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of an aluminum alloy.

When a cylinder or cylinder 11ner made of iron
casting is used in a compressor, the weight of the
cylinder or cylinder liner cannot be decreased more
than a certain amount. The cylinder or cylinder
liner must be more than a certain thickness to
achieve sufficient strength to avoid any deformation
when the cylinder 1liner is inserted in the casing.
The cylinder or cylinder 1liner also must be thick
enough to prevent the cylinder liner from undergoing
heat deformation. However, when the cylinder liner
is made sufficiently thick to achieve the above
advantages, the weight of the casing including the
cylinder liner is larger than desired. Also, since
the above type cylinder liner involves two
manufacturing steps, i.e., manufacturing a separate
iron cast cylinder liner followed by the assembly of
the cylinder 1liner and casing, the manufacturing cost
is high. _

To resolve the above mentioned problens,
cylinder liners have been made of the same aluminium
alloy used in the casing. However, the use of an
aluminium alloy in the cylinder 1liner makes it
difficult to use piston rings in the compressor.
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-2- Piston rings generally are disposed on the outer surface of the
pistons to- inprove the seal between the cylinder chanber and -crank

chanber  of - the conpressor. Piston rings generally cannot be use
5 cylinder liners made of an alumnium alloy, because piston r
general Iy have hi gh hardness as conpared to~"tfie Rardness of alumniu

cast - cylinder [liners. Fbrd pi st on rings damage the softer
alunlnlun1cyllnder i ner.
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sllghtly canted positioned of the p1ston in Figure 6,

because the connecting rod 15' connected to the

-piSton 16' does not remain parallel with the centre

line of the cylinder liner 19' throughout its cycle.

20 Side pressure F is produced on an outer surface 18'

of the piston. 16' forcing the bottom ‘end of the

piston 16' towards the chinder liner 19°'.

_ Accordingly, the 'side surface of the piston 16' can

L ‘contact the cylinder 1liner and damage the liner
25 during reciprocation of the piston.

To mitigate the above problems, an improved
piston cbnstruction was previousiy proposed in our
Japanese Utility Model Application No. 58-197942, in
'which two grooves are formed on the outer surface of

30 a piston at the top and bottom thereof. Piston
rings, which ‘are ‘made of plastics material and
conical in shape, are disposed in ‘those grooves.
Although the canting of the piston is overcome by the
above cohstruction,_the edges of the piston rings' can

35 still slide on the surfaces of the cylinder liners
causing abrasion between the piston rings and the
cylinder liner.



-3- According to the invention, in a refrigerant conpressor conprising

*a conpressor housing having a plurality of cylinders and a c¢crank chanber.
adj acent.to the cylinders; a respective reciprocatable piston 5- - slidably

fittedGE%dthin each of the cylinders; a driving mechani smcoupled to

t he pi ns to nove the pistons in a recigrocating notion; a valve plate

with val ve openi ngs covering one end of the cylinders; and a head

covering the valve plate and including a 10 suction chanber and

a discharge chamber alcic@iddny t kd hehea! YRveR@lioRgS: W0 a2R#d/ge FARROVES
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t he 20 Curvegy s P a g [ =10 he sl n .ring.i.S shorter .
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pi ston. This prov de% a pistqgn se%b wh|%H is _responsive to hi gh  speed
and pressure, @ pdeRSuFQVEFing: thge YRANEar PIRESyedpovildEdvddnscent to
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each piston riagiesenict £ot héheybppdeitat eadsi of dheconteact peydpheradom
both axial endguefalclae oradagh! bf the pistons and a piston ring is
disposed within each of the annular grooves and has
15 an outer diameter latger'than' the outer diameter of
the pistbn at normal témperaturés;'each piston ring
being generélly flared in one axial direction and
~having a radially outer, axially convex, curved
. surface formed so that the outer diameter of the
20 curved surface at one "end of the piston ring is
shorter than that at the other end, and at least the
piston ring closer to the valve plate being disposed
so that its wider axial end faces the adjacent axial
end of the piston and is spaced from the surface of
25 the piston.

This provides a piston seal which is responsive
to high speed and pressure, 'particularly if the
annular groove provided adjacent to that end of the
piston which is nearer to the plate is beveled at its

30 edge nearer to that end of the piston.

Abrasion with the cylinder wall is minimized by

~ the curved shape of the pistoh rings, particularly if
each piston ring cbntacts the cylinder at a ring of
contact spaced from both axial ends of the radially

35 outer curved surface. | |

The invention will now be described in more
detail, by way of example, with reference to the



35 outer curved surface. The invention wll now be described in nore
detail,. by way of exanple, with reference to the -4- acconpanyi ng
dr awi ngs,

‘in which:- Figure I(a) is a cross-sectional view of
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'S ?cent to the en ends of the cylinders in
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the present invention;
Figure 4 is an enlarged cross-sectional view to
illustrate the operation of a piston ring of a

- compressor in accordance with the present invention;

Figure 5 is a cross-sectional view of a
compressor in accordance with the present invention;
and, ' '

Figure 6 is a cross-sectional view of a piston
and cylinder of a conventional compressor.

' Figure 5 shows a wobble plate type compressor

" which includes a cylindrical casing 1 made of an

aluminium 'alloy,'.a cylinder head 6 connected to one
end of the casing 1 through a valve plate 3 and a
front housing 8 connected to the other end of the
casing 1. A plurality of cylinders 2 are radially
disposed around the - axis of the compressor at equal
angles.. The valve'plate 3 is adjacent to the opén
ends of the  cylinders 2 in the casing l. A suction
chamber 4 and a discharge chamber 5 are formed in the
cylinder head 6. A drive shaft 7 is centrally
supported by the front housing 8, which is attached
to - the  front end of the ca51ng 1 opposite to the open
ends of cyllnders 2. A wedge shaped rotor 9 is
attached to the inner end of the drive shaft 7 and

- supported in an axial direction against the housing 8

by a thrust bearing 21. A wobble plate 11 is



supported by the front housing 8, which is attached to the front end of
the c g 1 opposite to the open ends of «cylinders 2. A wedge shaped
r ot or is 35 attached to the inner end of the drive shaft 7 and
supported in an axial direction against the housing 8 by a thrust
bearing. 21. A wobble plate 11 is = 5-5= disposed on the inclined
face of the wedge shaped rotor 9 via a thrust bearing 10. A bevel gear
12 is attached at the centre of the wobble plate 11. The bevel ear
12 nmeshes witAispesed @eakhes hpehiredi nface ﬁfhoFBelawSFQFhesEéﬂﬁae of
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groove W s.large I a er axia n aci ng.the r@xi mgt e
axi al endfoof °¥#é“dBFst02' 16?Eh°29 f1 aP8 pﬁgPHH rifg Eg§%%§Pd$§po ed
IR the groovepliphlityt bfi pistohar 3ér andi agpenpectiag alrodsnd 15f agireg
the nost 25 bRt e .axi e pi §50n , divy I (>
opposite to thegéﬁéigggedtgy ?hg pnggggrihgsf$a.ien gpﬁﬁrﬁﬁ%ﬁ%??dthé%
| ar ger di aret er resparténgscylingersi ton rings 17a and 17b face opposite

ends of the Referring to Figures 1{(a) and (b), two grooves
15 l16a and 16b are formed on the outer circumferential
surface of the piston 16. One of the grooves is
located near to the top end of the piston and the
other near to the bottom end. A flared,
quasi-conical piston ring 17a, with an outer axially
20 convex curved surface, is disposed in the groove 1lé6a
with its 1larger diameter axial end facing the most
proximate axial end of the piston 16. A flared
piston ring 17b is disposed in the groove 1l6b with
its larger diameter axial end facing the most
25 proximate axial end of the piston 16, which is
opposite to the end faced by the piston ring 17a. 1In
other words, the larger diameter axial ends of the
piston rings 17a and 17b face opposite ends of the
piston 16. Also, the outer diameter of the piston
30 rings 17a and 17b is greater than that of the piston
16 at normal temperatures. _

Figure 2 shows the shape of the piston rings
17a and 17b which have a flared shape with an outer
axially convexly curved surface, with a larger

35 diameter at one axial end than the other so that the
piston ring projedts laterally. " In the preferred
example the piston -rihgs are made of  plastics



piston'16. Al sos the outer dianeter of the piston 30 rings 17a and 17b
is greater than that of the piston 16 at normal tenperatures. Figure 2
shows the shape of the piston rings 17a and 17b which have a flared shape

with an outer axially convexly curved surface, W th a | ar ger
diameter at one axial end than the other sobthat the piston ring
projects laterally. In. the preferred exanple the piston rings are

made of pl astics -6- material, for exang pol yt et raf | uor oet hyl ene
resin. Figure 3 makeftalanfo eEARRIevePOLY e&§§§%ﬂP§°§ﬁ§ﬁéenﬁoFeshpston

rings 17a and 17b. Figlre it3 prehewsenihy a&EéEﬁatlbbe p&@eﬁssembly
di aneter of each of . he 5 pi stogpalngs 17a d 17b at
oV

6f the inner surf% forthgls ing §6a Qnd aTéb 095 he p| Pon 1
In installing t he ppesassemblygsshape, atbeli¥hnerntdameher. gfoeaeh aﬁathad
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enl arge I nNner surrace O
- grooves 16a and 16mner rFgprfagespl ef the grooyesri A§s 1aadan36b7pfatbe

first pressed onto §1§€83rfd Suiﬁaiﬁstﬂlﬁlﬁgreihéon QQEBﬁ't?lh sar 19% Aah@

Figure 3 until the [pner,dianeter expands and the ring takes Qn a
shape simlar to thd’RhapBte; the 8 ﬂ@ve§h6§ﬂ apg #ﬁgur§h921nneThélameter

enlarged " ring of ofi@ath 3stantbengpnaaedndom7baﬂs | Fogeeadi o enlarge
cylindrical ﬁder fron1£F|ch

inserted,on t stqQn
i rection of 591 APRASER atbo, BPRg: LamERER | 8 RhE| (ot iEgace, 08
17b are placed in thbeggnooveslmsa aadd 1b6b.i n Fem abxample,cowhealplston

shapé with the , ﬂgveg7aSU558061250V§9E'“%1&@@' Irlels SR WSS > a%gﬁ%f

| i'-ke the piston rlng shown in Fi e piston rings
of either of 25 Feyufage2inng direckien opposikechko AAYEW odk edn cHiguge

-3 until the inner diameter expands and the ring takes
15 on a shape similar to the shape of the ring shown in
Figure 2. The enlarged ring - of Figure 3 is then
placed on ‘an intermediate cylindrical holder from
which it is inserted on the piston in the direction
of the -arrow A. Accordingly, the piston rings 17a
200 and 17b are placed in the grooves 16a and 16b in an
almost conical shape with the curved surface
projecting radially outwards, much 1like the piston
_ ring shown in Figure 2. : | _

\/, : When the . piston rings 17a and 17b of either of
' .25 Figures 2 and 3, both of which have outer curved
surfaces, are placed in the grooves l6a and 16b, the
outer curved surfaces of these piston rings contact
the inner surface of the cylinder 2 as shown in
Figure 4. Accordingly, the end edges of the piston
300 rings 17a and 17b do not contact the inner surface of
the cy11nder 2. Rather ‘there is a smooth surface
with a 1limited ring of contact with the wall of the
cylinder 2, spaced from both axial ends of the piston
ring, to prevent abrasion between the piston rings

35 17a and 17b and the inner surface of the cylinder 2.
When the piston 16 reciprocates in the cylinder
2, the shape and positidn of the curved piston ring



surfaces, are placed in the grooves 16a and 16b, the outer -curved
sur.faces of these piston rings contact the inner surface ,of. the
cylinder 2 as shown in Figure 4. Accordingly, the end edges of 'the

pi sto@ rings 17a and 17b do not contact the inner surface of the
cylindet 2. Rather there is a snooth surfack with a linited ring of contact
with the wall of the cylinder 2, spaced fromboth axial ends of the

piston ring, taq_ prevent by asi.on. between he piston_ringsg35 17a and
17b and the innd7a& f¥SRAseH MRS | IEROVE. J(/é?en ‘?ﬁ%"_?ﬁﬁongﬁ%ngera“t
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the groove Dka. ofA hewel R1iohs  pasitiered Alemg, therengernest
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curved surface ACAnEMeEtn (PHELEea Ehs PRPRESSLoRncREEGer thE StF

;%Idi ntclﬁre C2|. _ nd'eli.iri&ésslgfeeatim-imptheeeyl{J_ndeeal2][1gopeta\be _againptstthe 16
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ring 17b restraiostehecurved guofacecofi then péstenherpngreddat against

bet ween -t he inn urfg 49 heygyl jpde : t he out @pigur of
t he piston 16. %hé ﬁ%\eéi gﬁ%léi 41§sh%g/s %%glﬁagr 2. ghis §§68t1§

17a in greater CENEE¢Y9%HEP¢SSG%§§FQbBGtﬂ§FBmfFﬁ coR %83?821 h?ﬁgbﬁégﬁ?ghrg
to high speed raggpindée 2 during operation - of the piston,

15 particularly in the range between low and middle
speed. The piston ring 17b restrains the éanting of
the piston 16 to help prevent contact between the
inner surface 19 of the cylinder 2 and the outer
surface 18 of the piston 16.

20 Figure 4 shows the operation of the piston ring
17a in greater detail, and is described below in
connection with the middle to high speed range. The
piston 16 with the bevel 21 and piston ring 1l7a are
shown. Compressed fluid normally flows in the

25 direction of arrow (a) and is divided at the top edge
of the piston ring 17a as shown by arrows (b) and (c)
because of the curved shape of the piston ring 17a.
When the sliding speed of the piston 16 changed from
middle to high speed, the volume of compressed fluid

30 flowing in the direction of the arrow (b) increases
so that the volume of the blow-by gas gradually
increases. Therefore, the compression capacity of

" the compressor maximizes in the range between middle
and high speéd,.and an'extreme high pressure does not

35 occur, which prevents loss of horsepower.



piston 16.with tshe bevel 21 and piston ring 17a -ay,
Compressed . fluid. normally flows in the 25 dﬁm&m y (a)
and is divided at the top edge of the piston ring 17a
(b) and (c) because of the curved shape of the piston ring 17a. Wen th
sliding speed of the piston 16 changed from giddle to high speed, the
vol ume of conpressed fluid 30 flowng in the direction of the arrow
(b) increases so that the volunme of the blow by gas gradually increases.
Therefore, the conpression capacity ofcLBgMgonpressor naximzes in the
range between m ddl e and high speed, and an extrene hi gh pressure does not
35 occur, which prevents | oss of horsepower. -8 - CLAIMS 1. A
rfefrigerant =~ colpressar refopgesany eonprpsessoi hoospmdshiagi ng a

plurality of Cyl'ggﬁp§sgsor ﬁ8q51ﬁgabﬁQGEn8Ch?gﬁgiurgié@%enbf t%ygﬁgaerfh .-

cyllnderQW/a resp réci proca
each of tWe Bylindeds; aa eramkngchavpheni sadjagcgnsd to thbep|§VénQdB®Snnae

the pistons in a ;egpBreqge n?ec1§?5b99fhlea pYBLYR PhiiBartylh eidkia 10

openi'ngs covering on I nder.s coverng.the
val ve plate and |HéFBéPngeéc§ucPﬁontBﬁanﬁ¥F1&98‘& d|§ch§F§¥185aWB€Pa FEBned

with the valve opgiapled toWnehel n mwnsanaul afovedl @B¢eS pistohsPr Qi dad
adj acent to the ogg05|te ends o out-er Egrlpheral sur.f

each of the GABTOgAE1Ng plngﬁ°Frng Fs dVep8&edP lﬁFFh|H1t§acNa98F
t he annularlgroompenan@sh&svem1ngtenedlanﬂtebflatger chddndeesgut and a

diameter of the Phabdh RberdRGMkne! FARGLALIGER. 28R IR Gl uBA

generally flared Ohe “axi al &ctro
“outer, axi ally cbamber andr ved dseuchacee fchm@ersoaltllgated t Wd thoutse

dianeter of the cypyqd SYpedqhgdl; OWRe?BInOf tWd€ annular grooves are
provided adjacent to the: opposite ends of the outer
15 peripheral surface of each of the pistons and a
piston ring is disposed within each of -the annular
grooves and' has an outer diameter larger than the
outer diameter of the piston at normal temperaturés,
each pistbn ring being generally flared in one axial
20 direction and having a radially outer, | axially
convex, curved surface formed so that the outer
diameter of the curved surface at one end of the
piston ring is shorter than that at the other end,
and at least the piston ring closer to the valve
25 plate being disposed so that its wider axial end
faces the adjacent axial end of the piston and is
spaced from the surface of the piston. | '

2. A compressbr according to claim 1, wherein the

30 annular groove provided adjacent to that end of the
piston which is nearer to the valve plate is beveled
at its edge nearer to that end of the piston.

3. A compressor according to any one of the

35 preceding claims, wherein each of the piston rings
has a natural inner diameter 1less than the diameter
of the bottom surface of the respective groove.



pi ston r-TETT?T?ﬁﬁWTTH—f+Ethhat at’ the other end, and at Ieast t he

pi ston JI the -valve 25 pl ate belng di sposed so that
its d "m BHEUYﬂ;ws t he adj acent 'axial end of the piston and is
spa from tthe Ltsumf the piston. 2. A conpressor according to
claim1l1, wherein the 30 annul ar groove prowi ded adjacent to that end
of the piston which is nearer to the valve plate is beveled at its edge
nearer to that end of the piston. 3. A conpressor according to any
one  of the435  precedmpgessbai nsaccemndingn teachnyof oneheofi stbe rings
has a natural #PESEth@”@&S&mFeSﬁwg&‘nt Bfied! gﬁ@k% Ohhg‘é bQEEO”‘m% g ace
of the respect conpres accor |ng t
any one of @ﬁeappéééﬂiﬁg @F&Fﬁéalmhereln the piston rings are nade
of a plastics material. 5 5. A conpressor according to any one
of the precedlng claims, wherein each piston ring contacts the _cyljnder at
a ring of2contaet spécechWBﬁFSEPﬁ axPSFOERARIof tPheaPXdi SPRY 85 F“?Urved
~surface. 10 ﬁrecedﬂngr eftamer,awhere&ﬁnpeaehorp1staub31taht3| atbytacts
described with ﬁefe ceghd Fhaures 1.to S af agconpanwi g draw, ngs. 15
20 25 30 35 g o con ac ce om bot

axial ends of the radially outer curved surface.
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10 6. A refrigerant cdmpressor, substantially as
described with reference to Figures 1 to 5 of the
accompanying drawings.
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