@0, 6@)an bgisabinsad.gherpley plgovnﬁng preceHendi n

| ayer to the 25 sliding surface (81) of the thrust bearing (80) on the
nmovab| esli@bdity. can be enhanced, whereby the slidability in the sliding

surfaces of the novable scroll (50) and the_thrust .
[0061] According to the fifteenth aspect, the adhesion property of the resin layer to the

bearing part of the movable scroll (50) can be enhanced, thereby providing further

.simpliﬁed processing.

[0062] According to the sixteenth aspect, the need is eliminated to subject only a
15 particular part of the movable scroll (50) to a treatment for forming a resin layer, thereby

facilitating the processing.

[0063] According to the seventeenth aspect, the adhesion property of the resin layer to

the surface of the movable wrap (52) of the movable scroll (50) can be enhanced and the

clearance between the movable scroll (50) and the fixed scroll (60) can be reduced, thereby
20  providing good sealing property.

[0064] According to the eighteenth aspect, the adhesion property of the resin layer to the

fixed scrbli (60) can be enhanced and the clearance between the movable scroll (50) and

the fixed scroll (60) can be reduced, thereby providing good sealing property.

[0065] According to the nineteenth aspect, the adhesion property of the resin layer to the
25  sliding surface (81) of the thrust bearing (80) on the movable scroll can be enhanced,

whereby the slidability in the sliding surfaces of the movable scroll (50) and the thrust

bearing (80) can be enhanced.




bearing (80) can be enhanced. 9 Brief Description of Draw ngs [0066] [Fig.
1] Figure 1 is a cross-sectional view of a scroll conpressor according to
Enmbodinent 1. 5 [Fig. 2] Figure 2 is @ schematic diagramillustrating a
limt surface pressure test. [Fig. 3] Figure 3 is a graph show ng the

rel ati on between the surface roughness Ra and the |imt PV of a substrate.
[Fig. 4] Figure 4 is a graph showng the results of a sliding test carried
out in refrigerant. 10 [Fig. 5] Figure 5 i.s a graph showing the results of
the limt surface pressure test carried out in the air. [Fig.6] Figure 6

i's a gr @efDwwtipgon bEDFBeiMEE S of a wear anmount test carried out in the
air. [Fig. 7] Figure 7 is a cross-sectional view of a scroll conpressor

accor di ngoded [Fop Bbrigingeinis £ crobFb@tiond] Hewwrle &rols campresss-weatlingnal vi ew
of a swing conpressor according to Enbodinment 3. [Fig. 9] Figure 9 is a
hor i zonBabodimasg-1secti onal view showi ng the in-cylinder structure of the
SW ng conpressor according to Enbodinent 3. 20 [Fig. 10] Figure 10 is a
cr oss- sect i ongFigv ReRigofe Risawchanatordiggamdlusietiog dilingt suofacEpisssiireriesit 4.
[Fig. 11] Figure 11 is a cross-sectional view of a rotary conpressor
according to [FighGdiiFimmt 35s a[gripd. shb@ndthguelktio® betsvean o surface abughness
cross-sectional view showing the in-cylinder 25 structure of the rotary
conpr es Rarand clwolimitdy ola @bsioate.nent 5. Expl anati on of Reference Nuneral s
[Fig. 4] Figure 4 is a graph showing the results of a sliding test carried out in
refrigerant.
10 [Fig. 5] Figure 5 is a graph showing the results of the limit surface pressure test
carried out in the air.
[Fig.6] Figure 6 is a graph showing the results of a wear amount test carried out
in the air.
[Fig. 7] Figure 7 is a cross-sectional view of a scroll compressor according to
15  Embodiment 2.
[Fig. 8] Figure 8 is a cross-sectional view of a swing compressor according to
Embodiment 3.
[Fig. 9] Figure 9 is a horizontal cross-sectional view showing the in-cylinder
structure of the swing compressor according to Embodiment 3.
20 [Fig. 10] Figure 10 is a cross-sectional view of a swing compressor according to
Embodiment 4.
[Fig. 11] Figure 11 is a cross-sectional view of a rotary compressor according to
Embodiment 5.

[Fig. 12] Figure 12 is a horizontal cross-sectional view showing the in-cylinder

25  structure of the rotary compressor according to Embodiment 5.

Explanation of Reference Numerals




10 [0067] 50 novable scroll 52 novable wap 53 extension 60 fixed scroll
5 80 thrust bearing 81 top surface of the thrust bearing Best Mde for
Carrying Qut the Invention [0068] Enbgginents of the present invention wll
be described belowin detail with 10 reference to the drawi ngs. [0069]
(Enmbodi nent 1) A scroll conpressor (10) according to this enbodinent is a
fluid machine provided in a refrigerant circuit of a refrigeration system
and useqop@7]COEPr €358k scloflf i gerant that is a fluid. 15 [0070] <<Cverall
Structure of Scroll Conpressor>> As shown in Figure 1, the scroll

conpr essor (1032iangva§@-vﬁ§f,l ed fully enclosed type. The scroll conpressor
(10) includes a casing (11) forned in the shape of a vertically el ongated,
cylindrical, asztighiongeftai ner. The casing (11) contains a | ower bearing
unit (30), an electric nmotor (35) and a conpressi on nechanism (40) as a
scrol | mechani ggm Mgl s@bg 20 di sposed thereinside in order frombottomto
top. Furthernore, the casing (11) is internally provided with a vertically
exterdi ng dri vgyp shafidist(té@ing [ 0071] The interior of the casing (11) is
partitioned fromtop to bottomby a fixed scroll (60) of the conpression

mechani sm (40)81 m&%;p§mfab@ofﬂhbq&hgrbe§@@g:es of the casing (11), one above
the fixed scroll (60) is configured as a first chanber (12) and the other

bel ow the 25 fixed scroll (60) is configured as a second chamber (13).
[0072] A suction pipe (14) is mounted to the body of the casing (11). The
suct i on RéspModeldy Capsisg Ont ¢hd iweatiownd chanber (13) in the casing (11). A

di scharge pipe (15) is
[0068] Embodiments of the present invention will be described below in detail with
10 reference to the drawings.
| [0069] (Embodiment 1)

A scroll compressor (10) according to this embodiment is a fluid machine
provided in a refrigerant circuit of a refrigeration system and used to compress gas
refrigerant that is a fluid.

15 [0070] <<Overall Structure of Scroll Compressor>>

As shown in Figure 1, the scroll compressor (10) is of so-called fully enclosed
type. The scroll compressor (10) includes a casing (11) formed in the shape of a verticaﬂy.
elongated, cylindrical, airtight container. The casing (11) contains a lower bearing unit (30),

~ an electric motor (35) and a compression mechanism (40) as a scroll mechanism which are
20  disposed thereinside in order from bottom to top. Furthermore, the casing (11) is internally
provided with a vertically extending drive shaft (20). _
[0071] The interior of the casing (11) is partitioned from top to bottom by a fixed scroll
(60) of the compression mechanism (40). Out of the interior spaces of the casing (11), one
above the fixed scroll (60) is configured as a first chamber (12) and the other below the
25  fixed scroll (60) is configured as a second chamber (13).

[0072] A suction pipe (14) is mounted to the body of the casing (11). The suction pipe

(14) opens into the second chamber (13) in the casing (11). A discharge pipe (13) is




11 rnounted to the upper end of the casing (11). The di scharge pipe (15)
opens into the first chanber (12) in the casing (11). [0073] The drive
shaft (20) has a main spindle (21), a;flange (22) and an eccentric part
(23). The flange (22) is formed at the upper end of the main spindle (21)
and has the shape 5 of a disc having a |l arger dianeter than the main
spindle (21). The eccentric part (23) extends fromthe top surface of the

flange (rﬁgﬂntedebethQ%gﬁé}t &HldCoRBE badid3Y1 1N athet Jl&h%@gﬁg@hs; opeRdIeh ge!fitsm
having a smal |l er dianeter than the main spindle (21) and its axis is

eccent ri Gamtbt (12] BSREEdsidgq1ihe axis of the main spindle (21). [0074] The
mai n spindle ( 1); of the drive shaft (20) passes through a frane nenber

(41) 1000f3)t hensaRs aasi @0) ARCH ARISPikdIO)21).ThBan@d (225 phdah ecdeditic past
supported through a roller "bearing (42) to the frame nenber (41). The

flange ((23). T80 dahdte(22¥ ReRihécatRBE bpre? nd 6f the Rexin shiihdle (Bhadntl Ha2 e shapel ocat ed
in the second chanber (13) above the frane nenber (41). [0075] A slide bush

(25) si s grouldisehabgt ) Garglér demsfeafthan( 28)maikhgimdlé ¢E)DTHL oc2aric pak 2Bs a
cylindrical part (26) and a bal ance weight (27) and is disposed on the

fl ange (&Znds Tiog thé Boe SGERE loif Ehadfdrige (2B) ThE etdeatritrpare(23hhhd the 2Bpei of a
inserted in the cylindrical part (26) of the slide bush (25). [0076] The
| ower beathdglunh hatiB®h shrallbodianedr thiah tHermaihepsdiqd) aidaitteedis (sE8Jenire t he
casing (11). The lower bearing unit (30) is fixed to the frame nenber (41)
by a bolwitlf &8pect toRitie tkie ofitireanait: Bpintley@l). beari ng unit (30) supports the nain
spindle (21) of the drive shaft 20 (20) through a ball bearing (31).
[0077] AG0DH] Phemmain3Pindles(2idufithe drive shafie(2D ppassestbanighg framea me¢abyr.(4hhe oi |
punp (33) engages with the lower end of the drive shaft (20). The oil punp
(33)10i s arthe eomirgssidremgchangsm $HHf The¢ 2@jn spndladkluip suppartegethenugh agioller
accunul ating in the bottomof the casing (11). The refrigerator oil sucked
up by t Heaong (420t the3Bmé mefrddr (41 olhyhflangeHAAneid the reaeanttiBat €23 1o theps
drive shaft (20) as to the conpression nechanism (40). [0078] The electric
not or ( 3Biveishast (2 is lacatediinghe ¢@ond elrrinker (150 gboye3hy framganepberdtl) 36) i s
© [0075} A slide bush (25) is mounted to the drive shaft (20). The slide bush (25) includes
a cylindrical part (26) and a balance weight (27) and is disposed on the flange (22). The
15  eccentric part (23) of the drive shaft (20) is inserted in the cylindrical part (26) of the slide
" bush (25).
[0076] The lower bearing unit (30) is located within the second chamber (13) in the
casing (11). The lower bearing unit (30) is fixed to the frame member (41} by a bolt (32).
Furthermore, the lower bearing unit (30) supports the main spindle (21) of the drive shaft
20 (20) through a ball bearing (31).
[0077] An oil pump (33) is mounted to the lower bearing unit (30). The oil pump (33)
engages with the lower end of the drive shaft (20). The oil pump (33) is driven by the drive
shaft (20) to suck up refrigerator oil accumulating in the bottom of the casing (11). The
refrigerator oil sucked up by the oil pump (33) is fed through a channel formed inside the
25  drive shaft (20) as to the compression mechanism (40).
[0078] The electric motor (35) includes a stator (36) and a rotor (37). The stator (36) is

fixed, together with the lower bearing unit (30), to the frame member (41) by the bolt (32).




fixed, together with the | ower bearing unit (30), to the frame nenber (41)
by the bolt (32). 12 The rotor (37) is fixed to the main spindle (21) of
the drive shaft (20). [0079] A termng (16) for power feed is nounted to
the body of the casing (11). The termmnal (16) is covered with a term nal
box (17). The electric nmotor (35) is fed with electric power through the
termnal (16). 5 [0080] <<Structure of Conpression Mechani snk> The

Conpressmr}ogggjvgri@ ﬁﬁ%dtﬂ%efnﬁ&'sﬁﬁﬁfe @ Eof thx aeve SHa )(bo)( 60) and a rnovabl e

scrol |l (50) ' so 1 ncludes the frane nenber (41) and an A dhamring

(43) - TBO7OMRY €R5HONBP EHAIGINEATD RIBROY & tHQod XA exsiriz §0).0d ed

asymetric scroll design. [0081] The novable scroll (50) includes a

novabl e tphahg §1§§L)is cOveiRY apthea Wrdihal DX (@M THR abctaXtestsd (3%)(I53pd withe
novabl e plate (51) is fornmed in the shape of a thickish disc. The

ext ensi %cﬁ@ﬂo&e’ithﬂ&h@gﬂﬁ%ﬁmﬁﬁwmd with the novable plate (51) to extend
-fromthe bottom surface (back surface) of the novable plate (51). The

ext essi qoog#3) <kStrh@edbe dofiiphstian Mehidism>» the center of the novable plate
(51). The extension (53) receives the cylindrical part (26) of the slide

bush (25), theTlghyomasidi teti@isen DOAMRdIgdRaht fixkd sofotie0atdls mévable
eccentric part 15 (23) of the drive shaft (20) is inserted through the
slide busthll( @) dnd ilbe inEINER| Be Stand medi) .(41] a8B82h Dhihanoviapl(@3wHe (52)
stands up fromthe top surface (front surface) of the novable plate (51)
and i s icotnpgssaioh ndchaniad (4d)temide, fopeedhse pl si-ealle8 dyymbteic sovdislesignwr ap
(52) is fornmed in the shape of a spiral wall having a constant height.
[ 0083] Thes1jovihd mosablekdroll $80) includtissrosedloplaten@ 1], ranevatriemysp (E2)13ndwi t h
the A dham 20 ring (43) and a thrust bearing (80) interposed therebetween.
The 10 dharexténsign((33). Ths mdéableeplatei (51) isviormed msthofshiyef a idkigf dishielhono
pairs of keys of the AQdhamring (43) engage with the novable plate (51)
and t he exensipni($d) ipaitegrolly keyed evigethe nwivahletiiate (P Brie exisnditiom thebottomhe
A dhamring (43) restricts the rotation of the novable scroll (50) on its
axi s. Thurf@edhack nirfage)(of 3he wavabi¢ pldie (Bh- The extevsien €33 isrlosdted sihstaabiadln he
frame nmenber 25 (41). ) Lo

in the center of the movable plate (51). The extension (53) receives the cylindrical part (26)

of the slide bush (25), thereby constituting a bearing part. In other words, the eccentric part
15 (23) of the drive shaft (20) is inserted through the slide bush (25) in the movable scroll (50).
[0082] The movable wrap (52) stands up from the top surface (front surface) of the
movable plate (51) and is integrally formed with the movable plate (51). The movable
wrap (52) is formed in the shape of a spiral wall having a constant height.
[0083] The movable scroll (50) is disposed on the frame member (41) with the Oldham
20 ring (43) and a thrust bearing (80) interposed therebetween. The Oldham ring (43) is
formed with two pairs of keys. One of the two pairs of keys of the Oldham ring (43)
engage with the movable plate (51) and the remaining pair of keys engage with the frame
" member (41). The Oldham ring (43) restricts the rotation of the movable scroll (50) on its
axis. The Oldham ring (43) can slide on the movable scroll (50) and the frame member
25 (41).
[0084] The thrust bearing (80) is disposed in a recess of the frame member (41). The top

surface of the thrust bearing (80) provides a sliding surface on which the bottom surface of




[ 0084] The thrust bearing (80) is disposed in a recess of the franme nmenber
(41). The top surface of the thrust bearing (80) provides a sliding
surface on which the bottom surface of; 13 the novable plate (51) of the
novabl e scroll (50) slides. In other words, the novable scroll (50) can
nove bodily around the drive shaft (20) while sliding with the bottom
surface of the novable plate (51) on the top surface (81) of the thrust

bear i ng tkB3RbvallOPRER] (SAPohOWMdVABle Eégl(80)klidéNEn bihyedosis e indvebl): serolll udes a
fixed plate (61), a fixed 5 wap (63) and a brim(62). The fixed plate

(61) is (s@rdmdndve Bdadyshape tRf davd §Haek20wilils slidind héthdhabettan soffadehd i xed
plate (61) is approximately equal to the inner dianeter of the casing

(11). Thiee Rov4blé pRe (53) SoheRsh dunfabdE813 bape thiustbensihd (88Xt endi ng downwar d
fromthe peripheral edge of the fixed plate (61). The fixed scroll (60) is

fixed t@googsg fAarBoweDEIgurd #1the Hiked sbaillt (60% Mcludas it eplhtowel), anftkedf t he
brim (62) abutting on the frame nenber (41). 10 The fixed scroll (60) is in
cl ose cenbpee3)aindid sridrEn (62 Yixed phatd () ¢Gakirmegd (d te, shipreeoBdyhickpstr dis¢.i oni ng
the interior of the casing (11) into the first chanber (12) and the second
chanber ThtJiaméteO8H61he Hireedf plate d6 1y BmpphiXimstehnetgialifp the onmer hBarbetet ofithsur f ace
(front surface) of the fixed plate (61) and is integrally formed wth the
fixed platisg (1)) TheTbmf(bX)eid foureed 06133 shiape of 5 Wallk ewtehding ddvenvedsd pronothea

spiral wall having a constant height and has a length of approximately

t hr ee hekiiplaraltaden of tHeOD&d]plaie (61)n€he fikepsdrelt 660) 6tfixethie the fisaeanembap f ace
(65) of the fixed wap (63), which are both side faces thereof, slide

r espect (418Iby abplt@4nwity thedayerfead of (BArina (R) ahutting ae theirampe megdey B4). of t he
novabl e mm%p (52), which are both side faces thereof. The 20 bottom surface
(front Jbeflaed)scodll (¢B isiig edospl cantacy atLits birine (62)awit thhe pasinth 6L 6 Brabier eof
from which the fixed wap (63) does not extend, slides on the end face of
t he movapitsiopingpthe Saterior Thahe epsingHacktq theofitst shambereflZfand Hae #5508 e
plate (51), i.e., a land (56) thereof from which the novable wap (52)
does nothambei#3) sl i des on the end face of the fixed wap (63).

Furthernore, the fixed plate g61) has a di schargerport 867g orned in the
Vi ci ni ty)QﬂS]t hEhe fixed wrap (63) stands up from the bottom surface (front surface) of the

fixed plate (61) and is integrally formed with the fixed plate (61). The fixed wrap (63) is
15 formed in the shape of a spiral wall having a constant height and has a length of
approximately three helical turns.
[0087] An inner wrap face (64) and an outer wrap face (65) of the fixed wrap (63),
which are both side faces thereof, slide respectively on an outer wrap face (54) and an
inner wrap face (55) of the movable wrap (52), which are both side faces thereof. The
20  bottom surface (front surface) of the fixed plate (61), i.e., a bottom land (66) thereof frorh
which the fixed wrap (63) does not extend, slides on the end face of 1.the movable wrap (52).
The top surface (front surface) of the movable plate (51), i.e., a land (56) thereof from
which the movable wrap (52) does not extend, slides on the end face of the fixed wrap (63).
Furthermore, the fixed plate (61) has a discharge port (67) formed in the vicinity of the
25  volute center of the fixed wrap (63). The discharge port (67) passes through the fixed plate
(61) and opens into the first chamber (12).

[0088] As described above, the scroll compressor (10) of this embodiment is disposed in




25 volute center of the fixed wap (63). The discharge port (67) passes
through the fixed plate (61) and opens into the first chanber (12). [0088]
As descri bed above, the scroll conpreggor (10) of this enbodinent is

di sposed hi 14 the refrigerant circuit for a refrigerator. The refrigerant
circuit operates in a vapor conpression refrigeration cycle by circul ating
refrigerant therethrough. During the operation, the scroll conpressor (10)
sucks | ake pERIFBMKE cOasit Ifef fdl S&figdthtot.” The aBAREANON@McOit, opegBPiees @apdrt and
feeds out high-pressure gas refrigerant obtalined by conpression towards 5
a condenrsgipreskiof SRYridhaionefchtlgebandircatitingi fdrigerfitU erdiBronght Eufinggthe
material. The m xture ratio of lubricant to the refrigerant is 5% or |ess,
or al t eropaitative thie soubis t@npresdol Y100 eudkybdw-eadbure $asiief@gbrantirdnien eefpbiager ant .

[ 0090] When the scroll conpressor (10) is driven, the cylindrical part (26)
of the sbimpesssekQt idstheds2mt highiesupat hefrigxthansitained bpomnfretdie tooaads| e
scroll (50). In this enbodinent, the sliding part is provided with a

| ubr bcataicondgaet (70) serving as a bearing metal. The |ubrication part
(70) has a cylindrical formand constitutes a sliding elenment in which its
subst r aff@0893 nBlete raffigérmencanana al fiborineacuintdisyermgteedi Theayeryrei stipravi ded
on a surface (the inner surface) of the substrate. The inner surface of

t he | ubdilgapion therefrider0) ipF%6\r dese, oxiattbrnavdlneutistantialtane bapent ismixtds on
the outer surface of the cylindrical part (26) of the slide bush (25).
[0091] Ththegefsigerant.e surface of the lubrication part (70) is first

subj ected to conversion treatnent to have a surface roughness Ra of 3.7 m
Then, al0098]i c¥hen theyssroll egrplesdos (B0) is dsiven, |ty eylingiricalpparb (A6oref eheyslileo m
thickness, is forned on the substrate surface by 20 applying on the

Sub3® 1 a8 sliéssaen b exicasion 6B 2 Hexmbyabis xirely (HDI Lbthisembedient Gsi n
(hereinafter, referred to as PAl), polytetrafluoroethyl ene (hereinafter,

r ef er r edli¢ipg parpiFpEvidgd gvid | ay lbricafqn, prb 7Ry pEHEEhesk af Yagtine prREpy | ke
copolynmer resin (hereinafter, referred to as FEP) together. Note that here
the sur fulsEaionpihEHY hrg ajgylipdrgab fomh andyeonshpas; & Sliging element in which its

substrate is made of iron and a lubricant layer (resin layer) is provided on a surface (the
inner surface) of the substrate. The inner surface of the lubrication part (70) provided with
15  the lubricant layer slides on the outer surface of the cylindrical part (26) of the slide bush
(25).
[0091] The substrate surface of the lubrication part (70) is first subjected to conversion
treatment to have a surface roughness Ra of 3.7 pm. Then, a lubricant Jayer, which is a
resin layer of approximately 100 pum thickness, is formed on the substrate surface by
20 applying on the substrate surface a lubricant obtained by mixing polyamide-imide resin
(hereinafter, referred to as PAI), polytetrafluoroethylene (hereinafter, referred to as PTFE)
and polytetrafluoroethylene-hexafluoropropylene copolymer resin (hereinafter, referred to
as FEP) together. Note that here the surface roughness Ra indicates the arithmetic mean
height Ra of the surface profile, as defined in JIS B0601-2001. Also in the description
25 below, the expression of “surface roughness Ra” indicates the arithmetic mean height Ra
defined in JIS.

[0092] The placement of the lubrication part (70) having the above configuration enables




hei ght Ra of the surface profile, as defined in JI'S B0601-2001. Also in the
description 25 bel ow, the expression of "surface roughness Ra" indicates
the arithmetic mean height Ra definegkin JIS. [0092] The placenent of the
| ubrication part (70) having the above configuration enables 15 the
cylindrical part (26) of the slide bush (25) and the lubrication part (70)
to continue to slide together at a |low coefficient of friction for a very

ong, 11 B, EHFRAM LA BF) BOR'ORAS By 08) LRPHeAlS!AgHA R (FOM8Thndrva] uat i on

of Sliding Par escription is given of studies nmade on the
| ubr i catyignidagibr £ EMbw oot B HRELAGGORLAidNgNind Sthileeel Xposed

coefficient Iction on netal and excellent = slidability. However, as
al ready ydegcLfipedqtn "Problems to Be Sol ved by the Invention”,
fluorine-containing resins have poor adhesion property to the netal

substratigygyd, <LeNekRher Sliding Pagasi |y peel ed of f fromthe netal substrate.
The Invénto s conducted i1 ntensive studies 10 on what surface roughness of

the gubstrat e gy fqdsoRE@Es tlven 38agicomapé o eielibidatioh pae(70)e- cont ai ni ng
resin to the substrate.” [0095] The way of studies was carried out according

to a |inMéo4gur FREBnAEERSHIR bG8 havd I6WGodtfiticngoRfiidtion O skt pad bxwileas shown
in Figure 2. The limt surtace pressure test is a test for evaluating the

adhesi oRlipsIRET Hbweler, Ubhirealt ddsariiedensPhstlems e BerSolhidchy thedhuattiooli, 15 is
made by rotating the ring nmade of SUJ2 (according to JI' S (4805-1990) at a

const antfluyoviab-e6hthmim@sins BS&i pogr hdiesien pratetty on tiepeethmhbst(adé swd, thegedbrest t he
ring along the axis of rotation. In the evaluation test, the |oad inposed
on the mingabily peetsd bffgromshd membassadate STplivertort candyettdimternisive studies val s
whil e the torque against the ring was nmeasured. [0096] Then, the |oad when
t he 100r quewahyr spficy iongheased thassubsmatercoeldl impmve Uhé dbesian ppnssguele and
the product of the surface pressure and the rotational velocity was
det er m Mle@rinasomaining tesiRVo (Hei sabstragair f ace pressure-velocity product) that is
an evaluation index for adhesion property. Specifically, when the
| ubri carf609% tHee spgoifinEndics waesherdofut deeardinghie a limit surface pressure test
using a ring and a disc specimen as shown in Figure 2. The limit surface pressure test isa
test for evaluating the adhesion property of lubricant to the substrate, in which evaluation
15  is made by rotating the ring made of SUJ2 (according to JIS G4805-1990) at a constant
velocity and pressing the evaluation specimen (disc) against the ring along the axis of
rotation. In the evaluation test, the load imposed on the ring by pressing was increased
stepwise at regular time intervals while the torque against the ring was measured.
[0096] Then, the load when the torque abruptly increased was converted to a surface
20  pressure and the product of the surface pressure and the rotational velocity was determined
as a limit PV (limit surface pressure-velocity product) that is an evaluation index for
adhesion property. Specifically, when the lubricant of the specimen is peeled off from the
. substrate, the coefficient of friction between the ring and the disc abruptly increases and
the torque abruptly increases. Therefore, the adhesion property can be evaluated from the
25 limit PV. As the limit PV increases, the adhesion property becomes more excellent. Note

that the above test was made in the atmosphere without interposing any lubrication oil

between the ring and the disc.




substrate, the coefficient of friction between the ring and the disc
abruptly increases and the torque abruptly increases. Therefore, the
adhesi on property can be evaluated frgmthe 25 limt PV. As the limt PV
i ncreases, the adhesion property beconmes nore excellent. Note that the
above test was made in the atnosphere without interposing any |ubrication
oil between the ring and the disc. 16 [0097] Each speci nen was prepared

by roughgey79 Bachus eeﬁfen%s,aﬁre?&e& Ralhélifs BYsurG@NYLES iR dubs@ieapt and
then formng on the surface a [ubric¢ant "I ayer containing fluororesin. The

surface cbﬂ&lﬁlﬁaﬁsﬁieaﬁﬁexﬁf akd€hehlU '?&hﬁfi‘é ConV@ige GOIAdOL | REridMt Clﬁﬁd?gi:cﬁiﬁaihhfg
treatnent conditions of the conversion treatnent. In the above test,

nmanganegRcRIOSRNALE sG MR Soligffsd Rh diNBe GABURES WAB chh@aldTerR chaipend ther i cant
| ayer was forned froma resin mxture having a conposition of PAl/FEP/ PTFE

= 70/ 24hRatrddh® cbititibksadttthé By Blerd@StreftRAE th e boRe tdit, Hidh@BSes@phosphate
approximately 100 .Lm After the application of the resin mxture, the

| ubr k caRrfas! @¢@rfonake ShiNcpdigd tRRGhdnt STEY NhREAnWRSet MRS fPAhdd iveh af 268]
Figure 3 is a graph showing the relation between the surface roughness Ra

and 10 phikerd ihaing PY cofnpbifios WISk ABFEP/PMPEE=t T(H24/5 SThS tlulRicanRédyes awn i n
Figure 3 indicates the arithnmetic nmean height Ra of the profile in the
subst r atfernsudr fnd€ @, thickndaf b epproRimbidly BISOim. 2001 . the CPPRJatiba cfathebresimeen
fromthe graph, if Rais smaller than 0.5 m the limt PVis less than 0.4
MPant s. miktuRg theslubiieant Biybr Wias dimerekdiant tits BMface Waarthar pdlished. 0. 4 MPan's, whi ch
15 provides sufficient adhesion property for the application to general

sl i di ng [@198frerfiigurel 3 ist hgraph showiRY ths relaiorsbaivear thiehsarfade MBghiess Ra.and, Ra i s
not smaller than 0.75 n), the substrate surface can hold sufficient

~adhééi otheplimite? Y yofathe subgtrate. Nuden et GBubdateeRy slovwreint Figwre 3 indicages the
preferable. Note that, for applications in which higher adhesi on property

i s neededthmedtie mé¢anrhicighPRai of the poileainl the wobsteieetutfaee, b defidedOnNEa B0+ . e. |
Ra is preferably not smaller than 20 0.75 n) and, nore preferably, not

smal | er 20@klan 1.5 MPamis (i.e., Ra is nore preferably not smaller than 0.85

- [0099] As can be seen from the graph, if Ra is smaller than 0.5 pm, the limit PV is less

than 0.4 MPa'm/s. If Ra is over 0.5 um, the limit PV is larger than 0.4 MPa'm/s, which

15 provides sufficient adhesion property for the application to general sliding elements. If the

limit PV is not smaller than 1 MPa-my/s (i.e., Ra is not smaller than 0.75 pm), the substrate

surface can hold sufficient adhesion property even upon change of the environment, which

is preferable. Note that, for applications in which higher adhesion property is needed, the

limit PV is preferably not smaller than 1.0 MPa-m/s (i.e., Ra is preferably not smaller than

20 0.75 pm) and, more preferably, not smaller than 1.5 MPa'm/s (i.e., Ra is more preferably
not smaller than 0.85 pm).

[0100] .On the other hand, if the surface roughness Ra is too large, the maximum height

" Rz in the roughened surface is increased. Therefore, part of the substiate protrudes beyond

the surface of the lubricant layer. In addition, in order to increase the surface roughness Ra,

25  the conversion treatment must be carried out for a long time, which raises the cost and

easily breaks the concavities and convexities of-the substrate surface formed by the

conversion treatment. For these reasons, the surface roughness Ra is preferably smaller




[0100] . On the other hand, if the surface roughness Ra is too |arge, the
maxi mum height Rz in the roughened surface is increased. Therefore, part
of the substrate protrudes beyond thegy;surface of the lubricant layer. In
addition, in order to increase the sur%ace roughness Ra, 25 the conversion
treatment nust be carried out for a long tine, which raises the cost and
easily breaks the concavities and convexities of the substrate surface

formed Riad PEuMCBAYEPREQIDIY BALERRE rolihedsesR nbﬁﬁﬁﬂ $hant EmBEH1R6 e
roughness Ra Is preferably smaller 17 "than 10 m re preferably, the

surf ace 1npg@RNRSS d3a bk ForiRH at BFEESst.t han 5 m because the |ubricant layer
can be fornmed at |ow cost. [0101] Next, a sliding performance eval uation

test waqorguje NextSanEldndpeffointinte LBROGhIRRE vakt AhdednbYarspb] Bcdfi g an
iron substrate to conversion treatnment to have a 5 surface roughness Ra of

3.7 m apoimiént dbtdiktd BaBibjécineranOfrod RebsaaRVIe GRANReDnt tr@fnt@ fohitwvsubstrate
surface, sintering the substrate and polishing the substrate surface and

Sanpke Aurfhey ioRghifees RE 61 P.A1ing GipplySaPd ludrifartds/e 0 bf the BBO dyonfimsitiongo ehepor ous
bronze sintered conpact (having a surface roughness Ra of not smaller than
30 M onubsirate anfapé afedipdihe istiptagnaid dishing the ibstpdtaterfadet dndfSanploAesi n.
Note that Conparative Sanple Ais a 10 conventional sliding el enment used
in air- domkd farniangpasissol Sangierpy eesostsaingd b Aprringur @ofous Horeszet hieteredsul t s
of alimt surface pressure test nmade in the air wthout wusing any

| ubri catcompadi (havifip aparfatd veglsaspRe of oesmelder ahara3 & umf) aceanpires platecandf
approximately 5.5 MPa, but Sanple B did not seize even when the surface

pr essur empregagtiren the hPa plitat wits fworogepiar Naterithatf Gompdretive Sasple ¥6 i§ @103]
Figure 6 shows the results of a wear anmpbunt test nade in the air wthout
usi 19 anyventibnal shiding elepicint uskden aiwsonditisniog seroBdomptessmeler condi tions t hat
sliding was made at a surface pressure of 2.8 MPa and a sliding velocity
of 1 nf 40K aFighsy shoRsftis reswity ofo imé sufaceiressOenipdmaadeia tigaaip wathput

exhi bited a wear anount of approximately 45 mbut Sanple B exhibited a
very snaisingneny labrinatien ofil appmpsiatine e$ample 4n seizeds ak Howsridgsapresswe Snpl e B
is excellent in wear resistance

approximately 5.5 MPa, but Sample B did not seize even when the surface pressure

reached 7 MPa that is an upper limit for the tester.
15 [0103] Figure 6 shows the results of a wear amount test made in the air without using
| any lubrication oil. The test was carried out under conditions that sliding was made at a
surface pressure of 2.8 MPa and a sliding velocity of 1 m/s for an hour. Referring to the
graph, Comparative Sample A exhibited a wear amount of approximately 45 pm but
Sample B exhibited a very small wear amount of approximately 10 pm. This shows that

20  Sample B 1s excellent in wear resistance.

| [0104] Figure 4 shows the results of a sliding test in refrigerant. In air-conditioning
commpressors, generally, the refrigerant (HFC refrigerant) and a lubrication oil are used in
the form of a mixture in a ratio of 65:35. In this test, however, data were collected by
changing the mixture ratio (concentration) of the lubrication oil. The HFC refrigerant
25  contains a fluorine-containing material. In the sliding test results shown in Figure 4, the

- wear amounts of the specimen after sliding for two hours under the conditions of a surface

pressure of 3 MPa and a sliding velocity of 2 m/s are laid off as ordinates. The abscissa in




[0104] Figure 4 shows the results of a sliding test in refrigerant. In
air-conditioning conpressors, generally, the refrigerant (HFC refrigerant)
and a lubrication oil are used in thggformof a mxture in a ratio of
65:35. In this test, however, data were collected by changing the m xture
ratio (concentration) of the lubrication oil. The HFC refrigerant 25
contains a fluorine-containing material. In the sliding test results shown

in Fi gurige graph MicaRaerRAPEEY F B lubleatRResl iRed af iereBige@bng for two hours
under the conditions of a Surface pressure of 3 MPa and a sliding velocity

of 2 nl gop65 |@bﬁp%ﬁv@_§a@%ﬂféiz@§‘§ £%onvERBoRPSkhRnRubdd h&lidingepagraphweadi cat es
percentages of the lubrication oil mxed in the refrigerant. [0105]

Conpar atdm@inSaaPl B dt & RrBAeidation all ceh@etonus$% butshédised toz4 . 1ts
wear anount was 15 mat a nornal l|ubrication oil concentrati on of 35% but

i ncr eased all@brdtih ol concentRbibs /FiI10%. Pot SepREB! taveanambunt Gf4s Fpm Hanpl e B,
its wear anmobunt was 2 mat a 5 lubrication oil concentration of 10% and was

very 5s malbricafiofoiledt@beratian lodh0VCatd @as oy snabindqnh) atenon aclubfi€dtion.odl. , at a
refrigerant concentration of 100% Therefore, the wear anount of Sanple B
accor di ngnéedtratibn o€ o di.srpat aatfrierat cogenaatorc ofideAty: dfticoaforef tk0@%r was
smal |l er than that of Conparative Sanple A at a normal |ubrication oil
concent raatduanof §3hPR B dddof i) thAsenisodihetitat s réfrigaranheorsbuivationed Ub0%, si nce
Sanpl e B according to this enbodinment hardly wears ever at a |ubrication
oi | conoceststallenthanfth%f Gdnepaeative Sample Adattaonormiak Idtulseti@neil epnashirationt o
refrigerant, which significantly inproves the cooling efficiency. Since
the fludB&foesin exists in the surface of the sliding elenment, the surface
is well fitted to refrigerant containing a fluorine-containing material,
whi db i ipH®]esAs hie shiicisndrott tb@rafoovmmgs, since abarkle cBnadcaedies] tohikts at t he
start or transition of the conpressor the sliding part is put under a
conpl et empodiment bandilyt wears ierendiiad horigatipe pil icgrgeatiatien pEe%, thetedn nomeedioch a
case, Sanple B according to this enbodi nent exhibits excel|ent sliding

per f or mamisdubideasion il bte sefrizerantiwhictp signideantlyc Burranefothe FOORRD ¢HHdNCYn| ess

t he adhesion §roper'_ty of the fluorine-containing resin_|ayer ﬂl ch'ii cant

| ayer) tdnaeribe BorStasht &xiiendhe surface of the sliding element, the surface1s well fitted to

refrigerant containing a fluorine-containing material, which improves the sliding
15  performance. It can be considered that at the start or transition of the compressor the
- sliding part is put under a completely dry condition in which no refrigerant exists. Even in
such a case, Sample B according to this embodiment exhibits excellent sliding
performance. Such excellent sliding performance cannot be provided unless the adhesion
property of the fluorine-containing resin layer (lubricant layer) to the substrate becomes
20  high. In other words, since the substrate surface of Sample B has an appropriate range of
surface roughnesses Ra, Sample B is very excellent in the adhesion property of the
fluorine-containing resin layer to the substrate. Therefore, Sample B can exhibit an
excellent sliding performance.
[0107] Next, a description is given of the composition of the fluororesin-containing resin
25 layer.
[0108] The main component of the fluororesin-containing resin layer is preferably

composed of fluororesin of 15 mass% to 35 mass% both inclusive and polyamide-imide




20 high. In other words, since the substrate surface of Sanple B has an
appropriate range of surface roughnesses Ra, Sanple B is very excellent in
t he adhesi on property of the quorinﬁgcontaining resin layer to the
substrate. Therefore, Sanple B can exhibit an excellent sliding
performance. [0107] Next, a description is given of the conposition of the
fluororesin-containing resin 25 layer. [0108] The mai n conponent of the

fl uor or ggiinve @R tRisHIeNY F56R~R% BHR indlEiw! ¢he 'fﬂ%lgffo\x‘esir? QIpe $84n ebmpbiear presin

of 15 mass%to 35 mass% both inclusive and pol yam de-imde 19 resin of 65

nmass% t qy8ferabBsstaRbdof PEP Had PEFE. Thehd flRbRERSTR coBteh\6f FRE 1 pesfiRBRent i s
preferably conposed of FEP and PTFE. In the fluororesin, the content of FEP

i s pref efighh Yoanhth&NEP RIS pbHALAR] the Ukss raRest FEE ) PYFE ih@e TRSforési 150 Of
FEP to PTFE in the fluororesin is preferably FEP: PTFE = 7:3 to 99:1 and,

more pr giretmlalyyﬁﬁiﬁﬁ?m& PIRED:$ aBd tford gre'?fex{a%QPEP ké PPRE yagrigde- i m de resin

is mxed into the resin layer in the above nanner, excellent inpact

resi st aroeon)f Hobolparhide-imfdedfesinel Mix@dninke thet tdsinZ Bffef h tigy Ab@ ehingihek,Mpact
resi stance, hard-to-peel resin coating on the sliding surface of the

el enent .exBellehh@ipiRf fesistaibd 6£pdlPariidsiiclRte redidear BS utilialdLo fhasa high-impact
characteristic of high hardness, the resi-n coating provides a

conpar atresighneehhard-tapdelngsial- doating an tleosiiding surfdte[dd1hO plehena dtirthemmore,o t he
mai n conponent conposed of fluororesin and polyam de-imde resin, the

f 1 uor or esica-pobpiddeimige rregh mldodhasra chayaccontiaiofi highphagdeest, heredimgoasga
colorant, such as carbon, or other additives. The anount of additives is
sel ect egroudssuctvngavalvely handbnd bovdgo-mobr adtieg.sel y af fect the perfornmance of
the fluororesin-containing resin layer and the adhesion property thereof
to tlle 0By r aineaddion tetlznphia, coompoban campased ad divbioresis iolipdydeid¢smeks| ect ed
to not |larger than 3% by nmass of fluororesin, preferably not |arger than 1%
by massetihehe fuoromesinroemaipingf resinhyer moty ¢omtaye e migaentGebishys ansloraiher eof .
[0111] The thickness of the fluororesin-containing resin |layer is

pr ef er atshsh @5caphang o1 other pddibres. Thretmeiny of additiveras spleeik s sichg g thelr ¢ han

35 gm the sliding performance m ght be _ o )
does not adversely affect the performance of the fluororesin-containing resin layer and the

adhesion property thereof to the substrate. For example, carbon as an additive should be
15 . selected to not larger than 3% by mass of fluororesin, preferably not larger than 1% by
mass thereof and more preferably not larger than 0.5% by mass thereof.
[0111] The thickness of the fluororesin-containing resin layer is preferably 35 pm to 120
pm both inclusive. If the thickness is smaller than 35 um, the sliding performance might be
deteriorated. If the thickness is larger than 120 pm, the production cost will be high.
20  Therefore, in consideration of aspects of the sliding performance and the cost, the
thickness of the resin layer is preferably 50 pm to 105 pm both inclusive. Note that the
reference to the thickness of the resin layer is made as representative of the average
thickness but the resin layer may locally have thicknesses other than the above range.
[0112] According to this embodiment, since in the lubrication part (70) serving as a
25  sliding element a lubrication layer is provided by giving the substrate a predetermined
| surface roughness Ra and forming a ﬂuororesin—éontaining resin layer on the roughened

surface, the substrate and the fluororesin-containing resin layer are firmly adhered to each




deteriorated. If the thickness is larger than 120 m the production cost
wi Il be high. 20 Therefore, in consideration of aspects of the sliding
performance and the cost, the thickngss of the resin layer is preferably
50 mto 105 mboth inclusive. Note that the reference to the thickness of
the resin layer is nade as representative of the average thickness but the
resin |ayer may locally have thicknesses other than the above range.

[0112] Aggkar ﬂgf&g tteéiﬁolﬁin% ﬁ%am Qi?diflg SEQNGRNES Hageulay i 6t i P@Brherkt70)
serving as a 25 ¥|I I'ng el ement a ugrlcatlon l'ayer i's provided by giving
the substrale® iR REEARKE EhAGHhe AUNARER-dAHHNNESHatbRalaRd hhdlyTwegrsaeven

fluororesin-containing resin layer on the roughened surface, the substrate

and the JHior iRRhor 81 LAkl Rhi GofitBR o sAUSht BRI cddffibient GUfRIGA 60 BRGh 20
ot her, thereby exhibiting excellent sliding performance. Particularly if

the sli djfg rel@sRMre, dike e Hidifly ERMENOST BIlcn@AiAbMI RBibAs excellent sliding _
fluorine-containing material, it hardly wears even wthout |ubrication oil

and gan [eaokhaee bP ssbicdfnAtihd QubERES kingiRnto @bnidriiehi Baatheit ® henga tine.
Furthernore, since the sliding elenent of this enbodi nent exhibits

excel | efredetdriliiitd sorfRes fFRiphRds Rabit @HeeRkily @rddueed atblptv alse Muthtmoee.t 0
conversion treatnent to have a predeterm ned surface roughness Ra, it can

be easi Isincpregsiedifly @lenle@Wof 084 embotitbety ¢anries, produdedebyt iehsd sidiptegmethedent  of
thi s enbodi ment can be produced by such a sinple nmethod, this nethod
provi deshis@hethdd Provided wet boly mbductien o itk siglimapart betweesnhe bindyicalierti cal
part (26) of the slide bush (25) and the extension (53) of the novable
scrol | (3€) obtlie didecbush 2Py adlidiei @nemsfons (33 iafghe Insoweblesscodll (3HDi b stlgoy pes

and applications. [0113] - Modification 1 of Enbodinment 1 Although in
Enbadi mpnsduttiomef didin}i ¢lgmente nEwmirious typependigrpliagtiagise | ubri cation part (70)
fornmed of a separate piece, a sliding elenent in this nodification is
obt ai ned0bA3] o+ Maelifigatibon mif gntedmesith 4 ayer as a | ubricant on the extension
(53) of the novable scroll (50). 15 ngl4] Specifically, the inner
periphery of tAghamghdnEndodnssy 1dhe sidinmelempniais prorvddad gs3hg lubrisatiagigfened by
conversion treatnent so that the substrate has a surface roughness Ra of |
m and 47efirmed Dfer séravitn giesec v rshidiict ¢lemenst inphiy meifErTen 45 PbISADY s t hen
formed on
directly forming a resin layer as a lubricant on the extension (53) of the movable scroll (50).
15 [0114] Specifically, the inner periphery of the extension (53) of the movable scroll (50)
is roughened by conversion treatment so that the substrate has a surface roughness Ra of 1
um, and a resin layer having a composition of PAI/FEP/PTFE = 70/25/5 is then formed on
the inner periphery. |
[0115] According to this modification, since a resin layer is directly formed on the
20 extension (53) of the movable scroll (50) that is a sliding element, the number of
processing steps can be reduced and the number of parts can also be reduced. The rest of
the configuration, the other operations and the other effects are the same as in Embodiment
1.
[0116] — Modification 2 of Embodiment 1 —
25 Although in Modiﬁcation 1 a resin layer is formed on a sliding part of the

extension (53) of the movable scroll (50), a resin layer in this modification is instead

formed on the bottom surface of the movable plate (51).




the inner periphery. [0115] According to this nodification, since a resin
| ayer is directly forned on the 20 extension (53) of the novable scrol
(50) that is a sliding elenent, the nypber of processing steps can be
reduced and the nunber of parts can also be reduced. The rest of the
configuration, the other operations and the other effects are the sane as
in Enbodinment 1. [0116] - Modification 2 of Enbodinment 1 25 Although in

Modi fi capipn 1Sﬁec'iﬁ‘c%ill?, @R komSsutEBE e M Avadle ﬂbt@QSBaéftthQEndJASle_ sepfensi on
(53) of the novable sCroll (50), a resin layer in thi's nodification is

| nst ead (shpmme a0l bpRRbdrqIy SYidkaes R topha M bk Bhat Eee(rfﬁljg%(ﬁoﬁénd [0117]

Specifically, the bottom surface of the nbvable plate (51) o e novabl e

scrol | th&Qidham tihg ((45%! PhérefRETRA 8iS Hodidtios! hdptteR duPBed ePtRURGAGRS Of
the thrust bearing (80) and the O dhamring (43). Therefore, in this

nodi fi callaens1)tioeutptdddcomidra6e tredtmleheso Myt SubsRhdlas & SdofadeSrobitlegCct ed to
conversion treatnent so that the substrate has a surface roughness 5 Ra of

1 gmsanRaof €Sind ah@¥aEsii aled Bading Qradasidsition «IfP AAEIFEPFEH-0/25/80k 284S 1S
then fornmed on the substrate surface. [0118] According to this

nodi f i cabimd orsih eehstrateasitfcd. ayer is directly fornmed on the novable plate
(51) of the novable scroll (50) that is a sliding elenent, the nunber of

processi[ogl8t easczdinghe thidmeddicatldie siesta @ésii Mevee anliratttyatorared $rheheot her
operations and the 10 other effects are the sane as in Enbodinment 1.

[0119] -mdadief plaat (Sah oB tled miowhisiel isomiit (50) tidlttibaugdidingneldadii itloahi@berlofa resin
| ayer is fornmed on the inner periphery of the extension (53) of the
mavabl e psoresdihg §150) candberredicad. Bhearestiof thendmfigoditibn,ah¢ bibar oeratingis @ad the
directly forned on the novable wap (52) of the novable scroll (50) that is
a slipdi mgher tffeeth erweht sanfddsA0EnBpdondritdal | y, the side faces of the novable
wrap (52) of the novable scroll (50) in

[0119] — Modification 3 of Embodiment 1 —

Although in Modification 1 a resin layer is formed on the inner periphery of the
extension (53) of the movable scroll (50), a resin layer in this modification is instead
directly formed on the movable wrap .(52) of the movable scroll (50) that is a sliding

15  element.
[0120] Specifically, the side faces of the movable wrap (52) of the movable scroll (50) in
the scroll compressor (10) slide on the side faces of the fixed wrap (63) of the fixed scroll
(60). Furthermore, the end face of the movable wrap (52) slides on the bottom land (66) of
the fixed plate (61) of the fixed scroll (60). Therefore, in this modification, the surface of
20 the movable wrap (52) is subjected to conversion treatment so that the substrate has a
surface roughness Ra of 1 pm and a resin layer having a composition of PAVFEP/PTFE =
' 70/25/5 is then formed on the substrate surface.
[0121] According to this modification, since a resin layer is directly formed on the
movable wrap (52) of the movable scroll (50), the surface of the movable wrap (52) of the
25  movable scroll (50) is firmly adhered to the resin layer and its clearances to the fixed wrap

(63) of the fixed scroll (60) and the bottom land {66} of the fixed plate (61) are reduced,

- thereby providing good sealing property. The rest of the configuration, the other operations




the scroll conpressor (10) slide on the side faces of the fixed wap (63)
of the fixed scroll (60). Furthernore, the end face of the novable wap
(52) slides on the bottomland (66) of, the fixed plate (61) of the fixed
scroll (60). Therefore, in this nodification, the surface of 20 the novable
wrap (52) is subjected to conversion treatnent so that the substrate has a
surface roughness Ra of 1 mand a resin |ayer having a conposition of

PAI | FEPLRTRE other 6e25hR the sihels hORdifentihe substrate surface. [0121]
According to this nodification, since a resin layer is directly formed on

the noyepl W RRJRAN0LE of BgLERVARE ¢ -scrol | (50), the surface of the
novabl e wap (52) of the 25 novable scroll (50) is firmy adhered to the

resin layer anglitfidugh ¢ RRIGATGESN 1 @ redR Idylex Rchriwiagd 668k ifhertpepiidrxefithscr ol |
(60) and the bottomland (66) of the fixed plate (61) are reduced, thereby

provi di Ratcages (S8R 12 ROP&RE iroll 1(30), rL£adsifayther eooh@fiatibens ideadot her
operations 22 and the other effects are the sane as in Enbodi nent 1.

[0122] Vol for@ad b thedviafle Bibocioveble sdrollABOastdhasndipdichieatiti on 1 a resin
| ayer is provided on the inner periphery of the extension (53) of the

nmovabl e [81239! | S{eFicallp hesdider k@ayaprove thdisidamility fafcthtiianeri seriphadyeaitithe5
directly fornmed on the whole of the novable scroll (50) that is a sliding
el enent ex{eAdidd] 533pE did ioadblly/ scrolh (30) dead tHetbdttopr avfact hithsImalablel platy (B) t he

i nner periphery of the extension (53) of the novable scroll (50) and the
bot t om surhdrennferpdre intivaderd] pinapressob)) apdeschbéd inddodifieatpastlsind 2 athe
scroll conpressor (10) as described in Mdifications 1 and 2 of Enbodi nent
1 and i Endrodénertd dndpin @vder tdémpdoivel disi dlidalilignahdsealingropeitipef thy nefvable

- movabl e 10 scroll (50) to the opposed faces of the fixed scroll (60) as
desd®i becrolln(58bwi the oapésed faesaf thefkerd saaglk(60)ss diesariberl yn MediBention 3 ke
entire novable scroll (50). [0124] Mre specifically, the entire surface of
t he novatsirelageriodire¢thOfpried suthiceotiwdnowblasmlbi3d).on treat nent so that the
substrate has a surface roughness Ra of 1 mand a resin_|ayer having a

conposi (9124] of MpPw #reEficRERhe entiyergifice of theemovadrlenseroBr(SPhés sibisstedalee 15

sur f ace. )
conversion treatment so that the substrate has a surface roughness Ra of 1 pm and a resin

layer having a composition of PAV/FEP/PTFE = 70/25/5 is then formed on the substrate
15  surface.

[0125] According to this modification, there is no need to partially subjecting the

movable scroll (50) to a treatment for the formation of a resin layer and the resin layer is

directly formed on the entire movable scroll (50). Therefore, the number of processing

steps can be reduced. The rest of the configuration, the other operations and the other
20  effects are the same as in Embodiment 1.

.[0126] — Modification 5 of Embodiment 1 —

Although in Modification 1 a resin layer is provided on the inner periphery of the
extension (53) of the movable scroll (50), a resin layer in this modification is instead
.directly formed on an entire surface of the fixed scroll (60) opposed to the movable scroll

25 (50). |
- [0127]  Specifically, a surface of the fixed scroll (60) opposed to the movable scroll (36)

in the scroll compressor (10), i.e., the fixed wrap (63) of the fixed scroll (60) and the




[0125] According to this nodification, there is no need to partially

subj ecting the novable scroll (50) to a treatnment for the formation of a
resin layer and the resin layer is diyyectly formed on the entire novable
scroll (50). Therefore, the nunber of processing steps can be reduced. The
rest of the configuration, the other operations and the other 20 effects
are the sane as in Enbodinent 1. [0126] - Modification 5 of Enbodi nent 1

Al 't houghyghiBmMagl Rd?%tf itl?é“ﬁ%e@pléﬁs(iﬁ![')t,)'sﬁ&’&rod the QbR 5L NS the medvabler | phery
of the extension (53) of the novable scroll (50), a resin layer in this

modi fi CabiM(shPatd deqBs suiddeasitthy nfoRBbIE 148 (. BRdrblogs, Sutllieamdificatibs, fixed
scroll (60) opposed to the novable scroll 5 (50). [0127] Specifically, a

surface Wfh i€ thdeX oddd 36 ehd rAEQF RO PASEHTEP (63263fnm«mle@ s&oHal6h) fEDihe i n the
scroll compressor (10), i.e., the fixed wap (63) of the fixed scroll (60)

and the R&ombRhi WP ﬂharﬁke!dfiﬁhteo{m hee Gipjeded@icen(Bdipn teingkes sonthhththenovabl e
wrap (52) of the novable 'scroll (50) and the top surface of the novable

pl at & ( ShbstrafdBdsed Qlﬁﬂiaceirﬂu%lﬂké‘s RRAF fli gAtanen, resindayer Hasliggf acespaitibntdfe end
face of the fixed wap (63) of the fixed scroll (60) and the bottomIand

of the fRARERPEFE =(B1)5/Risehaihmed efdthHeaubomuesnsiaon treatment so that the 5
substrate has a surface roughness Ra of 1 mand a resin |ayer having a

conposi t[0128]of AcdAdinERs PlFmodifict@5Aince & rdshelayéras dizectlyrfotrhel euths entitee
surface. [0128] According to this nodification, since a resin |ayer is
di r ect | yopbodedsdriace dthie intd seroll goPas ekt swowvdtde scrofl (Sbe thei foed ssrliol6P) (60) to
‘the novable scroll (50), the fixed scroll (60) is firmy adhered to the
resin | dymiy adittréd ® theeasianaer taod it elarmnablie ttecmovablg 50Pl1i(80) isdedusdd, 10
t hereby providing good sealing property. The rest of the configuration, the
ot hép opksreltyi posidirengbodisealotgmopatyt €be eshefthe henfiguntiogs thewil@roperatiens 1.
[0129] - Modification 6 of Enbodinment | Al though in Mdification 1 a resin
| ayer i sngtlevitbediieatstahethe saree aperimbastiyperifl.t he extension (53) of the
novabl e scroll (50), a resin layer in this nodification is instead
[0129] — Modification 6 of Embodiment 1 -
Although in Modification 1 a resin layer is provided on the inner periphery of the
extension (53) of the movable scroll (50), a resin layer in this modification is instead
15  directly formed on the outer periphery of the cylindrical part (26) of the slide bush (25).
[0130] Specifically, the outer periphery of the cylindrical part (26) of the slide bush (25)
in the scroll compressor (10) slides on the inner periphery of the extension (53) of the
movable scroll (50). Therefore, in this modification, the outer periphery of the cylindrical
. part (26) of the slide bush (25) is subjected to conversion treatment so that the substrate has
20  a surface roughness Ra of 1 pm and a resin layer having a composition of PAI/FEP/PTFE
= 70/25/5 is then formed on the substrate surface.
[0131] According to this modification, since a resin layer is directly formed on the outer
" periphery of the cylindrical part (26) of the slide bush (25) that is a sliding element, the
number of processing steps can be reduced and the need is eliminated to provide the
25  lubrication part (70) like Modification 1 of Embodiment 1. The rest of the configuration,

the other operations and the other effects are the same as in Embodiment 1.

[0132] - Modification 7 of Emboediment 1 —




15 directly formed on the outer periphery of the cylindrical part (26) of
the slide bush (25). [0130] Specifically, the outer periphery of the
cylindrical part (26) of the slide bush (25) in the scroll conpressor (10)
slides on the inner periphery of the extension (53) of the novable scrol
(50). Therefore, in this nodification, the outer periphery of the
cylindrical part (26) of the slide bush (25) is subjected to conversion

treat ment so tAldioughen Modsfidadive | hassiz Giydr Burbedel swthghnes pefRphaod of the and a
resin layer having a conposition of PAI/FEP/PTFE = 70/25/5 is then forned
on the siieatioat(83)sof tlacmovidd 3dblIAGORrdidsth fayet M shimadbdifiébn an insdadce a
resin layer is directly forned on the outer periphery of the cylindrical
part (2@jirecdy fokded bh de tbp sirfAc2 5§1) toli de theysabekingi(80). el ement, the nunber of
processi ng steps can be reduced and the need is elimnated to provide the
25 | ubr i[@E3] onSyeaifically,0thel itdee shdfiaticf (81t ofonhel tlfustEbbathgmés®) h. thkhecmdst of
the configuration, the other operations and the other effects are the sane
as i i Erbmgressot(10) slides3w] the Huticinf sucfate ofi tie obviid pliterédilt) of tBd modableough i n
Modification 1 a resin layer is provided on the inner periphery of the

ext ensi eero{l%30). dherefiee, o vab redfzaidd, @) sudacee81 nof thy drrust earfrigs(80) is

nodi fication is instead directly formed on the top surface (81) of the

t hrust Isebiedtedyto @diversjodntBRIME ec itfak thel supstrattbast opirEge feugbngss Na offl phe

thrust bearing &gg) in the scroll 5 congressor %10) slides on the bottom
sur f ace and atrésen fayenbdvangh gsompedtion of PAHEERBTEE| = 70/28/5dk thepSormedrore théf or e,
in this nodification, the top surface (81) of the thrust bearing (80) is
subj ect edbstratesyrfees-si on treatment so that the substrate has a surface
roughness Ra of 1 m and a resin_|ayer having a conposition of PAI/FEP/ PTFE
= 780 2516134%  tAeaerdiag i this modHisatien isince 1 issigdpyesde diragly] fomed ondkoiodi ng to
this nodification, since a resin layer is directly formed on the top

sur f ace sydacy (81) efhidethugisbeapaa ($hgthedoy surlars (lsbbog’tl}ﬁfﬂé%‘ét beamng 480X a0d t hr ust
bearing (80), and the resin layer are firnly adhered to each other _and the
sl i dabi e VSIBQW%@? Svadleref 1¢ faeh %tb?roﬁr&@lg%ﬁalr@a%ﬁ&y\feé%he EREVED I thef ace

(81) of slriéllgg EJQlEE %g%we%g ei: ‘9) sgnstgge (%??0% trllrl% I’%S% l())eryrigg r(§ Ca%d the bottom surface
of the movable plate (51} of the movable scroll (50). The rest of the configuration, the
15 other operations and the other effects are the same as in Embodiment 1.
[0135] — Modification 8 of Embodiment 1 —
Although in Modification 1 a resin layer is provided on the inner periphery of the
extension (53) of the movable scroll (50), a resin layer in this modification is instead
directly formed on the Oldham ring (43).

20 [0136] Specifically, one key of the Oldham ring (43) in the scroll compressor (10) slides
on the bottom surface of the movable plate (51) of the movable scroll (50), while the body
and the other key of the Oldham ring (43) slide on the frame member (41). Therefore, in
this modification, .the surfaces of the Oldham ring (43) are subjected to conversion
treatment so that the substrate has a surface roughness Ra of 1 pm and a resin layer having

25  acomposition of PAT/FEP/PTFE = 70/25/5 is then formed on the substrate surfaces.

[0137] According to this modification, since a resin layer is directly formed on the

surfaces of the Oldham ring (43), the Oldham ring (43) and the resin layer are firmly




of the novable plate (51) of the novable scroll (50). The rest of the
configuration, the 15 other operations and the other effects are the sane
as in Enbodinent 1. [0135] - Modifica gon 8 of Enbodinment 1 Although in
Modification 1 a resin layer is provided on the inner periphery of the
extension (53) of the novable scroll (50), a resin layer in this

nodi fication is instead directly formed on the O dhamring (43). 20 [0136]

- Speci fi cafahéaeﬁ 189G E%eLind BE sgdémﬁ"{? i grcéféé)in i élm?nﬁgarppém%a{rmeeaﬁor (10)

sl i des e bottom surface o l'e plate t he novabl e

scrol | ?)of d)ﬁhérﬁ n%@?@ta a?@qh%]@%tt hﬁ{rfaké‘)bf%e bRRatk dham siner 61{!:3)

slide on rane ne ere in this nodification,

sur f acesy Qfapid\@rdl é;'o?aﬁcr i Qh?lﬂgkaﬁ%@t@éﬁlﬂ%&ﬁf} A8 (ROSKET 18T the o&aﬁment S0

that the substrate has sur roughness Ra“of I mand a resin |ayer

havi ng 23,8489 0RP S frRhe ﬁ(enﬁf%% (4BPTRT st Uf Y ki éuﬁaﬁoﬁ hge oﬁféf* Fpekafibngt he

substrate sur?aces [ 0137] According to this nodification, since a resin

| ayek I%nd&ﬁee&héﬁeffeefsm@éithe@aﬁl@@s infhbafi@enof. the A dhamring (43), the
A dhamring (43) and the resin layer are firmMy 25 adhered to each other

and t he [giigjabiddbobimentdyproved in the sliding part between the one key of
t he Odham ring (43) and the bottom surface of the novable plate (51) of

the rovabl e sgr@tdiled 2R)cripidn tifigiveh i ofi BgbdmbntbE bMeRNplchat hodytian tvitthe
ot her key of the A dham ring (43) and the frane nenber (41). The rest of

t he confrifgrshaé toFiguiel® ot her operations 5 and the other effects are the
sanme as in Enbodi rrent 1. [0138] (Enbodinent 2) A detailed description is

gi ven offoBshodinesiroR comptdisorql e®eatioidineetat thisrenbddimentpinstead o€ theodiiegure 7.
[0139] In a scroll conpressor (100) according to this enbodi nent, instead

of tihe dhafv€20)1i0 BrhddiméR0) being Eopmdicdehtough ied rodles bppimgt @@) tid theghalkt he
roller bearing (42) and the ball bearing (31) to the frane nenber (41) and
t he | owbeardren(I1ndo v frar8@jemteh ¢4 ¥yeand thq:)ﬂmeré:eal(imyniD(E';(l)h‘éledmitinespi-nld@‘ t (20)
i s supported through lubrication parts (111, 121) serving as
(21) of the drive shaft (20) is supported through lubrication parts (111, 121) serving as
bearing metals to a main bearing part (110) of the frame member (41) and a lower main
bearing part (120) of a lower bearing unit (119).
15 [0140] The lubrication parts (111, 121) are formed in the shape of a cylinder and
constitute sliding elements. Each lubrication part (111, 121) is formed by subjecting the
inner periphery of its substrate made of iron to conversion treatment to have a surface
roughness Ra of 1 um and providing on the substrate inner periphery a lubrication layer
made of a resin layer having a composition of PAI/FEP/PTFE = 70/25/5.
20  [0141] When the scroll compressor (100) is driven, the main spindle (21) of the drive
shaft (20) slides through the Iubrication parts (111, 121) on the main bearing part (110) and
the lower main bearing part (120).
[0142] The placement of the Jubrication parts (111, 121) having the above configuration
enables the main spindle (21) and the lubrication parts (111, 121) to continue to slide
25  together at low coefficient of friction for a very long time. The rest of the configuration,

the other operations and the other effects are the same as in Embodiment 1.

[0143] — Modification of Embodiment 2 —




bearing netals to a main bearing part (110) of the franme nmenber (41) and a
| ower main bearing part (120) of a lower bearing unit (119). 15 [0140] The
lubrication parts (111, 121) are formgd in the shape of a cylinder and
constitute sliding elenments. Each |ubrication part (111, 121) is fornmed by
subj ecting the inner periphery of its substrate nade of iron to conversion
treatnent to have a surface roughness Ra of 1 mand providing on the

substrate inn ;}ﬁ@ﬁ hIcdaGat bal havernl) mRdgoAlle@bét@snteaian havi ng
a conpositi onq{l) PXF FEP, Pﬂlil%llzwifc[%g Zgé}%d go’ [0%41] ?/\he% the scroll

conpr es i r ; ' ' faid Bendei(¥p) ahi@ét (20)
slides ?;ﬂ?gl&;(%?)[ %ﬂe&ihgbﬂrlﬁﬁggfe?%ﬂr?e%éa}rgggo?r%ﬂ%%e%)g%%?\ taheglﬁn%i n (bgari ng part

(110) angyertrhn IbQé?‘ﬁl% fflﬁ?t‘ (QZQ?ﬁ{s{eﬁ_g oP @il ik #29embbAAdad rEhelaptracan@irictipf t he

| ubrication parts ( 12T) having the above configuration enables the

mai N Spirdieted dnthd rdBA bEql P 1985 bAD tRABIEr frbikhlbeatidd)paktq 180G dietlyo sl i de

25 together at | ow coefficient of friction for a very long tine. The rest

of tde ¢oteld@MRd ndih spiddte29y her operations and the other effects are the
sanme as in Enbodinment 1. [0143] - Mddification of Enbodinent 2 26 1In

Enbodi mpyi44f, s;a@iﬁlcal ,cGtBér @B iRk peripHekiks of 2o malrebeariay ipded(1be) aekthet he
mai n spindle (21) and the main bearing part (110) and between the nmain

spi ndl e]dwet)man hekrig pdrO(I20) BBRHEHIBAAGT 1hg duddt tpefipRAY of tirstemdspdddie (313, in
this enbodinment, resin layers are directly formed on the main bearing part
(110) aperéspendinyes theriidinpeaithdey taedf dnthOmaix betiringqialty(116) dndrtiretbvem t he
mai n spindle (21). [0144] Specifically, either the inner peripheries of the
Mmai N beafaimn Gedpmiztpaftl(109) @8 gubjbeted kovatversomtriaentiy lpae b sHbEGte ourzser t i ons
of the outer periphery of the main spindle (21) corresponding to the
sl i 8 ngraughhes & dfhiepmaind aesin heyersdiavitpemcimppspamt of PAIBNERRAFER70/8%ér  mai n
bearing part (120) are subjected to conversion treatnent to have a
subst r atee therr fommed &0 thecupdiméssirflaenf 1 pm and resin | ayers having a
conposi tion of PAI/FEP/ PTFE = 70/25/5 are then formed on the substrate
surfacef0145] Thus, the main bearing part (110) and the lower main bearing part (120)
constitute sliding elements having their respective resin layers formed on their respective
iron substrate surfaces or the main spindle (21) constitutes a sliding element having resin
15 layers formed on surface portions of the iron substrate.
[0146] According to this modification, since resin layers are directly formed either on
the inner peripheries of the main bearing part (110) and the lower main bearing part (120)
or on portions of the outer periphery of the main spindle (21), the number of processing
steps can be reduced and the number of parts can also be reduced. The rest of the
20 configuration, the other operations and the other effects are the same as in Embodiment 2.
[0147] (Embodiment 3)
A detailed description is given of Embodiment 2 of the present invention with
reference to Figures 8 and 9.
[0148] A fluid machine according to this embodiment is a so-called rolling piston type
| 25  swing compressor (200). The swing compressor (200) according to this embodiment, like

those according to Embodiments 1 and 2, is provided in a refrigerant circuit of a

refrigeration system and used to compress gas refrigerant that is a fluid. The swing




[ 0145] Thus, the main bearing part (110) and the |lower main bearing part
(120) constitute sliding elenments having their respective resin |ayers
formed on their respective iron substjate surfaces or the main spindle
(21) constitutes a sliding elenent having resin 15 |layers fornmed on
surface portions of the iron substrate. [0146] According to this

nodi fication, since resin layers are directly fornmed either on the inner

per i pherdogrbort 901 RAN: RABY dldthsPALhnfl gtéon3NcBilE ol @WReIRINmBRBAisAY par t
(120) or on portions of the outer periphery of the main spindle (21), the

number  qb3PrRA98 2R lic MBPR20ReREnTaBRNGEE daRed Eagmponumper of parts can al so
be reduced.” The rest of the 20 configuration, the other operations and the

ot her egbm]s FhE chdiy BAOP iddudeld £ ﬁféﬂriﬁﬁ%o@- (2100 340 knd Pred{amRNR1B) A

detail ed description is given of Enbodi nent of the present invention with

r ef er enggofi@ed b0 HeShpSar@NsbtRm b 8body {21) dANRGRE RartasTokdioly Qo1) b S

enbodi nent is a so-called rolling piston type 25 swi ng conpressor (200).

The sW REoHaKPWEE 3GhctiodOiipe AP MTHeNPpEeridilge eXOd pranided Mikea distioge
according to Enbodinents 1 and 2, is provided in a refrigerant circuit of a

refri gerpapd @n5patsltLiemaing @sedot feedippRiRER @aer iefheiegetrinhoton20).s a fl uid.
The swing 27 conpressor (200) has a fully encl osed configuration in which
a conpr 8RN The banpsstion A3EHandnd (230) & disposed immpiorer(p200f the éntedot @i ned i n
a donmed casing (210). [0149] The casing (210) includes a cylindrical body
(211) ankk esthgd(240% and 2ikcHideR Bylinderof2ilApdndat rolhieg tpdpoa 28 abhamedfintahe body
(211). A lower part of the body (211) is 5 provided with a suction pipe
(241). Thbndeppedambed (2Dt e H2l@)lindsr (2180)i dhd ailintiera(2193 db amogmopidoef @215)
and a termnal (216) for feeding electric power to the electric notor

(2209. cylndtial Femdeobulye@21)omdrefrhanicadn(3223@hd hgeatihepd §23%3) ithat gldsowhsr  part
of the interior of the casing (210) and includes a cylinder (219) and a
rol | i ng tep sudhoit@rSiespsstively nefthe reylinderyhadyd@21)c Ahetsslinde 2hpmbér €288) syl i nder
(219). The cylinder (219) is conmposed of a 10 cylindrical cylinder body
(221) anélized byothe chiéadss bodoR24h thealronseah@ad) wEtby reanheadk288b { he

[0151] The electric motor (220) includes a stator (231) and a rotor (232). The stator
(231) is located above the compression mechanism (230) and fixed to the body (211) of the
15  casing (210) and the rotor (232) is connected to the drive shaft (233).
- [0152] The drive shaft (233) vertically passes through the cylinder chamber (225). The
front head (222) and the rear head (223) are formed with a main bearing part (222a) and a
sub bearing part (223a), respectively, for the purpose of supporting the drive shaft (233).
| The drive shaft (233) has an oil pump (236) provided at the lower end thercof. The oil
20 pump (236) allows oil accumulating in the bottom of the casing (210) to flow through an
oil feed pipe (not shown) and feeds the oil as to the cylinder chamber (225) of the
compression mechanism (230).
[0153} The drive shaft (233) has an eccentric part (233a) formed in the center of the
cylinder chamber (225). The eccentric part (233a) has a larger diameter than the drive shaft
25 (233). |
[0154] As shown in Figure 9, the rolling piston (228) includes a piston body (228a) and

a blade (228c¢) integrally formed with the piston body (228) and serving as a partition




top and bottom respectively, of the cylinder body (221). The cylinder
chanber (225) is defined by the cylinder body (221), the front head (222)
and the rear head (223). [0151] The e%§ctric not or (220) includes a stator
(231) and a rotor (232). The stator 231) is |located above the conpression
mechani sm (230) and fixed to the body (211) of the 15 casing (210) and the
rotor (232) is connected to the drive shaft (233). [0152] The drive shaft

(233) Vekichgib! h | 5 o oad
(222) and thlehrfg{??qﬁigﬁt&nﬁ%w ZtSH o’lﬁﬁré}e%lﬁw er%é%ﬁﬂ%eér@%%gbgggr(%is(ra 22a)

and a gH %@ﬁfe'e@&nﬁ%ﬁar{%332))msé'r%ﬁﬂﬁﬁfe'p‘fﬁ!}ﬂbo&yo(ﬁﬁﬁ)e purpose of supporting
the drive shaft (233) rive shaft "(233) has an oil punp (236)

provi deqorss) t end QA¥RAerHIdy (28N eformdd RitQlalbudPh AL 12103 3fe Rish Q¥R (221b)

accumnul atlng in the bottomof "the casing (210) to flow through an 0il feed

pi pe ( nebntaewWhairdtthukRadest, %29?2}3@?0&1%&?@? sél-biRdedr ehanbaion(iddedof the

conpressi on nmechani sm (230). [0l he drive shaft (233) has an eccentric

parts(23aginf O diffat fdees 6 tHeGai0df BiltBes @BH] 28I9IdeciRaRNR4de Zé6e (22h
eccentric partpl?%gBa) has a Ia?{:]er di amstGle t%se?ﬁl the drive %haft( 2)2 (233).

[0154] Abe bhaden228t) i Givéreeddin thb®lddelgrddi@ (P2B! Dhe p2i2 BF bushek YEEIS 282)pirst on
body (228a) and a blade (228c) integrally forned with the piston body

(228) andnfigurad sothastie Wadet 2286Ncad8moexbeRduiigarid mvhidenths blade Ragye ( 228a) .
The inner periphery of the piston body (228a) engages the eccentric part
(233a) (2R99rit edndwichdierghithobetiveety tHe228a )l bhshkSFRSTM S0y Conderenthndiie ( 221)
is formed with a bush hole (221b). The bush hole (221b) contains a pair of
bushes b@dies (282}5Dfis eppiignxédnatostijlaaogeticirith the biade$228x¢ @t therbusinkdet ed 5
therein. Opposed flat faces of the pair of bushes (251, 252) define a bl ade
grodtve (2248).. The bl ade (228c) is inserted in the blade groove (229). The
pair of bushes (251, 252) are configured so that the bl ade (228c) can nove
backwar {0186H ffowthemebre,nthe hylinderdieodyr (3% k hag 2 2@5h ibacls ghaimbarh@d0) &iraed on

bet ween the pair of bushes (251, 252). Concurrentl the bushes (251, 252)
is conf PW@BYPBﬂ’@sb@Fh hele 2218y &9 sesommiadatetthedistahesl ¢2hgblade 2280k bush hol e

[0157] When the drive shaft (233) rotates with the above configuration, the rolling
piston (228) rolls about a point on the blade (228¢) moving backward and forward in the

15  blade groove (229). This rolling provides not rotation of the piston body (228a) on its axis,
but bodily movement thereof around the inner periphery of the cylinder chamber (225).
Note that, during the bodily movement of the piston body (228a), such a slight clearance
that can form a thin oil film is created at the contact point (260) between the piston body
(228a) and the inner periphery of the cylinder chamber (225).

20 [0158] The blade (228c¢) partitions the cylinder chamber (225) into a suction side space
(225a) and a compression side space (225b). The cylinder body (221) is formed with a
suction port (214) communicated with the suction side space (225a). The suction port
(214) is connected to the suction pipe (241). The front head (222) is formed with a
discharge port (242). The inner periphery of the cylinder body (221) is formed with a

25  discharge channel (243) communicated with the discharge port (242). The top surface of
the front head (222) is formed with a recess (245). The recess (245) is provided with a

discharge valve (246) for selectively opening and closing the discharge port (215).




10 (221b). [0156] Furthernore, the cylinder body (221) has a bush back
chanber (250) forned outwardly of the bush hole (221b) to accommbdate the
distal end of the blade (228c). [0154) Wien the drive shaft (233) rotates
wi th the above configuration, the rolling piston (228) rolls about a point
on the bl ade (228c) noving backward and forward in the 15 bl ade groove
(229). This roIIing provi des not rotation of the piston body (228a) on its

axis, Dgisg ? 225%@%&1&;&5@@ (2909 BPEgesth d Ak iPFivaheRy dfbe iae

cyllnder chanber t hat uring t bodi I'y novément of the

pi ston hody) (2k8ah the Liﬁzﬂn%e%hh C%Q@:I)aﬁﬁlethet hat bé%l%ﬁ? REM230N0 el film
is created ‘at the contact poi n 26 bet ween the piston body (228a) and

the i nnefccRgfié PRRNY3RT thlﬁe(‘dﬂv'e%@ft (Q@sa)na@es 6228} -piston HBdPEI28hhembhade

(228c) partltlons the cyllnder chanmber "(225) into a suction side space

(225a) anshRIBSTPHeSESHRIIS! vﬁé’@@hﬁh 1u15¥1@atﬁml pareten209032362218b)i S

formed wwth a suction por;p (214) comuni cated with the suction side space

(2253) . sthens e béRmgRdthls. TR AbricstimOpReqReTh, t123bhe288)Cdré eonfhpel 42#1) . The
front hesad (%22) |lsgf or mgd vvlthna 1d| schg?ge port (24 %29 Theﬁgl nner

peri phersmpddiibe: Cxhd fa@ed hRehe <hdpd bf a&ylﬁmeﬁemev\auuahcal&@ﬂssmm ge3phannel
(243) comrunicated with the discharge port (242). The top surface of the

front hexgb) 222)iding dianemsl exdht fored 8¢ esl5edtdgShe idite pefpless of 24 Shbstate
provided with a discharge valve (246) for selectively opening and cl osing

t he di schalegd ipand cgREfsion @itmbf1s Bhvethaimnfathsughhery of dnpr exbmovid@®n as
descri bed above is driven, the drive shaft (233) slides on the main

bear i ng thastbst22 2mer pexiptetea Subbiciiar layw npaletof @228a )ayanhavitea canpeiitoni ¢ part
(233a) of the drive shaft (233) slides on the piston body (228a). In this
enbddi medPALEPRTIE +dDMRg/parts are provided with lubrication parts (222b
223b, 228b) 5 serving as bearing netals. The lubrication parts (222b, 223b,
228b) ar[el@dnf Thripldernsnti of thEnfubdéatient patts (@221,0223%bd 228b}) hevispdbe abfvea
cylinder. The lubrication parts (222b, 223b, 228b) are sliding el enents
each forceefighgtigutrjables thrgdnves shafh@33pend thh eesentic pars(233msefithe drivershadl of
iron to conversion treatnent to have a surface roughness of 1 mand
provi di ig3drio continue to slide on the lubrication parts (222b, 223b) and the lubrication part
(228b), respectively, at low coefficient of friction for a very long time. |
15  [0161] - Modification 1 of Embodiment 3 —
Although in Embodiment 3 the sliding elements are provided as the lubrication
parts (222b, 223b, 228b) formed of separate pieces for the main bearing part (222a), the
sub bearing part (223a) and the eccentric part (233a) of the drive shaft (233), sliding
elements in this modification are instead obtained either by directly forming resin layers as
20  lubricants on portions of the outer periphery of the drive shaft (233) sliding on the main
bearing part (222a) and the sub bearing part (223a) and the outer periphery of the eccentric
part (233a) or by directly forming resin layers as lubricants on the inner peripheries of the
main bearing part (222a) and the sub bearing part (223a) and the inner periphery of the
piston body (228a).
25  [0162] Specifically, either the portions of the outer periphery of the drive shaft (233)
sliding on the main bearing part (222a} and the sub bearing part (223a) and the outer

periphery of the eccentric part (233a) or the inner peripheries of the main bearing part




the substrate inner periphery a lubrication |ayer nade of a resin |ayer
havi ng a conposition 10 of PAI/FEP/ PTFE = 70/25/5. [0160] The pl acenent of
the lubrication parts (222b, 223b, 22§@) havi ng the above configuration
enabl es the drives shaft (233) and thé eccentric part (233a) of the drive
shaft (233) to continue to slide on the lubrication parts (222b, 223b) and
the lubrication part (228b), respectively, at |low coefficient of friction

f . i f h h
i Embodl izt o chE e RO R B e RO TRt Y et s
(2220, ?c%%berm%ﬁfﬂ%)auﬁél{t”f@%a% ass%BQtEaft‘é Surifd dc‘%%ﬁgﬁ&%s RS MR Qx?cﬁ[db?iga Ray t
(222a), the sub bearing part 23a) and the eccentric part (233a) of the
drive shafdrs (d8)of r8dih (iéﬂﬂs hﬂlﬁgﬁ%ﬁ}pbélnw'o% PRAED/PREE QN 7608/5 AStRad

obtained either by directly formng resin layers as 20 |ubricants on

por ti onsfophied HethOUt¥raRefk-Rbgry of the drive shaft (233) sliding on the
main  bearing part (222a) and the sub bearing part (223a) and the outer

perigherpg164] t ABcR&HENS tHiS moBAchtidre 3380 n&rth@b{lbﬁbétﬁﬁltﬂa)‘tsf(ﬂz'ﬂ pEBY, Qgsg) | ayers
as lubricants on the inner peripheries of mai n ‘bearing part (2Z22a) and

the sub JerRsdNgd PR EmMHAR3@&) 30418 Edl@dddrlﬁﬁrresf?@![dy@ﬁ%&‘ dabctliynformed sftRi dpody
(228a). 25 [0162] Specifically, either the portions of the outer periphery

of the dhé ugvehafit (263830d t1e! dedéntEc paxt (183) WRioR the atdim Bedtdigt pA12@223), 8d t he
sub bearing part (223a) and the outer periphery of the eccentric part
(233a) aubbbeingpeer (2R84) sdahé pStodlbotin €228, thd aambad MbdessiBg stepldm)be t he
sub bearing part (223a) and the piston body (228a) are roughened by

conver sireductd ead mnhuhbern@iear@d catddor e e:dacsd dbe reaughhesenfBargafon] tha and

| ubrication |ayers nade of resin |layers having a conposition of

PAI 1BFEP/oEFEperafi@is2hl Shaothert dfftots arotherameas inémbodigienti.e surfaces. 5 [0163]
According to this nodification, since not the lubrication parts (222b,
223b, 238b¢] asMidsforatibed of EnfboldowkmBrt 3 are provided but resin layers are
directly fornmed either on the drive shaft (233) and the eccentric part
(233) or on t hethvaigh ibd&ambadgmersr the 2Hdmg, el¢thents are provided as the lubrication

parts (222b, 223b, 228b) formed of separate pieces for the main bearing part (222a), the

sub bearing part (223a) and the eccentric part (233a) of the drive shaft (233), sliding
15 elements in this modification are instead obtained by directly forming resin layers on the

entire bushes (251, 252).

[0165] Specifically, for the above bushes (251, 252), their opposed faces defining the

blade groove (229) slide on the blade (228¢) and the semi-circular faces of the bushes (251,

252) slide on the surface of the bush hole (221b). Therefore, in this modiﬁcati‘()n, the entire
20  surfaces of the bushes (251, 252) are subjected to conversion treatment to have a substrate

surface roughness Ra of 1 pum and lubrication layers made of resin layers having a

composition of PAI/FEP/PTFE = 70/25/5 are then formed on the substrate surfaces.

[0166] According to this modification, siﬁce resin layers are directly formed on the

bushes (251, 252), the bushes (251, 252) are firmly adhered to their associated resin layers
25  and the slidability of the blade groove (229) on the blade (228¢) and the "slidabiii;cy of the

semi-circular faces of the bushes (251, 252) on the bush hole (221b) are improved. This

provides smooth forward and backward movement of the biade (228¢) in the blade groove




sub bearing part (223a) and the piston body (228a), the nunber of
processi ng steps can be reduced and the nunber of parts can also be
reduced. The rest of the configuratio the 10 other operations and the
other effects are the same as in Embodl ment 3. [0164] - Modification 2 of
Enbodi ment 3 Al though in Enbodinent 3 the sliding el enents are provided as
the lubrication parts (222b, 223b, 228b) fornmed of separate pieces for the

R e
B e L e T TR s L P

- 252), thej d%prgs}ed faces defining the blade groove (229) slide on the
bl ade ( 63 and the sem -circular faces of the bushes (251, 252) slide on

t he surfgﬁﬁlotﬂRﬂ%ﬂ§%ﬁgﬁqu%mﬁ%a&?%%iIherefore, in this nodification, the
t )

entire surfaces o e bushes 252) are subjected to conversion

treatnment to tr ] IOl : f i,cation
|y oo made_or Ao RAHAY & EmboiiibACE 2T AUBRIESS (SFrcRlon A poriREN OO el

are t henrlos Al phR9253N S IR GivRUBERLES) drHOGTindes R0 AR I his

nodi fication, since resin’layers are directly forned on the bushes (251,

252) , t hg,dmiehies, Al 71@%%2%@3&@63&1 rgtnle R O ethe Chop CarldNBétorR SEFEE At S tHeesSi N

| ayers- 25 and the sli ity of the blade groove (229) on the bl ade

(228c) apskntdiepat i2dad). | ity of the sem -circular faces of the bushes (251,
252) on the bush hole (221b) are inproved. This provides snooth forward

and baclgrgsy nopeeRAMNy Ofhelibp shifddeof hid8&beitic A Badesieo oM ahd botto@29) and
in turn enhances the reliability of- bodily novenent of the piston (228).

- The 10 estsurf@de dfhiBe GoRf h@dr(222)amd thdBotédnh etirf@RahatsONReana tHehep uifare &f f ect s
are the sane as in Enbodinent 3. [0167] - Modification 3 of Enbodi nent 3

5 I n Mhd icanheah (1239f Tiurbel, 18 fkis Inodficgidn tHeatpp rantd bottomnadfaoes bheheout er

periphery of the eccentric part (233a) of the drive shaft (233) of the

SW ng cecqeheispart (288%) . aré subjbétsd to conversion treatment to have a substrate surface
roughness Ra of 1 um and lubrication layers made of resin layers having a composition of
PAJ/FEP/PTFE = 70/25/5 are then formed on the substrate surfaces.

15 [0169] According to this modification, since resin layers are directly formed on the
eccentric part (233a), the eccentric part (233a) is firmly adhered to the resin layers and the
clearance between the eccentric part (233a) and each of the front head {222} and the rear
head (223) in the cylinder chamber (225) is reduced, thereby providing good sealing
property. This enhances the reliability of this machine as a compressor. The rest of the

20 | configuration, the other operations and the other effects are the same as in Modification 1
of Embodiment 3.

[0170]  If a resin layer is directly formed on the entire eccentric part (233a), not only the
above effects can be obtained but also the slidability between the eccentric part (233a) and
the piston body (228a) can be improved like Modification 1 of Embodiment 3. In addition,

25  since there is no need to subject a plurality of portions of the eccentric part (233a)

individually to a treatment for forming a resin layer, the processing can be sirplified.

[0171] — Modification 4 of Embodiment 3 —




nodi fication, resin layers are instead forned on the top and bottom
surfaces of the weccentric part (233a). [0168] Specifically, the top
surface of the eccentric part (233a) glides on the bottom 10 surface of
the front head (222) and the bottom surface thereof slides on the top
surface of the rear head (223). Therefore, in this nodification, the top
and bottom surfaces of the eccentric part (233a) are subjected to

conver si on 1 ORUERCHRRUEEALSHRSH BEcSHILAE Sor/HUBIANERS:Aan ofyeiisl M and

| ubrication |layers ma resin layers having a corfposition of

PAI / FEPIgEEd on @/iemk ?]gli@ﬂﬁ:r)} bEe @g&d}?@bdﬂﬁé\ﬂ SURAthadiBcAoh! 2688 lajer [ 0169]

According to this nod cation, since résin l'ayers are directly fornmed on

the ecgepkichg fRaiel oﬁ%@@h@le%h&e%ﬁiﬁg%ﬁt&q 228} (233a) is firmy adhered to
the resin layers and the clearance betweenh the eccentric part (233a) and

each of 1pive|f ropdifiany, (2é) Apdcd BE theaSlli A Jlided B8 1Y HoRERY
chanber [(22%) ?Iggcieduged, t ereb§/ provi di r%gé]gg%% g%zz?i nlge property. This

enhapcesuifi® ¢fahé &bt hdad (222) HeSHoMBE iR fAcE hefeof QIINSRTSAE topl ARTHCESE tiRf t he
20 configuration, the other operations and the other effects are the sane

as in Mpglirfhie&®t2d28N the oftbr By T e Bistonbbd9248) slideg Dhnhd Byer pdripheyr ect |y
formed on the entire eccentric part (233a), not only the above effects can
be obt aiofiele byfindal $0dy ((E213) ihdabhdri feyiphetyefethe tfifoe b6&N(2280) RAAds ¢28Ra) and
t he piston body (228a) can be inproved |i ke Mdification 1 of Enbodi nent 3.
| n addi etepniric2pars (2388), tahe e dide fHReeRthe thhade U RERY tslide ph thieadppoyedfacgposft | ons
of the eccentric part (233a) individually to a treatnent for formng a
resin | ayebushéh@spr 2528 SHiefgforeain this msodifitdtionethe enfiRkddfhce oflvbe pisioma@28)n 4 of
Enmbodinment 3 32 In Mdification | of Enbodinment 3, a resin |ayer serving
as a0l ubw subgedtahtol @peersion tfeatmad sonhdthies substeate hey & pldaog rofighriees Basfdn body
(228a). In this nodification, a resin layer 1is instead fornmed on the whol e
of the polfnidwlubrisatom 162 Made [od 4 7&fin Byechdvingad tompdshmntdP AARBRHEEFBE t he
rolling piston (228) slides on the bottom 5 surface of the front head
(222), t/AESHosttm forméderethegatimohbsttateles on the top surface of the

[0173] According to this modification, since a resin layer is directly formed on the entire
rolling piston (228), there is no need to subject a plurality of portions of the rolling piston
15 (228) individually to a treatment for forming a resin layer, thereby simplifying the
processing. Furthermore, the slidability between the blade (228c¢) and the bushes (252,
252) can be improved, which provides smooth forward and backward movement of the
blade (228¢) and in turn provides accurate bodily movement of the piston body (228a).
Furthermore, the clearance between the rolling piston (228) and the inner periphery of the
20  cylinder chamber (225) can be reduced, thereby providing good sealing property. This
enhances the reliability of this machine as a compressor. The rest of the configuration, the
other operations and the other effects are the same as Embodiment 3.
[0174] — Modification 5 of Embodiment 3 —
In Modification 3 of Embodiment 3, resin layers are formed as lubricants on the
25  eccentric part (233a) and the piston (228a). In this modification, resin layers are instead
directly formed on the bottom surface of the front head (222), the top surface of the rear

head (223) and the inner periphery of the cylinder body (221).




rear head (223), the outer periphery of the piston body (228a) slides on
the i nner periphery of the cylinder body (221), the inner periphery of the
pi ston body (228a) slides on the eccentric part (233a), and the side faces
of the blade (228c) slide on the opposed faces of the bushes (251, 252).
Therefore, in this nodification, the entire surface of the piston (228) 10
is subjected to conversion treatnment so that its substrate has a surface

roughnegg1f Ofpetifi E%ncﬁe BottdtR sldade ANht R8RS héﬁﬁq%ﬂfshﬁmf 68 ki dop¥aifadeavi ng a
conposi tion of 'PAI/FEP/ PTFE 70/ 25/5 is then forrmed on the entire

subst r aty® thd Qédlic H5EErHaNshd Qe Edy SrfABdbf the plsiRbod$ (2083),ahé R sirtheysyr 1S

directly fornmed on"the entire rolling piston (228 there i s no need to

subj ect tRe RhtKaldi(223)alidRodH the Bstidth shiffee SHthd OQeRtis 539@ (2382) aB &k bottom
individually to a treatment for forming a resin |ayer, thereby sinplifying

t he progesadeF thé PistdMeHoap(228ah,NBe Silried pbripticky oD@k WoRRck BedPi(2re slidiqe) and
t he bushes (252, 252) can be |nproved whi ch provides snooth forward and

backgar dgheovenpiphefy $h@e ptatody22884). Inekefore till this Riciiici@Bnate Woab bodi |y
novenent of the piston body (228a). Furthernore, the clearance between the

rol | i ng spifadeost (228pniahehdt (222), Nhe rop suiRRe b tief réah@e@0 (228)i Aidethecinagrber
(225) can be reduced, thereby providing good sealing property. This
enhancesgetipleery elfi tabidylihgerbodyhi281 maghbutgedsl & coiersEs dkatmkdne to éave af t he
configuration, the other operations and the other effects are the sane as
Enbodi nmeabstidte ubfhdeltoughhdsd Raiofdt irnmnd ldiricatitvotiyere mihads of lresidiediefs lmatngon 3 of
Enbodi nent 3, resin layers are forned as lubricants on the 25 eccentric
“part (233anpasition hEP AVEEBMFTFE28A)/25brar¢ thies foroatid fohdlat substrate esifaceb.ayers are
instead directly formed on the bottom surface of the front head (222), the
t op1&ur @8] of Atdoedingde thisemodifie@B)n, aimdetrhgnilayes apedirpdibr orofedtdretheyl i nder
body (221). 33 [0175] Specifically, the bottom surface of the front head
(222) sbotes sorfatenef the frogulrdad €222) othe tidreswtace f thegepdicad (2233 and ghedinpdre t op
surface of the piston body (228a), the top surface of the rear head (223)
sl i des pariphesy bgthew\hgdﬁrf@d@ (Z31)1 the rewin daviers ae pamly ¢dtess) tosthd fronehesdt t om

surface of the piston body éZZSa} t he i nner periphery of the cylinder body
(221) sK3%@esthepear head (223) and the cylinder body (221). rthermore since resin layers are

formed on the bottom surface of the front head (222), the top surface of the rear head (223)

15 and the inner periphery of the cylinder body (221) that constitute the inside wall surface of

the cylinder chamber (225), the clearances of the inside wall surface of the cylinder

chamber (225) to the top and bottom surfaces of the eccentric part (233a) and the top and

bottom surfaces and the outer periphery of the piston body (228a) that slide on the inside

wall surface of the cylinder chamber (225) can be reduced, thereby providing good sealing

20  property. This enhances the reliability of this machine as a compressor. The rest of the
configuration, the other operations and the other effects are the same as Embodiment 3.

[0177] (Embodiment 4)

A fluid machine according to Embodiment 4 of the present invention is a swing

“compressor (300) as shown in Figure 10. Although the compression mechanism (230) in

25  Embodiment 3 includes a single cylinder (219), a compression mechanism (301) in this

embodiment includes a plurality of cylinder bodies (325, 326). The rest of the

configuration and the other operations are the same as in the swing compressor (200)




5 the outer periphery of the piston body (228a). Therefore, in this
nodi fi cation, the bottom surface of the front head (222), the top surface
of the rear head (223) and the inner jperiphery of the cylinder body (221)
are subjected to conversion treatnment to have a substrate surface
roughness Ra of 1 mand lubrication |ayers made of resin layers having a
conposition of PAI/FEP/ PTFE = 70/ 25/5 are then forned on the substrate

sur f acesccdkingQd E&lbodes@f di ng to this nodification, since resin |ayers are
directly forned on the bottom surface of the front head (222), the top

sur face 40178] heTkealinPRafpledso?) (30MtackhRlirlgoqhis cRVoURRGI YIRS Etbedifithi nder
body (221), 'the resin |layers are firmy adhered to the front head (222),

t he reans peRgddd2id3]d rafidertahe cieolid Bﬂﬁrreﬁ%bﬁtﬁﬁzs%&tem@i{d ReJIRF EomSresdCeasr €Si n
| ayers are fornmed on the bottom surface of the front head (222), the top

sur f ace refiighlagt Mhaels ead. A223ripHeonafdiveh Geledigy oPeiel iPiyssdh hédagiyii nder
body (221) that constitute the inside wall surface of the cylinder chanber

(225%, the)cheadians phrdfty bheylidist BliveBR5,3265.ace of the cylinder chanber
(225) to the top and bottom surfaces of the eccentric part (233 a) and the

top and [0t oThestumimestonamecHanBnO@0dY inehidep bed yylidet bedips 63250 3D6)dand( 228a)
that slide on the inside wall surface of the cylinder chanber (225) can be

r educed thd tves efiynder budids (RR59G06) srealkiapos20 ipaafiskctiyn ol kkensohafiaedivehe
reliability of this machine as a conpressor. The rest of the
conf i gushift (#14),tike ir0d heticadpkreatiorons and the other effects are the sane as
Enbodi nent 3. [0177] (Enbodinment 4) A fluid nachine according to
Enbodi mfgit804 oh frdie hpad $20R) ik miisposédoon itep af thwi Higt cylimjer dedpr(3280g)ceds shown
in Figure 10. Although the conpression nechanism (230) in 25 Enmbodiment 3
i ncl@despwasilnglfethe ydecondle cyliRikd)hods @3apra&ssanheare (H)i isndigBBed dnnthehi s
enbodi ment includes a plurality of cylinder bodies %325, ' 326). The rest of
the conhiesidaof e saehd ¢ydindehbndydFaeeddvarvardly eftthe fisaeelindsr bady BE5swi ng
conpr essor _éﬂZOO? 34 according to Enbodinent 3. [0178] The swi ng conpressor
(300) adcmi@dlaplateo(32R) s dem@@i e partitip plagnbrdeeerethe 85t cyligdprpdyddF)i n a
refrigerant circuit of a refrigeration systemand used to conpress gas

and the second cylinder body (32(%. The middle plate (327) is formed at the center witha

through hole (327a) through which the drive shaft (314) passes.

15 [0181] The front head (307), the first cylinder body (325), the middle plate (327), the
second cylinder body (326) and the rear head (308) are arranged in this order and fastened
together by bolts, The drive shaft (314) passes through both the heads (307, 308), both the
cylinder bodies (325, 326) and the middle plate (327). '

[0182] The first cylinder body (325) contains a first rolling piston (333) disposed therein.

20  The second cylinder body (326) contains a second rolling piston (334) disposed therein.
Furthermore, in this embodiment, two compression chambers are formed: a first
compression chamber (335) defined by the front head (307), the first cylinder body (325),'
the first piston (333) and the middle plate (327) and a second compression chamber (336)
defined by the rear head (308), the second cylinder body (326), the second piston (334) and

25  the middle plate (327).

{0183] When the swing compressor (300) is driven, the top surface of the middle plate

(327) slides on the bottom surface of the first rolling piston (333) and the bottom surface of




refrigerant that is a fluid. A description is given here only of the
conpression nmechanism 5 (301) including a plurality of cylinder bodies
(325, 326). [0179] The conpression neg ani sm (301) includes two cylinder
bodi es (325, 326) and the two cylinder bodies (325, 326) are juxtaposed in
a direction of extension of a drive shaft (314), i.e., in a vertical
direction. [0180] A front head (307) is disposed on top of the first

i nd 320). 1 | i b 326) .
N rear RiSqiAbaiak B3 Shder th MRIRESI el LI SRl ol o P bodly
326) d I I8 dh bt j 38 327) i
gispgsegmgﬁgégbéﬂﬁﬁtlond% é?éﬂﬁgbeg%ﬁB?ﬁgg¥P§%%é%§f?ﬁg§$ﬂggg$¥F%g§?€ ané e

the secqpgheGyd D dGTveR tﬁ&%@; el gl ths@lrf%e(l%ggﬁne:%SgRBfonfe gt he

center wth a throug 0 t hrough which the drive shaft (314)

passes. ylgy [ hyilBa d &%&iﬁ'aﬁg@' P(A\i’rﬁiﬁgmﬁﬁﬁybmﬁ%&x'ﬂiléﬁdcﬁfectw%r(ea%ﬁ), t he

m ddl e plate”(327), thg second cyl I nder (326) and the rear head (308)
are arr aposfsirite bikseorder and fastened together by bolts. The drive shaft
(314) passes through both the heads (307, 308), both the cylinder bodies

(325, 3%6134@%&&%%1{1% 46 tRisPérab&litddt! kinct B llaykhe afd HEEctBY FdrRdaronbady (325)

contains a first rolTing piston (333) disposed therein. 20 The second

cyl i ndemia@idy pla2 @325 0 HRIdR m@@ggﬂ)oks} i@ P sghedd (&34e despoapds.
t herein. Fur?hernnre, in this enbodi nent, two conpression chanbers are

formed: Farthémfdre, tEOORLRES BEtwebRERElidim3Skfadef foredd kY thdhepf silfate bead (307),
the first cylinder body (325), the first piston (333) and the mddle plate

(327) anrgiddlepao©BL7F odothe H5itom saifacdadrthd 886rollisepistad3ds) dntliehd eearadvead
(308), the second cylinder body (326), the second piston (334) and 25 the

m ddbe pkaieen (RXNHing]sQ#8&s fW¥iedl dfftke Bottorgsietirp begranidiRGlte (3R M nnd e, t he
top surface of the mddle plate (327) slides on the bottom surface of the
first rodp smehcpiFtthe s€33d) rodlivg pR@nb@GBYp0ars be redheedf thdteby tivevidingdéeedpl at e
(327) slides on the top surface of the second rolling piston (334).
Ther ef oseslingprépeirty. Ehibedhanest thetrbldabilap ofiftds athioens acomprsswf Thdwesiiiddl e
prate ( ?hzegon%rgl?ration, the other operations and the other effects are the same as Embodiment 3.
[0185] — Modification of Embodiment 4 —
15 In Embodiment 4, resin layers are formed as lubricants on the top and bottom
surfaces of the middle plate (327). In this modification, resin layers are instead directly
formed on the entire first rolling piston (333) and the entire second rolling piston (334).
[0186] Specifically, the entire surfaces of the first rolling piston (333) and the second
| rolling piston (334) are subjected to conversion treatment so that their substrates have a
20  surface roughness Ra of 1 pm and resin layers having a composition of PAI/FEP/PTFE =
70/25/5 are then formed on the substrate surfaces.
[0187] According to this modification, since resin layers are directly formed on the first
rolling piston (333) and the second rolling piston (334), the first rolling piston (333) and
the second rolling piston (334) are firmly adhered to their respective resin layers.
25  Furthermore, like Embodiment 4, the clearance between the bottom surface of the first

rolling piston (333) and the top surface of the middle plate (327) and the clearance between

the top surface of the second rolling piston (334) and the bottom surface of the middle




subj ected to conversion treatnment to have a substrate surface roughness Ra
of 1 mand resin layers having a conposition of PAlI/FEP/ PTFE = 70/25/5 are
then directly forned on 5 the substrg%e surfaces. [0184] According to this
enbodi ment, since resin layers are directly forned on the mddle plate
(327), the mddle plate (327) is firmy adhered to the resin |ayers.
Furthernore, the cl earance between the sliding surfaces fornmed of the top

s 2o el D S0 0O R A P b e

rollingpis he C ance I'ng surfaces

Formed Qi P08 B HEIACE: Bl OhAcke B

t Lheget @ResSur f ace
of the secon ng prs ¢an ‘be reéﬁég&@§5%§P yn%$o€$d@n% good

seal i ng pr i NE 8k EaRiddl f this machine as a
conpr ess FQB$%%¥¥Q%?5%?FQ¢%%§%gH#|guF%%F%ﬁkdyh%ngfher operations and the
ot her ef S : as Enbodi ment 3. [0185] - Modification of
Enbodi ne[gfﬁﬂ _ %R?(%\dﬂ‘éﬁ%?g?nent 4, resin layers are formed as lubricants on
the %op and boAtﬂ)lmi rﬁéﬁhﬁ@ecﬁ&o%in%l?@ this @aﬂtﬁ)dﬁhi@ﬁtQSg@?&&g ﬂ)i@tohw)q?e rotary

~nodi fication, resin layers are Ihstead directly ormed on thé entire first

Lol 1 1 19 phtA(@aRsaRthh feraiide aiggend Tol [ing piston (334)  [0186]

Speci fica the entire surfaces of the first rolling piston (333) and the

second [hpdd)i n‘Bhé)irétEB)nc&rﬁg@;so%r(ﬁﬂ@”ﬂseﬁiﬁﬂnﬁﬁ%%v@Afrﬁé Qanigg@aﬁdmaﬁ o t hat
their substrates havé a 20 surface roughness of 1 mand resin |ayers

havi ng awsRIMesiddsast Sio Abé GERAP HEEEmbod et/ D Bide dpaeifichlny, medivass tshe

substrate surfaces. [0187] According to this nodification, since resin

layers abgpsdskids hoehhRsMEd20Nadd g bletisit métel (4309 cphiied if 331y andotdde
second rolling piston (334), the first rolling piston (333) and the second

rol ljong cakiss 04100 3ddHhasad @iséliakgd plp@dfley e 4 euctibgipiper(@spaabuntal foehé tasirgyer s.
25 Furthernore, |ike Enbodi nent 4, the clearance between the bottom surface
of the f#1®l Askshbih MYFpusd 02) theddiry abthptdisort (AP0 shasfamafighratibe imwilthe pl at e
(327) and the clearance between the top surface of the second rolling
pi st on (364 pisred () Dl 4 blads UF6AoE thef confreesyicbdhech3bisnp(420p g3 Fgratehn be
reduced, thereby providing good sealing property. This enhances the
provided and the rotary piston (424) bodily moves around the inner periphery of the
cylinder chamber (425) while rotating itself on its axis.
15 [0190] Furthermore, the rotary compressor (400), like Embodiment 1, is provided in a
refrigerant circuit of a refrigeration system and used to compress gas refrigerant that is a
fluid. A description is given here only of different constructional points of the rotary
compressor (400) according to this embodiment from the swing compressor (200)
according to Embodiment 3, i.e., only of the compression mechanism (420).
20 [0191] The compression mechanism (420) includes a cylinder body (421), a front head
(422) and a rear head (423) and has a cylinder chamber (425) defined by the cylinder body
(421), the front head (422) and the rear head (423).
[0192]  The front head (422) and the rear head (423) are formed with a main bearing part
(422a) and a sub bearing part (423a), respectively, both for supporting a drive shaft (433).
25  An eccentric part (433a) of the drive shaft (433) located inside the cylinder chamber (425)
is formed to have a larger diameter than a main body (433b) of the drive shaft (433). The

eccentric part (433a) is inserted in the rotary piston (424) of the compression mechanism




reliability of this machine as a conpressor. The rest of the configuration,
the other operations and the other effects are the sanme as Enbodi nent 4.
[0188] (Enbodinment 5) 5 Afluid nachig according to this enbodinent is a
rotary piston type rotary conpressor ?400) as shown in Figures 11 and 12.
[0189] The rotary conpressor (400) has substantially the same configuration
as the sw ng conpressor (200) according to Enbodi nent 3 and, specifically,

el ud > . _ . .
cont ai nad2, TRCPERRCHERATRENAR Mtz e s R0 SHRER ConfRbth ptiie
415 . . _ . .
i gur e 13 dapreg ol @Rucl i) el fifihel ol e CARIAEE (atr} Shsarfy 2040 1
rotary gijrgétl ih#24) and a bl ade (426) of the conpression nechani sm (420)

are separately provided and the rotary piston (424) bodily noves around

the i b Ut o i[’Pﬁke%;]airﬁEr §4h?) isCRth &G th %ftﬁafééig'rgé A egyfoﬁrlén?g 4 P1a8d lafBetidnsel T on

its axis. 019 Furthernore, the rotar (400), Ir1ke

Enbodi mepkneloylindeu@yy, #REdIR (1@ blad bR @D1a)Gh kit b1hdO28) ih%ﬁaﬂng%ﬁﬁa&toh _
system and used to conpress gas refrigerant that is a fluid. description

i's gi veRyinehiR &MindeOf424.f IS BREe ¢AIBY NS USlddORarddiintRe Bfdidl MBreb QALY a
conpressor (400) according to this énbodi nent fromthe swi ng conpressor

(200) %gﬁ@g (111'217 sétedEHRE bIRBlorcbvei(4Bta) 288k @altddl i§ GRRKE BSEacEBERANT SM
(420). 20 [0191] The conpression mechani sm (420) includes a cylinder body

(421), and et peripely of f2btaandistonr(@24). head (423) and has a cylinder chanber
(425) defined by the cylinder body @?421), the front head (422) and the

rear hedoiyd4423Yhe [WR21426Mepdrtitiatis HiRadylirdid?)chambet (825)eBstwendhé 4339r ar e
formed with a main bearing part (422a) and a sub bearing part (423a),

respect ipegphery bt Exindst pidd) ahdghaosted peipheaf bf (3Bjary pAbon A28 tanmtar i C
part (433a) of the drive shaft (433) |ocated inside the cylinder chanber
(425) i sudtonmbdmber (#28#) and acgepreshi@neiaatbet (M2Fba Thai ¢ylindey(42B3I8Byrmekl t he
drive shaft (433). The eccentric part (433a) is inserted in the rotary
pi ston Md4y suttiorth@odo@#RBE st cromewticanissthe3siction pipe (414) with the suction
chamber (425a). Furthermore, the cylinder (421) is formed with a discharge port (429) that
communicates the compression chamber (425b) with the interior space of the casing (410).
15 [0195] The top surface of the front head (422) is formed with a recess (440). The recess
(440) is provided with a discharge valve (441) for selectively opening and closing the
discharge port (429).
[0196] When the swing compressor (200) as described above is driven, the outer
periphery of the rotary piston (421) slides on the inner periphery of the cylinder (421), the
20  top surface of the rotary piston (424) slides on the bottom surface of the front head (422)
and the bottom surface of the rotary piston (424) slides on the top surface of the rear head
(423). Therefore, in this embodiment, the entire surface of the rotary piston (424) is
. subjected to conversion treatment so that its substrate has a surface roughness Ra of 1 um
and a resin layer having a composition of PAI/FEP/PTFE = 70/25/5 is then directly formed
25  onthe entire substrate.

[0197] Since, thus, a resin layer is directly formed on the entire rotary piston (424), the

rotary piston (424) and the resin layer are firmly adhered to each other. Furthermore, the




(420). The rotary piston (424) is fornmed in the shape of a ring and
configured so that its outer periphery can contact the inner periphery of
the cylinder (421) substantially at a,esingle point. [0193] The cylinder
(421) is formed with a bl ade groove (iila) along a radial direction 5 of
the cylinder (421). Fitted in the bl ade groove (421a) is the blade (426) in
sliding contact wth the cylinder (421). The blade (426) is urged inwardly
in the radial:i j ' A i r

(4218 PG UECIHA] pRoRzRE RN G20 RGRBLEN MY LRnSLRLRAIONE ) of

the rotahLy HRi; g?&eﬁ%ﬂ)the LR1S%Ee BTGBl afes{ahdbiupREL bdd B Rdub ehdrévder
chanber (425) between the i nner 10 periphery of the cylinder (421) "and the

out er pefbAlREYE8k sézﬁﬁﬁ%'i)?(;p('ézt%é)g%h%tﬁﬁn&é}%ﬂﬁmbé}t@%%?15UCti on chanber (425a)

and a conpression chanber he cyl I nder ) is formed with a

suction ppsd} (AZR)iniIREmEOMNMMH, BRI Fidiro i3 U6 il PAbBHRRNL ¥ 44d M¥difitatibes
suction chanber (425a). Furthernore, the cylinder (421) is formed with a

di schar getoPsftEhBehebt Prhay BOPIWHUHE HifSrebil e RIEAS bPMbLOAIRCAyetd 25D) Wi th
the interior space of the casing (410). 15 [0195] e top surface of the

front hgapbg(] 428)ecifrcall) 1h8 drivé %llihfﬁ(msg? §lfdes OA4R9 makiTBeakig Pas (42204 Qhd ilse

provided with a discharge val ve (441) for selectively opening and cl osi ng

the di sabaegtngieit (4032%nd thOdQehtivhen (138n)SHdatorCOIpistas@4) Z0)ki@s,
descri bed above is driven, the outer periphery of the rotary piston (421)

sl i des ahesth@dingnekts pety phpfoyidefl witielubstitivtegar(s4333h, 42BB, 433b) tsopiiguss ace of
the rotary piston (424) slides on the bottom surface of the front head
(422) andaridpe meodls. oTheSlubfiedtpnafarts (422101423, @B3h)omre (Midéhy démeeas havinghe top
surface of the rear head (423). Therefore, in this enbodi nent, the entire
sur flace cglindrivel sldparandpotsdined by 2ddjeiting thalbjegipherikbst af theinsebshiaty rhadeacfimrent so
that its substrate has a surface roughness Ra of 1 m and a resin |ayer
havi ng arondnposidrsion tehtnisl t&-ERERT fiEface TOIRELS Rs of hem did éotding dotheed 25
on the entire substrate. [0197] Since, thus, a resin layer is directly
f or ned enbstiate entfigee Jubtieatipnplayersnm@d@ 4, rashre layeot deyingi &tcompe4izieh eind t he
resin layer are firmy adhered to each other. Furthernore, the
PAI/FEP/PTFE = 70/25/5. The provision of the lubrication parts (422b, 423b, 433b)
improves the slidability in the sﬁding part between the drive shaft (433) and the main
15  bearing part (422a) and the sliding part between the drive shaft (433) and the sub bearing
part (423a) and the sliding part between the eccentric part (433a) and the piston (424).
[0200] Alternatively, instead of provision of the lubrication parts (422b, 423b, 433b),
either portions of the outer periphery of the drive shaft (433) sliding on the main bearing
part (422a) and the sub bearing part (423a) and the outer periphery of the eccentric part
20  (433a) or the inner peripheries of the main bearing part (422a) and the sub bearing part
(423a) and the inner periphery of the piston (424) may be subjected to conversion
treatment to have a substrate surface roughness Ra of 1 pm and lubrication layers made of
resin layers having a composition of PAI/FEP/PTFE = 70/25/5 may be'then formed on the
substrate surfaces. This improves, without provision of the lubrication parts (422b, 423b,
25  433b), the slidability in the sliding part between the drive shaft (433) and the main bearing
part (422a) and the sliding part between the drive shaft (433) and the sub bearing part

(423a) and the sliding part between the eccentric part (433a) and the piston (424).




38 slidability of the rotary piston (424) on each of the front head (422)
and the rear head (423) can be inproved and the cl earance between the
sliding surfaces can be reduced, thergpy providing good sealing property
of the cylinder chanber (425). [0198] Also in this enbodinent, the sliding
parts as in Enbodinent 3 and Modifications 5 1 to 5 of Enbodi nent 3 may be
provided with resin |layers serving as lubrication |layers. [0199]

Speci fi qabddy. Fhghdhbie spbafte Hi4R3)426] §1ARS ofNhé BRASBIIOVEFATIa)JeilRE the( 422a)
and the " sub bearing part (423a) and the eccentric part (433a) slides on
the pi stsafadetethe bIARI@LOF & the LR T thébREe RASHVE (TbA) BE2PBOVIGERdMOt h

| ubrication parts (422b, '423b, 433b) serving as bearing netals. The

l'ubri catdoferfigh tifealifidd o thdBihe hBdodte a8 ShirflicBGoRdREBNRE dfay ipng add B0
cylindrical shape and obtained by subjecting the peripheries of their

subst r atigisrida8ee 18kr nlat®Bf b QeORYEN BAvary 4 LERbORAIN bOP REVEPRTFEN+ J0£5/5
roughness Ra of m and formng on the substrate surfaces lubrication

| ayess magebdfheh Esinted| caBE Sublaite Rgrface: TR Videysmadoth RAdvh R dPadckward

70/ 25/ 5. The provision of the lubrication parts (422b, 423b, 433b)

i pr ovesndwhent ofdal biatly (426)tinehs Ibldiengropes (441a) waéin ttive provides shabth (433)
and the main 15 bearing part (422a) and the sliding part between the drive
shaft (433jly amnslebdeat 6£ thebsiston (d24)predbmpARS&h by ddrotdtien i ith mgs.plhds, et ween
the eccentric part (433a) and the piston (424). [0200] Alternatively,

i nst ead raiabjiitg\oif giiomacHing fwea tanyressat caorbepahtiscefl422b, 423b, 433b), either
portions of the outer periphery of the drive shaft (433) sliding on the
mai n bed0202y Partlternhdi2?ajncartbe tidpe senfdrebefathengpeparit pau2@33anskidashen thet er
periphery of the eccentric part 20 (433a) or the inner peripheries of the
mai 1o be&oitom spafate ¢2B2 donhhehdt @R2)sarl the dpttomy sprfpee of(the 8egentredparh@3daner
periphery of the piston (424) may be subjected to conversion treatnment to
have a shdstanathe tapumuifaceof thegianbes! (23 thettoprandhbiotiamb purérses ofthe ggenticnade of
resin layers having a conposition of PAI/FEP/ PTFE = 70/ 25/5 may be then
formed part{#%3a) sdystersabiscied itd emwersionireatinpnirte haes a fibstiea suhcEPesssOf t he
| ubrication parts (422b, 423b, 25 433b), the slidabiljity in the_slidjng
part beRaeeh It nen ganidy ibsigatian laysm) made etheesimilayopedaVing 2 poMPosEP2a9t and

t he slidi?gmfart between the drive shaft 4332 and the su beafingﬂfart

_ PA hus,” the

P/PTFE = 70/25/5 may be then formed on the substrate surfaces.

15  slidability of the surfaces of the eccentric part (433a) sliding on the front head (422) and
the rear head (423) can be improved. In addition, the clearances in the sliding parts can be
reduced, thereby good sealing property. |
[0203] Furthermore, the inner periphery of the cylinder body (421), the bottom surfa_ce
of the front head (422) and the top surface of the rear head (423), which define the cylinder

20 chamber (425), may be subjected to conversion treatment so that their substrates have a
surface roughness Ra of 1 pum and lubrication layers made of resin layers having a
composition of PAI/FEP/PTFE = 70/25/5 may be then formed on the substrate surfaces.
This improves the slidability of the inside wall surface of the cylinder chamber (425) on
the surfaces sliding on the inside wall surface of the cylinder (425): the top and bottom

25  surfaces of the eccentric part (433a), the top and bottom surfaces and outer periphery of the
piston (424), and the top and bottom surfaces of the blade (426). Furthermore, the

clearances in the sliding parts can be reduced, thereby good sealing property. This




(423a) and the sliding part between the eccentric part (433a) and the

pi ston (424). 39 [0201] Furthernore, since the blade (426) slides on the

bl ade groove (42l1a), either the surfgage of the blade (426) or the surface

of the bl ade groove (42l1a) nay be subjected to conversion treatnent so

that the substrate has a surface roughness Ra of Imand a |ubrication

| ayer nade of a resin |layer having a conposition of PAI/FEP/ PTFE = 70/ 25/5

5 my b r : 3 ' i i t iof orwar d
@nhiiRBs IR BRI RY &ffmtﬁﬁﬁﬁlgggg ?fgggpfrﬁ@ Efe@te%t o B cHRfRIRAL the

and backward novenent "o ade groove (42la) and in

turn proyhaepe B dd tROSthkeERIKGIEMN: safe O EnBodhRit §424) acconpani ed by

its rotation on its axis. Thus, the reliability of this machine as a

conpr esggs044 anhfeCEIBRERents] 0202] Furthernore, since the top surface of
the eccentric part (433a) slides on the 10 bottom surface of the front

head (422) andrid®obobhBoimidhikaes e HtSfoRERRRIOhSnRAidns( 433a) sl ides on

the top surface of the rear head (423), the top and bottom surfaces of the

eccest rijgzos)ar i KhBSfmeiBY 06, 368 %?Eﬁcbré BorfifR0 48 1§trRANts loBHeABA: phids fave a
substrate surface roughness Ra of m and | ubrication |ayers nmade of resin

| ayers Ru¥inBPantsCRAIRQS isérbﬂi}_lggfinde?ﬁhﬁd: { RS FEoweves) iR Bede MahyD@hérngididor med

on the substrate surfaces. us, the 15 slidability of the surfaces of the

eccent r ipartpahibricB8@ pars nai mgfopmed be Ifltetnde loagitbn{d2®y sHdihg paietorieae ahead
(423) can be inproved. In addition, the clearances in the sliding parts can

be redpeeiterthrdahysigoosurfralrbnghnesORe i . thdORRBIngu réshe iayer eonthiningi nner
peri phery of the cylinder body (421), the bottom surface of the front head
(422) arfhotihe-coipiningrresin en tie dubstrate mirfdvread (423), which define the cylinder
20 chanber (425), nmay be subjected to conversion treatnment so that their
subg6r afe20chaviRurthesmofeade Embotinestss Ratof5,1the aliding udlemests | oh theayserodl nmade
of resin layers having a conposition of PAI/FEP/ PTFE = 70/25/5 may be then
f or med oompiessas bl 186k tlsuviag esmpredivrs (200p3e0)end tthrercddry datnpkdssor (400)t he
inside wal |l surface of the cylinder chanmber (425) on the surfaces sliding
on the aresiodghensti so that fleveubstratdschayy bipnetistenpt 2 surfadegotgmeanda bad resim 25
surfaces of the eccentric part (433a), the top and bottom surfaces and
out er pémiephemjaining tfherine-containing resin are then formed on the substrate surfaces. The
compressor used may be any type of compressor that compresses a fluid. The fluid is not
15 limited to refrigerant. Furthermore, sliding elements according to the present invention are
not limited to those used in compressors. Specifically, sliding elements according to the
present invention may be those in any fluid machines other than compressors or those in
any sliding parts, such as drive units or rotating parts in vehicles or manufacturing
apparatuses.
20 [0207] In the sliding part, one of two elements sliding on each other may be roughened
into a predetermined substrate surface roughness Ra and a resin layer containing fluorine-
containing resin may be formed on the roughened surface. Alternatively, both the members
in the sliding part may be roughened into a predetermined substrate surface roughness Ra
and resin layers containing fluorine-containing resin may be formed on both the roughened
25  surfaces.

[0208] The material of the substrate of the sliding element is not limited to iron and may

be selected from metals other than iron, such as aluminum.




pi ston (424), and the top and bottom surfaces of the bl ade (426).
Furthernore, the <clearances in the sliding parts can be reduced, thereby
good sealing property. This 40 enhanges the reliability of this machine as
a conpressor. The rest of the configuration, the other operations and the
other effects are the sane as Enbodi nent 3. [0204] (O her Enbodi ments) The
above enbodi nents may have the follow ng configurations. 5 [0205] In

Enbodi maghgol e ﬁeatfn%ﬁ{ BB Sﬁr‘?tﬁe f %%ger stk hGARhRe PR PEREEI ]par ts

or sliding parts, such as sc cyll s and pistons. However, |

there i s, 3 RLARNaSbisHdd%n Rfate r(ﬁltgh%ﬁgﬁé]gfﬁ&&@s,@ﬁéﬁ ay%db&agtagn@ﬂ hy

| i kewi se roughening the sliding par ve a predetermi ned Substrate

surface &QUghneshe Rl doBfude@ T MhversidStduh X 88 nEORhALDN I hanganese

fluorine-containing resinon the suﬂg?rate surtace. 10 [0206] Furthernore,
in Enbodiggitate dndldhe? phbdpBael bﬂbﬂﬁvﬁé}%ﬁﬁgﬁlﬁgaﬁs B esEfbied. cOMPressors (10,
100), the sw ng conpressors (200, 300) and the rotary conpressor (400) are
roughened so that their substrates have a predeterm ned surface roughness
Ra and resin |ayers containing fluorine-containing resin are then forned

on the gWasiadl Apput{As_s. The conpressor used may be any type of
conpressor that conpresses a fluid. The fluid is not 15 limted to

refrigerepto] FUEUBREBE] o £28) theishding lRARAL SnPEGRFEEs0H adRrdihe tPitR SRkt
invention are not limted to those used in conpressors. Specifically,

sl i di ng igl@menhavaeceNsdi REddbility had, heRiRataré D¥ERHOMr BBydiiendr)08Ricles, any
fluid machi nes other than conpressors or those in any sliding parts, such
as dri venamifdcsuriig dppiratusexandanichirertodlehi cl es or manufacturing apparatuses.
20 [0207] In the sliding part, one of two elenments sliding on each other
may be roughened into a predeterm ned substrate surface roughness Ra and a
resin layer containing fluorine- containing resin my be fornmed on the
roughened surface. Alternatively, both the nmenbers in the sliding part may
be roughened into a predeterm ned substrate surface roughness Ra and resin
| ayers containing fluorine-containing resin may be fornmed on both the
roughened




25 surfaces. [0208] The material of the substrate of the sliding element is
not limted to iron and nay be selected fromnetals other than iron, such
as alum num 41 [0209] The treatnent ,{or roughening the substrate surface
is not limted to conversion treatnment and various known surface
rougheni ng processes, such as sand bl asting, can be enployed. The chem cal
agent used for conversion treatnment is not limted to manganese phosphate
and ot her phosphates or known chem ggki,agents can be enployed. 5 Industrial
Applicability [0210] As described so tar, the sliding el enent and
conpressor according to the present invention have excellent slidability
and, therefore, are useful for air conditioners, vehicles, manufacturing
appar at us @Ssiafsh BHBARCLERLS: fldtRoreSthaofBinidg refinSlal et dida SLEFBRE ainihudi ng a
fluororesin-containing resin | ayer on a surface of a netal substrate,

wher ei n shhdhae. swefeace of the substrate is subjected to surface roughening
to have a surface roughness larger than 0.5 mand snmaller than 10 min
terns of the w@eishim®t dCtheBABstrei08ibjddredab sﬁ,lﬁaceomfghéxﬁn%)fto hbee §unffaee. 2.
The sliding elenent of claim11l, wherein the surface of the substrate is
subj ect egudhiessli@rget th-RCE 51 19H HMANndlet hanaMeum BUfelas ®f thlghiassiclmé@er than
0.75 mand smaller than 10 pmin terns of the arithnetic nean hei ght Ra of
t he pr ofheight Ré of the psafile @€ the sdrfaddhe sliding el ement of claim1, wherein the
surface roughening is conversion treatnent. 15 4. The sliding el ement of
claim1l1, wherein the resin |ayer contains polyam de-imde resin. 5. The
sliding elenent of claiml1l, wherein a surface |ayer of the substrate is
subj ect &d The slidmghdementi ofgclaim 1, wherein the surface of the substrate is subjected to

10 surface roughening to have a surface roughness larger than 0.75 um and smaller than 10

um in terms of the arithmetic mean height Ra of the profile of the surface.
3. The sliding element of claim 1, wherein the surface roughening is conversion treatment.
15 4. The sliding element of claim 1, wherein the resin layer contains polyamide-imide resin.

5. The sliding element of claim 1, wherein a surface layer of the substrate is subjected to

no hardening.

20 6. A fluid machine including a sliding element,
the sliding element including a fluororesin-containing resin layer on at least part of
a surface of a metal substrate,
the surface of the substrate under the resin layer being subjected to surface
roughening to have a surface roughness larger than 0.5 pm and smalier than 10 pm in

25  terms of the arithmetic mean height Ra of the profile of the surface.

7. The fluid machine of claim 6, wherein the surface of the substrate under the resin layer




20 6. A fluid machine including a sliding elenent, the sliding el enent
including a fluororesin-containing resin layer on at |east part of a
surface of a metal substrate, the surfiace of the substrate under the resin
| ayer being subjected to surface roughening to have a surface roughness

| arger than 0.5 mand smaller than 10 min 25 terns of the arithnetic mean
hei ght Ra of the profile of the surface. 7. The fluid machine of claim6®,

wher ei n jf hghisdEd af SurPlee tHERHPS b 3aFe YNeiehcd Etﬁiggﬂééiﬁ rlallgélyﬁlraﬁ‘tﬁﬁ L D] ect ed

to surface roughening to have surface roug arger than 0.75 m and
smal | er shia@er thih 10 1M heEdtE oTihd HRNABHE MERT hGoHTB LIRS BlokIRE 1BE sirhige Profile
of the surface. 8. The fluid machine of clarmeo6, wherein the surface
roughening is conversion treatnment. 5 9. The fluid machi ne of claim®6,
wherein the resin |ayer contains polyam de-imde resin. 10. The fluid
machi ne gfThe Naidh&hikhsTclim 6, Mhefdin HeREriRlcatBMenirt iS¥ORESH Qcat@btl ger ant .
10 11. The fluid machine of claim 10, wherein the refrigerant contains a
fluopi ne-containing material. 12. The fluid nmachi ne of claim 10, wherein
the mxture ratio of lubricant to the refrigerant is 5%or less. 15 13.
The f1 uidd Thafthidneadhinecdfaimld) wheher fiehesitiBgtadtintahd polfnidelphideassini s m xed
inthe refrigerant. 14. The fluid machine of claim®6, further conprising
20 a scroll nmechanism (40) including a pair of scrolls (50, 60) neshing
with each other, wherein at |east one of the pair of scrolls (50, 60)
const i t UDeThd fred shachine @f elagn®nivher@hickht BlgdiSE Elehlent 8 @xp&Q) teRfividiehtas t he
sliding elenent includes the resin |layer on at |least part of a surface of
a nmetal substrate.

10 11. The fluid machine of claim 10, wherein the refrigerant contains a fluorine-containing

‘material.

12. The fluid machine of claim 10, wherein the mixture ratio of lubricant to the refrigerant
is 5% or less.

15

13. The fluid machine of claim 10, wherein substantially no lubricant is mixed in the
refrigerant.
14. The fluid machine of claim 6, further comprising
20 a scroll mechanism (40) including a pair of scrolls (50, 60) Iheshing with each
other, wherein
at least one of the pair of scrolls (50, 60) constitutes the sliding element, and
the scroll (50, 60) serving as the sliding element includes the resin layer on at least
part of a surface of a metal substrate.
25

15. The fluid machine of claim 14, wherein the resin layer is directly formed on a bearing

part (53) of the movable scroll (50).




25 15. The fluid machine of claim 14, wherein the resin layer is directly
formed on a bearing part (53) of the novable scroll (50). 44 16. The
fluid machine of claim 14, wherein thg,resin layer is directly forned on
the entire novable scroll (50). 5 17. The fluid machi ne of claim 14,
wherein the resin layer is directly fornmed on a novable wap (52) of the
novabl e scroll (50). 18. The fluid nmachine of claim 14, wherein the resin
| ayer is directly formed on an entire surface of the fixed scroll (60)
opposed to the novable scroll (50). 10 19. The fluid machi ne of claim 6,

further pRMAEIMRIQEaehisE bPLbInTRE RS KRN 186U uRects Bahéd 6f t1ecnald s (50,
60) neshing with each other, wherein a thrust bearing (80) of the novable

scrol | Qﬁ@&mﬂggdduaspﬁir of scrolls (50, 60) 15 constitutes the sliding
el ement, and the thrust bearing (80) serving as the sliding el enent
includes the resin layer directly forned on a sliding surface (81) thereof
on the novable scroll (50).

5 17. The fluid machine of claim 14, wherein the resin layer is directly formed on a movable

wrap (52) of the movable scroll (50).

18. The fluid machine of claim 14, wherein the resin layer is directly formed on an entire
surface of the fixed scroll (60) opposed to the movable scroll (50).
10
19. The fluid machine of claim 6, further comprising
a scroll mechanism (40) including a pair of scrolls (50, 60) meshing with each
other, wherein
a thrust bearing (80) of the movable scroll (50) of the pair of scrolls (50, 60)
15  constitutes the sliding element, and
the thrust bearing (80) serving as the sliding element includes the resin layer

directly formed on a sliding surface (81) thereof on the movable scroll (50).




