F‘I STON TYPE-.REFRIGERANT COVPRESSOR The present inventi; on gener aI ry rel at ‘es
tho a pi ston type refrigerant conpressor and, nore part., euLaJL% o a Sl g_ t

Q| ate type conpressor,. such as a swash or wobbl e plate type corrpressor

wi th a variabl e displ acement mechani smsuitable for use in an autonotive-

air condi ti oni ng PFYFONITYDPE REFRIGERANT COMPRBSSORger ant conpressor with a

vari abl e di spl acenent nmechani smsuitable for use in an autonotive air

condition systemis di'sclosed in U S Patent @ 89, 311. In a swash
pl ate type conpressor, ‘the pistons reciprocafe

response to the novement of a swash plate. The swash plate is fixedly
secured to a drive shaft in such a manner as to be slanted with

10

The preseat inveation gensrzlly relates to a piston type refrigerant
compressor and, more pacticulatly, to & slant plate type compressor, such & 3
swash or wobble plate type compressor, with avarisble displacement mechanism
suitable for use in an automotive air conditioning system.

A swash plate tyfc refrigerant compressor with a var.iable.

* displacement mechanism suitable for use in an autamotive air condition system

is disclosed in U.S. Patent No. 4,789,311
Ic a swash plate type compressor, the pistons reciprocate in
cylinder bores and in response to the movement of a swash plate. The swash

 plate is fixedly secured to a drive shaft in such a manner as to e slasted with

respect to the drive shaft. The pistoas are coupled to the swash plate through
bearing means comprising shoes. Referring to Fig 9, 2 plurality of cylinder
bores 87 are acTunged in parallel with cach other within ylinder block 3. Drive

 shal 12is arranged coaxially with the annular arrangemeat of cylindec bores 87.

Pistons 67 ate reciprocatingly inserted into cylinder bores 87. Pistons 67 e
formed such that the middle portion of each piston 67, Le, coupling portion 678,
{5 operatively connccted with both sides of peripheral portion of swash plate 18
througk shoss. Coupling pordon 67a bas a tubctantially comiciroulns cross-
section, and two piston heads are coupled together through coupling portion 67a.
Supporting portion 67b which is formed inside of coupling portion 672 supports
the shoes, Cross-sections of cylinder bores 87 cut perpendwular to the
Iongxmmlmsofdmeshaft 12 are circular in shape, Adamce—mts-
between the radial end extremity of swash plate 18 aad each pxstcn 67 because

' such swash plate type compressors witk variable displacement typically require

a rolatively large clearance in order to vary the capacxty of compression by
chang:ng the piston stroke.

la this configuratlon, the relatvely l&rge clearance allows pistons
67 to rotate within cy.nder bores 87 and creats noise due to collisions betwesn
the inaer surface 67c of each piston 67 and the radial end extremity of the swash
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?g%pect to the drive shaft. The pistons are coupl ed to t he smash plate
through bearing means conprising shoes. Referring to qu-,9 -a. o1urality of
gylinder bores 87 are arranged i.n parallel- with each other within cylinder
block 3. Drive shaft 12 is arranged coaxially with the annul ar arrangenent
of cylinder bores 87. Pistons 67 are reciprocatingly inserted into cylinder
"bores 87. Pistons 67 are fornmed such that the mddle portion of each piston
67, i.e., coupling pontlon 67a, is operatlvely connected with both sides of

perlpheral porti on of ,3Was | gt e 18 throu sh.oes 67a
has a substanti al PEesthyi \7&% F'é’r‘iﬁ’gw?e ﬁ’%wm are
coupl ed t oget her %&6 & Gl af OF Bhrdd GuRiREd RN mﬂer,&w éd 6Tmusy be provifed whi ch
is formed inside coupling portion 67a, supports the,s

Cross-sections ofwﬂ-klﬂmid@iﬂ wegummsehmﬁeﬁ@mmn&ehemgﬁm‘eedm As
3 result, the swructure of the compressor becomes more complex, and the

5 manufacturing process of such compressors becomes more complicated.
Because of this complex structure and the complicated manufactaring process,
the associsted manufacturing cust increases greatly, 2ad the productivity of
manufacturing facilities decliges. |

10 It is an object of the preseat invention to provide & piston type
. e campressor which does not have separate pistoa rotation prevention mechanisms
'wnhm cylinder bores.
| It is another abject of the preseat invention to prcmde a piston
type compressor which can obtuir a maximum compmsion capacity and
15 | muntam a constant capacity of the compressor.
It is a further object of the present invention to pmvxde a piston
~ type compressor which does not generate excessive vibration and noise.
According to the preseat [nveation, a compressar bousing encloses
2 crank chamber, a suctiva chamber, and discharge chamber. The compressar
20 housing includes a cylinder block A plurality of cylinder bores are formed in
| - the cylinder block. A plurality of pistons are slidably disposed within the
¢ ._ cylinder bores. Each of the pistons has a longitudim.l axs, The drive shaft is
7 rotatably supported in tbe cylincer block. A slant plate is tiitably connected to
the drive shaft. A bearing couples the slant plate t0 the pistons, so that the
25 - pistonﬁiay be driven in a reciprocatiog motion withia the cylinder bores upon
rotatlon of ‘ke slant plate. Al least one woridng chamber is defined by an end
of each of the pistons und an inner surface of the corresponding cylinder bqres.
A support portion is disposed coaxiaily with the drive shaft and dltsbly supports
2 ccntral portion of the slant plate
30 ~ The pistons are adapted to be reciprocally moved in the cylinder
bores in accordance with a tilting motion of the slant plate. A sross-sectional
plan is defined by a plane perpendicular to the drive shaft and immcﬁn; the
_h\
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Io!gitudi nal axis of drive shaft 12 are circular in shape A cl eaf ance-

exi$ts, between the radial end extremty of swash pl atle_18 and'&ach. p,Lsté)n
67 @ecause such swash plate type conpressors with variabl e di spl acenent

tyr#caltly ][equi re a mu;twwmamm?m%wuwm
capacity of conpressi st on st roke

configuration, the r@fgp %&} B& Qﬁgﬂﬁfeaﬁlﬂ\ﬁgﬂ‘ﬂﬂ 4‘?6’"?%’" fegrepd s, o
within cyli nder bor e shaped andlmpiearbﬁdw which ke cathpdsed ohs plaedlite chatrieg.

i nner surface 67c of 0 t he radi al end ex.tremty -of the
| nner th&?r.né ki OF olried
5 N ~ Botb swash plate and wobble plate type compressors include &

slant plate disposed at a slant or it angle relative to the drive shaft. The
wobble plate nutztes but does cot rotate and drivicgly couples the pistons to the
drive shaft. Tbe swask plate, bowever, nutates and rotates. A slant plate type
_ compressor includes any typs of compressor which uses a slanted plate or
10 surface in its drive mechanism, .
Further objects, features, and advantages of the present vention
will be understood from the detailed description of preferred embediments of
the present invention with refecence to the drawings., in which:

15 Fig 1 is a longitudinal sectional view of a swesh plate refrigerant
| compressor with a variable displacement mechanisma fn accordance with the
present inveation. |
 Flg. 2 is & cross-sectional pian taken alang fine 22 in Mg L in
accordance with & first embodiment of the preseat invention,
20 ' Fie. 3 is a diagrammatic ilhistration of the outline of the cylinder
~ bores in accordarce with the first embodimeat of the present inveation.
- Fig 4 is a cross-sectioval plan taken along line 2-2in Fig 1 in
accordance with 1 second embodiment of the present ioveation.
Fig. § is a diagrammatic illustration of tke outline of the cylinder

25 bores in accordence with the second embodiment of the present inveation.
¢ . ' ~ Fig6isa diagrammatie illustration of the outine of the cylindes
- bores fn accurdance with a third cmbodiment of t3¢ presest favention.
i T Flg7isa diagramunatic flastration of the outline of the cyindar
. b3 in accordance with & fourth embodiment of the present investion.
30 Fig. § s a diegrammatic fllustration of the outline of the cylinder

bores in accordance with a ffth embodimeat of the present invention.
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[’| - 2 - plate 18. As a result, an expensive wear: resi stant coating nust
bé applied to prevent wear of inner surface 67c. Furlt her, -‘each. pi ston 67
pust be provided with a rotation prevention mechani $FE6° prevent the noi se
descri bed above. As a result, the structure of the conpressor becones nore
" conpl ex, and the manufacturing process of such conpressors becones nore
conpl i cated. Because of this conplex structure and the conplicated

manuf act uri ng process the associ ated manufacturing cost increases greatly,

and the productivity of - manmgark ¢icragsdctional plhn,emﬁecdmmwtnkendon;m -
2-2 in g 1, in accordance with a prior ant de:ign.

Referring to Fg. 1, an outer shell of the compressor is farmed by
[; front bousing 1, front valve plate 2, cylinder block 3, rear valve plats 4, and rear
beusns 5, whish preferably are made of aa a.vminnm allay, When discnssing
Fig 1, tbe nght-hand side of the figurs is the "ceas" sxde and the lefi-hand side
8 the *Goat side. Cylinder bluk 3 b furmed of frons cyltnder block 33 and rear
cylinder block 3b, which abut each other. Front bousing 1 is mouated to front
10 valve plate 9 oo one side of cytinder block 3, and rear housing § is mounted to
~ roar valvo plate 1 oa tho sther side of cylinder blovk 3. Thesd oulés ol<ll
| componeats arc coupled as a uxit by 2 plarality of bolts 6.
A plurality of cylinder bores 7 each having en axis are arranged
in parallel with cach othes. Cylinder bores 7 and chamber 8 are formed within
15 cylinder block 3 by front and rear cyfinder blocks 3a and 3b. Fusther, frst
bearing 10 and sccond beariag 11 are disposed in cylinder block 3 and rear
housing §, respectively, to rotatably support drive shaft 12, Drive shaft 12 is
erranged coaxially with the annclar configuration of cylinder bores 7. An end
portion 13 of drive shaft 12 extends outside of froat housing 1 through drive

20 shaft sealing bearing 14 mounted ou front housing 1. Exposed end portion 13
is connected 10 an electromagnetic clutch (not shown), so that the rotational

torque of an sutomotive engine'(not shown) may be transmitted to drive shaft
. 12 through the electromagnetic clutch '

Piston 17 defines a front side working cha.mber 15 and & reas side

s - - working chamber 16 in cooperation with an innes surface of each cylinder

~ boze{;szton 17 is reciprocatingly mscrted into each cylinder bore %~ Thus,

each p!ston 17 may be recprocated by swash pla‘e 18 which is disposed within

. crank chamber 8.

Swash plate 18 has 2 ptojecuon at its ceatral region, and arm 19

- is formed in the projecsion. Planar plato portion 20 is fermed in drive shadl 12
at & position corrcspoading to anc 19 of swash plate 18. Swash plate 18is

obliquely mounted on drive shaft 12 with planar plate portion 20 engaged with

—
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T"ﬁ?jfjf-‘ "'o*r-es ﬁa\re"an

JP—A— 1227877 di scl oses a conpressor in which the cy[
el liptical cross-section. EP-A-330965 di s¢loses a pj.

gconpressor conprising: a conpressor housing encl osi ank'cl
suction chanber, and a di scharge chanber, the conpressor hou3|ng lncludlng

a cylinder block; a plurality of cylinder bores fornmed in the cylinder
bl ock; a plurallty of pistons slidably di sposed within the cylider bores,
each of the pi stons having a longitudinal axis; a drive shaft rotatably

supported.in the %ll&d@dsdpbbtm tsaﬁnkiabehhpwja@mrﬁdigdfewﬁﬁh pliatet 18NPhn ~

tiltably connect e%t‘so ntgzt]%d | &S sh l.cbﬂ.a: ,ﬂe %o‘en& f};gf | atﬁnatro -t he
' plate portion 20 of drive shaft 12, In this coafi gur_adon, swash plate 18 fs shifted

between a position in which the slant angle is large and & position in whicﬁ the

S slant apgle is small, while pin 21 of swash plate 18 slides within elongated hole

2. The capacity of the cormpressor dopeads upoa the slant angle of swash plate

18. Whea the slant angle of swash plate 18 increases, the stroke leogth of piston

17 in cylinder bore 7 is maximized, and the capaaty of the compressor

feceases
10 _ The rotational furce of drive shaft 12 [s ransmitted to swash plate

18 through the engagemeat between pla.ua: plate portion 20 and arm 19. Swash

o plats :3 {s driven {0 rotate with drive shaft 12 about the longitndinal axis of
drive shaft 12 such thet swash plate 18 outates in the axial direction of drive

~ shakt 12, Thus, swash plate 18 is swusg between a rightwardly upward

15 inclination and a leftwardly dowaward inclination. :
The circurnferential peripheral portion of swash plate 18 is

cannccted to piston 17_through a pair of shoes 23. Swash plate 18 is inserted

slidingly into the space between the pair of shoes 23. Shoes 23 form a singls

spherical shape when in contact with swash plate 13 and ere rotatably mounted

20 in & complementary mancer in recesses formed in piston 17. Accordingly, the
swing (or reciprocating) motivn concomitant with the rotation of swash plate 18

is ransmitted to piston 17 through shoes 23. The rotational component of the

& motion of swash plate 18, howcver, is not transmitted to shoes 23. Pistons 17
3 . am redprocated withia cylinder bores 7, so that the volumes of front side
25 - working chembers 15 and rear side working chambers 16 are akanauvety
- W and decreased. o
- i Froat huusing 1 defines front suction chamber 24 lad front

discharge chamber 25. Drive shaft sealing bearing 14 is provided between front
suction chamber 24, drive shaft 12, and front housing 1 to prevent the
30 ~ refrigerant, e.g, 2 mixture of refrigeract and hubricant, from leaking from the
compressor. Front suction chumber 24 communicates with crank chamber 8§
through a hole 242 forroed in front valve plate 9 sad front passage 26 t'ofmgd
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pi st' so that the pistons reciprocate within the cyrﬂdqr bees upon
i ned hy~am: end of i

r ot atlon of the plate; at |east one working chanber def
each of the pistons and an inner surface of the corresp .__cyhnde?s-”‘“:é

support portion disposed coaxially with the drive shaft “and tilltably
supporting a central portion of the plate; a tilt control device driving
the support portion axially along the drive shaft to nove the central
portion of the plate axially along the drive shaft to change the_ angle of _

tilt of the plate, dyboddrdiaskd. Fuuhes: Beetsuripn ciamher W dommuimicatso wish frone -
ggfg;d?ggfum th chgggRddify éﬂaab@e%%h %L%s soxqz‘\mmam sHda vl | nder
g a cross-sectional

plate 9. Also, front dxscharge chambcr communla.tcs with front side working
chambers 15 through discharge holes 28 formed in front valve plate 9.

 Front suction valve 29, ia the form of a flexible sheet of material,
is prcvxdcd on the surface of front valve plate 9 within font side working
chambers 15, so that front suction valve 29 is opeaed when piston 17 moves
rightwardly to increase the volume of chambers 15. Shest-like discharge valve
30 is provided oa e surface of frout valve plate 9 within discharge chamber 25,
10 so that discharge valve 30 is opened when piston 17 moves leftwardly to

v - decrease the volume of chambers 1S. Discharge valve 30 is restrained by valve
retainer 31,

Rear bdusings defines rear suction chamber 32 and rear discharge

chamber 33. Rear suction chamber 32 communicates with crack chamber 8

15 through a hole 32a formed_ in rear valve plate 4 and a rear passage 34 formed

' in cyliader block 3. Funikber, rear suction chamber 32 communicates with rear

side working chambers 16 through rear suction holes 35. Rear discharyge

cbamber 33 cormmaicates with rear side working chambers 16 through

discbarge holes 36 formed in rear valve plate 4. Rear suction valve 37, rear

20 discharge valve 38, and rear valve retainer 39 are provided on rear valve plate
4 in similar manner to that described for the correspoading front elements.

Switching vaive 40 and contol chamber 41 also are provided in

9 ) rear bousing S. Slider 42 is rotatably mounted on drive shaft 12 and is slidable
- in the axial direction of drive shaft 12. Slider 42 is provided with spherical

s 7 mppor_;‘po}tion 43 at one end thereof close to planar plate portion 20 of drive

-~ shafs 2> Spherical support portion 43 permits the ceatral reglon of swash-plate-

18 to rotate about the axis of drive shaft 12 and to move ia the axal direction.
Slider 42 has flange portion 44 which is conoected to one exd of spool 46
through second thrust bearing 4S.

30 | Spool 46 bas annular piston portion 47 which is formed at outer
end of §pool 45 und scparates rear suction cbamber 32 from control chamber 41,
Cylindrical purtion 48 extends coaxially with drive shaft 12 and slider 42 from
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pe

cyllnder bores having an outline defining a closed curWe;
i nvention, such an apparatus is characteri sed by tThe cl oseo

t.he present
of

curve being conposed of a plurality of curves having various radili

curvature and including a first curve which is at the side nearest

drive shaft and a second curve at the side furthest fromthe drive
the first curve havi ng a radi us of curvature which is smaller than t hat of

t he second curve.

10

15

20

30

piston portion 47 to ths interior of cyhnder block 3 C\/hndnw.l peﬂion 48 of
spoal 46 is slidably inserted i into cylindrical pordon 3d formed ia cylinder block
3b. Thus, the motion of spool 46 in the axdal direction is transmitted to slider
42 through second thrust Yearing 45 and flange portion 44. First thrust bearing
49 is also provided on drive shaft 12 on the side of planar plate porticn 20 2nd
is clamped between planar plate portion 20 of drive skaft 12 and retainer
shoulder 3¢ provided in front cylinder block 3a to impart tarust to drive shaft 12,

Piston 17 includes piston- head 17c at each end. Piston 17 is
formed such that the middle portion of piston 17, aamely coupling portion 17a,
is operatively conaecied with both sides of the peripheral partion of swash plate
18 through shoes 23. Coupling portion 17a has & Substantiaﬂ.v semidrcular
cross-section and couples two piston heads 17¢ together. Supporting portion
17b, which is formed inside of coupling portion 172, supports shoes 23. Also,
piston 17 is provided with a piston ring (not shown) which is made of Sexible
material, such as Teflon® resin or PTFE. -

The operation of this compressor will cow be described. Referring
again to Flg 1, when the above described electromagnetic clutch is engaged to

~ transmit he drive torque from the automotive engine, drive shaft 12 begins to

rotate within cylinder block 3. The rotation of drive shaft 12 is transmitted to
arm 19 and swash plate 18 to rotate swash plate 18. Because, swasi plate 18 s
slanted relative to drive skafi 12, swash plate 18 is swung in sccordance with the

- rotation of drive shaft 12, so that p_istons 17 are reciprocated within cylinder

bores 7 in sesponsc to this swing motion, -
" . When the dischargs displacement of the compressar must be kept

ata mmmum level, switching valve 40 is aperated to place contrel chamber 41
<3,

in communication with rear d:scharge chamber 33. The pressure applied to the -
right side of piston portion 47 of spool 46 is higher than the compressor pressure

and swiiching valve 40 is switched over $0 88 o place coatrol chamber 41 in
communicadon with 1ear discharge chamber 33, When the pressure is applied
to tbe right side of piston purtivn 47 of spool 46 is higher than the pressure
applied to the left 5ide, spool 46 moves leftward. At the same time, the cestral
reglon of swash plate 18 and slider 42 also moves leftward, so that the left end

DLl - . 1
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li"err] -3- The present invention provides a piston ty;eumonpressor mhlch;

does not have separate piston rotation prevention ne&hanlsht ‘Wt hirn the?
cylinder bores, which-can obtain a maxi mum conpressi 6fcapacity and
mai ntain a constant capacity of the conpressor, which does not generate
excessive vibration and noi se. Both swash plate and wobbl e plate type _
conpressor include a slant plate disposed at a_slant or tilt angle relative

to the drive_pl apfuddie WBRRLS RloAbEnAula! p%m?ﬂltate%?t?on%'fofr cﬂtvg Ehema{}‘.j
By the leftward movemeat of swash plate 18, the projection portion of swash
plate 18 baving pin 21 {5 moved leftward relative to planar plate portion 20 of
. drive shaft 12, 50 that pin 21 is moved along slongated hole 22 of planar plate
5 portion 20 toward the left upward end. In accordance with the leftward and
upward movement of pin 21, swash plate 18 is pivoted about the ceater of
spherical support portion 43 of slider 42 to attain a large slant angle,
- As pistors 17 reciprocate, the refrigerant is alternately drawn into
_ and compressed within front and rear side working chambers 1S and 16, The
10 refrigerant is introduced to the compressor from the refrigerant cycle through
ank chamber 8 to font and rear suction chambers 24 and 32 and exits to the
A refrigecant cycle through front and rear discharge ckambers 25 and 33. As
described above, swash plate 18 is moved in the axdal direction along drive shaft
12, S0 that the slant angle is 2 greatly varied, and the central region is located.
15 substantially at the center in the longitudinal direction of cylinder bores 7.
" Therefors, as each piston 17 reciprocates through a complete stroke, 8 loss of
compression Is avoided ia front and rear side working chambers 15 and 16. The
refrigerant compressed in fhis manner is discharged from ¢ither front or rear
. side working chambers 15 aad 16. Accorcingly, the refrigerant flow is genarated
20 in either front or rear side working chambers 1S and 16, drive shaft sealing
bearing 14 is in contact with the flowing refrigerant, and the heat generated due
to the friction with drive shaft 12 is removed by ths refrigerant.
¢ . _ ~ When the discharge displacemcnt of the compresscr must be kept
at 2 minictum level, the operation of switching valve 40 places control chamber
23 41 comururtication with rear discharge chamber 33. When drive shaft 12 is
rotatedzewush plate 18 causes piston 17 to move rightward. As & result of the
.  reactive’ force applied to piston 17, & force is applied to swash plate 18 to
decreuse the inclination angle of swash plate 18. Accordingly, the force for
rowting swash plate 18 is applicd to swask plate 18 in a counterclockwise
3 - direction by piston 17.
The force applied to swash pla:.-. 18 is umlted because pin 2lis
sl.i_dingly engaged with elongated hole 22, and a force Is created which presses
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rdl‘%'l ngly couples
h ver, nut at es

] ncl udes any type of conpressor which uses a slant esq,plaie Of.oc§

its drive nechani

present invention wll

the pistons to the drive shaft. .“The swash Pl ate,\ .

and rotates. A slant pl atetype Qo,rrpre%sor I

sm Further objects, features, ~and avantages of the
be understood fromthe detailed descri ption of

preferred enbodi ments of the present invention with reference to the
drawi ngs, in which:. Fig. 1 is a longitudinal sectional view of a swash-
ressor with a vari abl e di.spl.acenent. mechani-sm i n -

pl ate refri-gerant
accordance with t

ﬂsg e seglon of syashaplate 18 to the rght in the axial direction of

shaft 12. The force coraponent i trassmitted to spool 46 through glider 42. As
described above, because of the pressure differcnce between both sides of the
piston portion 47 of spucl 46, piston portion 47 moves rightward, Thus, the
inclination angle of swash piate 18 is decreased and, at the same time, the
ceatral portion of swash plate 18 is moved toward the rear side working

cbambers 16. The dead ceater position in rear side working chamber 16 is kept
at substantially the same position as in the case of the above-described

- maxdmum displacement operation. Further, each piston 17 includes innar

s
10
o
15
20
o
2

surface 17d formed on the insice thereof. Preferably, a clearance of about 2 or
3 mm (.08 or .12 inches) exists between radial end miemity 18a of swash plate
18 of each piston 17 because a swash plate compressor with varisble
displacement typically requires a relatively large clearance to vary the Qpacrty
of compression by changing the piston stroke.  Usafortunately, this relatively
large clearance might allow pistoa 17 to rotate withia circular cylinder bores 7
and create noise due to collisions between imer surface 17d of piston 17 and

radial end extrerrity 18a of swasb plate 18,

Figs. 2 and 3 illustrate e first embodiment of the present invention,
A cross-sectional plan of cylinder bures 7 taken on 2 plane perpendicﬂa: to
drive shaft 12 includes an outline of the shape of the cylinder bores 7 formed
as a simple closed curve, rather than as & circle. The simple closed curve is

defined by the following equation ia polar coordinates:

'R-4+§a+me) s

=

: In_Equa'i-ion (1), Ris the unknown dista.nce_frbm the csater of the simpla ciosed

curve, £g, the axis of cylinder bore 7. A and B are known coefficients and
positive numbers, Pun.her, g is a displacement angle. The closed curve
generated whea the ratio of A:B is 10:1 is depicted in Fig 3.

The simple closcd curve is designed to syn:hes:ze s fint curve
which is positioned nearer to drive shaft i2 and a second curve which is
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accordance wth a flrst enbodi nent of the present i
diagrammatic illustration of the outline of the cyli
accordance with the first enbodi ment of the present
cross-sectional plan taken along line 2-2 in Fig. 1 1in accordance mnth a
second enbodi nent of the present invention. Fig. 5 is a diagrammatic
illustration of the ‘eutline of the cylinder ‘bores in accordance with the
second enbodi Menpogoried Earifein dtive shnte1D. i The radiiy:of Gurvatuce ofithmfintivuve i .-

'HHustration of tA%2¥had B8t &f tbYeond curve, and the simple closed curve defined by

the equation abova is generally oval shaped Tha clasad enrve intersects the -

axis at A+2 and -(A«é) and the y-axis at A and (A + B). Preferably, a

5 ' ctoss-secdo%ai plan of .pizstons 17, which are disposed in cylinder bores 7,
carresponds precisely to tbe cross-sectional plan of cylinder bores 7. .

Io this configuration, inner susface 17d of piston 17 need not

receive 3 wear resistant coaring, such as 2 Teflon® resin or PTFE to prevent

10 - provided with rotation prcvennon means because contraxy to the prior art, cross-

L) - sectional plans of cylinder dores 7 and piston 17 are not circalar and, therefore,

pistons 17 do not romtc within cylinder bores 7. The cross-sectional plan of

cylinder bores 7 may be expanded until it approaches the oatline of cylinder

block. As a result, the cross-sectiosal plaa of coupling portion 173 of piston 17

15 can have a broad area in comparison to the prior art. Piston 17 thus may obtain

a high breaking strength. Further, this improvement reduces the propagation of

an offeasive noise and preveats the vibration of the compressor becanse no

collisions occur between inner surface 17d of pi.sto_n_ 17 and radial end extremity

18a of swash plate 18.

20 | " Qylinder block wall 3¢, which is formed between neighboring

cylinder bores 7, should have a minimum thickness in order to maintxin the

strength of the compressor. See Fig. 2. Cylinder block wall 3f, whick is formed

® betweon an outer radial surface of cylinder bores 7 and an outer cnd of cylinder
E - block3, also should have a minimum thickness in order to maintain the strength

rL of the Sompressor. Further, the portion of cylinder block 3 which i is formed

> betwélman inner radial surface of cyliader bores 7 and an outer end of drive

sheft 12 should have a minimmum thickness in order to maintain the strength of
the compressor. Thercfore, when a plurality of cylinder bores 7 are formed in
cylinder block 3, the cross-sectional plan of cylinder bares 7 describes o

- i |



cy@ nder bores in
I nyention. Fig. 7
cylinder bores in
i nvention. Fig. 8

cylinder bores in
i nvention. -

5
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accordance with the third enbodi ner
is a diagranmatic illustration of t eoutﬂ‘:{’
accordance with the fourth enbodi net the present
is a diagranmatic illustration of the outline of the
accordance wth the fifth enbodi nent of the present

- Figs. 4 and § illusuéte a second embodiment of _the‘.pfesent -
invention. The cross-sectional plaa of cylinder bores 77 describes the closed

curve which is defined by the following equation in polar coordinates:

R=4+ -gu - 5in38) + cwacza%u) @

.!n Equation (2), R, A, B, and ¢ are as defined in Equation (1). Cisa lmown

coetficient and a positive oumber. The simple dosed curve defined by this
equation is compased of as ellipse and an oval This simpie closed curve has
a leogth op the major axs, its y-axis, whicl is longer then that of the first

- embodiment, and a width on the minor axis, its x-axis, which is shorter thaa that

of the first embodiment. Whean many pistons must be provided in cylinder block
3, this configuration ackieves & compressior capacity different from the first
embodiment. _ | ' '

" Figs. 6 ard 7 respectively illustrate & fourth and fifth embodiment

- of the present inventioa which are similer to the first embodiment. Referring

to Equation (1), Figs. 6 and 7 descride embodiments in which the ratio A:B is
20:1 and 5:1, respectively. |

Fig. 8 illustrates a sixth embodiment of the present invention
which is simiar to the seccnd embodiment. Referting to Equation (2), Fig. 8

describes an embediment i which the ratio A:B:C is 202:1

Although the present invention has been described in detadl in
connection with the preferred embodiments, the inveation is not limited thereto.
Specifically, wtile the preferred embodimens flustrate the invention in a swash
plate.)ype compressor, this invention is not restricted to a swash plate type
rot‘rige:am compressor, but may be employed in other piston type refrigerant
compeessors. It will be easily understood by those of ordinary skill in the art
that varfatfons and modifications can be easily made within the scope of this
invention as defined by the appended claims. Accordingly, the embodiments
and features disclosed herein are provided by way of example oaly. It is to be
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Fer] -4- Fig. 9 is a cross-sectional plan, 5|n1Iar.t0 ‘the’vi éew taken al ong

line 2-2 in Fig. 1, in accordance with a prior artldé5|gn *beerrlng to

FLY

Fig. 1, an outer shell of the conpressor is fornedl by erhL;h;u5|ng 1,

front valve plate 2, cylinder block 3, rear valve plfaté 4, and rear housing
5, which preferably are made of an al umi num al I oy. Wen di scussi ng Fig. 1,
the right-hand side of the figure is the "rear” side, and the Ieft hand

side is the "front" =i i nder _ bl ock 315 d of front cylinder _

bl ock 3a and. reaP‘%‘ﬂﬂe)‘é?‘%? srope ght ‘g@gﬁ‘mé?h@m eYousi ng 1
is nounted to fremuvaby@egahﬂﬁajslmam%feﬁqﬁyl i nder block 3, and rear
housing 5 is nmounted to -

e
i

" boowias . . 12
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jposinety

-valve plate 4-en-theother side of cylinder b ob‘kJS -‘These outer shel |

Jnyjonents are co nit by a plurality of{} bol t & B0 CA urallty
ender bonm“m @Wan axis are arranged ‘Fr—paraiiel wth each —
ot her. Cyli chanber 8 are formed within cylinder block 3 by

front and reaf cyI [ nder bl ocks” 3a and 3b. Further, first bearing 10 and

second bearing 11 are di sposed in cylinder block 3 and rear

housi ng 5,

'respect ively, to wl y support drive shaft 12 Drive shaft 12 is
arranged coaxially withrth ann @I ¥ Bﬁ&%?ores 7. " An
end portion 13 of drive shgft 1 ﬁﬁérou rorﬁ) o4sTng 1 t hrough

drive shaft sealing bearing mm;mesmt ddusiag fendmgug

chambpr,ne seatiom d

por i on 13 i's conpachid 49 Ueel e ARBARI kbl WudfiPh AR R bytndlr {2t

the rotational

S

10

block;
3 piurality of cyhnder bores formed in said cylinder blodk;

a plurality of pistons slidably disposed within said cylinder bores,
¢ach of said pistons havirg 2 longitudinal axis;
a drive shaft rotatably supported in said cylinder block;
a plate baving an angls of tilt and tiltably connected to said drive
shaft, : -

a earing coupling said plate to said pistons, 50 that said pistons
rmproa:e within said cylinder bores upon rotation of said plate;

at least one working chamber defined by an ead of eack of said
pistons and an inner surface of said corresponding cylinders;

8 support portion disposed coaxially with said drive shaft and

- tiltably supporting a ceatral portion of said plate;

a tilt conwrol devics driving said support portion axially along said
drive shaft to move seid central portion of said plate axially along said drive
shaft to change the angle of tilt of said plate, said pistoas reciprocating in said
oylinder bores in accordance with changes in the angle of tilt of said plate; and

said cylinder bares including & cross-sectional plaa defined by a
plane perpendicular to said drive shaft, said cross-sectional plan of each of said

 cylinder dbores having an outlice defining & closed curve, wherein said closed

cutve is composed of a plurality of curves baving various radii.of curvature.

T 2 The piston fype compressor of dlaim 1, wherein said closed
c:zrve'_gmhmizes a first curve which is near said drive shaft and a second curve
far from said drive shaﬁ, said first curve having aradhuofanv_atnrcwhid:h
smaller than that of 8 secoad curve. | '

3. The piston typs compressor claim 1, whereis said dosad curve
is defined by an equation

DCOL11612.3 13
Sheet Has Been Reilaced




s
“t ue of an autonotive engine (not shown) nay be tFansmitted to drlve

sWaf t—t2—throtugh—the—etectromagnetic clutch. Pi stomll'? defgne,s a-front,; side
wor ki n a rear side working chanber 11_@5:9 sgeperatiﬁn wi th
an inn ﬂmmﬁlﬂﬁﬁn Eﬂ h cylinder bore 7. Piston 17 is-reciprocatingly

i nsert «'nder bore 7. Thus, each piston 17 nmay be '

reci procated by swash plate 18 which is disposed within crank chanber 8.
Swash plate 18 has a.projection at its central region, and arm 19 is forned
in the projection. -Planar plate portion 20-is-formed in drive shaft 12 .af a
position corresponding to arm 19 of aﬂwash Pk te Swash plate 18 is
obliquely nounted on drive shaft 12 A ﬁlg ar e portion 20 engaged
with

_ wherein R is 2 varying distance from a center of said closed curve,
A and B are known coefcicots and positive numbers, and § is & displacement
angle.
4. The piston type compressor of claim 1, wherein said dosed
| 5 : curve is defined by an equation

R=A+-§-(1_+SWG)+CW60%1:)

whercin R is 8 varying distance from a ceater of szid closed curve;
A, B, and C are known coefficicnts acd positive numbers; and # is a
_ displacement angie. _
10 S. A swash plate type refrigerant compressor comprising:
a pair of axially combined front and rear cylinder blocks forming
therein a plurality of cylinder bores and a swash plate compartment;
a pair of front and rear housings arranged at axial ends of said
combined cyiinder bloc]c,' eachs bousing baving therein a sacton chamber aad
15 a discharge chamber;
a pair of valve plates mze:poscd between said front and rear

“housings and said axal ends of sald combined cylinder blocs, respectively;
a drive shaft exteading wal.y th:ougb said swash plate

- compa:tmcnt of said combined cylinder dlocks;
207 ' .;;3 a swash plate in said swash plate compamnenz mppozted_nn said
- | drive shaft and rotatable thecewith, '

a pluraiity of pistons engaged with said swash plate so as to
‘reciprocate ‘n said cylicder bores with the rotatios of said swash plate, each
piston comprising a pair of head pom"ohs at the opposite ends thereof which are

] connected together by an intermediate portion of said piston; and,
: \
Deotsiei2. : 14 This Sheet

RTTx



n_portion of swash
Tpid h.eLongat.ed hol e 22
In thls conflguratlon :

for med+| portion 20 of drive shaft 1
swash plate 18 i s "shffted between a position in whi :
Iarge and a position in which the slant angle is small, while p|n 21 of
swash plate 18 slides within elongated hole 22. The capacity of the
conpr essor - depends upon_the slant angle of swash plate

 said cylinder bares Including & eross-sectional plan defined by L.
plase perpendxwlar to said drive shaft, said cross-sectional plan of each of said
cylinder bores having an outline defining a closed curve, wherein said closed

_ curve is compossd of a plurality of curves having various radii of curvagyre,
5 ' 6. The swash plate type compressor of dlaim S, whetein said
eloscd curve synthesizes a first cwve which is near said drive shaft and a second
: curve far from said drive shaft, said first curve having a radius of curvature
i which {s smalier tban that of 2 second cuzve,
7. The swasb plate type compressor of claim 5, wherein sald
10 closed curve is defined by the equation

' - _R_--A'«gawwa)

whercin R is a varying distance from a ceater of said closed curve,
A and B are xnown coefficlents and positive numbers, and ¢ is a displacement
angle,
8 The swash plate type compressor of daim §, whersin said closed
15 curve is defined by the equation :

MO pin 21 is fixed to the proj
pI ate E’ﬁuﬂﬂﬂﬂm gaged by neans of a collar 2

n-,nga »smae)w:m(zn-:-z)

* whereia R is ¢ varying distance from a center of said dosed curve;
P A, B, and C are known coefficients and positive numbers; and ¢ is o

z displacement angie.

S —
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18Yen the slant angle of swash plate 18 increasesj

pi stfon 17 in cylinder bore 7 is maximzed, ;and the capB8BSy6F ithe:.

conpressor decreases. The rotational force of drive

to swash plate 18 through the engagenent between pl alf&r—pl ate porti on 20

and arm 19. Swash plate 18 is driven to rotate with drive shaft 12 about

t he | ongi tudi nal
di rection of—drlve shaft 12 Thus swash plate 18 is swung

bet ween a ri ght warAf >

i nclination.

The mrcum‘ere aPel ‘ ortion of swash plate 18 is
connected to piston 17 thro&gﬁgrg M‘rg&pr?mf&m%‘ga&%ﬁ

t he axi

al

i nserted

10

=the-stroke Iength of

haft H$isg: itransm tted

/—

axis of drive shaft 12 such that swash plate 18 nutates in

Rl -a l-ef twardly downwar d.

suction chamber, and a discharge chamber. The compressor hausn; includes
a cylinder block. A plrrality of cylinder bores are formed in the cylinder block
{n which a plurality of pistons are slidably disposed within the cylinder bores and
bave a corresponding axis. The drivs shaft Is rotasably supported in the cylinder
block.” A slant plate having 2a angle of tilt is tiltably coanected to the drive
shaft. A bearing couples the slant plate to the pistoos, so that the pistons may
reciprocate within the cylinder bores upon rotation of the slant plats. The
px‘.stbns are adapted to be reciprocally moved in cylinder bores in accordance
with the tilting mot{on of the slant plate, The cylinder bores incJude a cross-
sectional plan which is disclosed by & plane perpendicular to the drive shaft

The cross-sectional plaa includes an outline which defines a simple closed curve

which is composed of a plurality of curves baving various radii of aavatare.
Accordingly, the compressor need not have separate piston rotation prevention
means withia cylinder boxes.

DOOL114128.4 16
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éWidinglj'into‘The space between the pair of shoes 23}-Shoes 23 forn1a (éﬂ

ngl e spherical shape when in contact with swash pl ale)18 and.are -

tatably nmounted in a conpl enentary manner in rece q@«forned dn plsto
Accordingly, the swing (or reci procating) nDtlo concektant with the”””—

tation of swash plate 18 is transmtted to plston £ -ough-shoes- 23.

e rotational conponent of the notion of swash plate 18, however, is not

tr

7,

ansmitted to shoes 23. Pistons 17 are reciprocated within cyllnder bor es
so that -t he vol unes.of front. side wor ki ng chanbers 15 .and.rear.side” -

wor ki ng chanbers 16 are alternatively increased and decreased:” Front =
housing 1 defines front suction chanber 24 and front discharge chanber 25.
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boeiE

— suction chanber 24, drive shaft 12, and front hoﬁ$iﬁg 1 taprevent. the
refrigerant, e.g., a mxture of refrigerant and | ubi —ft1om | eaki ng

fromthe conpressor. Front suction chanber 24 comruni cates with crank

chanmber 8 through a hole 24a forned in front valve plate 9 and front

passage 26 forned [err] -6- in cylinder block 3. Further, front suction
chanber 24 comunicates with front side working chanbers 15t hrough fr-ont
suction holes 27 fornedi|1ir(nu6§?hvzzi ' B o

s e

b= 10- ‘ HasBeenRe(W’ed
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e ——— e

J A so, front dischar g'é dﬁ'a_nbér 638 -cd‘vguni cates with ff si de
2

pl ate
wor Ri ng chanbers 15 through di scharge hol es formed in front ve plate

9. Fromt suction valve 29, in the formof.a flexible.sheet of material _.iS.......
providéd on'the surface of front val g7l ate §hithin front sifderyerddang vocizs,

chanbers 15, 'so that front suction valye 29 s ope whe Wi sfion 17gamves:::
rightwardly to increase the vol une o¢ 'ch“ cet- | i ke .t

val ve 30 is -prowvided on t-he sur D NN 3 -9 within discharge
chanber 25, so that discharg r]l!lofj,-@‘h pi ston 17 mgves:  _

harge 'valve 30 is - °

/ ﬂ@@&%}?{\\ suction
7 YN

leftwardly to decrease the
restrained. by val ve retai
chanmber 32 and rear disch

5 AvB-c X
"-(AfB+C)

A:B:C=10:]: |

e
Has Been Reﬁa"ed
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e .

33. Rear suction chanber 32 communic
hol e 32a forned in rear valve plat
cylinder block 3. Further,

si de wor ki ng chanbers 16 t u h

h di scharge holes 36 forned in rear va
ar di scharge val.we 38, and rear valv
rear valve plate 4 in Sim|ar nanner to'that
corresponding front elenents. Switching
also are provided in rear housing 5. S
drive shaft 12 and is slidable i+
Slider 42 is provided with spheridakg)

id#ﬁénber 8

passage 34..
c aﬂber 32 connunlcates
ucfli on hgl esa35. Rear

ates with cran
e 4 and.a _r.ear.

B

ar

chanmber 33 conmmuni cates wth rear side molknﬂguﬁhanbers 16-

ve plate 4. Rear suction val ve
etainer 39 are prOV|ded on-
Aesertbed for-thg .~ < :
and control thanber 41

AR\ ¢

-.(A+5)

A53=5”.

g1

F16.8

A+C

'G\rf<)\\ g

-

\\||\|\\ \Ill\\ i \Iﬁm '

A B:C=

Afg;c

~“(A+8¢c)
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S.l',-lppOI‘? ' portion 43 at one end thereof close to pl ang_L_Q__g_te portio /g‘?)f' _
drive ghaft 12. Spherical support portion 43 perm tf —cential reglifon of
o :
whi

swash plate 18 to rotate about j+ke axi s dri s ‘Eﬁn‘gto OVe . in
the axilal direction. Slider 42fkhas _f[a por @n ﬁ"?"@‘*&ﬁr‘]ﬂpctgd to
one end of spool 46 through sgcond thr bear/ng 45. Spool 46 has &annul ar

pi ston portion 47 which is forned.at, outer gnd of, spool 46 and separates
C njﬂ{e}n? Cylindrical portion 48 _
erf42-from -- - - T

rear suction chanber 32.fromf(co Bl
el i

and s1°7 N

extends coaxially wth dive

Wi



-7- piston portion 47 to the interior of cylinder block 3. Cylindrical. - -
portiion 48 of spool 46 is slidably inserted into cylindrical po t8i on 3d i
formed in cylinder block 3b. Thus, the notion of spool 46 hnthéa@i(ﬁﬂggﬁ |
direction is transmtted to slider 42 through second t hriist--bearing-45--and-:
flange portion 44. First thrust bearing 49 is also provided on drive shaft
12 on the side of planar plate portionQZj(_) and is clanped between pl anar

pl ate portion 20 of drive shaft 12 and rétai ner shoul der 3c provided in
front cylinder block BISTON TYPE REFREGERANTI  COMPRESSOR Piston 17

I ncl udes piston head 17c at each end. Piston 17 is forned such that the

m ddl e portion of piston 17, nanely coupli n? portion 17a, is operatively
connected with both siTheprdsenhiavertiongenesallpralaies ko apissomsipegehigerant

| compressor and, more particularly, to a slant plate type compressor, such as a

swash or wobble plate type compressor, with a variable displacement mechanism

suitable for use in an automotive air conditioning system.

. A swash. plate .-type refrigerant compressor with a variable
displacement mechanism suitable for use in an automotive air condition system
is disclosed in U.S. Patent No. 4,789,311.

In a swash plate type compressor, the pistons reciprocate in
cylinder bores and in response to the movement of a swash plate. The swash
plate is fixedly secured to-a drive shaft in such a manner as to be slanted with
respect to the drive shaft. The pistons are coupled to the swash plate through
bearing means comprising shoes. Referring to Fig. 9, a plurality of cylinder
bores 87 are arranged in parallel with each other within cylinder block 3. Drive
shaft 12 is arranged coaxially with the annular arrangement of cylinder bores 87.
Pistons 67 are reciprocatingly inserted into cylinder bores 87. Pistons 67 are
formed such that the middle portion of each piston 67, i.e., coupling portion 672,
is operatively connected with both sides of peripheral portion of swash plate 18
through shoes. Coupling portion 67a has a substantially semicircular cross-
section, and two piston heads are coupled together tinrough coupling portion 67a.
Supporting portion 67b which is formed inside of coupling portion 67a supports
the shoes. Cross-sections of cylinder bores 87 cut perpendicular to- the

" longitudinal axis of drive shaft 12 are circular in shape. A clearance exists.
between the radial end extremity of swash plate 18 and each piston 67 because
such swash plate type compressors with variable displacement typically require
a relatively large clearance in order to vary the capacity of compression by
changing the piston stroke. . o

In this configuratidh, fhe rel‘at'ively large clearance allows pistons
67 to rotate within cylinder‘ bores 87 and create noise due to collisions between
the inner surface -67:<': of each piston 67 "imd the radial end extremity of the swash

i Wb
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18 t hreugh-shees—23—Coupting portion-174-has a:subst dneEakHjiysen circul ar
heads ‘176t oget her . Suppor t'ig portilon

cr0oss-seelipn and coupl es two pi T—ﬁﬂgh ,

17, whi G SR PSEASET g of *cluBl | ng* BoPEL or=7a, SyppBIt S ShiEs oA )
Al'so, pis j L ﬂl ded with \a=pFston ring (not shewny which is made of
flexible | as Teflon[err] resin or PTFE. The operation of this

conpressor W |l now be described. Referring again to Fig. 1, when the above
descri bed el ectromagnetic clutch is énﬁaged to transmt the drive torque
from the ayflomot8.vésengésult, adraxpensiaiveat Zesisighhsoating owat be apPHE? tey| i nder

ol ate 13 1 rEUtT eRyRLHIGT G0/ e FREET SRR el b it bE etPgRRd ="
relative tQu b\6atoR fredentioh s thatlisth So bBevent SuinGisé denteibeddbose wsth the
a result, the structure of the compressor becomes more complex, and the
manufacturing process of such compressors becomes more complicated.
Because of this complex structure and the complicated manufacturing process,
the associated manufacturing cost increases greatly, and the productivity of

manufacturing facilities declines.

It is an object of the present invention to provide a piston type
compressor which does not have separate piston rotation prevention mechanisms
within cylinder bores. T

It is another object of the éresent invention to provide a piston
type compressor which can obtain a maximum compression capacity and
maintain a constant capacity of the compressor.

It is a further object of the present invention to provide a piston
tyi)e compressor which does not generate excessive vibration and noise.

According to the present invention, a compressor housing encloses
a crank chamber, a suction chamber, and discharge chamber. The compressor
bousing includes a cylinder Block. A plurality of cylinder bores are formed in

‘the cylinder block. A plurality of pistons are slidably disposed within the
cylinder bores. Each 6f the pistons has a longitudinal axis. The drive shaft is
* rotatably supporte"c‘i in the cylinder block. A slant plate is tiltably connected to
the drive shaft. A bearing couples the slant plate to the pistons, so that the
pistons may be driven in a reciprocating motion within the cylinder bores upon
rotation of the slant plate. At least one working chamber is defined by an end
of each of the pistons and an inner surface of the corresponding cylinder bores.
A support portion is disposed coaxially with the drive shaft and tiltably supports
- a central portion of the slant plate.
‘The pistons are adapted to be reciprocally moved in the cylinder '
bores in accordance with a tilting motion of the slant plate. A cross-sectional

plan is defined by a plane perpendicular to the drive shaft and intersecting the



rotation of drive shaft 12, so that pistons 17 are r éci-proocated w thin
cylinder bores 7 in response to this swing notion. When th gjlmh )

di spl acenent of the conpressor mnmust be kept at a naxii%num:;l-,gvei.l.,.'sang%ih;_i,_ng
valve 40 is operated to place control chanber 41 in cenmuni-cation With rear
di scharge chanber 33. The pressure applied to the right side of piston
portion 47 of spool 46 is higher than the conpressor pressure and swtching

val ve 40 is switched over so as to, plade control chaﬂber 4é in .
communi cat i orsylinder hases. The erpssgectianakplan iggudopan opHmneHdBe Grass5&ctings| i ed

to the right gi £t piston p |0 7 Of : | |.ghe
pressure applqsféggtozh‘f%éioéfﬁ' g‘?\g%c g%@(%? aﬁég%élééﬁﬁfé?} g\/]\{/aa%g' B%\{ R?{%ghg‘l gﬁe
tine, the cerhhpéd a8GiMpleotlos¥@hiryek avisich Garanebmepdsddrofda pidityrof earves
leftward, so that the left end

having varying radii of curvature.

Both swash plate and wobble plate type compressors include a
slant plate disposed at a slant or tilt angle relative to the drive shaft. The
wobble plate nutates but does not rotate and drivingly couples the pistons to the
drive shaft. The swash plate, however, nutates and rotates. A slant plate type
compressor includes any type of compressor which uses a slanted plate or
surface in its drive mechanism. |

Further objects, features, and advantages of the present invention
will be understood from the detailed description of preferred embodiments of

the present invention with reference to the drawings., in which:

Fig. 1 is a longitudinal sectional view of a swash plate refrigerant
compressor with a variable displacement mechanism in accordance with tﬁe
- present invention.
Fig. 2 is a cross-sectional plan'taken along line 2-2 in Fig. 1 in
accordance with a first embodiment of the present invention.
Fig. 3 is a diagrammatic illustration of the outline of the cylinder
bores in accordance with the first embodiment of the present invention.
Fig. 4 is a cross-sectional plan taken along line 2-2 in Fig. 1 in
aécordance with a second embodiment of the present invention.
Fig. 5 is a diagrammatic illustration of the outline of the cylinder
bores in accordance with the second embodiment of the present invention.
Fig. 6 is a diagrammatic illustration of the outline of the cylinder
‘bores in accordance with a third embodiment of the present invention.
Fig. 7 is a diagrammatic illustration of the outline of the cylinder
bores in accordance with a fourth embodiment of the present invention.
Fig. 8 is a diagrammatic illustration of the outline of the cylinder

bores in accordance with a fifth embodiment of the present invention.
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[err] 8. - of slider 42 is brought into contact withiplanar i on
20 of drive shaft 12. By the leftward movenent of s g{b{pf&@i@@ﬂ%
projection portion of swash plate 18 having pin 21 is= = '*F=“{-f-‘\’i&i@i-‘i’f‘ZET'--’-":--'-:Li
relative to planar plate portion 20 of drive shaft 12, so that pin 21 is
noved al ong el ongated hole 22 of planar plate portion 20 toward the |eft
upward end. I n accordance with the leftward and upward novenent of pin 21,

swash pl at ' ' .C Y , . .
plate 18 s pi V%Egeg i§ g%%ssgsggugr?ﬁ p?zrm,%ﬁmxlar to the view taken along line

2-2 in Fig. 1, in accordance with a prior art design.

Referring to Fig. 1, an outer shell of the compressor is formed by
front housing 1, front valve plate 2, cylinder block 3, rear valve plate 4, and rear
housing 5, which preferably are made of an aluminum alloy. When discussing
Fig. 1, the right-hand side of the figure is the "rear” side, and the left-hand side
is the "front" side. Cylinder block 3 is formed of front cylinder block 3a and rear
cylinder block 3b, which abut each other. Front housing 1 is mounted to front
valve plate 9 on one side of cylinder block 3, and rear housing 5 is mounted to
rear valve plate 4 on the other side of cylinder block 3. These’ outer shell
components are coupled as a unit by a plurality of bolts 6.

A plurality of cylinder bores 7 each having an axis are arranged
in parallel with each other. Cylinder bores 7 and chamber 8 are formed within

_cylinder block 3 by front and rear cylinder blocks 3a and 3b. Further, first
bearing 10 and second bearing 11 are disposed in cylinder block 3 and rear
housing 5, respectively, to rotatably support drive shaft 12. Drive shaft 12 is
arranged coaxially with the annular configuration of cylinder bores 7. Ad end
portion 13 of drive shaft 12 extends outside of front housing 1 through drive
shaft sealing bearing 14 mounted on front housing 1. Expoéed end portion 13
is connected to an electromagnetic clutch (not shown), so that the rotational
torque of an automotive engine (not shown) may be transmitted to drive shaft
12 through the electromagnetic clutch.

Piston 17 defines a front side working chamber 15 and a rear side
working chamber 16 in cooperation with an inner surface of each cylinder
bore 7. Piston 17 is reciprocatingly inserted into each cylinder bore 7. Thus,
each piston 17 may be reéiprocated by swash plate 18 which is disposed within
crank chamber 8.

Swash plate 18 has a projection at its central region, and arm 19
is formed in the projection. Planar plate portion 20 is formed in drive shaft 12
at a position corresponding to arm 19 of swash plate 18. Swash plate 18 is

obliquely mounted on drive shaft 12 with planar plate portion 20 engaged with



spherical support portion 43 of slider 42 to attai nwa—’ﬂsé?geslantanél 8. As

pi stons 17 reciprocate, the refrigerant is alternat el f}”*lﬂ‘r'fé&g'%m.omqﬁd i
conpressed within front and rear side working chanbelks 15 @RdV16. “The. ,“

refrigerant is.introduced to the conpressor from the! F6fTi ger ant. . eycke=

t hrough crank chamber 8 to front and rear suction chafnbérs 24 and 32 and
exits to the refrigerant cycle through front and rear discharge chanbers 25

o o e SERCIH R B B YRR 1 BB PRAE PESH P Bl WiR | o
i rect i on o oy B e A O e et o
t hrough a cmhq;t%qloetiem 20loédrive shaft 12f Imdﬁi)cwgmmtidﬂg swasdh plade L& iSf&F;ldfmd and
rear side \A%relt(vlvgeql Y %%Qi?i%ilsm %VE}H?}P ﬂlelsgantwnegle is large and a position in which the
| slant angle is small, while pin 21 of swash plate 18 slides within elongated hole
22. The capacity of the compressor depends upon the slant angle of swash plate
18. When the slant angle of swash plate 18 increases, the stroke length of piston
17 in cylinder bore 7 is maximized, and the capacity of the compressor
decreases. _

The rotational force of drive shaft 12 is transmitted to swash plate
18 through the engagement between planar plate portion 20 and arm 19. Swash
plate 18 is driven to rotate with drive shaft 12 about the longitudinal axis of
drive shaft 12 such that swash plate 18 nutates in the axial direction of drive
shaft 12. Thus, swash plate 18 is swung between a rightwardly upward
inclination and a leftwardly downward inclination.

The circumferential peripheral portion of swash plate 18 is
connected to piston 17 through a pair of shoes 23. Swash plate 18 is inserted
slidingly into the space between the pair of shoes 23.- Shoes 23 form a single
spherical shape when in. contact with swash plate 18 and are rotatably mounted
in a complementary manner in recesses formed in piston 17. Accordingly, the
swing (or reciprocating) motion concomitant with the rotation of swash plate 18
is transmitted to pisfon 17 through shoes 23. The rotational component of the
motion of swash plate 18, however, is not transmitted to shoes 23. Pistons 17
are reciprocated within cylinder bores 7, so that the volumes of front side

- working chambers 15 and rear side working chambers 16 are alternatively
increased and decreased.

Front housing 1 defines front suction chamber 24 and front
discharge chamber 25. Drive shaft sealing bearing 14 is provided between front
suction chamber 24, drive shaft 12, and front housing 1 to prevent the
refrigerant, e.g., a mixture of refrigerant and lubricant, from leaking from the
compressor. Front suction chamber 24 communicates with crank chamber 8

through a hole 24a formed in front valve plate 9 and front passage 26 formed



. . o P
refrigerant conpressed in this manner is dischar g\s@;;ﬁ*-rﬁgmh'e:rut--he-r-i'~f'T"or§1"t or
rear side working chambers 15 and 16. Accordinglyy} the r@f&i@ﬁ}r 4846 fil ow i s

generated in either front or rear side working chamhess..15-and 16, drive

..............

shaft sealing bearing 14 is in contact with the 1 et T T ger ant, and
t he heat generated due to the friction with drive shaft 12 is renoved by
the refrigerant. Wien the di scharge di %pl acenent of the conpressor nust be
kept at a mininumlevel, the operation-of swi tching valve 40 places control

chanber 41 cigreylindéstloe3WiFubtheedrost suetion ¢Rambande codhuniees dithbonthaf t
12 is rotated, swash plate 18 causes piston 17 to nove rightward. As a
resul t of thudde wackingshambees b throwgh fronsisuetinn hales 7fformed in froppvalee t o

Z‘é‘ggPdPhgf )e/ 1 &?\Wéﬂ%ﬁﬁéﬁ'?ﬁ}e di%(r:}]earigé] Ghddigl! RN GiRlesWRT BoRE 84 w%?l'dng
chambers 15 through discharge holes 28 formed in front valve plate 9.

Front suction valve 29, in the form of a flexible sheet of material,
is provided on the surface of front valve plate 9 within front side working
chambers 15, so that front suction valve 29 is opened when piston 17 moves
rightwardly to increase the volume of chambers 15. Sheet-like discharge valve
30 is provided on the surface of front valve plate 9 within discharge chamber 25,
so that discharge valve 30 is opened when piston 17 moves leftwardly to
decrease the volume of chambers 15. Discharge valve 30 is restrained by valve
retainer 31, |

Rear housing S defines rear suction chamber 32 and rear discharge
chamber 33. Rear suction chamber 32 communicates with crank chamber 8
through a hole 32a formed in rear valve plate 4 and a rear passage 34 formed
in cylinder block 3. Further, rear suction chamber 32 communicates with rear
side working chambers 16 through rear suction holes 35. Rear discharge
chamber 33 communicates with rear side working chambers 16 through
discharge holes 36 formed in rear valve plate 4. Rear suction valve 37, rear
dischérge valve 38, and rear valve retainer 39 are provided on rear valve i)late
4 in similar manner to that described for the corresponding front elements.

Switching valve 40 and control chamber 41 also are prévided in
rear housing 5. Slider 42 is rotatably mounted on drive shaft 12 and is slidable

in the axial direction of drive shaft 12.. Slider 42 is provided with spherical

~ support portion 43 at one end thereof close to planar plate portion 20 of drive
shaft 12, Spherical support portion 43 permits the central region of swash plate
18 to rotate about the axis of drive shaft 12 and to move in the axial direction.
Slider 42 has flange portion 44 which is connected to one end of spool 46
through second thrust bearing 45.

Spool 46 has annular piston portion 47 which is formed at outer
end of spool 46 and separates rear suction chamber 32 from control chamber 41.

Cylindrical portion 48 extends coaxially with drive shaft 12 and slider 42 from -



rotatlng swash plate 18 is applied to swash plate 157 """" te i «'tgogwl se
direction by piston 17. The force applied to swash Iafel Fitmi ted)

because pin 21 is slidingly engaged with el ongated o'L),e\,,ZZ and a.forck is
created which presses [err] -9- the central regi gn.o h=ptate=18 to

the right in the axial direction of drive shaft 12. “The force conmponent is
transmtted to spool 46 through sllder 42 As

piston portion 47 to the interior of cylinder block 3. Cylindrical portion 48 of
spool 46 is slidably inserted into cylindrical portion 3d formed in cylinder block
3b. Thus, the motion of spool 46 in the axial direction is transmitted to slider
42 through second thrust bearing 45 and flange portion 44. First thrust bearing
49 is also provided on drive shaft 12 on the side of planar plate portion 20 and
is clamped between planar plate portion 20 of drive shaft 12 and retainer
shoulder 3¢ provided in front cylinder block 3a to impart thrust to drive shaft 12.

Piston 17 includes piston head 17c at each end. Piston 17 is
formed such that the middle portion of piston 17, namely coupling portion 173,
is operatively connected with both sides of the peripheral portion of swash plate
18 through shoes 23. Coupling portion 17a has a substantially semicircular
cross-section and couples two piston heads 17c together. Supporting portion
17b, which is formed inside of coupling portion 17a, supports shoes 23. Also,
piston 17 is provided with a piston ring (not shown) which is made of flexible
material, such as Teflon® resin or PTFE.

- The operation of this compressor will now be described. Referring
again to Fig. 1, when the above described electromagnetic clutch is engaged to
transmit the drive torque from the automotivé engine, drive shaft 12 begins to
_rotate within cylinder block 3. . The rotation of drive shaft 12 is transmitted to
arm 19 and swash plate 18 to rotate swash plate 18. Because, swash plate 18 is
slanted relative to drive shaft 12, swash plate 18 is swung in accordance with the
rotation of drive shaft 12, so that pistons 17 are reciprocated withi@ cylinder
bores 7 in resi)onse to this swing motion. '

When the discharge displacement of the compressor must be kept

at 2 maximum level, switching valve 40 is operated to place control chamber 41
in communication with rear discharge chamber 33. The pressure applied to the
right side of piston portion 47 of spool 46 is higher than the compressor pressure
and switching valve 40 is switched over so as to place coatrol chamber 41 in
communication with rear discharge chamber 33. Wher the pressure is applied
to the right side of piston portion 47 of spool 46 is higher than the pressure

| applied to the left side, spool 46 moves leftward. At the same time, the central

region of swash plate 18 and slider 42 also moves leftward, so that the left end



described above, because of the pressure differencEherveen bhoth. sides of

t he piston portion 47 of spool 46, piston portion 47m)ve§g| Em\l\@gﬁé Thus,
the inclination angle of swash plate 18 is decreaseq}_.@ond, % ) time,
the central portion of swash plate 18 is noved toward I NWe TEar 'Si de wor ki ng
chanbers 16. The dead center position in rear side working chanber 16 is
kept at substantially the sanme position as in the case of the

above-descri hed ,maxi rum di spl acenent g &ation, Further, e &?éﬂ ston 17

i ncl udes i nrisldeR $2isdrevghtiigia,eantact withplagar plate partiayy 20 shafy12.5

cl earance of 0 X | e I i.al end
oxt oty 107 B letdtt ioPhbat Slost flald SO SEIChDAONBRLE AR
conpressor vplate Bahavihg @idR$ (4 ameedefrwypd calhtive roeplanae plae peraon 28l1of | ar ge

cl earance to, yar he capacity .
dr}/ve %a%t 12, soptﬁat p%\ 21 is moved along elongated hole 22 of planar plate

portion 20 toward the left upward end. In accordance with the leftward and
upward movement of pin 21, swash plate 18 is pivbte’d about the center of
spherical support portion 43 of slider 42 to attain a large slant angle.
| As pistons 17 reciprocate, the refrigerant is alternately drawn into
and compressed within front and rear side working chambers 15 and 16. The
refrigerant is introduced to the compressor from the refrigerant cycle through
crank chamber 8 to front and rear suction chambers 24 and 32 and exits to the
refrigerant cycle through front and rear discharge chambers 25 and 33. As
described above, swash plate 18 is moved in the axial direction a.long-drive shaft
12, so that the slant angle is a greatly varied, and the central region is located
substantially at the center in the longitudinal direction of cylinder bores 7.
Therefore, as each piston 17 reciprocates through a complete stroke, a loss of
compression is avoided in front and rear side working chambers 15 and 16. The
refrigerant compressed in this manner is discharged from either front or rear
side working chambers 15 and 16. Accordingly, the refrigerant flow is generated
in either front or rear side working chambers 15 and 16, drive shaft sealing
bearing 14 is in contact with the flowing refrigerant, and the heat generated due
to the friction with drive shaft 12 is rcinoved by the refrigerant. _
When the discharge displacement of the compressor must be kept
at a minimum level, the operation of switching valve 40 places control chamber
41 communication with rear discharge chamber 33. When drive shaft 12 is
rotated, swash plate 18 causés piston 17 to move rightward.' As a result of the
reactive force applied to piston 17, a force is applied to swash plate 18 to
decrease the inclination angle of swash plate 18. Accordingly, the force for
rotating swash plate 18 is applied to swash plate 18 in a counterclockwise
direction by piston 17.
The force applied to swash plate 18 is limited because pin 21 is

slidingly engaged with elongated hole 22, and a force is created which presses



of conpre55|on by changing the piston stroke. Unfortunately, this. _
rel'atively large clearance mght allow piston 17 tq rotat& Wi thin C|rcular
cylinder bores 7 and create noise due to collisiong betwe 3 Uﬁﬁeﬂ@ﬁurfaoe
17d of piston 17 and radial end extremty 18a of sWwasH®plate 18 . Figsy 2
and 3 illustrate a first enbodi nent of the present Tnvention. A
cross-sectional plan of cylinder bores 7 taken on a plane perpendicular to
drive shaft 12 includes an outline of'tﬂe'shape of the cylinder bores 7
fornmed as a,sinple.closed curv t han gs: a l.e cl osed
curve i o dofiEEmEY TR of Aol ISte oFF Febb i e Eaf radntbBars 1 1
Equati on (13pafR12S ThBFotakaniPotting ifRERsrhit R tb%ﬁospm Biro@fh Slidersi2mie

cl osed

described above, because of the pressure difference between both sides of the
piston portion 47 of spool 46, piston portion 47 moves rightward. Thus, the
inclination angle of swash plate 18 is decreased and, at the same time, the
central portion of swash plate 18 is moved toward the rear side working
chambers 16. The dead center position in rear side working chamber 16 is kept
at substantially the same position as in the case of the above-described
maximum displacement operation. Further, each piston 17 includes inner
surface 17d formed on the inside thereof. Preferably, a clearance of about 2 or
3 mm (.08 or .12 inches) exists between radial end extremity 18a of swash plate
18 of each piston 17 because a swash plate compressor with variable
displacement typically requires a relatively large clearance to vary the capacity
of compression by changing the piston stroke. Unfortunately, this relatively
large clearance might allow piston 17 to rotate within circular cylinder bores 7
and create noise due to collisions between inner surface 17d of piston 17 and
radial end extremity 18a of swash plate 18.

'Figs. 2 and 3 illustrate a first embodiment of the present invention.
A cross-sectional plan of cylinder bores 7 taken on a plane perpendicular to
drive shaft 12 includes an outline of the shape of the cylinder bores 7 formed
as a simple closed curve, rather than as a circle. The simple closed curve is

defined by the following equation in polar coordinates:

R=A+ ga +sin36) o)

In Equation (1), R is the unknown distance from the center of the simple closed
curve, e.g., the axis of cylinder bore 7. A and B are known coefficients and
positive numbers. Further, § is a displacement angle. The closed curve
generated when the ratio of A:B is 10:1 is depicted in Fig. 3.

- The simple closed curve is designed to synthesize a first curve

which is positioned nearer to drive shaft 12 and a second curve which is



curve, eg., the axis of cylinder bore 7. A and B are kpown coefficients and
positive nunbers. Further, [err] is a displacenment angie ~The ‘cl.osed curve
generated when the ratio of ABis 10:1 is depi ct ed |n|F|g 33 8 Qels
cl osed curve is designed to synthesize a first curve whi'€k i rs po |t|
nearer to drive shaft 12 and a second curve which is - ”‘p031t1eﬁed
far fromdrive shaft 12. The radius of eurvature of the first curve is

smal l er than that of the second curve, "and the sinple closed curve defined

by positioned far from drive shaft 12. The radius of curvature of the first curve is

smaller than that of the second curve, and the simple closed curve defined by
the equation above is generally oval shaped. The closed curve intersects the x-
axis at A+£ and -(A+—) and the y-axis at A and -(A + B). Preferably, a
cross—secno%lal plan of pxstons 17, which are disposed in cylinder bores 7,
corresponds precisely to the cross-sectional plan of cylinder bores 7.

In this configuration, inner surface 17d of piston 17 need not
receive a wear resistant coating, such as a Teflon® resin or PTFE, to prevent
wear of inner surface 17d of piston 17. Moreover, each piston 17 need not be
provided with rotation prevention means because contrary to the prior art, cross-
sectional plans of cylinder bores 7 and piston 17 are not circular and, therefore,
pistons .17 do not rotate within cylinder bores 7. The cross-sectional plan of
cylinder bores 7 may be expanded until it approaches the outline of cylinder
block. As a result, the cross-sectional plan of coupling portion 172 of piston 17
can have a broad area in éomparison to the prior art. Piston 17 thus may obtain
a high breaking strength. Further, this improvement reduces the propagation of
an offensive noise and prevents the vibration of the compressor because no
collisions occur between inner surface 17d of piston 17 and radial end extremity
18a of swash plate 18. '

Cylinder block wall 3e, which is formed' between' neighboring
cylinder bores 7, should have a minimum thickness in order to maintain the
strength of the compressor. See Fig. 2. Cylinder block wall 3f, which is formed
between an outer radial surface of cylinder bores 7 and an outer end of cylinder
block 3, also should have a minimum thickness in order to maintain the strength
of the compressor. Further, the portion of cylinder block 3 which is formed
between an inner radial surface of cylinder bores 7 and an outer end of drive
shaft 12 should have a minimum thickness in order to maintain the strength of
the compressor. Therefore, when a plurality of cylinder bores 7 are formed in
cyliﬁder block 3, the cross-sectional plan of cylinder bores 7 describes a . .
compression capacity which is larger than that of cylinder bores 87 in the prior

art.



the equation above is generally oval shaped. The closed curve intersects
the x- axis at A+[err] and [err] and the y-axis at A and -(A + B). _ '-
Preferably, a 2 2 cross-sectional plan of pistons 1ﬂ8v®1@’_§:h\9%§¢
di sposed in cylinder bores 7, corresponds precisely to the cross-sectional'
pl an of cylinder bores 7. In this configuration, inner surface 17d of
piston 17 need not receive a wear resi tlarlt coating, such as a Teflon[err]
resin or PTFE, to prevent wear of inner~surface 17d of piston 17. Moreover,
‘each piston 17 need AAOWI it [ : tdon. ecause
contrary to the pri orwgsr'f)‘?d@?ogsﬂﬁgtéﬁei gn%l%g{iaﬁgb(g#l c&?i%@(@re”?g%%gp? and
pi ston 17 @ventioh. CThe dtass-sactibnal Iptareiobreglingdrsvares 77 7dedoribed threotlased wi t hi n

cylinder bores 7., The cross-sectional, plan qof | .
curve which is defined by the following equation in polar coordinates:

1)

R=A+ -3-(1 + 5in38) + Csin(26+%1r) (2)

In Equation (2), R, A, B, and § are as defined in Equation (1). C is a known
coefficient and a positive number. The simple closed curve defined by this
-equation is composed of an ellipse and an oval. This simple closed curve has
a length on the major axis, its y-axis, which is longer than that of the first
embodiment, and a width on the minor axis, its x-axis, which is shorter than that
of the first embodiment. When many pistons must be provided in cylinder block
._3, this configuration achieves a compression capacity different from the first
embodiment.

Figs. 6 and 7 respectively illustrate a fourth and fifth embodiment.
of the present invention which are similar to the first embodiment. Referring
to Equation (1), Figs. 6 and 7 describe embodiments in which the ratio A:B is
20:1 and 5:1, respectively.

| Fig. 8 illustrates a sixth embodiment of the present invention
which is similar to the second embodiment. Referring to Equation (2), Fig. 8
describes an embodiment in which the ratio A:B:C is 20:2:1. _

Although the preSent invention has been described in detail in
connection with the preferred embodiments, the invention is not limited thereto.
Specifically, while the preferred embodiments illustrate the invention in a swash
plate type compressor, this invention is not restricted to a swash plate type
refrigerant compressor, but may be employed in other piston type refrigerant
compressors. It will be easily understood by those of ordinary skill in the art
that variations and modifications can be easily made within the scope of this
invention as defined by the appended claims. Achrdingly, the embodiments

and features disclosed herein are provided by way of example only. It is to be



cylinder bores 7 may be expanded until it approaches the’ outllne of
cyl'inder block. As a result, the cross-sectional plan of .coup &g”boﬂﬂmbn
17a of piston 17 can have a broad area in conparison t'gi T= 000 oY o VA=Y 8 S
Piston 17 thus nmay obtain a high breaking strength. Furfner this

i nprovenent reduces the propagation of ‘an of fensive noi se and prevents the
vi bration of the conpressor because no EPII|S|ons occur between inner
surface 17d of piston 17 and radial end“extremity 18a of swash plate 18.
Cyl i nder bl [ | dh bor es
7, should hg'\glge%r#dnﬁ%ﬁtw%&gﬁrgéég g&ngg{r" g&rlransle}rll‘?g guge%areng 'of the

conpressor. baets fo Be déterfindéd B thd tladis walidh fiftlowshi ch is formed between an
outer radial surface of cylinder bores 7 and an outer end of cylinder




bl ock%——&l—se—shﬁw—d——have a mni rrumthlckness in. order”“to ITBI ntaln the

stren sor. Further 7 the portiogn of:eylindef Whi ch
is for r’ﬂﬂiﬁ@lm Emﬁ ner radi al sur ace. df, pyl I nder}{b res 'ﬁbé]{gkéﬁaouter
end of houI d have apmini.mum. 't hi. ckness:ii 'n_order. to mai.ntain
the strength of the conpressor. Therefore, when a plurality of cylinder
bores 7 are formed in cylinder block 353 the cross-sectional plan of

cylinder bores 7 describes a conpression capacity which is |arger than that
of cylindeCIboIMS 87 in the prior art.

1. A piston type refrigerant compressor comprising:

a compressor housing enclosing a crank chamber, a suction
chamber, and a discharge chamber said compressor housing including a cylinder .
block;

a plurality of cylinder bores formed in said cylinder block;

a plurality of pistons slidably disposed within said cylinder bores,
each of said pistons having a longitudinal axis;

a drive shaft rotatably supported in said cylinder block;

a plate having an angle of tilt and tiltably connected to said drive
shaft; '

a bearing coupling said plate to said pistons, so that said pistons
reciprocate within said cylinder bores upon rotation of said plate;

at least one working chamber defined by an end of each of said
pistons and an inner surface of said corresponding cylinders; '

a support portion disposed coaxially with said drive shaft and
tiltably supperting a central portion of said plate; '

a tilt control device driving said support portion axially along said
drive shaft to move said central portion of said plate axially along said drive
shaft to change the angle of tilt of said plate, said pistons reciprocating in said
cylinder bores in accordance with changes in the angle of tilt of said plate; and

said cylinder bores including a cross-sectional plan defined by a
plane perpendicular to said drive shaft, said cross-sectional plan of each of said
cylinder bores having an outline defining a closed curve, wherein said closed
curve is composed of a plurality of curves having various radii of curvature.

2. The piston type compressor of claim 1, wherein said closed
curve §ynthesizes a first curve which is near said drive shaft and a second curve
far from said drive shaft, said first curve having a radius of curvature which is
smaller than that of a second curve.

3. The piston type compressor claim 1, wherein said closed curve

is defined by an equation -
This Sheet Has Been
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-1 - Frgs—4-and S illustrate a second enbodi ment pef=the" present e
I nventi on cross-sectional plan of cylinder borqs 27 deseri bés thel:
cl osed c !ﬂm " m ined by the followi ng equatjion in(polEET ’15% |
coor di na matlon (2), R A B, and [en}r]‘ ‘are-as deti n_{_d,_nn

Equation (1). C |s a’kndwn coefficient and a p05|t|Vé—'ﬂuTm€’_Tﬁ§____&L_mal e
closed curve defined by this equation.is conposed of .am=elrtip

oval . This sinple closed curve has a I'ength on the major “axis .J,""s y-?;qx
which is longer than that of the firstgenbodi ment, and a i’ dt_'h . Oh-them nor

axis, its x-axis, which is shorRer 4t ha-g(l Hasing®) t he- “FF7§T enbodi ment. Wien
many pi stons nust be provided in cylin@er block

wherein R is a varying distance from a center of said closed curve,
A and B are known coefficients and positive numbers, and 4 is a displacement
angle.

4. The piston type compressor of claim 1, wherein said closed

curve is defined by an equation

R=A+ —213(1 + sin36) + Csin(20 + -32-1:)

wherein R is a varying distance from a center of said closed curve;
A, B, and C are known coefficients and positive numbers; and 4 is a -
displacement angle. |

| 5. A swash plate type refrigerant compressor comprising:
“a-pair of axially combined front and rear cylinder blocks forming
therein a plurality of cylinder bores and a swash plate compartment;

a pair of front and rear housings arranged at axial ends of said
combined cylinder blocks, each housing having therein a suction chamber and
a discharge chamber; |

a pair of valve plates interposed between said front and rear
housings and said axial ends of said combined cylinder blocks, respectively';

a drive shaft extending axially through said swash plate
compartment of said combined cylinder blocks;

a swash plate in said swash plate compartment supported on said
drive shaft and rotatable therewith,
| a plurality of pistons-engaged with said swash plate so as to
reciprocate in said cylinder bores wfth the rotation of said swash plate, each
piston comprising a pair of head portions at the opposite ends thereof which are

connected together by an intermediate portion of said piston; and,

T




3, tWhl eves a Cconpr.essi-on- Capamt —e-Eferent fromthe
first enbodi ment | 6 and 7 respectively?: e iustr ateasf'ourt h -and fh‘fth

enbodlmumuﬁ“mgm i nvention which.are simil aT to th€08|@($'[ 1996
enbodi o Equation-(3)s=Frgs™ 6 and 7‘d enbodii
in which, theratio AABis 20:1 and 5:1, respectlvel 87 I'f""ustrat es a
sixth enbodl ment of the present inventign which is sim | ar to the second
enbodi nent. -Referring to Equation (2, 1 ig. 8 describes an enbodinent in
which the ratio A/B:Cis 20;2;1. Although the present inventiagn has been

described in detail isakbafinder hores tﬂﬁhtdﬁ’ég ﬁr“épéﬁrieéﬂoéﬂbﬂéprﬁer% Bhe
I nvention | ?)l:ﬂ'?e péﬂp@nalcglatr N8's8idrive shaft, said cross-sectional plan of each of said

cylinder bores having an outline defining a closed curve, wherein said closed

curve is composed of a plurality of curves having various radii of curvature.

6. The swash plate type compressor of claim S, wherein said
closed curve synthesizes a first curve which is near said drive shaft and a second
curve far from said drive shaft, said first curve having a radius of curvature
which iS smaller than that of a second curve.

7. The swash plate type compressor of claim 5, wherein said

closed curve is defined by the equation

| R=A+§(l + sin36)

wherein R is a varying distance from a: center of said closed curve,

A and B are known coefficients and positive numbc;,rs, and ¢ is a displacement
angle. '

8. ‘The swash plate type compressor of claim 5, wherein said closed

curve is defined by the equation

R=A+ gu + 5in36) + Csin(28 + -2-1:)"

wherein R is a varying distance from a center of said closed curve;
A, B, and C are known coefficients and positive numbers; and 8 is a

'displacement angle.
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This Sheet Has B

A



1‘,

Specifically, while the preferred enbodi nents |Ilustrate the i nventi.on- |n ia
swash plate type conpressor, this invention is not restrlcted 0B qmmgﬂg
plate type refrigerant conpressor, but may be enpl oyed i b her: prs On LY
refrigerant conpressors. It will be easily understood by those of Orarias
skill in the art that variations and nodifications can be easily nade

within the scope of this invention as defined by the appended cl ai ns.

Accordi ngly, the enbodi nents and f eat ut gs di scl osed herein are provided by

way of exanple only. |tprg¥cio TYPE REFRIGERANT COMPRESSOR

ABSTRACT

A compressor housing encloses a crank chamber, a
suction chamber, and a discharge chamber. A plurality of
cylinder bores are formed in a cylinder block in which a
plurality of pistons are slidably disposed. A drive shaft
is rotatably supported in the cylinder block. A slant
plate having an angie of tilt is tiltably connected to the
drive shaft. A bearing couples the slant plate to the
pistons, so that the pistons may reciprocate within the
cylinder bores upon rotation.of the slant plate. A cross-
section of the bores includes ‘an outline which defines a
simple closed curve which is composed of a plurality of
curves having various radii of curvature. Accordingly, the
compressor need not have separate piston rotation

- prevention means within cylinder bores.

FIGURE Z.



- 12 - understood that the scope of the present inventionis not: to be_.w; ;
limted thereby, but is to be determned by the clains mhlch ‘fol f o BRI
[err] - 13 CLAIMB 1. A pistgn type [ﬂBft][)ﬁe‘lQ@ﬁt
conpressor conprising: a conpressor housing (1,5) enclosiihg“a: crank:: chanber.
(8), a suction chanber (24,32), and a di scharge chanber (25733)
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t he conpressor housing including a cylinder block (3);/d pturalify of ===
cylinder bores (7) formed in the cylinder block; a plufalit TSRL§f0ﬁ§'y
(17) slidably disposed within the cylinder bores, eachjﬁﬁmtnegﬁmsid@gﬁ
having a longitudinal axis; a drive shaft (12) rotatabFy=suppesigd in-th
cylinder block; a plate (18) having an angle of tilt and tiltably connect ed
to the drive shaft; a bearing (23) coupling the plate to the pistons, so
that the pistons reciprocate within thé ¢ylinder bores upon rotation of the
pl ate; at |east one working chanber (15,16) defined by an end-of each of

t he pistons and an inner surface of the




correspondi ng cylinders; a support portion (43) disposed.-coaxi-aldy. with the
drive shaft and tiltably supporting a central portion oﬂé@ﬁ@;gtapgjpa;tiyti
control device (40) driving the support portion axially @&long b e drive i
shaft to nove the central portion of the plate axially al oag tH& S(Iv95.. |

shaft to change the angle of tilt of the plate, the pistbns;;em#x#xn%ﬁimeﬁi
in the cylinder bores in accordance with_changes.in the angle of tilt of
the plate; and the cylinder bores (7) Fn@lading a cross-sectional plan
defined by a plane perpendicular to the drive shaft, the cross- sectional

pl an of each of the cylinder bores having an

FlG. 4




outline defining a closed curve; characterised by the closed curve:being=>=
conposed of a plurality of curves having various radii of icurvature-and™* |
including a first curve which is at the side nearest to the_dri%}Bs@@Tt@g@d%f
a second curve at the side furthest fromthe drive shaft, :tifie’first -curve-
having a radius of curvature which is smaller than that of the second =~~~
curve. 2. A conpressor according to claim1l, wherein the closed curve is

defined by an equati on:

FlG. 6
Y

-(A+B/2)Q/ A+B/2 X

-(A+B)
A:B=-20:1

-(A+B/2) 0 A+872 X

|-(A+B)
A:B=5:]
FlG. 8
Y
A+C

an

=(A+B/2-C)\ 0 AtB/2-C X

-(A+B+(C)
AB:C=20:2:1



[err} - 14 - [err] wherein Ris a varying distance f{lg-;gm---.a:--_-_e-.em:. —of-—-the
cl osed curve, A and B are known coefficients and pos;ii tinee sngrbers; . and H
[err] is a displacement angle. 3. A conpressor accofding t @I@mggﬁ I
wherein the closed curve is defined by an equation: [ emtd:. whereln. R.1sla
varyi ng di stance froma center of the closed L : e

- _ g -

FIG. 9
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S %.dlsplacenent angle. 4. A conpressor according to @hy one 2igth
preceding clains, the conpressor being a swash plate type|righdi.gerant =
conpr essor; mhereln the cylinder block_is a pair of axi al [by= A€ N
(3a) and rear (3b) cylinder blocks form fig therein the plurality of

cylinder bores (7) and a swash plate conpartnent; the housing is a pair of
front -(1)p1@nﬂa e (@ hawsulds an _gehsiivedxicalr eedd sthnthecevimgnatst

Y e L S ET Uo IOUSI O G ToE "FRALE BuBEGLOB7EN ARG chist, *Bhc
piston 67 must be provided with a rotation prevention mechanism
to prevent the noise described above. As a result, the structure
of the compressor becomes more complex, and the manufacturing
process of such compressors becomes more complicated. Because of
this complex structure and the complicated manufacturing process,
the associated'manufacturing cost increases dgreatly, and the
productivity of manufacturing facilities declines.

JP-A-1227877 discloses a compressor in which the cylinder
‘bores have an elliptical cross-section.

EP-A-330965 discloses a piston type refrigerant compressor
comprising: a compressor housing enclosing a crank chamber, a:
suction chamber, and a discharge chamber, the compressor housing
including a cylinder block; a plurality of cylinder bores formed
in the cylinder block; a plurality of pistons slidably disposed
within the cylider bores, each of the pistons having a
longitudinal axis; a drive shaft rotatably supported in the
cylinder block; a plate having an angle of tilt and tiltably
connected to the drive shaft; a bearing coupling the plate to the
pistons, so that the pistons reciprocate within the cylinder bores
upon rotation of the plate; at least one working chamber defined
by an end of each of the pistons and an inner surface of the
corresponding cylinders; a support portion dispoSed coaxially with
the drive shaft and tiltably supporting a central portion of the
plate; a tilt control device driving the support portion axially
along the drive shaft to move the central portion of the plate
axially along the drive shaft to change the angle of tilt of the
plate, the pistons reciprocating in the cylinder bores in
accordance with changes in the angle of tilt of the plate; and the
cylinder bores including a cross-sectional plan defined by a plane
perpéndicular to the drive shaft, the cross-sectional plan of each
of the cylinder bores having an outline defining a closed curve;
and according to the present invention, such an apparatus is
characterised by ‘the closed curve being composed of a plurality
of curves hav1ng various radii of curvature and including a first
curve whlch is at the side nearest to the drive shaft and a second
curve at the side furthest from the drive shaft, the first curve
having a radius of curvature which is smaller than that of the

curve; A, B, and C are known coefficients and positive nqnbeh:ﬁ @qanYﬂ

second curve.



drive shaft (12) extends axially through the swash pl ate conpartpnent of the

contbi ned cyl i nder bl ocks; the conpressor further conprising a pq%% HEYVBPWG-
pl ates (4,5) interposed between the front and rear housings-and’the’axial -
ends of the conbined cylinder blocks, respectively; and a“swWwash--plate:{i8). '
in the swash plate conpartnent supported3on the drive shaft and rotatable

therewith; wherein the plurality of pistons (17) are engaged with the swash

Phate (00 5o e bEh S RARE LR, by Faba I BighOhctlt o Fad S s
does not have separate piston rotation prevention mechanisms
within the cylinder bores, which can obtain a maximum compression
capacity and maintain a constant capacity of the compressor, which
does not generate excessive vibration and noise. :

Both swash plate and wobble plate type compressor include a
slant plate disposed at a slant or tilt angle relative to the
drive plate. The wobble plate nutates but does not rotate and
drivingly couples the pistons to the drive shaft. The swash
plate, however, nutates and rotates. A slant plate type
compressor includes any type of compressor which uses a slanted
plate or surface in its drive mechanism. '

Further objects, features, and advantages of the present
invention will be understood from the detailed description of
preferred embodiments of the present invention with reference to
the drawings, in which:

Fig. 1 is a longitudinal sectional view of a swash plate

- refrigerant compressor with a variable displacement mechanism in
accordance with the present invention.

Fig. 2 is a cross-sectional plan taken along line 2-2 in Fig.
1 in accordance with a first embodiment of the present invention.

Fig. 3 is a diagrammatic illustration of the outline of the
cylinder bores in accordance with the first embodiment of the
present invention. ' '

Fig. 4 is a cross-sectional plan taken along line 2-2 in Fig.
1 in accordance with a second embodiment of the present invention.

Fig. 5 is a diagrammatic illustration of the outline of the
cylinder bores in accordance with the second embodiment of the
present invention.

Fig. 6 1s a diagrammatic illustration of the outline of the
cylinder bores in accordance with the third embodiment of the

present invention.

Fig. 7 is a diagrammatic illustration of the outline of the
cylinder bores in accordance with the fourth embodiment of the
present invention.

Fig. 8 is a diagrammatic illustration of the outline of the
cylinder bores in accordance with the fifth embodiment of the
present invention. ' '



[err] .- 15 - portlons (17c) at the opposite ends thereof. ‘which are @

connected together by an internediate portion (17a) of the plsQinw Vo ty ﬂ
| ||||||| |||||| “l“ ||||| || |||| L5308
* [ L L} S *
- 13 - '
CLAIMS
1. A piston type refrigerant compressor comprising: a

compressor housing (1,5) enclosing a crank chamber (8), a
suction chamber (24,32), and a discharge chamber (25,33),
the compressor housing including a cylinder block (3); a
plurality of cylinder bores (7) formed in the cylinder
block; a plurality of pistons (17) slidably disposed within
the cylinder bores, each of the pistons having a
longitudinal axis; a drive shaft (12) rotatably supported
in the cylinder block; a plate (18) having an angle of tilt
and tiltably connected to the drive shaft; a bearing (23)
coupling the pléte to the pistons, so that the pistons
reciprocate within the cylinder bores upon rotation of the
plate; at least one working chamber (15,16) defined by an
end of each of the pistons and an inner surface of the
corresponding cylinders; a support portion (43) disposed
coaxially with the drive shaft and tiltably supporting a
central portion of the plate; a tilt control device (40)
driving the support portion axially along the drive shaft
to move the central portion of the pléte axially along .the
drive shaft to change the angle of tilt of the plate, the
pistons reciprocating in the cylinder bores in accordance
with changes in the angle of tilt of the plate; and the
cylinder bores (7) inciuding a cross-sectional plan defined
by a plane perpendicular to the drive shaft, the cross- !
sectional plan of each of the cylinder bores having an
outline defining a closed curve; characterised by the
closed curve being composed of a plurality of curves having
various radii of curvature and including a first curve
which is at the side nearest to the drive shaft and a
second curve at the side furthest from the drive shaft, the
first curve having a radius of curvature which is smaller
than that of the second curve.

2. A compressor according to claim 1, wherein the closed
curve is defined by an equation: -



K

DL T e

_14—'
R=A+-§(1 + sin36)

wherein R is a varying distance from a center of the closed
curve, A and B are known coefficients and positive numbers,
~and 0 is a displacement angle.

3. A compressor according to claim 1, wherein the closed
curve is defined by an equation:

R=A4+ -g(l + sin30) + Csin(20 + -;-n)

wherein R is a varying distance from a center of the closed
curve; A, B, and C are known coefficients and positive
numbers; and 8 is a displacement angle.

4. A compressor according to any one of the preceding
claims, the compressor being a swash plate type refrigerant
compressor; wherein the cylinder block is a pair of axially
combined front (3a) and rear (3b) cylinder blocks forming
therein the plurality of cylinder bores (7) and a swash
plate compartment; the housing is a pair of front (1) and
rear (5) housings arranged at axial ends of the combined
cylinder blocks, each housing having therein a suction
chamber (24,32) and a discharge chamber (25,33); and the
drive shaft (12) extends axially through the swash plate
compartment of the combined cylinder blocks; the compressor
further comprising a pair of valve plates (4,5) interposed
between the front and rear housings and the axial ends of
the combined cylinder blocks, respectively; and a swash
plate (18) in the swash plate compartment supported on the
drive shaft and rotatable therewith; wherein the plurality
of pistons (17) are engaged with the swash plate (18) so as
to reciprocate in the cylinder bores with the rotation of -
the swash plate, each piston comprising a pair of head
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portions (17c) it the opposite ends Ehereof which are
connected together by an intermediate portion (17a) of the
piston. '



