TYD- F879 . DESCRI PTI ON SWASH
PLATE TYPE COWRESSOR 5 TECHNI CAL FI ELD The present
invention relates to a swash plate type conpressor and, nore _
particularly, to a highly reliable swash pl ate type conpressor provided
with a swash plate finished by 10 surface treatnent and capabl e of
functioning with inproved perfornanc§. BACKGROUND ART A
doubl e~-headed swash pl ate type conpressor applied to an autonobil e air
conditioning system for exanple, has a drive 15 shaft, a pair of cylinder
bl ocks supporting the drive shaft for rotatiorfYaF®78 swash pl ate
fixedly supported on the drive DERbBektptyyN rotati on together with the
drive shaft in a swash plate chanber formed in a region including the
boundary bet ween t he pai newinairkihedebkocky’CHeplural ity of cylinder 20
bores are formed so as toS#ASENBLATE UBIRE t iS5A8er bl ocks and are
arranged around the drive shaft. Doubl e- headed pistons are fitted for
axi al nmovenent in the cylinder bores, respectively. Each piston is
operatively enﬁ%@ﬂﬂFQﬁﬂt%TFHE swash plate via wbedies. The rotary
“motion 011: t he 'Bh?sgdire%‘iarm dneeh8ion veldted (rjtlai @ tsh&ship:eaattf e rﬂytp%e)_n of the

pi stons for e .suction, . conpressi-on..an i schar of .a refrigerant gas.
A singIe-hggﬂ%ﬂé%VEi%uﬁ*aﬁngyggr%ﬁﬂﬁfgggbrtﬁag gl%ngHﬁéﬁaﬂiebF%éﬁﬁ and a
housi ng cl béfhg t¥ype MEEPresgosf proridad widdr a swasbarlatrl fiads %b.'lwash
plate ﬁbangﬁffﬁﬁeEtféé%ﬁéd%“éﬁgeéapéﬁig)d%”%%ﬂcﬁkéﬁfné%ﬁﬁﬁp@. da*ﬁk%ﬁé'

shaft in the swash plate chanber and is engaged With pistons by shoes.
Furt her, iReg-OIMm ‘abl e- di spl acenent swash plate type conpressor, a swash
pl ate i s engageRCRORIUND ABLe- headed pistons fitted in a plurality of

wobbl e on 5 SRTIE issRaf boafR IS Rl donpfliad SELS SBeh"
changed ac@8BremoRik® alr sPEgibiening SYSteMankorhex¥ERleao hafaP §a3veressures
actingi®n shaft, a pair of cylinder blocks supporting the drive shaft
) for rotation, and a swash plate fixedly éupported on the drive
shaft for rotation together with the drive shaft in a swash
plate chamber formed in a region including the boundary
between the pair of cylinder blocks. A plurality of cylinder
20 bores are formed so as to extend in both the cylinder blocks
and are arranged around the driwve shaft. Double-headed
pistons are fitted for axial movement in the cylinder bores,
respectively. Each piston is'operaéively engaged with the
swash plate via shoe elements. The rotary motion of the swash
25 plate is converted into the linear motion of the pistons for
the sué%‘ n, jcompression and discharge of a refrigerant gas.
A single-headed swash plate type compressor has a cylinder
block, and a housing closing an inner end of the cylinder
block and having a swash plate'chambér or a crank chamber. A
30 swash plate is mounted on a drive shaft in the swash plate
chamber and is engaged with pistons by shoes. Further, in a
variable-displacement swash plate type compressor, a swash
plate is engaged with single-headed pistons fitted in a.
plurality of cylinder bores by shoes, and is mounted on a
35 drive shaft so as to WODBIE on a supporting point. The
inclination of the swash plate is changed according to
pressure in the crank chamber so that gas pressures acting on



2 t he opposite ends of the single-headed piston bal ance each

ot her. Consequently, the stroke of the single-headed piston I s adj usted
to control the displacenment of the conpressor. The demand for

wei ght reduction in the‘afore-nmentioned 5 swash plate type conpressors
has progressively increased and the swash plate type conpressors for
autonobile air condi tioning or clingte control systens, including the
swash - pl ates, the pistons, and the Cylinder bl ocks are now nade of

al um num al | oys. Therefore, abrasion-resistant and seizing- 10 preventive
measur es hERR WRAFELRPARPE he slaclesherded pistombedendet sackver e,
hi gh- speedotiimmsi Vensetiuensly pretfe lstivke oft Lhi@ s flle-deadbe pusfgses of

th h ' | idi ntact with the shoes, and the slidin
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the bore. Suclhes depasd fer | vweighte neductdonain orhefafori-mentianddn resin

filmons  swddi pilaei egpewe%aﬁgsoér&g%&%q BE-bBged oLl | O Of
i ng con

a filn1of‘t soLLd_Iugpgcaﬁt-on the sl act sdrface o he swash
pl ate. e swash plg P - TRR RAERSEORS hevevehronaly ler girded with a 20

' recess extemdiitjoadngsert ¢tlkinerd mloatyodf syseemsyasmdqid@ieg 86 swash :
interferi f aggs HOLLG | ne,re revent _the Lston from
rotation %@—?ﬁﬁf%%x S "cor}’lrrr%acp?%rll1 ogﬁT%ﬁ{iés)zfa%le?c S &5ft BeY '\Rﬁ‘#‘ﬁ ?ge out er
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provi ded wth a rotatlon-jé§¥%§%%ée interfering surface rn i1ts base end

part, fﬁ?qtsﬁg Rt BFYRTS 1 cBRERSIYR AGUHOBSSEPE BokeR&t with

t he i nner e, asuchf as hehdqigifagesoof eshe aswadthelpitet an Lbding rotation.
Accor di ngl lalot! &3 PRSERD ! d a,/ub | al ngnl.ubric state
whi ch occudré.)sn tz?{Ctt ﬁégﬁtéﬂrl%) sg}oétéﬁe%duggé %%%g%# ét%g't% ggel&zllr %c%cc()a:%&g’eoet ween
the inter F3&HRg 1 §i+ ntEgE E?§¥2Eh%uﬁﬁﬁﬂﬂ§eoﬁﬁeth§ib@nﬁfeﬁ%nﬁe of the

swash 15 pleasereantinel idemtife fertabeon 6R4e {1udrdicBrBohUbes L@t fg fdd M
R e R KL R T i
for exanplPefidmspfay sebid dgbaicestson the sliding contact surface of
the swash plate. o
?@§.§2§§1§;he§§ed pi;;;;, however, is provided with a
20 recess extending across the periphery of the swaéh plate, and
interfering surfaces formed in the recess to prevent the
piston from rotationlabogt its own axis come into impulsive
contact with the outer circumference of the swash plate to
prevent the piston from rotation by a rotation moment acting
25 on the piston. The single-headed piston is provided with a
rotation-preventive interfering surface in its base end part,
and the interfering surface comes into impulsive contact with
. the inner surface of the housing to restrain the piston from
rotation. Accordingly,‘it is possible, under a substantially
30 nonlubricated state which occurs at the start of the
compressor, that seizing occurs between the interfering
surface of the piston and the outer circumference of the swash
plate, and attempts have been made to form a lubricating film
over the interfering surface of the piston and the outer
35 circumference of the swash plate. However, in formtion of a
lubricating film, when, for example, a spray coating process
for coating the swash plate with a lubricating film is used,



for coating,the swash plate with a lubricating filmis used,
3 the yield of formation of the coating material filmis usually
very low. Furthernore, since the strength of an adhesive bond of the
| ubricating filmand thé sliding contact surface is | ow, such a
protective nmeasure using the lubricating filmis 5 not satisfactory in
reliability as well as in its seizing- 3 preventive effect.
DI SCLCSURE OF THE | NVENTI ON It "'s an object of the present
i nvention to provide an | nproved swash plate type conpressor capable of
provi di ng 8 ¥ifhh PEd framRtiomaAT thiei apRLing matedindd fAynedpl yualivn
inpr?ved svemﬂyhﬁhatanﬂaheﬂmNtéI[sﬂhc%XQﬂé|§ﬁ£eﬁ%#ﬁnﬁ?“$npgﬂﬁééiv? b%ﬂi bei ng
manuf act ur L.gh.product i vi ‘e not her object of the
pr esent in@gn%%l%ﬁxﬁ%éjl £ g%’?évf%hg“ fndt )éhfaoﬁg;‘-lﬁhrlf‘% %‘?Hsar?tpls&{r 2PG S conpr essor
capabl e of L@ .ofsiaty a1 proteqtivomaensgurevesing the chter gadingdfolmuse, when
‘appli edst ot salsTubeBRYI 1£ ATiAANGLY! 08 HgL DY o A%d deliyepgby the

e n

engi ne of a vehicle 1o conpress a ri gerant. atcordance
with the FRESEREIREAERBR: there is provi ded a swash plate type

" conpressor WhiDISCLOSPRES@S : THE 2MVEMEoNder bl ock provided with a plurality
bores;, .a drive shaft

of cylinder bagnes, ! fhtted in the cyli.nder

supported , Gr’;torisr i a?lB %éggé)futthiet §r5§?§£o+nY%}t§tqrbﬁ? BREVHA€\@Rh pl at e
suppor t ed FHRTVECEWBRN Bt YPR COTPrRessel eapsidiet ofhavpwgding at | east
sl i di ngo coniprivesiu Fhaeesoh AL ti%_l'i%b'ih.h’.@ynﬂtﬁé’.{ﬁé&ftbyzimgﬂbgiﬁgogﬁ and
oper-atlveg])éip -prstoens yra th h ; wherein the
sliding c A

shoes ar e abdeddgnwnghufa¢tiredfvidh a highsprehetistiitg. ubri cant sel ected

e Shoes:
LuPYg SP*JC—%% [FOERAsHIpR 2% §%Felleqt 4ing eRAteARalMia h t he
et hod. ybde”%%%gg o PRt S P RGEReg e R SR B of g

contact s FPRATRT I[Ny ERAPLIEt Ofi PHOPERLY  shoes
exer cises femeelibanhg| ubvér ald R&tRanEAr PBRTEY cMeiskhewhent &gpE{&] wget hod of

L emmont My elndhi 10080 ddndiN26nTAE" sySed and UriCeR by %ite engine |
of a vehicle to compress a refrigerant.

In accordance with the present invention, there is
provided a swash p;ate tyge compressor which comprises: a

20 cylinder block provided with a plurality of cylinder bores;
pistons fitted in the cylinder bores; a drive shaft supported
for rotation about its axis of rotation; and a swash plate
supported for rotation together with the drive shaft, having
at least sliding contact surfaces to be in sliding contact

25 with shoes and operatively enéaged with the pistons via the
shoes; ‘

wherein the sliding contact surfaces of the swash plate in
sliding contact with the shoes are coated with a film of at
least one soliqmégggiqant selected from molybdenum disuifidé,

30 tungsten disulfide and graphite by a transfer method.

The film of the solid lubricant formed on the sliding
contact surface of the swash plate in sliding contact with the
shoes exercises excellent lubricating performance, and the
transfer method of forming the film of the solid lubricant is

35 very advantageous from the viewpoint of economy and
productivity in the yield of the coating material and the
control of the thickness of the film.




productivity in the yield of the coating material and the control of the

t hi ckness of the film 4

If the swash plate has_an outer circunference to be in I mpul sive
contact with interfering surfaces forned respectively in the pistons,
it is preferable that a film of the solid lubricant is fornmed on the
outer circunference by a 5 transfer nEthod. Thus, the contact surface to
be in-inpul sive contact with the prston, in addition to the sliding
cont act surface in sliding contact with the shoes, is able to secure a

further sati sifadher pwaehzPhite dwiss@anpupespeirqumference tpf behéns| i di ng
contact simphelcEiveOlcontacsWasth plearerihg vhifdodderdrined is formed, i.e.,

base surfaces far the.fi , ,.are subjected._to syrface roughepi ng
process, Efﬁgﬁﬁﬁﬁﬂéiy 1nng£%r?%ﬁtq95ﬂ ﬁgr n@r?ﬁﬁf?$E%%ﬁ§? 8r€éﬁﬂt%gdig into
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of f, and sef wde sdidinubrintadingurigees gherhsd crmsht pdaseaoh plate
has exgeliefitn duealtishinl ¥s formed, R.&f.er8RLY siPeaddd BIOLABIsPIn! he sliding
contact surface ., of the swash plate is finished by grinding to adjust the

25 t hi ckrEs PIacEe B antP¥fafes FOTBeBLRY RECHST @ CPRHNE a hi gh
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swash plate are coated for surface preparation with a plated
film of a material containing g?ﬁwas a principal component,
the plated film prevents the aluminum base of the swash plate
20 from being exposed even if part of the plated film falls off,
and serves as a lubricating layer. Therefore, the swash plate
has excellent durability.
Preferably, the film formed on the sliding contact surface
of the swash plate is finished by grinding to adjust the
25 +thickness of the film and finish the surface of the film in a
high surface accuracy (flatness).
BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects, features and advantages will
become apparent from the ensuing description of the preferred
30 embodiments taken in conjunction with the accompanying
drawings, wherein:
Fig. 1 is a longitudinal sectional view of a double-headed
swash plate type compressor in a preferred embodiment
according to the present invention;
35 Fig. 2A is a perspective view of a double-headed piston
employed in the compressor of Fig. 1;
Fig. 2B is a longitudinal sectional view teken on line 2B-



35 Fig. 2A is a perspective view of a doubl e-headed pi ston enpl oyed

In the conpressor of Fig. 1; Fig. 2B is a longitudinal sectiona
view taken on line 2B- . . 2B in Fig. 2A ' Fig. 3is a
| ongi tudi nal sectional view of a single-headed swash plate type
conpressor in another enbodi mnent according to the present invention; 5
Fig. 4Ais a front view of a single-hegged pi ston enpl oyed in the
conpressor of Fig. 3; Fig. 4B is a rear end view showing a rotation
preventin interfering surface formed in the single-headed piston;

Fig. 5 isgﬁ @9pF%SH 2Aew of a transfer apparatus for 10 processing the
sliding contapigswsfiare Qongituashapl sdtional viekl §f £HAirigle-hepideal view

of a transfer, a ratus for rocessin he outer.circunference of a

owaseh pi aBal RLEt tibe- Bompgabt 8F 77 Aiftendt BubSisml Shdndios fe

rel ati on theppregent dnmenitposce for making a swash plate, and rollers. 15

. BEST OF Y, I : _ i Ei 2A and
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2B, a doubl e- | ate type co as a front “cyli nder
bl ock 1A aRdthezRmPresson PhdEidbldck 1B, and a drive shaft 2 is supported

" for rotati phgabtBitisnm avhg ehdreiew ishivwdngt ReroyatioierpidwaitingA 20 and
1B. A swash glfte.chanq§{ 4 ig fgéned Ny a.regigﬂ a%qind. c)t_he j oi nt of
the cyli ndBF ﬁ%%ﬂgfﬁ ﬁl&elg h [ hjélcfgﬂ% FABPLe~NBROCR A RHd 1B. A swash
plate 3 is coRt@i rfedid @ typlsadswiew qff & &renshberagparaiuss f&Inbi ned with

the dnpvepsBaédsfnd Ahe s1585AL OontRACINEFaWe! Brt Resilidly Sishal;t 2. Bores of
a 25 predeternine ianeter afe_f d in the cylinder blocks 1A and 1B,

d of e
and the cylinted- A& 21 AYRAG2IEVH® 9hindFapsget napParatils fothe
respect i verazessiyg tiie ooteesphncimfeisaices ofl agaedsh platidy each ot her so as

S mply s boratd) 4B 3 3 1eniGHl S8R omen Bty A e e and
parts of B8t¥een HeaMmakpiecs fepnBaleing @ SWesBJPLAte haalfbredllers .
respegki vel y, si®r Moprrlor cagkyeneppvenentvekaeeonpi ston 6 is [inked to the
'Slldlng Referring to Figs. 1, 2A and 2B, a double-headed swash
plate type compressor has a front cylinder block 1A and a back
cylinder block 1B, and a drive shaft 2 is supported for
rotation about an axis of rotation on the cylinder blocks 1A
20 and 1B. A swash plate chamber 4 is formed in a region around
the joint of the cylinder blocks 1A and 1B in the cylinder
blocks 1A and 1B. A swash plate 3 is contained in the swash
plate chamber 4 and is combined with the drive shaft 2 for
rotation together with the drive shaft 2. Bores of a
25 predetermined diameter are formed in the cylinder blocks 1A
and 1B, and the cylinder blocks 1A and 1B are joined together
with the respective axes of the corresponding bores aligned
with each other so as to form a plurality of axial cylinder
bores (hereinafter referred to simply as "bores") 5 arranged
30 around the drive shaft 2. Opposite end parts of double-headed
pistons 6 are fitted in the bores 5, res%ectively, for axial
sliding movement. Each piston 6 is 114788 0 the sliding
contact surfaces 3a of the swash plate 3 by shoes 7. A rotary
motion of the swash plate 3 is converted into a linear motion
35 of the piston & for the suction, compression and discharge of
a refrigerant gas. .
In this embodiment, the shoes 7 are made of an iron based



contact surfaces 3a of the swash plate 3 by shoes 7. Arotary noti on of
the swash plate 3 is converted into a |inear notion 35 of the piston 6 for

t he suction, conpression and di scharge of a refrigerant gas. In
this enbodi nent, the shoes 7 are made of an iron based

6 material and the cylinder blocks |a and 1B, the swash plate 3

and t he doubl e- headed pistons 6 are nadg of an alun1nun1alloy such as a
hypereutectic al um numsilicon aIon As best shown in Figs. 2A and
2B, the doubl e-headed piston 5 6 has cylindrical sliding contact surfaces

6a of a Matsrigd:8pdi T¥erigder: Blagks i ke tansl dBposheeswash pkate ther eof

and capablaxd)fthbeaogb.'!sé-i-mb&ded fp:.@tedsl 6 ake xﬁ&‘dee%f5 andAfuRinum d18&HSS 6b
ween the .op end parts provi ded

f or med in
with the s glng coﬁ?gé &gs %3m§%m5§”fd' 8;§8ﬁd across the outer
ci rcunf erenceﬁéf besk %lmgn 1p1 Figs3. 2A an@e?ﬁfsmmr doubleebeéadst pistami ch t he

shoes % arﬁeh%.@ab§ﬂ1ndrlci'@%Qﬁﬁtlhiﬁeh%nté’é@ J\%' saghabkyaoppos' te to each
other in the nterfering surfaces for restraining the

rec .
pi st on @@FSH“%B?@H% EOrBefedn oXhe eppasditei erfll pares tthereafdl e 15
part . Thanﬂnbep&blemgfShmingceiladb]:pnﬁﬁtrﬁd) llrmmleswge@osl,t agid a Wth the

t { to t..th t at f
Che pi ot on b oahorp fomel ' MLBAT PRl chomdor. Retuceh HF PG tehoes 7
on the pi §PEnpPerts Pr°V1ﬁENbﬁ@¢hlﬁ@et%ﬂ$d¥ﬁg cpntastapdriBres 6a so as

var i abjee- @bs pkaeRIRRéraih %Bul@é@t 81 FARR SUTRELSFOLnS sl fltﬁramod' ment
accordi ng _t the:gres I nyentj on has a_cylinder block havi ng

opposi te Semlﬁﬂﬁegfﬁ? Sa 6€r SRt WhbTRithe P°@§nﬁe€¥%ds?%ﬁﬁ4wa cyl i nder
bl ock 10 seSBsCtLWEﬂmmeEu&héctmedtaxmmﬂly dopesdyki tdeeadth agther inl@hea val ve

e 12 puskes 0 et UELAER: Yo U Biqs Hrihelly 0 -

rear hou5|n%F13 connect t he

rear end 8f IFAR EQFIHRN are gpgred liﬁlsﬁﬁﬁmﬁﬁﬁrhééllblU@Hﬂ¥oﬂuﬁﬁ@efront
housi ng liaaﬁﬁd thige intiedfferiagssagrdcesrad fdomal h&@ﬂ@@%ix@%%c‘eﬂ th

sonl oq.  VHBHEie AP SoSarC R eSS o/ b tbEKS T8 BB a TR T T ront housi ng
11 defi neiphébabkthari@tion ofinthe pistom shabbut its axis by a
rotation moment exerted by the shoes 7 on the piston 6.
Referring to Figs. 3, 4A and 4B, a variable-displacement

20 swash plate type compressor in another embodiment according to
the present invention has a cylinder block 10 having opposite
end surfaces, a front housing 11 connected to the cylinder
block 10 so as to cover the front end of the cylinder block
10, a valve plate 12 placed on the rear end surface of the

25 cylinder block 10, and a rear housing 13 connected to the
cylinder block 10 so as to cover the rear end of the cylinder
block 10. The cylinder block 10, the front housing 11 and the
rear housing 13 are firmly fastened together with through
bolts so that the connecting portions thereof are tightly

3¢ sealed. In the compressor, the cylinder block 10 and the
front housing 11 define a crank chamber 14, and a drive shaft
15 is extended axially in the crank chamber 14 and is
supported for rotation in a pair of radial bearings held
respectively on the cylinder block 10 and the front housing

35 11.

A plurality of cylinder bores (hereinafter referred to

simply as "bores") 16 are formed around the drive shaft 15 in



15 is extended axially in the crank chanber 14 and is supported for

rotation in a pair of radial bearings held respectively on the cylinder
bl ock 10 and the front housing 35 11. A plurality of cylinder bores
(hereinafter referred to sinply as "bores") 16 are formed around the
drive shaft 15 in 7 t he
cylinder block 10, and singl e- headed pi?tons 17 are fitted for
reciprocation in the bores 16, respectively. In the crank chanber
a rotor s fixedly mpunted on the | drive shaft 15 for rotation

t oget her V\F{-‘ﬁ THELRAET OLoRES 104 5and inglechgrdpdapiesens dF @ret féttedor 20

i s sustai nfdy técipmivsrion ihhthetbdesas i163, rbﬁgéb@1$é ppt housing 11. A
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resi | i encedBive shaflr dSsiton Egtahgon riagefbesdwhth wehe dmsrel@slmﬁasmSpl ate 18
-and t hesr opgr a1 Load eerGédSa!@S&ho?O Wltﬁ§?|hg§ Susly ﬂ{f‘ecﬂe%&%hb}{

resenbllng ﬁE HP ate and i s provi %xdontact surfaces
18a oFRENE b Peard g pB¥i thae Sfrrnt dougipgr ?»bher%ls"f?dsr pliadeedB. is

" Semi spher | Benisben theadeipatshafic AN att awpbhithen Heidinty the esebact
surfaces 1 r Y. he, s 9 a slidin ntact with
sen1spher|ggf é@%%s % Piatg-f% f%“ﬁiw% Bﬁa§gﬁ Hﬁpkﬂﬁqﬁléi %ﬁﬁchanlsan S
f or med betﬁ%%hht%%wésﬁ cm{ﬁ%ﬁ@mgmﬁagt hetexpesed petwesh| tiet he swash

pl ate 18 t@w&g}yeplate RBvahal tie rdt¥d vo.to the rotor 20. 20 The swash
plate 18 is pr ded w; S g?b t. central hole 18b fornmed through a
central part t Re? has.@ shape generalde KRSEMAABUGA t he

central hopba%bartdo muppovidednsﬂsukaﬁat slptithe ddhidedr earfadhe 18&! i nation
of the swa [ r h n e dead center
Sl AlR 18el Bg posité@'d a% ggﬁ%ﬁ%ﬁdl gaatlj?: %x%%& ﬁ

of each sipngle- .25 headed” piston orres J bore 16.

Inthis e ﬁﬁgﬁFlCFHes B9% ntferang @@% ip, comeactEitpltieeslidingd the
pi stonid7 mrﬁ:&?ﬂiﬂ%n&fia&ésaisﬁﬂ rﬁéﬁp%lclt@#elﬁu(?hrﬁé ghoes NyparguigCtic
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bore 16, |9psﬁqp ﬂg| anbinge mechanism K is formed between the swash
plate 18 and the rotor 20 to allow the swash plate 18 to move
pivotally relative to the rotor 20.
20 The swash plate 18 is provided with a bent central hole
18b formed through a central part thereof. The drive shaft 15
is extended through the central hole 18b to support the swash
plate 18 thereon. The inclination of the swash plate 18 is
variable without varying the top dead center of each single-
25 headed piston 17 relative to the corresponding bore 16.
In this embodiment, the cylinder block 10, the swash plate
/18 and the piston 17 are made of an aluminum alloy, such as a h
ngggggtectlc aluminum-silicon alloy. Each plston 17 is f.
provided 1n~IE;~EE§3"§§ff*ﬁith a sliding contact surface 17a
30 of a predetermined length fitting the bore 16, in its tail end
part with a recess 17b (Fig. 4A) extending across the swash
plate 18, and on the back side of a part thereof forming the
recess 17b with a curved interfering surface 17d of a large
radius of curvature capable of coming into impulsive contact
35 with the inner surface l4a defining the crank chamber 14 to
prevent the piston 17 from rotation about its own axis.
The surface treatment of the swash plate, which is a



part with a recess 17b (Fig. 4A) extending across the swash pl ate 18,

and on the back side of a part thereof formng the recess 17b with a
curved interfering surface -17d of a | arge radi us of curvature capabl e of
com ng into inpulsive contact 35 with the inner surface 14a defining the
crank chanmber 14 to prevent the piston 17 fromrotation about its own
axi s. The surface treatnent of the swash plate, which is a

feature of the present invention wi |l be described with reference to

Figs. 5, % E e swash plate 8 Iinked to the doubl e- headed
pi stons_ﬁ.{gﬁ‘ ure ¢ th%r%se@ﬁbéﬁ ARREORIN i He PendgRCpiBe@ WBth i nked to the
5 si ngI eMadedcpl 50 oy’ 5, nGAhaM‘Hr‘—eﬁ%edﬂrent differ from each

other in thaty s;,g%%ﬁ;lasc\ga%h RLRLS %o % houb e_geg_g%ﬂsﬁ%sr%c%}rg;esr ence 3b

wi th which the I nter sur aces
i mpul si ve t8nf Emerquztm@q andethg\gmash playleafl® lénked tdehsuter

i rcunfser gleglw-h8adéd %ﬂéﬁ&zsp'}ﬁt OAStHd ﬂ&t@% %&boe%nt NGO £l §GigpCont act .

Ther ef or e, e ter, Ir erence of the swash plate 18 nee not be
subj ect ed elaSIP’ ogﬂersmfgta& tt&@alfﬂﬁﬂ? "(ﬁ%%?l%ie Br Bes dFhR IHESame with a

" | ubri cat i egrpupference Rinweridh, whlnehstiué airecerfeatingnsudfadde 6d of?‘] H—Jhﬁl ngh
contact s ts e 5,confact Wt e shoes
7, and th l%&??icga?é}%% ﬂﬁws%?n%ﬁi% "gh*%acf n c%%t%% isa?tﬁearces? AF8a of the
swash pl aPdatg 4F chas thyutgx: Fareynferencawifhdwheah ethe Biatiemss 3if ace
t r eat nent dof not ctbﬂg@ %vaﬁlambateﬁanwd;& b@lié&’é@bkté?dit:he O?ter Al3t h]?ugh Sot ]
clearly s t he dr the s ontact surfaces 3a forned o
a wor k%l egg@gwf?r%r}? \ﬁglghsw iﬁ | go Be?ﬁgs?mﬁﬁtf& Fe@, are
sel ecti vesyrﬁa@eetmment pyofeas sfmt tra'csud:lmggthen‘sm it aces 3a in a
surface  1uptoUSPIGS pifpddtd. [ ChbhEVER, Ocrheg%%%aéx Eredldane Jougen ng

process, S't.dﬁg as a shot bI astin %rocess refrea 0 enhance

the stren HRY LT sy tace At dheswgsh Piﬁﬁ?l%é‘ﬂ he Ithe sliding
cont aas suohtses @bth the shoBsth, taed ainedlsjwfeeet Bgbathiteas 3@ (and the

OO R @ o4 AL SR 2R RECHIRRY L il WBE KB G e plared
substantially the same and hence only the surface treatment of
the swash plate 3 will be described.

Although not clearly shown in the drawings, the sliding

20 contact surfaces 3a formed on a workpiece 3W, i.e., a swash
plate 3 that is being manufactured, are selectively processed
to finish the sliding contact surfaces 3a in a surface
roughness of 0.4 um Rz or above by a surface roughening
process, such as a shot blasting process, for a pretreatment

25 to enhance the strength of adhesion of a film of a solid
lubricant to the sliding contact surfaces 3a.

Both the sliding contact surfaces 3a (and the outer
circumference 3b, if necessary) of the workpiece 3W are plated
with a metal containing tin as a principal component for a

30 selective pretreatment regardless of whether the sliding
contact surfaces 3a are processed by a surface roughening
process. The surface roughness of the sliding contact
surfaces 3a processed by the surface roughening process is
increased to a surface roughness on the order of 1.2 um Rz by

35 plating. Those base surfaces may be finished to a certain
surface roughness by a cutting process, and these pretreatment
processes may be omitted.



30 selective pretreatnent regardl ess of whether the sliding cont act
surfaces 3a are processed by a surface roughening process. The surface
roughness of the slldlng cont act surfaces 3a processed by the surface
roughening process is - increased to a surface roughness on the order of
1.2 [err]mRz by 35 plating. Those base surfaces may be finished to a
certain surface roughness by a cuttigg process, and these pretreatnent
processes may be onitted. 9

A transfer neth dtra or fo i m . of solid
| ubri cant on %cha&% eﬁ mﬁgﬁ?‘gcgpas({]%rgﬁgg %{'h?cﬁg f%r fW&B?e@e t hus
pretreat edofiad |sqietdjé§bmgeutb@hdme Slldlng etieact murifecEsg3aset athe ansf gr
appar at us (il fiecd @Wnkf:ﬁérﬁzﬁetx@&éda%ﬂlbéo&ééfﬁéﬂ Badbl,ng raterial C

containing a suc m Xt ure \wm di sul fi¢e
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.pol yi msle Tesi IThe taekt aAbkcddtding rasrcahltéd omatersldde t:a»hltamlng 78 The
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150t Ta SyFhetie PUBH8 SHALS: Uhood tnp Lhdahg 1S F st Mithn the Lowe
pr edet ev mioymsh dirglt afc ehentathile 7 raact monesf honi/mmtr&lqu inhehe slide table
72 fromth h r t|c d. The
stroke of ‘fzhéeaéﬁl&‘ogé ?h&7€ﬁs(;‘&r pgg‘t éﬁ%ﬁggﬁ %%t%%aatl ?‘ﬁ&&lgg ?P (?V%ol di ng
grooves 77E20% @cﬁﬁréééﬁeaﬁ%imtﬁﬁélﬂéhl@@rffﬁﬁﬁqndéﬁgahﬁ thet caft er of
tsn(raf acet ?gﬂgle?e ]slllljié-lnn conbgect ré’cfnlsﬁﬁe B%dlzgelailx Srédvedsh $8el Qppetts | owelr ngnd
The boss GFEiEangEk BPEcRLIAR LA f2bonBecki i iz eanazer PRSI { ho
materipd hof i rsynghe(nme r@bbefd hiss tdimpeted at @azhﬂ:'ingapoamuéohoat zont aI ly
bet ween 't kH&nB&%iéQéh@é‘%t th% h&g&?&f&% &:\Eo ? £ Caje MOVE

rans 03|

vertical l wal t I on as
i ndi cat ed W%é’—aﬁ’llﬁo% rom the tank 71. The transfer pad 73 can

vertically be moved. The stroke of the slide table 72 is
determined so that the material holding grooves 72a

20 reciprocate between the waiting position and the center of the
tank 71.

The transfer pad 73 is formed so that its lower end
surface 73b excluding a part in which a relief hole 73a for
receiving the boss of the workpiece 3W therein bends slightly

25 and fills up the material holding groove 72a. The transfer
pad 73 can move horizontally between the waiting position and
a transfer position, and can move vertically at the waiting
position and the transfer position as indicated by the arrows.
A support table 74 provided with a positioning recess 74 of a

30 shape corresponding to that of the boss of the workpiece 3W is
disposed under the transfer pad 73 as positioned at the
transfer position. The support table 74 can be moved between
the position shown in Fig. 5 and a drying apparatus, not
shown.

35 The slide table 72 is moved to the left from the waiting
position shown in Fig. 5 to locate the material holding groove
72a in alignment with the center of the tank 71, i.e., to



A support table 74 provided wth a positioning recess 74 of a 30 shape

corresponding to that of the boss of the workpiece 3Wis di sposed under
the transfer pad 73 as positioned at the transfer position. The support
table 74 can be noved between the position showmn in Fig. 5 and a drying
dppar at us, not shown. 35 The slide table 72 is noved to the left
fromthe waiting position shown inéﬁ{g. 5 to locate the material hol ding
gr oove 72a in alignnent with the c er of the tank 71, i.e., to

10 | ocate the material holding groove 72a so that a circle
defi ni ng ivratsuttdhe petrgany kwlding groeveal 2aotei Hiptgeosiackea
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coati ng nat eindilcatedThgnaltéenate deong antlabve Fiorts desthednédnéss noved to
the right éé&d@% |t It -and r f:er 3.4S | owered.

) Conseq%en‘%?r%/, . t}tﬁ%‘é Fg&&late% sur, g?éﬁg?ﬁ%?(gv eflétassll%i gfﬁ?'?ﬁaau enters the

10 mat er i MRSt 1y wath the qoatingemasarial Gmt &hel, thedhdide to

the | onertgpik sy fiaceefdbned tie noved@ster th@driight) to the whgtisig@nsfer pad

73 thus mett%?.mﬁth tQ czﬂiéggnagggbgli Cils.raised, is ved to the

right to PRt Jroéhs?flgr §88 FRoHT P eéﬁo?‘l‘a‘f‘?‘lﬁe‘?b res Sﬁﬁg Yiabl e 74,

i s | over ethe dl.qwess endheurface kb disd beokf atbglrEly @ enterhethei di ng _

cont agqé thﬁ'%%gleail?’%oldin fgﬁ%wd@'aﬁtagtﬁ%\/ EQat iR SfleriRE 08EhELdmL eri al

Cfro .ower en ace _(3b the slidihg contact surface 3a,

i.e., to tddihe Hower 8pAgSerfacR (73uoLakBesbrapster mad:dari ng mat eri al

C 20 = |Mmeossastyr pas Morkmsoserdddhaitngtiheostidgngatentalt
1 . t t . Q.
apparatusC it THRey EBontves Wi R kASEDRE v el pllifyen, "Y'

f or egoi ngcenraspPondingepeateel surnastusebilae/4, is pHioweress tof praes fihen

Sim | gk | yioddie etld @uRgac8NY o5 tagdiids2Cend5s Baqing shiiktt Barekberssi de of
t he workpi ece 3Wis goate the ¢ mat er.i al, and the filns

| 9 W th oaUrgg E
formed orP% Hd&MoKRgece SR dfansferatie 2ating mader e dlalineF®firny to

t he sli ditige lower end surface 73b to the sliding contact surface 3a,
i.e., to coat the sliding contact surface 3a with the coating
material C.

20 If necessary, the workpiece 3W having the sliding contact
surface 3a thus coated with the coating material C is put in a
drying apparatus for drying together with the support table
74, and the foregoing steps are repeated to adjust the
thickness of the film. Similarly, the sliding contact surface

25 3a formed on the other side of the workpiece 3W is coated with
the coating material C, and the films formed on the sliding
contact surfaces 3a are made to adhere firmly to the sliding
contact surfaces 3a by a baking process.

A transfer method (roller transfer method) for forming a

30 film of a solid lubricant on the outer circumference 3b of the
workpiece 3W will be described below with reference to Figs.
6A and 6B.

A transfer apparatus 80 has a tank 82 containing a coating
material C containing a solid lubricant, such as a mixture of

35 molybdenum disulfide and graphite, and an unsolidified
thermosetting resin, such as a polyamidimide resin, a metal
roller 83 partly dipped in the coating material C contained in



contact surfaces 3a by a baking process. A transfer nethod (roller
transfer method) for forming a 30 filmof a solid lubricant on the outer

ci rcunference 3b of the . workpiece 3Ww Il be described below with
reference to Figs. B6A and 6B. A transfer apparatus 80 has a
tank 82 containing a coating material C containing a solid |ubricant,
such as a mxture of 35 nol ybdenum di s ifide and graphite, and an

unsol i+di fi ed t hernosetting resin, Such as a pol yam di m' de resin, a

nmet al roller. 83 partly dipped |nthe coating materi al contalned in
the tank &3 5% @orqogrﬂaszoaiglﬁo%diweéhéeﬁﬁtare mettady rollegs with a
pr Eget eL nédedighpa twedeietras aad gap rﬂ&sfafeﬂwelehera%ransfé& 1&)]&)@1} Bstic
rubber hayicn 8 e ter conformng to
t he Iocus\SE d %}'ﬁ@@h@g@#er ggv ccolar rgggcgsgbage T he wor kpi ece
3W and dF§E§§é€Ie¢vr dipmeten ﬁ@néemm@ %rﬁheBgé?CPﬁ eénrekatign oh kaenet al

.roller 583pouder c:.z‘f@ﬁrlffél@n@%r 3860f Ofhd %&)&ﬁ'&ﬁehgwd' Bfq L s idePracs 3W and
a driv nmechani sm 8§580r dri vi ng hé ro lers 83 and. 85 for

rotation hetﬁ‘éa*a’r‘?%rﬁar%n f IPhEOBFITuN Lt the mopal Feklen 830r & 83 and 85
" are rotat wdrhyh@h&mlr&&nﬁmg rota\ealbﬂemrlmircﬁ_’h,g tthe workpiereradwyr iazld € adher es

to the h e f a | ayer

of the coa'?l {ﬁgﬂﬁgﬁé&{}:ﬁﬁ ggtrlr ?ﬁﬂ”e&ﬂ[ JIn%}r &%I é%g?g %%J%Agee? f% t he
coma rol F@Fa kon oy thee digeetieoms 1ok "é’k?atarrﬁ@‘”ﬁnt erial 15 Cis transferred
from tipe net aghé!dies Bl 1eest be &Q@tsm&r@&btatea5ﬁy0£hé heritvriasfer roller
85. .V\henth rotat g rkg ce 3W %ro into contact with the

t ransf er F‘SF do’y' "1\2’% ¢ agb’rlﬂ %1?%@%8 aﬁﬂ@ TeFat? " fraterial Cis
appl.i ed Cl(rcwaf@r@mea@)f ttbet hetalitxollsnr Gdnf éhentkiSGmeds tdfe avdrlpirece 20
3Wfrom tge £ﬁé‘”§c§£€u{59° grerﬁél dNS0 (P P8R SR\ Sic adbRRRGRl od from

the trans IS renoved 86., The
wor kpi ece g P %‘?}‘Bﬁ‘aedctoé&effo 4+ R4 rgre laly,egcggstp% ‘F%’?’ﬁ)‘rfég FEEI8ht from
the caati agiseteansferCendrof the MmdfaIctredlee 83baki fige pramEssy partor m a

filmfi rnkgaagPetrﬂengcra%stf%rt lefgf' s .C' rvﬁlérﬁf th&"ESt ang workpiece 3W
is brought into contact with the transfer roller 85 by the

work holder 86, the coating material C is applied

(transferred) to the outer circumference 3b of the workpiece
20 3W from the transfer roller 85. Then the workpiece 3W is

separated from the transfer roller 85 and is removed from the

work holder 86. The workpiece 3W is subjected to a drying

process to remove a solvent from the coating material C and is

subjected to a baking process to form a film firmly adhering
25 to the outer circumference 3b.

The representative processes of forming the films of the
solid lubricant on the workpiece 3W illustrated in Figs. 5, 6A
and 6B may be carried out in the following manner.

The sliding contact surfaces 3a and the outer

30 circumference of 3b of the workpiece 3W may be roughened by
shot blasting to a desirable surface roughness in the range of
2 to 12 ym Rz, and f£films of the solid lubricant may directly
be formed on the sliding contact surfaces 3a and the outer
circumference 3b without plating the sliding contact surfaces

35 3a and the outer circumference 3b of the workpiece 3W. It is
obvious that the films of the solid lubricant can be formed by
the transfer apparatus 70 shown in Fig. 5 or the transfer



The representative processes of formng the filns of the solid |ubricant
on the workpiece 3Willustrated in Figs. 5, 6A and 6B nay be carried out
in the foll owing manner. . The sliding contact surfaces 3a and the
outer 30 circunference ‘of 3b of the workpi ece 3Wmay be roughened by

shot blasting to a desirable surface roughness in the range of 2 to 12
[err]mRz, and filns of the solid Iubrifant may directly be formed on
the skiding contact surfaces 3a and the€ outer ci rcunference 3b without
plating the sliding contact surfaces 35 3a and the outer circunference 3b
of the woRRPREREIB\WO shows in Bhgs oA tafst 6Bhe filns of the solid | ubricant

can be fornedifyanotlidre cdnbadsinent ppasraiads 14gfegBovn arb@;sar-%eaﬁ:mlge
transfer apparatus 80

shown in EFB%l T 2 dfé)gmed by Sprﬂf'%(ﬂ’hgpee%ﬁa?‘ﬂ%n?mtsaﬁr ayed | ayers of
a copper - Bagfaees 3a madattheaguber f oirmmigrenseadbngf obhe heorddpigicry cont act
. surfaces 3gp, agey e nlicd +hkr QHH&rﬁ{mé’dﬁtofna?hﬁem@ém&% e3W and

films of the solid lubricant nay_be forned sprayed | ayers. The
surfaces SPTEFRdSIR¥RF | 9§r§uﬁ§§°?ﬁ30f the, §gReKed %@Y%ﬂﬁanM 8ting to a
surface reoghhessd iby tshotr Bigeting ¥ & sefhde| eotudhndys :and:hbheant;ée films

of t he sol'd I rq t y. be far on the u n e ayers
'?digggnur?&érgga That érﬁgt ee?il ﬁfglg g&ﬁa‘;gﬁ x{m% %
cuttlng b?aﬁ b%mﬁoﬁﬁﬁﬂlﬁg @é@drpﬁghQﬁﬁﬁ(ﬂPI§W@ﬁ b¥er$ng for surface

roughggi ng. 1t shod¥®f WealinMersBbod H1RAOITHGLepRAH AR SadEIRHsRANnGO t he
wor kpi ece 3VVareI§ggg!cable al so to the manufacture of tq? 15 s sh pl at e

18. or putl EnttoPl oRRY HRe rHies PR g eGQSEFliﬁ?B to
t he preseatrfamenknqmpnuhg swash plate included in the smash plate type

conpr essor n? f{%ﬂ’g’ GRat ?ggﬁégwceq@oglfngg%egem{ﬁ%%f plem of the

solid Iubrlca I'mo rrcant vi des an excel |l ent
| ubri cat i Ferkpiens (I marc aPPARERRIR alde iteythe mﬁ@u%wwrﬁg ofohgct surfaces
with tbe &izhshadiddee 13l id lubricant by the transfer method is very

advant ageous 1o/ the \iewnglnt ol SEONOML And . PLOANC! LY gt he Vi el o

to the present invention, the swash plate included in the

swash plate type compressor has sliding contact surfaces
coated with the film of the solid lubricant, the film of the

20 solid lubricant, provides an excellent lubricating
performance, and the coating of the sliding contact surfaces
with the film of the solid lubricant by the transfer method is
very advantageous from the viewpoint of economy and
productivity in the yield of the coating material and the

25 control of the thickness of the film.

If the sliding contact surfaces of the swash plate on
which the film is formed, i.e., the base surfaces for the
film, are finished by a surface roughening process, the
coating material is forced to dig into the irregularities

30 formed to provide an anchoring effect which enhances the
strength of adhesion of the film to the sliding contact
surfaces. If the sliding contact surfaces and the outer
circumference of the swash plate are coated for surface
preparation with plated films of a material containing tin as

35 a principal component,a further satisfactory durability will
be guaranteed.



25 control of -the thitkness—of—the film If the sliding contact

surfaces of the which the filmis formed, i.e., the base
surfaces for th ﬂ'liﬁ | a‘ n! ni shed by a surface rougheni ng process, the
coating rrateria sO dlg intothe irregularities 30 fornmed to

provi de an anchoring effect whi ch enhances the strength of adhesion of
the filmto the sliding contact surfaces. If the sliding contact
surfaces and the outer ci rcunf erencéof the swash plate are coated for
surface preparation with plated filns of a material containing tin as 35
a principal conmponent, a further satiGZd¥MSory durability will be

guar ant eed. 13

CLAI MS pl ate type conpressor conpri sing: a
cylinder bl ock- pr é\/?ﬁ@ﬁ vﬁ’{ﬁ%{&ﬂﬂ% SPIPYe8$OE YITHRISS 1Y bores.

pistons fittea lsaddrclylm qxrdmdesi witspegilurellyty of cylimdelrive shaft
.suppor ted l;&resg) ation about its axis of rotation; and a swash
plate supported for &otation together with 10 drjVe shaft havi ng at | east
sliding cont a@tlsi%?ﬁﬁaéeét% jm said syilinder depnesot rRspecshvedyand

operativel y emagdgedewshsaidbportedi $68Nso0¥ St GooR®eSts axis of Wherein
said slidi nc% 3ont act gurfaces of said swash plate 3 - in sliding contact
with sai d Sh6ed 8fe®Batedzwith a filmof a 15 solid lubricant containi ng

at | east one Iauf§Wﬂ§ Phgtmunpcafted fox etetcd teibrf rmgathlagrbﬁeghm di sul fi de,
tungstgn Hrak kH8FENthavind APHE thfdf}F%Qﬁﬂcnetrac@Etsv\ggace 2. The

swash pl atejé%/rpe conpr essor-_accor 6re n €ach of said
pi st ons h&SigHngnFerEaet gty 8 F‘Bfl operatEisely @rEgasei Wiph stakt f rom
rotation, ;:_aaattrbnsnbyrf;&id nghoes; surface of said piston cones into inpulsive

Coraret L, Sefein, a0l SASIGE TRREAE OB LS, Y
in sliding contact with said shoes are coated with a film of a
15 solid lubrz_cant .containing at least one lubrlcatlng materlal
selsgted f;pm molybdenum disulfide, tungsten dlsulflde and
grqphlEgmgxmg.;xﬁnﬁfer method.
2. The swash plate type .compressor according to claim 1,
wherein each of said pistons has an interfering surface for

20 restraééeng said plstcnsfrom rotation, said 1nterfer1ng
surface of said piston comes into impulgsive contact with said
outer circumferencé of said swash plate, and said outer
circumference of said swash plat€ is coated w1th a fllm of

it

said solld lubrlcant by a transfer method.__

R

25 3. The swash plate type compressor according to claim 1

or 2, wherein said sliding contact surfacesqbf said swash
plate are finished by a surface roughenlng process, and said
film of said solid lubrlcanE';;mféiﬁea on sald sliding contact
surfaces finished by said surface roughening process.

30 4. The swash plate type compressor according to claim 3,
wherein said sliding contact surfaces?are finished by a
surface roughening process to a surface roughness in the range
ot 2 e 12,y\m_§;_._______,______ : AT TEE T R SRR

—5.-~Tie"8Wash plate type compressor according to claim 1

35 or 2, wherein a plated layer of a metal containing tin as a
principal component underliee said fi;m'oﬁ said solid
lubricant formed on said sliding Gontact surfaces of said



said solid lubricant by a transfer nethod. 25 3. The swash plate type
conpressor according to claim1l or 2, wherein said sliding contact
surfaces of sai e are finished by a surface roughening
process, and Sf}‘ﬂ“m‘m"““““ﬂmﬂal d solid lubricant is forned on said
sliding contact * ¢ strffacés finished by said surface roughening process.

30 4. The swash plate type conprggsor according to claim 3,

wher ei-n sai d sliding contact surfaces are finished by a surface
rougheni ng process tg a surface roughness in the range of 2 to 12 [err]m
Rz. swgsh ghatewash plate type conpressor according to claim1 35 or

2, wherein a platese |apuph @lageneypé zﬁdydigabbﬂrdﬁn@ to dWdimcizpal
conmponent _un erlées sai d sai d oI i_d uby cant for ned on sai d

sl'i di ng cOFt Aet VRETSHL & P, I}ialtg]goga er o a metal c aining tin as
14 swashnpipak. cmponenmunﬁhelmﬁanm #iidmsypé sangreskist according to

claimg 1uB£1§an¥m€6ﬁﬁe ;%a&adsifaﬂr%%ﬁa%t ahrfaeéﬁ*@dl%éfaﬁ as a

princi pal conponent und sar saig solid bricant forned
on said sPHEPRGCEETHIRES Ecgas@ Swast Platgufer circunference of said
- swash plate. 7. The 7swa'B]IEp&wéhtpﬂ)at@mgﬁ&swﬁabessﬁin@dﬁ@rdﬁai@ ttQ claim

1, wher ccurac h urf e of th km o SOl
| ubri cant §8rﬁé€ oﬁ? ﬁéﬁ% n% @ {¥%ﬁﬁ' giggeok ?%@éf gﬁ%1§ﬂ}£% ate is
adj ust ed Bybxi aﬂhoﬁcngnqﬂ @@eé’rbe Slldlng gonmets aushagearef tyhee S@’@ﬁbr essor

accor dighgph 8¢6* 8& MdjustedBY’ & Grif@idd Yo ide®zal | oy formng the swash plate
is a hypergutectlc aI%Flnun}31+TCﬂn*ailo

The swash plate type compres)éor according to claim 1,
wherein the aluminum alloy fo:anlng the swash plate is a

hypereutectic alumnmm-sa.l:.con alloy.



