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-1 - /. DESCRI PTI ON I\/EN'P

TYPE FLU D MACHI NE TECHNI CAL FI ELD The presg ?’?
invention relates 'to, for exanple, a punp, a conpressor, an expander
etc., nore specifi- cally to a dlsplapenent tiype fluid machine. 5
BACKGROUND ART | As a conventional i di spl acenent type fluid
machi ne, a reciprocating fluid machi nepk9ErREP¥ION 2 working fluid by
repeating a reciprocation of a piston in acylindrical cylinder, a
rotary (rolling piston 10 tppspLACEMENTRRYPREFfOLID MXCHONENE working fluid
by eccentrically rotating a cylindrical piston in the cylindrical
cylinder, a scroll fluid machi ne for noving the working fluid by
engagi ng fixed scroll with an orbiting scroll having spiral waps

st andi ng up on ZBEHNIGApP| RIBEDand by gyrating the orbiting scroll are well
known.
The present invention relates to, for example,
a pump, a compressor, an expander, etc., more specifi-

'cally to a displacement type fluid machine.

5 BACKGROUND ART

As a conventional displacement type fluid
machine, a reciprocating fluid machiné for moving a
working‘fluid by repeating a reciprocation of a piston
in a cylindrical cylinder, a rotary (rolling piston

10 type) fluid machine for moving the working fluid by
eccentrically rotating a cylindrical piston in the
cylindrical cylinder, a scroll fluid machine for moving
the working fluid by engaging fixed scroll with an
orbiting scroll having spiral wraps standing up on end

15 plates and by gyrating the orbiting scroll are well
known.

Since the reciprocating fluid machine is
simply constructed, it is possible to prepare the
machine easily and to be inexpensive. On the other

20 hand, since a process from a suction completion to a
discharge completion is short of shaft angle of 180° so
that alflow velocity of the process for the discharge
gets faster, there is a problem that a pressure loss is

increased so that a performance is reduced. Further,



Since the reciprocating fluid machine is sinply constructed, it is

possible to prepare the machi ne easily and to be inexpensive. On the
other 20 hand, since a process froma suction conpletion to a

di scharge conpletion is short of shaft angle of 180[err] so that a flow
vel ocity of the process for the discharge gets faster, there is a

probl em that a simessurte ilsosedessary itec readiptotatihahel pigton,"seC ehat
reduced. Furt her, - 2- since it is
necessary to recinutery shafit Eystem cam mott be comp lettedlyy batlaiceal,st em can
not be conpl etely bal anced, there is another problemthat a vibration
and a noi se i s there |ig gmothers problem thatAlaswibratiion eask aohdilse st ary
fluid machi ne, since the process fromthe suction conpletion to the
pressure conpl d@%¥eMras the shaft angle of 360[err], there is less
probl em that_the pressure_| oss during the dischargefa&gcess IS

bt €ssince

i ncreased cohpared to t h&lS&i fifpthe §ass ofy the,iretagdh

the working fl%f%ce the process from the suction completion to the

pressure completion has the shaft angle of 360°, there
is less problem that the pressure loss during the
discharge process is increased compared fo the recipro-

10 cating fluid machine. However, since the working fluid
is discharged once per one rotation of the shaft, a
variation of a gas compression torque is relatively _
higher, accordingly, there is the same problem of the
vibration and noise as the reciprocating fluid machine.

15 Further, in the case of the scroll fluid
machine, since the process from the suctioﬁ completion
to the discharge completion has the long shaft angle of
360° or more (the scroll fluid machine practically used
as an air conditioner has usually 900°), so that the

20 pressure loss during the process of the discharge is
low, a plurality of working chambers are formed
generally, so that there is an advantage that the
variation of the gas compression torque is low and the
vibration and noise is less. When the wraps are

25 engaged, it is necessary to manage a clearance bétween
the spiral wraps and the clearance between fhe end plate
and a wrap tip. Thus, the fluid machine must be worked

with high accuracy, so that there is further problem



I s di scharged once per one rotation of the shaft, a variation of a gas

conpression torque.is relatively hi gher, accordingly, there is the
sanme probl em of the vi bration and noi se as the reciprocating fluid
machi ne. = 15 Further, in the-case of the scroll fluid

machi ne, since the process fromthe suction conpletion to the discharge
conpl eti on hasthae kthegexbehseaddl oking is6ekpenkive.morarthbe,scroll
fluid machine practically used as an air conditioner has usually
900[err]), so sliatet the propesssifrem the sutitignt bempletisn @b the

di scharge is low, a plurality of working chanbers are forned
general |y, so dischairgeecompdetidnahasgthehdbnghshaft angileabifod60f blre gas
conpression torque is | ow and the vibration and noise is | ess. Wen
the wraps -are mP¥egndigéakest aj dongcsdmer forothenagmpaesséanaprocbesvween
the spiral waps and the clearance between the end plate and a wap
tip. Thus, ©heSP thatn&berse isufurkbefoprellem thathani gntesvatacy, so that
there is furthir ﬂroblem . - 3-

_ eakage 1s increased.

By the way, known is a displacement type fluid
machine in which a displacer (a rotary piston) for |
moving the working fluid is not rotated relative to the

10 cylinder in which the working fluid is suctioned, but is
gyrated with an almost constant radius, that is, is
gyrated to transmit the working fluid. This kind of
displacement type fluid machines have been proposed in
Japanese Patent Unexamined Publication No. 55-23353

15 (Document 1), U.S. Patent No. 2112890 (Document 2),
Japanese Patent Unexamined Publication No. 5-202869
(Document 3) and Japanese Patent Unexamined Publication
No. 6-280758 (Document 4). These displacement typé
fluid machines comprise a petal-shaped piston having a

20 plurality of members (vanes) radially extended from a
center and a cylinder having a hollow portion having'an
almost the same shape as this piston, wherein this
piston is gyrated in this cylinder in order to move the

working fluid.

25 DISCLOSURE OF THE INVENTION
Since the displacement type fluid machines

according to the Documents 1 to 4 do not have a portion



t hat the expense of working is expensive. Further, since the process

fromthe suction conpletion to the di scharge conpl etion has the 1ong’
shaft angle of 360[err] or nore, it takes a long tine for the
conpressi on process, 5 so that there s4farther problemthat an internal
| eakage i s increased. ' By the way, known is a displacenent

type fluid foar iewd procstiicn @flithel aewiprddatiizigy fludidmachdme, it
novi ng the working fluid is not rotated relative to the 10 cylinder in

whi ch t he wor kiisg pdssiidblies toudtalemed the riotary siwfat eyswemn an al nost
constant radius, that is, is gyrated to transmt the working fluid.
This kind of complahedyenreRhusyps inas dheastibrad iloay dsbdew,prfapaded ian
Japanese Patent Unexam ned Publication No. 55-23353 15 (Document 1), U S
Patent No. 211BJdelingyakamity) between tdee pd stome andutden siyddadeabliscat i on
No. 5-202869 Docunment '3) and Japanese Patent Unexam ned Publication
No. 6-280758 ( Ii?éi(.m\@ﬁ’te Alsphacements Hvpe: Fwid maehines; agey esgemnes

COP e o e AP R R el ool R R ) o
having an IS¢ Ne PRI PTNR B Frdde idhenglgh this
However, the process from the suction comple-
tion tb the discharge completion in each working chamber
10 formed by the plurality of vanes constituting a piston
and the cylinder has the short shaft angle Oc of about
180° (210°) (about a half of that of the rotary fluid
machine), thé flow velocity during the discharge process
gets faster, there is further problem that the pressure
15 1loss is increased, so that the performance is reduced.
Also, in the fluid machiﬁes described in these
Documents, the shaft angle from the suction COmpletion
to the discharge completion in each working chamber is
short and a time lag is occurred from the suction
20 completion to the next (compression) process (the
suction completion) start and the working chémber from
the suction completion to the discharge completion is
one-sided around a drive shaft to be formed. Therefore,
the fluid machines are not dynamically balanced and a
25 rotating moment for prompting the piston itself to be
rotated is excessively applied to the piston as a
reaction from the compressed working fluid, thereby

there is further problem of a reliability that the



piston is gyrated in this cylinder in order to nove the wor ki ng fluid.
25 DI SCLOSURE OF THE | NVENTI ON Si nce the displacenent type
fluid machines according to the Docunents 1 to 4 do not have a portion
-4- for reciprocation of the reciproeating fluid machine, it s
possible to balance the rotary shaft system conpl etely. Thus, since

th br at I+H t he piston
e vibration igriciod Wid'&brhsion of ﬂi@%&f@@%f&ﬁ% es hre

and the cylinder is = 5 low, the displacenent type fl

essen- tially providad i tah ﬂx%@@@&@%&@%z@é&fﬁ Sitrivention t hat
It is possible to reduce a friction |oss. However, the

process from t he qumiviste eonfllwid machirnewhicH ft!hrﬂlfé&WeGG:I@rﬂltﬁIq on.in

each working chanber 10 formed by the plurality of vanes constituting a

pi st on andlags® dytingidthéhatisdhargepratess tndlhe [samd extfertbaift

180( err] (210[ etrr{é )sc(r%blolutfl%lrlialll{acollcu}ehaatndOferr::eherrOtc%rny hfel l:t:odre easily
prepared than the scroll fluid machine.

It is a second object of the present invention
to provide a more reliable displacement type fluid
machine which can reduce the rotating moment to be

10 épplied to the rotary piston and solve the problem of
the friction and abrasion.

It is a third object of the present invention
to provide means for preparing the totary piston
inexpensively.

15 The first object is achieved.by providing a
displacement type fluid machine in which a displacer and
a cylinder are located between end plates, one space is
formed by an inner wall surface of said cylinder and an
outer wall surface of said displacer when a center of

20 said displacer is located on a center of rotation of a
rotating shaft, and a plurality of spaces are formed
when a positional relationship between said displacer
and said cylinder is located on a center of gyratioﬂ,
‘wherein the curves of the inner wall surface of said.

25 cylinder and the outer wall surface of said displacer
are formed so that a shaft angle Oc of the process from
the suction completion to the discharge completion in

said plurality of spaces satisfies the following



machine), the flow velocity during the discharge process gets faster
there is further problemthat the pressure 15 loss is increased, so that

t he performance is reduced. Also, in the fluid machi nes described in

t hese Docunents, the shaft angle frengthe suction conpletion to the
di scharge conpletion in each working chanber is short and a tine lag is
occurred from talgoxithman (FQNCQNYINEt BO0° ) O<t Bas NEXB 60CYMPhRFR, ON) iRl 0OCess
(the suction conpletion) start and the working chanber from t he
sucti on conpl ettihen numbielre ofi thiea eyt rasipnst iextruded inwascdlyded saddnd a
drive shaft to be formed. Therefore, the fluid machi nes are not
dynani cal | y balcyddadeand a 25 rotating nonent for pronpting the piston
itself to he rotated is excessively applied to the piston as a
~reaction fromthe conpredbed sgeoridngbiiegitd ist achdleyed byt peowiddnguat her
problemof a reliahility that the_ | . . . . - 5-
friction and® afrSBlgcegentnEype,dduibde mgehinesdn which a displacer pads

first object of the.present inventiaon
J a.cfif%der are located between end plates, one space is

formed by an inner wall surface of said cylinder and an
outer wall surface of said displacer when a center of
said displacer is located on a center of rotation of a

10 rotating shaft, and a plurality of spaces are formed
when a positional relationship between said displacer
and said cylinder is located on a center of gyration,
wherein the curves of the inner wall surface of said
cylinder and the outer wall surface of said displacer

15 are formed so that a maximum value of the number of
spaces in processes from a suction completion to a
discharge completion in said plurality of spaces becomes
‘more than the number of extrusions extruded inwardly of
said cylinder.

20 | The third object is achieved by providing a
displacement type fluid machine comprising a cylinder
having an inner wall whose section shape comprises a
continuous curve, a displacer having an outer wall faced
to the inner wall of said cylinder and forming a

25 plurality of spaces by said inner wall and the outer
wall of said displacer when the displacer is gyrated,
and a drive shaft for driving said displacer, wherein

the hole passing through the surfaces different from the



to provide a fluid machi ne which can reduce the fluid | oss during the
di scharge process to the sane extent of 5 the scroll fluid machi ne and
further can be nore easily prepared than the scroll fluid nachine.

It is a second object of the present inxention to provide a nore
reliable displacenment type fluid machi ne whi ch can reduce the rotating

monent to be blitepphiadd tof tsfadd dimpl apert ds dodedolasd dehErdmoll hip1ef
the friction and abrasion. It is athird object of the

- present inventifor insentdny eaide drdwes shaftpr eparing the rotary piston

| nexpensi vely. 15 "The first object is achieved by providing a

- di spl acenent type fluid machine in which a displacer and a cylinder are
| ocat ed .bet ween end pl ates, one space is fornmed by an inner wall
surface of sai PROAY RESCRIFTION OF THE HRAMINGSsurface of said displ acer
when a center of 20 said displacer js |ocated on a center of rotation of a
rotating shaft, and a pl i8St }PoRnhdBarg @ verkdgal segrdenalyydem onal

Center of oy @ PIan A el KR compyBRaden macent: ol SShieRce of |
sai d type compressor in case that the rotary type fluid
machine according to the present invention is applied to
the compressor, respectively.

Fig. 2 i;_a view for explaining principle of

10 the work of the rotary type fluid machine according.to
the present invention.

Fig. 3 is a longitudinal sectional view of the
rotary type fluid machine according to the present
invention.

15 3 Figs. 4A and 4B are views showing a construc-
tion of contours of the rotary piston of the rotary type
fluid machine according to the present invention.

Figs. 5A and 5B are views showing construction
of contours of the cylinder of the rotary type fluid

20 machine according to the present invention.

Fig. 6 is a view of the rotary piston shown in
Figs. 4A and 4B overlaying the cylinder shown in Figs.
5A and 5B.

Fig. 7 is a view showing a characteristic of

25 displacement variation of the working chamber according

to the present invention.

Fig. 8 is a view showing variation of the gas



25 cylinder and the outer wall surface of said di spl acer are formed so

that a shaft angle [err]c of the process from the suction conpletion to
t he di scharge conpletion in said plurality of spaces satisfies the

fol |l owi ng -8 - -6 - al gorithm

(((N-1)/N 360[err]) < [err]c [err] 360[err], where, Nis t he nunber of

the extrusi ons compreded omwardiue Glccddiding to &Hld pi¥sent invention. The
second object is achieved by providing a 5 displacenent type fluid

machi ne in which a displ &dgy. &2d and 9Ea ard ivigers ahewimeatacddlatdeas end

pl ates, one space is formed by an inner wall surface of said cylinder
and an outsdvipndiatwaen 4he shafdi @andjleplandethshewrkitgnichamfer in sai d
di splacer is located on a center of rotation of a 10 rotating shaft, and a
plurality of spad@urpthreaded)wrap.when a positional relationship between
sai d di spl acer and sai,d cylinder is |ocated on a_center of gyration,
wherein the Zurves of th&i%GmdiPAand d8E axe Filews Fhowing g 398t he

outer wall Sur@ﬁﬁ%:%%ﬁ%@é%(¥ﬁgﬂ§ﬂg¥i angle and the working chamber in

 a three-threaded wrap.

Fig. 11 is a view for explaining operation in

case_Fhaf a wrap angle of the compression element is
10 more than 360°.

Fig. 12A and 12B are views for explaining
enlafgement of the wrap angle of the compression
element.

Fig. 132 and 13B are views showing a

15 modification of the displacement type fluid machine
shown in Fig. 1.

Fig. 14 is a view_for explaining a load and a
moment applied to the rotary piston according to the
present invention. |

20 Fig. 15 is a view showing a relationship
bétween the shaft angle of the compression element and a
rotating moment ratio.

Fig. 16 is a partial vertical sectional view
of the sealed type compressor according to another

25 embodiment of the present invention.

Fig. 17 is a view for explaining an outer

peripheral contours work of the rotary piston according

to the present invention.



15 are formed so that a nmaxi num val ue of the nunber of spaces in

processes froma suction conpletion to a di scharge conpletion in said
plurality of spaces becones nore than the nunber of . extrusions
extruded i nwardly of said cylinder- 920 The third object is
achi eved by providing a di spl acenent type fluid machi ne conprising a
cylinder ‘having an i migy. V@ lise0sRectE@naan VPO £ URY ipietoh
continuous curve, a displacer having an outer wall faced to the inner
wal | of said cyddomistimnctd ahe presentS inventdlon toofwhdedc @s warkdaigd | nner
wal | and the outer wal | of said displacer when the displacer is
gyrated, = ariion idy ifidtddaft for driving said displacer, wherein t he
hol e passing through the surfaces different fromthe
-7- outer wall of s#ig.dilhligcer viewofedhssicvmpressiamaelenent for
inserting said drive shaft. BRI EF DESCRI PTI ON OF THE DRAW NGS

5 of the rotary type fluid machine according to another

embodiment of the present invention in case of two
working chambers.

Fig. 20 is a view showing a compression
element of the rotary type fluid machine according to

10 another embodiment of the present invention in case of-
four working chambers.

Fig. 21 is a view showing a compression
element of the rotary type fluid machine according to
another embodiment of the present invention in case of

15 five working chambers.

Fig. 22 is a view showing an air conditioner
system using the rotary type compressor of the present
invention.

| Fig. 23 is a view showing a cooling system
20 using the rotary type compressor of the present
invention. |

Fig. 24 is a partial vertical sectional view
of the rotary type fluid machine according to another
embodiment of the present invention used as a pump.\

25 Fig. 25 is a cross-sectional view taken along
line B-B of Fig. 24.
Fig. 26 is a cross-sectional view of the

rotary type fluid machine according to another



Figs. 1A and 1B are a vertical sectional view 5 and a plan view of a

conpression el enment of a seal ed type conpressor in case that the
rotary type fluid machi ne according to the present invention is
applied to - t he conpressor, respect4 v Y= Fig. 2is a

view for explaining principle of 10 the work of the rotary type fluid :
machi ne accor diempddiment dihehy gassertnVi@iidrion in case of twdi1 9. 3 is a

| ongi tudi nal sectional view of the rotary type fluid nmachine according
to the present workingnohambers. 15 Figs. 4A and 4B are views
showi ng a construc- tion of contours of the rotary piston of the rotary
type fluid machi ne according to the present invention.

Figs. 5A and 5B are vi ews showi ng construction’ of contours of the

cyl i nder of thBESR MGPE AR {JARRYING QUL ITHE: INOENTIONy to the present

I nventi on. Fig. 6 is a viewof the rotary piston shown in

Figs. 4A and 4B overl ayi e fPa%g deesrihedufeatruness of the prafems.

Fig. 7 is ayviewshow ng a hqgacte istic of 25 displacenent variation of
t he morkingf%héﬁﬂﬁ¥l Wﬁgﬁg e understood more clearly in reference

with the following embodiments. An embodiment of the
present invention will be explained below in reference
with the accompahying drawings. First, Figs. 1-3 are
used in order to explain the construction of the rotary
10 type fluid machine of the present invention. Fig. 1A is
a ve;tical sectional view of a sealed type compressor in
case that a displacement type fluid machine according to
the present invention is used as a compressor (a
sectional view taken along line A-A of Fig. 1B). Fig.
15 1B is a cross-sectional view taken along line B-B of
Fig. 1lA. Fig. 2 shows the principle of the work of the
displacemenf type compression element. Fig. 3 is a
vertical sectional view of the sealed type compressor in
case of the displacement type fluid machine according to
20 the present invention ﬁsed as the compressor.

'In Fig. 1, a displacement type compression
element 1 according to the present invention and a motor
element 2 (not shown) for driving the displacement type
compression element 1 are accommodated in a sealed

25 container 3. The displacement type compression element
1 will be explained in detail. A three-threaded wrap

comprising a combination of three sets of same contour



to the present invention. Fig. 8 is a view show ng variation

of the gas - 8- conpr essi on torque
according to the present invention. Fig. 9A and 9B are views
showi ng a relation- shi p between rhélshaft angl e and t he worKki ng
chanber in - a four-threaded vir ap. 5 Fig. 10A and 10B are
vi ews show ng ghapest isnshown iphFpghelBeenAt BbapRadf angnanend t he wor ki ng
chanmber in a three-threaded wap g 11 is a view for
expl ai ni ng opePgFighery of ac&YélPﬁsF 4 &Faﬁoﬁﬁsﬂeséfthﬁ eafpr bedilows
elenment is 10 pore than 360[e Fig. 12A and 12B are

vi ews for explHpﬁﬁﬁgShaPeeﬁFanéﬁéﬁt°§fatHénﬁﬂapaHBSPESOfOFhGVGSHpﬂ@gs|on
el enent . 13B are_ vi ews show

nodi fi cation oﬂatﬁsn&F§pF§c8nénﬁnt§88 FRMEJSRARRF neAn en sHBRﬁlPH efg. 1.
5 each ginkgo leaf-shaped hollow has a plurality of

generally arc-shaped vanes 4b (in this case, three vanes
because of the three-threaded wrap) extruded inward. A
rotary piston 5 is located within the cylinder 4 and is
constructed so that it engages with an inner peripheral
10 wall 4a (a portion having more curvature than the vane
4b) of the cylinder 4 and the vane 4b. When the center
o’ of the cylinder 4 corresponds to the center o of the
rotary piston 5, a distance having a constant width is
formed between both of contour shapes as a basic shape.
15 -Next, the principle of working the displace-
ment type compression element 1 will be explained in
reference with Figs. 1 and 2. A reference o denotes the
cénter of the rotary piston 5, that.is, the displacer.
A reference o’ denotes the center of the cylinder 4 (or
20 a drive shaft 6). References a, b, ¢, d, e, and £
denote engaging points where the inner peripheral wall
4a of the cylinder 4 and the vane 4b are engaged with
the rotary piston 5. The same combinations of curves
are smoothly connected at three points so that the Shape
25 of the inner peripheral contour is formed. Viewing one
combination, a curve forming the inner peripheral wall
4a and the vane 4b is considered as one vortex curve

having a thickness (the vortex starts from the end of



Fig. 14 is a view for explaining a | oad and a nonent applied to the
rotary piston according to the present invention. 20 Fig.
15 is a view showing a relationship between the shaft angle of the
conpression el ement and a rotati ng-miZet ratio. ~ Fig. 16
Is a partial vertical sectional view of the sealed type conpressor
accordi ng to ariwehaane23bgnbodiheerinner Wadlprayert (gragntisoma vortex
Fig. 17 is a view for explaining an outer peripheral contours work of
the rotary pi sCa#¥vecyhosienyrap angliehdspsabetantiaddyi 360° (although _
-9- JFig. 18 is a sectional view of the piston accordi ng
to the present theydamesn wad lusugvea isodesigned soj ithaits thiet wedp angle
Fig. 19 is a view_of the conpression element 5 of the rotary type fluid
machi ne accor ditfg 360 "an&timee the aggledioded605f ishaolr presisedyeseiton in
case of tmos due to a preparing error, the expression “substantially
360°" is used. Accordingly, the expression “substan-
tially 360°” will be similarly used below. The wrap
angle will be described below in detail.). The outer
curve (g-b) is a vortex curve having the wrap angle of
10 substantially 360°. The inner peripheral contour of one
combination is shaped by the inner wall curve and the
outer wall curve. Spiral bodies are arranged on a
circle at substantially equal pitch (in this case, the
pitch is 120° because of the three-threaded wrap) and
15 are adjacent to each other. The outer wall curve of a
spiral body is connected to the inner wall curve of
adjacent spiral body by a smooth connection curve (b-b’)
such as arc etc. so that the inner peripheral contour of
the cylinder 4 is shaped. The outer peripheral contour
20 of the rotary piston 5 is also shaped by the principle
similarly to the cylinder 4.

As described above, the spiral bodies compris-
ing three curves are arranged on the periphery at
substantially equal pitch (120°). The object of the

25 equal pitch is to allow to equally disperse load
accompanied with a compression operation described below

and further to easily prepare. Accordingly, if it is

not especially essential to disperse the equal load and



wor ki ng chanbers. Fig. 20 is a view show ng a conpression

el ement of the rotary type fluid machine according to 10 anot her

enbodi ment of the present invention in case of four worki ng chanbers.
Fig. 21 is a view showi ng a conpression. 13 - elenent of the rotary type
fluid machi ne according to anot her enbodi mrent of the present invention

in case of 15 td \easilKipi@pali®|bains unequal pitch may ke sék.is a view
-showi ng an air conditioner systemusing the rotary type conpressor of

t he present i nventi @n compression opdriation3 byS ud ivigeWheh@yiligder
cooling system 20 using the rotary type conpressor of the present

i nventi on. 4 and the rMatgary’diistom Fams alonsdmuctald sboivieondll 1y ibew

of the rotary type fluid machi ne according to another enbodi ment of the
present invent ie¥plaiaedadin nafigrenceswith Fig. 2Ri gA »mmierad 7a
cross-sectional_ view taken al ong line B-B of Fi

Fig. 26 is @ cldsitascd swatigneposit amd a nm@tr@rlyg&aypl@nnthdarmcm ne

according to an
g lséiarge port, each arranged at three p051tlons. The

drive shaft 6 is rotated so that the rotary piston 5 is
not rotated around the center o’ of the fixed cylinder
4, but is orbited by a rotary radius § (=oo0’). A

10 plurality of working chambers 15 are formed around the
center o’ of the rotary piston 5 (in this embbdiment,
three working chambers are always formed). Here, the
working chamber is the space of which suction is
completed and compression (discharge) is started among a

15 plurality of spaces surrounded and sealed by the inner
peripheral contour (inner'wall) of the cylinder and the
outer peripheral contour (side wall) of the piston, that
is, the space of which operation condition is in a
period from the suction completion till discharge

20 completion. In case that the above wrap angle is 360°,
this space does not exist at the compression completion
but the suction is also completed, and therefore, this
space is counted and defined as one space. 1In case of
using the machine as the pump, the working chamber is

25 the space comﬁunicated with an outward portion via the
discharge port. An explanation will be given in
reference with one working chamber surrounded by the

engaging points a and b and hatched (although this



- 10 - enbodi nent of the present invention in case of two -wor ki ng
- chanbers. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The
above described features of the present S invention will be understood
nore clearly in reference with the fold am ng enbodi ments.. An enbodi nent
of the present invention will be explained belowin reference wth

the acconpanyi nritialy tfamber Sis divided -ihtd &wo pdid@d atn ﬂféj%ructiﬂon
explain the construction of the rotary 10 type f|UId machi ne of the

present inventicomplétgionlA tivd partsi ofehidridiing &Hanbe atie\Wnifedd atealyed
type conpressor in case that a displacenent type fluid nmachi ne
according to commureiqateEsbvitmesdl @other uedrs OMPYEESEAD prictess
sectional view taken along line A-A of Fig. 1B). Fig. 15 1Bis a
cross-sect i onalStATY « alig.aldlly |shewsBeB sifate that dhel dorKimg Zashows t he

principle of the work of the di spl acenent type conpression el ement.
Fig. 3is a?> suction from the suction port 7a to this working chamber

is completed. Fig. 2(2) shows a state that the drive
shaft 6 is rotated in 90° from the state shown in Fig.
2(1). Figqg. 2(3) shows a state that the drive shaft 6 is
further rotated in 180° from the state shown in Fig.

10 2(1). Fig. 2(4) shows a state that the drive shaft 6 is
further rotated in 270° from tﬂe state shown in Fig.
2(1). When the drive shaft 6 shown in Fig. 2(4) is
further rotated in 90°, the drive shaft 6 returns back
to the state shown in Fig. 2(1). Thus, as the drive

15 shaft 6 is rotated, the volume of the working chamber 15
is reduced. Since the discharge port 8a is closed by a
discharge valve 9 (shown in Fig. 1), the working fluid
is compressed. When the pressure in the working chamber
15 becomes higher than an outer discharge pressure, the

20 discharge valve 9 is automatically opened by a pressure
difference, so that the compressed working gas is
discharged through the discharge port 8a. The shaft
angle from the suction completion (the compression
start) to the discharge completion is 360°. Next

25 suction process is prepared during each compression and
discharge process is being carried out. Next.compres-
sion process is started at the suction completion. For

example, taking the example of the space formed by the



vertical sectional view of the sealed type conpressor in case of the

- di splacenent type fluid nachine according to 20 the present invention used
as the conpressor. In Fig. 1, a displacenent type

conpr essi on el ement 1 according to-tih® present invention and a .notor

el ement 2 (not shown) for driving the displacenent type conpr essi on

element 1 are aengdgDiRtSsints da Soid a8, 20 CHOIAES sKown Nen H5p! agengEnt
type conpression el ement 1 will be explained in detail. A

three-t hreaded vhapsuctiomoiprabrewdy srabiedt fxom othé et 5ot Speft SAE

cont our shapes is shown in Fig. 1B. A shape of an inner

peri phery of a &§|thelerotiat o oisrefustthehatareaidd hmit ovwshe voldms eoshape i s
a leaf of a ginkgo appears for every 120[err] (a center is 0') in the
same shape. An &RR $PRAR%e ois oincreasedh Jihemcthegirodese piudéeads has a
plurality of eneral |y arc-shaped vanes 4b (in this case, three vanes
because of the ‘?li‘ﬁc;e%tQWe%Rﬁﬂlv%fa 1g«t2 (Aed thimrapage is diidgdpiston 5

's located m‘thfﬂgtéfhfa”éé¥¥gs5£§gghéE%o the divided amount is
compensated by the space formed-by the engaging points b
and e. |

A detailed explanation will be described
10 below. Taking the example of the working chamber formed
| by the engaging points a and b in the state shown in
Fig. 2(1), the suction has been started in the space
formed by the adjacent engaging points a and d. After
the shaft angle is changed to 360°, the fluid in the
15 space must be compressed by the space formed by the
engaging points a and b. However, this space is once
expanded as shown in Fig. 2(3), and thereafter this
space is divided in the state shown in Fig. 2(4).
Accordingly, all the fluid in the space formed by the
20 engaging points a and d is not compressed by the space
formed by the engaging points a and b. The fluid as
‘much as the fluid volume which is separated and not
taken in the space formed by the engaging points a and d
is applied by the fluid flowing into a space formed by
25 the engaging points e and b in the vicinity of the
discharge port after a space fqrmed by the engaging
points b and e and in suction process in Fig. 2(4) is

divided as shown in Fig. 2(1). As described above, the



constructed so that it engages with an inner peripheral 10 wall 4a (a
portion having nore curvature than the vane 4b) of the cylinder 4 and
t he vane 4b. Wen the center o' of the cylinder 4 corresponds to the
center o of the rotary piston 5, a digstance having a constant width is
formed between both of contour shapes as a basic shape. 15 - Next,

the principle efragppbodies rediaradeRd at thRNlequdle P3SN &3S itpatelpiegnt 1
will be explained in reference with Figs. 17and 2. A reference o

denot es the opexatdonofist karrdied Yui.St That ildhalsinte the PisRloRCand

A reference o' denotes the center of the cylinder 4 (or 20 a drive shaft
6) . References tde gyldnder ereamhaped bydenatepetigdon@fpaibe sameer e t he

i nner peripheral wall 4a of the cylinder 4 and the vane 4b are engaged
with the r SCALPYS ShAP. ithdss pessibilie nat icompressc subesantialily
snoot hly connected at three points so that the shape 25 of the inner

peri pheral contt®& sader yodaae vifefilygdoeven ifcamyi werkimg ghambes fisr mi ng
t he i nner peripher 4a and the vane 4b is considered as one

vortex curve Prwglﬁe\r%k’!i‘-ttlhi%@é“@t fEopodidferent: SPRCEH-t hEvend inf

case of the unequal pitch, it is possible to work so
that the volume formed in each space can be equal, but
productivity becomes wrong. According to any prior arts

10- as described above, the space during the suction process
is closed, is compressed and discharged. On the other
hand, according to one aspect of the embodiment of the
present invention, the space ih the suction process
adjacent to the working chamber is divided and performs

15 compression. This is one of the features of the
invention.

As explained above, the wdrking chambers for
continuously compressing are dispersed and arranged
ardund a drive'bearing'Sa located at the center of the

20 rotary piston 5 at substantially equal pitch and the
working chambers perform compressions with different
phases. That is, in one space, the shaft angle from the
suction to the discharge is 360°, but in case of the
embodimént, three working chambers are formed and

25 discharge with shifted phase of 120°. Accordingly, the
compressor discharges a coolant three times during the
shaft rotating in the shaft angle of 360°. Thus, it is

possible to reduce a discharge pulsation of the coolant,



- 12 - the vane 4b). The inner wall curve (g-a) is a vortex curve

whose wrap angle is substantially 360[err] (although the i nner wall
curve is designed so that the wap angle is 360[err], since the angle
of 360[err] is not precisely set 5 dwelt7o-a preparing error, the
expression "substantially ~360[err]" is used. Accordingly, the
expressi on "sukdtizh- can notti del yaltGledr bt byl ithee reciplrachy ingedybel, ow.
The wrap angle will be described below in deta|IE? The outer

curve (g-b) isthevootaryctype aad thet sermidptypel €lafid mAchihesantially
360[err]. The inner peripheral contour of one conbi nation i s shaped by
the inner wall curve andComsider thet spawel [incGhee inSganil offodthes are
arranged on a circle at substantially equal pitch (in this case, the
pitch is 120[eFPPPE@§§G§@ sempletipned ther spase wuxppuaded by thee adj acent
to each oth The ,outer wall curve of a spiral body is cannected to

the inner \ Ie@@?@&“@fp°lntsa&1é@@np)sﬁﬁrépebéﬁﬁcﬁy aI§nﬁéﬁﬁ eénikBeti on
curve (00 uresd 8 o 965 anEh. kol SabSnehe b BghabasTheLr
piston 5 is al%%mig%gggrb&st%%e&%%@ﬁth% is designed so that the space
for the suction process and the space for the compres-
sion process are alternatély located. Thus, it is
10 possible to proceed to next compression process
immediately in the instant of the compression process
and to compress the fluid smoothly and continuously.
Next, the compressor incorporating the rotary
type.compression element 1 having the shape as described
15 above will be expiained ih reference with Figs. 1 and 3.
As shown in Fig. 3, the rotary type compression element
1 has the cylinder 4 and the piston 5 as described in
detail above, further, a drive shaft 6 for driving the
rotary piston 5 with a crank'portion 6a engaging with
20 the bearing at the center of the rotary piston 5, a main
bearing 7 and an auxiliary bearing 8 performing end
plates for closing opening portions at both ends of the
cylinder 4 and bearing for supporting'the drive shaft 6,
a suction port 7a formed on the end plate of the main
25 bearing 7, a discharge port 8a formed on the end plate
of the auxiliary bearing 8, and a discharge valve 9 of a
reed valve type (opened and closed by a differential

pressure) for opening and closing the discharge port 8a.



simlarly to the cyfinder 4.

As descri bed above, the spiral

bodi es conpri s- i ng three curves are arranged on the periphery at
substantially equal pitch (120[err]). The object of the 25 equal pitch is
to allow to equally disperse |oad ag@npani ed with a conpression
operation described bel ow and further to easily prepare. Accordingly,

if it is
- 13 -

nuner al

of the fixe

(=00").

A

Iitsc5s e mualdna le Sie et ds0 alithiouwyh thtd ee@odled adtoritth

to easily prepare, an unequal pitch may be set. An
conpr essi on opérhe imptany gsistpn e c\W immesral 104 dembtese a @uwrbion ston 5
as constructed above will be explained in reference with Fig. 2. A

7a 5 dOwekrdoundied iten Yhe magind beanimg . SA camsrad 41

di scharge port, each arranged at three positions. The drive shaft 6 is
fotated so thatdentesomdisgharge sqver foromymg & disehardche center o

10

15

20

25

cyl.i nder 4, but is orbited by a rotary radius [err]
T ﬁ"l?r“% Yrhs

&% Bh ifksagated felide the Ruxid idmhheadifgrd ¢ he

A motor element 2 comprises a stator 2a and a

~rotor 2b. The rotor 2b is, for example, fixed to one

end of the drive shaft 6 by shrinkage fit. 1In order to
enhance a motor efficiency, the motor element 2
comprises a brushless motor whose drive is controlled by
a three—phase inverter. Other motor type, for example,
a DC motor and an induction motor may be applied.

A numeral 12 denotes a lubricating oil stored
at a bottom portion of the sealed container 3. A lower
end portion of the drive shaft 6 is soaked into the
lubricating oil. A numeral 13 denotes a suction pipe.
A numeral 14 denotes a discharge pipe. A numeral 15
denotes the above—desgribed working chambers formed by
engagement of the inner peripheral wall 4a and vanes 4b

with the rotary piston 5. Also, the discharge chamber

- is separated from the pressure in the sealed container 3

by a sealing member 16 such as an O ring.

A flow of the working gas (coolant) will be
described with reference to Fig. 1. As shown by an
arrow in Fig. 1, the working gas passes through the
suction pipe 13, enters into the suction cover 10
mounted to the main bearing 7, and enters into the

rotary type compression element 1 through the suction



center o' of the rotary piston 5 (in this enbodinent, t hree wor ki ng
chanbers are always forned). Here, the wor ki ng chanber is the space of .
whi ch suction is conpl eted and conpression (discharge) is started anong
a 15 plurality of spaces surrounded and9%eal ed by the inner

peri pheral contour (inner wall) of the cylinder and the out er

peri pheral contpesnt (si,deheaxid thef drlisrepishiadit, 6t list rotaties], folre gyratd ngf

whi ch operation conditionis in a period fromthe suction conpletion
till di schar ge theo red@aslYeDighon § 68sdhatathehyodivoee inr Aheamgirking
360[err], t hi s _space does not exist at the_conpression conpletion

but the sucti ofhalbgrs s sadusesd) toycompress: the working gaspac&bhes count ed
and defined as one space, |n_case of using t he machi ne as the punp, the

wor ki ng chanbeCHPLERE S ¥OLKINg SRfmPRSERSe FIFOUIRa FDSu AAECaFg iFl)’G#Ftvi a
(0 o koo B A U A A O BRSNSy peglieee v
hat ched (althoﬁﬁghkgi%p the discharge valve 9, enters intd'tk%_

discharge chamber 8b, passes through the discharge pipe

14, and flows outwardly. The distance is formed between

the suction pipe 13 and the suction cover 10 to allow

10 the working'gas pass through into the motor element 2 to

cool the motor element.

A method for forming the contour shape of the
piston 5 and cylinder 4 which are, main components of
the rotary type compression element 1 of the present

15 invention will now be explained in reference with Figs.
4-6 (taking the example of using the three-threaded
wrap). Figs. 4A and 4B show an example shape of the
rotary pistqn whose plan shape comprises a combination
of arcs, Fig. 4A shows a plan view, and Fig. 4B shows a

20 cross-sectional view. Figs. 5A and 5B.show an example
cylinder shape paired and engaged with the rotary piston
shown in Figs. 4A and 4B. Fig. 6 shows the center o of
.the rotary piston shown in Figs} 4A and 4B overlayihg
the center o’ of the cylinder shown in Figs. 5A and 5B

25 (a set of portion).

In Fig. 4A, the rotary piston is shaped so

that three same contours are connected around the center

o (the centroid of an equilateral triangle IJK). The.



wor ki ng chanber is divided into two parts at the suction conpl eti on,
two parts of working chanber are i medi ately communi cated with each
ot her at the conpression process start). Fig. 2(1) shows a state that
t he wor ki ng gas 5 suction fromthe suctdnr port 7a to this working
chanber I's conpleted. Fig. 2(2) shows a state that the drive

shaft 6 is rotatetaur ¥ape |is fimmmerke byt ateverh@ues rfreng.a radiud( BL Fig.
2(3) shows a state that the drive shaft 6 is further rotated in

180[ err] from thiee stzadiush®wy iwhetteqy poird (pl,) 4.Finy. s4( 4, shows andstat e
that the drive shaft 6 is further rotated in 270[err] fromthe state
shown in Fig. are the )coniaat mednhs wf sagh arosmdwying diffexent | s
further rotated ip 90[err], the drive shaft 6 returns back to the
state shown i n TGSy BESPRAKLVELY + hd FULME P ish& thad § Ciral@ ed, the

vol une of t r ki n hanbey, 15 I s reduyced., Si.nce the di scharge port
8a is cl ose?b\;%)a&’lngg tﬁ'tﬁ U5 RL Whese GaRReT iiF A AR & iddford ng

htores ngher TS RS A S, DAY LS
B L R e S
shaft curve gr is the arc of the half circle having the radius
R2 whose center is laid on the side IJ. A curve rs is
10 the arc of the half circle having the radius R3 whose
center is laid on the side IJ. A curve st is the arc of
the half circle having the radius R4 (= 2 * R3+R2) whose
center is laid on the side 1J, similarly. A curve tu is
the arc of the half circle having the radius R5 whose
15 center is laid on an extended line connecting the
contact point t with the center of the radius R2. A
curve uv is the arc having the radius R6 whose center is
the centroid o. A curve vw is the arc having the radius
R7 whose center is an apex J. The angles of arcs having
20 the radii R4, R5, R6 are determined by the condition
that the arcs are smoothly connected to one another at
the contact points (each inclinétion angle of each
.tangent line is same at the contact point). When the
contour shape from the point p to the point w is rotated
25 around the centroid o counterclockwise in 120°, the
point w is matched to the point p. The contour shape is
further rotated in 120°, the contour shape of total

periphery is completed. Thereby, the plan shape of the



angle fromthe suction conpletion (the conpression start) to the
di scharge conpletion is 360[err]. Next 25 suction process is prepared
conpressi on and di scharge process is being carried out.
Next conpres- sion process is starte@lat- t he suction conpl etion.
exanpl e, taking the exanple of the space fornmed by the

during each

- 15 -
t he suction

rotation is further carrWhenkhe pian shape of the rotaryppdstion iiscr eased.

engagiany pdistion 4 aarvhilkcknzsst hy disepbtladwed.n Fig. 2(1)
is already started fromthe suction port 7a. As the

For

When the process proceeds to 5 the state shown in Fig. 2(4), this space

I s divided.
conpensat ed

A detail ed explFTAGH9 Kiadiuse &e

t he wor ki ng
shown in

detgramined,d tddsr aofexy mistom He dywiaded sitintthies
by the space farned béethe engagi ng points b and e.

off-set curve having an outward normal distance &€ of a
curve forming the contour shape of the rotary piston as
shown in Fig. 6.

A contour shape of the cylinder will be

10 explained in reference with Fig. 5. A triangle IJK is

the same as the triangle shown in Fig. 4. The contour
shape is formed by seven arcs similarly to the rotary
piston. Points p’, q‘, r’, s’, t’, u’, v’ and w’ are

the contact points of each arc having different radius,

15 respectively. A curve p’'q’ is a half circle having the

rtBal the seneAurTERARG PRetBRanpl e of
=" A ndley) T, engaatig, Wil His, Thektre b ntom pedones an

state

radius (Rl-&€) whose center is laid on the side IJ of the

- equilateral triangle, where the point p’ is located at

distance of the radius (R7+&) from the apex I. A curve

q’'r’ is the arc of the half circle having the radius

20 (R2-¢&') whose center is laid on the side IJ. A curve

r’'s’ is the arc of the half circle having the radius
(R3+& ) whose center is laid on the side IJ. A curve
s’'t’ is the arc of the half circle having the radius

(R4+€) whose center is laid on the side IJ, similarly.

25 A curve t‘u’ is the arc of the half circle having the

radius (R5+&) whose center is laid on an extended line
connecting the contact point t’ with the center of the

radius (R2-€). A curve u’v’ is the arc having the



formed by the adjacent engaging points a and d. After the shaft angle

I's changed to 360[err], the fluid in the 15 space nust be conpressed by

t he space forned by the engagi ng points a and b. However, this space

I s once expanded as shown in Fig. 2(&2 - and thereafter this space
Is divided in the state showmn in Fig. 2(4). Accordingly, all the fluid
in the space faraddgshyRétes ) 20hoagagenyepoiat the aedtdoid a6t cAnpueseed by
t he space forned by the engaging points a and b. The fluid as .

much as the fl W& vdisukhersineh hayingp s gaddws (®7+ € ) whakencenteneispace
formed by the engaging points a and d Is applied by the fluid flow ng

into a space f SR @BSE D5 The angdgsh@H@Fness having i-hen nagd ivi(®4ri € ¥/ of
(e and SOMMGE PR ALESL £ SPaCE LONTP, DY Lhe SIS0 10 BN e
5\} i)p b'gﬁi gg%gpé" g’%r ??%ge\é%"ﬁ’% SQRnectiss: fo; ong, gnather at th(?pe;. at1i60;1 i s
carried out. TRandaer PdiGhd e iNe13Mtion angle of each tangent
line is same at the contact point). When the contour
shape from the point p’ to the point w’ is rotated
around the centroid o’ counterclockwise in 120°, the
10 point w’ is matched to the point p’. The contour shape
is further rotated in 120°, the contour shape of total
periphery is completed. Thereby, the plan shape of the
cylinder is obtained. The thickness H of the cylinder
is slightly thicker than the thickness h of the rotary
15 piston.

Fig. 6 shows the center o of the rotary piston
shown in Fig. 4 overlaying the centér o’ of the cylinder
shown in Fig. 5. As understood from Fig. 6, a distance
between the rotary piston and the cylinder is equal to a

20 gyrating radius and is set to &. Preferably, this
~ distance is set to & in the total_periphery; However,
within the range that.the working chamber formed by the
outer peripheral contour of the rotary piston and the
inner peripheral contour of the cylinder is normally
25 operated, it may be allowed that this relationship is
not established for any reason.

The method for combining a plurality of arcs

is explained as the method for constructing the contour



the cylinder are shaped by a repetition of the sanme contour shape, it
IS possible to conpress substantially 5 the sane volune of fluid even if
any working chanber is - provided with the fluid fromdifferent spaces.
Even in case of the unequal pitch,-i23 i-s possible to work so t hat
the volune formed in each space can be equal, but . productivity becones

wrong. Accor di mhapesaof pheorodary plitan desktheecydlinder,t batspdee during
t he suction process is closed, is conpressed and discharged. On the

ot her han@resansr dtm@ftfd-%hbisasq&tmll@fltﬁﬁb bynttddisnmethod .t hdgt is
present invention, the space in the suction process adj acent to the
wor ki ng chanbePass iRl de&y %%%mn@é%mroﬁhm $¥i s one of the
features of the J nventi.on expl ai ned above, the

wor ki ng chanbeROMjning a Lanyod 9‘%ﬂﬂr§ﬁ)n§r“§ﬁ’@sdl spersed and

arranged around a dr, earing b5a Iocat at the ce t.er of the
rotary pistch 5 at subst r?‘tqallf E{% ers

o et Ao, R @t%%tgdm B g i
of the enbefidiRiie :LW&&J.W KifprUMYS By GHLYRAAYE the
suction displacement Vs to the working chamber displace-
ment V) compared to other type of compressor by defining
10 the shaft angle O from the suction completion as'a
transversal axis. Thereby, the characteristic of
displacement variation of the rotary type compression
élement 1 according to the embodiment is compared to the
compressor in the condition of the air conditioner
15 having the diSplacement ratio at the suction start of
0.37 (for example, in case that the working gas is HCFC
22, the suction pressure Ps=0.64MPa, the discharge
pressure = 2.07MPa). In this case, the compression
process is substantially equal to the compression
20 process of the recipro type. It is possible to reduce
the leakage of the working gas and to enhance an ability
and the efficiency of the compressor, since the compres-
sion process is completed. On the other hand, the
discharge process is about 50% longer than the rotary
25 type (the rolling piston type), since the flow velocity
of the discharge gets more slowly, it is possible to
-reduce the pressure loss, fu:ther to largely reduce the

fluid loss of the discharge process (over-compression



25 discharge with shifted phase of 120[err]. Accordingly, the

conpressor discharges a coolant three tines during the shaft rotating
in the shaft angle of 360[err]. Thus, it is possi ble to reduce a

di scharge pul sation of the cool ant, - 24 - - 17
- whi ch can not be carried out by the reciprocating type, t he
rotary type anddds) smdlto teffimrdelithergpafitamance. Consi der the
space in the instant of the conpression conpletion (the space
surrounded by the 5 endtgi.ng Eiiowss aa varidbicas afha swate anountase of the
wrap angle of 360[err] such as the enbodi nent, whenever the conpr essor

i s operated, itduningeganmeaptatiomof tdeshaft acdandimge teudtheon process
and the space for the conpres- | sion process are alternately |ocated.
Thus, it is 1CHRAEERE + FhRtoddod the Variatden efsiawas campression
innediatelyﬁ%n the instant of the conpression proQcess and to conpress

the fluid smbottAfA%hd donGIRARRY, to that of othendype IRISHHESsOr
Lncorporating NGl Ml is an WedsyP ) ' Fheteny, Hhe Eorue"2Pe 29
variation of the rotary type compression element. 1
according to the present invention is 1/10 of the rotary
type, that is, the torque variation is very small and
| 10 substantially equal to that of the scroll type.

However, since the cbmpressor according to the present
invention does not have a mechanism for reciprocating in
order to prevent the rotary scroll rotation such as an
Oldam’s ring of the scroll type, it is possible to

15 completely balance the shaft system and to reduce the
vibration and noise of the compressor. Also, since the
compressor according to the present invention is not a
long spiral shape such as the scroll type, it is
possible to reduce a working time and a cost. Further,

20 since there is not the end platé (a mirror plate) for
holding the spiral shape, it is possible to prepare by
the work similarly to the rotary type compared to the
scfbll type which can hot work by passing the jig
through. Further, since a thrust load is not applied so

25 that it is easy to manage the clearance in the direction
of the shaft largely affecting the performance of the
compressor, it is possible to enhance the performance.

Further, it is possible to downsize and lighten the



15 above will be explained in reference with Figs. 1 and 3. As shown in
Fig. 3, the rotary type conpression el enent 1 has the cylinder 4 and _
the piston 5 as described in detail above, further, a drive shaft 6 for
driving the rotary piston 5 with a-cr@k portion 6a engaging with 20
the bearing at the center of the rotary piston 5 a main bearing 7 and
an auxiliary bemmpr@essgrerform ng end plates for closing opening
portions at both ends of the cylinder 4 and bearing for supporting the
drive shaft 6, a suctNeott ,pdrhie Felfatrimadhdp Hexweeth Mha aboivd heapi n

25 bearing 7, a discharge port 8a fornmed on the end plate of the

auxi | i ary beariangl® @nénd theckhaft anble ¥ offrom the emucid ecompbe-

(opened and cl osed by a differential pressure) for opening and cl osing
t he discharge'ﬁéﬂmiﬁﬂ the discharge completion will be expladned in Al so, a

nunmeral 5b denofes .a through hole bored through the rotary piston 5. A
nureral 10 %ené{eéféla sudY &hanging rhe sgam angle Be ihi hsppassible. ta

numeral 11 é%%rh%ee%:hae dsi.hsalC araq'xeglceov§ <r:.f O%‘ofroreglélrtll 1g,d€vlslgrqa1r:gg wrap

angle is changed to less than the wrap angle of 360° so
that the shaft angle from the suction completion to the
discharge completion is changed to be small, the

10 discharge port is linked through the suction port.
Thereby, the fluid in the discharge port is expanded so
that there is a problem that once sucked fluid is flowed
back. Also, when the shaft angle from the suction
completion to the discharge completion is changed to

15 more than the wrap angle of 360° so that the shaft angle
is changed to be large, two working chambers, each
having different size, respectively, are formed while
the fluid is-passed through the space of the suction
port from the suction completion. Thereby, when the

20 fluid machine is used as the compressor, each pressure
in these two working chambers rises differently from
each ofher. Accordingly, when these two working
chambers are combined with each other, since an
irreversible mixture loss is occurred, a compression

25 power is increased and further a rigidity of the rotary
piston is reduced. Also, if attempting to use the fluid

machine as a hydro pump, since the chamber which does

not link through the discharge port is formed, the fluid



5 chanber 8b integrated with the auxiliary bearing. A not or
el ement 2 conprises a stator 2a and a rotor 2b. The rotor 2b is, for
exanpl e, fixed to one end of the drive shaft 6 by shrinkage fit. In
order to enhance a notor efficiencys 2éhe- notor elenent 2 10 conprises
a brushl ess notor whose drive is controlled by a three-phase inverter.
Q her notor tymaciine eempia, be used@stithe pamip .an Thudc tpreafameiblly ,my be
appl i ed. A nuneral 12 denotes a lubricating oil storeg' at
a bottom porti dhewrdr angled cdst 3608 withAn| ther rangeend por tildowell t he
drive shaft 6 is soaked into the lubricating oil. A nuneral 13 denotes
a suction pi pePrecisaqiimeral 14 denotes a di scharge pipe. A nuneral 15

denotes the above-described-workingﬁghanbers formed by engagenent of
the inner peripheral wal RSRPEHAY Fedhe finjdmachine dasanibsadtion 5.

Seal ed cont & ndS) 250V Jfeeribed RHARSE TR L RO NG S5
Fro L hs shoi i 3B E  i goalft ang i Fngegsbe gomBeSenr ougn”
the sucti iy g Rfrobbes N set U HRE=SYbO" §R¥ELallg to the
fluid machine described in the above described Japanese
Patent Publication No. 5-202869 (citation 3) and No.

10 6-280758 (citation 4), the shaft angle Oc of the
compression process is set to Oc¢ = 210°. The period
from the discharge completion of the working fluid to
next compression process start (the discharge comple-~
tion) is the shaft angle Oc of 180° according to the

15 citation 1, and the shaft angle Oc¢ of 150° according to
the citations 3 and 4.

Fig. 9A shows the compression process of each
working chamber (shown by references I, II, III, IV)
during one rotation of the shaft in case that the shaft

20 angle Oc of the compression process is Oc = 210°.
Where, the number of threads N=4. Alﬁhough four working
chambers are formed within the range of the shaft angle
Oc of 360°, the number n of the simultaneously formed.
working chambers is n=2 or 3 in case of a particular

25 angle. Accordingly, the maximum value of the number of.
the simultaneously formed working chambers is 3, that
is, less than the number of threads.

Similarly, Fig. 10 shows the number of the



nounted to the main bearing 7, and enters into the rotary type
conpression elenment 1 through the suction

- 19 - port 7a, where the drive shaft 6 is rotated for gyrating t he
rotary piston 5 so that the volune in the2yporking chanber is reduced to
conpress the working gas. The conpressed wor ki ng gas passes through the

di scharge port workiteg fehamisers il that ecid rdiberd# iEvedea £y 8,
pushes up the discharge valve 9, enters into the di scharge chamber 8b,
passes through amd thedizafe amgke Oc bf thed compreseiionaptoresEhdsdi@eance
I's formed between the suction pipe 13 and the suction cover 10 to all ow
10 the worki ng Hadlpres Imrthigh ¢ase, tthe mimber|efrertie 3 inultanemmly he
not or el enent . . A nmethod for formng the contour shape of the
piston 5 and cyfeFRRE working chambers m chsporleras wf2. Acdurdingly, type
conpression element 1 of the present 15 invention will now be explained in
reference wi?h Higdraximum valyeghdtheaushemiaf dtheisimpktaneously

- aded . . - .
three-thre formed working chambers is 2, that is, less than the

number of threads.
In the above case, since the working chambers
are inclined to be formed around the drive shaft, a
10 dynamic unbalance is occurred. Thereby, the rotating
moment acting on the rotary piston is excessiﬁely high
so that a contact load between the rotary piston and the
cylinder is increased. Accordingly, there are problems
that the pefformance is reduced due to an increased
15 machine friction loss and the reliability is reduced due
to the abrasion of the vane.
In solve the above problem, the shaft angle Oc
of the compression process is satisfied with the

following algorithm.
20 (((N-1)/N+360°) < Oc £ 360° (algorithm 1)

Thereby, the outer peripherai contour shape of
the rotary piston and the inner peripheral contour shape
are forméd. In other words, the above wrap angle O is
within the range given by the algorithm 1. Referring to

25 Fig. 9B, the shaft angle Oc is more than 270°. The

number n of the simultaneously formed working chambers



wrap). Figs. 4A and 4B show an exanpl e shape of the rotary piston whose
pl an shape conprises a conbi nation of arcs, Fig. 4A shows a pl an view,
and Fig. 4B shows a 20 cross-sectional view. Figs. 5A and 5B show an
exanpl e cylinder shape paired and engaged with the rotary piston

shown in Figs. 4A and 4B. Fig. 6 shows the center o of . the rotary

pi ston shown inigiga ot Anb 4hy @ dMlimum vdue VY ¥hed wHk il
cylinder shown in Figs. 5A and 5B 25 (a set of portion). In

Fig. 4A the rathamberstis 4s dthiEdalue corfepdidses aifie QQIsEY Sofr €
connected around the center o (the centroid of an equilateral triangle
| JK). The threads N (=4). Also, in Fig.-1(), -the slafit @ngkdafe is
formed by seven arcs froma radius Rl to a radius R7, where points p,
g, r, s, t, u, of dhe wompressiamerarrsttipaoiore tiaret0 ar cAdwordy
di fferent radi us, respectively. A curve pgis a half circle 5 having
‘the radius R WREW cdemnumpenit ofh theisimultaneously Hommpd vixkialg
triangle, Vmerecﬁahnﬁ:é)f)si n:Es pn=izs or 3 so that the maximum value of the
working chambers is 3. This value.corresponds to the
number of threads N (=3).
In this manner, the lowest value of the shaft
10 angle Oc of the compression process is more than the
value given by the left side of the algorithm 1 so that
the maximum value of the number of working chambers is
more than the number of threads N. Thereby, the working
chambers can be dispersed and located around the drive
15 shaft so that it is possible to be dynaﬁically balanced.
Accordingly, it is possible to reduce the rotating
moment acted on the rotary piston, to reduce the contact
load between the rotary piston and the cylinder.
Thereby, it is possible to enhance the performance
20 because of the machine friction loss and further the
reliability of the contact portion.
On the other hand, the upper value of the
shaft angle Oc of the compréssion process is 360°
according to the algorithm 1. Ideally, the upper value
25 of the shaft angle Oc of the compression process is
360°. As described above, the time lag from the

discharge'completion of the working fluid to next

compression process start (the suction completion) can



| ocated at distance of the radius R7 froman apex |I. A curve qr is the
arc of the half circle having the radius R2 whose center is laid on the
side I1J. Acurversis 10 the arc of the half circle having the radius R3
whose center is laid on the side |J- Z9curve st is the arc of ~ the

half circle having the radius R4 (= 2 [err] R3+R2) whose center is laid

on the side |J,besi0n | art yis /posgilslé o preverther@im wdddindaie circle
having the radius R5 whose 15 center is laid on an extended |ine

connecting the suctimteffiqiemty tdwe tto thegaentesexparndion ath us spacel
curve uv is the arc having the radius R6 whose center is the centroid
0. A curve vw idisplacenentocenrted rinlicsse of R owko360Cent Furithean dmex
J. The angles of arcs having 20 the radii R4, R5, R6 are determined by the
condi tion tHhtPegflkle starrrevent Hixor drire cirever sidel e mukttarrent _

t he contact points (each inclination angle of each tangent line is sane
at the contatt IRAHidue W ragh of diffRrRnt PreRsSUre Misen Fd1 tthe twe t he
point wis rot 25 around .t he, unt ercl ockw se i§'120[err],

t he poi nt %l}eag'%scﬁéh ?WW%M‘%? ‘%%&?ﬁﬁd&’r @RHET U > further
;ﬁg?ggs, ! ?hézgl[:gé;]d qsﬂaglfﬁeo mtgéir SAPS O 494 aelxplairpeeé AP ed Sty Pl et ed.
- with Fig. 11.
The shaft angle Gc of the compression process

10 of the displacemenﬁ fluid type machine shown in Fig. 11
is 375°. Fig. 11A shows the suction completidn in two
working chambers 15a and 15b shaded in Fig. 11A. At
this time, the pressures in both of working chambers 15a
and 15b are equal and the suction pressure Ps. The

15 discharge port 8a is located between two working
chambers 15a and 15b, and is not linked though both of
the chambers. Fig. 11B shows that the shaft angle Oc is
rotated in 15° from the state shown in Fig. 1l1A. Fig.
11B shows the state immediately before the working

20 chambers 15a and 15b are 1inked through each other. At
this time, the displacement of the working chamber 15a
is less than the displacement in the suction completion
shown in Fig. 11A, the compression proceeds, and the
pressure is higher than the suction pressure Ps. On the

25 contrary, the displacement of the working chamber 15b is
more than the displacement in the suction completion,
and the pressure is lower than the suction pressure Ps

due to the expansion. Next, the instant the working



- 21 - . rotary piston (a thickness h) is obtained. ~When
the plan shape of the rotary piston is determ ned, this rotary piston
is gyrated with the gyrating radius [err] so that the contour shape of
t he 5 cylinder for engaging with the +o3@ry pi ston becones an

of f-set curve having an outward normal distance [err] of a ~curve
form ng the corchambermpkSafandiel Shtary qombimedisvith (birked i thiewghf.

A contour shape of the cylinder will be 10 explained in reference with
Fig. 5. A triargpch|Jthes, the irmewersibbe thixturengtcusshas shovwn by 4.
The cont our ~shape is formed by seven arcs simlarly to the rotary

pi ston. Points 0 agrowrin EKig. tllcy' Thereby, iherpressure lmowantist

poi nts of each arc having different radius, 15 respectively. A curve

p'g is a half ¥ATEIEHAANFRAe the porkpumance i reducgdse center is
ocated ar 5 Reprdindly partekbl (e pne3 AR the A Curve
shaft angle Oc of the compreséion process is 360°.
The displacement type fluid machine shown in

Fig. 11 is slightly different from that shown in Fig. 1.
In the displacement type fluid machine shown in Fig. 1,

10 one space of two spaces which the vane is located
between is a suction space, and the other space is the
working chamber. The shape of such a thin vane is
varied so that the inner leakage occurs, thereby there
is the problem that the compression efficiency is

15 reduced. 1In order to solve this problem, the form shown
in Fig. 11 is formed. If the shaft angle 8c of the
compression process of the displacement type fluid
machine shown in Fig. 11 is 360°, the displacement type
fluid machine shown in Fig. 11 has a substantially same

20 characteristic as that shown in Fig. 1. Also, the
rotary pistons of the displacement type fluid machines
shown in Figs. 1l and 11 are commonly shaped so that the
thread is extended from the center portion and both of
the rotary pistons have a narrow portion.

25 Fig. 12 shows the compression element of the
rotary type fluid machine described in the citations 3
and 4. Fig. 12A shows a plan view, Fig. 12B shows a

side view. The number of threads N is 3, and the shaft



q'r' is the arc of the half circle having the radius 20 (R2-[err]) whose

center is laid on the side 1J. A curve r's' is the arc of- the half
circle having the radius (R3+[err]) whose center is laid on the side
J. A curve s't' is the arc of the 3ml$ circle having the radius

(R4+[err]) whose center is laid on the side |J, simlarly. 25 A curve t'u"
is the arc of tanrglel @ cci(tdiee virap aggillee 0 ) ofraﬂeueoﬁﬁEeéstoia)pmbeées
center is laid on an extended |ine connecting the contact point t'

with the centeri®f2khe. In Rigi U2 Fthd emm}l)erm(nfvlmeu working he arc
havi ng t he 22 radius (R6+[err])
whose center i §114¥%b%¥§1t¥%|fﬁ=b or R Af shown m./ IW-g-l ﬁlQIh-e i'al‘rxgh?m ng the
radius (R7+[err center i s t he _apex J. The angles of arcs

havi ng 'Ehe Ladi%g? ‘fr]‘ahe shaft angls (fy igrOT|ennp) tgeenamb@rcrmnea by

the " cont adtib vhﬁgut%ac?}e S il 1 A GPRARIRS AEHS- 12, 1| ne
;DS f gnfhgt pE)ihﬁtﬁ\%] tllalél}ig?%ége%é ovi-h%%et hsepaccoenst of’]ormed by rl: 3 J\:lrtoenx]' the point
peripheral contour shape of the rotary piston and the
inner peripheral contour shape of the cylinder is not
the working chambér, and the suction port 7a and the
10 discharge port 7b are linked through each other. Thus,
the gas in the spaced displacement of the discharge port
7a is re-expanded so that the gas flowed into the
cylinder 4 from thé suction port 8a is flowed back,
thereby there is the problem that the suction efficiency
15 ié reduced. |
By the way, the shaft angle Oc¢ of the compres-
sion process of the displacement type fluid machine
shown in Fig. 12 will.be extended by considering the
embodiment. In order to extend the shaft angle Oc¢ of
20 the compression process, the wrap angle of the contour
curve of the cylinder 4 must be larger as shown by a
" double-dot line. Thereby, the thickness of the vane 4b
is excessively thin as shown in Fig. 12. Accordingly,
it is difficult that the shaft angle Oc of the compres-
25 sion process is changed to be more than 240° in order
that the maximum value of the number n of the working

chambers is more than the number of threads N (N=3).

Fig. 13 shows the embodiment of the



around the centroid o' counterclockw se in 120[err], the 10 point W is

mat ched to the point p'. The contour shape Is further rotated in
120[err], the contour shape of total - periphery is conpleted. Thereby,
t he plan shape of the cylinder is eob32aiwed. The thickness H of the

cyl i nder is slightly thicker than the thickness h of the rotary 15

pi st on. compress fon. eTemdmisof hehe edisplacahed ey afvud ston
-shown in Fig. 4 overlaying the center o' of the cylinder shown in Fig.

5. As under st odtachime Fhavimg theli samegerocess hidsywhacément ofthiey pi st on and
the cylinder is equal to a 20 gyrating radius and is set to [err].
Preferably, thiguctionflisplacenentk; the [samé¢ outenalianetempeandhehe .
However, wi thin the range that the working chanber formed by the
outer peri pher FARPEPATHITARIR Anrtheseoh thel digplacementeryprer i pher al
contour, Of 1R, B8 GELcFp B Vi SPTT e e Pongld U o
-'r;gtehggt Pg? Lg;sﬁﬁéé}ﬁ}%&%ef%rg:ﬁ%%%gsé) fof?1 "the. compri'esssei(ciorll aei een(ljer?ts stl{]oewn
in Fig. 13 can be 360°, that is, more than 240°. Since
the compression element shown in Fig. 12 comprises the
smooth curves between sealing points which form the
10 working chambers, even if the shaft angle fc of the
compression process is attempted to be enlarged
according to the embodiment, the maximum value of the
shaft angle fAc is at most 240°. Howevei, since the
compression element according to the embodiment shown in
15 Fig. 13 does not have the smooth curves between the
'sealing points (the point a - the point c) (that is,
does not have the similar curve), the shape near the
point b is extruded relative to the rotary piston.
Further, the narrow portion exists on the way from the
20 center portion to the end portion of each thread. This
can be also described according to the embodiment shown
in Fig. 1. Due to these shapes, the wrap angle 8 from
the engaging-point a to the engaging point b can be
360°, that is, can be more than 240°. Further, the wrap
25 angle 6 from the engaging point b to the engaging point
¢ can be 360°, that is, can be more than 240°.

Consequently, the shaft angle Oc of the compression

process can be 360° more than 240° so that the maximum



- 23 - shapes of the rotary piston and the cylinder, but the

present invention is not limted by this nethod. It is possible to
construct a simlar contour shape by conbining arbitrary (a high-order)
curves. 5 Fig. 7 shows a char3act-eristic of displacenent

vari ation of the working chanber according to the present invention
(represented byalue ot itheonumber n ofudheo wrodikimga chamblerds cam blee wor ki ng
chanber di spl ace- ment V) conpared to other -type of conpressor by
defining 10 tmorshahamngiee Number foforbhirteadsudt.i oThusnplidt iisn ppesdble
transversal axis. Thereby, the characteristic of di spl acenent vari ation
of the rotary thppelispensss ihen workigige ehembersc sor dhad the rotaviod nent is
conpared to the conpressor in the condition of the air conditioner 15

havi ng the di spomeRtef@n i Fegduasse suction start of 0.37 (for

exanple, in case that the working gas is HCEC . .the syction pressure
Ps=0. 64MPa, X he di scharg%urtherprégﬂfﬁetgez.m .°%Izﬁ"lleni"’§r | the

COTPT S5t 0N 1o AR Ry AR SR, L FRLERE, Uk
a height (thickness) of the cylinder of the compression
element shown in Fig. 12 is sef to H, the height of'the
cylinder of the compression element shown in Fig. 13 is

10 0.7H and is 30% lower than that in Fig. 12. Accord-
ingly, it is possible to downsize the compression
element. |

Fig. 14 shows the load and the moment applied
to the rotary piston 5 according to the embodiment. A

15 reference O denotes the shaft angle of the drive shaft
6, and a reference ¢ denotes the rotary radius. By an
internal pressure in each working chambe: 15 accompanied
with the working gas compression, a force Ft in the

‘direction of the tangent line perpendicularly to the

20 direction of an eccentricity and a force Fr in the -
direction of the radius corresponding to the direction
of the eccentricity are applied to the rotary piston 5.
A resultant force of Ft and Fr is F. This resultant
force F is shifted relative to the center o of the

25 rotary piston.5 (a length of an arm is 1) so that a
rotating moment M is acted in order to rotate the rotary
piston. This rotating moment M is supported by a

reaction force Rl and a reaction force R2 at the



the | eakage of the working gas and to enhance an ability and the
efficiency of the conpressor, since the conpres- sion process is
conpl eted. On the other hand, the di scharge process is about 50% | onger
than the rotary 25 type (the rolling pLsign.type), since the flow velocity
of the discharge gets nore slowy, it is possible to reduce the

pressure |oss, éngddinig tpoirmtgey anedice Adording |tb kROSrifedie

di scharge process (over-conpression _ - 24
- | 0ss) andinvemrniemceethdanquedtorisragplied at two or thrkee Seridiys a
variation of a work anmount during one rotation of the shaft according
to the enbotigrprintsialeds, theesueiad iporof 7, gasd @ ressdtion 5
torque T is conpared to that of other type conpressor (where Tmis an
average torque)torgRrh ot actesd e other \engaging piint=. r dimrghe ype
conpression el enent 1 according to the present invention is 1/10 of
the rotary > TOSA¥Y t¥RE Goprersiqn gkement ot jagrdrding tasmiie and 10

ially equal to that of the scroll type. .
substantially ﬁkesent invention, the worklag)chambers are dispersed

and located around the crank portion 6a of the drive
shaft 6 engaged with the center portion of the rotary
piston 5 at substantially equal pitch so that the shaft
10 angle from the suction completion to the discharge
completion is substantially 360°. Accordindly, an
action point of the resultant force F can be approached
to the center o of the rotary piston 5 so that it is
possible to reduce the length of the arm 1 of the moment
15 and to reduce the rotating moment M. Accordingly, it is
possible to reduce the reaction forces Rl and R2. Also,
as understood by the locations of the engaging points g
and b, since sleeve parts of the rotary piston 5 and the
cylinder 4 applied by the rotating moment M is near the
20 suction port 7a for the working gas having a low temper-
ature and a high oil viscosity, an oil film can be
ensured so that it is possible to provide the more
reliable rotary type compressor fbr solving the problem
of the friction and the abrasion. |
25 Fig. 15 shows that the rotating moment M
during one rotation of the shaft acting on the rotary
piston by the internal pressure of the working fluid is

compared to the compression elements shown in Figs. 12



However, since the conpressor according to the present I nventi on does
not have a nechani smfor reciprocating in order to prevent the rotary
scroll rotation such as an O dams ring of the scroll type, it is
possible to 15 conpletely balance the shgft-systemand to reduce the
vi bration and noi se of the conpressor. Al so, since the conpr essor

according to thendrEsenta iduRAINdE dbHdftion 19PN rd¥rF e such as
the scroll type, it is possi ble to reduce a working tinme and a cost.

Further, 20 sicumiithior of i workiany filwice HFCIB4d OfwhHdr 2)tHeor

hol ding the spiral shape, it is possible to prepare by t'he wor k
simlarly to ttnetion pregmnmRerkdI5Midie the dimaldrde/ prredsute can not
wor k by passin trmadig through. Further, since a thrust Ioap i's not
applied so gH 43Mpa kas\Therelyhageadnd i draartiee icongrestiicrct i on
of the shaft_|Iar y affectlng t he perfornmance of the conpressor, it is
possible to %nf?&grﬁﬂ?’%q‘]é’ dilfe remhadiment MRwingrthe maximes siddlwe tof

t he 25
downsi ze andlléﬁg(ﬁ%rklng chambers more than the number of threads,

since the working chambers from the suction completion
to the discharge completion are dispersed and located
around the drive shaft at substantially equal pitch, it
10 is possible to be dynamically balanced so that the load
vector by the compression can be pointed toward the
‘substantial center. Thus, it is possible to reduce the
rotating moment M acted on the rotary piston.
Consequently, it is possible to reduce the contact load
15 of the rotary piston and the cylinder, to enhance the
machine efficiency and further to enhance the relia-
bility as the compressor. _ |
The relétionship between the period that the
suctidn port 7a is linked through the discharge port 8a
20 and the shaft angle of the compression process will be
now explained. The period that the suction port 7a is
linked through the discharge port 8a, that is, the time
lag A0 represented by the shaft angle during the period
from the discharge completion of the working fluid to
25 next compression start (the suction completion) is
represented by Af = 360°-0c as the shaft angle Oc of
the compression process.

In case of AO X 0°, since the period that



conpressor. Next, the relationship between the above wap
angle [err] and the shaft angle [err]c fromthe suction conple- tion
to the discharge conpletion will be explained in 5 detail. By changing
the wap angle [err], it is possible ta 36 - change the shaft angle [err]c.
For exanpl e, when the wap angle is changed to | ess than the wap

angl e of 360[ erhe sAction Pwt tilge 15hkeld angbagh emet ae_s&u@trgengeawpl etion
to the di scharge conpletion is changed to be small, the di schar ge

port is |inkeddodesomglt Eekdstycthenspetiion effitienelyy ist hotf reddced t he

di scharge port is expanded so that there is a problemthat once sucked
fluid is fl owedue to hkhek reAlexpanstion bEetababasadgl¢hbrspacbd suction
conpletion to the discharge conpletion is changed to 15 nore than the wap
angl e of 360[ eddjspdacement: o ihef disedlagge porits changed to be large, two
wor ki ng chanbers, each having different size, respectively, are fornmed
whi | e Bhe fluidis ﬁ%ﬁé\@et YR thed spacincs the pepiadFhat theyt
fromthe suction cqnpletlon when the 20 fluid nmachine is used as

the conpressor SYSAARHPOIL, A€ ieﬂntPﬁ htﬁﬁew&ﬁﬁF YORaRPE s rises
differently frofists, $8e s2c8on S35cTeddyY 16 2ERukRES Gub R0 2 B

expansion of the gas in the spaced displacement of the
discharge port. Thereby, a refrigeration ability of the
10 compressor is reduced. Also, due to the reduction of
the suction efficiency (the volume efficiency), an
adiabatic efficiency, that is, an energy efficiency of
the compressor, or a result coefficient is also reduced.
The shaft angle Oc of the compression process
15 is determined by the wrap angle 86 of the contour curve
of the rotary piston or the cylindér and the locations
of the suction port and the discharge port. In case
that the wrap angle O of the contour curve of the rotary
piston or the cylinder is 360°, the shaft angle fc of
20 the compression process can be 360°. Further, the
sealing point of_the suction port or the discharge port
is moved so that AB < 360° may be set. However, A8 >
360° can not be set. For example, the location and size
of the discharge port is changed so that it is possible
25 to change the shaft angle Oc¢ = 375° of the compression
process of the compression element shown in Fig. 11 into
the shaft angle fc = 360°. Immediately after the

suction completion in Fig. 11, the discharge port is



chanbers are conbined with each other, since an I rreversible m xture
loss is occurred, a conpression 25 power is increased and further a
rigidity of the rotary piston is reduced. Also, if attenpting to use
the fluid machi ne as a hydro punp, <i3ze-the chanber which does not
i nk through the discharge port is fornmed, the fluid

- 26 - macén irrged swithet udes workimy phgnbethusa i Gabiihked  the
wrap angle [err] is 360[err] within the range of an all owed ~_precision.
According to tHehirdughi the twork idep crhidmiser rl5b Sin herddmwvwe ddsnigdacthe
Japanese Patent Publication No. 55- =~ 23358 (citation 1), the shaft

angl e [err]c ofShaft @nghesfc = 375 oinsooddes=i 3682t tBy [thijcchaigé]err].
According to the flujid machi ne_described in the above descri bed

Japanese Pot et B IRER it neduce timseiryevergikde Hixturend.ossiO
rocess i s st 4 (64 5t Btirertd Sisig iapssures gt TS char ge
conpl etion of t&ﬁiﬂ¥ﬂ&déﬁ££ﬂé¥éjgé%urred when the shaft angle is Oc =
| 375°. Accordingly, the wrap angle @ of the contour
éurve is a necessary condition, but a sufficient
condition for determining the shaft angle 9c-of the
10 compression process.

According to the above described embodiment,
the sealing type compressor of a low pressure in the
sealing contéiner 3 (suction pressure) type is described
above. The low pressure type compressor hés the

15 following advantages:

(1) Since the motor element 2 is less heated
by the compressed working gas having a high temperature,
the temperature of the stator 2a and the rotor 2b is
fallen down so that the motor efficiency can be enhanced

20 in order to enhance the performance.

(2) In the working fluid which is soluble in
the lubricating oil 12 such as CFCs, etc., since the
pressure is low, the ratio of the working gas melted in

‘the lubricating oil 12 is less. Accordingly, the oil is
25 less effervesced by the bearing, etc. so that it is
possible to enhance the reliability.

(3) A pressure tightness in the.sealing

container 3 can be lower so that it is possible to slim



next conpression process start (the discharge conple- ‘tion) is the
shaft angle [err]c of 180[err] according to the 15 citation 1, and the
shaft angle [err]c of 150[err] according to the citations 3 and 4.

Fig. 9A shows the conpression process of Fgch wor ki ng chanber (shown
by references I, II, 111, 1V) during one rotation of the shaft tn case

that the shaft amd highier ethd caliprtdEssONpr essi on process is [err]c = 210,
Where, the nunber of threads N=4. Although four working chanbers are

formed within the range dlextie slefgh gpssure ii arlid cafl G [wntdaidde
nunber n of the sinultaneously forned wor ki ng chanbers 1s n=2 or 3 in
case of a partituldisciErgm@ressurey diypg \conpressod il Beie of the
nunber of the sinultaneously formed working chanbers is 3, that

is, |ess than t9P¥RMARG. ofFigw ckflsshows a partially Sérriiamgéq/,zs?éétg‘m_rﬂaa
shows the nuymber, of the . - -

wor ki ng chaggr‘é"-?vﬁ oL dhe BRaking hRR coppressay L ithe higlhhmressurshaf t

angl_e [err]c Oft}}phee fr? arsees Sfihoa p1:rhoeC ersosta{rsy [teyrpre; Cfluid machine of

another embodiment according to the present invention is
used as the compressor. In Fig. 16, the elements having
the same reference numbers in Figs. 1-3 are the same

10 portions and have the same action in Fig. 16. 1In Fig.
16, a numeral 7b denotes a suction chambef integrated
with the main bearing 7 by the suction cover 10. The
suction chamber 7b is divided from the pressure (the
suction pressure) in the sealing container 3 by the

15 sealing member 16, etc.. A numeral 17 denotes a
discharge path through into the discharge chamber 8b and
the sealing container 3. The principle of the work etc.
of the roﬁary type compreséion element 1 is similar to
that of the low pressure type (suction pressure) type.

20 As the flow of the working gas shown by an
arrow in Fig. 16, the working gas passes through the
suction pipe 13,'enters into the suction chamber 7b,
passes through the suction port 7a formed in the main
bearing 7, and enters into the rotary type compression

25 element 1, where the drive.shaft 6 is rotated so that
the piston 5 is gyrated. Thereby, the displacement of
the working chamber 15 is reduced in order to compress

the working gas. The compressed working gas passes



= 210[err]. In this case, the nunber of the sinultaneously for med
wor ki ng chanbers n is n-1 or n-2. Accordingly, 5 the maxi num val ue of the
nunber of the sinmultaneously formed working chanbers is 2, that is,

| ess than the nunber of threads. - 39 - In the above case,
since the working chanbers are inclined to be formed around the drive
. shaft, a 10 dyhaoughuthel disehatgecporte8a Tbemeldyont bher ehdt phgte of
nonent acting on the rotary piston is excessively high so that a
contact | oad b&hecenxiBdaryt beprpngt 6n pnehebBeup thecdlisatergesvaiveeased.
Accordingly, there are problens that the performance is reduced due to
an increased 295 engerseintpcthendischazge chambelri 8bir| pagses thyoved due
to the abrasion_ of the_ vane. ' ILn sol ve the_above problem the
shaft angl e [ethpcdischagge; patBodyr e 88L8XSpiBEEsEhpssealiingi egnkadRerhe
foll ow ng al gorithm 20 é&&N—l /[ N 360),,< berr%c Eerr] 360[ err]

(al gorithm P) 3. and flows outwagdly,from,thg discharggnhBiRe éBRtour shape

of  the Tolgul 83Readd IS LAI%GRT1hE"EEALaSRALOY, Shape

Since:the lubricating oil 12 is highly

pressured, the drive shaft 6 is rotated so that a
centrifugal pump etc. is operated in order to feed the

10 lubricating o0il 12 with each bearing sleeve portion, the
fed lubricating oil 12 is passed through the space
between the end surface of the rotary piston 5 so that
it is easy to provide the lubricating oil 12 into the
cylinder 4. Accordingly, it is possible to enhance a

15 sealing ability of the working chamber 15 and.a
lubricating ability of the sleeve portion.

- In the compressor using the rotary type fluid
machine of the present invention, it is possible to
select either the low pressure type or the high pressure

20 type according to a specification, an application of an
equipmeht or a manufacturing'facility. Thereby, it is
possiblé to flexibly design.

Next, a method for preparing the rotary piston
according to the embodimept of the present invention,

25 more especially, a method for finishing the outer
peripheral contour having the particular shape will be
explained. Fig. 17 explains the method. Fig. 18 shows

a sectional view of the piston whose outer periphery is



are formed. In other words, the above wap angle [err] is within the
range given by the algorithm1l. Referring to 25 Fig. 9B, the shaft angle
[err]c is nore than 270[err]. The nunber n of the sinultaneously

formed wor ki ng chanbers - 40 - - 28 - i's
n=3 or 4 so that the maxi mum val ue of the working chanbers is 4. This

val ue correspongsrked s hermrdes Uf, a numd¥£Rd8 NMdrbes A %rl&{}hd;inﬁg 108,

the shaft angle [err]c of the conpression process is nore

240[err]. Accorebmprisimygly bade 18aped plwfaligy dfmpimigmsiond orgsd

wor ki ng chanmbers is n=2 or 3 so that the maxi num val ue of the

wor ki ng chanber$ixed o Tthe bheadelcl 8y raaxpandsldmp tiee for Mixdmy tHe t hreads
N (=3). In this manner, the | owest val ue of the §h§ft 10
angl e [err]c ofWark. cdmmrumrarah it clanntds arovaerking ttdwl comprvis irsy gi ven
by the left side of the algorithm1l so that t he maxi nrum val ue of the
nunber of wot kiFRERHRH 0L sl9a, a A inmtadle IAnb@Etdf. t IBatioMN.

' : an be di spersed and | ocated around the
g??;gby’ the ngﬁgrghrfaceéj§¥ﬂgﬂﬁgﬁber of thé)rotary piston 5 which is

made of a casting are worked the through hole 5b and the
bearing 5a for positioning is positioningly worked with
high accuracy. Next, as shown in Fig.'17, the member is
10 engaged aldng the pin portion 18b of the working jig 18
by determining the through hole 5b as a positioning
orientation, and is fastened and fixed to the base 18a
by the clamp 18c by using a screw and a machine forée.
When the member is mounted to the base 18a (Fig. 18), by
15 wusing a machining center etc., the outer peripheral
contour is finished by the grinding tool 19a, the
cutting tool 19b, etc.. Thus, a plurality of through
holes 5b are formed around the bearing 5a at the center
portion of the rotary piston_s. Since this through hole
20 5b is determined as the positioning orientation for
fitting to the working jig 18, it is possible to
position with high accuracy. Further, it is possible to
prevent from a deformation due to the cutting and grind-
ing work, and further to enhance a dimension precision
25 of the contour shape. Also, the through hole is used
for fitting and further for positioning of a test jig so
that it.is possible to fit and test effectively.

Further, it is possible to contribute to a reduction of



15 shaft so that it is possible to be dynam cally bal anced. :
Accordingly, it is possible to reduce the rotating nonent acted on the
rotary piston, to reduce the contact -l oad between the rotary piston
and the cylinder. Thereby, it is pesglble to enhance the perfornmance
20 because of the machine friction loss and further the reliability of
the contact poraiweight of the rotarPpiseowtHer dwnehe tdehe®PeAnyal 4¢ of

t he shaft angle [err]c of the conpression process is 360[err]
accordi ng to therdeyore twoxk . thelethngr pémripipacal vedneou?obfthidie shaft
angle [err]c of the conpression process is 360[err]. As described
above, the ti mcYhindennsi hehe outelr spemiphexynpf ethe eyl inder wris ng f1 ui d
t o next coppression process start (the suction conpletion) can
- 29 - be B1xed ¥Q Hhestiteing pievimiordem tedierhdthéieinner suction
'n case of [Br rRErPRERR LI qat (Horthe (Y Tinder, hdakiunind G event from
the irreverSit”ﬁééﬂfﬁiﬁé’center, etc.. 1In order to enhance the
rigidity of the vane 4b of the cylinder 4, the cylinder
4 may be adhered onto the end plate surface of the main
bearing 7, or the cylinder 4 may be integrated with the
10 main bearing 7.
The rotary type fluid machine having three
vanes 4b on the inner periphery of the cylinder 4'is
described above. The present invention can not be
limited to this example. Accordingly, the rotary type
15 fluid machine having N vanes 4b (N is more than 2) may
be applied (the value of N is practically less than
- 8-10).
Figs. 19-21 show the compression element
according to another embodiment of the present
20 inventioh. Fig. 19 shows the case of N=2 (a double-
thread wrap), Fig. 20 shows the .case 6f N=4 (a four-
thread wrap), and Fig. 21 shows the case of N=5 (a five-
thread wrap). Since a basic principle of the work of
the rotary type compression element 1 in Figs. 19-21 is
25 similar to that in Fig. 2, an explanation is omitted.
In this manner, as the number N of vanes gets

higher within the applicable range, there are the

following advantages.



5 loss due to each of different pressure risen in the two chanbers in
conbi ni ng these chanbers in case of [err]c > 360[err]. The latter case
will be explained in reference- with Fig. 11. The shaft

angle [err]c of the conpression process 4@ -of the displacenent fluid type

machi ne shown
conpletion in

this time, the pressures in both of working chanbers 15a
equal and the siscipioss jjrles dor gediceThe Vbdiatdiear gadomatis@a i s | ocat ed
bet ween two wor ki ng chanbers 15a and 15b, and is not |inked though

in Fig. 11 Is 375[err]. Fig. 11A shows the suction
t wo wqrlki 29 tolradee varizt immd iE5resluedel son thay. itlA.

At

and 15b are

bot h of t he chamber dz)Flc@mmIE%Mh%ﬁanﬁ]@m digmater,etifiec i s

rotated in 15[err] fromthe state shown in Fig. 11A_ Fig

the state |nned¥%h 1&‘H%ﬁ@ﬁéQM%§nﬂﬂﬂqﬁﬂf %ﬂ?uéﬁdﬁbéw§’E&?QﬂﬁFQEﬂ9ﬂare

| i nked throu
wor ki ng cha
conpl eti on
pressure is hi

di spl acenent of the worKki
I n the suction conpletlo

10

15

20

25

each ot her this tinme, the displacenent of the
Hd P?g'aceme’}ts Vise gt APWete 59 %%éﬁeﬁts eSS LE A

11B shows

shown 11A, t.he c ressi on proceeds, and the '
é}?gps[%r{t %95‘51“5 éﬁ@'&s‘ On the 25 contrary, the

rotary piston is reduced, it is possible to reduce a
machine friction loss at the sleeve portion of the
rotary piston and the cylinder, and further to enhance
the reliability.

(4) The pressure pulsation in the suction and
discharge pipe arraﬂgement is reduced so that it is
possible to further reduce the vibration and noise.
Thereby, it is possible to realize the fluid machine
(compressor, pump, etc.) having no pulsation flow
required for a medical application, an industrial
application, etc..

Fig. 22 shows the air conditioner system using
the rotary type compressor of the present invention.
This cycle is a heat pump cycle for a cooling and heat-
ing machine, and comprises a rotary type compfessor 30
of the present invention shown in Fig. 3, an outdoor
heat exchanger 31, a fan 31a of the outdoor heat
exchanger 31, an expansion valve 32, an indoor heat
exchanger 33, a fan 33a of the indoor heat exchanger 33,
and four recfangular.valve 34. A single-dot line 35

shows an outdoor unit, and a single-dot line 36 is an

8 SRt Je5ffotsatmg Wi WLl agement



and the pressure is |lower than the suction pressure Ps due to the
expansi on. Next, the instant the working

- 30 - chanbers 15a and 15b are conbined with (linked through)

each other, the irreversible m xture oeccus3s-as shown by an arrow in
Fig. 1lc. Thereby, the pressure power is I ncreased so that the
performance i s ineddecdnit.5 Accordingly, preferably, the upper limtation
of the shaft angle [err]c of the conpression process is 360[err].
The di spl acenent type fl ihe rathanye typevwompressorfFi3g. ikl operaltiedht | y
different fromthat shown in Fig. 1. I n the displacenent type fluid
machi ne shown quanglng toldhenpripadplef ofiwthepaoak whiosn time Rigne 2i.s

| ocat ed between is a suction space, and the other space is the

wor ki ng chanberTherTgomprassast isusitaxted sovahat £he workinded1l¥ddt hat t he
I nner | eakage occurs, thereby there Is the problemthat the

conpr essi on %f f(HGFS2, RA07 ﬁé&@@edetpn)oﬂGePOMQnﬁﬂsﬁé petyeenophem t he

f or m shown cffldgé% 5%5i€%e r&@%fy 5&s%gg.shaft angle [err]c of the
' In case of operating the cooling machine, as
shown by a dotted line arrow, the compressed working gas
having the high temperature and high pressure passes
10 through the four rectangular valve 34 from the discharge
pipe 14, and flows into the outdoor heat.exchanger 31.
Further, the working gas is blown by the fan 3la so that
the heat is radiated, the working gas is liquefied, is
throttled by the expansion valve 32, is adiabatically
15 expanded, is changed to the low temperature and 1ow
pressure, absorbs a heat in a room by the indoor heat
exchanger 33, and is gasified. After then, the working
gas passes through the suction pipe 13 and is sucked by
the rotary type compressor 30. On the other hand, in
20 case of operating the heating machine, as shown by a
solid linelarrow, the working gas is flowed back
contrary to the cooling operation. The compressed
working gas having the high temperature and high
pressure paéses through the four rectangular valve 34
25 from the discharge pipe 14, and flows into the indoor
heat exchanger 33. Further, the working gas is blown by
| the fan 33a so that the heat is radiated, the working

gas is liquefied, is throttled by the expansion valve



conpression process of the displacenent type fluid machi ne shown in
Fig. 11 is 360[err], the displacenent type fluid machi ne shown in Fig.
11 has a substantially same 20 characteristic as that shown in Fig. 1.

Al so, the rotary pistons of the di splaacenent type fluid machi nes

shown in Figs. 1 and 11 are commonly shaped so that the thread is
extended from BR¢ denadiapatticallgneéxpanded, is chaagedt &by thesllons have a
narrow portion. 25 ~ Fig. 12 shows the conpression el enent of the
rotary type fl tiethperature dadclokepriessulre,ciabsbrbss the heagndrém Bng. 12A
shows a plan view, Fig. 12B shows a side view. The nunber of threads N
is 3, and the omistide air by the outdoor heat exchanger 3331and is angle
[err]c (the wap angle [err]) of the conpression process is 210[err].
In Fig. 12, thgaﬁl;rfb@d -n dfftere thenki the workansnue5spa§snsltbroggas shown
in Fig. 10A Fi g. shows that the shaft angle &err is O[lerr], and
t he nunmber 1? ofthe §“Fﬁé°®0PRPﬁg1§héﬁﬁeﬂ§ sackedad e 1hEaFORAXYNLEPE. 12,

the right spac%o%&r%ggorpg%gs formed by the outer

Fig. 23 shows the cooling system mounting the
rotary type compressor of the present invention. This
cycle is exclusively used for the refrigeration

10 (cooling). In Fig. 23, a numeral 37 denotes a
condenser, a numeral 37a denotes a condenser fan, a
numeral 38 denotes an expansion valve, a numeral 39
denotes an evaporator, and a numeral 39 denotes an
evaporator fan.

15 The rotary type compressor 30 is started so
that the working fluid is compressed between the
cylinder 4 and the rotary piston 5. As shown by thé

 so1id line, the compressed working gas having the high
temperature and high pressure flows into the condenser

20 37 from the discharge pipe 14. Further, the working gas
is blown by the fan 37a so that the heat is radiated,
the working gas is liquefied, is throttled by the
expansion valve 38, is adiabatically expanded, is
changed to the low temperature and low pressure, absorbs

25 a heat by the evaporator 39, and is gasified. After
then, the working gas passes through the suction pipe 13
and is sucked by the rotary type compressor 30. Since

the rotary type compressor is mounted to this system in



peri pheral contour shape of the rotary piston and the I nner peri pheral
cont our shape of the cylinder is not t he worki ng chanber, and the
suction port 7a and the 10 discharge port 7b are |inked through each

ot her. Thus, the gas in the spaced. disspl acenent of the discharge port
7a is re-expanded so that the gas flowed into the cylinder 4 fromthe

suction port 8aigs.flapwethdad, it is igeysdnd e @nharidee tiieokiipgyhat the

suction efficiency 15 is reduced. By the way, the shaft
angl e [err]c ofefifnieicaay,eto reducs aheprvddastiehn tand dicdEescamhttd ype
fluid machine shown in Fig. 12 will be extended by considering the
enbodi nent. | obtradiay maresxtedricbillee hdfingrgide diar dondifticd@en system.
conpressi on process, the wap angle of the contour curve of the
cylinder 4 nustWherearthe low gregsune type isiexsmplest andexplisdnssd,, the
t hi ckness of_ the vane 4b I s excessively thin as shown in Fig. 12.
Accordi ngly,3 as the zotany it¥pe qompresfeos 3t fahher,ctihe igh he

conpres- 25 sion process is changed to be nore than 24Q[err] in qQrder
that the maxi nlﬂﬁ?%‘{}%e YRS Eafu R ls iEuncHigned r?d-“‘l(ia’cllgar%’er&‘qts mor e

ggggdit ngn?ug?e{jhtgfist r}_)roesasz. ll\eI (tlgz?gb'tain the same effgcq:'s .13 shows the

Next, another embodiment of the present

invention will be explained. Fig. 24 shows a partial

10. longitudinal sectional view of the rotary type fluid
machine according to another embodiment of the present
invention used as the pump (corresponding to a cross-
sectional view taken on line C-C of Fig. 25). Fig. 25
shows a cross-sectional view taken on line B-B of Fig.

15 24. The elements havinj the same reference numbers in
Figs. 1-3 are the same portions and have the same action
in Figs. 24-25. in Figs. 24-25, a numeral 40 denotes a
fixed side member comprising a fixed spiral body 40a, an
end plate portion 40b, and a main bearing 40c, each

20 portion integrated with one another.l A numeral 41
denotes a rotary side member comprising a rotary spiral
body 4la, a reinforcement piate 41b for linking the
rotary spiral body 4la with the outer peripheral portion
near the center in the direction of the shaft of the

25 spiral body, and a bearing 4lc located at the center
portion of the rotary spiral body 4la. A numeral 42
denotes a ring portion surrounding the outer periphefy

of the fixed spiral body 40a, wherein a suction chamber



- 32 - conpression el ement of the displacenment type fluid machi ne
havi ng the sanme process di splacenent (the suction displacenent), the
sanme outer dianeter and the sanme rotary radium as those of the

di spl acenent type 5 fluid machine showdén-Fig. 12. The shaft angle
[err]c of t he conpression process of the conpression el ement shown

in Fig. 13 can $2a 3b9[toried timtthe, rimg epdhio? 42, Andethe rifndge
conpression el ement shown in Fig. 12 conprises the snpoth curves

bet ween seal i nPPSHIRE 4éhi % Tbrked Hehrdwghorhe nopodanpersiorevien af the
shaft angle [err]c of the conpressi on process is attenpted to be.

enl ar ged RETFLRMPITL 1400 entdAUReRal 142 dendtrsna alare-nétulme .
shaft angle [err is at nost 240[err]._ However, since the conpr essi on

el ement accor di VL% t3RA hiRmeRat Lhalgnotes 1@ shaft 1sealong not have t he

th bet ween t he sealjng points (the point a - the point c)
(that is, 5 ZRRATGHAS ok THRETA5/AenRtAS  Chor ol hamher

point b is eXtrf&¥ﬁ£d‘%§“éﬁ§%éfﬁér%hé(¥f§35rgﬁgfgi body 40a with the
rotary spiral body 4la. A referénce symbol Om denotes
the center of the rotary side member 41 used as the
displacer, and a reference symbol Of denotes the center
10 of the fixed side member 40 (or the drive shaft 6).
Where, in the fixed side member 40, the fixed spiral
bodies 40a having the wrap angle of substantially 360°
are arranged on the end plate portion 40b at three
-points (at least more than two points) around the center
15 Of at substantially equal pitch. The shape of the
rotary spiral body 4la of the rotary side member 41 is
determiﬁéd so that the.rotary spiral body 4la is engaged
with the fixed spiral bodies 40a.
The flow of the working fluid (in this case,
20 an incompressible liquid) is shown by an arrow in Fig.
24. The working fluid passes through'fhe suction port
42b formed in the ring portion 42, enters into the
suction chamber 42a. The drive shaft 6 is rotated by
the motor element (not shown) in order to gyrating the
25 rotary side member 41 so that the working fluid is
sucked into the working chamber 45. The displacement of
the working chamber 45 is reduced so that the working

fluid is moved, is passed through the discharge port 8a



Further, the narrow portion exists on the way fromthe 20 center portion
to the end portion of each thread. This - can be al so descri bed
according to the enbodi nent shown in Fig. 1. Due to these shapes, the
wrap angle [err] from the engaging @gi st a to the engaging point b can
be 360[err], that is, can be nore than 240[err]. Further, the wap 25
angle [err] frdorined engapengndoplate oE the engdgdiagypbearing 8,C igan be
360[err], that is, can be nore than 240[err]. Consequently, the shaft
-angl e [err]c obnmheedoummesihendlschamgecehambem Bb,B&@[@aspethhrbhgh

240[ err] so that the maxi num 33

val ue of the niwiperetusn vadveodidi Agdc thebdischargee pipe ﬁéneamﬁansthe
nunber of threads N. Thus, it is possible to di sperse the workin
chanbers so t hdTangRitdes ongwardlyonefhec basie prdncdple of the wor

Furt her, since the nynber of the workin chambers which functions
effectivel y 3 s AGROXEANG] Lo, fde embog a5 SHMAUALs P She REIDGIPAGer of

the ConpreSSIOI%he r&%arg?%&p%h%g%pkessf%n e%emen s%owh &%?qutggt of the

The difference between Fig. 24 and Fig. 2 is that, since
the working fluid is the incompressible liquid, the
discharge process starts at the same time of the suction

10 éompletion. Also, the characteristic of the variation
of the displacement in the working chamber 45 and the
variation of the gas compression torque during one
rotation of the shaft are similar to those in Figs. 7
and 8. Accordingly, it is possiblé to largely reduce

15 the fluid loss (over-compression loss) of the discharge
procéss,_and to enhance the performance. Further, it is
possible to obtain the effect such as the reduction_of
the vibration and noise, similarly to the above
embodiment.

20 The rotafy type fluid machine provided with
the three fixed spiral bodies 40a whose wrap angle is
practically substantially 360° on the end plate portion
40b of the fixed side member 40 is described above. The
present invention is not limited to this example.

25 Similarly to the above embodiment, the rotary type fluid
machine wherein the number of the fixed spiral bodies
40a may be N (many threads) more than 2 may be applied

(the value of N is also practically less than 8-10,



cylinder of the conpression element shown in Fig. 13 is 10 0.7H and is 30%
| ower than that in Fig. 12. Accord- ingly, it is possible to downsize

t he conpression el enent . Fig. 14 shows the |oad and the
nonent applied to the rotary piston @gaccording to the enbodinent. A

15 reference [err] denotes the shaft angle of the drive shaft 6, and a

reference [errlsigdneirady e vhe aboveadnbodiBend) . Fiigit @enahowsessure in
each wor ki ng chanber 15 acconpani ed wi th the working gas conpression, a
force Ft in theross-dgiecttiidnal ofievhofi ahge rotanye typrepefildiich madhineo t he

20 direction of an eccentricity and a force Fr in the direction of the
radi us correspantiangling ttre adiotheri embodimentt ko ddee presenty iavenddoen ed
to the rotary piston 5. A resultant force of Ft and Fr is F. This

resul t ant figy @asge jof NfZ .+ eFheeledEmantiso havdngeither samsf nefererse ot ary
piston 5 (a length of an armis 1) so that a rotating nonent Mis
acted in order TERERS IR FHPSot 5 are fihg Gamerportionk @and A&¥Ent Mis

supported by a reaction force Rl and a reaction force at the
PP Y 2 the same action in Figs. 26. Theibaglc priné%%le ogqthe

work is similar to that of Figs. 24 and 25. 1In the
rotary type fluid machine for allowing the variation the
torque to some extent, as the embodiment, it is possible
10 to reduce the number of the fixed spiral bodies 40a, and
to simplify the construction, thereby to reduce the
cost.
According to the above embodiment, the
compressor and the pump are exampled as the rdtary type
15 fluid machihe. Aside from these example, the present
invention can be also applied to the expander and the
motor machine. Also, according to the embodiment of the
operation 6f the present invention, one side (the
cylinder side) is fixed and the other side (the rotary
20 piston) is not rotated, but gyrated around substantially
constant gyrating radius. Howevef, the present
invention may be applied to the rotary type fluid
machine for rotating both of sides according to the

operation relatively equivalent to the above operation.

25 POSSIBILITY OF INDUSTRIAL UTILIZATION
As described above, according to the present

invention, the displacement type fluid machine comprises



- 34 - engagi ng points g and b. According to the present

i nvention, the nonent is applied at two or three engag- i ng points
near the suction port 7a, and the reaction force is not acted at other
engagi ng points. In the 5 rotary type g ession elenment 1 according to
t he present invention, the working chanbers are di spersed and

| ocat ed around & waarikyp@f WorkihicHdidet’s e ranged Bl mdreergaged with
the center portion of the rotary pi ston 5 at substantially equal pitch

so that the shawo pbitdmgise drcama hrhes dirtiiven shafjd ,etwherdin tihe dhadiar ge
conpletion is substantially 360[err]. Accordingly, an -action point of
the resultant fangle Ko the suortdarhedmpletion thee tdentddisahagiget he rotary
piston 5 so that it is, . possible to reduce the length of the arm1 of
the moment 15 qampleliqmude eaah making chamber Ms tatdatlyit is
possible to reduce the reaction forces Rl and R2. Al sq, as under st ood
by the | ocat? oGt t TRy i P& Rossible todangely Feduqedhe parts of

e TOLarY POt AR dan AR 0¥ e, AR e 2 b0, o
Further, the rotating moment acted on the rotary piston |
is reduced so that the friction loss between the rotary
piston and the cylinder is reduced. Thereby, it is

10 possible to enhance the performance and to obtain more
reliable displacement type fluid machine. Also, this
rotary type fluid machine is mbunted to the refrigera-
tion systém so that it is possible to obtain the cooling

and air conditioner system having the high energy

15 efficiency and reliability.



ature and a high oil viscosity, an oil filmcan be ensured so that

| S possibte to provide The nore -

shaft
morklng f|UId

esr ary pi ston by t I nternal pressure of the
s - conpared to the corgixggd on el ements shown in Fi gs.

- 35 - and 13. A calculation condition is a refrigeration

conditi on of the workingaf lyyisg1Hcehdnt ¢ @Qﬂ.utlaemachlnéuﬁtn' hiBhegsur e
t he di scharge préssure 43Mpa) . Thereby, according

Ps=0. 095Moa,

reliable rotary type conpressor for

soIV|n of the friction and the abrasion. 25
Fig. “ Mﬂa l“r“ ot ating nmonent M 5n during one rotation of the
h e

it

12

to the conpressiigplacerelandeat cqfllha@xela&@dllas&au:eaabe%@ebhe effex pTaesy! ue

of t he wor ki ng chanbers nore than the nunber of threads,

t he wor ki ng chameespaceohst fermed byn anodipner wall sur&acbhefdbadharge
conpl etion are dispersed and | ocated around the drive shaft at
subst anti al 15y eyldindeint @nd ian ohiers waddsismirdéace b @pddnddisiplaceal anced so

that the | oad

10

15

20

25

when a center of said displacer is located on a center
of rotation of a rotating shaft, and a plurality of
spaces are formed when a positional relationship between
said displacer and said cylinder is located on a center
of gyration,

wherein the curves of the inner wall surface
of said cylinder and the outer wall surface of said
displacer are formed so that a maximum value of the
number of spaces in processes from a suction completion
to a discharge completion in said plurality of spaces
becomes more than the number of extrusions extruded
inwardly of said cylinder.
2. A displacement type fluid machine in which a
displacer and a cylinder are located between end plates,
one space is formed by an inner wall surface of said
cylinder and an outer wall surface of said displacer
when a center of said displacer is located on a center
of rotatiqn of a rotating shaft, and a plurality of
spaces are formed when a positional relationship between
said displacer and said cylinder is located on a center
of gyration, |

wherein the curves of the inner wall.surface

of Said cylinder and the outer wall surface of said

Sl nce



vect o ion can be pointed toward the . substanti al
cent e!) ﬂ m ‘mﬂmﬂssi ble to reduce the - rotating nonment M acted on
the r s % Consequently, it is possible to reduce the contact

|l oad 15 of the rotary piston and the cyl5hder, to enhance the machi ne
efficiency and further to enhance the relia- bility as the conpressor.
The rel ationshigisplamen ate fmrned sdathdtiea shaftumidl® @@ bf/anes |inked
through the discharge port 8a 20 and the shaft angle of the conpression
process will beprocessofrempthe reuctildre qempletidmitd hethes uisclappst 7a is
l'i nked through the discharge port 8a, that is, the tine . lag [err]
represent ed by Q¢RP%#§#QHah@l%axﬁ”plgralmtxmni(ﬁpaces sators fies dilsehar ge
conpl eti on of tPe fnrking fluid to 25 next conpression start (the suction
conpl etion) is fOlIQEREAGHAEIMI err] = 360[err]-[err]c as the shaft

gl e (err 6o ot op-t PRy STS L WaBLEERT+, whore, n 1o td mERSS: %

- 36 - the extrusions extruded inwardly of said cylinder.
3. A displacement type fluid machine in which a
displacer and a cylinder are located between end plates,
one space is formed by an inner wall surface of said

10 cylinder and an outer wall surface of said displacer
when a center of said displacer is located on a center
of rotation of a rotating shaft, and a plurality of
spaces are formed when a positional relationship between
said displacer and said cylinder is located on a center

15 of gyration,

wherein the inner wall surface of said

cylinder and the outer wall surface of said displacer'
are_formed in order to allow a load vector due to a
compression to substantially point to a drive shaft when

20 said displacer is gyrated for compressing a working
fluid. |
4. A displacement type fluid machine comprising a
cylinder having an inner wall whose section shape
comprises a continuous curve, and a displacer havihg an

25 outer wall faced to the inner wall of said cylinder and
forming a plurality of spaces by said inner wall and the
outer wall of said displacer when the displacer is

gyrated,



the s ' ' | nked t hrough the di scharge port does not exist,
t he sﬂ",‘ﬂ"ﬂﬁ"&'ﬂ'ﬂ” I's not reduced due to the re-expansion of the
gas in*the spaweds "« di spl acement of the discharge port. 5 o In
case of [err] > O[err], since the period Ghat the suction port is
| i nked through the di scharge port exists, the suction efficiency is
reduced due to the re- whepgimsihe afrvée ghisthe irrerspakld off s RTenent
of the di scharge port. Thereby, a refrigeration gblllty of the 10
conpressor is r&hRdEr And thriouten wakkdktsaid displaddre ametformed
efficiency (the volune efficiency), an adi abatic efficiency, that is,
an energy effi drdiAtorspaces g Saist dlyyraligyy oF epdces disfif iaomprtesss- al so
reduced. . . The shaft angle [err]c of the conpression process
15 is det er m nedPHPh HESFRAF BT £33 Moring £t ne s med betwsen he
rotary pist cvlinder and the |ocations, of . the suction port
and the disc a%%é%ce?r eleﬁ tho SHCKING (Jakd (Wor .gg’g‘}de. [egg]o of jheth
cont our curve the rotagfyys R!? r tiﬁiﬁiﬁ' nder, ISéGFE%Egr.’ e
shaft angle [e?j;'] ¢ of 20 tHERGTT eésﬁsﬁ?(}%pper %&ﬂ&g@% t SINA her,
t he seal i dy J*H% td or .t he sgpg{ e.par IS
noved so that F%’r]%<r3 elrr %nigylrﬁ{ézgg{gl%—bw&ﬁ, e[c ngg.t%pe
comprises a continuous curve, a displacer having an
outer wall faced to the inner wall of said cylinder and
10 forming a plurality of spaces by said inner wall and the
outer wall of said displacer when the displacer is
gyrated, a suction port communicated with said spaces,
and a discharge port communicated with said spaces,
wherein the curves of the inner wall of said
15 cylinder and the outer wall of said displacer are formed
so that said suction port and said discharge port do not
communicate with each other via said spaces.
6. A displacement type fluid machine comprising a
cylinder having an inner wall whose section shape
20 comprises a continuous curve, a displacer having an
outer wall faced to the inner wall of said cylinder and
forming a plurality of spaces by said inner wall and the
outer wall of said displacer when the displacer is
ngated, a suction port communicated with said spaces,
25 and a discharge port communicated with said spaces,
wherein the curves of the inner wall of said

cylinder and the outer wall of said displacer are formed

so that each working fluid in the adjacent working



360[eFTT’TEﬁT?ﬂﬁfjagjggrf‘For exanpl e, the location and size of the

di scha mnmm{lmtﬁ d so that it is possible 25 to change the shaft
angl e. ﬂmm‘ of the conpression process of the conpression
el enent shéwn'i n"Fiy. 11 into t he-shaft angle [err]c = 360[err].

| medi ately after the suction conpletion in Fig. 11, the discharge
port is chambers between which the disch@rge port f£o6fadgechapgd hat

t he wor ki ng chanber 15a can be |inked t hrough t he wor ki ng chanmber 15b
in order to changesahd workishafluidgis petris suBké&fefromi eachferr]c =
360[err]. By this change, It is possible to reduce the irreversible
m xture | oss different snetiionfperhi| yespechigvel¥ssures in the two
wor ki ng chanbers occurred when_the shaft angle is [err]c = . 375.
Accordingly, tRe wap an3l éifpiagenenthbypenfbuid machine@opprisBgedsary
condition, but a_sufficjent condition_for determ ning the shaft angle
[err]c of tRe CYbIRARE, Ba¥ing ARo&BREr wall whose sectigRofBRR§ to the

above descri bed enbodi nent, . __the sealing tgge fonBreﬁsor of a | ow
pressure in thgomPrises a ¢tontinuous curve, a displacer having an

outer wall faced to the inner wall of said cylinder and
forming a plurality of spaces by said inner wall and the
outer wall of said displacer when the displacer is

10 gyrated, a suction port communicated with said spaces,
and a discharge port communicated with said spaces,

‘wherein the curves of the inner wall of said

cylinder and the outer wall of said displacer are formed
so that the space adjacent to a sealing point at the

15 discharge completion forms one space in order to proceed
the compression process or the discharge process. A
displacement type fluid machine comprising a cylinder
having an inner wall whose section shape comprises a
continuous curve, a displacer having an outer wall faced

20 to the inner wall of said cylinder and forming a
plurality of spaces by said inner wall and the outer
wall of said &isplacer when the displacer is gyrated, a
suction port communicated with said spaces, and a
discharge port communicated with said spaces.

25 8. A displacement type fluid machine comprising a
cylinder having an inner wall whose section shape
comprises a continuous curve, a displacer having an

outer wall faced to the inner wall of said cylinder and



seal ing container 3 —(suction pressure) type is described above. The

| ow pr essor has the 15 follow ng advant ages:

(1) Si ﬁm'”ﬂmmgm ment 2 is |less heated by the conpressed worKking
e

gas havinge athi @ mper at ur e, t he ts@nperature of the stator 2a and
the rotor 2b is fall en down so that the notor efficiency can be
enhanced 20 i fogmdfg BOp2aftaldityt bE ppatesdpceaid inner wall an@2khen the
working fluid which is soluble in the lubricating oil 12 such as CFCs,
etc., since theuter waldsefr said displhakerr whea dhet Aéspdakergigas nelted

I n the lubricating oil 12 is less. Accordingly, the oil is 25 |eéss

ef fervesced by gypratiedar iengucation porthgommunicated patdi Saddt specesnce t he
reliability. ) (3) A pressure tightness in the sealing
cont ai ner 3 cad®Nide d Qischaggenhporit: cogmyadcatied with smid spaces,

- 38 - and lighten the cqonpressor. ) hbx& a hi%h
pressure in3the seal i ng wherein-.the curves of the inner wa 1l of said

cylinder and the outer wall of said displacer are formed
so that the space for the suction process in the spaces'
formed by the outer wall of said displacer and the inner
wall of said cylinder is separated for forming each

10 different space for the compression process or the
discharge process.
9. A displacement type fluid machine comprising a
cylinder having an inner wall whose section shape
compriées a continuous curve, and a displacer having an

15 outer wall faced to the inner wall of said cylinder and
forming a plurality of spaces by said inner wall and the
outer wall of said displacer when the displacer is
gyrated, |

wherein the curves of the inner wall of said

20 cylinder and the outer wall of said displacer are formed
so that said space existing along a contour of said
displacer is alternately changed to the space for the
suction process and the space for the compression
process or the discharge process.-

25 10. A displacement type fluid machine comprising a
cylinder having an inner wall whose section shape
comprises a continuous curve, a displacér having an

outer wall faced to the inner wall of said cylinder and



(d ressure type conpressor wll be 'explained. Fig. 16
shomsﬂ uu rged secti onal 5 view of the sealing type

conpr pressure type in case that the.rotary type
fluid machi ne of anot her enbodi mentsmceording to the present invention
S used as the conpressor. In Fig. 16, the elements having t he

sane ref er encefoniiey < ipludrtglityl -o¥ aipadde Baaid G WISl ainl Rawe the
same action in Fig. 16. In Fig. 16, a nuneral 7b denotes a suction

chanmber integraiter wall wif Isditk disspl dussar iwlery the tdislestemnisover 10.

The suction chanber 7b is divided fromthe pressure (the suction
pressure) in tgwratedi mpdontdrive shaft tfor dsivind isaidetisplassretc.. A
nuneral 17 denotes a di scharge path through into the discharge chanber
8b and the seal i ng Wisneimeihe. hq:‘q@ BASSHNG| thrgughdhpprsurfaces of

the rotary type, qFreSS|on elenent Is simlar to that of the | ow
pressure type ¢ %%%? tpﬁ‘%lﬁ ‘?‘ﬁ%" wahl of said digplagex |ifykaredhe

wor ki ng gas sho

Fi t hy i
(v ough the  SPLiR i o helis Yok ety safe (BHeR SR, 70,

passes throug he sucti ory_7a f d in.ihe, ma bear.ing 7, and
enters into tE%iTotary t ﬁ%ﬂﬂﬁhﬁ qbqupe f£Uld maéhlne 1% Wnich 4

displacer and a cylinder are located between end plates,
one space is formed by an inner wall surface of said
10 cylinder and an outer wall surface of said displacer
when a center of said displacer is located on a center
of rotation of a rotating shaft, and a plurality of
spaces are formed when a positional relationship between
said displacer and said cylinder is located on a center
15 of gyration,
| wherein when the space formed by the inner
wall of said cylinder and the outer wall of said
displacer is the space at the suction completion of the
working fluid, the contour shape of said cylinder and
20 said displacer formed between the connection points is
formed by the curve having the wrap angle 360° of the
inner ﬁall curve and the wrap angle 360° of the outer
wall curve.
12. A displacement type fluid machine in which a
25 .displacer and a cylinder are located between end plates,
one space is formed by an inner wall surface of said
cylinder and an outer wall surface of said displacer

when a center of said displacer is located on a center



25 elenment 1, where the drive shaft 6 is rotated so that the piston 5
IS gy he di spl acenent of t he worki ng chanber 15 is
reducaﬂllnmlﬂlmmnl"mlnpress t he worki ng gas. The conpressed wor ki ng

gas passe§ * - 56 - - 39 - t hrough the

di scharge port 8a forned on the end plate of the auxiliary bearing 8,
pushes up the of acdicatgioyadfea rotétimptshaft Ntand ke pliwcdiitge ahanber 8b,
passes through the discharge path 17, enters into the sealing container
5 3, and fl owssparemraite foxmed heheh st posit ozl (rekationsihipwhetoreerect ed
to the sealing container 3. Since the lubricating oil 12 is
hi ghl y pr esaid ediisplacer iand #aid aylindex atedlagateditom a center
centrifugal pu etc. is operated in order to feed the 10 | ubri cating oi
12 with each tfggrgﬁéa%-}%ve portion, the fed lubricating oil 12 is

passed t hrough the space betmeen the end surface of the rotar piston 5
so t hat 57t is easy tYP?FQ%H(ﬁP?f&P??EwW%%& 9% fpid oylindex

cylinder 4. Aci%)rdl n@efl wail psoasi? élspfacenr aanlgg f‘ormed so that the

working chambers where the shaft angle of the drive
shaft from the suction completion to the discharge
cOmplétion of the working fluid is substantially 360°
10 are formed on an even plan around the drive shaft in at
least two positions.
13. A method for manufacturing a displacer
comprising the steps of forming a plurality of through
holes around a bearing locateéd at the center of the
15 displacer, determining the through hples as a position-
ing reference for fitting to a working jig, and cutting

or grinding an outer periphery.



15 sealing ability of the morklng chanber 15 and a lubricating ability

of the sl eeve portion. In the conpressor using the rotary
type fluid machi ne of the present invention, it is possible to
select either the | ow pressure type or the high pressure 20 type according
to a specification, an application of 4 equi pnent or a nanufacturlng
facility. Thereby, it is pOSSIb|eiﬂ)f%eXIb|y desi gn.
Next, a method for preparing the rotary piston according to the
enbodi nent of the present invention, 25 nore especially, a nethod for
finishing the outer peri pheral contour having the particul ar. shape\MII
be explained. Fig. 17 explains the method. Fig. 18 shows a
sectional view of the piston whose auter periphery is
- 40 - worked. In Fig. 17, a nuneral 18 denotes a working jig
conprising a base 18a g[qg} ! of pin portions 18b fixed to the
base 18a, and a clanp™1 I"XI'ng the wor k. A nuneral 19 denotes a
wor ki ng tool conprising a — ~6 '
13 . 3
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5 grinding tool 19a, a cutting tool 19b, etc.. Both of end surfaces of
a nenber of the rotary, piston 5 which is made of a casting are worked
the through hole 5b and the - bearing.5a for positioning is '
positioningly worked with hi gh accuracy. - Next, as shown in Fig. 17,
the member is 10 engaged al ong the pimppoptg on 18b of the working jig 18
by determ ning the through hole 5b as a positioning ~orientation, and
is fastened and fixed to the base 18a ~ by the clanp 18c by using a
screw and a machi ne force. When the nmenber is nmounted to the base 18a
(Fig. 18), by 15 using a machining center etc., the outer peripheral
contour is finished by the grinding tool 19a, the cutting tool 19b,
etc.. Thus, a plurality of through - holes 5b are fornmed around the
bearing 5a at the center portion of the rotary piston 5. Since this

t hrough hole 20 5b is determned as the positioning orientation for
fitting to the working jig. 18, it is [ i? position with high
accuracy. Further, it is possible to prevént from a deformation due to
the cutting and grind- ing work, and further to enhance a di nension
precision 25 of the contour shape. Al so, the thrg gh hole is used for
fitting and furthet1for positioning of a test ji@ 50 -




that it is possible to fit and test effectively. Further, it is
possible to contribute to a reduction of

- 41 - a weight of the rotary piston 5. On the other hand, in

order to work the inner peripheral contour of the cylinder 4, the
outer periphery of the cylinder 4 is 3/ Axed to the fitting jig in order
to work the inner 5 peripheral contour of the cylinder 4 by using the

machi ning center, etc.. In order to enhance the rigidity of the vane
4b of the cylinder 4, the cylinder 4 may be adhered onto the end plate
surface of the main bearing 7, or the cylinder 4 may be integrated
with the 10 main bearing 7. The rotary type fluid machine
havi ng three vanes 4b on the inner periphery of the cylinder 4 is.
~~described above. The present invention can not be limted to this
exanpl e. Accordingly, the rotary type 15 fluid machi ne having N vanes 4b
(Nis nore than 2) nmay be applied (the value of Nis practically |ess

e ) - FIG.3
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8-10). : Figs. 19-21 show the conpression el enent
accordi ng to anot her enbodi nent of the present 20 invention. Fig. 19 shows

t he case of N=2 (a doubl e- thread wap), Fig. 20 shows the case of N=4
(a four- . thread wap), and Fig. 21 shows the case of N=5 (a five-
thread wrap). Since a basic principle off £peggwork of - the rotary type
conpression elenment 1 in Figs. 19 21 is 25 simlar tothat in Fig. 2, an
expl anation is omtted. In this manner, as the number N of
vanes gets - hi gher wi thin the applicabl e range there are the

fol |l ow ng advant ages. - 42 -

(1) A torque variation is reduced so that it IS possrble to reduce t he
vi bration and noi se. (2) Conpared to the sane outer

di aneter, the - height of the cylinder for ensuring the same suction 5
di spl acenent vs gets lower so that it is possible to downsi ze t he

conpressi on elenent.

FIG.4A

FIG. 4B




(3) Since the rotating:nonent applied to the rotary piston is reduced,
it is possible to reduce a machine friction | oss at the sl eeve portion
of the 10 rotary piston and the cylinder, and further to enhance t he
reliability. " (4) The pressure pulsation in the suction and
di scharge pi pe arrangenent is reduced  Ahgt it is possi ble to further
reduce the vibration and noise. 15 Thereby, it is possible to realize the
fluid machine . (conpressor, punp, etc.) having no pul sation flow
required for a medical application, an industrial application, etc..
Fig. 22 shows the air condi.tioner systemusing 20 the rotary type
conpressor -of the present invention. This cycle is a heat punp cycle
for a cooling and heat - i ng machi ne, and conprises a rotary type
conpressor 30 of the present invention shown in Fig. 3, an outdoor
heat exchanger 31, a fan 3la of the outdoor heat 25 exchanger 31, an
expansi on val ve 32, an indoor heat" exchanger 33, a fan 33a of the

i ndoor heat exchanger 33, angh: reetangul ar val ve 34. A singl e-dot
line 35 shows an out door unirf", f]gmoa%i&l e-dot line 36 is an

FIG. SB




- 43 -  inside unit. The rotary type conpressor 30 is
oper at ed according to the principle of the work shown in Fig. 2.

The conpressor is started so that the working fluid 5 (HCFS22, R407C, -
R410A, etc.) is conpressed between the cylinder and the rotary piston.
In case of operating the cooling machi ng/ 2% shown by a dotted |ine
arrow, the conpressed working gas havi ng the high tenperature and high
pressure passes 10 through the four rectangular valve 34 fromthe

di schar ge pi pe. 14, and flows into the outdoor heat exchanger 31.
Further, the working gas is blown by the fan.3la so that the heat is
radi ated, the working gas is liquefied, is throttled by the expansion
valve 32, is adiabatically 15 expanded, is changed to the | ow tenperature
and | ow pressure, absorbs a heat in a roomby the indoor. heat
exchanger 33, and is gasified. After then, the working gas passes

t hrough the suction pipe 13 and is sucked by ' '

FIG.6




the rotary type conpressor 30. On the other hand, in 20 case of operating
the heating machirne, as shown by a solid line arrow, the working gas
is flowed back contrary to the cooling operation. The conpressed
wor ki ng gas havi ng the high tenperature and high pressure passes
through the four rectangular valve 34 2% fdpomthe discharge pipe 14, and
flows into the indoor heat exchanger 33. Further, the working gas is
bl own by - the fan 33a so that the heat is radiated, the working

gas is liquefied, is throttled by the expansion val ve

- 44 - 32, is adiabatically expanded, is changed to the | ow
tenperature and | ow pressure, absorbs th?[hgg(;ir an outside air by -
t he outdoor heat exchanger 33, and is gasi¥t ed! After then, the working
gas passes through 5 the fqytion pi pe 13 and is sucked into the rotary

type conpressor 30. n"~. Fig. 23 shows the cooling pystem
mounti ng the rotary type o e§sgr oho%RﬁYpresent i nvention| This
N .
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cycle is exclusively used for the refrigeration 10 (cooling). In Fig. 23,
a nuneral 37 denotes a condenser, a nuneral 37a denotes .a condenser
fan, a nuneral 38 denotes an expansion valve, a nuneral 39 denot es
an evaporator, and a nuneral 39 denotes an evaporator fan. 15

The rotary type conpressor 30 is starteg that the working fluid is
conpressed between the cylinder 4 and t e rotary piston 5. As shown by
t he solid line, the conpressed working gas having the high

tenperature and high pressure flows into the condenser 20 37 fromthe

di scharge pipe 14. Further, the working gas Is blowm by the fan 37a
so that the heat is radiated, the working gas is liquefied, is
throttled by the - expansion valve 38, is adiabatically expanded, is
changed to the Iom1 om1 e, sorbs 25 a heat by the
evaporator 39, and gﬂe'é%gg}wgﬁl}%g% PTE 9 wor ki ng gas passes

t hrough the suctio s sucked by the rotary type conpr essor

30. Si th t t COMTPT E$SOT mormted—to—tihs—s
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- 45 - Figs.. 22 and 23, it is possible to enhance the energy
efficiency, to reduce the vibration and noise, and to obtain nore
reliable cooling and air conditioner system Where, the | ow pressure
type is exanpled and explained 5 as the rotary type conpressor 30,
further, the high pressure type ca@ bp gl so functioned simlarly so

t hat it is possible to obtain the sane effects. . Next,
anot her enbodi nent of the present invention will be explained. Fig. 24
shows a partial 10 |ongitudinal sectional view of the rotary type fluid
machi ne accordi ng to anot her enbodi nent of the present i nvention used
as the punp (corresponding to a cross- sectional view taken on line CC
of Fig. 25). Fig. 25" shows a cro¥g- io i ew taken on line B-B of
'Fig. 15 24. The el ements having theiiéigsgefligxgb nunbers in Fi gs.
1-3 are the sanme portions and have the sane action ~in Figs. 24-25. In
Figs. 24-25, a nuneral 40 denotes a fi xed side nenber conprising a
fixed spiral body 40a,SUGTION COMBLETHIN portion 40b, and a main bearing
40c, each 20 portiodOOMPﬂE%§kﬁNv&Tkahe another. A nuneral 41
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denotes a rotary side nmenber conprising a rotary spiral body 41a, a

rei nforcement plate 41b for linking the rotary spiral body 4la with the
outer peripheral portion near the center in the direction of the shaft
of the 25 spiral body, and a bearing 41c |ocated at the center portion
of the rotary spiral body 4la. A nunera) A24 denotes a ring portion
surroundi ng the outer periphery of the fixed spiral -body 40a, wherein a
sucti on chanber ' : : : - 46 - 42a is
formed in the ring portion 42, and the ring portion 42 is |inked

t hrough the outer portion by a suction port 42b. A nuneral 43 denotes
a non-return val ve, and a nuneral 44 denotes a shaft sealing 5
apparatus. A nuneral 45 denotes the working chanber formed by engagi ng
the fixed spiral body 40a with the rotary spiral body 4la. A reference
synbol Om denot es the center of the rotary side nenber 41 used as the
di spl acer, and a reference synbol O denotes the center 10 of the fixed

si de nenber 40 (or the.drive shaft 6). ' - :

FIG. 11+




Where, in the fixed side nmenber 40, -the fixed spiral bodi es 40a havi.ng
the wap angle of substantially 360[err] are arranged on the end plate
portion 40b at three points (at |east nmore than two points) around the
center 15 O at substantially equal pitch. The shape of the rotary
spiral ‘body 4la of the rotary side nepijey 24 is determ ned so that the
rotary spiral body 4la is engaged with the fixed spiral bodies 40a.
The flow of 'the working fluid (in this case, 20 an inconpressible |iquid)
is shown by an arrow in Fig. 24. The working fluid passes through the
suction port 42b formed in the ring portion 42, enters into the
suction chanber 42a. The drive shaft 6 is rotated by t he notor el enent
“(not shown) in-order to gyrating the 25 rotary side nmenber 41 so that the
working fluid is sucked into the working chanber 45. The di spl acenent

of t he wor ki ng chanber 45 is rj#- %ﬁgso gZiALthe wor ki ng fluid is
noved, is passed through the disch ;E Ltl _
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formed on the end plate of the auxiliary bearing 8, is entered into the

di scharge chanber 8b, is passed through non-return valve 43 and the

di scharge pipe 14, and is transmtted outwardly. The basic principle of
the work 5 according to the enbodinent is simlar to the principle t he
rotary type conpression el ement 1 shopp ymp kig. 2. The difference
between Filg. 24 and Fig. 2 is that, since . the working fluid is the

i nconpressible liquid, the di scharge process starts at the sane tinme of
the suction 10 conpletion. Also, the characteristic of the variation

of the displacenent in the working chanber 45 and the = variation of the
- gas -conpressi on torque during one rotation of the shaft are simlar to
those in Figs. 7 . and 8. Accordingly, it is possible to largely reduce
15 the fluid | oss (over-conpression |oss) of the discharge process, and
to enhance the performance. Furth it ~NS 4 APOSSible to obtain the
effect such as the reduction of ethhGutlﬁ n and .noise, similarly to

t he above enbodi ment. 20 The rotary type fluird machi ne
provided with the three fixed spiral  bodies 40a whose wap angle is
practically substantially 360[err] da t h&bend plate,gfrtion '

{a

"FIG.13B
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40b of the fixed side nenber 40 is described above. The present .
invention is not- limted to this exanple. 25 Simlarly to the above
enbodi ment, the rotary type fluid" machi ne wherein the nunber of the
fixed spiral bodies 40a may be N (many threads) nore than 2 may be
applied (the value of Nis also pf@yizdlly |less than 8-10,

- 48 - simlarly to the above enbodinent). Fig. 26 shows a
cross-sectional view of the rotary type fluid machine according to
anot her enbodi nent of the present invention in case of N=2. The

el ements having the sane reference 5 nunbers in Figs. 24-25 are the sane
portions and have the same action in Figs. 26. The basic principle of
the =~ work is simlar to that of Figs. 24 and 25. In the rotary type
fluid machine for allowng the variation the = torque to sone extent, as
t he enbodinment, it is possible 10 to reduce the nunber of the fixed spiral
bodi es 40a, and to sinplify the construction, thereby to reduce the
cost. : ' '

FIG. 14




According to the above enbodi nent, the conpressor and the punp are
exanpled as the rotary type 15 fluid nmachine. Aside fromthese exanple,
t he present i nvention can be also applied to the expander and the
not or machi ne. Al so, according to the enbodi nent of the operation of
‘the present invention, one side (the 14 cplignder side) is fixed and the
other side (the rotary 20 piston) is not rotated, but gyrated around

substantial ly constant gyrating radius. However, the present

invention may be applied to the rotary type fluid machi ne for rotating
both of sides according to the operation relatively equivalent to the
above operation. 25 PCSSIBI LI TY OF | NDUSTRI AL UTI LI ZATI ON

As descri bed above, according to the present i nvention, the

di spl acenent type fluid machi ne conpri ses

- 49 - a plurality of working chanbers arranged at nore than t wo

portions around the drive shaft, wherein the shaft

FIG.15

3y
COMPRESSION ELEMENT SHOWN
IN FIGS,12A AND 12B
Zﬁ\\ ! \ / \
\ ] \ ! \\ f
\ ! \ / \

ROTATING MOMENT RATIO (-)

COMPRESSION ELEMENT SHOWN
IN FIGS,13A AND 13B -

0 gy 1 1

0 T | 2

SHAFT ANGLE Oc (rad)



angle fromthe suction conpletion to the discharge conpl etion in each
wor ki ng chanber is substantially 5 360[err]. Thereby, it is possible to
| argel y reduce the over -conpression | oss of the discharge process.
Further, the rotating nonment acted on the rotary piston  is reduced so
that the friction loss between the rofgyo4 piston and the cylinder is
reduced. Thereby, it is 10 possible to enhance the performance and to

obtain nore reliable displacenment type fluid nachine. A'so, this
rotary type fluid machine is nmounted to the refrigera- tion system so
that it is possible to obtain the cooling and air conditioner system
havi ng the high energy 15 efficiency and reliability. - 50 -

CLAI M5 1. A di spl acenent type fluid machine in which a

di spl acer and a cylinder are.|located between end pl ates, one space
is formed by an inner wall surface of said 5 cylinder and an outer wall

surface of said displacer

FIG.16

-
o
-
»
—h
D
. .
Nz
w

AV A AN Y

ALANAANNY

- xS ' | ﬁ
V177 - /
" s a1l 7 //’7/%/

15

ANAN
N

4a
—4b
—15 -
~—8

8a

[
l N
KL L

ba

W/
<\
N

\X,;\ SNOA N

NN N

77 A7 7 7 77 70 7 A X

-/ )
1 12 &b 9




when a center of said displacer is |located on a center of rotation
of a rotating shaft, and a plurality of spaces are forned when a
positional relationship between said displacer and said cylinder is
| ocated on a center 10 of gyration, ‘wherein the curves
of the inner wall surface of s@&ﬁ/qynlnder and the outer wall
surface of said di spl acer are forned so that a nmaxi num val ue of the
nunber of spaces in processes froma suction conpletion 15 to a

di scharge conpletion in said plurality of spaces - beconmes nore than

t he nunber of extrusions extruded aay of said cylinder.

2. A di spl acenent type fluid nEfIrG 1 ch a di spl acer and
a cylinder are |ocated between end plates, . one space is formed by an
inner wall surface of said _ cyllnder,and an outer wall surface of
sai d di spl acer when a center of ald,dwFpIacer I's located on a
center of rotation of a rotatingy.shaft and a plurality of

spaces are forned when a positional reljtloﬁgh Bet ween 25 said

di spl acer and said cylinder is |locat&4 an a génter of gyration,
wherein the curves of the inner wall serqaefj 5 :

ba [k~ 19b
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of said cylinder and the outer wal | surface of said

- 51 - di spl acer are forned so that a shaft angle [err]c of the
process. fromthe suction conpletion to the discharge conpletion in
said plurality of spaces satisfies the foll owi ng al gorithm 5
(((N-1)/N.360[err]) < [err]c [err] 36Q[BiAP.4where, N is the nunber of -

t he extrusions extruded inwardly of said cylinder. 3. A

di spl acenent type fluid machine in which a - displacer and a cyli nder
are | ocated between end pl ates, one space is forned by an inner wall
surface of said 10 cylinder and an outer wall surface of said displacer
when a center of said displacer is |located on a center - ~ of rotation of
a rotating shaft, and a plurality of spaces are forned when a :
positional relationship between said displacer and said cylinder is
| ocated on a center 15 of gyration, wherein the inner wal

surface of said cylinder and the outer wall surface of said displacer

FIG.19




are formed in order to allow a | oad vector due to a conpression to
substantially point to a drive shaft when 20 said displacer is gyrated for

conpressi-ng a working fluid. 4, A di spl acenent type fluid
machi ne conprising a cyl i nder having an inner wall whose section shape
conprises-a continuous curve, and a di]s8lAper having an 25 outer wall
faced to the inner wall of said cylinder and formng a plurality of
spaces by said inner wall and the outer- wall of said displacer when

t he displacer is gyrat ed, - 52 -
wherein the curves of the inner wall of said cylinder and the outer
wal | of said displacer are forned so that spaces in said plurality of
spaces for conpress- ing or discharging -said working fluid are forned
bet ween 5 the spaces for sucking said working fluid. 5. A

di spl acenent type fluid.machine conpr|5|ng a cyl i nder having an inner

wal | whose sectlon shape

FIG.ZO




conprises a continuous curve, a displacer having an outer wall faced
to the inner wall of said cylinder and 10 forming a plurality of spaces by
said inner wall and the outer wall of said displacer when the

di spl acer is gyrated, a suction port conmunicated wi.th said spaces,
and a discharge port-conmunicated with 38 ¢ 3pgaces, ' wher ei n
the curves of the inner wall of said 15 cylinder and the outer wall of
sai d di splacer are fornmed - so that said suction port and said discharge
port do not communi cate with each other via said spaces. 6.

A di spl acenent type fluid machine conprising a cyl i nder having an

i nner wal | whose section shape .20 conprises a continuous curve, a

di spl acer having an outer wall faced to the inner wall of said cylinder
and formng a plurality of spaces by said inner wall and the out er
wal | of said displacer when the displacer is gyrated, a suction port
comuni cated with said spaces, 25 and a discharge port comuni cated with
sai d spaces, ' wherein curves of the inner wall of said
cylinder and the outer wall of said ib(§ke:2qle f or med so that each
working fluid.in the adjacent working * _ '




- 53- chanbers between which the discharge port for discharg- i ng

said working fluid is put is sucked from each di fferent suction port,
respectively. 7. .~ A displacenent type fluid machi ne conprising a
5 cylinder having an inner. wall whose section shape conprises a
continuous curve, a displacer having g /2 gouter wall faced to the inner
wal | of said cylinder and formng a plurality of spaces by said inner
wal | and the outer wall of said displacer when the displacer is 10
gyrated, a suction port comunicated with said spaces, and a di scharge
port conmuni cated with said spaces, wherein the curves of the
i nner wall of said cylinder and the outer wall of said displacer are

f or med so that the space adjacent to a sealing point at the 15

di scharge conpl etion fornms one space in order to proceed t he

conpressi on process or the discharge eF di spl acenent type fluid
machi ne conprising a cylinder havﬂﬁgléﬁginsZ;zmall whose section shape

conprises a. continuow%snuve, a di splacer having an outer wall faced

/
33a * '
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20 to the inner wall of said cylinder and formng a plurality of spaces
by said inner wall and the outer wal | of said displacer when the

di spl acer is gyrated, a suction port comruni cated with said spaces, and
a di scharge port comruni cated with said spaces. 25 8. A

di spl acenent type fluid machine conprE§quza cylinder having an inner
wal | whose section shape conpri ses a continuous curve, a displacer
havi ng an outer wall faced to the inner wall of said cylinder and

- .54 - formng a plurality of spaces by said inner wall and the - outer
wal | of said displacer when the displacer is gyrated, a suction port
comuni cated with sai d spaces, and a di scharge port .conmuni cated with
sai d spaces, 5 wherein the curves of the inner wall of said
cylinder and the outer wall of said displacer are forned so that the
space for the suction process in the spaces formed by the outer wall of
sai d di splacer and the inner wal |l of said cylinder is separated for
form ng each ' :

FIG.23
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10 different space for the conpression process or the di schar ge
process. 9. A di spl acenent type fluid machi ne conprising a
cylinder having an inner wall whose section shape ~ conprises a
continuous curve, and a displacer having an 15 outer wall faced to the

i nner wall of said cylinder and fqg@%pgza plurality of spaces by said
I nner wall and the outer.wall of sal I spl acer when the displacer is

gyr at ed, ~wherein the curves of the inner wall of said 20,
cylinder and the outer wall of said displacer are forned so that said
space existing along a contour of said ~displacer is alternately changed
to the space for the suction process and the space for the conpression
process or the discharge process. 25 10. A di spl acenent type fluid
machi ne conprising a cylinder having an inner wall whose section shape
conprises a continuous curve, a displacer having an outer wall faced to

the inner wall of said cylinder and . :
| e FIG.24
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-55-- formng a plurafity of spaces by said inner wal | and the - outef

wal | of said displacer when the displacer is gyrated, and a drive shaft
for driving said displacer, wherein the hol e passing through
the surfaces 5 different fromthe outer wall of said displacer is bored
aside froma hole for inserting said qg%yEZQPaft. 11. A

di spl acenent type fluid machine in which a di spl acer -and a cylinder are
| ocat ed between end pl ates, one space is forned by an inner wall
surface of said 10 cylinder and an outer wall surface of said displacer
when a center of said displacer is |located on a center of rotation of a
rotating shaft, and a plurality of spaces ‘are forned when a positional
rel ationship between - said displacer and said cylinder is |ocated on a
center 15 of gyration, wher ei n when the space forned by the
i nner wal | of said cylinder and the outer wall of said = displacer is
the space at the suction conpletion of the wor king fluid, the contour

shape of said cylinder and 20 said displacer .forned between the connection
points is formed by the curve hFiPGheZ\Sap angl e 360[err] of the




i nner wall curve and the wap angle 360[err] of the outer ~wall curve.
12. A di spl acenent type fluid nmachine in which a 25 displacer and a
cylinder are |ocated between end pl ates, one space is forned by an

i nner wall surface of said cylinder and an outer wall surface of said
di spl acer when a center of said gigplaer is |located on a center

- 56 - of rotation of a rotating shaft, and a plurality of spaces
are formed when a positional relationship between sai d di splacer and
said cylinder is located on a center of gyration. 5 wherein
the inner wall of said cylinder and the outer wall of. said displacer
are fornmed so that the wor ki ng chanbers where the shaft angle of the
drive " shaft fromthe suction conpletion to the discharge conpl eti on
of the working fluid is substantially 360[err] 10 are forned on an even
pl an around the drive shaft in at | east two- positions. ' -

F1G.26




13. A nmethod for manufacturing a displacer conprising the steps of

formng a plurality of through hol es around a bearing | ocated at the
center of the 15 displacer, determining the through holes as a position-
ing reference for fitting to a working jig, and cutting or grinding an

out er peri phery.
ABSTRACT

DISPLACEMENT TYPE FLUID MACHINE

In order to provide a displacement type fluid
machine for reducing a fluid loss of a discharge process
as much as that of a scroll fluid machine, easily

5 prepared than the scroll fluid machine, in the displace-
ment type fluid machine wherein a shaft is gyrated in a
hollow cylinder whose sgdtion shape comprises a series
of curves so that a working fluid is discharged from a
plurality of discharge port's', a shaft angle 8c of a

10 compression process of each working chamber is given by
the following aigorithﬁ:

(((N=-1)/N+360°) < 8c = 360° (where, N is the number of
threads).

(Figure 1A)



