?05 < 1R
SWASH PL-ATE TYPE COVPRESSCR BACKGROUND OF THE | NVENTI ON 1.Fie ﬁ‘F% Y
“the I nvention The present invention relates to a swash plate t?% >85
conpressor and, nore particularly, to inproved |ubricating performance of
the sliding contact surfaces of a swash 1 plate and a shoe of the
conpr essor. 2. Description of the Related Art Hi therto, swash plate
type conpressors have been used as an apparatus for conpressing

refrigerant gas in autoMii vRLATE nBYRE cOPMPRESSYBt ens. Such swash plate
type conpressors are equipped with a cylinder block assenbly which has a
plurality of cylinder bores provided parallel to a drive shaft; a swash
pl ate secured to the drive shaft so as to be rotated by the drlve shaft in
t he cyl iIBAYGRAINR IORSBHEDINVERTEOM®Ns slidably fitted to reciprocate in
the cylinder bores to conpress the refrigerant gas; and shoes which are
provi ded betRieeld tdfe fhetmeembnition he swash plate which reciprocate the
pistons in response to the rotation of the swash plate. In the above
swash pl ate tBipe poepertsdnyvehitglon ozallatesl hogh shWiadimgp bpeedtyegul arly
act on the -sliding contact surfaces of the swash plate and the shoes.
Accor di nimprdms ot iahidg noane apar such haeby of tohbmpnaved lubricating

performance of the sliding contact surfaces of a swash

plate and a shoe of the compressor.

2.Description of the Related Art
Hitherto, swash plate type compressors have been used

as an apparatus for <compressing reirigerant gas in

automotive climate control systems. Such swash plate type

compressors are equipped with a cylinder block assembly

which has a plurality of cylinder bores provided parallel

to a drive shaft; a swash plate secured to the drive shaft

so as to be rotated by the drive shatft in the c¢ylinder

block assembly; pistons slidably fitted to reciprocate in

the cylinder bores to compress the refrigerant gas; and

shoes which are provided between the pistons and the swash

plate which reciprocate the pistons in response to the

rotation of the swash plate.

In the above swash plate type compressor, high locad
and high sliding speed reqularly act on the -sliding

contact surfaces of the swash plate and the shoes.

Accordingly the sliding contact surfaces of the swash



-2-.* plate and the shoes are apt to becone dry due to insufficient

‘'supply of. lubricating oil. This poses a,  problemespecially where
alum numor an alumnumalloy is used as the base netal of the swash plate
because of its [|ight weight. To salve this problem as disclosed in

Japanese Patent Application Laid-open No. 60-22080, at |east the swash
plate or the shoes enploy alum numor an alum num alloy as the base netal
with theekitei ngné¢onthet sheésceareheapdf toat bdceineh dnyal Bgg wiiech
cont ai ns nol ybdenum di sulfide (MbS2) as the main conponent. Another
sol uti oninshast bekenpr cpumeld | wfJapabeseaPanegntoifbpl i cEti®n dosieds open  No.
2-130272, in which the surface of the swash plate is plated with an all oy,
in whiclptolnleém ebpeabahlyowpenentslumimuoron aasua fasentmealilng Hayer.
In the fornmer solution, although the solid [ubricant |ayer, containing
nol ybdenusedli sal theée s e meetal nof cobposar@sh epdatxn tisegmesie | abritati ng
performance, it has such shortcom ngs as poor wear resistance and a short
service 1liget weighfThe latter solution provides a high degree of hardness
and accordi ngly good wear resistance; however, it is disadvantageous in
that the |ubrfeatsepveerfrsmameblem, as disclosed in Japanese

Patent Application Laid-open No. 60-22080, at least the

swash plate or the shoes employ aluminum or an aluminum

alloy as the base metal with the sliding contact surface

thereof coated with an alloy which contains melybdenum

disulfide {(MoS2) as the main component. Another solution

has been proposed in Japanese Patent Application Laid-open

No. 2-130272, in which the surface of the swash plate is

plated with an alloy, in which tin is the main component,

to form a surface treating layer.

In the former solution, although the solid lubricant

layer, containing molybdenum disulfide as the main

component, exhibits good lubricating performance, it has

such shortcomings as poor wear resistance and a short

service life.

The latter solution provides a high degree of
hardness and accordingly good wear resistance; however, it

is disadvantageous in that the lubricating performance is

not as high as that of the former solution.



not *as hi‘gh as that of the former solution.
- 3- SUVWWARY OF THE | NVENTI ON The present invention has been nade
with a view toward solving the problens 3th the prior art described
above, and it is an object of the invention to inprove the |lubricating
performance of the sliding contact surfaces of a swash plate and a shoe
and to maintain the inproved |ubricating performance for a |l ong period of
time.  SUMMABY: QF s THREd INYENGI@Nng to the present invention, there is
provi ded a swash plate type conpressor equi pped wth: a cylinder block
assenbl y whi chbhRasprepenutalinyentionyliandebelor esageoviilehl par alilesl to a
drive shaft; the drive shaft rotatably held in the cylinder block
assenbl ytowardwset viinat ethvhi phobtemst atidbl ythei spobed &ott ldesdriibed shaft in
the cylinder block assenbly; pistons slidably disposed in the cylinder
bores; afbo¥Reesndhithiaren sbijdalll pfptbei dedehétinmern ot Heprioseonheand t he
swash plate, which reciprocate the pistons in response to the rotation of
t he swashuptratetinbeperfiormanseasl phat eladdngheocashees saird aicRsskbisdi ng
contact, a sliding contact surface of the swash plate or the shoes being
covered &i tsvasipl plahg drayer inposeddoftdi madntaanaltily camkaiveiang tin as
the nmain conponent, and the plating | ayer being covered with a coating
| ayer cohpbsédabingobgbfenmendisibti delaagt beridinof time.
To this end, according to the present invention,

there is provided a swash plate type compressor equipped

with: a cylinder block assembly which has a plurality of

cylinder bores provided parallel to a drive shaft; the

drive shaft rotatably held in the cylinder block assembly;

a swash plate which is rotatably disposed to the drive -

shaft in the cylinder block assembly; pistons slidably

disposed in the <cylinder bores; and shoes which are

slidably provided between the pistons and the swash plate,

which reciprocate the pistons in response to the rotation

of the swash plate; wherein the swash plate and the shoes

are in sliding contact, a sliding contact surface of the

swash plate or the shoes being covered with a plating

layer composed of tin or an alloy containing tin as the

main component, and the plating layer being covered with a

coating layer composed of molybdenum disulfide as the main

component which surves as a solid lubricant lavyer.

The plating layer composed of tin or an alloy



conponent which surves as a solid |ubricant |ayer. The plating | ayer
‘conposed of tin or an alloy . . -4-
containing tin as the main conponent refers to an alloy plating |ayer in
whi ch the weight of tinis the greagest anong the other alloy
conponents. The coating I|ayer conposed of nolybdenum disulfide as the
mai n conponent refers to an alloy coating layer in which the weight of
nmol ybdencomtlasnlfigdéiins ahethyreatadst componetite cefieasndd eonpddent s,
except for a binder. Wth this arrangenent, the coating |ayer, which
serves aslsbind Labercam Whayer , the Weigbt of tthe sis ftbe gokatelsé swash
plate on the shoes which make sliding contact, so that good
| ubri cat amgngpetiior neticer @drioybe coapbinendéd.. THhecoabiangigayérmylkas t he
shortcom ng of poor wear resistance; hence, it is possible that the
coati ng coayesedn\p iveanlgbdpean adieul Abhdexteandele pardiod ebmps@aenttecause of
the high sliding contact | oad applied when the pistons reach their top
dead cenéeess to Howeakloy tbetiplgatlawer | fiyewhich ad i edightder the
coating layer; the plating layer exhibits high wear resistance,
and themopypéengm! dyeuldndet hiss nohybderamedits Wnfdrte thet kent@aniedg | ayer
have good affinity. Further, the sliding contact surfaces of the swash
pl at e angohpenshoes axeeper todi gabliyder.
With this arrangement, the <c¢oating 1layer, which
serves as solid lubricant layer, is formed on the surface
of the swash plate on the shoes which make sliding
contact, so that good lubricating performance can be
achieved. The coating layer has the shortcoming of poor
wear resistance; hence, it is possible that the coating
layer may wear or peel after an extended pericd of use
because of the high sliding contact load applied when the
pistons reach their +top dead centers. However, the
plating layer 1is applied under the coating layer; the
plating layer exhibits high wear resistance, and the
plating layer and the molybdenum disulfide in the coating
layer have good affinity. Further, the sliding contact
surfaces of the swash plate and the shoes are periodically
subjected to high and low sliding contact load. Hence,
when the sliding contact load decreases intermittently,

frictional heat causes the coating layer to flow to the

portion which has worn or peeled. Thus, the portion of



subjected to high and | ow sliding contact | oad. Hence, . when the sliding
‘contact | oad decreases intermttently, frictional heat causes the coating

| ayer to flow to the portion which has worn or peel ed. Thus, the portion
of . ~ 55- the plating | ayer which has

been exposed due to wearing or peeling, 1s re-covered and repaired by the

coating layer as a solid lubricant |ayer. As set forth above,

wheneverthidep bat thggl @pet aehitbabasdeeenasrposttiedueatbngebayeg s
repaired, permtting high |lubricating performance to be nmaintained for a
| ong perpedlimnd, t isere-coveags,agpd ovegdangetihdycadtd ngostiyeg Amyrky
conposed of nol ybdenum di sulfide on the plating | ayer conposed of tin or

the all s ansehidomiar hisantnlagethe mai n component, inproves its
adhesion to the base netal. The coating |ayer also has a
self-repairings fsectifonth afbve, ennbheser!| bhg kasting bbghaktiblbedti ng
per f or mance. In a preferred formof the invention, the swash plate

is made ddcdadRHPNtRE aBadling Nwned |y, r &p8li t &@, Shedinngtifgnhagh surface
of the swash plate is provided with the plating |ayer as a surface

treati ngdwyetating pd¥tbrmdhceatbangereihtai Redagdbesaonohgt peenothe
plating |l ayer and the base netal is inproved and the service life of the
pl ati ng dayeimé s extended, thus

Thus, providing the coating layer mainly compdsed of
molybdenum disulfide on the plating layer composed of tin
or the alloy, which contains tin as the main component,
improves its adhesion to the base metal. The c¢oating
layer also has a self-repairing function. This enables
long lasting high lubricating performance.

In a preferred form oflthe invention, the swash plate
is made of aluminum or an aluminum alloy, and the siiding
contact surface of the swash plate is provided with the
plating layer as a surface treating layer.

With +this arrangement, the adhesion between the
plating layer and the base metal is improved and the
service life of the plating layer is extended, thus
enabling high lubricating performance to be maintained for
a longer period of time.

In another preferred form of the invention, the
aforesaid surface of the swash plate is arranged so that

primary crystal silicon particles are exposed. The



enabling high lubricating performance to be maintained for
of tinme. In another preferred formof the invention,

a | onger period
the aforesaid

surface of the swash plate is arranged so that primary crystal silicon

particles are exposed. The -6 -
pl ati ng | ayer conposed of tin or an alloy containing tin

- 6-
as the main

conponent _is provided as the surface treating |ayer on the exposed surface
of the sRkdhipyatayer compased (pS hiRraRged®htdl RPheSPdhabiilBefifhe

plating |ayer and the base netal is further inproved, al

oW n hi gh

| ubri cat?hgtper PgiRasEBPOReHE e M Hedrd o?s ahhevEHT LRERgEF eAEAPEd of
tinme. In another preferred formof the invention, the coating |ayer
on the plalthgetal/er evrParAsSYFEPRetBLathansvaghi PLAREI conponent.

Wth this arrangenent, the coating |ayer provides better

| ubrication

bet ween t he sWthcéhdf 13 an@RMePt at BAhgRICPhEEHEED tHad B1@6aPpng | ayer
whi ch, excepting for a binder, is conposed only of nnkibdenun1disulfide.

BRI EF DESDRePTIEON CGFhaHPaBRAVIRRICSL 1s TuethBsvel R trher

aghpeding,

features and advantages of the present invention wll becone apaparent
fromthehigh lubricating performance to be maintained for an even

longer period of time.

In another preferred form of the invention, the

coating layer on the plating layer contains graphite as an

additional component.

With this arrangement, the coating layer

provides

better lubrication between the surface of the swash plate

and the shoes than a coating layer which, excepting for a

binder, is composed only of molybdenum disulfide.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages
of the present invention will become apaparent from the
ensuing description of preferred embodiments of the
present invention in conjunction with the accompanying
drawings wherein:

Fig. 1 is a sectional view illustrating the entire
structure of a swash plate type compressor having -double-
headed pistons accerding to an embodiment of the present

invention;



ensui ng description of preferred enbodi nents of the present invention in

‘conjunction with the acconpanyi ng .draw ngs wherein: Fig. 1is a
sectional viewillustrating the entire structure of a swash plate type
conpressor having doubl e- headed pistons according to an enbodi ment of the
present invention; -7 - -7- Fig. 2is

a schematic sectional view showing an essential section of the present
i nvention, naedy, 2 hés sarfackemttite sepbiom bt ¢ el nSboHy-nIwhePei n t he
swash plate is frovided with a plating |ayer and also a coating | ayer,
t he coat¢yrentil Bechdonordbdtde thregink | Agvendyen;, ammely. Fhg. 3 is a
schematic chart showi ng a conparison in |ubricating perfornmance between a
swash plsiefatevpdedhen s¥asheppleie mpimybpdind whied eddatihry FHPER of the
present invention shown in Fig. 2 and plates provided with conventi onal
surface plate sis proFSERAPTLON @F PRiSE IPREAERRED EMBCDI MENT Scoating swash
pl ate type conpressor havi ng doubl e-headed pistons which is an enbodi nent
of the prasent ithencieeting | Lavew beediegcridwted n agonjtbect Péatwhoh Fig. 1
to Fig. 3.

? layer; and

Fig. 3 is a schematic chart showing a comparison in
lubricating performance between a swash plate provided
with the plating layer and the coating layer of " the
present invention shown in Fig. 2 and plates provided with

conventional surface layers.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A swash plate type compressor having double-headed
pistons which is an embodiment of the present invention
will now be described in conjunction with Fig. 1 to Fig.
3.

Fig. 1 is a general sectional view showing the swash
plate type compressor having double-headed pistons
according to the embodiment. In the drawing, a drive
shaft 5 is rotatably Jjournaled via bearings 6, 7 in a
cylinder block assembly 4. A éwash plate 8 is connected
and secured to the drive shaft 5, and thrust bearings 9
are disposed at the front and rear of the swash plate 8.

The cylinder block assembly 4 is provided with five



Fig. 1 is a general sectional view show ng the swash plate type
conpressor having doubl e- headed pistons according to the. enbodinent.
In the drawing, a drive shaft 5 is rotatably journaled via bearings 6, 7

in a cylinder block assenbly-4. m&sh plate 8 is connected- and secured
to the drlve shaft 5, and thrust bear| are dlsposed at the front and
rear of th | at e The I|nder ck assenbl pr.ovi.ded with
five hbgres Ig normalfy formed % egppidépt%5yé§slef ﬁ?nally

forned a equal |nterval of 72 degrees oubl e- heade istqons, 11 are

axial |y S¥9da%t§ dfqucqlé‘d' §f4sft e‘s'%é’&si véq ‘?"ndéx’t?c}rqe’p ég?lk? front end
openi ng of the cylinder block asseng,x g ZB S val v te 12 and
a front hbusshgt Sth%nﬁe?%%cFéﬁﬁ E¥d? SﬁEn Rgefheleot Tng &roe deﬂg a val ve
plate 14 and a rear housin recesse sectlon lla for

recei vi igPeRhRI 8ht &he p‘éﬂ’p‘?\%ﬁ/ 8f1°tc|’fe aﬁ/ﬁﬂp]}ﬁ ? ig i<l9%8%ebYa® t he
center of _each_doubl e- headed pi ston sockets 11b are formed on the
axially ‘b?)b%%ealéﬁﬁf ai'(,zesa”b‘i1 éa(,fifor’btcé%%‘éﬂl%%cﬁ on 3Pfh the [RAFSSR& i cal
shoes 16 are in sliding contact with the sliding contact surface of the
smash|ﬂ%&%ﬂ%ﬂ%ot9ﬁéﬁ°?hés(ﬁiﬁﬂ%ﬁh@&dédvﬁﬂ§ﬁo§$?Eﬁeﬂ% #84i Br 5€&Ced as the
swash plate 8 rotates. This construction is basically the sane as that of
a typi cdroedDiR@nt?onal swash plate type

A recessed section 1la for receiving the outer
periphery of the swash plate 8 is formed at the center of
each double-headed piston 11; sockets 11b are formed on
the axially opposed surfaces of each recessed section 11a.

Hemispherical shoes 16 are in sliding contact with the
sliding contact surface of the swash plate 8 so that the
double-~headed pistons 11 afe reciprocated as the swash
plate 8 rotates. This construction is basically the same
as that of a typical conventional swash plate type
compressor having double-headed pistons.

In this embodiment, the shoes employ a ferrous metal
such as stainless steel as a base metal. The swash plate
8 employs aluminum or an aluminum alloy as a base metal;
for example, an Al-Si-Cu-Mg type alloy or an aluminum
alloy which does not contain Si may be used as a base
metal. It is preferable, howeverﬁ to use an Al-Zr alloy
which contains primary crystal silicon in the form of hard

coarse particles; Al-Zr alloy features a high content of



conpressor havi ng doubl e- headed pi st ons. In this enbodi nent, the
‘'shoes enploy a ferrous netal such as stainless steel as a base netal. The

swash plate 8 enploys al um num or an um num al loy as a base netal; for
exanple, an Al -Si-Cu-Mj type alloy or an alum num alloy which.does not
contain Si may be used as a base netal. It is preferable, however, to use

an Al-Zr alloy which contains primary crystal silicon in the formof hard
coarse paiti€pas; nAmedy gl 3lgut edBurtes apditg3 T opeepenbdf by weight,
silicon, namely, about 13 to about 30 percent by weight, which is higher
t han t hawhétha iguticgher cbhpbsithiadn cfamal ewbechi¢nappresysian.sinidcon in
its matrix. _ In this enbodi nent, a sliding contact surface 18 of the
swash pl hee 8riaeel csyisikadl sdildgofodnaditswmBkribfe shoes 16 is configured
as described below. As shown in the sectional viewin Fig. 2, the swash
plate 8 is fodpedhiso emkedimentii Ag sild@dng2 cadgsdsesuntaee nlér odn al | oy
containing tin as the main conponent is fornmed as a surface
treati ngthayeswash t héatar flacehdbtha iswabh pladéngnmantasdy ROthhitdle enpl oys,
as the base netal thereof, an Al -Zr alloy containing 17 percent by wei ght
of silicehpesankb aisoabindggluanedr &2 desatybednpeded.of Aol ghdenurin
disulfide is forned as a solid |ubricant |ayer on the

the sectional view in Fig. 2, the swash plate 8 is formed

so that a plating layer 21 composed of tin or an alloy

containing tin as the main component is formed as a

surface treating layer on the surface of a swash plate

main body 20 which employs, as the base metal thereocf, an

Al-Zr alloy containing 17 percent by weight of silicon,

and a coating layer 22 mainly composed of molybdenum

disulfide 1is Iormed as a solid 1lubricant 1layer on the

plating layer 21. Preferably, the coating layer 22

contains graphite as an additional component to improve

lubricating performance.

To form the foregoing plating layer, the surface of

the swash plate 8 is polished for finish, and primary

crystal silicon particles 203 scattered in the base metal

of the swash plate main body 20 are arranged so that they

project from the surface and are exposed, then a publicly

known tinning process is performed. This further improves

the adhesion between the plating layer 21 and the swash

plate main body 20.



plating - layer 21. Preferably, the coating layer 22 contains
graphite as an addi.tional conponent to inprove |ubricating performance.
To formthe foregoing plating |ayer, the surface of the swash plate 8 is
polished for finish, and primary cryst@l=silicon particles 20a scattered
in the base netal of the swash plate main body 20 are arranged so that

they project fromthe surface and are exposed, then a publicl nown
tinning proced® iRl eMorider Thi s1FuFeRer 1efdr fedin f%“g%e’g%bﬁi(bet ween
the plating layer 21 and the swash | afe mai.n bo 20.

- 10 - Selecﬁ%’e PFaPi PR eF1DE slp%%‘?rpriagéd ’dfg{‘i”ﬁ; af§ngemet B sel ect ed
fromanong .zinc,_ |ead,_and indium hence, the plating |ayer 21 enables the
frictio@%aQﬁﬁﬁf#Q%%ﬁnzloeﬁéblﬁépﬁhﬁoﬁﬁﬁﬁfﬁﬁ95ﬁt%?%ﬁé%ﬁ%ghﬁuﬁﬁe§§ t han a

plating | ayer. conposed only of tin, thus |eading to high wear resistance.
In the &GRjostaY o‘ﬁ“%le%%F'PbE%/ hpgher hREaEsE e htREACERA f 8RE’C of the
swash plate 8 and the shoes 16 are subjected to maxi mum sliding contact

| oad Wh&PMRRS S st®RsY 1PIar et t h&hMst opl RGBT enter s high | e¥edBy are
subjected to mninumsliding contact | oad when the pistons 11 are at

thei r b&teSdhtPIES cent ers. Accordingly, with extended use of the swash

| at e
P In the composition .described above, the sliding

contact surfaces of the swash plate 8 and the shoes 16 are
subjected to maximum sliding contact load when the pistons
11 are at their top dead centers, while they are subjected
to minimum sliding contact load when the pistons 11 are at
their bottom dead centers.

Accordingly, with extended use of the swash plate
type compressor, the wear résistance of the coating layer
22 deteriorates and the cocating layer 22 wears or peels
when the pistons 11 are at the top dead centers, and this
causes the plating layer 21 to be exposed on the surface.

The adhesion of the plating layer 21 with the base
metal, however, 1is stronger than that of the <c¢oating
layer, and the plating layer 21 has higher hardness and
higher wear resistance; therefore, the plating layer 21
does not wear or peel. In addition, the coating layer 22
exhibits good affinity for the plating layer 21. Further,
the shoes 16 are disposed at equal intervals, e.g. at 72-

degree intervals in this embodiment, along the



type conpressor, the wear resistance of the coating layer 22 deteriorates
and the coating |ayer 22 wears or peels when the pistons 11 are at the top
dead centers, and this causes the plgting layer 21 to be exposed on the

surface. - The adhesion of .the plating layer 21 with the base netal,
however, is stronger than that of the coating layer, and the plating Iayer
21 has higher har dness and her wear resistance; therefore the plating
| ayer 21¢ HB%@fﬁB?“ﬁEa?rBP“ﬁeE PX15d8it i8S, dfheecégﬁﬁﬁg Ia?@PCfZ

exhibits good affinity far the platln | ayer 21. Further the shoes 16 are
di sposed® g “?%trfr‘:\f’&:l elgadyid g? NRlgr 8st i AR ertif s S1igANT thi s
enbodi nent , alon crrcunference around the axis of the
drive sh@Pp SCtmﬁﬂﬁﬁac%hEheghqﬁWkPQCBﬁﬁﬁéﬁ“IﬁﬂﬁiGB@§S|ﬂﬁ- aéPT on the
sliding contact surface when noving between the shoes 16. For this
reason, Eh%?efﬁﬁ§°§m(ﬂﬁk}%xﬁﬁ%cﬁlﬂgaﬂgi§QHﬁ§Q&ﬂ¥&Fdab®IP@H ©6189shoe 16,
the coating |ayer conposed primarily of nolybdenumdisulfide is nelted by
resi dual 2pP} éefohal @ RBaE égd FPSméoﬁélégwé@MeérCﬁ@@Péde@FﬂW@ﬁldW t he
coating layer 22 to re-cover the expos | ating | ayer 21 thereby

repai ri ngft Relybdenyg (sl Dide is meﬁﬁig)%&cb?ﬂiﬁgaiofﬁhétéﬁﬁédlnent

hi gh Iubrrcatrng performance of the sliding contact surfaces of the swash
heat and flows to a worn or peeled portion of the coating

layer 22 to re-cover the exposed plating layer 21 thereby
repairing the coating layer 22.

Thus, according to the embodiment, high lubricating
performance of the sliding contact surfaces of the swash
plate 8 and the shoes 16 is maintained for a long period
of time.

Fig. 3 shows the | comparison in lubricating
performance between a coatiﬁg A in which an alloy coating
layer employing molybdenum disulfide as the chief
component 1is formed directly on the surface of a base
metal, e.g. a proposal disclosed in Japanese Patent
Application Laid-open No. 60-22080, a coating B in which
an alloy plating layer employing tin as the chief
component is formed directly on the surface of a base
metal, e.g. a proposal disclosed in Japanese Patent
Application Laid-open No. 2-130272, and a coating C which
is according to the present invention.

In the <case of a coating A, high lubricating



pl atte 8 and the shoes 16 is maintained for a long period of tine.

"Fig. 3 shows the conparison in lubricating performance between a
coating Ain which an alloy coating |layer enploying nolybdenum
disulfide as the chief conpponent ig,fornmed directly on the surface of a
base netal, e.g. a proposal discloSed in Japanese Patent

Application Laid-open No. 60-22080, a coating B in which an alloy plating
| ayer em@rhAGRpNGe 48 tahsenied atonPohehegidnipgmedudi reéteyvandt he
surface of a base netal, e.g. a proposal disclosed in Japanese Patent
Appl i cattiten LaegiopgmanKke. 2swd02ndy andeberbarshes C wieh tios atkerding to
the present invention. I'n the case of a coating A, high lubricating
- 12 - osSvrrengfce Ofs weaeived o e lda @ nRrAGUSBULC hf POORar ¥eak he
performance suddenly deteriorates due to the occurrence of
wear i ng &S ifda@nary bdonudee otagpRf weedtingsBstapcorarkedt akanageisf coating
B, no marked change is observed in lubricating performance after an
ext endedbsgariast din t ilmb rdicadd ngoatoienrd B s egoed tadheshonexbenfied base
nmetal and provides high wear resistance; however, coating B per se does
not haveerdrod gobdthimbr isdatdengcopihgr Barfeas gdnd edhesdsn to the
conventional publicly known coatings A and B, coating C, according to the

base metal and provides high wear resistance; however,

coating B per se does not have very good lubricating

performance. In contrast to the conventional publicly

known coatings A and B, coating C, according to the

embodiment indicated by the chain line in Fig. 3, provides

high lubricating performance imparted by the coating layer

22 since the coating layer 22 develops no wearing or

peeling in the early stage of use. When coating C starts

to wear or peel during an extended period of use, it shows

slight deterioratien in lubricating performance; however,

the repairing action of the coating layer 22 described

above makes it possible to maintain high lubricating

performance for a long time afterward.

The foregoing plating layer 21 and the coating layer

22 may be formed on the sliding contact surfaces of the

shoes 16 rather than on the surface of the swash plate

main body 20. In this case, the sliding contact surfaces

of the shoes 16 are constantly subjected to a sliding

contact load; however, since the pistons 11 make one round



enbodi nent indicated by the chain line in Fig. 3, provides high
‘lubricating perfornmance inparted by the coating lLayer 22 since the coating
| ayer 22 devel ops no wearing or peeling in the early stage of use. Wen
coating C starts to wear or peel ddri4ng an extended period of use, it
shows slight deterioration in lubricating perfornance however, the
repairing action of the coatlngéia er 22 descri above nake possi bl e
to mai ntQh P hib§t¥eshy i E88i nbPPp ?%ﬁ'ﬁﬁﬁ@éefor'b I&ﬁ@ t PRET SPte %% d.

The foregoing plating | ayer 21 and the coatin er 22 may. be formed on
the sli dTSRf TontBRR g%?f vashoploke BspgEes) %ﬁat 4 e ohl ¢ Gur f ace of
t he swash plate mai n body 20. In this case, the slldlng contact surfaces
of the SEx2ats Apad C(ﬁ'%‘tsa?ﬂfl"ﬁllléul‘ijhé‘éﬂé& t A Bl YI3RE nghecFRRRIT I RAd:
however, since the pistons 11 nmake one round

13 - fynqiiomepfedhe tFRATING 1a¥84 Zdent@r PeardpliEmentsst twhen dead
center when the swash plate 8 makes one turn, the sliding contact |oad

const antifie ekl AV AFhGEe3R Fep¥ing function of the coati ng | ayer

22 to be inplenented when the sliding contact load is |ow.
general , the Fhasteial 8 tRef ofwash usPhgte al §ini haim bermeed aIW%m al | oy,
and the shoes 16 are fabricated using stainless steel or an other
f err ous @ Mstigum AQFor @PngPy UM BERI n§Llif¥. pl 3E ndhNeaySRORE ahl t ke
fabricated using stainless steel or an other ferrous
metal. Accordingly, forming the plating layer 21 and the
coating layer 22 on the surface of the swash plate 8
provides good adhesion between the plating layer 21 and
the base metal which is superior to that between the
plating layer and the shoes 16 made of steel or other
ferrous metal. This provides high wear resistance and
makes it possible to maintain high lubricating performance
for longer period of time.
In the aforementiond embodiment, the plating layer 21
and the coating layer 22 have been formed on the entire
surface of the swash plate main body 20; however, the
plating layer 21 and the coating layer 22 may be formed on
the entire surfaces of the shoes 16 as described above, or
they may be formed partially on the sliding contact
surface of the swash plate B8 or the shoes 16.

Although the present invention has been described in

connection with the preferred embodiments, the invention
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coating 1ayer 22 on the surface of the swash plate 8 provides good
‘adhesi on between the plating |layer 21 and the base netal which is superior
to that between the plating |layer and the shoes 16 nade of steel or other
ferrous netal. This provides high wgar resi stance and nakes it possible
to maintain high |ubricating perforﬁhﬁ e for longer period of tine.
In the aforenentiond enbodi ment, the plating layer 21 and the coating
| ayer 22 shatetbddmiftdietihenethe erdtdnr eexasmplace thfist hengeawrshopl dse main
body 20; however, the plating layer 21 and the coating | ayer 22 may be
formed orett esdmtiictedsutd adesswéshhelstfoestIBeasaitxnesdnl hboveg or they
may be fornmed partially on the sliding contact surface of the swash plate
8 or thedatpks-Neaded pigtohsugh Tihiis prmemnftidmvient #bsohaprbdéeabdescri bed
in connection with the preferred enbodi nents, the invention
REPLACENENT2 SEIFEFh plate type of variable displacement cOapAESsS®P98
- 14 - is not limted thereto. For exanple, this invention is not
restrictreaving a suagih eplhatacdetdypepishpnessor Havi ngildoulbe- headeédypi st ons.
This invention is also applicable to a swash plate type of variable
di spl acemsddr ciovpd edgorthbawi ngf srddheriyeasleill 1 piist ohke art that wll
be easily

variations and modifications can be easily made within the

scope and spirit of this invention as defined by the

appended claims.
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under st ood by those of ordinary skill in the art that variations and
‘nmodi fications can be easily nade within the scope and spirit of this

i nvention as defined by the appended cl ains. VWHAT | S CLAI MED
| S: 1. A swash plate type conpressor conprising: =~ = & cylinder
bl ock assenbly which has a pIuraFTf@'bf cyl i nder bores

parallel to a drive shaft; said drive shaft rotata [“mwﬂ “ HM'H!!
cyl i nderWHAT otk ﬁhééﬁﬁpyls a-swash plate which is rots N S[0S
said drive shaft in said cylinder block assenbly; plstons sl i dably
di sposed in said cylinder bores; and shoes which are slidably

provi ded between said pistons and said swash plate, which reciprocate said
pi stons in re$pondesvashhelabeatypa opmprpdsenashmpr 48&ng: wher ei n;
said swash plate and said shoes cone in sliding contact, and a sliding
contact surfage cofl igidelrerbbadkli aswamblpyl atlelady Bag dasihwlesrdkitiovefed with a
pl ati ng | ayer conposed of tin or an alloy containing tin as the main
conponerntylimden baréscerovidednyn| pgepllahdtesadddpiuvei agaft;
said drive shaft rotatably held in said cylinder
block assembly;
.a swash plate which is rotatably disposed to said
drive shaft in said cylinder block assembly;
pistons slidably disposed in said cylinder bores;
and
shoes which are slidably provided between said
pistons and said swash plate, which reciprocate said
pistons in response to the rﬁtation of said swash plate;
wherein;
said swash plate and said shoes come in sliding
contact, and a sliding contact surface of either said
swash plate or said shoes is covered with a plating layer
composed of tin or an alloy containing t_in as the main
compeonent , as a surface treating layer, and said plating
layer is covered by a coating layer containing molybdenum

disulfide as the main component which serves as a solid

lubricant layer. -

2. A swash plate type compressor according to Claim
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Iayef i s covered by a coating |ayer containing nnlybdéhﬂhf'HT§UFFr6E“as t he
et Type. cororescor sciorai o to aam (O AIL "

- 16- 1, wherein said swash plate is-rldde of al umi nuim or an ®al simifium
all oy, and said sliding contact surface of said swash plate is provided
with said plating layer, as said surface treating layer. 3. A swash

plate type cOMresofaddeofursly ttdatien iF Madgher di e liuvd raum f ace arf sai d
swash plate is arranged so that primary crystal silicon particles are
exposed, 2AHBLNYR @ 1donti mpd agei di § ljddniadetPrisactai susfiatace £t rssmitd ng

| ayer on said exposed surface of said swash plate. 4. A swash plate
type conpl88BoP ladGorkf nprevidedi mith sihiet @ hatino cbaveng lasyeraicbnt ai ni ng

graphite as an additional conponent.
surface treating laver.

3. A swash plate type compressor according to Claim
2, wherein the surface of said swash plate is arranged so
that primary crystal silicon particles are exposed, and
said plating layer is provided as said surface treating

layer on said exposed surface of said swash plate.
4. A swash plate type compressor according to Claim

1, wherein the coating layer containing graphite as an

additional component.
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