10 Decenber 2003 1 SPECI FI CATI ON ROTARY CYLI NDER APPARA gi)FIE%E>$¥ THE
| NVENTI ON The present invention relates to a cylinder apE a9 kh can

5 be used as, for exanple, a punp, a congressor or a fluid notor, and nore
‘particularly to a rotary cylinder apparatus in which a piston noves into
“or froma cylinder chanber by the rotary notion. TECHNI CAL TERMS A term
"rotary cylinder apparatus” used in this specification 10 includes a device
whi ch perfornms a mechanical task byppgiRgciamicgienergy as well as a device
whi ch .conpresses and thrusts. a flui'd by using rotational energy. That is,

the term"rotary cylinder \ ' at generically
" designate a rotary punp, aﬁ@fﬁﬁ#%@f@@gﬁ?ﬁ%@émm and others. 15
DESCRI PTI ON OF THE RELATED A | ' fLra type for rotating a
rotor and thrusting a flui d%}@@?@ﬁ@ﬁm%@@ﬁ there is known a
. rotary punp using gear type rotor. In case of. this punp, however, the
tooth profile of {ihe PEpssnt Bvention rejates %&Fmeaemp@%?ﬁmm cprran
i ncrease_of the cost. Thus, in 20 order to elimnate this problem the
present Zpplhecasrd RasforesraATpled aPUME, & SPIRPYESFAE 0T RHYAE Metornand rgore
structure in which an intake and _di scharge mechani sm does not require a
gear conpongrrticsiderlyajsangtaryPaylindempppitaiiisoin mighoppistie. meyesdnia oy,
Japanese Utility Mddel Application Laid-open No. 87184/1982, and Japanese
Uility Mddr fréfm dpglindarichanler i92tls6F41883)motion.

TECENICAL TERMS

A term “rotary cylinder apparatus” used in this specification
10 includ.;s a device which performs a mechanical task by using fiuid energy
as well as a device which comf}fesses and thrusts a fluid by using
rotational energy. That is, the term "rotary cylinder apparatus” means
devices that generically designate a rotary pump, a rotary compressor, a

fluid motor and others.

- 15 DESCRIPTION OF THE RELATED ART

As é pumﬁ which is of a type for rotating a rotor and thrusting a
fluid by a displa;:ement effect, there is known a rotary pump using é. gear
type rotor. In case of this pump, however, the tooth profile of the rotor is
hard to be machined, which results in increase of the cost. Thus, in
20  order to eliminate this problem, the present applicant has developed a
rotary cylinder 'apparatus having a structure in which an intake and
discharge mechanism does not require a gear component (see Japanese
Patent Application Laid-open No. 118501/1981, Japanese Utility Model
Application Laid-open No. 87184/1982, and Japanese Utility Model

‘25  Application No. 92486/1983).



10 Decenber 2003 2 The rotary cylinder apparatus disclos | N e
Patent Application Laid-open No. 118501/1981 has, as shg\ﬁndelcﬁ%ﬁlgggﬁﬁm and

68, a circular cylinder nenber 102 fixed,to the inside of a casing 101 by
‘press fitting and the |ike, and a supporT nenber 104 which rotates in a
“circular 5 hollow portion 103 forned at a central part of this cylinder
menber 102. To the cylinder portion 102 are forned six cylinder chanbers

105a, 105b, 105c, 5 0 ' d i ad ]y e
respectively com?u}%éi)g%tg}% ?%ﬂ{iﬁgﬂc%é#%ﬁﬁoﬂaﬁcvl\ﬁg‘%ir ?ilﬂonJ%g. ihg?mﬂt
respective B 8 Sf i 0. S '
“ comuni cat e ‘%’Wgﬁgﬁ I%El&@??[%ﬁ%l %“g’érﬁ%ﬁ}%ﬂ%ﬁ’ %%%Brgﬁihcla g%@fhg{xhé@&
outside of the,_ casing.101 to_take | ui.d inta_the cylinder ratus and
SVt schar ge & BisaRTg iaeHmER Bt 0% Bt o e tristde, 6 h oRe e RO Birlireds
~discharge it,,,as the.support nber 104 rotates., The.su rt.menher 104 is
a discoi d mdHEERE ﬁpﬁé&lqﬁaﬁw RFUHHPOL AL AV BT BF R 2BEOHAED by
a hole 10l1la faornmed to, the casing_ 101, and.a Inn t%p_lval e sheet 109 is
at t ached® on hpliew mersion 03 fermed. atna centyal pamsl this eylinder mamber fB.i s
arranged so as to be capable of rotating in _the_ appressed manner in an
area corr espinthegylindsumportion 02 gre flermed mik icylindepichambensel05a1105b,
portion 103a of the cylinder nenber 102 and 20 provided so as to cause the
hol | ow port ii5cl0Pad; Eeeandvi05f whichimireaadiallytarrangadind aespeotivalser
chanber. It is to be noted that a hole 104a for comunicating wth the
di schar ge opmmmmnieatd swithothdedentral hbotlopp gpdrtivenbb(3.104Che) msplkttivd0 i s

fixed at an eccentric position of the support nenber 25 104, and a rotary
pi st on nmenbagylidderiss1084 aoabd§f avppoovitkdgotdd o Heafdentially communicate

10 "~ with a suction opening 106 which communicates with the oﬁtside_ of the
casing 101 to take a fluid into the cylinder apparatus and a discharge
opening 107 which applies a pressure fo the taken fluid to discharge it, as

' the supi)ort member 104 rotates.

The support member 104 is a discoid member fixed to one end of a
~ 15  shaft 108 rotatably supported by a hole 101a formed to the casing 101,
and a lunafe valve sheet 109 is attached on a surface opposite to the shaft
108. This valve sheet 109 is arranged so as to be capable of rotafing in
the appresse& manner in an area corresponding to substantially the
_ seﬁlicircle of an inner wall portion 103a of the cylinder member 102 and
20  provided so as to cause the hollow portion 103 to selectiveiy coﬁamunicate
| with an arbitrary cylinder chamber. It is to be noted that a hole 104a for
‘cm..nmunicating with the discharge opening 107 is provided to the support

: membef 104. o
A shaft 110 is fixed at an eccentric position of the support member

.25 104, and a rotary piston member 111 is rotatably supported by this shaft



10 Decenber 2003 3 110. Both ends of the shaft 110 are fi | scoid
support nenber 104 and an auxiliary plate nenber 113 \/\hi@?%%@%&?%%é% SO
as to be opposed to each other with the val ve sheet 109 therebetween. A
~hole 113a for communicating with the suction opening 106 is provided to
"the 5 auxiliary plate nmenber 113. This auxiliary plate nmenber 113
integrally rotates wth the support nenber 104. The rotary piston nenber

111 is constituted by a rqotatign center portjon 112a and pistons 11la,
111b and 13&.r Betdy endeef haishgft 410 redizad e the fdisqoid suppert sremben

center portion 112a. The rotary piston nmenber 111 noves around a shaft 10
" center of oflGhendysnmiviliseyiplate ozember Hd 3swihpeh targeatrenged4se asdioebe  As
shown in Figs. 68A to 68D, when the respective pistons Illa, Illb and Illc
rotate (revalpposed)toaeacndtblenfwithethevadfe isheat diG®dherebetmegncatechdlg an
arrow Bl while rotating (autorotation) around the shaft 110 in a direction

i ndi cat ed bylld8a forr @mAumisating sutipohé soetibarogdingSli®iapesyiddietd bhee
pi stons 1l1la to |Illc sequentially nmove into or fromthe respective fixed

cyl i nders chagbaliary Platd mek@bér 3031 hThid haxilidsi fataithember SH@RIteEAllY
taken fromthe suction opening 106 into the respective cylinder chanbers

105a to 105fropaghstiwsid ShOQEphbotTuidiEhal 3002 The ARARY RAstH nidnbbe 12vtsi de.

This punp operation is. repeated. 20 According to this apparatus, since the

advanced t oQl spitatdd %gré. Qbﬁzﬁ%{?ﬂ ceh?&h?bﬂ?@n !13.29.0511("1 ‘iﬂé’(‘;oh%dlf]ﬁ@rﬂflﬁcéﬂae s

facilitated. However, nce e respective pistons Il'la to ¢ ‘nove into

O o o o, A5 B O e SUEUAIAE 61 05 s e
each of the ol ${S190.  "ehY! SBtRP SFisthd SAbhA"331 20l BroViSd & "Mart
10  center 61 of the cylinder member 102 as the support member 104 rotates.
As shown in Figs. 68A to GSD, when the respective pistons 111a,
111b and 11lc rotate (revolution) around shaft center ol in a direction
: indicatéd by an arrow Bl while rotating (autorotation) around the shaft
110 in a direétidn indicated by an arrow Al as the supi)ort member 104
- 15 rotates, the three pistons 11la to 11lc sequentially move into or from the
respective fixed cylinder chambers 105a to 105f so that the outsid_e air is
sequentially taken from the suction opening 106 into the respective
cylinder chambers 105a to 105f and discharged from the discharge
opening 107 to the- 6utside. This pump operation is repeated.
20  According to this apparatus, since the advanced tooth profile finishing
| : technique is not i'equired, manufacture is facilitated.
However, since the respective pistons 11la to 11lc move into or
from the cylinder chambers 105a to 105f while rolling, they must have a

structure that their end portions are sharpened and the dimension of

25  each of the pistons in the widthwise direction has a margin when they



10 Decenber 2003 4 enter the cylinder chanbers 105a to 1Q§fDé'cg,|.n§5pI§(503to

snooth and facilitate the operation of each piston. According a. gap is
thereby formed between the pistons 11la to Illc and the cylinder chanbers

-105a to 105f. As a result, a fluid tends*to flow fromthe gap portion, and
“the punp ‘5 efficiency is thereby di sadvantageously |owered. : Further, the

rotary cylinder apparatus disclosed in Japanese Utility Mdel Application
Lai d- open No. ,87184/ 1982 and Japane | LY. Model | i cation, Laid-open
No. Cooha0/ 16mEeF She raTneE Chenthers Tmbe bl in HES 1t BRoofE watlmeRicasdl on
~Application Laid-open No. 10 118501/198]1 nen{ioned above, in the basic
" structure, rfi@gerperafign ?f]&ac}lad’il%opy £ Hgg’p s? oFRP ré| ghgvijg,%rmed
rotationally nove al ong_ the radial lf/ arragged cyl.inder chanbers while

rotating to hsjvesen threpistans difiade 11lgand she cylinder shamberp) 1Qracfo 1051

. apparatus is different fromthe former apparatus in that the cylinder
nmenber 102 rés @ esswlt, roflatidorendks tchélove fromatlye gapt parfienband] the purep
val ve sheet 109 is fixed to the case and does not rotate, and a rotation
supportifg psdfieierndy ishdherebprdisgpdsimmagenaslyelowiereddoes ‘not swivel. I n case
of the type that the cylinder chanber rotates together with the rotary

pi ston menber, thearefidies, thlee rptatyorylindeor apgatatus alisélosedbist afdparidsy
circul ar di sc shape whose outer dianmeter is nearly equal to a width of the

cylinder chagbrity Medél A%o%&i@:atiofn_rDﬁid—bﬁeﬁ@@&%’ﬂlwwm&ndtJm:ié@tUtiﬂ!ﬁy
cylinder chanber is fixed. That is because the snooth operation is enabl ed

e o e BRL AR, Kareogos e MASORIOD, N o gk
the cyli ndercd?ﬁﬂ:@?f)afﬂ Hsf1858d e | Thpdifest@Paitent Application Laid-open’ No.
10 118501/1981 mentioned above in the basic structure, namely, that the
radially arranged pistons relati\.réljr rotationally move along the radially
arranged cylinder chambers while | rotaﬁng to obtain the puﬁlp effect.
Howéver, tﬁis rotary cylinder apparatus is different froﬁl the former
apparatus in that the cylinder member 102 rotates by rotation of the
" 15  rotary piston member 111, the valve sheet 109 is fixed to the case and
does not rotate, and a rotation supporting point of the rotary piston
member 111 does not swivel!
In case of the typé that the cyliﬁder chamber rotates together with
the rotary piston member, therefore, the piston is formed into a
20 substantially circular disc shape whose outer diameter is nearly equal to
a width of the éylinder chamber, as different from the above-described
type that the cylinder chamber is fixed. That is because the smooth
operation is enabled even if there is substantially no gap between the

pistons and the cylinder chambers when the pistons move into or from the

‘25  cylinder chambers since the cylinder member also rotates in the same



10 Decenber 2003 5 direction as the rotary piston "E”berﬂjﬁ%ﬂgﬁﬁérzddé case
of this type, since the contact surface between the piston and the
cylinder chanber is constituted by an outer peripheral surface of the
~circular disc-like piston and the inner &all of the linear cylinder

"~ chanber, an area of this contact 5 surface is so snmall that this part can
not withstand a pressure of a fluid. Consequently, the fluid | eaks, and
the punp effect |owers when the _pressure is ifncreased, It is obj ect of
the present idivestionras horeiare pistom Bgmber.| nﬁ@iwevgﬁpm £0§8 %fm@ﬁ ,
prevent a fluid fromleaking fromthe contact 10 portion_ between the

" piston and tsisceyherndotactesrfacehétvhendby pistareand the eylinderpbamperriso
the rotary notion or the rotary notion into the fluid energy with small

| osses. SUMWR¥tiDELEHBY NvENTeONeTipherhl suefachiof thiensirawasrdsedikeopidton

. present invention, there is 15 provided a rotary cylinder apparatus

conpri sing: #nd ¢hariyney walllef thedirer efiirnderncsambey, amdeea ofiahixe cofitzaied
thereto so as to pass through a rotary shaft center and rotates around the

rotary shaf ts:@RESES so 3]} that Whiscpadesmn st atithstdirl neepsaeabl agluidiear
notion in surface contact with the inside-of the cylinder chanber; a

pi ston hol di ognsEfRait1Z0tN Hid UBRRS ! andhehdi Sl ffbct ToRfeds HhaMNEha
rotation center eccentric fromthe rotary shaft center of the rotary

cyl i nder me ; Gls o ki@ Which rotatably supports the rotary cylinder
menber and t esg}lgfgon ﬁg?‘%l@%g menber and has at |east one fluid inlet and

o et one 10y S B LB AP BB BB e
di stance andagperézdat%% ShitR can prevent a fluid from leaking from the contact
10  portion between the piston and the cylinder member and thereby convert
the fluid energy into the rotary ﬁofion or the rotary motion into the fluid
energy with small .losses.
SUMMARY OF THE INVENTION
To ac]ﬁeve this aim, according to the present invention, there is
. 15  provided .a rotary cylinder apparatus comprising: a rotary cylinder
member which has a cylinder chamber formed thereto so as to pass
through a rotary shaft center and rotates around the rotary shaft center;
a piston which demonstratés the reciprocating linear motion in surface
contact with the inside of the cylinder chamber; a piston holding mem‘ber
20 which supports the piston and rotates around a rotation 'center eccentric
from the rotary shaft center of the rotafy cylinder member; and a casing
which rotétably supports the rotary cylinder member and the piston
holding member and has at least one fluid inlet and at least one fluid

outlet, wherein the piston is held at a position away f_rom the rotation

"25  center of the piston holding member by a fixed distance and held so as to



10 Decenber 2003 6 be capable of sw veling around that p%lDtelc?HberTMsefore,
when rotation is inputted to the rotary cylinder portion or the prston
hol di ng menber fromthe outside, or when a fluid having a pressure is |led
-fromthe fluid inlet so that the pressuresacts on the piston 5 in the
“cylinder chanmber, the piston rotates (revolution) around the rotation
center of the piston holding nmenber while rotating around the center of
autorotatit;g)é}?(}/ r(g]rgtion .0f ..t he rot%; | i nder nenber and the piston
hol di ng ne mahlg el rerivelipsareus, PYYEPR: thereby causing the

reci procating notign of the piston. in the cylinder, chanpber. 10 At this
“ nmoment, the rotar Mﬁ%@ﬁhﬁé}wﬁ%ﬁﬂéﬂﬁl% Hepl#tgagﬂ thegioprg creRger periion
rotate while being, respectively suppaorted by the_ casing, and the pjston
can al so rotaxtiheppistendrqlding gaembpe frpmtide eutsidpcer whan adluidbayingai on
_in the cylinder chanber while rotating around the autorotation center and
changi ng it preesitd tnledfrom the fluid inlefise thabthé pressrerndts opotlie pisted t o
be in surface contact with the cylinder chanber, each nenber can
denonst rét e inhéhencplihdeot chamber,i the pistonxaofpites (revehitién) lerophndt dhehas
a bl ock-1ike shape, each nenber can snoothly performthe rotary notion. As
a result, thetptishoternten diethecpititby holdimut aneémbed, whilerethytingcatidred ithg
i mprovenent in the accuracy of the 20 piston. Here, it is preferable to

configure thendppof AlutsritatiucChy aotationeast tHwtotary ayliddelr hbmbert atd ehe
nunber of the rotary cylinder nmenber, the rotation nunber of the piston

hol di ng ekt Bol diggNEReherObr nidvilBeRrt of €BE it itRBIFOthéfbyPéfitfg N
the -cylinder becones 1:2:1. In this case, the respective nenbers can :

fﬁ Z u? gf';%’i g;tﬁ%;%c%fg#ggincgg@bﬁqrpmﬁ pistendRtthe &AM d4néhahbepi ses duri hg
10 At this moment, the rotary cylinder member and the piston
holdjhg Vmember can rotate Whil.e- being z;espectively supported by the
casing, and the pist.on can also rotate by itself. Thus, the piston can
perform thé linear motion in ﬁhe cylinder chamber while rotating around
the autorotation center and changing its position. As a result, even if
“ 15  the piston is configured to be in surface contact with the cylinder chamber,
each member can demonstrate the smooth rotary Iﬁotion. For example,
: eveﬁ if the piston has a block-like shape, each membér can snﬁoothly
perform the rotary motion. As a result, the piston can be readiljr
manufactured, thereby facilitating improvement in the accuracy of the
20 piston. Here, it is preferable to configure the apparatus in such a
manner that a ratio of the rotation number of the rotary cylinder member,
the rotation number of the piston holding member and the number of
_ times of reciprocation of the piston in the cylinder becomes_ 1:2:1. In this

case, the respective members can assuredly rotate without any trouble,

25  and vibrations or noises during the rotation can be reduced.



10 Decenber 2003 7 Moreover, a contact area between the pg e
cylinder chanber can be enlarged, and the fluid resi staﬁ%g%?%n?ﬁgzdggnt act
surface is large as conpared with a prior art in which the contact surface
-is formed by so-called line contact, th&reby preventing the fluid from’
“leaking from5 the contact surface portion. As a result, it is possible to
convert the fluid energy into the rotary notion or the rotary notion into
the fluid energy with the small |osses. In addition, since the piston
denonstrates the Meieovenadi eeplisicheanea hetweenivhea mistop andeithe hewibeder t he
pi ston operation becones snoboth and 10 stable, thereby obtaining the

“ struct ure bghambxr cdrbbaentargeds; andithesﬂldisﬂrﬂ'es@shamlcatindﬁemntw sufaceis

Addi tional ly, the tolerance of the conponent accuracy can be increased,
and the comarenhs coatpdredenithl y pricrlartdat whichOthé bentamtsuafyce isnforass of

. the conponent accuracy level whichis simlar to. that in the prior art,

the air-tighfynessanedilamd kbhtactathdlebyeptaventitar thd HatidfRom lddkiagskon! a
punp, a conpressor, or a fluid notor, Trealization of the high perfornance

can be ffci khpabftactrsidraes poftioh Ne ARG A1)k 18 DOEsiBIP 86 BbnvertohRl flilD t O
the present 1 nvention, eh the rotary shaft center -of the rotary cylinder

wh
menber 1S A erlibyantlaht r%fé’@%%’L | BRI of Ah! tRArd TAGRIbAn®Y R dPuid BReRpt ON

and the pisto can be driven and operated by sw veli ng

this rot arywﬁﬁl j rédsqﬁaﬁqu%s. By. doing so,.the rotary cylinder apparatus
can be wutiliZed as a conpressor for sucking, conpressing and di scharging

G20 O & PAT g, Atk R ot
he 25 motor, Shalt A& dhige hasRBeethEbibArt oSt atldithebdib Snfibt Ala
10 stable, thereby obtaining the structure by which vibrations or noises
during rotation can be reduced. Additionally, the tolerancé of the
cdmp‘onent accuracy can be increased, and the components can be easily
fabricated. On the contrary, in case of the component accuracy level
which is simﬂar to.that in the prior art, the air-tightness/reliability can
15 Dbe improved. Therefore, in case of a pump, a compressor, or a fluid motor,
realization of the high performance can be facilitated.
Further, in the rotary cylinder apparatus according to the present |
invention, Whén the rotary shaft center of the rotary cylinder member is a
drive shaft for leading rotation from the outside, the piston and the piston
.20 holding member can be driven and operated by swiveling' this rotary
cylinder membef. By doing so, the rotary cylinder apparatus can be
utilized as a compressor for sucking, compressing and discharging gas or
a pump for sucking and discharging a liquid. Furthermore, a so-called

center drive specification is enabled. When the drive shaft and the

25  motor shaft are directly connected to each other in the coaxial direction,



10 Decenber 2003 8 the settlenment as a product is good, wWhipdemBer 2003
advant ageous in terns of vibrations or assenbling. For exanple, in case of
constituting as a rotary conpressor, the gpiston is noved by relatively
_rotating the rotary cylinder nmenber and the 5 piston holding nenber by a.
rotational drive source, and a fluid sucked fromthe fluid inlet is

di scharged fromthe outlet. At this nonent, the fluid inlet is forned so

as to extencﬁlferm&vlﬁ?@tfaw plaelt iiﬁggoloﬁgm}%%hcisoagh%ﬁ%ﬁ% im@&r%&ioqe

froma position to t he-“pi ston ved on t st periphery

- Wth r rotati . f | nder menber to a 10 position to which the
pi ston has %eg%tlbﬁgtoﬁgas\%ébgﬁ% of the hollow portion. On the other hand,

it is preferable that thepﬁutl-et .S provi Ltion which is

- - r e sgﬁzdtat g P € ssar, the
slightly distanced InS¥AEREoIR fEPE PoDRSEHG A2 T6IY COMBIESH: dhet ne
- piston has maved on the..qut nost. peri L fth rotatijon of the rotar

Oy nder merEron Rymaten iy Banvaly rhRits the dotdr SR membenged e ve
to the outlet, which_ (s a discharge opening. In this case,_ since.the
respecti¥e @ﬁt%i@lmrgﬁ% dysadivdaticrel yﬁ Y §988c: And Retlgid isBcked ¢ he
rotary cylinder nmenber rotates, the fluid can be i)revent ed fromflow ng
backwar ds wisem Hee fhddsiplet is disshargad dyem phe ondletet iAnthis memeniedhe
valve even'if the pressure of the fluid discharged 20 fromthe outl et
pul sates. Mfteislinlet is formest o6 esdblextend fnmecposibiompbich shalightilpcloser
relatively rotating the rotary cylinder nenber and the piston holding
menber wit h tohthe ahaey side frutera rpositéon do. whichpitheopisban diasgmovedben the
through a carrier plate. In this case, for exanple, even if the center of
t he i nput shaftmaektyipatiptheryomitherotatioar offthehaotatyarcylindernoeymb &b toeaber
when rotation of the input shaft is transmtted to the rotary '

10 position to which the piston has moved in the vicinity of the hollow
portion. On the other hand, it is pfeferable that the outlet is provided at

a position which is slightly distanced in the frontward position from a
position to which the piston has moved on the outmost periphery with
rotation of the rotary cylinder member. Furthermore, it is preferable to

" 15 pfovide a check valve to the outlet which is a discharge opening. In this
case, since the respective cylinder chambers are sequentially opposed to

the outlet as the rotary cylinder member rotates, the fluid can be
prevented from flowing backwards when the pressure is lowered due to

the action of the check valve even if the pressure of the fluid discharged

20 from the outlet pulsates. Moreover, it is preferable to connect an input
shaft for relatively rotating the rotary cylinder member and the piston
holding member with the rotary cylinder member or.the piston holding
member through a carrier plate. In this case, for example, even if the

center of the input shaft deviates from the center of the rotary cylinder

25  member when rotation of the input shaft is transmitted to the rotary



10 Decenber 2003 9 cylinder nmenber, this deviation can beggleghBechat ween
the cylinder nenber and the carrier plate to transmt the turning force.
Simlarly, weven if the center of the input shaft deviates fromthe center
-of the piston holding nenber when rotati ®n of the input shaft is
“transmtted to the 5 piston holding nmenber, the carrier plate can absorb
this deviation to transmt the turning force. Further, when the rotary
cylinder menber and the_ piston holding nenber are rotated when the

pressure flufdinden sgemhen this deviatinr cashbetadsorbeddwdweaen phetoydirer
using the pressure of the fluid, it is 10 possible to constitute a fluid

" rotating nachiemebempaldl theotardkr pjatuto tranaitotheituhnitg femst Gimibfriyhe
rotary cylinder nenber and the piston holding nmenber being used as an

out put shaf t evdauift tier center ofrthedspuofshafhdetiaties fifoph #hiergnb@e b tige pidtons

. preferable to open the fluid inlet so as to communicate with the cylinder

chanmber whenhéldéngimeatbdrs whlenardintiorbof ahbi Riput ShERisPREnRAGLAId BOThe ON
of the rotary cylinder menber as the rotary cylinder nmenber rotates as

seen frog t hgistoh Mo dsha thesfBrethafl catriér PRAR ¥aRYhbaHS tﬂﬁnﬁ‘éﬁibag%% as

to close the cylinder chanber when the piston has passed the s tantrally

central posi{i@RnAk thR]urAiRE Yorcey! i nder nmenber, and formthe fluid outlet
so as to communicate with the 20 cylinder chanber before the piston reaches

(he subst ant a1 gl wineeiid 90y S ALKIY L8 Bhe TS LBRA,

rotary cylinder ne rotates as se romt

oLty Y1) RBIEL -agldRl f REGARE A 1T SR At

substantial I'y ‘outer ~periphéral positi
Lgf;?;néglrr{)?/%a\géﬁgr i. 50 (F:é)onvset it gt bfls%ortl hﬁy rl?éigrgyt}fey lpjrggs?ﬂrea%?a{haet 'flsuig;s i? 18
10 possible to constitute a fluid rqtating, machine capable of taking out
rotation with at least one of the rotary cylinder member and the piston
holding member being used as an output shaft. Furthermore, in case of
the fluid rotating machine, it is preferable to open the fluid inlet so as to
communicate. with the cylinder chamber when the piston is at a
15 substantia_lly outer peripheral position of the rotary cylinder member as
the rota;‘y cylinder member rotates as seen from the rotary shaft center of
the rotary cylinder member and so as to ciose the cylinder chamber when
the piston has passed the substantially central position of the rotary
cylinder member, and form the fluid outlet so 'asr fo communicate with the
20 cylinder chamber before ﬁhe piston reaches the substantially central
position of the fotary cylinder member as the rotary cylinder member
rotates as seen from the rotary shaft center of the rotary cylinder member
and so as to close the cylinder chamber at the substantially outér

peripheral position of the rotary cylinder member. Incidentally, when

25  constituting the rotary cylinder apparatus as a rotary compressor, it is



10 Decenber 2003 10 preferable to formthe fluid inlet sqp@eck@beorapsni cate
with the cylinder chanber when the piston reaches the substantially outer
peri pheral position of the rotary cylinder nmenber as the rotary cylinder
“menber rotates as seen fromthe rotary sHhaft center of the rotary cylinder
menber 5 and so as to close the cylinder chanber at the substantially
central position of the rotary cylinder nenber, and formthe fluid outlet
so as to conmunicate with the cylinder chanber when the piston reaches the
subst ant i al | prefevablg toplerm tha fhrid indet s @asytacgommerenicaterveith ahet ¢dimderar y
~cylinder nmenber rotates as seen fromthe rotary shaft center of the rotary
" 10 cylinder ¢hamber awbenothe pistohopeadhes theéisulestanhintherowtert peripheral
substantially outer peripheral position of the rotary cylinder nmenber.
Mor eover, whessitionsof theirwgarpecylindery mothberlers dheatosats obinsle® hmichibdl
- rotating nmachines, it is preferable that the rotary cylinder apparatus is
provi ded wi tivtatdsibs seam fraxhribiel withoy sHEA@HteMof bhe bty dylikdSemember
| ubrication on sliding surfaces of the piston, the piston hol di ng nenber,

the rotasy cahdngdeasmeahdbsathd kglindke analbes AhehRi GhibstaeRhly YedlthoN-

In addition, a fluid electric generator may be constituted by connecting

an el ectri c,lg@giﬁbatdfoaher@@émi Sl der! AP Un dSfieh ?Eetfﬂﬁdb&gtlet 50 as to
above-described fluid rotati hg machine. In this case, the above-nenti oned
fluid rotatiQgn R b . l.ecky ] Cli itionally,
[ nUIt he rot alry cy%lﬁr]\g%% g@glalrg%%ésglé:%f g%gﬁlt%tgst@eﬁprrbﬁeée%@{?rﬁ% Itclhlgﬁ %5 d
gui de por t1 Al bnGidify OohdP pBLELAN of Pnd Bty ifither e BB &OL Bfle 1Sty ™

to the cylinder ¢ gui engagefrent
cylinder member rotates as seen from the rotary shaft center of the rotary

10  cylinder member and so as to ‘close the cylinder chamber at the
substantially outer peripheral position of the rotary cylinder member.
Moreover, when constituting theé rotary cylindgr apparatus as such
fluid rotating .mach,ines, it is preferable that the rotary cylinder
apparatus is vprovided with a lubricant circulation mechanism. In this
15 case, lubrication on sliding surfaces of the piston, the piston holding
member, the rotary cylinder member and the like enables the high-speed
rotaﬁon.
In additién, a fluid electric generator may be constituted by
connecting an electric generation mechanism to the output side of the
20  above-described fluid rotating Amachine. In this cése, the
above-mentione{i fluid rotating machine can be used to generate
electricity.
Additionally, in the rotary cylinder apparatus according to -the
present inventidn, a guide portion for guiding the piston in the sliding

25  direction is formed to the cylinder chamber, and a guide engagement



10 Decenber. 2003 11 portion engaging with the guide portigheemberdgs to
the piston. Therefore, the reciprocating linear notion of the piston is
snoot hed when this notion is perforned while the gui de engagenent portion
is guided by the guide portion. 5 Furth&, in the rotary cylinder
~apparatus-according to the present invention, the fluid inlet is provided
to the casing in any one of areas divided by a line connecting the rotary
shaft center of the rotary cyl.inder nepber and the rotahion center of the
pi ston hol diRegtiesnERLagingsvith & tRorijonn ighdoxmednder theapiden. and
~the fluid outlet is provided 10 to the casing in the other one of the areas
" divi ded by tHeenefore, thenecipraeatingdinesrangtionaftthecpiston ¥ smisethed avhen
cylinder menber and the rotation center of the piston hol ding nenber so as
t o communi céahés widthort fepexfptmedewhiladhibguide enghgemeadcportion 1sgetdedriny t he

. outlet can be arranged so as to be sufficiently distanced fromeach other.
Even i f a dithkentdeqotbiobet ween the pressure of the fluid on the inlet side
and the pressure of the fluid on the outlet side is large, the fluid can

be prevegnted frommirtRes lin thie @vang chliadet Apparhfits bowrding e thetgretent
fromthe outlet toward the inlet w thout passing through the cylinder

chanber. |n jpaehiion! ahe flhid Snlddr Bf greAled e tHovhdmd ie Ay Vneadf akBss
outlet of the fluid at positions 20 opposed to the outer peripheral surface

i de of the g | §; f ' i '
side of the &lggfg{]mggﬁ hg@%ﬁmn%gﬂggt,h% rdthfy SRSHNGEntBY of'thYi ke Eﬁ@g&@ﬁ

this manner, i nder ¢ the i'nlet and the outl et can

£i d : ) : .
beri phoral Shefilt SREIEENAREEh G RY uRe BIORRTHAERL St 86 ST
excel | ent Seéc%%?ﬁ\lgé%tgfﬁ%etﬂé ggﬂﬁher %ﬁaﬁfﬂetrp GhiYHe i to“%lf{tqgaﬂ%vﬁﬂé& nder

appar at us accor
10 to the casing in the other one of the areas divided by the line connecting

the rotary shaft center of the rotary cylinder member and the rotation
center of the piston holding member so as to communicate with the
cylinder chamber. In this case, the inlet and the outlet can be arranged

so as to be sﬁﬂiciently distanced from each other. Even if a difference

15  between .th‘e pressure of the fluid on the inlet side and the pressure of the
fluid on the outlet side is large, the fluid can be prevented from d::irectly
flowing from the inlet toward the outlet or from the outlet toward the

inlet without passing through the cylinder chamber.l In particular, it is
preferable to provide the inlet and the outlet of the fluid at positions

20 opposed to the outer peripheral surface side of the -rotary cylinder
member of the césing. ' By providing them in this manner, each cylinder
chamber, the inlet and the outlet can be configured so that each cylinder
chamber can communicate with the outer peripheral surface of the rotary
cylinder member, which results in the excellent settlement of the product.

‘25 - Furthermore, in the rotary cylinder apparatus according to the



10 Decenber 2003 12 present invention, it is preferable YHec8mdiyIgze of
the piston opposed to the piston holding nmenber is a flat surface. In this
case, the novenent of the piston is snbothed with respect to the piston
“hol di ng nember. Moreover, it is possiblé%o prevent a gap from being
“formed between the piston and the piston hol di ng nenber, thereby, avoiding
| eakage of the fluid. In addition, in the rotary cylinder apparatus

according to the resent invention, .t j.s prefefgabl hat, the | ateral

or 0ss- sect | REGSCRh ApEeRfon, Heis,pralghablie thates SuFies ol thsonisteR 9pmeaPd dhape
~of the cylinder chamher 10 are |ike shapes by which a small gap for

" enabling sli %@Sﬁgmm mem gwssacfi@%gu;ﬁécps ﬁ%@@i%%s%(f%ﬁr@vgﬁme@tgap
from bei ng generated between the rotary cylinder nmember and the piston,

t her eby avoi@fi Hae Iniskayds cimoelhed Mith. raspeet tonthe mapiwnohol dimgpmamhberioes
. not have to be a special shape as long as it matches with the

cross- sect i dMarestapét & pobeibly [to mteven$ acgapifeom Peingeformpdebetween ithet he
pi ston has a bl ock shape such that all the entire surfaces are forned by
t he flat5surpistes arehthe st hoddingd evember,atlereby. svxiding ledleage obtthen.

As a result, the piston can be readily manufactured, the high accuracy of

the piston cridie easily obtained. Additionally, on the side surface of
the piston may be provided 20 a flat surface which is in surface contact

with at |east one Ief alddetibhatinStle rotbfy as@Enddr bb?aﬁél’édsﬂ%éoﬁﬁﬁgbﬁf ther
preferably both of the side-'surfaces, or nost preterably all thé four

surfaces | nc@&ébﬁe ihPenfibh! AGRDEt AN LR thY 1hReaP cAdDsdbpi Ridl Qshﬁg,@‘f&ﬁf or

the casing. Further, the lateral- cross-sectional shape of the piston i1s

not restrictgg %&tﬁnrzgrfd ?ESLIEi‘érﬁ:}%ggs%gcﬁﬂﬂamﬁaBg & Qe ERiRALr SRERGer ThE

| at eral  cross-section ape of ‘
10 - are like shapes by which a small gap for enabling sliding is formed. In

this case, it is possible to prevent a gap from being generated between the

rptary cylinder member and the piston, thereby avoiding leakage of the

| fluid. Here, the shape of the piston does not have to be a special shape

as long as- it matches with the cross-sectional shape of the cylinder

" 15  chamber. ‘For example, even if the piston has a block shape such that all
| the eﬁtire surfaces are formed by the flat surfaces, each member can
demonstrate the smooth rotary motion. As a result, the piston can be
readily manufactured, the high accuracy of the piston can be easily
obtained. Additionally, on the side sﬁrface of the piston may be provided

- 20 aflat surface which is in surface contact with at least one of the flat side
surfaces of the cjrlinder chamber, or preferably both of the side surfaces,

or most preferaﬁly all the four surfaces including the surfaces configured

lby the piston holding member or the casing. Further, fhe lateral
cross-sectional shape of the piston is not restricted o a rectangular shape

25  and may be a different shape. The lateral cross-sectional shape of the



10 Decenber 2003 13 cylinder chanber may be matched w t hqgprcsigpegl t he
piston. In this case, since both of the side surfaces of the cylinder
chanber on which the piston slides do not have to be vertically fornmed
"with respect to the bottom surface, t he 18yl i nder chanber can be readily
processed. For 5 exanple, when both corner portions on the bottom surface
of the piston are rounded, the corner portions of the cylinder chanber on
whi ch the piston slides can be rounded, thereby further facilitating .
processi ng o‘*yﬁ’c‘}fger ¢Ramhgemay, ."’&P#ﬁ F‘ﬁg? r?gPeiha‘rR? phEhe pisfop. cyl '%@i@r
chanmber according to the 10 present jinvention, it _is greferable to provide

" on these sl i%8es§iaeckathpelcihe pidessirfacescolcths alindemnchambersuuwhighthe

back pressure which can be the resistance of the relative rotation of the
rotary cyl i rgistomeidas dadnehdiavsi $o dre verticabynforioeed: witht nespecastn theen
. the piston operates and the rotary cylinder menber and the piston hol ding
menber r ot atttomheubfere, thepecgkinder cirmbericatnubes réddilyopeoestedf Fhese
menbers i s generated, but the back pressure rel easing neans reduces the

back pre§surexarmphy, eblien Sutht diragr tprtimisese thedottb seifacy ofYiHogRiton
menber and the piston holding nenber. For exanple, t-he back pressure

rel easi ng neafsro@ydedetlid sbeerd poitians-ofiHehcyBH A8 thalldsde BhORBSEIE the
rel easi ng means for 20 rel easing the back pressure which acts in the noving

direction ofpisfeh sHHEE €8n Helrotitldedd ehesitierRaRkr P‘icﬁﬁﬁéz'ﬂiﬁgr;ﬁjo‘é@sféiﬁg r?ggrﬁes

for releasing the back pressure generated between the rotary cy
nmenber and tQ@indASiHMmpeF. Pi ston hol ding member . si de back pressure
rel easing means for releasing the back pressure generated between the

D e 419 25 PRI, §Re£ES oMy R Rt LEGRRUNF NS (HBY Pe

10  present invention, it is preferable to provide on these slide surfaces back
pressure releasing means for reducing_‘ the back pressure which can be the
resistance of the relative rotation of the rotary cylindef member and the

piston holding member. In this case, when the piston operates and the

rotary cylindér Iﬁember an(i the piston holding member rotaters, the back

" 15 pressure which disturbs the movement of these members is generated,
but the back pressure releasing means reduces the back pressuré, thereby
smoothing the movement of the rotary cylinder member and the piston
holding member. For example, the back pi'essur'e releasing means may

be piston back-and-forth movemeht back pressure releasing means for

20  releasing the back pressure which acts in the moving direction of the
piston, or cylindér side back pressufe releasing means for releasing the

back pressure generated between the rotary cylinder member and the
casing, or piston holding member side back pressure releasing means for

releasing the back pressure generated between the piston holding

95 member and the casing. Further, all of these means may be provided.



10 Decenber 2003 14 Moreover, in the rotary cylinder appajLHsmBGcRodi ng to
the present invention, it is preferable that the rotary cylinder nenber
and the piston holding nenber are rotatably supported by a bearing nenber
~whi ch sinultaneously bears the thrust |odd and the radial load. In this 5

" case, the structure of a part rotatably supporting the rotary cylinder
menber and the piston hol di ng nenber becones sinple, thereby reducing the
size and.the cost .of the apparatus. In additjon, in the rotary. cylinder
appar at us accor di fjorepveRe 1oy idiee gotany, clingler amparatus yawrfyiﬁe%rt%éab@er
is rotatably supported by a_ 10 bearing plate_and the bearing plate is

" const it ut ed pussest tisviatian; ab tlamr@femabgﬁh thaf dbei rapapy sylinglercmemberd aad

adj usting drawing screw in sone cases. In this case, varying a quantity of
screw ng of theepistehitrddigg svember aréeothtably guppoetedhy aabparingtmentbdrt  of
. the bearing plate supporting the rotary cylinder nmenber. Consequently, the
conponent acelidcyimfiltabeoubly beasy the Yhivwsicloadeabd rthenrddial 1dadistIn this
direction can be nollified. Further, in the rotary cylinder apparatus

accordi ng t acddae theestiictuld\winhi part rbtabdt Guphertingg the fhry seyliiddrabl y
supported by the bearing plate and the bearing plate is constituted so as

to be adj ust@alhfherdYardd ﬂ%uEiétaﬁ MSIBNY SeENErBedmas] ¢isdplag e e
screw in some 20 cases. In this case, varying a quantity of screw ng of the

pushi ng SOr eaRiely ke S euhadIRCidRNof e aipatheaie ti1T of the bearing

e ¥
pl at e supporting e piston holding nmenber” As a result, the conponent

SCEUTAEY O L1, P AT AL e S SOl O
25 pr esent | bk ORve R BRIPEL ktdrUiyHiniAR RENAHARISHatib1f SAPBoLRIdEY a
10 bearing plate and the bearing plate is constituted so as to be adjustable
by an adjusting pushing screw aﬁa an adjusting drawing screw in some
caées. In this case, varying a quaintity of screwing of the pushing screw
and‘the drawing screw can adjust the tilt of the bearing plate supporting
the rotary cjrlinder member. Consequently, the component accuracy of
15 the rotaryrcylinder member in the thrust direction can be mollified.
Further, in the fotary cylinder apparatus according to the present
_ ‘i‘nvention, the piston holding member is rotatably supported by the
bearing plate and the i)earing plate is constituted so as to be adjustable
by an adjusting pushing screw and an adjusting drawing screw in some
20 cases. In this case, varying a quantity of screwing of the pushing screw
and the drawing screw can adjust the tilt of the bearing ;ﬂate supporting
the piston holding member. As a reéuIt, the component accuracy of the
piston holding member in the thrust direction can be mollified.

Furthermore, in the rotary cylinder apparatus according to the

25  present invention, a magnetic fluid can be arranged at a gap formed



10 Decenber 2003 15 between the piston and the cylinder ¢hpabshbaithod
magnet for holding the nagnetic fluid at the gap can be provided in the
vicinity of a contact part between the piston and the cylinder chanber. In
“this case, the magnetic fluid held by thesmagnet is filled in the gap

"~ between the piston 5 and the rotary cylinder nenber. Therefore, the small
gap at a part where the piston is opposed to the cylinder nmenber is further
assuredly sealed, thereby further securely preventing the fluid from

| eaki ng fr orbetweencthd pidtopaand thier exdireder chamberratdray magnetdfor hgldingt us
~according to the 10 present invention, a plurality of pistons and a

"~ plurality oftheyiaptetic ftikirhetheagrap éax edprovided tini thepvielwitahife thatack
plurality of the cylinder chanbers are formed so as to pass through and

cross the roiafybéfiaédn ¢he bitonoinrd Vthey cyliflder néiigber.! Nid thes @ase, thee
. rotary cylinder apparatus which rotates by a plurality of the pistons is

provi ded. 15,LanagdidiRheld by HRe'RhBAY: S TillASH ﬁm)ga?tmw%ﬁomﬂ pistbA the
present invention, the cylinder chanbers are arrange o the rotary
cyl i nder gment jdl ISt i ' h ' t

Y} Lnder serhed @ Bl Oin8GLahbhbLS! THBULEH ! InkNemall Gl af i aat

di;gctipn._ | _ ance of rotation o he rotary ¢

cecurr v, TRBEE eIl MOPREOL I AP R GE K Ry
according { ceed Pradhy ArRben ooty wilvhiids VRS YL FREFIeARARL Bl |
of the cylinder chagber cross each other in the noving direction of the

piston is shotR €95 PAEw a | ength of the piston. Therefore, the piston
denonstrating the

Moreover, in the rotary cylinder apparatus according to the
10  present invention, a plurality of pistons and a plurality of cylinder
chambers are formed, and it is preferable that a plurality of the cylinder
chambers are formed so as to pass through and cross the rotary shaft of
the rotary cylinder member. In this case, the rofary cylipder apparatus

which rotateé by a plurality of the pistons is previded. |
‘A 15 In addition, in the rotary cylinder apparatus according to fhe
present invention, the cylinder chambers are arranged to the rotary
Cylinder member at positions equally distribufed in the circumferential
direction. Therefore, the balance of rotation of the rotary cylinder
member is imi)roved, and vibrations or noises can be prevénted from
20  occurring, thereby providing the rotary cylinder apparatus suitable for

the high-speed r’otatiori.

Additionally, in the rotary cyiinder apparatus according to the
present invention,‘ a length of a part where a- piurality of the cylinder
chambers cross each other in the moving direction of the piston is shorter

25 than a length of the piston. Therefore, the piston demonstrating the



10 Decenber 2003 16 reciprocating |inear notion is guidedglpéctiRgevstios
surfaces of the cylinder chanber which is noving when the piston passes
the part where the cylinder chanbers cross each other, and crosses other
“crossing cylinder chanbers. Thus, the pil§ton can snoothly pass without
collidingwth 5 other cylinder chanbers. Further, in the rotary cylinder
apparatus according to the present invention, it is preferable that a
chanfer portion is formed at the part where a plurality of the cylinder
chanbers cr d'§§115§'8€%t18€ﬁ§9€331f matien i guided pdhe wabhsuxfaceupf bhe cilinden! y

. pass the part where the cylinder 10 chanbers cross each other. BRIEF

" DESCRI PTI ON chpoyhgr pringhnNes nmvingl whena therpisten nmsses -thec paohavhetecthe
showing a first enbodiment of a rotary cylinder apparatus according to the
present i nveylingler ¢hambers sross pacnethervasdmrbsest bhaerotmsyiny lcylidder

- apparatus of Fig. 1 fromwhich 15 an upper case and a piston hol di ng nenber
are renoved;chiaingberd:. i STlaums, thxelpdsiat pensgactthly paewwwithvitGolidiviamith
cylinder menber, a piston holding menber, and a piston of the rotary

cyl i nder5 aputhat égliatelrichandbersFi gs. 4A to 4D are views for illustrating
the operation of the rotary cylinder apparatus of Fi'g. 1, show ng the

state in which .t Rarthearin 4 ﬁtyﬂairgdﬁiid@%pdr@tﬁ@h@&&@iﬁ%%ﬁ%h%opf&agﬁﬁeS

in the clockw se direction; Fig. I's a plane vi ew show ng a secon

enbodi ment  ghvantishahiy i€ Yrieféieible APRR' AlHAnMes Ptith f@%ﬁgg@;ﬁ;@é part,

I nvention and the relationship between the rotary cylin

Pl oter  aoRetca DIALADE Y G AR thdinbBkd ErREDMNTRLLOT 1 hil Aok,

cyl i nder apparatus according to I nvention and

relationshi thl%etp‘f\&%lﬁ tcﬁ% At A& Céﬂlb&%ﬁfr pass the part where the cylinder

10  chambers cross each other. A
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is 'a vertical cross—se.ctional view showing a first embodiment

of a rotary cylinder apﬁa_ratus according to the present invention; Fig. 2 is

a plane view éhowing the rotary cylinder apparatus of Fig. 1 from which

15  an upper case and a piston holding member are removed; Fig. 3 is an

exploded per;spective view showing a rotary cylinder member, a piston

holding_ member, and a piston of the rotary cylinderrappara.tus of Fig. 1;

Figs. 4A to 4D are views for illustrating the operation of the rotary

cylinder apparatus of Fig. 1, showing the state in ﬁhich the rotary

20  cylinder member is rotated every 30 degrees in the clockwise direction;

Fig. 5 is é plane view showing a second embodiment of a rotary cylinder

apparatus according ‘to the present invention and the relationship

betwelen the rotary cylinder member and the‘ piston; Fig. 6 is a plane view

showing a third embodiment of a rotary cylinder apparatus éccording to

25  the present invention and the relationship between the rotary cylinder



10 Decenber 2003 17 nenber and the piston; Fig. 7 is a V%Heﬁ?#n er 2003
cross-sectional view showing a nodification of the rotary cy "Raet
apparatus according to the first enbodi ment of the present invention; Fig.
-8 is a side view of a fourth enbodimentl®df a rotary cylinder apparatus
“according to the present 5 invention, in which a part is notched; Fig. 9is
a plane view of the rotary cylinder apparatus of Fig. 8 fromwhich a
casing cover is renoved; Fig. 10 is a vertical cross-sectional view of the

rotary cyli miembgsmardthe piston; Hig.&f is wivgriical prosgrieshional gdeyishoveRg® ng a
part of a bearing; Fig. 12 is a conceptual view show ng the relationship

" bet ween t he mobdiforatinal difnghe Orotanpecylimdern appgradusr geesrding 9 dhenfigsti ng

rotation; Fig. 13 is a vertical cross-sectional view show ng an enbodi nent
i n whi ch t hembbdinyent lof iher presephriavantians digi 18yit @ side piexeft aifousthi on

. is configured as a fluid rotating machine; Fig. 14 is a plane view show ng

the fluid r drabbdigneRaifi Aerstiaryi eylinder ppashtwd ddeerdimgertoctise mredenbe
pi ston hol ding 15 nenber are renoved; Fig. 15 is an expl oded perspective

vi ew shomi ngnkBRtionQ§AWhIEH 4 paet ifaabeied; tHig. Diist DP1Aee dierg ofakbearctang t he
piston of the fluid rotating machine of Fig. 13; Figs. 16A and 16B are a

perspecti ve, vl dw aéiéﬁ%:%tﬁ@ o¥ FG4! 8 GF A SwBRALA eﬁﬁhg&&wraa QWhNered; g s1o

exanpl e of the shape of the piston; Fig. 17 shows a second exanpl e of back
Cotating mchinie U e o e e e oty LR e R S S5
ack pr escur e B dn i el o g AOBP oF d WeRdpEERE C10 100
o1 ot on hol i PpesB bR R ShA solh BBt eGP BEE EBRE TRUIALTE, .,

taken aI18ng member and a trajectory of the piston during rotation; Fig. 13 is a vertical

| cross-sectional view showing an embodiment in which the rotary cylinder
apparatus according to the present invention is configured as a fiuid
rotating machine; Fig. 14 is a plane ﬁew showing the ﬂui\d rotafing
machine of Fig. 13 from which the upper case and the I;iston holding

" 15  member are removed; Fig. 15 is an exploded perspective view showing the
rotary cylinder member, the piston holding member and the piston of the
ﬂﬁid rotating machine of Fig. 13; Figs. 16A and 16B ére a perspective

view and a vertical cross-sectional view showing a first example of the
shape of the piston; Fig. 17 shows a second example of back pressure

20 releasing means and is a plan view illustrating the fluid rotating machine
from‘ which the ﬁpper case and the piston holding member are removed;

Figs. 18Aand 18B ai'e views showing a third example of the back pressure
-releasing meé.ns, in which Fig. 18 A is a plane view depicting the fluid
rotating machine from which the upper case .an'd the piston holding

'25  member are removed and Fig. 18B is a cross-sectional view taken along



10 Decenber 2003 18 the line B-Bin Fig. 18A; Figs. 19A | ews
showing the fluid rotating machine to which a fourth exg%eégﬁpgl{ﬁog\éback
pressure releasing neans is applied, in &ﬂi ch Fig. 19A is a plane view
showing the fluid rotating nmachine from-&hi ch the upper case and the

" piston hotding 5 nenber are renoved and Fig. 19B is a cross-sectional view
taken along the line B-Bin Fig. 19A; Fig. 20 is a view illustrating the

operation of,the i d etatiRg hj : t - i gh: % he
Cotary oyl i Fedthe Bt PEELRAT EIBE LT AR 12504, VIS shbofihp Y Ailid
schematic. bl ock diagram show a lupricant cirgul ati gn chani s Fi g.
" 22 is an exﬁ?@&éﬂg 1593§§F’§f)eg‘f in%?h e g}ur ﬁf Ieﬁflﬂlﬁelﬁe(?%rﬁ%e%a?%%?ﬁe
whi ch the rotary_ cylinder, apparatus %Cé‘? in Q the present jnvention is
i ncor por at eBelegsingimeans ispprplded gngwhieh Fag A5 2 plagg Hev shoving the
. electric generator fromwhjch the upper case and the pjston_ hol di ng, nenber:
are renovedfluifgotatingsmachine frpm avlichhe yppar careansl thyyristen holding A i n
Fig. 23; Fig. 25 is a 15 bottomyview of the fluid electric generator
depi ct ed i norémbep Zreftemovsl andaFig| B isi aretsovatipnalevigppbakemsdorg t he
fluid electric generator depicted in Fig. 22; Fig. 27 is a plane view
showi ng t hethetlare/BeBlinrifig. 19éniitig. 80 isteheiew illdstzlatintg the gpemmrtiowof the
depicted in Fig. 22; Fig. 28 is a plane view showing a yoke and a w ndi ng

of the flui flrddeaitatinggenehiherard bhswsdhedstate A6 Wwhich 2Re retasy cgHAdand
29B are a perspective view and a vertical cross-sectional view show ng a

second ex aﬁﬂh&nfbfertiﬁeoﬁd’b%ﬂ%ﬁr?rti'&dﬁgﬁé&ﬂ FigF203s a3ébheanaltic GBoclt dizgram
perspective view and a vertical cross-sectional view showing a third

exanpl e of Lhewihgra PhbFibEnPi &realatiddSmedhénitig; BLB B2eif HLreRgedede

view and a vertical cross-sectional view showing a 25 fourth exanple of the

shape qofg t eRESE@ive HER of 32Aufd Clet¢R cafdhetator in which the rotary cylinder

| apparatus according to the presehf invention is incorporated'to a drive

source; F1g 23 is a plane view of the fluid electric generator from which

the upper case and the piston holding member are removed; Fig. 24 is a

cross-sectional view taken along the line A-A in Fig. 28; Fig. 25 is a

“15  bottom view of the fluid electric generator depicted in Fig. 22; Fig. 26is a

piane Viéwl showing the upper'ca.sé of the fluid electric generator depicted

in Fig. 22; Fig. 27 is a plane view showing the rotary cylinder member of

the fluid electric generator depicted in Fig. 22; Fig. 28 is a plane view

showing a yoke and a winding of the fluid electric generator ill_ustrated in

20 Fig. 22; Figs. 929A and 29B are a perspective view and a vertical

cross-sectional view showing a second example of the shape of the piston;

Figs. 30A and 30B are a perspective view and a vertical cross-sectional

view showing a third example of the shape of the piston; Figs. 31A and

31B are a perspective view and a vertical cross-sectional view showing a

95 - fourth example of the shape of the piston; Figs. 32A and 32B are a



10 Decenber 2003 19 perspective view and a vertical cros | I ew
showing a fifth exanple of the shape of the piston; Fi gzo‘?%iﬂngﬁ'?%% are
a perspective view and a vertical cross-sectional view showing a sixth
~exanpl e of.the shape of the piston; Figd9 34A and 34B are a perspective
"view and a 5 vertical cross-sectional view showi ng a seventh exanple of the
shape of the piston; Fig. 35 is a vertical cross-sectional view show ng a
second enbodi nent in which the rotary cylinder apparatus according to the
present i nvePRUSPACHEe cHIext i and el werlical| crogsrsectional viewhishewingya fdfths a
_vertical cross-sectional view showing a third enbodi ment in which the 10 -
" rotary cyli reamphpaf heshaperfdihegprssonnBigs. e3bhanid88Bt ammai serspective
constituted as the fluid rotating nmachine;, Figs. 37A to 37F are views

i | | ustrati ngvielwe andea aterticabrédsesdationdl rvdeet shawing lai sixthcemrdphg of ¢the

. fourth enbodi rent of the rotary cylinder apparatus of the present .

i nvention, sslweoftthe pistbn; iFignhiBdA ahd 84Banye aylpenspéctiarhasw 8ndba
rotated every 10 degrees; Fig. 38 is an expl oded perspective view show ng

the rotapy Cydrti@@rcrbBivbestiondlevidiv sBowing d Bevemiexadile dfeHt Shape At

the fluid rotating machine in which the second exanpl-e o0f the back

pressure relgaspigolPdis. GBS e deiticdl BroskldchionBl! igdh: sﬁ%)&ing%is%can&i ew
showi ng a positional relationship between a salient pole of a Stator core,

a 20 centr a'e,ﬂgagfﬂaggtg YHRENELd 9'095’1185 _@{;ng%s;%sragcﬁg E%r?ﬂﬁ%v the

chanber of t _ l'ectric generator;" | ane vie owng a

L CTood e e ook Phoiad L PN OOERBE A BRI LA™
upper o520t B BRREE D TADSTaR € ARE Ko Sidonth B Ree

10 | rotary cylinder apparatus according' to the. present invention is

constituted as the fluid rotating ﬁlachine; Figs. 37A to 37F are views

illustrating the operation of the fluid rotating machine according to a

fourth embbdiment of the fotary cylinder apparatus of the present

invention, showi_ng the state in which the rofary cylinder member is

T 15 rotated every 10 degrees; Fig. 38 is an exploded perspective view showing

the rotary cylinder member, the piston holding member and the piston of

the fluid rotating machine in which the second example of the back

pressure releasing means depicted in Fig. 17 is applied; Fig. 39 is a view

showing a positional relaﬁionship betwe,én a salient pole of a stator core, a

20  central position of a magnetic pole of a magnét and the cylinder chamber

of the fluid electric generator; Fig. 40 is a plane view showing a first

embodiment in which the rotary cylinder apparatus according to the

present invention is constituted as a rotary compressor from which the

upper case and the piston holding member are removed; Fig. 41 is a

25  vertical cross-sectional view of the rotary coinpressor illustrated in Fig.



10 Decenber 2003 20 40; Fig. 42 is an expl oded perspecti | e
rotary conpressor illustrated in Fig. 40; Fig. 43 is a ?@HE#%?PQ%%FQCK

di agram showi ng a lubricant oil circulation nechanism Fig. 44 is a bottom
“view of the rotary conpressor depicted i2§ Fig. 40; Fig. 45 is a

" perspective view showing a 5 bearing plate of the rotary conpressor
depicted in Fig. 40; Fig. 46 is a view showng a positional relationship
bet ween a sugctign opening, a i scharge opening and,the cylinder chanber
avi ng t he Gt Bre-pA8 1o G xplodet, SeltRaRitR HIp8! bhiiBear StHEP: FORPEFSKe
~cylinder chapber; Fig, 47 is, a _plane view show ng econd exanpl e, of the

" back pressur‘g{oqsél'%t&ﬁli Wy Fig. A%nE1gHi4d h%%tﬂawaéwnbf@iséiag#% IR Be
upper case and the piston _holding nenber are renoved; Fig. 48 is a

cross- sect i dudricand\pibrireniptian megisgysmy &gt 44 49m hotéom wigsv pf the retaryng

. the operation of the rotary conpressor depicted in Fig. 40, show ng the
state in whimptessoptdepictesl in digr 40p Migr 4bsisr atperepechive wid® shawsasa
Fig. 50 is a perspective view 15 showing a nodification of the bearing

pl ate; F5gs.b&iktng platé ofrthevretsry ¢cdrhpedssat idepitted Dpdigt idon Wi, ab6oider
enbodi mrent of the rotary conpressor, showing the state in which the rotary
cylinder mendetw ishofdhgt adpesitionalOreldepmebsy beigved? d Surtivnadpeninyy a
showing a third exanple of the back pressure releasing neans of the rotary

conpressor fdigghi¥de fpbiingRAAthedkylatRraithrhber Bavih the lpdites pesTtRhedr ©

renmoved; Fig. 53 is a cross-sectional view of the rotary conpressor _
i Ilustrated jgid But@mot PeriptbriP parison GERhdaly I EY SDawbes; Pl xpiPLe in

whi ch the cylinder chanbers of the rotary cylinder nmenber are not equally

di stributed \#Yg%@zg{ﬁpﬂéwﬁ 41%38‘31][&%3%\,\@@ 'L:)Plt%%i E;ﬁ/ﬂ& L}Sﬂéssghg h%eiéaéiﬁgg |

- t
concept ual owm ng an exanple 1n Ich t r ers a
offset 9§d means of the rotary compressor from which the upper case and the piston

holding member are removed; Fig..48 is a cross-sectional view of Fig. 47;

Figs. 49A to 49F. are views illustrating the operation of the rotary
compressor depicted in Fig. 40, showing the state in which the rotary
cylinder meniber is rotated every 15 degfees; Fig. 50 is a perspective view

" 15 showing a modification of the bearing f)late; Figs. 51A to 51F are views
illustrating the operation of another embodiment of the rotary compressor,
showing the state in which the rotary cylinder member is rotated every 10
degrees;. Fig. 52 is a plane view showing a third example of the back
pressure releasing means of the rotary compressor from which the upper

20 | case and the piston holding member are removed; Fig. 53 is a
cross-sectional view of the rotary compressor illustrated in Fig. 52; Fig.

54 is a conceptual view showing an example in which the cylinder
chambers of the rotary cylinder member are not equally distributed with
respect to the circumferential direction; Fig. 55 is a conceptual view

‘25  showing an example in which the cylinder chambers are offset and



10 Decenber 2003 21 formed; Fig. 56 is a perspectlve Vi e%%@%ﬁ&%s
exanple in which nmagnets are arranged to the piston; Fig. 57 1s a
perspective view showi ng another exanple in which t he magnets are arranged
“to the piston; Fig. 58 is a perspective2li ew showi ng an exanple in which
“the magnets are 5 arranged to the rotary cylinder nmenber; Fig. 59 is a
perspective view show ng another exanple in which the magnets are arranged
to the rotary cylinder nenber; Fig. 60 is a conceptual view show ng the
state in wiotmedsrihig s5@flstﬂepﬁb$9@ﬁlvﬁom¢%ns}mw’ef% aqrotexapphe iindwhickenber
~are cut off; Fig. 61 is a cross-sectional view show ng an exanple of the

" rotary 10 cwmaguets aesberanged ththepiton; Rig.difhiy anpebspediivennieshshowisgage
for releasing the back pressure is fornmed; Fig. 62 is a perspective view
show ng t he amithey exgphiplddn Whiﬂietheinmguteesi ara aFrangdd to the pistodaAFag.ds8 63B
. are a perspective view showi ng the piston hol ding nmenber depicted in Fi g.

61 from a siideaoppepettivtoviehe shotwdihyg a1l exgepladab@highdla Hhagheisspest i ve
view showi ng the sane fromthe rotary cylinder nenber side; Fig. 64 is a

Cross-sesti Of\danygb8VoS BN fdga s coliadel Smethbit Tigt 59 [Phap¥rspettivRdeiew
apparatus according to the present invention is Constituted as the f|UId

el ectric geng{Aly BAKLAG QLMPRNiINUFREL $8ECRIdMEtEBARS arfid ed% tRe

cross-secti onal VI ew show ng an exanpl e 1 n which E% he rotary 2 cylin er

apparat us acrghe) BotihAel BebEr e, :emvw bkt Qgévwsubsﬁn ThEsthidth

met er havi ng rot at on nu €t’e neans; I'OSS sec

vi ew showi ngahaexapl e Rt dibg ggfgégﬁ%rthg o&&gﬁ&glg&g.ﬁmae&ggefggor fhne

to the presen "hventTon i's con as a avin

nuher 0ot ecin R0 ioult o SURWRAD B SREH 6 Vsl

10 cylinder member and the piston holding member to which a passage for

releasing the back pressure is formed; Fig. 62 is a perspective view

showing the rotary cylinder member depi__cted in Fig. 61; Figs. 63A and

63B are a perspective view showing the piston holding member depicted

in Fig. 61 fr'om a side opposite to the rotary cylinder member and a

15 pérspective view showing the same from the rotary cylinder member side;

Fig. 64 is a ‘cross-se‘ctional view showing an example in which the rotary

cylinder apparatus according to the present invention is constituted as

the fluid electric generator having rotation number detecting means;‘ Fig.

65 is a cross-sectional view showing an example in which .the rotary

20  cylinder apparatus according to the present invention is constitutéd as a

flow meter haﬁng ro_ta_tion number detecting means; Fig, 66 is a

cross-sectional vie;w showing an example in which the rotary cylindér‘

apparatus according fto the present invention is constitﬁted as a fluid

pump having rotation number detecting means; Fig. 67 is an exploded

25  perspective view showing a prior art rotary cylinder apparatus; and Figs.



10 Decenber 2003 22 68A to 68D are views illustrating thqoeRREgbEPsHdy the
rotary cylinder apparatus depicted in Fig. 67, showing the state in which a

support rmenber for supporting the rotary piston nenber is rotated every 30

“degrees in the counterclockw se directior%2 5 BEST MODE FOR CARRYI NG OUT THE
| NVENTI ON" The structure of the present invention wll now be described in

detail based on the illustrative best node hereinafter. An enbodi nent of a
rotary- cylinder aggar atus according to the present invention will now be
expl ai ned” wi%dh ter 88Bnage (dewpgdlustrating the eperatigenefithy rodarncwdindere

. present invention will be described as a rotary punp apparatus for

suppl yi ng ga&pbparagus | depictid dot Fog. 6, cdwwingnbbeli stabe ,ina whkidhuan swpibert
supplied is not restricted to the gas and it -may be any fluid including a
| i qui d. Fur tthemberhforpsapportingyviin irobarys pisten mesmbiertiedrotmtteeyayp30
. apparatus and is suitable for various 15 apparatuses constituted by
utilizing thdegretaly thetdoantefclackwiser direydionder nenber, for exanple, an
air conpressor, an air notor and others. As shown in Figs. 1 and 2, the

rotary cylinder appBESTMODE FORICARRYING OUTCHHE INVERTION! | nder
menber 2 which has a plurality of radially arranged cylinder chanbers 22

and 23 and rot at esrlad @uAcktare 4T £1d ?Eusé@@iﬁvém&ﬁrwﬁl n%iwstb%naegcr%@d 4n

which are in surface contact with e I nside of each of the cylinder

chanbers 22_%g112%%%@%g\?§iggﬁhrﬁgﬁta?§%1ﬁesgﬁﬁ;dgrp&%%ﬁgﬁﬁi..i near notion; a

pi ston hol di ng nenbe e pistons 4 and is eccentric
e oLaT) U MG EARE of d BountPHIHROBE B0 PLARAER, Sl

and the pi Stﬁ@:’sgﬁl: {hPEntBHEPE 1 now be explained with reference to Figs. 1 to 3.

10 Ihcidéntally, although the present invention will be described as a rotary

pump apparatus for supplying gas in a fixed direction in each

embodiment, a medium to be supplied is not restricted to thé gaé and it

-may be any fluid including a liquid. Further, the present invention is

not restrictea to the. pump apparatus and is suitable for various

15 apparatuses coﬁstitute‘d"by utilizing the rotary motion of a rotary cylinder

member, for example, an air compressor, an ai;' motor and others.

As shown in Figs. 1 and 2, the rotary cylinder apparatus 1 is

mainly constituted by: rotary cylinder member 2 ﬁvhich has a plurality of

~ radially arranged cylinder chambers 22 and 23 and rotates around a

20 rotary shaft center O; pistons 3 and 4 which are in surface contact with

the inside of each of the cylinder chambers 22 and 23 and demonstrate the

reciprocating linear motion; a piston holding member 5 which holds the

pistons 3 and 4 and is eccentric from the rotary cylinder member 2 to

- rotate around a rotation center X; and .'a casing. 6 which rotatably

25 éupports the rotary cylinder member 2 and the piston holding member 5



10 Decenber 2003 23 and has at |l east one inlet 61 for a ' | east
one outlet 62 for the fluid. The rotary cylinder appar aﬁg?eger?lggrhﬁog SO0 as
to be capable of sw veling around shaft _centers X1 and X2 provi ded at
“positions where the pistons 3 and 4 arezgeparat ed fromthe rotation center
~of the piston 5 holding nenber 5 by a fixed distance. Specifically, the
rotary cylinder apparatus 1 includes: the rotary cylinder nenber 2 having

acircular s e; the piston | di r.5 i,eh hol ds- b st o 3
and 4 at th‘é;"‘nr}fﬁlaﬂS éaég@ﬂ% pee ab e&r@t g‘%l W‘E@n‘ﬂlg}%r}ggﬁ 8%%§§Qe%a%§é&£§%art
fromeach of her 180, degrees .so as to,be capabl.e of sw velin
"t orat oe.wi t o Ehes FORRY ERUBART APRAGIRE Hh 1F drelfy S i O disneapaBle L he
rotary cylinder  nmenber 2 as the rotation central,k position X and the
casi ng 6 whissfivelisgarapng %699&6%3&% ek 2 g edat pesitiopsmaerotheg
. the piston holdi ng menber 5 as the rotation nenbers. Incidentally,,
al t hough t hepistang Bnaad. 4caemiseperatedafitpmathmaotafdoni eardas of dhe misten
adopted for the 15 rotary cylinder menber 2 in this enbodi nent, the present
i nventi of i sholding mesmnber theliyt o dizedodiskatctavBngeificallyathe antaxsy cyhoder
chanber and one piston can suffice. As shown in Figs.- 1, 2 and 3, the
rotary cyli nggraraeaber idchrlest dheerbtiany ocydimderc meanbeh&pdalvang gy carcular
predet erm ned thickness, and 20 rotatably arranged in the inner space of

the casing Gsha?@?tnél istonchalddh g n2dmber Snshidhcldoldsdheipistbdsy3d pndssat Ehéi ng
to one end surface of the rotary cylinder nenber 2, i.e., a concave

portion of tike, eacrvid AGEoralatibn ¢ameal pobHfuRKIoNAdi XY dpatrfebay pashaf t
center O in Figs. 1'and 3. The other end side of the shaft 21 is rotatably

supported by,hup IRER8H Meg¥BEDPRD Sasfo BE @iphbld b WighliAE i rafiRd WwRhag O
overlap each other 1n the axial : '
10  position eccentric from the rotary shaft center O of the rotary cylinder
member 2 as the rotation centréi position X; and the casing 6 v.vhich
rotatably supporfs both the- rotary cylinder member 2 and the piston
holding member 5 as the rofation members.‘ Incidentally, altﬂough the
-cylinder. chambers 22 and 23 .and the pistons 3 and 4 are adopted for the
" 15 rotary cylinder member 2 in this embodiment, the present invention is
not restricfed thereto, and having at least one cylinder chamb_er apd one
piston can suffice. |
As shown in Figs. 1, 2 and 3, the rotary cylinder member 2 is
forrmed into 'a circular shape havihg a predetermined thickness, aE;:ld
920 rotatably arranged in the inner space of the casing 6. One end of a shaft
21 is inserted and fixed by press fitting to one end surface of the rotary -
cylinder member 2, i.e., a concave portion of the en_d surface on the lower
side surrounding the rotary shaft center O in Figs. 1 and 3. The other

end side of the shaft 21 is rotatably supportéd by two bearing members 7a

925 and. 7b which are arranged so as to overlap each other in the axial



10 Decenber 2003 24 direction in the casing 6. Therefore
cylinder nenber 2 can rotate in the casing 6 around thqu%??&g%a%? t he
ot her end surface of the rotary cylinder nenber 2, i.e., the end surface
~of the upper side in Figs. 1 and 3 is pr@di ded a space 5 consisting of a
~cruci formgroove formed by utilizing four sector base portions 25. This
cruci form space is constituted by four cylinder portions 22a, 22b, 23a and
23b and a portion 24 at which these portions cross each other (which wll
be referred dige¢tdon inctherfaging fon Thereforas the rotamaeylinder anemiber ¢hdan
_surface of the rotary cylinder nmenber 2 on the other side is 10 forned the
" hol | ow port imkaterinkhe gaping 6 ayosndtidersheadti 20i dt h around the rotary shaft
center ‘0 and a bottom surface. Furthernore, the four cylinder portions 22a,
22b, 23a and 23b danithieathey emd setfangof the cotmy ciedéromentiser 20i.8), lthe

. provided around the rotary shaft center O in this hollow portion 24. The

upper surfacmdanuriface of tleehupber stde)ihi Fdgs. 15apdr B @nprédeded 2D .spada and
23b is opened, and all of the remaining three surfaces of the sane are

formed by flanssdtin@ceSa Theciforat prodvientiimed By AiliZidds foie &éefdxowaﬁger

portion 24 and the second cylinder portion 22b form-the cylinder cha

22, and the j I n if ' : .
fourth cyli n%dei'lrﬁ(glg?t?i’ 0 nw%sb&?{)(%ﬁr‘r?ﬁgﬁgﬁ %Sﬁenrsm%g ltg‘}‘l"\l/g%g{rﬁ‘ %gha?ﬁg?gg{r} gF’I Y,

al t hough t ey erammy “tspPead o3hnd QBIrticH S4 ot SERichOhdsB% e froll LELH

expl anation, they are just use on the = draw ngs f9r ) (
be ot ed 1 hAER (AT SAINGE HLRFRedhr 8 W RetloW IREFon Rerem BB s Thab s
are slidably, {ih}edd QuifiGe df file b6ty u&;l{]mf&l ﬁl%?:nelzr)elp Qréﬂ 3 o%%%rts?de,is
10 formed the hollow.portion 24 which has a predetermined width around
| the rotary shaft center O and a bc;ttom surface. Furthermore, the four
cylinder i)ortions 22a, 22b, 23a _and 23b each having a rectangular cross
section are radially provided around the rotary shaft center O in thié
hollow portidn 24. The upper surface portion of each of the cyiinder
| “ 15 portions 22a, 22b, 23a and 23b is opened, and all of‘ the remaining three
surfaces of the same are formed by flat surfaces. The first cylinder
portion 22a, the hollc;w portion 24 and the second cylinder portien 225
form the cylinder chamber 22, and the third cylinder portion 23a, the
hollow portion 24 and the fourth cylinder portion 23b form the cylinder
20  chamber 23. Incidentally, although the terms "upper" and "lower" are
used for the sake of brief explanation, they are just used based on the
drawingsrfor the sake of convenience, and they do not mean absolute
"upper” and "lower"..
It is to be nqted that the pistons 3 and 4 held by the piston holding

25  member 5 are slidably fitted to the first to fourth cylinder portions 22a to
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22a to 23b opposed to the pistons 3 and 4 and the surfai%gbg€ﬁ§ﬂgg%%stons
3 and 4 opposed to these portions are forned into flat surfaces. They are
“provided so that they are in contact w @25 each other on the flat surfaces.
~ As described 5 above, since the contact surfaces of the respective pistons
3 and 4 and the respective cylinder portions 22a to 23b are forned into
flat surfaces, the contact area is large, and the air-tightness of the
fluid at the2dontEbe supbacdsofsthesraspghtiveeytinder portioas®Zoto 2Bb dopeisddt o
~pass and | eak through the gap between the pistons 3 and 4 and the .

" respective cid thelpistpnstd and 4 20d20e swrfadés of the pittonsed anided oppated o
cylinder chanbers 22 and 23 formed as nentioned above pierce the rotary

cyl i nder menfissseZpirtidiiearadonhed dnteglatonurdacesar cThopaed provided @utidiat
. peripheral surface 2a of the rotary cylinder nenber 2. Therefore, the

respective cpHdyndes iaheyitacs withadkth dfhedSofidthe ARBURIXEAd:, WAL qRssHBEHON
opening (inlet for the fluid) 61 and a discharge opening (outlet for the

fluid) 68 fospmeb ondd'eh& aeh bt Surfdtek dTRhalrey empi&eng%téﬁg ﬁﬁ&@ﬂ@f

menber 2 and the piston holding nenber 5 rotate by rotation o e piston

hol di : ' 4 )

roci procat i nFeRaLe Lk W RyRitad (B2 B ol RERIAL Bof hfifaces, the

Mo : f.t I tion. i ch '

oo o bEABHP hal AL tha B At 6f4be i BB OBotliGEe

di ti f t | st 3 d 4. i hor.t t I th of t t.act

sur f ace. (surPEHOTo o BEh- TBsnit iehdrEien bt filade 1% Aad dppR uEpheR”

chanbers 22 gnd 23)b f eacti:l of.the _25 pisto
ﬁle gap e%ween the pistons 3 anc? 4 ang

%hg r%ggeéﬁve cylinder portipns
10  22a to 23b. -

It is. to be noted that the cylinder chambers 22 and 28 formed as
mentioned above pierce the rdtary cylinder member 2 in the radial
direction and are opened on the outer peripheral surface 2a of the i'otary
cylinder merﬁber 2. Therefore, the respective cylinder chambers 22 and

15 28 can communicate with a suction opening (inlet for the fluid) 61 and a
discharge opening (outlet for the fluid) 62 formed to the casing 6.

Incidentally, when the rotary cylinder member 2 and the piston
holding member 5 rotate by rotation of the piston holding member 5, the
pistons 3 and 4 seemingly demonstrate the reciprocating linear motion in

20  the cylinder chambers 22 and 23. Moreover, a length of the hollow
portion 24, Whi(;h is the portion where the respective cylinder chambers
22 and 23 cross each other, in the moving direction of the pistons 3 and 4
is shorter than a length of the contact surfa(;e (surface opposed to both

side wall surfaces of the cylinder chambers 22 and 23) of each of the

‘25  pistons 3 and 4.



10 Decenber 2003 26 It is to be noted that two thin guid ‘ and
27a are formed crosswi se on the bottom surface of the hi??%&gﬁgéFﬁg% 24
and the bottom surfaces of the first to fourth cylinder portions 22a and
-23b radially arranged with the hollow p26tion 24 at the center. On the
~other 5 hand, convex pieces 3b and 4b as gui de engagenent portions which
are fitted into the above-described gui de grooves 26a and 27a are provided
on the bottom portions of the pistons 3 and 4, In addition, engaging the
convex pieces 3b Hnds 4p be tnotedethali dwogtlioy 68196 £rapved Zbac ondt PYat@de t he
guides for the linear notion. Therefore, the pistons 3 and 4 are 10 caused
" to stably phoriedncrosswiseiqn bbathom@misma'ﬁacemf thbe hedlowe partiopa?4 anfl thenhe
cylinder portions 22a and 22b or between 23a and 23b al ong the two guide
grooves 26abatidn? 7surfared o thddirshatud fouhth piydiralerhpbriiogs @2dhemd 23b

. fornmed into a circular shape having an outer dianeter snmaller than that of

the rotary ri8iadly bretigetewii tke holloweportddn deatstiad tedteri s Omsles btlerand
fixed by press fitting to the rotation central position X of the piston

hol di ng 5 mewlReq Lonkbxigictds BB #0d etb hbatuidbeenfgiinh &k porfioas wiehtamn X
of the piston holding nenber 5 is provided at a position eccentric from

the rotary %em 58p 80 Wea ge6avdacb4 QhaAry7L£YTd PAGHABRIRET 2.
20 In additlﬁﬁ}%{.htl e oef%%é)véelﬁg silt)je g_;d th?shaft 51 is rot at_aglylsupported

by beari ng;g@gl%%@& AhEBr Bheeeshd B e £35S0 Rditdon SR BAgeR] de

of the sha es to the outside o e casing 6. Co ng an

CULPU 71T Lt B IRt RUEATAZUEBGRS 20T 210 IiBaten,
driven around the 313k Be Wnddl®ntids. FPhefefle! Be Hiksns W06 2UEE 35 3
10 caused to stably perform the reciprocating linear motion between a pair of
the cylinder portions 22a énd 22b c.)r between 23a and 23b along fhe two
guide grooves 26a and 27a. '
On-the other hand, the piston holding member 5 is formed into a
circular shapé having an outer diameter smaller than that of the rotary
15 cylinder member 2. One end of the shaft 51 is inserted and fizxed by
press fitting to the rotation central position X of the piston holding
member 5. Tt is to be noted that the rotation central position X of the
piston holding member 5 is provided at a position eccentric from the
rotary shaft center O of the above-described rotary cylinder member 2.
20 In addition, the other end side of the shaft 51 is rotétably supported by
bearing members 8a and 8b arranged in the casing 6, and the edge side of
the shaft 51 protrudes to the outside of the casing 6. Connecting an
output shaft (not shown) 61‘.‘ a drive source such as a motor to this
protruding portion causes the piston holding member 5 to be rotated and

25  driven around the shaft 51 by the drive force of the drive source such as a



10 Decenber 2003 27 notor at the eccentric position of thgpeebRbY £33 nder
menber 2. A support shaft 52 for holding the piston 3 so as to be capable
of auto-rotating and a support shaft 53 for holding the piston 4 so as to
“be capable of auto-rotating are stood aRd fixed on the surface of the
pi ston 5 hol ding nmenber 5 opposite to the surface on which the shaft 51 is
fixed. Additionally, the pistons 3 and 4 are rotatably fitted to the
support shafts, 52 and 53. Al though the pistons 3 and 4 are forned in such
a manner th&POt%’Lﬁ‘tfﬂ?:f‘eﬁc"?Rtnﬂ:lEosl on g $hg rotars pelindex maraben2i h direction
. during the 10 recjprocating linear notion are slightly rounded, other four
surfaces, i.e., tdbsupppeicelafibd fer holdipstthenpinipnat e asstaahe capablmefbot h

side surfaces 34, 34, 44 and 44 are forned to be flat in the state when

t he pistons atfe-rotatingdand a meppgtti shft Sehforbkekling thedpizgon Maselag, tocbeh of
- the pistons 3 and 4 has a substantially rectangul ar parall el epi ped bl ock
shape. The k&apabi¢ ofhasitpfratating3arenstosd and fidee botthessuifase of abespiddon 34,
44 and 44 anong the respective surfaces formed to be flat in the pistons 3

and 4 eXceptoldhsy hogmber Hasesosite 0 thd 2ubfoenen eeltichcthesshARCEE igvfidadt he
cylinder chanbers 22.and 23 when fitted in the cylinder chanbers 22 and

23. Further ,A'dldﬂtﬁﬁla'igr, ahe pdetotist a4 0FE rotathbly Stedddy vhd sappertishifhe 20

support shafts 52 and 53 are provided to the centers of the pistons 3 and
4, respectigrhiMdgsd. is to be noted that the holes 3a and 4a may be through
hol es as | ong as they have such a length as that the support shafts 52 and

Sho 7% ST | BRI URT BLle hqBER S0 LlginfLP 1y
traj ectoriesyQf,ddiespi 4006 3aA@h iﬁiUfﬂe”gaﬁﬁlaq'fd-?&th-r&lﬁection during the
10  reciprocating linear motion are slightly rounded, other four surfaces, i.e.,
top surfaces 32 and 42, bottom surf;':tces 33 and 43, and both side surfaces
34, 34, 44 and 44 are formed to be flat in the state when the pistons are
fitted in the cylinder cha::ﬁbers 22 and 23. Namely, each of the pistons 3
and 4 has a éubstantially rectangular parallelepiped block shape. The
15  bottom sm_jfaces 33 and 43 and the both side surfe;ces 34, 34, 44 and 44
amc;ng the respective surfaces formed to be flat in the pistons 3 and 4
except the top surfaces 32 and 42 become contact surfaceé with ther
cylinder chambers 22 and 23 when fitted in the cylinder chambers 22 and
23. Further, holes 3a and 4a with bottoms to be rotatably fitted to the
20  support shafts 52 and 53 .are provided to the centers of the pistons 3 and 4,
respectively. Tt is to be noted that the holes 3a and 4a may be through
holes as long as they have such a length as that the support shafts 52 and
53 do not come into contact with the guide grooves 26a and 27a.

Fig. 12 shows the relationship between the piston holding member

25 5 and the trajectories of the pistons 3 and 4 during rotation. The



10 December 2003 28 rel ationship between a radius Rl of yf@RLsHAMLAR di ng
menber 5, a distance R2 which is 1/2 of the gap between the support shafts
52 and 53 and a radius R3 of the outermpst radial trajectory of each of
‘the pistons 3 and 4 during the rotation?fs R > (R2 + R3), and there
"occurs a difference 5 in radius A R Wen the radius RL is snaller than the
distance R2 + the radius R3, the outernost radial trajectory of the piston

protrudes from, .the .pi ston hol di ng,.ne r uring th eration, and the .
P oceast ng ol SO RES & NS B i et DEePiSichoBelinEambet () 2
assure the stability of. rotatjon Qf the pistons .3 and 4 apd the sealin
" property. -oﬁiqu@rxcﬁeRgdﬁbm&rgﬁ,IMrr ehgam%awsasthepsq@q,rﬁ tﬁ%%,a[niﬂleSSg

radius ‘Rl > the distance R2 + the radius _R3 as described above, the
stability ofandoaaadins B3 ofithe putarsrestrashial raieetory of saghiofdhgrpiptans3can
. be readily assured even if the processing accuracy for the conmponents is
not very ri govdodislurinpdbeagotatinhds il at (RéhshRP),iand thereseecuirag differsnski ng
property and others, 15 and:the present invention is not restricted
thereto.51t ihvadies| AR t Wisaythd hadiusHR] isdmadleithmantledmtbata R -albhy
equal to or smaller than the distance R2 + the radius R3. The casing 6 is

consti t ut ed raditsR3;adee batérhosh esdiadarajectomn of theepistes redridys from
rotatably supporting the piston holding nmenber 5 and a 20 | ower case 64

for rotat ablthespipen theldihd enbaitrY5 Cd’dﬂiﬂéefhdraffbﬁitian, Whanthé torobessing
projections (projections for centering |ocation) 63a and 64a of the upper

case 63. and JoRRr4 QEHr GRECchifipBhbntd st bRYRIChEAsc i fdrRY &Y asdCtRW and
the |li ke, both cases constltu?e the casing 6 for formng the sealed inner

SPECE; o0 | AR o, bhEKE ol niors A oo SAY SR opRESs | O
~ 10 the contrary, when the relationship is changed to the radius R1 > the
distance R2 + the radius R3S as _deécﬁbed abéve, the stability of rotation of
the pistons 3 and 4 and the sealing property can Be readily assured even if

the processing accuracy for the components is not Véry rigorous. .
However, this relationship is for assuring the sealing property and others,
15  and the present invention is not restricted thereto. It is needless to say
that the radius R1 can be substantially equal to or smailer the_m the

distance R2 + the radius R3.

The casing 6 is constituted by two case half bodies, namely, an
upper case 63 for rotatably supborting the piston holding member 5 and a
-20 lower case 64 for rotatably supporting the rotary cylinder member 2.
When fitting projections (projections for centering location) 63a and 64a
of the upper case 63- and the lower case 64 are fitted together and fixed by
a screw and the like, both cases constitute the casing 6 for forming the

sealed inner space. In this manner, when there is adopted the centering

25  location structure for fitting the fitting projections 63a and 64a togethei‘,



10 Decenber 2003 29 the upper case 63 and the | ower case
accurately positioned to performcentering, and the di SE) g)gg&nﬁpl?rezm‘ha be
avoi ded. The upper case 63 has the fitti(rég proj ection 63a used for
-attachment to the | ower case 64, and is nstituted by a cup-like form 5

" having as an inner space a circular |arge space 63b for rotatably storing
the piston holding nenber 5 and a circular snmall space 63c for

press-fitting and fixing the two bearing nepbers 8a and 8b_rotatably
supporting ti#e BRBexr cage Bxand dhetlowezcinser 6 brcapdeagrerraiely pesitiendshto

hol di ng nenber 5. 10 The fitting projection 63a is fornmed into a circular

" shape al ong pémormseaterdngeant é@@plmmnu earybe ygtded3b and protrudes
toward -the lower case 64 side. It is to be noted that a protrudi ng hei ght
of the fitting prBiecupper 6Gme HI|haht the | Diléng t brojettienpB8ar utiedg foei ght
. of the fitting projection 64a fornmed to the |ower case 64 and its radius
is forned toattecHimesitiighthey lbwepanst G 4hé isadingsitated by &i dip-hikke form
projection 64a. As a result, the fitting projection 63a of the upper case

63 is fiptedhdwinghgs hinlinmg spice] £eircalablergeOsitet 881 GefotlaR8bBLERITiSE de
of the fitting projection 64a of the |ower case 64. -Furthernore, an

insertion hofig Qﬁgtcfrprhblféﬁﬁ%t inbBe Shah Bl difculdP BARII dfsh@n ddie fhpt tom
surface of the snmall space 63c of the upper case 63.. One end side of the

shaft S1 proffdidetl et Hidnguin %ooﬁeéﬂﬁgcﬁ%ﬂﬁr@ séféﬁ'd tdH Sotdtadiy ! On

hol e 63d. On the other hand, the |ower case 64 has the fitting projection

64a used _f g@@]&%ﬁ{gﬁﬂk LRafthS1UAREH £058e08entdRdof %Pg;&géﬁ | $utRd Glg%tcf% r

cup-1like ape having as Inner space a circular e space

rotatably  po1ding member 5.

10 The fitting projection 63a is formed into a circular shapé along the
outer edge of the circular large sp.aée 63b and protrudes toward the lower
case 64 side. It is to be noted théf a protruding héight of the fitting
project?ion 63a is slightly lower than the protruding height of the fitting
projection 64a formed to the lower case 64 and its 'radiu.s is formed to be

" 15 siightly larger than the radius of the fitting projection 64a. As a result,
the fitting projection 63a of the upper case 63 is fitted to the fitting
projection 64a so as to cover the outer side of the fitting projection 64a of
the lower case 64. |

Furthermore, an insertion hole 63d for inserting the shaft 51 is

20 provided on the bottom surface of the small space 63c of the upper case 63.

| One end side of the shaft 51 protrudes toward the outside of the casing 6
from this insertion hole 63d.

On the other hand, the lower case 64 has the fitting projection 64a

used for attachment to the upper case 63, and is constituted by a cup-like

‘25 shape having as inner space a circular large space 64b for rotatably



10 Decenber 2003 30 storing the rotary cylinder nmenber 2 ' ar
smal | space 64c for press-fitting and fixing the two beé@ﬁ%&aﬂéﬁggﬁé 7a
and 7b rotatably supporting the shaft 21 fixed to the rotary shaft center
-0 of the rotary cylinder nenmber 2. 5 The3@itting projection 64a is
“circularly forned along the outer edge of the circular |arge space 64b,
and protrudes toward the upper case 63 side. It is to be noted, that a
prot rudi ng hei ght o% the fitting projection 64a is slightly higher than

t he protrudiHerHE §he rotaxheyhinder raembsr et engha drenlassralltspacecs4mfar
case 63 and its radius is forned to be slightly 10 smaller than the radius
" of the fittiPressridjtéegiand dBzingThhe ristmbparing miembeesifer andi §br matatahlyy
arranged in the large space 64b of the thus forned | ower case 64. Wth
this rotary syppording thendleft 21béixed tr thegetaryashafit cemterp@niftheé tofary

- sucking a fluid into the casing 6 fromthe outside and a di scharge opening
62 for di scheylinder diderhber 2| ui d sucked into the casing 6 to the outside are
formed at positions opposed to the outer peripheral surface 2a of the

rotary cglinder menbefittihg préjection 64heisidir@ilayb forfifkl Sforighthd shGe space
64b. The suction opening 61 is constituted by a shal l-ow concave portion

61la in -an ang ghd GBI 1Y O¥hERERbY aBE FRATAASs towaRd e hpfel BASE 6320

wal | 64d of the |large space 64b, a conhmunication hole 61b forﬁﬁaum ng the

concave portiign. 6% ik QoqHTHeBe S 3hat 'Y g%&ﬁa;:g%tg%éggte nghe%&ﬁ?aé ifisggﬁgug d a

suction pipe 61lc connected to the outer sur the ¢ t he

espoctive oyt toey etk MERGCORA Ead BrobARE PR AR AL il pivietfier oo

2 rotates.

63a formed to the upper case 63 and its radius is formed to be slightly
10 Vsma‘ller than the radius of the fitting projection 63a.

The rotary cylinder memi)ér 2 is rotatably arranged in the large
space 64b of the thus formed lower case 64. With this rotary cylinder
member 2-‘being arranged, a suctiqn opening 61 for sucking a flunid inté
the casing 6 from the outside and a ;ﬁscharge opening 62 for discharging

" 15  the fluid sucked into the casing 6 to the outside are formed at positions
opposed to the outer perii)heral surface 2a of the rotary cylinder member
2, i.e., on the inner wall 64d of the large space 64b.

The suction opening 61 is constituted by a shallow concave portion

6la in an angle range of approximately 80 degrees formed on the inner

20  wall 644 of the large space 64b, a communication ht.)le 61b for causing the
concave portion 61a to-communicate with the outside of the casing 6, and
a suction pipe 61c connected to the outer surface side of the casing 6 of the
communication hole 61b. The concave portion 61la is connected with the

~ respective cylinder portions 22a to 23b when the rotary‘cylinder member

26 2 rotates.



10 Decenber 2003 31 Furthernore, the di scharge opening 6%0 ‘%rﬂﬁértjé)bgt ed by
a shallow concave portion 62a fornmed in a range of approxina

degrees starting froma position distanced fromthe concave portion 61a.
-of the suction opening 61 by about 10 d&drees, a conmmuni cation hole 62b

" for 5 causing the concave portion 62a to conmunicate with the outside of
the <casing 6, and a discharge pipe 62c connected to the outer surface side
of the casing 6 of the comunication hole 62b. The concave portion 62a is
connected with theﬁ‘uﬁbﬁé@w‘@eﬂwﬂlwhérg@@wn%@2&C@@Sﬂ’sbtamatsiaallowt ary
cylinder nmenber 2 rotates. 10 In the rotary cylinder apparatus 1 having the
" above- descr i tsagavet poxtien e62ahfonmede ipi 3t vangwlafi apprexibeately ddOrodegreates
the rotary notion at uniformangular velocity by drive of a notor and the
| i ke, each sthrting friosi @npo8itiord dstperckdrfrenr thargonwate qrordicaléd at b the
rotation central position X, and the rotary cylinder nenber 2 also carries

 out the unifardtickb 0pBRINAIB1VEYoshdut MOtdaprest § ddthmuiitaiitn Bylet B2B for
operation, the punp operation is effected. The operation of the rotary

cyl i nder s5appanaing theamRade Eortiod B2a thi dovhmRHe8d Rith ‘Bfletcﬁﬁ:sﬂ{éaﬁP Bhe
i nvention wll now be described with reference to Fi-gs. 4A to 4D.

I TustrationeQfink e 44y Qed@EH&Vg%Sg?pets@@@QnﬁZ&eaotocﬂ{bsBhﬁ% é@ﬁ'ﬁige Q,j?ﬁ% off

t he gui di ng means 4of the pistons Is omtted

pi ston 3 r ecisy eah Mot hd BEnfthbeloreHAIPESL 22Th3 cdRRLE 'Y nag,z@ag

hol | ow portlon e rotary cy

piston 3 is e n f and
t he other en (?ééa/of eg%%nr%% Vé %ﬁ*n(f)e begm:&%% i?‘r’heOZ %ﬁ?
cylinder nerrl%%ary c;k?hnggzatménsaber thisi dg surfaces 34 and 34

10 In the rotary cylin&er apparatus 1 having the above-described

structure, when the piston holding member 5 demonstrates the rotary

motion at uniform angulér velocity by'drive of a motor and the like, each

of the pistons 3 and 4 perfqi'ms rotafy motion around the-.rotation centr;al

position X, aﬁd the rotary cylinder member 2 also carries out the uniform’

" 15 a;ngula.r velocity motion with this motion. By this'operation, the pump
operation is effected. |

The operation of the rotary cylindér apparatus 1 according to the

first embodiment of the present invention will now be described with

reference to Figs. 4A to 4D. Illustrafion of the guide grooves 26a aﬁd 27a

20 'constituting a part of the guiding means of the pistons 3 and 4 is omitted.

In Fig. 4A, the piston 3 reciproéating in the cylinder chamber 22 is

positioned at the hoilow portion 24 of the rotary cylinder member 2. One

end side of the piston 3 is slightly moved into the inlet of the cylinder

portion 22a and the other end side of the same is slightly mo.ved into the

25  inlet of the cylinder member 22b. That is, both side surfaces 34 and 384



10 Decenber 2003 32 and the bottom surface 33, which areqfepBdpbyoddsat
surfaces, of the piston 3 are sinultaneously brought into contact wth
both of the inner walls and the bottom surfaces, which are simlarly
-fornmed into flat surfaces, of the cylind® portions 22a and 22b and the
"~ bottom surface of the hollow 5 portion 24. At such an internediate
position, the piston 3 is sinmultaneously fitted to both cylinder portions
22a and 22b sa i ghi the holl ow portion 24, and the fluid taken from
the suction %@%ﬂﬁ}%ﬁ%sﬂr&qq %‘%& Whl%%r%@riﬁ%i%bylf&ttEil@‘rﬁ'%fi%z&féhﬂ piston | n
the state shown in Fig. 4A the outnost peripheral edge part of 10 the
" cylinder pordidd® Szzaﬂﬂage?%v bronghddnte contaeh with afcitee inndr wadls
concave portion 62a of the discharge opening 62, and the cylinder portion
22a communi- caiédheihattemesunfe eemrvghichi pee sizeilatiydogmechintodfiativerfapes,tofon
62a. Moreover, the outnost peripheral edge part of the cylinder portion
22b is in théhetcplindempediianel 320 aihdr 825 copd ¢he drotodmlSurfasawfithat hellowi t h
t he concave portion 6la of the suction opening 61, and the cylinder
portion @2b partiomi 24t es Af t fudheasudhtermpdizge 6 ositibhn OUEHE t BRtERNGAR
portion 6la. Incidentally, as described above, since- the piston 3 is about

to reach thesipotltawepasly Rited4o Bbih Efien8yt poEHbns PV 1RAD A 8a ﬁw?&ﬁ re
separated and cl osed bylwlt hi s piston 3?191-1 20b01 thg otaher hand, 1{1 e pl g on 4

reci procati nghd RollB® poticrion, aRQ tHONSid3akEAGr ggﬂbfﬁléﬁ@ﬁ *&"f;gn@é}f iegéitg[mt

peri pheral edge part 1n the cylinder portion 23 e rota

menber 2. | ngpddiihi ’%}lgﬁi%ﬂh%%&idn% ﬁﬁélaglcgdé%t he space of the cylinder

portion 23b surrounde pi ston 4 e piston 3. Additionally,

gloﬁ Ploggg 232 | t gg bcﬂﬂ HRESEa tRUHdviT 1&‘?ﬂg' iAi, Qﬁglo%ttﬁgogtrp%rﬁfﬁgr%rl e glei pngr fof

10 the cylinder portion 22a has just started to slightly communicate with the

concave portion 62a of the discharge opening 62, and the cylinder portion
22a communicates with the discharge pipe. 62¢ through the concave
portidn 62a. Moreover, the outmost peri-pher.al edge part of th_é cylinder
portion 22b is in the state immediately before completion of

15 pommuniéation with the concave portion 61la of the suction opening 61,
and the cylinder portion 22b communicates with the suétion pipe 61c
through the concave portion 61a. Incidéntally, as described above, since
the piston 3 is about to reach the hollow portion 24, all the cylindef
portions 22a to 23b are separated and closed by this piston 3. .

20 On the other hand, the piston 4 reciprocating in the cylinder
portions 23a and 23b has reached the outmost peripheral edge part in the
cylinder portion 23b of the rotary cylinder member 2.

| In addition, the fluid is filled in the space of the cylinder portion
23b surrounded by the piston 4 and the piston 3. Additionally, although

25  the cylinder portion 23a is insulated from other cylinder portions 22a, 22b
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the cylinder portion 23a. At this nonent, the outnopst pZ‘PlﬁB%ée)"ﬂé rieogge part

of the cylinder portion 23b is opposed to the position between the concave

~portion 6la of the suction opening 61 ardd the concave portion 62a of the

" discharge - opening 5 62. In the above-described state shown in Fig. 4A

when the piston holding nmenber 5 is rotated in the clockw se direction

(direction ingi cﬁed by an arrow A {)&/ drive_of the notor or the |like, the

pistons 3 aABAZ3hhE tha pisfenddriheilui i alspdilied tavthe cyliadssportion 23

support 10 shafts 52 and 53. The operation of the pistons 3 and 4 at this

" monent  gi-vedtithés moment, ther eetmest: peripheral ¢dge panh ofitlee cplindar portion

(cl ockwise direction) to the rotary cylinder nmenber 2, and the rotary

cylinder 2 £38bdisespposeadhéo dheepeditioni befiwedredhbycdrivavar pantidh @ixclof the

. relative rotation of the pistons 3 and 4 and the rotary cylinder nenber 2
causes the lsuctispepenieg Bilsiwdshs cendave tportioni G2 ofitke idiséhergeydpdidarg

chanmbers 22 and 23. The revolving rotary notion of the pistons 3 and 4 at

this nmonmgnt, g2nanely, the rotary notion of the piston hol ding nmenber 5

around the rotation central position X beconmes the rotary notion whose

rotation 20 nunberId $heWiséyeadedtribe@stdtheshOWwal i MLy, IASeFhah o ptdien
rotary shaft center O of the rotary cylinder nenber 2. That is begause t he

radius of r Hbﬁﬁhg” rﬂém%@frféo‘cist Pﬁteaﬁgg ﬁ ﬂgsfﬁe aﬂ@g%xrvii% 1éﬁ'e9{iohhfidfrl%g§iﬂgin8f

rotation of the otary cylinder (cylinder reference circle
e o121 TR Dbl B OOFDS B e ) A RLISD Dl
be noted thap, k"¢ 1 ove in the direction of the arrow A together with the support
10 shafts 52 and 53. The operation of the pistons 3 and 4 at this moment
gives the turning force in the diréci.:'ion indicated by an arrow B (clockwise
direction) to the rotary cylinder member 2, and the rotary cylinder 2
rotates in the direction indicatéd By the arrow B. Such relative rotation
of the pistoﬁs 3 and 4 and the rotary cylinder member 2 causes the
15  respective pistons 3 and 4 to reciprocate in the cylinder chambers 22 and
23.

The revolving rotai‘y motion of the pistons 3 and 4 at this moment,
namel&r, the rotary motion of the piston holding Vmember 5 around the
rotation central position X becomes the rotary motion whose rotation

20  number is twice as high as the rotational speed around the rotary shaft
center O of the fotary cylinder member 2. That is becanse the radius of
rotation of each of the pigtons 3 and 41is 1/2 of the‘ radius of rotation of the
rotary cylindef membe_r-z (cylinder referencé circle) and the rotary motion

of the pistons 3 and 4 is the cycloid motion with respect to the rotary

25 motion of the rotary cylinder member 2. It is to be noted that the
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wth the support shafts 52 and 53 at the rotation centep 555%885 y is
the uni form angular velocity notion whose nunber of rotation is equal to
-that of the rotary cylinder nenmber 2. Thi¥efore, the ratio of the rotation
“nunber of -5 the rotary cylinder nmenber 2, the rotation nunber of the piston -
hol ding nenber 5 and the rotation nunber of the pistons 3 and-4 with
respect to the support shafts 52 and 53 is 1:2:1. It js to be_noted that
the cylinderdorebatien of the pistong 3; and &, npamedy,aretasipon with hhensupportr y
shaft center 0 of the rotary cylinder nenber 2 to 10 the autorotation

" central posithaffs 32 mnd 53 atushe rendationn gentershyesidctivedy disy thetumiformhe
pistons 3 and 4 in the cylinder chanbers 22 and 23 give the turning force
to the rotarangylarmddocitrembtion2whvie ineumpber of wotapitmiis eqpat a6 ithat offthe

. piston 3 seemngly denonstrates the reciprocating |inear. notion between a
pair of the fhacykylidder memben. 2 ZEhevefoRs theandid bt sétanioh dembgtdrat es
the sane between a pair of the cylinder portions 23a and 23b.

I nci dent 8l | ythe! betarpi @lirderdmenther 2€herotstien MRIMBER of BRe PibidRbIding
portions 22a and 22b and between 23a and 23b once while the rotary

cylinder nernjember e € rofatich ntiehécbPthO pedtoRs @5&6%@1&1? r%% t0Of
times of reciprocating 20 notion of the pistons 3 and 4 and the n er -of

times of rotgd rtidMaftd 80amg 55k nden menber 2 is 1:1. Fig. 4B shows
the state that ﬁ\%ﬁ%i ston hol di ng rrénber 5 turns 60 degrees fromthe state

O R A B D R
a length from the rotary shaft center O of the rotary cylinder member 2 fto
10 the autorotation central position X2 as a radius.
| Additionally, by this rotaﬁr motion, the pistons 3 and 4 in the
| cylinder chambers 22 and 23 give the turning' force to the rotary cylinder\
member 2. While pérforming this operation, the piston 3 seemingly
demonstrates the r'éciprocating linear motion between a pair of the
~ 15 cylinder portions 22a and 22b, and the piston 4 demonstrates the same
Between a pair of the cylinder portions 23a and 23b. Incidentally, the
pistons .3 and 4 reciprocate between the cylinder portions 22a and 22b and
betwéen 23a and 23b once while the rotary cylinder member 2 makes one
turn. The relationship between the number of times of reciprocating
20 métion of the pistons 3 and 4 and the number of times of rotation of the
rotary cylinder ﬁember 2 is 1:1.
Fig. 4B shows the state that the piston holdiﬁg member 5 turns 60
degreés from the state depicted in Fig. 4A and the cylinder member 2
thereby tufns 30 degrees. |

25 . That is, by the operation from the state shown in Fig. 4A to the
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approxi mately 1/2 of the inside of the cylinder portion' 228%7Bth44% state
crossing the hollow portion 24. In this novenent, since the piston 3 and
.the cylinder portion 22a are opposed to3&ch other with their flat
~surfaces,-the fluid hardly 5 | eaks fromthe contact surfaces. Wth this
operation, the fluid in the cylinder portion 22a is effectively discharged
to the dischar%e.ﬁipe 62c through the concave portion 62a. It is to be
noted that t¥ateiidnatrededin Fig 4Bnidia piliton|3 dnters appraxintdatelyx /2 nfche
chanber 22a is shorter than twofold of the entire length of the piston 3

" and hence appsddd mdt ey cylinder pddishR2alifsemntiee ptate udessingotky dioclléke
rear end part of the piston 3 still remains in the hollow portion 24. On

the ot her hapektidth240p&n ahisomovkmdi, plrsdecthedpistovaBhridiehe ¥ylinder ppefibhon
- 22a causes the cylinder portions 22b, 23a and a part of the cylinder

portion 23b,23hiagh eyppsedalocdadly dther Riishothedr flat PEAAREs, athel Auif hLR1H
spaces. The fluid flowing fromthe suction opening 61 to the respective

cyl i nder 5porfehRESfrégb the 3dntAet 2abrdces! | Wl iHist %@ra%ﬁfﬂ,eﬂlé)ffluiﬁpﬁf%ﬁe

Further, the operation during this period causes e.prston 4 to nove from
Si'de by appronroPyr g T 1 el Ssckitebl, 1o Mo ol phi bo0" =7
contact, W HBRBYORER bR 0 18 R RHAATHEL B bR 5
e AR oot o b BRESHR' S oLk 0
t2ﬁ661c. - It 1:iv;§otIoPd QF the gg&ré Tgrtl thhgf fﬂesi[:»los@ordf Bha?gd %%ge %%p logllnggzeljerni[/%.ro?‘d
10  that distance protrudes. However, the rear end part of the piston 3 still
remains in the hollow portion 24.. |
On the other hand, the operation of the piston 8 toward the
éylinder portion 22a causes thé cylinder portiorns 22b, 23a and a part of
fhe cylinder j)ortion 23b, which are sealed by the piston 3, to become a
15 series of spaces. The fluid flowing from the suction opening 61 to the
respective cylinder poﬂ:ions 22b, 23a and 23b is filled in this series of
spaces.
Further, the operation during this period causes the piston 4 to
move from the innermost part of the cylinder portion 23b to the hollow
20  portion 24 side by approximately 1/9 of the distance.- Since the piston 4
is in contact with the cylinder portion 23b on the flat surfaces during this
movement, the fluid hardly leaks between the contact surfaces (sliding
surfaces). By this operation, the external fluid effectively flow frord the

concave portion 61a into the cylinder portion 23b through the suction pipe

25  6lc.. It is to be noted that the piston 4 has been complétely entered the
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state that the piston holding nenber 5 further rotates (1) 8%9" 12 omt he
state depicted in Fig. 4B and the cylinder nmenber 2 thereby further
-rotates 30 degrees. 5 That .is, the operatdbon fromthe state shown in Fig.
"4B to the - state illustrated in Fig. 4C causes the pistaoan 3 to further nove
to the inner side fromthe position which is approximately 1/2 of the

di st ance of t‘%ﬁadlémi de_%g% the cylinder portion 22a, nore specifically, to
t he positi orf K Rartiogdsh gt fhiemoengent.of the |ength of the same. By this
operation, the fluid 10 renaining inside the cylinder portion 22a is
“efficiently di schdigedC shewe theistatetlyat phppisizn holding member dhfimtber
portion 62a. Furthernore, by the operation during this period, the piston 4
further novaetalerab@ degrensifrom poe tstate Apictad im Mie 4By binddelie Rolihiden

- 23b. Wth this operation, the external fluid flows into the cylinder 15

portion 23b rheminer 2etlareby fartlhet ratatéd 30tdugreah t he suction pipe 6lc. It
is to be noted that the front end portion of the piston 4 has noved into

the hol IBw porti off24 i} théopera@iien fro@tHegtath RAbwARNE FigUABNG tHYl State
operation, ‘the.cylinder portions 22b and 23a and a part of the cylinder

portion 22aifigkthated Qﬁiﬁ%. aC enasRthe3Pistdl Q%W&Pﬁ?lﬂﬂ“v%‘%%{é Ry sﬁtﬁ% dand

the fluid flowing fromt suction opening 61 into e respective cy er

por i ons 22 iatnd3godibiot Idhéeh 18 apbibBpRalel§/2 be 33 Bafokdyr 4R S0YE e

state that the piston holding ne rotates S t he

323’; :eisl. | 'Usbfalﬂfedc}ﬁnﬁéﬂ'po‘fﬁ(ﬂ'P@Ztab%Bféts%Qcﬂic%%){ &' by Jo%iéiggrw or2iss 30
approximately 8/9 of the length of the same. By this operation, the fluid
“10 rémaining inside the cylinder portion 22a is efficiently discharged to the
 discharge pipe 62c through the coﬁéave portion 62a.
F.urthermoxfe, by the operation during this period, the piston 4
further moves fowaid the hpllow portion 24 "side in the cylinder portion
" 28b. With this operation, the external fluid flows into the cylinder
"15  portion 28b from the concave portion 61a through the suction pipe 6lc.
It is to be noted that the front end portion of the piston 4 has moved into
| the hollow portion 24 at this moment. |
On the other hand, during this operation, the cylinder portions
'22b dnd 23a and a part of the cylinder portion 22a form a series of spaces
20  through the hollow portion 24, and the fluid flowing from the suction
opening 61 into the respective cylinder portions 22b and 23a is filled in
this series of spaces.
 Fig. 4D shows the state that the pistoﬁ holding member 5 further
rotates 60 degrees from the state illustrated in Fig. 4C and the piston 4

25  thereby further rotates 30 degrees.



10 Decenber 2003 37 That is, by the operation fromthe s | I n
Fig. 4Cto the state shown in Fig. 4D, the piston 3 fur@ﬁggcﬁﬁgggﬁﬁg t he
inner side from the position which is approxinately 8/ 9 of the distance of
-the inside of the cylinder portion 22a, 3ffore specifically, to the outnost

" peripheral edge 5 portion of the cylinder portion 22a. Wth this operati on,
the fluid remaining in the cylinder portion 22a is efficiently discharged
to the discharge pipe 62c through the concave portion 62a. |Incidentally,

at this point in ’Fh%fe}& hanere operation framatheistathdepiathd indfig. G §o thder
menber 2 has rotated 90 degrees in the direction indicated by an arrow B

" fromthe 10 stateishowst in Fighéln the pistgn A Mriher movenso theinpbeside édge
portion of the «cylinder portion 22a is opposed to the position between the
concave portheopositianowhidieissapproimagely 84 &lihendistiece oftiny 416 bf gheb2a
~of the discharge opening 62, and the di scharge operation has been already
finished. 15cylinddreportien 2Raidmdey éﬂ@i@mlﬁtﬂooahélwdthgoéthbéripﬁéi-ﬂdedgae
piston 4 crosses the hollow portion 24 fromthe innernost portion side of

the cyl gndegorivr | N 1RSeylander Wdrbn BRMeS Witk A48 bperhiiéRMnhi ﬁ*&i&t S
end portion enters the cylinder portion 23a. By the .operation of the

piston 4, ORgngiHing! e tAk EfIn@bsS [RPLBNNESA Sid Qfﬁéitﬁéﬁgﬁgtﬁ s%ﬂaﬁ'ggdiﬂbl ¢heOf

the cylinder 20 porfion 23b"and, at the sane tineg, er e si de of

the sane hasdiséﬁé%gs i)isbeee@t?flt%ﬂ)éfél?tﬂ@&?ﬁcfag{e eﬁmio‘i%/éﬁg.defn@ﬁéh%%lg%s%a%i-rhat

is, the piston 4 t at nter medi posittion in 8ng
o ARSI, gARRSCHO R 55 e A TS B
into 25 contpel . W.48q Ry He&tee}shi% L §iret 1|0|1131n%ri]<9atteHebylro N e(t)rrzr']o%vuhf om tﬁé the
10  initial state shown in Fig. 4A, the outmost peripheral edge portion of the
cylinder portion 22a is oppo-sed. fo the position between the concave
portion 61a of the suction opéning '61 and the concave portion 62a of the
discharge opening 62, and the discharge operatic;n has been alreatiy _
finished.
© 15 On the other hand, by the operation during this period, the piston
4 crosses the hollow portion 24 from the innermost portion side of tﬁe
cylinder portion 23b, and further moves to a position from which its end
portion enters the cylinder portion 28a. By the operation of the piston 4,
one end side of the piston 4 has slightly entered the inlet of the cylinder
20  portion 28b and, at the same time, the other end side of the same has
slightly entered the inlet of the cylinder portion 23a. That is, the piston
4 is se1_; at the intermediate position in the groove along which it
reciprocates, and both side surfaces 44 and 44 and the bottom surface 43

which are formed to be flat have been simultaneously brought into

25 contact with both of the inner walls and the bottom surfaces of the



10 Decenber 2003 38 cylinder portions 23a and 23b and th ace of
the hollow portion 24 which.are also forned to be flat. ?%Pg%é{ﬁgér%@é

t he out nost peripheral edge part of the cylinder "portion 23a has just
-started to slightly communicate with the ncave 5 portion 62a of the

"~ di scharge opening 62, and the cylinder chanber 23a is comunicating with

t he di scharge pipe 62c through the concave portion 62a. Moreover, the

out nost pe“pgrgf edge part of t linder portion 23b is in the state

i mredi at el y G POFPIOBSI 4R oRn o ntR&t theh battom svefagenefihepbeklpwn
6la of the suction opening 61, and the fluid suction 10 operation of the
cylinder porReuSipR24 Whichiaee ako formeditnbeflead. | nci dental Ly, as descri bed
above, -since the piston 4 is about to reach the hollow portion 24, the
respective cylindeit phist imvmgert)adtheoo23hostr periphienal edpa patre &f fthenoydanter
other and closed by the piston 4 at this nonent. The pistons 3 and 4 at
this time arportior I28ashatejushattarteml to slightbeidonomuinicateherith ahe edwave N
Fig. 4A are switched each other. That is, when the piston holding nenber 5

rotates 580 siagicres2aryt theedisehatye opyhinplez ARfbde Grlidel ERnapes28a is
rotates 90 degrees, the pistons 3 and 4 nove in or fromone cylinder

portion anon@rhhfufivhtingewiftothe m&ﬁﬁ«getﬁtpem tBrstidH €l FoBeave ortion
counterchanged. The rotary cylinder apparatus 1 20 accordl ng to this

enbodi ment g or MiorkBfe WHR ARGHAELH ug}iefﬁp@&éé Ort Bi"gﬁe ggﬁﬁabf %rtﬂiﬁat

is, when the piston hol di’ng nenber ther rot tes 1 grees, nanely,

FRE A Ty S e
cylinder menggr cgnéaq}eaﬁgﬁﬂﬁ%ﬁegf Ehe sgllé{uoﬂgopgn%ntghéf 888r e Allia suction
10 operation of the cylinder portlon 22b is substantially finished.
Incidentally, as described above, since the piston 4 is about te reach the
hollow portion 24 the respectlve cylmder portions 22a to 23b are again
separated from each other and closed by the piston 4 at this moment.
The pistons 3 and 4 at this time are in the state that their
15 positions in the state shown in Fig. 4A are switched each other. Thatlis,
when the piston holding member 5 rotates 180 degrees and the rotary
cylmder member 2 51mu1taneously rotates 90 degrees, the pistons 8 and 4
move in or from one cylmder portion among the cylmder portmns 22a to
23b, and they are counterchanged. The rotary cylinder apparatus 1
20 according to this embodiment performs the bump operation by repeating
this operation. That is, when the piston holding member 5 further
rotates 180 degrees, hamely, rotates by 360 degrees from the initial point,
the pistons 3 and 4 return to the initial positions shown in Fig. 4A. On
the other hand, the rotary cylinder member 2 rotates 180 degrees during

95  this operation.



10 Decenber 2003 39 Therefore, when the piston hol ding r.o.r es
twce, nanely, rotates 720 degrees, the rotary cyli ndep?gn@%ﬁ%mb%roé@?at es
once, 1i.e., rotates 360 degrees. As a result, the pistons 3 and 4
-seemingly denonstrate the reciprocating 39 near notion between the cylinder
"5 portions 22a to 23b form ng each pair. That is, when the piston hol ding
menber 5 rotates twice, the pistons 3 and 4 conplete a series of the
reci procati ng oper@iion. once.and rotate once with respect to the support
shafts 52 and 53. ﬂxefeg”o{% Behethite dHskory ﬁ'@lg@%e@ﬁm@mi%tr@h&tﬁ &wice}, ar e
opposed to 10 each (gt her %d’-{ heir flat surfaces each having a large
" contact arealA&Ly, TRape 20 slagrees.cddifetetary elindaremepaber Botats oned3b
during -such an operatign. Therefore, there is provided a structure that
the fluid dok§- ¥3ptesedR0r degheere dppasresulty theasistmms iBnahdct, sdaramgdlpe
- gap between the surfaces which are substantially in contact with each
ot her. Accor@demgnygtratg the reciptocating elierened rotion |- dakwegnbeheeeplihder
respective spaces, and the punp with the high efficiency can be obtai ned.
Al t hough5t heperdicns) 287 tor8lr farppimpatarh patcc Wltitig, kehdehé iisfon E&Iﬂﬁlﬂ%”ﬁnt
menti oned above has a structure that the nunber of the cylinder cha rs
is two (fourmepibherdér rotatés andde,atite tﬁiﬁﬁomn’ﬂeén@letd%ﬁl%@t@iaﬁsgp%giéth}\tQ%

e I'n e

t he nunber of the piston and the cylinder chanber may one.

second or t hteciipmirhtidigheiéraitiontd ahidofotabe d0de %thkfeas @Fﬂ@? &hgfs&{p}%"t

cylinder chanber and the piston may be three. As sim er
cylinder appshi#ftas2lararsgrding to the above-described first. enbodi nent,
in the rotary cylinder apparatus 1 25 shown in Fig. 5 as the second

enbodi ment accor difggs g bte_fl?oﬁéﬂ%‘na@tthe respective pistons 8 and 4 are opposed to
10 eabh- other at their flat surfaces each having a large contact area with
respect to the respective cylind'elr. portions 22a to 23b dufing such an
operation. Therefore, there is provided a structure that the fluid does
not leak from the opposed surfaces or, in fact, from the gap bétween thé
surfaces which are substantially in contact with each other. Accordingly,
- 15  the fluid is prevented from leaking between the respective spaces, and the
pump with' the high efficiency can be obtained.

Although the rotary cylinder apparatus 1 according to the first
embodiment mentioned above has a structure that the ﬁumber of the
cylinder chambers is two (four cylinder portions) and the number of the

20  pistons is two, the number of the piston and the cylinder chamber may be
one. As in the second or third embodiment shown in Figs. 5 and 6, the
number of the cylinder chamber and the piston may be three.

As similar to the rotary cylinder apparatus 1 according to the
above-degcribed first. embodiment, in the rotary cylinder apparatus 1

25 shown in Fig. 5 as the second embodiment according to the present -



10 Decenber 2003 40 invention is rotatably provided a ro cvl.i nder.
menber 2 including six cylinder portions 22a, 22b, 23a,t@%?e'§éﬁu d 28b
and six sector-like base portions 25 in a casing 6. That is, in this

. enbodi ment, the cylinder portions 22a and482b and a hol |l ow portion 24 form
~a cylinder chanber 22; 5 the cylinder portions 23a and 23b and the hol | ow

portion 24 forma cylinder chanber 23; and the cylinder portions 28a and
hamber 28. In addition, a

28b and the . portio 4 forma, cylinder c

pi ston hol d.lﬁg“r‘rﬁ%éﬁ r("ﬁ%‘?a, Hd?/ﬁ‘?)"ﬂ%d ﬁo‘f%ﬁamcyflmear@emw 2indudéng rsie
position of the ot arﬁocgl z,gj??:? menber 2, and three pistons 3, 4 and 9 are

* rotatably 10 Kefigeppor E‘pﬂ » St A RFbr2Pseand 28bi aedisitt byctordilss bakar

to the. rotary i%l [ géj%r apparatus 1 according to the above-described

enbodi ment, PPRUPBYa#Q Noat esIpgt fo dihatoistirothis endiddinderttheheespinder

~arranged in the casing 6 of this rotary cylinder apparatus 1, the rotation
number. of t h80THpRE 3Rarndi2Rdl anadrbdrollaw portioar2hfortthe ¢ylieddr0chMBReH oof

t he rot al%c/ 15 cylinder menber 2 is 1. In the rotary cylinder apparat us’' 1

having s@ch dheteylindareporkiens 23w amdR8Y iaal whet BOHow pdrbE 94" Al & i N

a direction indicated by an arrow A' by rotation of .the piston holding

menber, the epURAgr cplambler 285ried the oyihderi portichs o8kl aRd B8hCAAYIRY 2N

arrow B'. Wi}:LthQvLS 23 rﬂ?;atigg@As a result, the piston 3 sleem' ngl'y

reci pr ocat eshoowheoetibhn2ierfoe evliddert ' 4 ' .

reci procates in the cylinder chanbe'{r{ 23, %ﬁPﬁtﬁ)ﬁ'st%ﬁ%ﬂ@ggéf nangQSton

reci procat eshollihpenexiberdavt SHaWHG s g&atagﬁt hglfél:%e%il & OR %c&@rgﬁr?(glg%ﬁwwl

portion 24, respectively. It is to be note nensi on

pi stons 3, dofukb fotap ckintee rhORBtvIiLnd 119 L QL 4 S..5ugh that eac

bi ston can engage i ?he w0 tHPeb FIELR 8 54341 L0 rota%a&y
10 held by this piston holding member. Incidentally, as similar to the

t he

rotary cylinder apparatus 1 according to the above-described embodiment,

- in regard tq ﬂ_le ratio of rotation of both of the members arranged in the
casing 6 of this rotary cyliﬁder apparatus 1, the rotation nﬁmber of the
piston holding member is 2, whereas the rotation number of the rotary

~ 15  ecylinder member 2 is 1.

In fhe rotary cylinder apparatus 1 having such a structure, when
the respective pistons 8, 4 and 9 rotate in é direction indicated by aﬁ
arrow A' by rotatio_n of the piston holding member, the rotary cylinder
member 2 rotates in a direction indicated by an arrow B' with this

20 rotation. As aresult, thé piston 3 seemingly reciprocates in the cylinder
phambér 22, the piston 4 seemingly reciprocates in the cylinder chamber
23, and the piston 9 seemingiy reciprocates in the cylinder chamber 28,
while they cross the hollow portion 24, fesp_ectively. _

It is to be noted that a dimension of each of the pistons 3, 4 and 9

25  in the longitudinal direction is such that each piston can engage with the



10 Decenber 2003 41 inner walls of the cylinder chanbers t |-des of
the hollow portion 24 when each piston crosses the hollggﬁfggpg%ﬁ?qgg.
Therefore, when each of the pistons 3, 4 _and 9 crosses the holl ow portion
- 24, it sinmultaneously comes into contactlwi th the cyl i nder chanbers on

" both sides of the hollow 5 portion 24. Meanwhile, it is.needless to say
that the respective pistons 3, 4 and 9 are, desi'gned so as not to collide

with other pi en they cross.the.hol]qw portion. 24.
Consequent | 5o Waids oS PR Evitndpr P Btes R Teeh Sackat heRolipw rsioonads, 4
and 9 rotat ves, while copstantly being quided by any of the

¢yl i nder chmgﬁ%a@ﬁsf%cﬁﬁsﬁﬁgggéoﬂ?g prEieR L4, %%ﬁ%ﬂl@,meashmfedl y
nove in or ftﬁfm tsge r3es %%Biée cylinder chanmbers 22, 23 and 28, thus
carrying out"hB*S50HH ’o‘g Pofrosgeriithe hellow pardion 8 ab simultenddusdy and
second enbodi nents  nentioned above, in the rotary cylinder apparatus 1
shown in Fi Fomgesmnty copgaetwith the eviiinder chavbeds g hathtdidepnéshathollow
invention is rotatably arran}gpd a rotary cylinder menber 2 including six
cyl i nder® porRaréipn 24, Mezpyyhilgait 1331@,ed}zfm tarshy2thn taihd 1ispestiot Pistdrseg base
portions 25 in a casin 6, and a piston hol ding nenber (not shown) is

rotatably ard ange8 are desiguedestt nsmgqiots coliideofvithathei aivtons Bndesngegber
2. Further, three 20 pistons 3, 4 and 9 are rotatably held by this piston

hol di ng mentwhen theyi decdsalthy, halowi poiasn t 4t heombgﬁynﬂy,l iRdgke %Qﬁszt us
1 according to the enbodi nents shown in Figs. 1 and 5, inregard to tHe

rati o of roteglindercdppheithsof, édeh 6ERhESsHLBIA0A J BELERS] hi's
rotary cylinder apparatus 1, the rot at'ilgn nunbgr gf t he %#%?oél}g%gflg{r?l%

g*e gggrt Ihz t wehil@ zonbtuey HeisgrRiidbd By Hﬂm 1 c§ﬁﬁdéPE35¥1@flsj adar thrgarrber

10 | respective -pistons | 3, 4 and 9 hence assuredly move in or from the

respective cylinder chambers 22, 23 and 28, thus carrying out the pump
operation. |

Additionally, as similar to the ﬁfst' and secbnd embodiménts

Iﬁentioned above, in the rotary cylinder apparatus 1 shown in Fig. 6as a

g ;5 third embodiment éccording to the present invention is rotatably

arranged a‘rotary cylinder member 2 including six cylinder portions 22a,

22b, 23a, 23b,‘-28a and 28b and six sector-like base ﬁortions 25 in a casing

6, and a piston holding member (not shown) is rotatably arranged at an

ecpentric ppsition of the rofary cylinder member 2. Further, three

20 pistons 3, 4 and 9 are rotatably held by this piston holding member,

Incidentally, as similar to the rotary cylinder apparatus 1 according to tﬁe

embodiments shown in Figs. 1 and 5, in rega'rd to the ratio of rotation of

both of the members arranged in the casing 6 of this rofary cylinder

apparatus 1, the rotation number of the piston holding member is two,

25  whereas the rotation number of the rotary cylinder member 2 and the



10 Decenber 2003 42 rotation nunber of the pistons 3 and1 ar e ﬁ ﬂo?)st he
rotary cylinder apparatus 1 having such an arrangenent, en-ThRe
respective pistons 3, 4 and 9 rotate in a,direction indicated by ‘an arrow
- A" by rotation of the piston holding nenb€t, the rotary cylinder 5 nenber 2
“rotates in a direction indicated by, an. arrow B'" with this operation. As
a result, the piston 3 seemingly reciprocates in the cylinder chanber 22,

the piston 4, 386/ hﬁg&cgm%;&%ﬁosrﬁig aé{/b?f“n Iei]nder chanber 23 and the

piston 9 seem ngly reciprocate €r”" chanmber 28 while they
cross a hol | ow poryi i as _a _passage. 10 241. .1t is to be noted
" that a gui-de menbefrﬂ g%e ?g@%%%&ﬁggﬁ{ _alp@ﬁggg%.? 3‘55”1%?]18}& Y driangeygent,
nmenber 27 having a substantially senicircylar raoss sgction which are
erected on tWhega@’r%ﬁe@e&Pé’eap’%?@%g" &na’&gtgﬁr %‘?3383“1 %f‘ﬁFWé‘l% ingigased Hivon
~also serving as a passage 241, and,these gui 15 nenbers 26 and 27 guide
t he respect i‘%aﬁrg‘g’o‘;sgg ,roﬁaiaﬂa Ogtbﬁﬁﬁ?fﬁl ﬁﬂﬂﬁﬁg mggheswiive retany eylingder
serving g@s a passage 241..In the rotary cylinder _apparatus.1l shown in Fig.
6, each Bf tWEMhan gngotates in@ dlirectigndndicated byyan. aunest B! iwaithy thisbi
bl ock, and it is separated from any cylinder chanber when crossing the
hol | ow port i eReration.seAs wg rasulf, Jgetam 13 senfinglpf oedprodadas ear thef
the pistons 3, 4 and 9 crosses the hollow portion also serving as a ,
passage 241,cslinderselaambler|22, tdhienpiston dgseemmglyeteeiparatep is tthe ecybin ddie
gui de nenbers 26 and 27. In this connection, not only the guide nmenbers 26
and 27 are udednbbnt23 and dilreg pistonl 19 geominghyrebiprakatespinvilkie dydihddre
bottom surface in the hollow ,b25 portion also serving as a passage 241 as
in the abovechmnbeni2&whilesthey cross a hollow portion also serving as a passage
10 241 |
It is to be noted that a g'uidé member 26 having a semi-lunar cross .
section and a guide member 27 having- a substantially semicircular |
cross section which-are erected on the casing 6 are arranged on both sides
* of the hollow portion also serving as a passage 241, and these guide
- 15  members 26 and 27 guide the respective pistons 3, 4 and 9 passing in the
hollow portion also serving as a passage 241. In the rotary cylinder
apparaf,usl 1 shown in Fig. 6, each of the pistons 3, 4 and 9 is constituted
by a substantiélly cubic block, and it is separated from any cylinder
chamber when crossing the hollow portion also serving as a passage 241.
20  Therefore, when each of the pistons 3, 4 and 9 crosses the hollow portion
also serving as a passage 241, it passes while maintaining a
predetermined posture by the guide members 26 and 27. In this
connection, not only the guide members 26 and 27 are used, but a guiding

small groove may be also provided on the bottom surface in the hollow

25  portion also serving as a passage 241 as in the above-mentioned first



10 Decenber 2003 43 enbodi nent so that the small groove ﬁgB coogeggbﬁ W th
the guide nenbers 26 and 27 to guide the pistons 3, 4 a geemper; 0 be
noted that, in the rotary cylinder appara%us 1 which is of a type having .
. six cylinder chanbers and three pistons as shown in Figs. 5 5 and 6,
~suction and discharge are well balanced and the torque | ess fluctuates.
Further, in each of the foregoi ng enbodi nents, when each piston having the

outer surf aC@:ﬁbB@.{tﬁFflg tt?oo%a | Flflﬁ (;rﬁ?(%fai EPode fcﬁﬁmctgﬁé&a(%! WAGET thd &’

havi ng the inner wa rme t ®sur faces, resi stance orce

, obt ai ned by Hé%ﬁﬁeljslb%i aﬁﬂré'f‘ﬁoeéuﬂfei ﬁ&%gﬁgétgga&i%h ot her prevents the

fluid fromleaking ween t he®respecttrve sp wever, a filling

portion having visgau rease he Ji ke .may b rovided at th sition
wher e t he surface%%flszgg}r‘? %&593:??31%’51 gbeog%t ri‘(‘iyﬁR eg&pp&lg@%ﬁ &é'g'éﬁ’%ﬁlq nder
to increase the sealin roper ile maintgining.the lubricity. In this
15 case, conti¥Re farin ﬁgx gag,n%%r 1\%'% BE%th%S?ﬁ%éﬁ@@Ssﬁﬁ?%‘E@%Bf igfed

pi ston sg that each concave pqrtion functions as the.filling portion. For
exanpl e, Pas aWwbvpr PHcHPY. apd disshazge s (Wethsbalangad andnbie derauentess on
both side surfaces 34 and 44 of. the pistons 3 and 4 as the filling

portions anditupfarateey e- nent i oned vi scous grease or the like may be filled
20 in these concave portions 3d and 4d. It is to be noted that form ng the
concave portions 3uriherdin each alf|tbei faregeing ¢mbodiments,cabsnckedrh piston
reci procating notion of the pistons 3 and 4 even if the lubricant is not
used. Furt hehaving, thenotter durfatesdishmaidnterie fiah i enediratoirem cheh yhifider. 25
51 of the piston holding nenber 5 protrudes fromthe casing 6, -and
chamber having the inner walls formed into flat surfaces, the resistance
. 10  force obtained by- these flat surfaces being opposed to each other prevents
the fluid from leaking between the respective spaces. However, a filling
portion having viscous grease or the like may be provided at the position
Wl_lei'e the surface of each piston is opposed to the surface of each cylinder
to increase the sealing property while maintaining the lubricity. In this
- 15" case, concave portions may be provided on both side surfaces of the piston
s0 that each concave portion functions as the filling portion. For
example, as shown in Fig. 69, concave portions 3d and 4d may be formed
on both side surfaces 34 and 44 of the pistons 3 and 4 as the filling
- portions and the above-mentioned viscous grease or the like may be filled
20  in these concave portions 8d and 4d. It is to be noted that forming the
concave portions 3d and 4d can alleviate the resistance caused by the
reciprocating motion of the pistons 3 and 4 even if the lubricant is not
used. |

Furthermore, in the first embodiment mentioned above, the shaft

25 51 of the piston holding member 5 protrudes from the casing 6, and



10 Decenber 2003 44 connecti ng this protruding portion t‘f’ob@? rgBéVé%O ource
rotates the piston holding nenber 5 and causes the rotary cy

2 to followthis Trotation. However, as |£ the rotary cylinder apparatus 1
-shown in Fig. 7, on the contrary, the sttt 21 of the rotary cylinder

" menber 2 may protrude fromthe casing 6, and connecting the end portion
2la of the shaft 21 to a drive source (not shown) such as a notor

determne th t_si.de use the piston ho] ding
member 5 to ?I?mm ﬁﬂeusﬁ ary#@éJ Pﬁatlrﬂnn%’nﬂe‘? %?VGW’?W aée%ﬁl%d’tl%ﬁoél a
so-cal l ed ce SV, | S obt and..the sett|enent as a- product
" can be irrprog‘égi ng ﬁﬁgﬁ} ign h%ﬂ‘utseﬁf sro Rr¥ evlipdep memben % v followibh
Furt hernore, _in,the [}J_C[Pst enbodj nent descrlﬁ@%@gbove both the concave
portion 61a BYtatifR-s W@ﬁeﬁp‘?%’r% BUOLREY o) RRArabss i droverin Fog. The
~ di scharge openi g 62 are configured to have a wdth of approximtely 80
degr ees. HOV\BQeF e (Rt rthsy shadh 2 ofhthe gwtare adinden invermbet a2 amay62a
can be arbltrarll set in accordance with applications. For exanple, if a
hi gh conpr esgrqﬁwudatﬁrgm themssing 6,i ard connectimgetleateridpentionr21s ofisdd i N,
e.g., an air conpressor, when the concave portion 62a of the discharge
openi ng 62 i shafb3eth adirive sourcn@idt stapan)i such af aamptaxihimst ébterifindatlieees,
the conpression ratio can be increased. As 20 a result, the fluid can be

di scharged fshaftt%icasnndnpugesidpanidgifi2 the pizeon ol dirdenimiedS 16 Follow
Furthernore, in the above-described first enbodi nent, the suction. opening

61 and the dtlm:hatragg oyl e0m@znleere? pr WihikH efh cht a@@ﬁméﬂxﬁ@Sa SPRASEH cd Pt drhe
outer peripheral surface of the rotary cylinder nenber 2°in 25 the casing 6
so that suctdfiReaystdth$s obtsiRed, anditld £t RM Al 2MNS IRt 845 improved
10  when the shaft 21 is directly coﬁnecte& to the motoc.
Furthermore, in the ﬁrst‘ e'mbodiment described above, both the
concave portlon 61a of the suction opening 61 and the concave portion 62a
“ of the discharge opening 62 are configured to have a width of
approximately 80 degrees. However, the width of each of the concave
- 15 portions 6la and 62a can be arbitrarily eet in accordance with
applicatioﬁs. For example, if a high compression raﬁo is applied, ie.,
the present invention is used in, e.g., an air compreséor, when the concave
portion 62a cf the discharge opening 62 is formed to have a small capacity
of approximately 10 degrees, the compression‘ratio can be incr_easéd._ Asg
20  aresult, the fluid can be discharged from the discharge opening 62 to the
outside at a burst.
Furthermore, in the above-described first embodiment, the suction
opening 61 and the discharge | opehing 62 are provided at positions
opposed to the outer peripheral surface of the rotary cylinder member 2in

25  the casing 6 so that suction and discharge 'ere carried out from the outside
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opening 61 and the discharge opening 62 may be providegﬁzﬁe %%E&gigés I n
the vertical direction of the rotary cylinder 2 or one side of the sane.

- Moreover, in the above-described first effodi ment, the piston 5 holding

" menber 5 is arranged on one surface side of the rotary cylinder nenber 2,
and the support shafts 52 and 53 protrude fromthe piston holding nenber 5

toward the insj,de of the ¢cylinder portio 22a, b, 23a and 23b of the
rotary cyli nﬁé{;h‘?ﬂé?f{?e‘ly 93.’11. ftis E?‘T st %WEV%’{:éi’@ sucliopy opeRangy Gy an
support shafts 52 and 53 are arranged_in the cylinder 10 _chanbers .

" consisting ofhey £6r4neding Spmay der proyiged \on hath sadepin the vertigaler
as shown in Figs. 8 to_ 11, the piston hol ding menbers 90 may be ‘
constituted direchiondifdbeiretaiedindend oarmneopdefdhessamear ranged on both -
sides of the rotary cylinder nmenber 2. This will now be descri bed

herei nafter as a fMoretverniiodithenabovisdéseriliesl ffotstt brmdroidintiemsn ttheapisthawn
in Figs. 8 to 11, a bearing nenber 82 having an annul ar shape in which
mul ti pl e5SnechiblelingZnentter His angeibal onque surfaeewile of Ther wtade dydinddie
inner wall of the circular space in the casing 6, and the rotary cylinder

menber 2 is meinebh@by arﬁhb]@@rsﬁlg?oh'ﬂ%ﬂld&st B2 DeariNerovfily fioda the piitén
rotary cylinder 20 nmenber 2 is formed a cruciform space that each end

portion doeShamng Rh&Mmber HosRFhd {1 Risi@E of tHE chTinkee potioal 29 @bl 98abut
pi erces on both of the sides in the axial direction. The central portion

of this cruchfgragp sPase ﬁﬂéi‘f%@rﬁ%%r,t]ﬁeiﬂt?erhﬂ | @an@@gﬁ%ﬂgﬂf%he f}f’?%‘gg gl ons

radially formed fromthe holl ow portion 24 correspon he ¢

Elogf:ik?riskgzg?%gﬁhg@b;%e%%'sﬂﬁté BS ddWHaf Qf&ﬁﬁa‘ﬂéﬁ% [P4H Hirder?
10  chambers consisting of a cruciform space of the rotary cylinder member 2.
However, as -shown in Figs. 8 to li,‘the piston holding members 90 may be _
constituted by two disc‘oid members 90a and 90b and may be arranged on
both sidés of the rotary cylinder member 2. This will now be described
hereinafter as a fourth embodiment.
© 15 In the fourth embodiment, as shown in Figs. 8 to 11, a bearing
member 82 having an annular shape in which multiple needles 82a are
arranged at equal intervals is provided on the inner wall of the circular
space in the casing 6, and the rotary cylinder member 2 is rotatably
supported inside the bearing member 82. To this rotary cylinder
20 member 2 is formed a cruciform space that each end portion does not
pierce toward the outer side-in the radial direction but pierces on both of
the sides in the axial direction. The central portion of this cruciform
space corresponds to the hollow portion 24, and portions radially formed

from the hollow portion 24 correspond to the cylinder portions 22a, 22b,

‘26 23a.and 23b. In the thus formed cruciform space, a block-like piston 3



10 Decenber 2003 46 having a hole 3a at the center theregéaand E’l b%og)%k-l I ke
piston 4 having a hole 4a at the center thereof are sli e§eqn Pred® one
end of a drive shaft 89 protruding to the outside of the casing 6 and a
. pi ston hol ding nmenber 90 fixed with a sh#& 95 as a center of 5 rotation
~are arranged on both sides of the rotary cylinder nenber 2 in the axial
direction. That is, the piston holding nenber 90 is constituted by two
di scoid ne s. 90a.and . 90b, arranged .with the rotary | i nder nenber 2
t her ebet mgﬁgé‘élﬁlg ? ﬁ]é’rsf% 3:‘?9%_2}5% cﬁggercﬁgfﬁfé’é’% @@‘i 6@3%%%&%% hawingippor t
shafts 52 and .53 to ich the . pistgns 3 and 4 are inserted. 10 In addition,
" when the prglﬁ‘?lﬁcﬁan@t ?ICPB[;PI'O hﬁrﬁQ?BF?§hﬁ§géﬂﬁt’8ﬁ-i.s connected to a drive
source (not shown)_such as a notor. to rotate the piston holding menber 90,
the piston 3 noveOns endsf ¢ dasre shaftifid protruding e éHe oiutsids afthencising
. portions 22a_ and 22b and the hollow portion 24 in the sliding manner, and
the piston 4 mides pisten dyalding memnbebd0 fixetdswithnaoskaftod5 tdre acydrtagdef
portions 23a and 23b and the hollow portion 24 in the sliding manner. By
thi s opePat instatichenecitranged|ambleth sidebarf the rotamt edindermbiZb&P2ed the t he
speed of the piston holding nmenber 90 in the sane direction as that of the
pi ston hol diasjaldideetiod, Binat id)ehergispat hioV@ingy hichdser 901k icBRsti2REd BFD.
a

23a and 23b conmunicate with a 20 non-illustrated suction opening and
di scharge opevwy risédd hiemhBeds0 90Beandl 90bt Bptardded FHER UL RFotdrd RST; th
enbodinent is simlar to that in the first enbéc?)%lii ment and tohe %u%hgg%i on

i's enabl ed hyendH¥rs2 ¢RefsHet@renVied {HYse Jﬁ%ﬁiﬁé}sedijéowngﬁge'& ed $o S AReP

punp, since the respective cylinder portions 22a to 2 0 not communi cat e

with the 25 mws sEpbbPhehatts 59 48¢ 83%0 WhEH PAAp¥stoub '3"ied 4rraprr(rab1%rse12te.d?

suction and
‘10 In addition, when the protruding portion of the drive shaft 89 is

connected to a drive source (not.s.hown) such as a motor to rotate the

- piston holding member 90, the piston 3 moves in a cyiinder chamber 22
composed of the {_:ylinder portions 22a and 22b and the ‘hollow portion 24

| in the sliding nianner, and the piston 4 moves in a cylinder chamber 23

~15  composed of the cylinder portions 23a and 23b and the hollow portion 24
in the slidiﬁg manner. .B.y this operation, the rotary cylinder member 2

- rotates at a 1/2 speed of the speed of the piston holding member 90 in the

same direction as that of the piston holding member 90, and the
respective cylinder portions 22a, 22b, 23a and 23b communicate with a

20  non-illustrated suction opening and a discharge openiﬁg 62.

It is to bé noted that the operation in the fourth embodiment is
similar.to i‘;hat in the first embodiment and the pump action is enabled by
this operation. When this fob.fth embodiment is used as a pump, since
the respective cylinder portions 22a to 23b do not communicate with the

25  outer peripheral surface of the rotary cylinder member 2, a suction and
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peri pheral portion which enables comunication with the respective

cylinder portions 22a to 23b on both enqgsurfaces or one end surface of

“the rotary cylinder menber 2. In each of the foregoi ng enbodi nents, any one
of the rotary 5 cylinder nenber and the piston hol ding. nenber protrudes

fromthe casing as the input side, and the other one is incorporated in

t he casi ng 6g4; l,Qw [.de: r 1 and 51
prot rude 19 r o(rlﬁsetﬁﬂ'{ég%gis%rlllg %ﬂg‘ﬁ ?Igﬁledér&;%g\r‘%ﬁ/ Oc%t%aﬁ%n%e‘?&gé%%étlﬂ% t%W%nglé
with both of t t Addi. 1 i l,y.. in_each of .t he foregoin
enbodi-nment's, er{x%&e 8 %ﬁ%%gﬁéé%%ﬁﬁé%ﬁ?gﬁﬁﬁﬁg ?&H@Fwﬁg‘i‘}%gaarﬁs’ 28Pi on
by rotating th | i,nder. menber b sing dri force of,the nmotor, hut the
agpar at us %a?/n%ﬂgﬁ)é&‘h“dﬁ?‘é?f ?roo?%gﬁfuieq % @ﬂ@tgygﬁhngfrmem@@ai%g t he
. fluid into the cyf i ndeF:l nF%r so t hat ouép ts can be obtained fromthese
shafts 21 and 51. ‘™ $3€Epgel foregsing, sm b NERY 9B i Ehe txadar®t ary
cyl i nder _appar,atus according to.the present_invention is configured as a

fluid rBtat SRR meabeni apd dheapitton heldingomambputpnofrudésdremethe of

the fluid. It is to be noted that the fluid used as-a drive source in this
embodi nent | eASHBE asddrerinpndtide, and theothenene s intdrporateat Br thandsimzy6be a
20 gaseous body such as air or gas. Further, |like reference nunerals denote
t he struct urasthe folbiwingssidei cHlewevdrabotashafts 24 madd lanayhoserdbsifonhed
I n connection with the enbodi nents shown in Figs. 1 to 4, thereby omtting
t heir expl anidte casing 6, tanidsomerboidiryeylinder sipplarais ke bopes witls botle of the
rotation of a 25 rotary cylinder nmenber 2 is determ ned as an out put
shaft, and itypesnd Additionally, in each of the foregoing embodiments, there is
10  provided the apparatus performing the pump action by fotating the

cylinder member by using drive foré.e of the motor, but the apparatﬁs may

be configured to rotate both shafts 21 and 51 by feeding the fluid into the

cylinder member so that outputs can be obtained from these shafts 21 aﬁd

51.

- 15 Figs. 18 to 15 show an embodiment in which the rotary cylinder
apparatus according to the presént invention is configured as a fluid
rotating machine which obtains a rotation output by using energy of the
fluid. It is to be noted that the fluid used as a drive source in this
embodiment is not restricted to a liquid such as oil or water, and may be a

20  gaseous body such as air or gas. Further, like reference numerals denote
the structures/principles which are basically the same as those described
in connection with the embodiments shown in Figs. 1 to 4, thereby
omitting their explanation. |

In this embodiment, a shaft 21 which is a center of rotation of a

256 rotary cylinder member 2 is determined as an output shaft, and its end
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gui di ng neans consisting of guide grooves 26a and 27a and oHIEY Pieces 3b
and 4b is not fornmed between the pistons, 3 and 4 and the cylinder nenber
-2, but novenent of each piston is guidedﬁby only three surfaces, i.e.

" both of the 5 side surfaces of the cylinder chanbers 22 and 23 and the
bottom surface. That is, the lateral cross-sectional shape of the groove

form ng the |.i.nder, anbers,22. and 23 matches with the | ateral
cross-sect i o%’g%rhggﬁﬁgct@te ?‘ﬁ@“ﬁ? éf%‘??safaﬁmg %qv\;lf‘ ‘&H}}W:P:‘rorﬁe g Bednst er
In detail. Moreoxer, onedend si de écent;aa; side) of each of the cylinder

" portions 22a°ORFIFENE9f Suide BEOPHETAG2 AaPAA /4R Rd Conyex pissescand 4histmot he
hol | ow-pOrtiﬁn 24 1t is tq be noted that the bottom surface of the hollow
portion 24 Yxmed bekweencthe disknso3eand 4fandethe cyHader puenhers 22dut o
23b. That is, the lateral cross-sectional shape of each of the cylinder
portions 22aogensnt3y qachepision is guided byowslysdeer snafacehape.,dfothhef thel | ow
portion 24 connected to these portions. By form ng the cruciformgroove to
a thick 5ci reideasurfircascofithteeeylimdery champers 22 andi2¥andtthedhottdém sufassi bl e
to forma cruciformgroove consisting of the hollow-portion 24 and the
cylinder pdFhabrs, 2he latedab. cossaddtivhab, slsape ofbthd @foovbefG@AlRY the
portions of the 20 bottom surface of the cruciformgroove nanufactured by a

cutting net hgdindsr thanbdte 2Ryarh@\AS anatihidedrithabe, 1dtesaPPEassddttord s
very easy. Here, as shown in, e.g., Fig. 16A, each of the pistons 3 and 4

has a shapeslgijjeaiofethedypigtounrdsngndod hwhicH REIIF YengesBIhEd Q%elﬁ ggoéme{{ 'f.t he

bottom surface, and its |ateral cross-sectional shape is nmatc

| ateral 25 cVReE0wSS bhenHd SItRPeeRlir 4366 of lSAehOf tHAE1iIRR boRSoRd 32k0

10 to 23b in the longitudinal direction communicates with the hollow portion
24. |
| It is to be noted that the bottom surfaqe of the hollow portion 24
has a shape according to each of the cylinder portions 22a to 23b. Thatis,
the lateral cross-sectional shape of each of the cylinder por%;ions 22a to
15 - 28b is equal to the croés-sectional shape of the hollow portion 24
connected to these portions. By forming the cruciform groove to a thick
circular plate material by, e.g., a cutfing method, it is possible to form a
cruciform groove consisting of the hollow portion 24 and the cylinder
portions 2.2a to 23b. In addition, since both of the corner portions of the
20 bottom surface of the cruciform groove manufactured by a c1.1t1;inlsg,r method
or the like may have a rounded shape, its processing is very easy.
Here, as shown in, e.g., Fig. 16A, each of the pistons 3 and 4 has a
rsﬁape obtained by rounding both of the corner portions 11 of its bottom
surface, and its lateral eross-sectional shape is matched with the lateral

25  cross-sectional shape of each of the cylinder portions 22a to 23b.
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and 4 (surface opposed to the piston hol ding menber 5) i's-&°FIger ace.
Therefore, the top surface, both of the side surfaces and the bottom
.surface of each of the pistons 3 and 4 #%. brought into contact with the
~surface of each of the 5 cylinder portions 22a to 23b cl osed by the casing
6 and the piston holding nenber 5 over the entire |l ength of each of the

pi stons 3 an ...t hereby assuring the air:-tightness/liquid-tightness

bet ween t he gﬂﬁ?ﬂﬁgf’lhﬁogtt%ﬁélrk@%ad{]%%ﬂf ‘%’r?dpltsﬁ%ni)?'s&%é (Bugfareoppiised i s,

the fluid cag gﬁl further ssuredly prevented from | eaki ng. 10

* Addi ti onal | y*© #Re; Pisten; keldmg aneuiber f) i seflat rgprfacout Therafhsé t tled top

t heret hrough is_ proyided on the bottomsurface of a small space 64c of a

| over case 68urfagechatiypfithe sidesmrizatest and ther bettonesurfacehs eadlsiofl¢hef

_the casing 6 fromthe insertion hole 64e. .Further, providing a concave
groove on t hpistane3 endfdaeedirongbtiinte contartheith tibd guafictel off 646K of the

provi di n% 15 an 0 ring 48 at that groove can seal between the output shaft

e

21 and t tyiwederperticds 23a ta 23kselosed byether essng 6 £ad the fERHERLRANL OM
being released. An inlet 61 for a fluid is opened by rotation of the

rotary cyli noimmbewrbberer2tleoentire desgENTUN ie6dh &MHpiEn s Y LAY i gns
22a to 23b 20 when the pistons 3 and 4 reach substgntial l'y out e’rmr%b?

peri pheral pasddriagshefairlieghHledt i iulitigRin R ween?the ‘égﬁnﬁéP ob-Bfns
an

rotary shaft center 0 of the rotary cylinder nmenber 2, I's cFoSed so as

not to comupsabe2shtdhd RRe ﬁﬁfdﬁldgraﬁ@{fi[.i OPfa 48 {ife %gﬁd}[’\ﬁhgﬂ] btehgl%@.h%%ons

3 and 4 are at a position of ~ substantially 45 dedrees rot

cylinder menhanédly pr&vedtle i leakihPut | et 62 for a fluid comunicates

wth a shallow
10 Additionally, an insertion hole 64e for inserting an output shaft 21

therethrough is provided on the Boﬁ:om- surface of a small space 64c of a

lower case 64. An end of the output shaft 21 protrudes to the outside of

the casing 6 from the insertion hole 64e. Further, Vproviding a concave

groove on the inner surface of the insertion hole 64e and further providing

- 15  an O ring 48 at that groove can seal between the output shaft 21 and the

lower case. 64. As a result, the pressure can be prevented from being

released.

An inlet 61 for a fluid is opened by rotation of the rotary cylinder

member 2 so as to communicate with the cylinder portions 22a to 23b

20  when the pistons 3 and 4 reach substantially outer peripheral positions of

the rotary cylinder member 2 as seen from the rotary shaft center O of the

" rotary cylinder member 2, and is closed so as not to communicafe With thé

cylinder portions 22a to 28b when the pistons 3 and 4 afe at a position of
substantially 45 degrees of the rotary cylinder member 2.

25 . Furthermore, an outlet 62 for a fluid communicates with a shallow



10 Decenber 2003 50 concave portion 62a formed on the ing @ malb qﬁ%POf a
| arge space 64b. That is, the outlet 62 for a fluid is g &M ?' ation
of the rotary cylinder nmenber 2 so as to comunicate with the cylinder

. portions 22a to 23b when the pistons 3 M 4 reach a position of

~approxi mately 45 degrees 5 of the rotary cylinder nmenber 2 as seen fromthe
rotary shaft center 0 of the rotary cylinder nmenber 2, and is closed so as

not to comunicate with e | i nder nbers 22 23 en the pistons 3
fnd 4 ach Bacgipteion. pRg Gl fb. i bras: 55 Blgncon BRge ‘ShaeR G5,

cyl i nder rreqPﬁr 2. The fILii dsd' nl et GJﬂraad,the flgigl outlet 62_are forned so
" as to reducelRab ipnéhe| gitleH% dom e Huifals PRepgdaby | Takation, of (thieqreksy
carry out the_, continuqus rotary operation. For exanple, .the fluid inlet 61
and the fI| updindanmemgdera sopsrtieemamurdeate wilh YypeddaderperidonsBaton t h
~the rotary cylinder menber 2 therebetween in such a manner that.the fluid

can flow st r2dlymhen teopistensdgintddireschiarpegition dfrapmrexiastely 4 degress
concave portjon 6la of the fluid inlet 61 and a concave portion 62a of the
fluid oubl etofdhearatatycytictden membde Zas seentfiomedperstary shafbrentargO of
direction of the rotary cylinder nmenber 2. For exanple, the concave
portion 6la fls fatanedylindes snembar 3 ahdds cdogeebsd Ao mopas songntihécatylwitHer
portion (cylinder portion 23b in Fig. 14) with the pistons 3 and 4 having

20 noved to {He cplihdest mehtiferiso 28aPis iZI0Rydrer thea ngcghd o #ich @lb
Is formed, with' respect to a rotating direction of the rotary cylinder

nenber 2. Fuii®hABiatly éirGsuiepherdlqidsifion @Fadhesrot 2FyBfliRGEP BfeABer 21 €a
froma position where a conmmunication hole 62b starts to a position

| mredi atel y bef or epg ey ihndas1 Qﬁ&tthe'ﬂt(ﬁ%l%ﬁ%éiﬁéz Bee ’f&ﬂﬂe%%g dstoidiuck?)

25 with the pistons 3 and 4 having noved to e out nost side. Mbreover,

10 the flow resistance relative to a flow of a fluid and carry out the
continuous rotary operation. F(.)r‘ example, the fluid inlet 61 and the
ﬂuid outlet 62 are formed at positions oppdsed to each other with the
rotary cylinder member 2 fherebetﬁeen in such a manner that the fluid
can flow straight without changing its direction in the casing 6. A

~ 15  concave portion 61a of the fluid inlet 61 and a concave portion 62a of the
fluid outlét 62 are formed in a wide area with fespect to a rbtating
direction of the rotary cylinder member 2. For example, the concave
portion 6la is formed across an area from a position passing the cylinder
portion (cylinder portion 23b in Fig. 14) with the pistons 3 and 4 having

20 moved to the outmost side to a position where a communication hole 61b
is formed, with respect to a rotating direction of the rotary cylinder
member 2. Furthermore, the concave portion 62a is formed across an
area from a position where a communication hole 62b starts to a position
immediately before the cylinder portion (cylinder pqrtion 23b in Fig. 14)

25  with the pistons 3 and 4 having moved to the outmost side. Moreover,



10 Decenber 2003 51 each of the comrunication hole 61b o | fhalanl et
61 and the comrunication hole 62b of the fluid outl et GEOEEEQéB%Eg?gg
area which is sufficiently larger than %gch of the cylinder portions 22a
to 23b. In this manner, the fluid inlet*61 and the fluid outlet 62 are

" formed at opposed 5 positions, each of the concave portions 6la and . 62a:
Is formed in a wwde area, and each of the conmunication holes 61b and 62b

fiuid beconsituty foé AAAERRARRRASHTSR £ Tor 48R HyRe GHEHhTGeRd0 bt ne
fIdIt6110 2 the fluid outlet 62 ar.
T b BL i L A R e
haf t t h t | i.nd dth t at tral
osi tiron QAR BTN HethahbRr CBLBHer S0EPBE 2ompa8P | SR I5FS t he
concave portion 61 8 Flﬂiower end side.in Fi 14 is forned to the
vicinity of PRENEE aiﬁhglm ARieig61 Qiheﬂh’édr%{téﬁ 6%rﬁa'ﬁtf0€mﬁdeat@panaedhe

rotation_central position X. Mre specifically, is a position close to
a subst aft i AP9S}LIRAES eaeh of Wbemmcaﬁ@@qrftmm fka |a|n|de62@ isHorpiesk im adwide 3),
l.e., the fluid inlet side. Furthernore, a position: -of the concave portion

61la on the uee; aaddeadhdel thmc@ngluuwatﬂonrledparﬁdb and $2basi fororedolst haved
when a substantially 20 135-degree turn is made fromthe |ine running

t hrough t he a dasgy pslsahpge aeant eTHugnthd flaw okaistance eft ttad fhddi be€mes i n
the cl ockwi se direction and further another turn corresponding to a
substanti al IymhHLf of the width of the piston 4 (or 3) is nmade in the
countercl ockwi se direction. Mreover, since a flow path cross secti onal

area of each of thks showavie Post 1@nﬂ1e6&@1<aﬁreamtﬁﬁﬁeqarbfbﬂl&ﬂma ¢hictdsPy a
value in a depth direction, it is set soas to
10  and the concave portion 62a of the fluid outlet 62 are formed so as to be
line symmetric Wif.':h a line runniﬁg' through the rotary shaft center O of
the rotary cylinder member 2 and the rotation central position X of the
piston holding member 5 therebetweén. A position of the concave
portion 61a on the lower end side in Fig. 14 is formed to the vicinity of‘the
- 158 line running through the rotary shaft center O and the rotation central
poéition X.‘ More specifically, it is a position close to a substantially half
of the distancé from the line to the piston 4 (or 3), i.e., the fluid inlet side.
Furthermore, a position of the concave portion 61a on the upper end side
in Fig. 14 corresponds to a position obtained when a substantially
20  135-degree turn is made from the line running through the rotary shaft
center O and the rotation central position X in the clockwise direction and
further another turn corresponding to a substantially half of the width of
the piston 4 (or 3) is made in the counterclockwise direction. Moreover,

since a flow path cross sectional area of each of the concave portions 61a

25  and 62a can be controlled by a value in a depth d1rect10n it is set so as to
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machine 1 is provided with back pressure releasing neangb%¥%8m§§@%kﬁg
pressure rel easing nmeans is constituted ,  for exanple, piston
-back-and-forth novenent back pressure rel®asing 5 neans 12, cylinder side
" back pressure releasing neans 13 and a piston holding nenber side back
pressure rel easing neans 14. The piston back-and-forth novenent back

pressure rel ' | for exanple, a cruciformgroove fornmed at
the center o &?h%&e B%%?lo%%diéfjfszggc%f t he hol |l ow portion 24. The cruciform
groove ‘12 as this g0 pikston_ hack-and-f.orth_npvenent back, pressure rel easi ng
neans i s formed scéalgshf%gb]éol%@%’r%tql?c}i“&?g&r 15 REOVEGRE | RHG: Ragk Brassuse t he

pistons 3 and.4. . As shown |{n Fjg. 14, even if the pistons 3 and 4 are
posi ti oned i ¢HUREELABS, p@ﬁﬁ b%d?l’}‘e?ﬁuwa?ﬁl@aw meansepeenstitated bynder
_ portions 223@t0 23b _to communicate. Therefore, even if a non-conpressible
liquid is uden exemple, piston baekrapdsfostl mouamentabackh mressekedelpasing
liquid pressure and the snooth operation is enabled. Incidentally, the
passage 2r ogBeangtlirrylindaresidef batle presmireoretegsiogymebhsi 33 sufd hcpietsn y
smal ler.-than the lateral cross sectional area of each.of the pistons 3 and
4. Since thdqdizsmambér sidecbftkipdedshreinetedsihg theens i nder portions 22a
to 23b fromthe fluid inlet 20 61 practically acts on the pistons 3 and 4,
the efficiency as The piktond bact-andrfyrtiachiovenderits baek 9ebehire’ #ERGsin
However, the cruciformgroove 12 as the piston back-and-forth novenen

back pressunmeant g@sis) g‘oﬂeaam(flarﬁn dracHbiM gedRd fRRIbDAas the ceafsh éisfilg@e
fluid, for exanple. The cylinder side back pressure rel easi ng neans S

g;leldng 2; 2% otedaanintged BEtHRABKI1DFEEEMIch Qqnew@&&%ﬁﬁf Brédve 1248 this
10  piston back-and-forth movgment back pressure releasing rﬁeans is formed
so as to be slightly longer than th.e-length of each of the pistons 3 and 4.
"As shown in Fig. 14, even if the pistons 3 and 4 are-positioned in the
hbllow portion 24, it can cause the respective cylinder portions 22a to 23b
 1:0 communicate. Therefore, even if a non-compressible liquid is used as
- 156 é fluid, the pistons 3 and 4 are not locked by the liquid ﬁressure and the
smooth opéfation is enabled. Incidentally, the passage cross sectional
area of the cruciform groove 12 is sufficiently smaller than the la;eral
cross sectional area of each of the pistons 3 and 4.. Since the pressure of
the fluid flowing into the cylinder portions 22a to 28b from the fluid inlet
20 61 practically acts on the pistons 3 and 4, the efficiency as the fluid
rotating machine 1 is not deteriorated. However, the cruciform groove
12 as the piston back-and-forth movement back pressure releasing means

- may be eliminated when gas is used as the fluid, for ex.ample.

The cylinder side back pressure releasing means 13 is used for

25 releasing the back pressure generated between the rotary cylinder



10 Decenber 2003 53 nenber 2 and the | ower case 64 durinﬁ%éhe qger b'on of

the fluid rotating nachine 1 and snoothing rotation of Y ?9% élinder

menber 2 and the like, and it is, for exanple, a hole 13 (Fig. 14)

. piercing the four base portions 25. However, the cylinder side back

- pressure releasing nean is 5 not restricted to the hole 13 piercing the

base portions 25, and for exanple it may be a groove 13 formed on an outer

peri pheral surface of .he rotary cyl,inder nber 2. as shqwn_in_ Figs. 17

and 38, or i.lpeﬁaverbgagd tg‘reol8\7vé3rl‘>és é“r@ﬂrl&ﬁ ORRTEIORP ﬁ!ﬁlﬂ“&@ retdipgwer

case 64 as shown,in_, Figs. 18A.and 18B. T gag}three t{pes of the cylinder

© side back .prie@stine 102nd smeqthingrahation potary @ilinders member 2sand t he
back pressuh§€$¥ uni form zing the ﬂéessures on both of the sides of the

rotary cyli Jlikgeandrit dsofr exampleachele k3 (Fligi 14X pisvcingikhe doun bake

outside of the casing.6. Further, if it is possible to allowthe fluid to

| eak to the RAMHING25.0f Homeveasthgcpinder sidevbadlnpregpare releanidg rBanfisr

exanple, the through 15 hole 13 is forned to the | ower case 64 as the

cyl i nder8si deotbaestrpeteds o ether dlodasihpireeing the tiwnte tpoetioask2py essdirfori s

rel eased to the outside of the casing 6. The piston.hol ding nmenber side

back pressurexampkaii ngynbansgidbvel 33 forded an bl @AiIrnseripReRACkaTHES DET €
generated between the piston 20 holding nmenber 5 and the upper case 63 to

smoot h r ot atfhenrathry kelipidet eReidledi2ngs BROWAIin PighiriMand 38, epakahhpheodh t he
fluid rotating machine 1, and it is, for exanple, a hole 14 (Fig." 14)

pi erci ng t hegosh A8 Fsried@n SBTRAEr allGURV6F thd Mewsk $h08 éAOﬁgingﬁﬁ‘Pef

si de- back pressure- releasing neans is not restricted to the I

gine;(r:\i ggt ;P%‘iﬁis.s 48R £vd NeB)i MPhERHffeetypaBdrithe B ifior&idE WAk ﬂTAésEﬁ{'ge d
" 10 releasing means 13 have a structure for releasing the back pressure by
uniformizir;g the pressures on bbfh of the sides of the rotary cylinder
member 2 and can prevent the fluid from leaking to the outside of the
casing 6 Further, if it is possible to allow the fluid to leak to the outside
of the casing 6, as shown in Figs. 19A and 18B, for example, the through
- 15  hole 13 is formed to the lower case 64 as the cylinder side back pressure -
releasing ﬁaeans so that the back pressure is released to the outside of the
casing 6.
The piston holding member side back pressure releasing means 14
is used for releasing the back pressure generated between the piston
20  holding member 5 and the upper case 63 to smooth rotation of the piston
holding member'5 during the operation of the fluid rotating machine 1,
and it is, for example, a hole 14 (Fig. 14) piercing the piston holding
member 5. However, the piston holding member side back pressure

releasing means is not restricted to the hole 14 piercing the piston

25 holding member 5, and it may be a groove 14 formed on an outer
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shown in Figs. 17 and 38, or it may be a groove 14 forng%Bgﬁerﬁﬁgrﬁ?rqgr

peri pheral surface of the upper case 6§ﬁ§€ shown in Figs. 18A and 18B.

- These three types of piston holding ne si de back pressure rel easing

- means 14 have a 5 structure for releasing the back pressure by uniform zing
the pressure on both of the sides of the piston holding nenber 5 and can

prevent the | 4 r i t Q- 0 ' S| 6. s
Fur t her nor e,g‘%lsfibﬂ?rgl‘lsgg%%g?b f2§1 & glstg{;ﬁot\l/flﬂbﬁ{eéj ?’?‘ %B@% ﬁgaé{b%%&.‘ tlﬂeF &6t &i7de -
of the casing 6,,for .exampke, a thr h hol.e 14 may be forned.to fhe per
- Case 63 as (FRT 8 6T HAMEDRG BBONH AL 1P a8 OBt TpReE Aerb el sorige Afans
so that the hack pressure._s el easedq..to out si_de t he casing 6, as
Shonn i B ReE 854 88 anSROBLI Tike 1PAiad JBE (EbéakHimke Bhes of
provided with a |lubricant circul ati on mechanism 15. For exanple, .as shown
in Fig. 21, Pishen helding pemhercside: bapk mressnre relensing| means & haye sant
tank 16; a 15 lubricant inflow passage 17 which conmunicates with the back
surface &f stmactuneafor m}eaﬁagrt%eebmgﬁprzesaﬁae byaamiformizing: theaptestnoerpnhe
| ubricant tank 16 into the casing 6; and a |ubricant outfl ow passage 18
whi ch  commiothaefthesidestifdhbgquikiauhbtblinggnambeir & adrd past previealt dhaduidnber
5 and leads the lubricant to the lubricant tank 16. A non-illustrated
filter 20 i sfrprolealddgito tHecowisddé ef dhe chsingudr | Farthémhbry ip dsisagmsible
Incidentally, as the tubricant; any material having the lubricity such as

| ubrication @ hllow theifteid o IgikascthevatiesidegsfStlns casihgoBh€or ekdiplean be
used. The lubricant inflow passage 17 is connected to a port 19 provided

to the upperilgaaghtBolee mapbedartheliad theoippdiecid 63 8 thalpistdiehoRfEy 25
case 63 is transmtted through the gap between the respective nenbers
10 member side back pressure releasing means so that the back pressure is
released to the outside of the casing 6, as shown in Figs. 19A and 19B.
Moreover, the fluid rotating machine 1 is provideﬂ with a
Iubricant circulatidn mechanism 15. .For example, as Jéhowﬁ in Fig. 21,
this lubricant circulation mechanism 15 includes: a lubi‘icant tank 16; a
. 15 lubricant inflow passage 17 Which_ communicates with the back surface of
the rotary- cylinder member 2 and leads the lubricant from the lubricant
tank 16 into the casing 6; and a lubricant outflow passage ‘18‘Which
communicates with the back surface side of the piston holding member 5
and leads the lubricant to the lubricant- tank 16. A non-illustrated filter
20  is provided in the middle of the lubricant inflow passage 17. Inéidentally,
as the lubricant; any ﬁaterial héving the lubricity such as lubrication oil,
lubrication grease, water, gas or any other fluid can be used.
| The lubricant inflow passage 17 is connected to a port 19 provided

to the upper case 63. The lubricant led from the port 19 into the upper

.25  case 63 is transmitted fhrough the gap between the respective members



10 Decenber 2003 55 in the casing 6, the cylinder side b
rel easi ng neans 13, the piston hol di ng nenber side back?%pggé;rﬁée'%ogfzeasi ng

nmeans 14 and others to lubricate the sliding surfaces. The lubricant then
-flows out froma port 20 provided to th ower case 64 to the | ubricant
~outflow passage 18 5 and is circulated to the lubricant tank 16. This

| ubricant circulates to the lubricant tank 16, the |ubricant inflow

passage 17, tnsi.de S| 6, .t:he .| ubri cant outfl qw passage 18, and
the |ubri canwt% ggkca%g“é %t‘ﬁ% éﬂ&hqqroﬂgﬁe%%eprwuﬁ?iq %ﬁ’lﬁgénﬁﬁflgejr%n@& in
pressure genetate . rotatjon o he rotary cylinder menber .2 and the
- Biston hotar B thBrhsditing hbe st btk Plodinta g Hhenting abaanatrand Rehers
above-descri Eeq gtru t% r_&t at es f% a pi,ﬁssure_of the fluid. That is,
when the fluf® P r@&%‘bl cliding garfapes.q 1 hedubsicanththen flaws watdiram a
menber 5 and the rotary cylinder nenber 2 and the |ike denonstrates the
rotary noti oROT %QMWQ%%%@Q@OWW casre 64 dorfihegl vhaieantf owiflavh pasaagetl 8
shaft 21. The qperation of the fluid rotating machine 1 shown. in Figs. 13
to 15 wi 8 nendbs czeelatpddtovkhe lnkfieanintank d i JEhis2hrbri car@DEircAtatieisrist |,
in the state shown in Fig. 20A, the piston 3 seem ngly reciprocating in
the cylinder tholtbneantzmi 6, Babhilyriguos inflove gaasagae?, 2Bidobf thie pRsinion
24 of the rotary cylinder nmenber 2. At this position, the piston 3 is

si nul t aneousBy thaghdeicanit butfbewcyidsager 19onhidotise Adbrizadt tadk 1@ ik NBe
ot her hand, the piston 4 seemingly reciprocating in the cylinder portions

23a and 23b hemti®eahestdepubledtilivingha difféRsice PE! pROGLRE g@ﬂérél‘éﬂt bgn in
the cylinder portion 23b of the rotary cylinder .25 nenber 2. :

rotation of the rotary cylinder member 2 and the piston holding member
10 5. |
The ﬂuid rotating machine 1 having the above-described structure
rotates by a pressure of the fluid. That is, when the fluid is supplied to
'the fluid inlet 61, the piston holding member 5 aﬁd the rofary cylinder |
member 2 and the like demonst.rates the rotary motion, thereby taking
~ 15 out the turning force from the output shaft 21. |
Thé operation of the fluid rotating machine 1 shown in Figs. 13 to
15 will now be described with reference to Figs. 20A to 20F. |
At first, in the state shown in Fig. 20A, the piston 3 seemingly
reciprocating in the cylinder portions 22a and 22b is positioned at the
20  hollow portion 24 of the rotary cylinder Iﬁember 2. At this position, the
piston 3 is simiiltaneously engaged with the cylinder portions 22a and
22b. On the other hand, the piston 4 seemingly reciprocating in the
cylinder portions 23a and 23b has reached (pushed to) fhe outmost
peripheral edge portion in the cylinder portion 23b of the rotary (-:ylinder

25 member 2.
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the concave portion 6la of the fluid inlet 61, and the i@ﬁ?ﬁ%@gé}%ﬁgi on

22a is opposed to the concave portion 6%% of the fluid outlet 62.

- Moreover, the cylinder portions 23a and*23b are opposed in a space_ between.
" the concave portion 5 6la and the concave portion 62a, i.e., a position at
whi ch the concave portions 6la and 62a are not forned. In this state, when

the fluid fl ows iRt0the [ r it | b ffomthe flujd jnlet 61, the
pressure of the f Irih'l tc:pl%ussﬁ%)eéé’ Meg cﬁﬁglt‘%{ﬁo@)r%’tzo&&% ’Fh%%%ﬁfﬁdnt%ﬁhwpp%ﬁezza.
Since the aut t ation Nt aly . itdon Xl J.s,deviated fromthe rotation
“ central posfh°?§f?f§$i?ﬁ£%€?%]&%@dﬁf@ é]ora&jéil@?e cylinder porion 22ads 0pposed b f or
rotating th i ston hol din er, ol ding the piston 3 and rotates the
pi ston hol di%Hg fiHsYe 805?8%@210% tiﬁoﬁ&i‘f Stietn b2l Mereovesnthe cylinder
_result, since the piston 3 rotates around the rotation central position X
whi ch causedd nlso'#%’r #né 230 aEe oppated in asspacecbetsvearcthe comenvehportiarar y
shaft center O The piston 3 is pushed by the pressure of the fluid which
has fl ohed G148 endnhthe wongaee pestionof222p.efr anpedition at dvhivhethé tonbave
di scharging the fluid in the cylinder portion 22a fromthe fluid outlet 62.
On the. ot h@orkigng 6ksapHdifle are Boyfor208}. as the pi ston hol di ng nenber 5 20
rotates, the piston 4 in the cylinder portion 23b is returned toward the
hol | ow portion 24InHhievsiateatwheni thenflrdt flotvbeinftb uhd belingen pofEon 2t ons
3 and 4 flows fromthe cylinder portion 23b through the cruci-Porm groove
12 to the otfhem tlyé iftuiel iplett 6Dnshe erespurSaf @ind fiuilapisRedthkNgisteh I on

hol di ng nmenber 5 causes the cylinder portion 23b to start to 25 overlap (be
opposed to) towardaheassdindért portidd 22afl Hifcd kbb dutBr&atfh central position
10 X1is deviated from the rotation central position X, the proceeding force of
the piston 3 becomes force for fofating the piston lzloldin;@g;r member 5
hqld_ing the piston 3 and rotates the piston holding member 5 around the
rotation cenfral position X. As a result, since the piston 3 rotates around
‘the rotation cénfral positibn X, which céuses the rotary cyliﬁder member
-15 2 torotate around the rotary shaft center O.
Thel piston 3 is pushed By the pressure of the fluid which has
flowed into the cylinder portion 22b from the fluid inlet 61 while
discharging the fluid in the chlinder portion 22a from the fluid outlet 62.
On the other hand, as shown in Fig. 20B, as the piston holding member 5
20  rotates, the piston 4 in the cylinder portion 23b is returned toward the
hollow portion 24. However, at this moment, the fluid between the
pistons 3 and 4 flows from the cylinder portion 23b through the cruciform
groove 12 to the other cylinder portions 22a to 23a, and rotation of the

piston holding member 5 causes the cylinder portion 23b to start to

25 overlap (be opposed to) the concave portion 6la of the fluid inlet 61. ,
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portion 23b fromthe fluid inlet 61. That is, the nnven@gﬁe§¥%¥ﬂgﬁb3

pi stons.3 and 4 is not prevented (not h%graulically | ocked) by the

- pressure of the fluid, and the pistons 3%fand 4 snoothly nove. In addition,
" the piston holding nmenber 5 and the 5 rotary cylinder nenber 2 snoothly
rotate. Additionally, the fluid which has flowed into the cylinder portion

22b fromth g iRle 1 .cantinuqusl y, rotates the, piston hol ding nber

5 and the rg{‘%\g%} %ﬁﬁﬁb‘i?%ﬂgﬁ%&ﬂ‘yﬂﬁ%&ﬁicﬁ nﬁgrm&ioophégb 5?%@0‘#63ﬂu{%re
specifically, the piston.3 proceeds fro he position qf the 10 rotary

" shaft cent-erm&)etoglt hii’ratytlﬁr &%wqm?n%% P%Wﬁstiéngu‘? a¢ notpreyretsd py

the pressure of .the fluid fro he concave portion 6la of the fluid inlet

61 and triednph bﬁ&ﬁ“&)@?ﬁyﬂécﬂé} gYitﬁetw@swre atidhe ghiid, amdthe pistonse3

. communi cation hgle 62b side. Further, pushing the piston 3 by the fluid

pressure carffthémoethdy meve.ur In additipn.cthsf pisten hiodding Membery5 merbthe 5.

On the other hand, in this state, the piston 4 hardly contributes to

rot ati ond of refery eylanger member 2 protetat is, the piston 4 tries to

nove to the rotary shaft center O of the rotary cylinder nenber 2 by the

fluid which has flAdditionallyhdhefluiddehigiphtisdboRst ihtethe glfldérdpdrtiat 61.

20 However, since the front and back parts of the piston 4 are connected to

the concave 22ir tfrom Gha fAwddt hdepr@bseonginwody aredes rtHeatgigfforPthdlBfhg
rotary cylinder nmenber 2 is given by the piston 3 (Fig. 20C). In this

state, the apbmbder5pandithie 28tardneylifigec thember DXy iRIAhIRE RYGaraPtide
concave portion 6la of the fluid inlet 61. However, when the piston 25
hol di ng memfigston 8ndMére dp¥cifivalty,thedfiktoPFRebededdfrbhfthd BbaftforPBfithe
10 rotary shaft center O of the rotary cylinder member 2 to the outer
periphery by the pressure of the ﬂu'id from the concave portion 61a of the |
fluid inlet 61 and tries to push out the fluid in the cylinder portion 22a on
the communication hole 62b side.
Further, pushing the piston 3 by the fluid pressure can obtain the
- 15 turning force of the piston holding member 5.

On fhe other hand, in this state, the piston 4 hardly contributes to
rotation of the rotary cylinder member 2. That is, the piston 4 tries to
move to the rotary shaft center O of the rotary cylinder member 2 by the
fluid which has flowed to the cylinder portion 23b from the fluid inlet 61.

20 However, since the front and back parts of the piston 4 are connected to
the concave portion 6la and the pressure is balanced, rotation of the
rotary cylinder member 2 is given by the piston 3 (Fig. 20C). In this
state, the c&linder portion 22b and the cylinder portion 23b overlap the

concave portion 6la of the fluid inlet 61. However, when the piston

25 holding member 5 and the rotary cylinder member 2 further rotate and
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portion 23b remains as the cylinder chanber overl apping the concave
portion 6la of the fluid inlet 61, and thereafter the pressure of the
“fluid acts on the piston 4. That is, the fluid pressure pushes the piston
4, the piston 4 5 pushes the fluid in the cylinder portions 22b and 23a and
the hollow portion 24, and the -piston 3 is pushed, thereby naintaining the
turning forgachl Bh@tﬂ?@s'itmr dRhowien PFeE.0ROMAEHKIy RBef EHEHIDF ¥R 03b
changed fromthe piston 3 to the piston 4, and the piston holding nenber 5
~and the rot od 50986 r ' 0 g N
Ui 8D RS Qs kot e WDl ek DRI BT o

this state, only the cy er portion s-as t er ¢

over | appi ng e rt,] i | at ..and the £l uid

in the cylinder ﬂglgfritci?l\gﬁt g)gé Ellrgfélﬁég%ar%reéﬂgfé%e%sgﬁée)&l ﬁ}ed?%ldfll 2tSeon the

- However, wh I shpn, hol di n nber. 5 _and,t he.rotary_cylinder, er 2
Further ot 080 r cEBRs i A Bl eastin Hifren i pisbe. ¥, 1Be djsames

portion 23a al so overlaps, the,,concav portion of .t fluid ouflet 62,

Pod the 1 oudictps e 3R iRcttis 6 fnder Bty Bah, Sd' 5hcand e oliwe 1.

Further, the piston hol dj menber .5 is caused to rotate, and piston

hol di ng ne rtg;rhﬁ&, taﬁ’gi ﬁg% pigkoncy jis rPd’@nheﬁer@@?ebl mAintainime) tefunyaggi ng

the fluid in the cylinder 20 portion 22a and the fluid in the cylinder

portion 23a foresn tHe ather gvends, dibe pisten; gndepphe fluid mressure is jphanged

positional relationship of the cylinder chanbers relative to the concave

portion 6la fsem the pigipa 3 ¥ €he pistomd, ehd thenpisten hoblingomestherod anddhel ui d

outlet 62 is thereafter sequentially changed from .25 the cylinder portion

22b to the ootaryeylipderinvembep 2 kérp rotiatimer portion

10 On the other hand, in this state, only the cylinder portion 22a

remains as the cylinder chamber overlapping the concave portion 62a of

.the fluid outlet 62, and the fluid in the c¢ylinder portion 22a is discharged

from the fluid outlet 62. However, when the piston holding member 5

and the rotary cylinder member 2 further rotate and reach the position

~ 156  shown in Fig. 20E, the cylinder portion 23a also overlaps the concave

portion 62a of the fluid outlet 62, and the piston 4 is under the fluid

i)ressure from the conca\.re portion 6la. FKurther, the pistoq fmlding

member 5 is caused to rotate, and piston holding member 5 and the rotary

cylinder member 2 rotate while discharging the fluid in the cylinder

20 portion 22a and the fluid in the cylinder portion 23a from the -ﬂuid outlet
62 (Fig. 20F).

Furthermore, the positional relationship of the cylinder chambers

relative to the concave portion 61a of the fluid inlef 61 and the concave

portion 62a of the fluid outlet 62 is thereafter sequentially changed from

.25  the cylinder portion 22b to the cjrlinder portion 23b, the cylinder portion
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22b in the nentioned order. Mreover, the piston mainly ‘é?ﬁ' Pﬁr(f e
pressure of the fluid is alternately changed fromthe piston 3 to the
. piston 4 and the piston 3, and the pist8f hol ding menber 5 and the rotary
~cylinder 5 nmenber 2 thereby continue to rotate. Therefore, the turning
force is continuously outputted fromthe output shaft 21. That is, the

present invenpti functions as,a fluid nptqor. Ip this fluid rotatin

machi ne 1, vﬁgan tQ'H% pYaRders RoTHiom 235 an e(i%f’r r?é(slq‘i%nﬁpﬁ@%utz@b é@sgh@ons
of the cylinder portions 22a to 23b 10 toward the hollow portion 24,

nanel y, wherfBeRblopggxdey. | Mamgeves theristommainhy azoeptingtbie pressursef,
the cylinder portions 22a to 23b overlap the concave portion 6la of the
fluid inlet the flnid dxialternatelyiehanged fopst tres pistonrd td the igtahédiridthe d
the outer positions of the cylinder portions 22a to 23b fromthe holl ow
portion 24, mabmi 3, whdnthéepisbpachilding meelid &yldmblahepostargnsyRRdet 0
23b decreases, the cylinder portions 22a to 23b overlap the concave

portion §2a mbnther 2Itliatebytdmitifize tdheotater eThehefors] sherturdigndodce is
snoot hly nove. Further, -as described above, the fluid inlet 61 and the

fluid outl etconiraicuslor udted Oonh | thieS o@RRAS SHafto2 BACThadtiRe the iR sERPCAVE
portions 6la and 62a are tormed across the wide area, 20 and each of the

- conmuni cat i gavegtien Hrtng £28 filisdfmetRd So as to have a | arge passage
area. Thus, the flow resistance of the fluidis small. As a result of

these facts, the ghepisur i i hd o fif ischent t | nt he
turning force for the rotg?%/rtgy ilﬁgel&?gﬁgﬁ%egrl’fhléae@é P}%g\‘g%t%%tnd g"h§¥ 21,

er ey o BB ol 40\ b bt o 108 A opbiths od B2 v
10 toward the hollow portion 24, namely, when the capacity in the cylinder
portions 22a to 23b increases, the-c:.ylinder portions 22a to 23b overlap the
~ concave portion 61a of the fluid inlet 61. In addition, when the pistons 3
and 4 are pushed toward the outer positions of the cylinder portions 225
to 23b from the hollow portion 24, namely, when thr—.; capacity in the
- 15 cylinder portions 22a to 23b decreases, the cylinder portions 22a to 28b
overlap thé concave portion 62a of the fluid outlet 62. Therefofe, the
pistons 8 an& 4 smoothly move. Further, as described above, the fluid
inlet 61 and the fluid outlet 62 are formed at positions opposed to each
other, the concave portions 61a and 62a are formed across the wide area,
20  and each of the communication holes 61b and 62b is formed so as to have
a large passage area. Thus, the flow resistance of the fluid is small. As
a result of these facts, the pressure of the fluid is efﬁcieﬁtly converted
into the turning force for t_he rotary cylinder member 2, i.e., the output

shaft 21, thereby obtaining the efficient fluid rotating machine 1.

25 . In this fluid rotating machine 1, the revolving rotary motion of the



10 Decenber 2003 60 pistons 3 and 4, i.e., the rotary rmh%@n of, t Qi ston
hol di ng member 5 around the rotation central position X beeeHRRe40a

angul ar velocity rotary notion having a velocity which is twice as high as
.the rotation angular velocity around th&0rotary shaft center 0 of the
~rotary cylinder 5 nenber 2. Furthernore, since the piston 3 reciprocates
bet ween the cylinder portions 22a and 22b once and nakes one turn with

respect to the, support haft 52 while the rotary cylinder menber 2 nakes
one turn, t%Sthbﬁpgt?%ﬁx it pd apnaneieni olothe pigfen belding member 8 and

the rotation 10 nunper of the rotary cylinder nenber 2 is 1:1. That is, the
rati o of t.hé‘roP@gattthr(?ﬁ?ﬁfm centrale positioy Xybecntaes hebengrlar eelocityt i on
nunber .of the piston hol ding menber 5 and the rotation nunmber of the

pi stons 3 af@tary meotdenkaving hevelopityrwhitinfis $vwite asdhigh iss the ratation

Mor eover, as descri bed above, since the |lateral cross-sectional 15 shape
of each of tangylastvedecisy ardusdniie hemryi shaft entat € of thertary eglindes!
shape of each of the cylinder portions 22a to 23b, when the fluid rotating
machi ne 4 i anesdewrif.ed, the top surface, both of the side surfaces and
bottom surface of each of the pistons 3 and 4 are brought into contact

with the surfaces Fafrthbemeyt] sickee th@?ibﬂ:ﬂﬁ 3%4Riprdcaftl B¥EFed the byRRkT ©
| engt h of each of the pistons 3 and 4, thereby assuring the

ai r - ti ght negpirtiondiZd A8AIIMSnRLANE M kdiEoky Eﬁﬂﬁi%ﬁ?ﬂ%#&!ﬁo%ﬁ% ﬁé{’

and the pistons 3 and 4. That is, the fluid can be further assure

prevent ed f repmrt e8Ki WH;ilet |%|H|§ POl ePANHBE RiehhiGéL™s r%%gbg 51?& g#dﬂgﬂ ¢ the

machi ne. 25 Description w now be given as to an e I fren

. relationship between the rotation number of the piston 3 and the rotation
10  number of the rotary cylinder member 2 is 1:1. That is, the ratio of the
rotation number of the rotary cylinder member 2, the rotation number of
the piston holding member 5 and the rotation number of the pistons 3 and

4 relative to the support shafts 52 and 53 is 1:2:1.
Moreover, as describeAd above, since the lateral cross-sectional
-15  shape of each of the pistons 3 and 4 matches with the lateral
cross-sectic;nal shape of each of the cylinder portions 22a to 28b, when the
flnid rotating machine 1 is _assembled, the top surface, both of the sidé
surfaces and bottom surface of each of the pistons 3 and 4 are brought
into contact with the surfaces of the cylinder portions 22a to 23b over the
'20  entire length of each of the pistons 3 and 4, thereby assuring the
air-tightness/liquid-tightness between the cylinder portions 22a to 23b
and the .pistons 3 and 4. That is, the fluid can be further assuredly
prevented from leaking, thus obtaining thev efficient fluid rotating

machine.

25 . Description will now be given as to an embodiment of a fluid
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Incidentally, in this enbodinent, since the fluid rot atfﬁggm%r:@ﬁg as

the drive source basically has the same_structure/principle as the

. structure described in connection with €he embodi nents shown in Figs. 1 to
- 4 except electric 5 generator conmands, |ike reference nunerals denote |ike
or simlar constituent parts, thereby omtting their explanation. Figs. 22

to, 28 show,an exanple of this fluid electrjc generatoy 70. .Ln s fluid
electric g&lRAECEenRYaten Ué%”é&t"ﬁ%l% fﬁaﬁ&%t@ﬂﬂa}g g%%‘ﬁ‘éﬁ? iﬁ“&éﬁ’ﬁ bédnto
the output side of the fluid rotating machine 1 and they are accommodat ed
" in a 10 casithif embpdémentcsinee theBuad getadng aachines 1 amihe Grite souragc| ude
a yoke 73, a magnet 74, a stator core 76 as_an elenment on a fixed side, a
wi ndi ng 77, basicadlshbradhe7samehafrurirefprintiple dscthe gorudtune desegbed in
integrally nolded to a rotary cylinder menber 2, and the yoke 73 and the
magnet 74 arcenheckien with thé embedimentshehawhiindFigsal 1 dor4 iexcepR eldtieic
rotary cylinder nenber 2 is rotatably supported by a | ower case 64 through
a bearing 7geheratori ovimameds.s likebeaferagca nimmeshlsdideaote dikenor asindbiinal
direction. On the other hand, the stator core 76 and the w nding 77.

opposed to ichAastiegenel pafés,atleerebly bmittheg idderexptamitianhe®ige. tBetd @ger
case 64. 20 Incidentally, in this enbodinent, as shown in Fig. 39, a center

of a salierhoRohs haniple FiHiofhiddectPic Seraratsl70POFhithed flefid@16@eNet i C
pole (N or S pole) of the magnet 74, and a groove position which can be

cylinder pQehepsforlAn 4&1%%&1@rg%néf%aﬁ@ﬁémdmsﬁqﬁﬁaﬁﬂe%éﬂ@ﬂwoeﬁﬁw-

That is becCause this structure can inprove the nobility, and generation

and 25 acti wadd o (e TRAA"FOtaBHE WA CAMLMRE tha§! dd AbEdabihtblCin a

cyl i nder
10 casing 6. The electric generator mechanism is configured to include a

yoke 73, a magnet 74, a stator céré 76 as an element on a fixed side, a
winding 77, and a holder 78.
That is, a cylindrical portion 72 is integrally molded to a rotary
cylinder member 2, and the yoke 73 and the magnef 74 are bonded and
- 15 ﬁxed to the cylindrical portion 72. The rotary cylinder member 2 is
rotatably éupported by a lower case 64 through a bearing 7 5 for
simult_aneously bearing a thrust direction and a radial direction. | On the
othef hand, the stator coré 76 and the winding 77 opposed to the magnet.
74 are set in the holder 78 attached to the lower case 64. |
20 Incidentally, in this embodiment, as shown in Fig. 39, a center of a
salient pole of the stator cofe 76, a central position of a magnetic pole (N
or S pole) of the magnet 74, and a groove position whjch_ can be cylinder
portions 22a to 23b are substantially matched with each other. That is
because this structure can improve the mobility, and generation and

25  activation of the maximum torque can be facilitated when the cylinder
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I nvention does not have to be restricted to the above. posirtrona

rel ationship as long as this relationshéﬁ generates no problemfor use. A
- pi ston hol ding nmenber 5 is supported on upper case 63 5 through a
~bearing 79 for sinultaneously bearing the thrust direction and the radial
direction. The upper case 63 is screwed to the |ower case 64, and a space

bet ween these _Gases,oi .S, S e y I.n | that the

T anteni ng ROTaens p2asih2gp HaeY o Hyeres e drshint il ey 3 oMY 1 on
hol di ng nenber, 5, the yofary, cylinder neober and.ot hers ar 10 e for

" shape st abi ?zlé?ir(?ﬁ't‘]%ﬁéei 3:8u8$¥o?£?¥19 \pé)isbtﬁ?r_laﬁ\wgﬂad%orﬁ Pd &8s %ﬁﬁng %0 an
inlet 61 for a fluiid of the fluid J&%tric enerator 70, the rotary

cyl i nder nekgl@tion geé@rwiqmn?rpgog forBséci pl e as the operation

principle shown in Fig. 20, _and the magnet, 74 fixed to the rotary cylinder

nmember 2 rotates i PistpRsheldingomempber fuilhguprortedRmPmraRity cage it or

core 76. Therefore, an electric current is _.produced to the w nding 77,

t her eby fper thronglyadiesging § Sgrasimulbanequsly theaging the threst direcjenamad or

70, since the magnet 74 is arranged around the stator core 76 and the

wi ndi ng 77 the chdialedirpeionde Thmupher icase 63 isi shrewedetoetlie biveerc yageof4,

el ectric generation is inproved. 20 It is to be noted that a reverse

rotati on outpdt ampacbebatbteriméhesd casesait seslediby laalf O 2ihdB0usihds ttbebd | ui d

outlet 62 as an inflow opening for the fluid.and using the fluid inlet 61

as an outfl awtePehanthd bightBring holed inFeddhhef then@isihi 6y theikitinerhnd 4,

cross-sectional shape of each of the 25 pistons 3 and 4 with the |ateral
cross-sect i ghalpistoarsolding acdmbler B ehe rotary cylinder member 2 and others are
10 made for shape stabilization and reduction in weight.
When a fluid is suppliedAt(') an inlet 61 for a fluid of the fluid
electric generator 70, the rotary cylinder member 2 rotates with the same
pijinciple és the oﬁeration principle shown in Fig. 20, aﬁd the magnet 74
fixed to the rdtary cylindef member 2 rotates with respect to the winding
-15 7;7 wound around the stator core 76. Therefore, an electric current is
| produced té the winding 77, thereby performing electric generation. Iﬁ
this fluid electric generator 70, since the magnet 74 is arranged around
the stator core 76 and the Win&ing 77 which are prbvided on the inner
side, the efficiency for electric generation is improved. |
20 - It is to be noted that a reverse rotatioﬁ output may be obtained
from an output shaft 21 by using the fluid outlet 62 as an inflow opening
for the fluid and using the fluid inlet 61 as én outflow opening for the
fluid.
Further, matching the lateral cross-sectional shape of each of the

25  pistons 3 and 4 with the lateral cross-sectional shape of each of the
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for preventing the fluid fromleaking fromthe surround?l%gg%%ﬁéro%&?he
pi stons 3 and 4. Furthernore, the shape of each of the pistons 3 and 4 and
.the lateral cross-sectional shape of ea®3 of the cylinder portions 22a to
23bis 5 not restricted to that shown in Fig. 16. For exanple, they may -
have various different |ateral cross-sectional shapes such as an angular U

shape, a snooth shape, a _hone- e-li ke shape, a trapezoidal shape or an
inverted-tri%?h ofr PeFHipRs é‘gasFR)\%%ﬁi FRIFPEeVideoa stpugtame fox previemtingthe
they may have a square shape as shown in Figs. 34A and 10 34B. In

*addi tion, -t Wdyiddreomdsaking fromnthe shaosndipgiparswithy pistorstdendi4 Fig. 36,
the rotary shaft of the rotary cylinder portion 2 may be deternmi ned as the
output shaft 21 arfuxthennfore, 3he oshapee opieschnoththelipistomsnBeand 4iasd vhg be
determ ned as an output shaft. That is, outputting rotation of at |east-

ei ther the rloteral apbssdetions] skapenf 2acl of ke piylinder holrtiong 2RBeR3b igan
suffice. It i's to be noted that Figs. 35 and 36 show the cross section at

t he same5posndti eestaictelato that Fhownl 3n dhig. i 16. usFoRtekample, they AfdyoWave
opening, the outflow opening and others is elimnated. Further, although

rol'ling bearvaigouerditfegerit 1ab6kal Derdss-see6onhD shéPes UARY lad BS LAY U
cylinder menber 2 in the above description, a sliding bearing er nmay
g

be used to Sy, la sM@otRURARNaBY! b HiRhe FREBAkshapdlld o‘fdalaé]&%g#’g?h

rol ling bearing menbers 8a and 8b are used to support the piston

i SRR AR SO SUBPE AL
chanbers is A¥Brnatively, they may have a square shape as shown in Figs. 34A and
10 34B. In addition,.they may ha%e any other shape.
" Additionally, as shown in‘ Fig. 36, the rotary shaft of the rotary
cylinder portion 2 may be determined as the output shaft 21 and a shaft
51 on the piston holding member 5 side may be determined as an output
shaft. That 'is, outputting rotation of at least either the rotary cylinder
15 member 2 or the piston holding member 5 can suffice. It is fo be noted
'that Figs. 85 and 36 show the cross section at the same position as that in
Fig. 13 and illustration of the inflow opening, the outflow opening and
others is eiiminatled.
Further, although rolling bearing members 7a and 7b are used to
20 - support the rotary cylinder member 2 in the above des'cri_ption, a sliding
bearing member may be used to support the rotary cylinder member 2.
Furthermore, althoﬁgh rollihg bearing members 8a and 8b are used to
support the piston holding member 5, the sliding bearing mémber may be

used to support the piston holding member 5.

25 . Moreover, although the number of the cylinder chambers is two



10 Decenber 2003 64 (the nunber of the cylinder portions1g§mE&HBgr t he
nunber of the pistons is two in the above description, the preseén
invention is not restricted to the conbhg tion of these nunbers. For
-exanpl e, the nunber of the cylinder cha rs may be three (the nunber of
~the 5 cyltnder portions may be six) and the nunber of the pistons may be
three. The operation principle in this case will now be briefly explained

with refere ' Tt . L0 Fig..,37, the rot.ak

vl i nder mengle BRnbEh ofiths ExbiuBel PR RaZH AgneT s 558 mbper’ 33k,
28a and 28b and six 10 sector-ljke base rtio 25 is rotatably arranged

“in the casi nﬁlsg?nﬁ'l‘fgt e 14 ﬁ%lehﬁbog?(a%céi%%f% g@?iméfm o‘tntvie&g‘é%‘zé%l 261d

22b and the hollo portion 24 formthe cylinder chanber 22; the cylinder

bort Lons 23T SHTELLOREEG R 1T TRIPRBROE L ot SBPRTE e EA ieRagBIoh dbor

. 23; and the cylinder ﬁlorti(i),ns 28a and 28b and_the, holl ow portion 24 form
the cyli nder2¥mharspbetheo gylindexdghambers (meypbet Shrep| (Bhe gnusvhsar of the

r ot at abl arranged at an eccentric position of the rotary cylinder nenber

2, and tée exlindeppertionrs maybegix)and the sumbern ¢f the pistons meapbstthnee.

hol di ng menber 5. As simlar to the above-described case, in regard to a

rati o of rot&heospasiatiarhpringtipley im \thindese meitherow? benbiriefliyaekplrinéd twith

pi ston hol ding nmenber 5 20 arranged in the casing 6 of this fluid rotating

machi ne 1, ttefereneetoRig.iftber of the piston hol ding nenber 5 is 2,

whereas the rotation nunber of the rotary cylinder nmenber 2 is 1. The

nunber of times ofIn thei¢wzmpld ehowh ih&igi STorthe3rotdrang/lthdar ignkad ender

chanbers 22, 23 and 28 is 1, and the rotation nunber of the piston

relative to icledirgd thebixaéydthdeiSpaitadds 2%a, 23 28a, 23b, 28a and 28b and six
10  sector-like base portions 25 is rotatably arranged in the caéing 6. That

is, in this example, the cylindef f)ortions 22a and 22b and the hollow

portion 24 form the ‘cylinder chamber 22;'the cylinder portions 23a and
23b‘ and the hollow portion 24 form the cylinder chamber 23; and the

cylinder portions 28a and 28b and the hollow portion 24 form the cylinder

- 15  chamber 28. In addition, the piston holding member 5 is rotatably
arranged ﬁt an eccentric position of the rotary cylinder member 2, and the

three pistons 3, 4 and 9 are rotatably held bj the piston holding member 5.

As similér to the above-described case, in regard to a ratio of rotation of

the rotary cylinder member 2 and rotation of the piston holding member 5

20 arranged in the casing 6 of this fluid rotating machine 1, the rotation

| number of the piston holding member 5 is 2, whereas the rotation number

- of the rotary cylinder member 2 is 1. The number of times of
reciprocation of the pistons 3, 4 and 9 in the cylinder chambers 22, 23 and

28 is 1, and the rotation number of the piston relative to a non-illustrated

25  shaft is also 1.
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20, when the respective pistons 3, 4 and 9 rotate in th?@ﬁg%ﬁgvﬁﬂségba
direction in the drawing by rotation of the piston holding nmenber 5, the
-rotary cylinder nenber 2 also rotates ifidthe same direction with this
" operation: As a 5 result, the piston 3 seemngly reciprocates in the
cylinder chanber 22, the piston 4 seemngly reciprocates in the cylinder
chanber 23 and the piston 9 _seem pgly reciprocates in . the cylinder chanber
23 whi | e cr ossi ng IRFEIS RERMRISpBs SHEHE S s‘i?e“‘@t;}%PéY’}.mlrﬁgi Oy & ed
that the dinension of each of the pistons 3, 4 and 9 10 in the
| ongi t udi nalre@Peeive dHstanssdeit amst 9 rotedn anhdhgeclarkwisendirepiion inathe of
the cylinder chanmbers on both sides of the hollow chanber 24 when crossing
t he hol | ow pvawiog by rotatéeriofthe piston daldingf memzbembsthasoaryscylioder
. crosses the hollow portion 24, it is brought into contact sinmultaneously
with the cylmenderchatberstates ot thotameediieddion with thisdepémition. | Asis
needl ess to say that each of the pistons 3, 4 and 9 is designed so as not
to collifle wekhltablte pidten Hisémingy réciprolatezdn theosdinder dhmbet RoyWhe
chanmber 24. As a result, in the exanple shown in Fig. 37, each of the

pi stons 3, 4istvh 9 seahdhgly sadprovaess hihe cplindenshbinbeei IWangtheqsiston any
cyl i nder chanber, and consequently the respective pistons 20 3, 4 and 9

assuredly wgeéﬁiﬁglaf FedbtaRtee SACHd ¥fiRdés RHEMBEIAPDRIBIIR %rps&%gaﬂﬂa 28.
or

The pressure of the uid is used to performthe notor operation

rotating a nidw pestibaled redpeMivaljalt. Meanwhile, if the operating fluid
is a non-conpressible flui'd, although not shown, six shallow grooves which

Y B T A e, Mg a4 T
10  in the longitudinal direction is such that it can engage with the inner
walls of the cylinder chambers oﬁ'both sides of the hollow chamber 24

when crossing the hollow portion 24. Therefofe, Whén each of the
pistt;ns 3, 4 and 9 crosses the hollow portion 24, it is brought into contact
simu]taneousiy with the cylinder chambers on both of the sides.

15 Incidentally, it is needless to say that each of the pistons 3, 4 and 9 is
designed S(.), as not to collide with any other piston 3, 4 or 9 when crossing

* the hollow chamber 24. As a result, in the example shown in Fig. 37 >

each of the pistons 3, 4 and 9 rotates and moves while constantly being

guided by any cylinder chamber, and consequently the respective pistons

20 3, 4 and 9 assuredly move in or from the respecﬁve cylinder chambers 22,
28 and 28. The pressure of the fluid is used to perform the motor
operation for rotating a non-illustrated output shaft. Meanwhile, if the
operating fluid is a non-compressible fluid, although not shown, six

shallow grooves which 'radially extend 'may be formed to the hollow

25  portion 24 where the cylinder chambers 22, 23 and 28 intersect in some
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back pressure releasing neans, non-illustrated grooves I'ch equally and
radially extend in six directions nmay beggrovided to the hollow portion 24.
‘It is to be noted that such.a fluid rotating nmachine 1 having the 5 three
~cylinder chanbers 22, 23 and 28 and the three pistons 3, 4 and 9 as shown
in Fig. 37 has less torque fluctuations. Figs. 40 to 44 illustrate an
embodi ment icaseki cThubeis; atsatle piytdmberckanp@raiths neeRenehDBatR pRAsAFESENt
invention is constituted as a rotary conpressor for conpressing a fluid by

i nput of turrelerpihgr efeanl) hosiitieRtalted. gRobves %ﬁﬁhb%qﬂ'dﬂg?ie%rﬂ‘q'aﬂ?ﬂ%i ed

in this enbodinent is not restricted to a |iquid suchas or waters and

it may be a &BERAYE 2R Wredtisls ﬁﬁlyalb%g%vﬂ%a- to':ﬂ;et ﬂﬁ'iowlr}}(}eﬁiggxe%ﬁr ence

nuneral s denote parts having the sane structure/princi e structure

- described in the reybadi ERTodANR shBhF) yidlrdiiiheithei 951 Bagho: 1By

thereby omtting 15 their explanation. ons

are forned : [t sint er.ed conpact pof, powder of
metal and AT PEAURERA IR R 2 SROn h84 R ed BiRAGScht BT Ehey
can be satur, | .ad ce wth lubrikcation oil, which is advantageous .
for lubri cats?léﬁqﬁirppﬁé' ggrflsqesilﬁﬁﬁéogq}}ngggéqa ver, it is needless to say

" pi .and be, f db | th terial th

the. sintered mot afiBin Qnith SoBHHERES. HibSIRPOR-BPtS 1onaFhich ke Teternput
shaft is trapsmtted to.a 'rotarci/i cyIir]err menber 2 through a carrier plate
221. G vind¥ T ARRAratEs deserdipgitontha prefentiiaventionyis constBatehiasia ar e

25 opened on g\ surface on the opposite side of a surface opposed to a
pi st on . rotary compressor for compressing a fluid by input of turning force.

16 Incidentally, a fluid to be pushed and supplied in this embodiment is not
restricted to a liquid such as oil or water, and it may be a gaseous body
such as air or gas. Further, like reference numerals denote parts having
the same structure/principle as the | structure described in the
embodiments shown in Figs. 1to 4 and Figs. 13 to 15, thereby omitting

.15 their explanation.
_‘Pistoﬁs 3 and 4 in this embodiment are formed by, for example,
sintered metal (sini;,ered compact .of powder of metal and the. lii:e).
Therefore, the pistons 8 and 4 are porous, and they can be saturated in
advance with lubrication oil, which is advantageous for lubrication of the

20 sliding surfaces. However, it is needless to say that the pistoﬁs 3 and 4
may be formed by using any other material than the sintered metal. |

In this embodiment, rotation of a shaft 21 as an input shaft is
transmitted to a rotary cylinder member 2 through a carrier plate 221.
Giving more specific description, large—diamete; holes 25a which are

25  opened on a surface on the opposite side of a surface opposed to a piston



10 Decenber 2003 67 holding nmenber 5, i.e., on a | ower sjll](gB surfa 'bn
Figs. 41 and 42 are forned in each base portion 25 of t Pgefrﬁlf'?ﬁ&? I nder
menber 2. Further, anong the respective Igarge__-di aneter holes 25a, into two
. linearly arranged | arge-di aneter hol es ? a are inserted carrier shafts 30
- erected 5 and fixed on the carrier plate 221. Wth respect to the carrier
shaft 30, the large-dianeter hole 25a is fornmed so as to be slightly | ong

in the axialholafit Shefhibepds | 9@.,er#]%yldxﬁgle%idpfsﬁ%%g§ &n%%%%zglﬁ@ ﬁ@{égb

Even if the rotation center of the rotary cyll IS devl a
fromthat of , | _ : I - di er. _hal e 25a.ca
excel | ently f%@?&%ﬁ%%%%%aﬁ%ﬁ&g% 5tqrt€2°ﬁgar§ ?i%g’r %&f\g&éer ]%'fflotf%' %‘heFPSBé‘?’&
cyl i nder ne r i L e abser bi t hi.s_devi ati on. cl earance i g, proyi ded
et ween t he SHapf; S8, rEBOSH Tt abrtitiiiar ol Ak, ABHEerve, ifRaRlH <
cl earance enabl es.adjust,oent of.the inclination Qf the carrjer plate 221
Gsw 1 be HESDERBIA¥SEIARetS ARlGepoR ASRAREORed oI als Siendored
into the_rotar haft center ., of the _carrigr plate 221 by press fitting.
This i npfit o fxed on thecarsisr plate 300r | SIBVTRDEES b RbS eaTienEhshiBe; 7
at a central pgrtion of the input shaft 21. Furthernore, an end of the
i nput shaft e lgrgerdiametenholr253 is fprmed somsdodssskighdy long indhemxia}
cylinder nmenber 2 is rotatably supported by a bearing (;l)l ate 32. The
bear i ng pl atenger direstivaneleeylinder porkians 22se £2bn §3ahand 28bar Even ifithee
menber 2 on a flat surface thereof and, as shown in Fig. 45, two
proj ecti on petationscedter afidhsvtarye cytinded membes Déadeniptedrfrane thadbé
respective projection portions 32a and 32b are partially cut to 25
facilitate dheciekatieonptdtet 221, ubheé chirigendiametelbhoby e25a t &ien CokedlAitipn of
10  transmit rotation of the carrier plate 221 to the rotary cylinder member 2
while absorbing this deviation. A clearance is provided between the
carrier plate 221 and the rotary cylinder member 2, and this clearance
enables adjustment of the inclination of thé carrier plate 221 as will be
described later.
- 15 An input shaft 21 is inserted and fizxed into the rotary shaft center
of the carrier plate 221 by press fitting. This input shaft 21 is rotatably |
supported by a sliding bearing member 7 at a central portion of the input
shaft 21. Furthermore, an end of the input shaft 21 protrudes to the
outside of the casing 6. |
20 The rotary cylinder member 2 is rotatably supported by a bearing
plate 32. The bearing plate 82 is a member for rotatably bearing the
rotéry cylinder member 2 on a flat surface thereof and, as shown in Fig.
45, two projection portions 32a and 32b are formed on its bearing surface.

The respective projectioﬁ ‘portions 32a and 32b are partially cut to

25  facilitate circulation of the lubrication oil. Moreover, the cut portion of
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so as to be shifted 90 degrees with respect to the rot a@ﬁaéﬁ?éer?toﬁéh of
the rotary cylinder nenber 2, thereby ay iding the inclination of the
-rotary cylinder nenber 2. As described above; since the rotary cylinder

" menber 2 can be bore by 5 the flat surface in the vicinity of the outer
peri phery, thereof, the rotation state of the rotary cylinder nenber 2 is

stabl ed, angacheof thel prdbétdon poatidhy 39%CMN g 32bNisafdhhbea zsotiketcpﬂg'@ho?ﬁiéﬁon

performance can be assured, . and the reliability can De i nproved. es 32c
bearing. pl at S3ERs FRHEreCPRE: b0 tle AdRhER 3cRoh B Pnb PR bBlihder

by For  oxangHDe A HLr 5 RS g U B R R Ry 2B R s,
BUshi ng. scr div 255 ESPUPER 1A OB SLCpIBel P PP Brs d6apcbe Hare BYar y

15 cyl i nder er 2,.and the drawn rew,33b patctial]l]y nmoves the .

boar ng b ntBe Tt aR S tBE FONLT f E6F PHtes DRSRhery Shonerd, Lhe retation
varying a quantity qf screw ng,the pushing screw 33a.and the drawing  screw
33b can adj@?f‘%ei 9 ‘%&FPF%RST Ghlipder yaemhan Bgisishakledp anddher indinatior
conponent accuracy in the thrust direction can be alleviated. The 20 space
bet ween. t he haxdbhepeeuzs. admaddidinn, dhe opmmessionepenfarnanss sasdbeanssunede
bearing plate 32 is sealed by O rings 43. In addition, holes 32c for

ci rcul ati ng ansk thesrebabiléty san dee improved. THEoleissB88n frol dineylakingeths is
rotatably supported by a bearing plate 34 simlar to the bearing plate 32
supporting tlateredesdardredplehric2don oibareforsied tathe beahimgopkate8R.pl ate 32,
two projection portions 34a and 34b are ' :

10 The inclination of the bearing plate 32 can be adjusted by
adjustment screws 33. The adjustment screws 33 are constituted by, for
example, three pushing screws 33a and three drawing screws 33b, and
they are alternately ari'anged in the circumferential direction. The
_pushing screw 33a partially moves the bearing plate 32 close to the rotary

.15  cylinder member 2, and the drawing screw 33b partially moves the
bearing plate 82 away from the rotary cylinder member 2. Therefore,

- varying a quantity of screwing the pushing screw 33a and the drawing
“screw 33b can adjust the inclination of the bearing plate 32. Therefore,

the component accuracy in the thrust direction can be alleviated. The

20  space between the respective adjustment screws 33, the lower case 64 and
the bearing plate 32 is sealed by O rings.43. In addition, holes 32¢ for
circulating the lubrication oil are formed.

The piston holding member 5 is rotatably supported by a beéring
plate 84 similar to the bearing plate 32 supporting the carrier plate 221.

25 As _similar to the bearing plate 82, two projection portions 34a and 34b are
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hol ding nmenber 5 can be bore on the flat surface in the?éﬁ%ﬁg?gﬂﬁgggtion.
Since the piston holding nenber 5 can b ore by the flat surface in the
"vicinity of the outer periphery thereof 1Tn this manner, the rotation state
~of the piston holding 5 nenber 5 is stabilized, and the. inclination hardly
occurs. Furthernore, the conpression performnce can be assured, and the

reliability foamdito tHPbexadg #mtégl%b’thﬁﬂ? kRs &}é‘&uﬂ‘ R&lggiég ﬁ%ﬁyeﬂ% D

. . b e
| ubrication oil are forned.. The inclination this ["ate can

. be adj ust ed horet i€ thedl 45§t ﬁ?'ﬁﬁ%hﬁéstcﬂ?ﬂ%&éi%g;? i ééer ié]?%%as,totprﬁ}é&%ing

pushi ng screws 33a and 10 three drawi ng screws

conponent acgUrAcH. kN ' | an he . all eviated. e space
be?pween the’cé%spect Fv%éﬁlgocﬁ %@%%e%ﬁ’t ggéﬁg"\%\i;sggﬁgacfeh? &ﬁﬁeﬁc € @‘3-{&%(9 RE
bearin | at ' I .0 _rings .l st e pqted, that the

rot ar ygcs | i n@%ﬁﬁ%ﬁggﬁ&%@gngﬁl@gﬁr&g&rﬁﬁe fQE%tI?)% F%%Eﬁ?ﬁﬁl%ﬁtomlémg he

| ower cage 64 _and the pjst.on hol di menfer .. 5.is supported by a -peripheral
wal | 63d§of ‘?ﬁgﬂtﬁﬁp #e g@b‘?‘é%‘rimi‘?ﬂ%ﬁééﬁgﬁ%lat% I%EF@YQ’(%FEYS-diFéE@QE"mﬂr%,

I n-support-shaft passages 523 and 53a piercing in the axial direction and
t he radi al e nggﬁe%%ﬁ% RETIQIpaRes ¢andippssiresh and the religbility 3anabe

formed to these shafts. The |ater-described |ubrication oil partially flows
t hrough. théd@REYEHporiosenser, fdengds Braciaguladag e lubticatianesilt hee
sliding surfaces between the pistons 3 and 4 and the pi-ston hol di ng nenber
5 and the sifoamed. s rheirelinationof thisbeapiper plath ¥4 catdbe adih5ad dydthide
pistons 3 and_4. . 25 Incidentally, although depending on the degree of

| ubri cati on,adingtment screws 33 constituted by, e.g., three pushing screws 33a and

10  three drawing screws 33b. Therefore, the component accuracy in the
thrust direction can be. alleviated. The space between the respective
adjustment screws 33, the upper case 63 and the bearing plate 34 is
sealed by O rings 42. B

It is to be noted that the rotary cylinder member 2 is supported by
- 15 a peripheral wall 64d of the lower case 64 and the piston holding member
5is supporfed by a'periph'e'ral wall 63d of the upper case 63 with respect

to the radial direction. | |
In-support-shaft passages 52a and 53a piercing in the axial
direction and the radial direction of the respective support shafts 52 and

20 53 are formed to these | shafts. The later-described lubrication oil
partially ﬂows through the in-support-shaft passages 52a and 53a and
lubricates the sliding surfaces between the pistons 8 and 4 and the piston
holding member 5 and the sliding surfaces between the support shafts 52

. and 53 and the pistons 3 and 4.

25 | Incidentally, although depénding on the degree of lubrication, the
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provi ded. The upper case 63 and the | ower case 64 are fi%%ﬁ?ﬂg%rr%% 45,
Further, the space between the upper case@3 and the |ower case 64 is
-sealed by an 0 ring 35. 5 An insertion hole 64e for inserting therethrough
“an input shaft 21 is provided on the bottom portion of the |ower case 64.
Further, a cap 36. is fixed to the bottom portion of the | ower case 64 by

screws 37. Thesuppatett passagdhies20weid 53 enHf ndbdhel PRviaRdi s seal ed by an
O ring 38. Mreover, .the space between the input shaft 21 and the inside

of the 10 conprespigs vppesas8bPUnd HIDbGesRGE efllea'ﬂé"ii{rﬁfﬂe??%%!rev%@-ﬁ“.m g

" concave portion 6la of "a suction opening 61 which i's an | for a

S Lo Tea SRR, TS WAL IURAROME Wb AR b3 Hd Ib| il OBl 81 LN

i nner side fromthe ou st perip sition esée pi

. and 4 nove w | f e rotary cylinder menber 2 and to a .15
position to \/G\}/tﬁllm%cglg heﬁg???l nés@'3 and 4 nove in the vicinity of the holl ow

portion 24. Furthe conea ortion. .62a .0f di schar ge openi 62
whi ch isgan out | et o}r&geartfq%lﬁaf% éi%f%1%3ﬁt% @%8@?9"}% FRICRY ssgéﬁg%%t ly
close to the_front,sjde.fragmthe position.to which th I stons 3 and 4 nove
on the out nggtprgg}qﬁg?)yhﬁﬁ}%%?%ﬂg‘fr%&? %&I}%LPW%‘E &R3P §§71p i %‘(‘J’é'?h%ﬁbféﬁfp 36 20
As descri bed ove, the copcave portio 2a is forned in a very narrow
area with redd&xedtg ﬂ}%%p&o iﬂfg'%d’rnr QEtthﬁOB‘fert Fras §ﬁa€fy’ EyeVAder nEhder 2
as conpared wth the concave portion 6la. Therefore, the_cylinder portions
22a, 22b, 2%8RasAPIHeeR the,lowen sase$4 andrihe epp dv sepled bynas Q) ring 138.t he

pressure in _the cylinder portions 22a, 22b, 23a and 23b sufficiently 25
i ncreases, aeregver; thedsnace: hetween riber inmnt shag 21aandothe issidandf the

10 'compressqr is sealed by a double-stage mechanical seal 99.
A concave portion 61a of a suction opening 61 which is an inlet for
a fluid is formed s0 as to extend from a position which is slightly close to
the imller‘side from the oﬁtmost peripheral position td which these pistons
3 and 4 move with rotation of the rotary cylinder member 2 and-to a
.15 positidri to which the pistons 8 and 4 move in the vicinity of the hollow
portion 24. Furthermore', a concave portion 62a of a discharge opening
62 which is an outlet for a fluid is provided at a position Whiéh is siightly
close to the front side from the position to which thé pistons 3 and 4 move
on the outmost periphery with rotation of the rotary cylinder member 2.
20  As described above, the concave portion 62a is formed in a véry Narrow
area with resplect- to the rotating direction of the rotary cylinder member 2
as compared with the concave portion 6la. Therefore, the cylinder
portions 22a, 22b, 23a and 23b are not opbosed to th_e concave portion 62a
till the pressufe in the cylin_déf portions 22a, 22b, 23a and 23b sufﬁc‘iently

256  increases, and the fluid in the cylinder portions 22a, 22b, 23a and 23b



10 Decenber 2003 71 conpressed by the pistons 3 and 4 ca ' hfb[ ed
fromthe discharge opening 62 at a blast while maintai niﬁ]?@%?&s"&%i gog

pressure. It is to be noted that the preq;ure in the cylinder portions 22a,
-22b, 23a and 23b becones hi ghest when. the pistons 3 and 4 are at the
“outnost 5 peripheral position (position of the cylinder portion 23b in
Fig. 46). On the contrary, the pressure at the suction opening 61 is | ow.

Thus, | eak i 14 | 23b
us, | eakagen9brdsted Huike b!isﬁ;ﬁh‘s heafilld 088 rbeoﬁfstchg.?ge% ?g?%ﬁ@%dgsﬁgaggg o

whi ch are at . the outnost peripheral positions of the:

- the sucti on qRenhe®d: slabeANShAR Cilnit PIRUEN bLENES Totary 10

conpressor- 1, sufficiently enlarging a par rtion indicated
by Ain Fig. 46) el st riL.pheral, posj.ti,on of .the pjistons 3
and 4 and the concav\éﬁgﬁy){t}r {j?ger(lp %ifaE toi]fE @%'é;g\gﬁ%w e s Llﬂ,dﬁ{j p@i“ﬁ?‘é\?%ﬁ‘b@ he
~fluid fromlgaﬁ[(' 'S%DIE gver.,the pressure at .the di sgcharge opening 62 is
subst anti al Iy ‘l’slﬁgazrl C %cson%%%ﬁ%fae\ﬁeq%' ﬁﬁ%l?l%fmﬁ ﬁe%@?ii at %6‘?9]1 sti5
22a, 22b, 233 _and 23b at,.t he out post ,peri pher,al positions of_the pistons 3
and 4. I—%\Ae\Peerr,lpqi’A?‘Fé’i Ii“r?é“?ﬂﬁ&%”@’r P e c&ﬁﬁﬁ‘@%’ POTEON 23R in Big. t460. &n nost
peri pher al %&sei ti og_s of %he i stons 3 and 4, the volume of each of the
cyl i nder porffoRQLFsLy, 358 pressuze abihe; surkiancepening $e i dowst i Thusp
pressure. Thus, the partitiqon portion (portion indicated by Bin Fig. 20
46) between ?ﬂ]'éagﬁlt%é%e @é&lﬁpﬁéﬂhlthﬁdﬁi(lmdm‘spgrtwh% 3a5t 2%, 23anaind 28W t he
concave portion 62a of the discharge opening 62 is simlarly .sufficiently
enl arged i n Wrighranenatothe eutmosfepenipheralpnsitionk iofighe pistandid and 4 to theck
val ve 39. consisting of, e.g., a ball 39a and a spring 39b is provided at
t he di schar gécbiganiengrdngt &lprearenbe t bendidered. 25Howevelr] ot nthigaglyayd.
The check valve 39 is arranged at a position -
10 compressor 1, sufficiently enlarging a partition portion (portion indicated
by A in Fig. 46) between the outmost peripheral position of the pistons 3
and 4 and the concave portion 61a of the suction opening 61 prevents the
fluid from leaking. Moreover, the pressure at thé discharge opening 62
s substantially isobaric as compared with that at the cylinder portions
~15  22a, 22b, 28a and 23b at the outmost peripheral positions of the pistons 3
and 4. Hdwever, when the rotary cylinder member 2 rotates from the
outmost peripheral positions of the pistons 3 and 4, the volume of each of
the cylinder portions 22a, 22b, 238a and 23b increases to cause reduction
in pressure. Thus, the partition portion (portion indicated by B in Fig.
20  46) between the outmost peripheral positions of the pistons 3 and 4 and’
the concave portion 62a of the discharge opening 62 is similarly
-sufficiently enlarged in order to prevent the fluid from leaking.
In addition, a check valve 39 consisting of, e.g., a ball 89a and a

spring 39b is provided at the discharge opening 62 to prevent the fluid

25 from Iﬂowing backward. The check valve 39 is arranged at a position
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the capacity of the check valve 39 on the upstream side and increase the

conpression ratio. This rotary conpressor72l al so has back pressure
‘releasing means. In this enbodiment, the back pressure rel easing nmeans is
constituted by, 5 e.g., cylinder side back pressure releasing neans 13 and
pi st on holdugg menber side back pressure rel easing means 14. The cylinder

si de back pr@f%tite the|waspig prriien 63ariel eakestd Hecrdazekthiyr igy geRBpat ed
between the rotary cylinder nmenber 2 and the |ower case 64 during the

. operation ofchask valvar3P ewithe epstresim adde 20 dSieot AQS tHO bakipPBsHbn tagig Ot ary
cylinder nenber 2 and others. The cylinder side back presSure releasing

means 13.is, for éXsisplotaryacomipeedsdhr Diabschas ﬁ%ﬁ%ﬁSsﬁP&&eﬁggﬁ%g%An%rjs 25

to reach a | arge-di aneter hole 25a. However, the cylinder si

- pressure rellnathisgmbodisnérst, Ithb_bdcksslﬁfésﬁh%’ rbRedsig @R%%n%?s Qélgétg#r{gﬂgb@gu Cer

base portions 25. For exanple, it 15 may be a groove or ne
peri pher@l sugf, agtindertdide B Yre&Xirt AT ...n_Figs, 47
and 48, or a groove 13 formed O%rethe%g%?‘lg%ﬁgggﬁeﬁa%ﬁf%%gl%ﬁtﬁ% li“gaéﬁlgcase
64 as shown ménﬁleﬁ%-idé%a@ﬁi)ré%mmlgééhg}gggbg'1'219 member side back

ac

pressure rel easing means 1 rel eases t préssure generated between
of the rotary cons Seeneaqé sIFRACE o MRRE! roRERiRY mernd i chleptrmiihg
e, Tor exangle D oReY BellsP el BRhodh 8Rp LR haharay mremper bandouver
e PS4 R R o SRR AL B8 BT menss 1 e
exanpl 8o ! hgmoothes rotation of the rotary cylinder member 2 énd others. The
cylinder side back pressure releasing means 13 is, for example,.a hole 13
piercing each of four base portions 25 to reach a large-diameter hole 25a.
However, the cylinder side back pressure releasing means is not
.restricted to the hole 13 piércing the base portions 25. For example, it
.15  may be a groove -13 formed on the outer peripheral .surface of the rotary
cylinder member 2 as shown in Figs. 47 and 48, or a groove 13 formed on
the ‘périphe‘rarl wall l64d of the lower case 64 as shown in Figs. 52 an& 53.
The piston holding member side back pressure réleasing means 14
releases the back pressure generated between the piston holding member
20 5 and the upper case 63 during the operation of the rotary con;lpressor 1
and smoothes. rotation of the piston holding member 5. The piston
holding member side back pfessure‘ releasing means 14 is, for example, a
hole 14 piercing the piston holding member 5. However, the piston
holding member side back i)ressure releasing means is not restricted to

25  the hole 14 piercing the piston holding member 5. Fof example, the
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nmeans nay be a groove 14 formed on an outer peripheral Z§F§Qé®B§¢§¢ﬁ%

pi ston hol ding nenber 5 as shown in,Figi 47 and 48, or a groove 14 fornmed
-on a peripheral wall 63d of the upper ca g 63 as shown in Figs. 52 and 53.
"5 The rotary conpressor 1 is provided wwth a lubrication oil circulation
mechani sm 15. As shown in Fig. 43 for exanple, this lubrication oi

circul ati on gReh@Msa8} | nflygu T O . 0l | k 16,,an_oil
ot | ow passduery aing mbRber il itk st iR mebfR By bichng
6, and. an o} t S I i ng,the.oil fromthe 1Q i.nside of
“ the casing tO({))Q’tl:“l h%i gﬁ-rﬁt@ gn%g%é%%xlglroﬁpﬁﬁ%gg} AEdAeq P%J’ €i EIS%?J?g\’f?lgéﬂgi n
the m ddl e of the okl _infkl ow pas e . The, oil inflow passage 17 is
connect ed toll;lgnﬂbﬁrnb 3% 5 ofgbﬁgd%? a‘i.r?p‘"b?‘iI 46‘S§a°’6fa ﬂﬁ@OYl‘ggéjr'?%%édG@ Fhe
~oil led fromthe |oint Intp the upper case 63 throygh the port 63a is
transnitted H“ﬂ?ﬁ]& ltm@ﬁ}gﬁgofgt}he[ H@P&é@*‘&%@@ﬁﬁ?@%% Aent 22 pndtHd casi ng
6, the cylinder side back pressure releasing means 13, the Bigton hol di ng
menber sPde back SKAtary r e0TeREeT9rdans PRovided jwithuspdnbrisasion oil
passages 52a_and 53a, holes 32c and 34c_of the bearing plates 32 and 34
and ot hers t@reuiptiopameeehanism dilg Asushawes inTRigoi 43 tfeenekhmple puthifr om
a joint 20 attached to _a port 64a of 20 the |ower case 64 to the oil :
out f | ow pasdubsicegioangili greulatismamethonismeldiis candigured. tolmdudiel an oil
circulates fromthe oil tank 16, the oil inflow passage 17, the joint 19,
the port 63dankht6; asiadbinflowimassagey for ldadippthetihfrdiehej ¢il #hnR016t he
oil outflow passage 18 and the oil tank 16 in the nentioned order by
utilizing aidié becasing 6, and 2a il eufove paiseagd ) 8rfok dbadimfhd bA frém Rt ary
cylinder nmenber 2 and the piston hol ding nenber 5. :
10  inside of the casing 6 to the oil tank 16. A non-illustrated filter is
. provided in the middle of the oil inflow passage 17,
The oil inflow passage 17 is connected to a joint 19 attached to a
port 63a of the upper case 63. The oil led from the joint 19 into the upper
case 63 through the port 63a is transmitted through the gaps of the
- 15  respective components in the casing 6, the cylinder side back pressure
releasing means 13, the piston holding member side b'aék pressure
releasing means 14, the in-support-shaft passages 52a and 53a, holes 32¢
~and 34¢ of the bearing plates 32 and 34 and others to lubricate the sliding
-surfaces. The oil then flows out from a joint 20 attached to a port 64a of
20  the lower case 64 to the oil outflow passage 18 and is circulated to the oil
tank 16. This oil circulates from the oil tank 16, the oil inflow passage
17, the joint 19, the port 63a, the inside of the casing 6, the port 64a, the
joint 20, the oil outflow passage 18 and the oil tank 16 in the mentioned

order by utilizing a difference in pressure generated by rotation of the

25  rotary cylinder member 2 and the piston holding member 5.
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and 4 are forned by sintered netal, the lubrication oil penetrated In the
pistons 3 and 4 |eaches out fromthe pisions 3 and 4 by the back pressure
generated by rotation of the piston holding nenber 5 and the |ike so that
"the 5 lubrication oil lubricates the sliding surfaces between the pistons 3
and 4 and the piston holding nenber 5, the sliding surfaces betmeen t he

pistons 3 and 4 arfgcidentedly, idethiBosibedsmeaas, sﬁl?clé tl?@? nd@W are
others. In the rotary conpressor 1 having the above-descri bed s%t‘ruc ur e,

O ahen 1 he fonpied byaihoctbd hefdl, 48 1orfeatfil plll Bl ot 1085 qogtc{I{‘?g

" like, this turning force is trandmtte omthe

carrier pI aded 444 |.i nder_ nmenber t he
p| stons 3 and 4 a%%iﬂt gﬁ%‘f@?ﬁhﬁg’?@fo odh a{r%g Bgttﬁ‘r%%f"lﬁ% Wﬁ?‘?’%gﬁl‘?ﬁa&%ﬁi As
el ativel y 18 APEabY &7 he; gtg&?g@%n%a@ga&bh mﬁ' Ao et 3o P fhender
flad sbked prisabdod1aBrishoep Re Ed%%%" F DeTYIAGR WDAPIFHER 5 okt 21
I S rotated, afno(frﬁ%lt ston hoI d ﬂﬁ{%ﬁedﬂngerb% 5 é rgi@r%gcyl i nder lg&;nber dZ;hand
the |ike per h nSHgiRg Swrfaerfuhetweenothey

t d th lt, th t th
ol i ndr S“#%ﬁoawis%ih‘)%mad 3h5 Gilindesn ppsiipne e ctiandsa dued it cand
t her eby pushla‘(_;3 and supplying the fluid. The operation of the rotary
conpr essor % now be described wth reference to Figs. 49A to 49F. It

is.to be noted that Figs. 49A to 49F 25 show the rotary conpressor .1
every 15 degr eces &R &h%rqf@@mqpnap@sgonﬂ haeing the above-described structure,

10 when the input shaft 21 is driven by a non-illustrated motor or the like,
this turnilng force is transmitted from the input shaft 21 to the carrier
plate 221, the carrier shaft 80, the rotary cylinder member 2, the plstons
3 and 4 and the piston holding member 5 in the mentioned order. As a

" result, the rotary cylinder member 2 and the piston holding member 5

15 rele.tively rotate and move the pistons 3 and 4 W"ﬂ:h respect to the cylinder
chambers 22 apd' 23 in order to discharge, from the discharge opening 62

the fluid sucked from the suction opening 61. That is, when the.input

shaft 21 is rotated, the pieton holding member 5, the rotary cylinder
member 2 and the like perform the rotary motion with the uniform

20  angular velocity ratio and move the pistons 8 and 4. As a :.result, the
capacity in the eyli—pder_ portions 22a, 22b, 23a and 23b is increased and
decreased, thereby pushing and supplying the fluid.

The operation of the rotary compressor 1 will now be described
with reference to Figs. 49A to 49F. It is to be noted that Figs. 49A to 49F

25 show‘the rotary compressor 1 every 15 degrees of the rotary angle of the
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when the respective cylinder portions 22a, 22b, 23a andqgig%ecgﬂgg?ﬁiq%el y
repeat a suction stroke and a conpressi o stroke, the fluid is conpressed.
-The suction stroke will now 5 be first described while paying attention to
"the cylinder portion 23b. Wen the rotary cylinder menber 2 and the piston
hol ding nmenber 5 relatively rotate, the piston 4 noves froma dead point of

the cylinderrotpetichBimdé3mendep d.n Fig. 49A toward the hollow portion 24
(Fig. 49B). Then, when the piston holding nmenber 5 and the rotary cylinder

menber 10 2 rotat L] ' ,g. 49C the cyli,nder portion
* 23b is opposed tgh% 9\1/‘{3:}?’%{5)’? béfﬁ@[}g%%ggeﬁgggttggﬁegggc%ye cxlindsE moghions
openi ng 61, d C he fd w4 is,sucked fromthe suction opening 61 into
the cyli nde%gi%’or%%ng%b%gf alﬂaﬁ)eg%ﬁwl%ﬁf%s’%e@ g@néP&%@H YT ey bt Aof
~th | st 4 L.OS. .49 o R. sequently, en the piston holding 15

menber 5 andERBFBIG § R, fhe AR e S bretiedicr TheeaeBonistolsy iHasow
portion 23b js deviated.fromthe concave portion 6la of. the suction
openi ng él, #%ﬁré%yg?séﬁ’meﬁﬁt‘ﬁ’hﬂgetP@“&Ecﬂt@ﬁt&nr drethergrlindenmpaertiom28b.t he
cyl i nder por%%ﬁb r%t ates_to a position of the cylinder portion 22a
shown in Fig' the rotaphpyiinges memhsre? | and tthet pistor halding anepttesskon

stroke will nqQw .be described while paying attention to the cylinder
portion 22a.r63\ﬁ‘@ﬁelmé0§ﬁt§t hetwistindg maviesr from rotlend spdint roft the eliakerhe
rotary cylinder nenber 2, the piston 3 enters the cylinder portion 22a
fromthe posPartim 8f'3btE‘rl‘éwmIinoﬁig)o&m(tnwa#d(iﬁeghollowl@om SABJFiglheR).t he
pi ston 3 noves toward the outer side position 25 in the cylinder portion
22a by furt h'Ehemgwhendﬂnemistmhnlﬂiagwneyiﬁeﬁrct'eand the rotary cylinder member

10 2 rotate to the ﬁosition shown in Fig. 49C, the cylinder portion 23b is
opposed to (overlaps) the concave portion 61a of the suction opening 61,
and hence the fluid is sucked from the suction opening 61 into the
cylinder portion 238b by a negative pressure generated by movement of thé

| piston 4 (Figs. 49D to F). Subsequently, when the piston holding
- 15 member 5 and the rotary cylinder member 2 further rotate, the cylinder
portion 23b is deviated from the concave portion 6la of the suction
opening 61, thereby términating the suction stroke. Furtherfnore,.when
the cylinder portion 23b rotates to a position of the cylinder portion 22a

s_ho‘wn in Fig. 49A, the compression stroke is started.

20 A This compression stroke will now be described while paying
attention to thg cylinder porfion 22a. When the piston holding member 5
rotates by rotation of the rotary cylinder member 2, the piston 3 enters
the cylinder portion 22a from the position of the hollow portion 24 (Figs.
49A and 49B). Then, the piston 3 moves toward the outer side position

25" in the cylinder portion 22a by further rotation of the rotary cylinder
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49D), thereby conpressing the fluid in the cylinder portﬁgﬁiﬁégpgﬁﬁg%? when
the fluid is sufficiently conpressed (Fi.ﬂ3 49E), the cylinder portion 22a
~overlaps the concave portion 62a of the discharge portion 62 (Fig. 49F)
~and the 5'fluid in the cylinder portion 22a is pushed and supplied by
bursting open the check valve 39. Since the above-described operations are

sequent i al | ymiefeat E(and/\m@p{ﬁ%ﬁ%ldhi?gaﬁé‘ms& isr@%gs.p%éia‘%ﬂfz&éﬁﬁhgﬁéﬁwgéa

and 23b, the pistons 3 and 4 sequent conpress and” suppl
ool ing ci r P PETRAES Hb fufilh BRe URRRARF porblontA AR ueh, WREHES Hhng” ©
and ci rour atri T AENbEbIRREA (99 49, sheclintfyePSition ana pubeiane
6. Thoi dent Sty ORAVE BOBHBBAHE AT BhotlivihaTes gorkon BRAYNEAOFIrend ther | o
meber 25 and UL e SHLRGFETGHABr G2 15D asheARnd svEplioh boahurdsing open
Lo the pi ot eIt Terbr si de 5. Mbreover: In the, embodi ment shown in-
Fig. 40, the rotary cylinder nmenber 2 and the piston holding nenber 5 are
supported by the bEREEnEhe @bsveslespribed gperatiome arei sequertsalyngpeated
However, the rolling bearing such as a ball bearing nay be used to support
the rotary cyithnerspesttioéhe z5lindendarbionsi 222231 28anand@dieths. pistons 3
and 4 sequentially compress and supply the fluid.
10 This rotary compressor 1 | éan be uéed as, for example, a
compressor of a'cooling circuit cohstit;uted by an evaporator, a condenser,
a capillary tube, a radiator pipe and others. That is', it-can be used for
Vcﬁompressing and circulating reﬁigerant utih'zed. for heat exchange.
| Furthermore, a motor for rotating the input ' shaft- 21 may 'lbe
- 15  accommodated in the casing 6. |
Incidentally, in the embodiment shown in Fig. 41, the input shaft
21 is arranged ‘011 only the fotary cylinder member 2 side of the Il'otary
cylinder member‘ 2 and tile piston holding member 5 so that rotation can
be transmitted. However, rotation of tBe iﬁput shaft 21 may be
20 transmitted to the piston holding member side 5.
Moreover, in the embodiment shown in Fig. 40, the rotary cylinder
member 2 and the piston holding member 5 are supported by the bearing
plates 32 and 34 as the sliding bearings. However, the rolling bearing

such as a ball bearing may be used to support the rotary cylinder member

25 2 and the piston holding member 5.
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in Fig. 50 may be used. Additionally, in the enbodi nent ShoO % . 40,
al t hough the support shafts 52 and 53 ake directly inserted into the hol es
+3a and 4a in 5 the pistons 3 and 4, a guide piece 44 may be provided

" between them The guide piece 44 is shown in Fig. 46. Slight jounce is
provi ded between the guide piece 44 and the holes 3a and 4a of the pistons

3 and 4 in the piktadditicH, e B8 HbaRebiNltes 88", : ' .shaft
center of each of the support shafts gzﬂan?f g% a?{sd)gg\/?lg%lggomﬁgé%hg@f
the 10 aut orgiagthofsé@ntral positions X1 and X2, the rotary notion of the
pistons 3 and 4 can be perfornmed around the rotation central position X

w1 absor 10, ARk AIRRL A end MRS S D HRECERL ARG ERY
herehy e KRBATRYLAH b g SRy At LT A i

o 2 38 g AL R 0 MRy Beredha i St
AIALCANKE: FaEt b L ARG I R I R

the rotary |i nder nenber 2, the carrier plate 221 and the carrier shaft
30 can be el fHesnddhegaderpicrn ddiand the hplesc3m apd 4a véthe pistonstEandot ar y
cylinder nenber 2 jf the conponent accuracy can be assured. Furthernore,
al t hough t héPothq pisten wisdthwdse gizastionng Bhenefone; evien if 2hetdtefewbatémnent
shown in Fig. 40, a _mechanical seal and others nay be . _

each of the support shafts 52 and 53 is deviated from each of the

10  autorotation central positions X1 and X2, the rotary motion of the pistons

3 and 4 can be performed around the rotation central position X while

absorbing that deviation. Thus, the required processing accuracy of the

components can be lowered, and the processing can be facilitated, thereby

~ reducing the manufacturing cost.

.15 Additionally, in the embodiment shown in Fig. '40, although the
inclination of the bearing plates 32 and 34 is adjusted by the adjustment
screws 33, the adjustment screws 83 can be eliminated when t]ie
component accuracy can be assured.

Further, in the embodiment shown in Fig. 40, although the carrier

20  plate 221 and the carrier shaft 80 are provided between the input shaft 21

and the rotarj cylinder member 2, the carrier plate 221 and the -carrier

shaft 30 can be eliminated and the input shaft 21 can be attached to the
rotary cylinder member 2 if the component accuracy can be assured.

Furthermore, although the O ring is used as a sealing structure in

25 the embodiment shown in Fig. 40, a mechanical seal and others may be



10 Decenber 2003 78 used. Moreover, the drive notor may
connected to the input shaft, and setting these nenbersqggﬂgéﬁBEJéb03
non-illustrated pressure container can ggininate the O ring. In addition,
“the nunber of the cylinder portions may six and 5 the nunber of the
 pi stons maybe three. That is,, as shown in Fig. 51, the "six cylinder
portions 22a, 22b, 23a, 23b, 28a and 28b and the three pistons 3, 4 and 9

b i : i .af i ' t th
moverent. of "the prayenyeh A BPHRGmoa mAPbEREAR SPhRaed? dh B i,
23 and 28 i ' i t t I 10 sh .in Fig.
* 37 and hencSb bl SeEEFEHde S MBuBE IR fin iR sFPSE Pogpcii caRtodRaR ne”
rotary conpr, .combined to provide a nmulti-stage type rotary

SQI.S: 1 b
conpr essor. @fg}%w?@%gﬁ}r’&sed fluid to flowinto the conpressor 1 on
- the next stage cap obfain the fluid haying a higher pressure. 15
| nci dental |y, al tﬁwﬁ%@,ﬁ&vﬁu%m@m sEHndRE porsioss may betsédiansht s
accordi tght heng glge 1t: i nvention, the_present invention is not.

restrictled thend Repistans may bedhreonsThahinasshnwaiin figt 51, the
departing fromthe_ scope_ of the invention. For exanpl-e, the cylinder

portions doSHotylhader perthenegdal R9bp2%m:i 2fidy 28a amé 28brandhiter thitcieaisiths
direction with respect to the rotary cylinder nmenmber 2. For exanple, as
shown in Fi § %4nd [ myy ibei@ropitad. onkt 224p bPemotedatieatd tR8redationshigoe
equally provided in the circunferential direction with respect to the
rotary cyl i hetweemthermavementhei theapistbmsu3, idnafld @ ah, thateofaHe aeider
portions 22a, 22b, 23a 25 and 23b may be forned so as to be offset from
the rotary ehambersr®3r2® anfid 28 in this case is the same as that of the example
10  shown in Fig. 37 and hence its explanation is omitted.
Additionally, a plurality of the rotary compressors 1 may be
- combined to provide a multi-stage type rotary compressor. Causing the
compressed fluid to flow into the compressor 1 on the next si:age' can
_ obtain the fluid having a higher pressure.
15 Incidentally, although the above has described the preferred
' embodiments according to the present invention, the present invention is
not restricted thereto, and various modifications can be.made without
departing from the scope of the invention. For ‘exan':lple, the cylinder
portions do not have to be equally provided in the circumferential
20  direction with respect to the rotary cylinder member 2. For example, as
shown in Fig. 54, the cylinder portions 22a, 22b, 23a and 23b may not be -
equally provided in the circumferential direction with respect to the
rotary cylinder member 2.

Further, as shown in Fig. 55, the cylinder portions 22a, 22b, 23a

25  and 23b may be formed so as to be offset from the rotary shaft center O of



10 Decenber 2003 79 the rotary cylinder nmenber 2. FurtheqgpeemBlidiagh not
shown, wi dths of the pistons may be different fromeach other. Moreover,

magnets may be arranged to the pistons o7the base portion of the rotary
“cylinder nmenber so that the magnetic flui'd can 5 prevent the fluid from
| eaki ng from the gap between these nmembers. The concept .of such a structure
Is shown in, for exanple, Fig. 56. Magnets 590 are arranged in the piston

3, the Wgneﬁh@r&ﬁaﬂ&@yﬁ%ﬁeﬁneﬁ%ﬁf od ﬁﬁﬂ@fﬂﬁﬁé Oalﬁ:ﬁ&%gﬁ%%gfsﬁoy’go S0, e ‘ﬁgén

magnets 590 are provid In . the vici € con

. the piston 3,mHb %ﬁ%ﬁé‘/h{‘/@’dﬁgsucﬁfmﬁ%%ﬂta{hth' s enbodi nent, at the

center of the pis Fach magnet 590 draws the
magnetic fluid 59 ton 3 _and holds it he outer periphery
thereof. As a reSt]JiYItO e <H]l§- %é%%ﬁs gy He AHFEeINt ‘béhf’lll"ls&}lﬁ eriihe bage
bet ween t he ton e rot der er 2, and the fluid can
be prevent ed&#&tﬂﬂ 1° g en§° Ity Péerlag@'élgrerrto that gheemagnetic fhtid can

ref er enc char act N ne pol es of each magnet 590.
| nci dent ﬂb?péla“da E}? @ ne g‘%na?h%rg@@d betweer thieseomenbemy be
one shown |r]gg|g 57. A%‘Ertronall , for exa as shown in Fig. 58 or 59,
t he nagnet s 599 ?FH’;PeBE SH6Bed € qcrﬁrérebagengowm dns fof efarmple, Fig.r G6ary
cyl i nder 2 m% ace of arrangi ng the magnets 590 in the piston 3.
Furt her, as §recurrapgedxanphe, pistem 3othermagaetit fiaed F9ul [ow
portion 24 of the rotary cylinder nenber 2 .may be chanfered. By
chanf eri ng i9®usgstonadipene, tavtlae magneis Hahs 'Bhamlag’mﬂaswﬂ areyaovidal 2o
hol | ow portion 24 of the rotary cylinder nmenber 2, they can snoothly

the vicinity of the contact portion between the piston 3 and the cylinder

10  chamber or, in this embodiment, at the center of the piston 3. With such
a structure, each magnet 590 dravtrs the magnetic fluid 591 to the piston 3
and holds it r)n the outer periphery thereof. As a result, the magnetic
fluid 591 can be f"ﬂled in the gap between the piston 3 and the rotary
cylinder member 2, and the fluid can be prevented from leaking from this

15  gap. Itisto be noted that reference characters N and S denote magnetic
_poles of eaéh magnet 590.

Incidentally, the shape of the magnet 590 arranged in the piston 3

may be one shown in Fig. 57. Additionally, for example, as shown in Fig..

58 or 59, the magnets 590 may be arranged to the base portions 25 of the

20 rotary cylinder member 2 in place of arranging the magnets 590 in the

piston 3.

~ Further, as shown in Fig. 60 for example, each corner 24a of the
hollow portion 24 of the rotary cylinder member 2 may be chamfered. By
chamfering in this manner, when the pistons 8 and 4 paés through the

25 hollow portion 24 of the rotary cylinder member 2, they can smoothly



10 Decenber 2003 80 nove to the next cylinder chanbers eqygemdcEmbBe2003
orientation of the pistons 3 and 4 with respect to the proceeding
direction is inclined. In this case, altgyugh the pistons 3 and 4 may be
~chanfered, chanfering on the rotary cylinder nmenber 2 as shown in Fig. 60
I's nore desirable than chanfering 5 on the pistons 3 and 4. |If chanfering
Is carried out on the piston side, the chanfered portion becones a gap

even if the mpbeeédo thetmixteyliddehehaeilidedveRETitAB & n Sl y
cylinder menber, and the conpressed fluid remains. -|I_1hl sﬂ)?le%ﬁﬁnerﬁm%ﬁ@é

~ hangs over tend HewiiresgdctWeeshd P%&Qﬂﬂ%tﬁfé&{(ﬁ{ id9ndl gl?ec?f fh? gef,seeg ent

particul ar, when the 10 rotary cylinder apparatus according to t

i nvention I%lﬂ@&hglﬁfﬂh&%lsﬁdiﬁ ARR' LAY be MRLARI Y | (bRl ng{fg@ﬁc&ggg |

degr ades the efficiency as e conpreéssor, but

fluid SUdde%Yln@é?%gﬁabeWQs%%W RGN Y B0 L0E ot Y ghucanbe @

factor for génerating noises or VI

hanf t 5 rpt I d dth t
have cornar o™ PREBERAIS it 3 TE RO Bl Faftae v o the Tigsaede,
pressure at 4 h erl heral osition of the cylinder can be

decr eased, th @'ﬁaﬁg‘i’ et%ﬁ'g Han %Cr?ﬁ‘@)‘fsﬁlayg%\ﬁev% ﬁé}@h? Bighaxn iratateseto the
efficiency qf ,the ap t us.as npressor. 20 Furthernore, the back
pressur e re?)élg 5*@1‘?’&59 ﬁé‘iepaggaéé“s r@ﬁGYaﬁH iggder s vaombien, Fings. tifd t o
63, for exanple. S,, as shown in Figs, 61 to 63 for exanple, it is
possible to® B}Hﬁeﬁﬁ“e& de'!s‘éa'{fénﬁw c'%‘hﬁfhﬁﬂré&mlng fhoidh hangsf overt toatht hagk
sides of the,r k’l nder menber 2 and the passage 581 conmuni cati ng
both the fréFFEO d 1}%@ y2deterieenting t the wfficienchiol dnnpamtivhkar, Swhén the s

case, it is needless to say
10 rotary cylinder apparatus according to the present invention is applied to

the compressor, not only the remaining fluid degrades the efficiency as
" the compressor, but the r.emaining compressed fluid suddenly expands
when communicating with the inlet, v}hich can be a factor for ge.nerating
noises or vibrations. On the contrary, when chamfering is applied on the
~156  rotary cyhnder member side and the pistons have corners, the remaining
capacity of the fluid having the max1mum pressure at the outmost
peripheral position of the cylinder can be decreased, and the pistons can
smioothly move without lowering the efficiency of the apparatus as the
COMPressor. |
20 . . Furthermore, the back pressure releasing means may be passages
.580 and 581 shown in Figé. 61 to 63, for example. That is, as shown in
Figs. 61 to 63 for example, it is possible to form the passage 580
communicating both the front and back sides of the rotary cylinder
'member 2 and the passage 581 communicating both the front and back

25  sides of the piston holding member 5. In this case, it is needless to say



10 Decenber 2003 81 that the passages 580 and 581 are noygmRetmbet®/fhst 0 a
specific shape or dinension. Myreover, a recession 582 may be fornmed on
the top surface of each base portion 25g f the rotary cylinder nenber 2 or
“a recession 583 nmay be formed around the opening portion of the passage

581 of the 5 piston holding nmenber 5. In this case, it i.s needless to say
that the respective recessions 582 and 583 are not restricted to a

speci fi.c_shaimtothe Paiiifd:0ps0 dh@BY1 A not st gea et dafgchl i gpans

for detecting the rotation nunber of the rotary cylinder r

LT e, S0 m RS G

exanpl e in which the rotat cting’ neans
fluid ‘el ectyd s SEHSY : inder apparatus. In this fluid
electric gener ac?lor, eta#’e)‘rtb‘?ﬁgé@é"ﬁ%éﬁ%"ﬁ#&ﬂ‘g@% € rg% OF SeqeefsIon 083 g |
- metal, and I or 571.is attached at .a posiiion of the piston
hol di ng nenblglragﬁéggogﬁ%gs%ﬁmf%d (e PPEINE PARtIBR: °§ ﬁé?t&aﬁ’@@gan%ga@f the
Additional ly,. detection _outputs of the piston, support shafts 53 and 53 by
t he net a$ se‘HEg?n g‘fidﬁ}%m%gﬁ{}d g éﬁ’c"'gﬁ‘i’ﬁ‘-‘erl.t ks ngedlosg| fo, sayethast the on
nunber of the flﬁgd electric_generator is detected. ‘However, the present
i nventi on i SERBECIIYRLPCGEEINS 98¢ anddfRane aot restréstediosa specifie sapeot, a
hal | el enment. 20 573 or the like for detecting rotation of the nmagnet 572
may be provitBPP8ESNt hat counting detection outputs fromthese el enents by
a counter can detect the rotation nunber of the fluid electric generator.
Further, a- non-i Ipuaddidieny vadatiege nunberedebaopinge means dorl detdeting the
rotation nunber of the fluid electric generator nmay be detected based on
the sine wavetakenasumber f lecrotary gdimtet embert @uor thergistsiioddirdghe
rotation nunber of ‘
member 5 may be provided. For example, Fig. 64 shows an example in
which the rotation number dete'cting means is provided to the fluid
electric generator as the rotary cylinder apparatus. In this fluid electric
generator, the piston support shafts 52 énd 53 consist of, e.g., metal, and
a metal sensor 571 is attached at a position of the piston holding member
- 15 .5 opposed to the piston support shafts 52 and 53. Additionally, detection
outputs of the piston support shafts 53 and 53 by the metal sensor 571 are
counted by a counter. As a result, the rbtatibn number of the fluid
electric generator is detected. However, the present invéntion is not
restricted to this method. For example, an MR ele.ment, a hail elemeni:
20 573 or the like for detecting rotation of the magnet 572 may be provided
so that counting detection outputs from these elements by a counter can
detect the rotation number of the fluid electric generator. Further, a
non-illustrated voltage limiter may be provided and the rotation number

of the fluid electric generator may be detected based on the sine waveform

25 . of thtf.l electric generation output. Furthermore, the rotation number of



10 Decenber 2003 82 the fluid electric generator may be qgtlj%%ﬁ.‘gepyo%

providing a non-illustrated slit plate to the outer ring of t magnet
572, providing a non-illustrated photo- ig% errupter on the case side,
~detecting the light passing through the slit plate by the '

~photo-interrupter and counting the detection value by 5.a counter.
Furthernore, as shown in, e.g., Fig. 65, providing the rotation nunber
detecting netresfltind é‘l_eetfiofg%mér@wrlmdyrbeacl)&%&ﬁéd'ﬁy?mﬁé'a%oﬂﬁﬁusl%ﬁgal €
a flowneter. As simlar.to the exanple shown in Fig. 64, I1n "thi's exanple,

_ the piston sipelite tbale Gt ¥nsdFTRY rﬁﬁgfﬁb%'&f r&iain%élo%{ﬁﬁ-gﬁhg@égﬁga'

sensor 571 may be attached to a position t he stton

opposed to tgknteii a 0 etection o ut s, of

t he piston slgg)porlgl %%ﬂt 292{21{ ;;%EGJ%% b?l}ate hng rifg‘?%?grs@r?sggh Sﬁb“%ﬁ?ﬁ?‘é@hby a

- counter. MrgQVv . ttached.to.fhe rotary cylinder
nenber 2; ar??l (I%/qugti%ltr?tgﬁp g a ﬁé‘lﬁ&%éng%r&ﬁftfg cQ %%t}tl?%gtgcgp%ggé& b¥g

rotati ong of atg&l net 572 may be provided; and outputs fromthese

el ements may be counted by a counter, thereby detecting the rotation
nunber of the ro?‘ mgiler. | n addition,, the rg,tation nunper of the flow
meter may be det ectBIRETRO PP SRIGTR ithofrEi Figt Pat egowiding phha eotatiome
outer ring of tEe %gn(ﬁt 572; Igrgviﬂi ng.,a 20 non-illustrated

phot o- i nt erMPEEFT C&L¢HINE Jaeans @ thyaptary Rylinder ppparatysaean obtaiw, dugh
the slit plate by the_photo-interrupter; and counting the detection value
by a count efXa81Rlee 2 flgWamietey. ofsisinilambn thﬁeema}t%ﬁhmyhiim&gnﬁmbhi
makes one turn is known in the volune type flow neter, a total quantity of
flow can be tHERSERABIPISy theupistery sunporbtehaforbemse53 Baybyondiet agyRleL! -

10 metal; a metal sensor 571 may be attached to a position of the piston
holding memﬁer 5 opposed to the piston support shafts 52 and 53; and
‘detection outputs of the piston support shafts' 52 and 53 by the metal
sénsor may be counted. by a counter. Moreover, the magﬁet 572 may be

" attached to the rotary c.ylinder member 2; an MR element, a hall element

.15 57 3 or the like for detecting rotation of the magnet 572 lﬁay be provided;
and outputé from these elements‘ may be counted by a counter, thereby
detecting the rotatioﬁ number of the flow meter. In additioﬂ, the
rotation number of the flow meter may be detected b&: providing a
hon—il_lustrated slit plate to the outer ring of the magnet 572; providing a

20  non-illustrated photo-interrupter to the case side; detecting' the light
passing through the slit plate by the photo-interrupter; and counting the
detection value by a counter. Since a quantity of flow when the rotary
cylinder member makes one turn is known in the volume type flow meter,
a total quantity of flow can be measured by counting the rotation number

25 by the counter.



to the present invention is applied to the flow neter, providing the
rotation nunber detecting neans can ele ically detect a quantity of flow
“of the .fluid. Thus, based on the detected quantity of flow, for exanple,
a 5 sol enoi d-oper at ed openi ng/cl osing val ve provided in.the flow passage
can be controlled to be on/off, or an alarmcan be given when a quantity
of flow reaches arpapds! arHeActhe'dhiifty cylinbbRCspBARaSa stk Nd il OO
for exanple, when the rotary cylinder “apparatus according to pr esent
i nvention i spMsedt 4% vankioH idi t] er

% otiosl e st TRo b Blod b, WGvIdIhE LR rOYIGh.

det ecti ng neans, the operation punp cah*be su

f eedback co e | i: r ot aj 4 .1 e be detect b h
et hodsi m 1 piesr ibetife, s e HeBCHID HotRY o oetis o o of dfiey
- nmotor 563 camnt rol.l ed ;base on .th ount nunber . obt gj ned by

count er . 1%6{)‘%%@%653 hasgdygn g]ae 1&etﬁc$et5fé?”5f‘%5ﬁ R eﬂogpgj%’ aff’fﬁnpfle, a
conprisipg: a,rotary cylinder ne r .havi a pl lity of cylinder
chanber ng or%ﬁnoﬁﬁé?%‘t%&ead’%ngp “ghﬂ%gt‘ﬁ?gﬁ@’i“‘&%& he flovt passags cand
rotating araqund sai rotary s t center; a piston having reciprocating
| i near noti off CAR @T]F‘éc@ g&n?re}]@?fr,\mrt%niaigr@eca@fbesamncwhemdérq@mmmf,
wherein said_cylinder chanbers intersect at said rotary shaft center of
sai d rot ary Bovinegehesramredetermined waljlen of a portion where said

10 Decenber 2003 83 That is, when the rotary cylinder appgiREspacssyzdi ng
h

Furthermore, as shown in Fig. 66 for example, when the rotary
cylinder apparatus according to the present invention is used as a fluid
10  pump, by providing the rotation number detecting means, the operation of
the fluid pump can be subjected- to the feedback control. That is, the
rotation number may be detected by the method similar to that of the flow
meter shown in Fig. 65, and the drive motor 563 may be éontrolled baéed

on the count number obtained by a counter.

15



cylinder chanbers intersect in a noving direction of said piston is shorter
than a length of said piston; and a piston hol ding nenber ho'ﬂhﬁgﬁ@&%d

pi ston and rotating around a rotation center eccentric from sal ry
shaft center of said rotary cylinder nenber; and a casing rotatably
supporting and accommodating said rotary cylinder nenber and said piston
hol di ng nmenber and having at |least one inlet for a fluid and at |east one
outlet for the fluid, wherein said pistg@p is rotatably held at a position
away fromgppgyget ati on center of said piston holding nenber by a fixed

di stance. Z. A rotary cylinder apparatus according to claiml1, wherein a
guide portion for guiding said piston in a sliding direction is forned to

at | east dne ofA &ﬁé@@ﬁhd@ﬂ@ppar@hﬁ?&ﬂhprisiﬁgﬂ a gui de engagenent portion for
engaging with said guide portionis fornmed to said piston. 3. Arotary
cyl i nder appar @ (aRcedindengnersber haring, a iwaliyrofs gylimdenicbambers ferovedied t o

Shait t contartel W5e8 to s HOROR oL OREY SeR S REr AR GHGNRE aR i SRIET

said pi stemrpehditrent@nber so as to comunicate with at |east one of said
cylinder chambers, and said outlet is provided to said casing in the other
one of said ar @pistaphadingdecipnocatingalireeari mbtismiin soyface dentadiavitreinside® Dec

2o ace. aictaig Tkl HiBbRn SARTERL G S RIe oMt e T 0P
surface. Snaft deptaof s‘é)ﬂl r@ﬁ@g@@géf ?ﬁédfﬁbéﬁ%%dé @g&ﬁ of hgird;}i&n WHREGLRY 2

| ateral cross- sectiona sai prston a a | at Cr 0SS-SseéecC | onal
shape of atylihdaschambersinteraedt inyd moding dinectiver of saié piston isshe@peanwhi ch

forma S”%rlagt%aﬁ sfa?é p{es?c?nb;lainrc]ig sliding.
a piston holding member holding said piston and rotating around a rotation
center eccentric from said rotary shaft center of said rotary cylinder member; and
a casing rotatably supporting and accommodating said rotary cylinder
member and said piston holding member and having at least one inlet for a fluid
and at least one outlet for the fluid, wherein said piston is rotatably held at a
position away from said rotation center of said piston holding member by a fixed
distance.

2. A rotary cylinder apparatus according to claim 1, wherein a guide portion
for guiding said piston in a sliding direction is formed to at least one of said cylinder
chambers, and a guide engagement portion for engaging with said guide portion is

formed to said piston.

3. A rotary cylinder apparatus according to claim 1, wherein said inlet is
provided to said casing in one of two areas divided by a line connecting said rotary
shaft center of said rotary cylinder member and said rotation center of said
piston holding member so as to communicate with at least one of said cylinder
chambers, and said outlet is provided to said casing in the other one of said areas
so as to communicate with said cylinder chamber.



6. Arotary cylinder apparatus according to claim1, wherein back pressure
rel easi ng neans for reducing a back pressure is provided to slidin

surfaces of said rotary cylinder nenber, said piston hoIding1ﬁéﬁﬁng§nd
said piston. 7. Arotary cylinder apparatus according to claim1l1, wherein
said rotary cylinder nmenber and said piston holding nmenber are rotatably
supported by a bearing nenber sinultaneously bearing a thrust |oad and a
radial load. 8. Arotary cylinder apparggus according to claim1, wherein
said rotary cylinder nmenber is rotatably supported by a bearing plate, and
said bearing plate is configured to be adjustable by an adjusting pushing

screw and an adj usting,. draw n crew. 9. rotary | i.nder arat u
accordi ng 4?0 C?‘g{oﬁ?q,cg/\l/!ﬂ(g re?%%ﬁ@a‘ a&cg{cﬁ?'g @8'?5? ﬂgwﬁéf‘ﬁi@@ ?"g%’):gtqtsé]!ﬂs y
suppor t ed pistos oppasedth BAidtHston HbIgiAY tnd1ABE! R fiR sirfaces configured to be
adj ust abl e by an adj usting pushing screw and an adjusting drawi ng screw.

10. A rotary cylinder apparatus according to claiml1l, wherein a nagnetic

fluid is g ranged;i : i d .ni st : ne of
sai'd oyl thdor B HIRAG APt R aRad iRl T et e bR
sai d gap isectichdDehap@0Bs8id mstoniahelda lateral vioskictliond] shapef atleagbbhé on

bet ween sai d iss,o a‘ggl said cylinder chanmber. 11. A rotary cylinder

appar at us Ch88 r“d‘i'ﬂée ANBers are siyniaicshargs wiigh forgma ssnalkgariforgnablingr
chanbers isgdiﬁg.r anged to said rotary cylinder nmenber at position equally
distributed 1h a circunferential direction. 12. A rotary cylinder apparatus
according to claiml1l, wherein a chanfered portion is fornmed to a portion

where sai % p! ucﬁa}dtgx/ 8;"nsdaelr%p%lrétrt]j%ee{ccording to claim 1, wherein back pressure
releasing means for reducing a back pressure is provided to sliding surfaces of

said rotary cylinder member, said piston holding member and said piston.

7. A rotary cylinder apparatus according to claim 1, wherein said rotary
cylinder member and said piston holding member are rotatably supported by a

bearing member simuitaneously bearing a thrust load and a radial load.

8. A rotary cylinder apparatus according to claim 1, wherein said rotary
cylinder member is rotatably supported by a bearing plate, and said bearing
plate is configured to be adjustable by an adjusting pushing screw and an adjusting

drawing screw.

9. A rotary cylinder apparatus according to claim 1, wherein said piston
holding member is rotatably supported by a bearing plate, and said bearing
plate is

configured to be adjustable by an adjusting pushing screw and an adjusting drawing

SCrew.

10.  Arrotary cylinder apparatus according to claim 1, wherein a magnetic
fluid is arranged in a gap formed between said piston and at least one of said

cylinder chambers, and a magnet for holding said magnetic fluid in said gap is



chanbers intersect. 13. A rotary cylinder apparatus conprising: a rotary

cyl i nder nenber having a cylinder chanber formed thereto so asw'h[p tzB@BSS
through a rotary shaft center and rotating around said rotary s art-center,

said rotary cylinder nenber is rotatably supported by a bearing plate, said
bearing plate is configured to be adjustable by an adjusting pushing screw
and an adjusting drawing screw, a piston denonstrating reciprocating

i near notion in surface contact with ggiside of said cylinder chanbers; a
pi ston hol di ng nmenber hol ding said piston and rotating around a rotation
center eccentric fromsaid rotary shaft center of said rotary cylinder

menber; and . asi ng. r,ot at abl uppor t. and_acconnodati ng, sgid rotary
oyl nder neowided Ve ofp Z8ntadt BPRRS AeBlrsT BRIER PR 2 Flindef one
inlet for Raflpdrd and at | east one outlet for the fluid, wherein said
piston is rotatably held at a position away fromsaid rotation center of
sai d piston hol ding nenber by a fixed distance. 14. A rotary cylinder

apparatus gccording to.claim 13, wherein a i de ortion for quiding said
pi ston inld-sl A &W@ria@ﬁaf%us BFGRTEINg o Zaimdawhesi ableashp 988 c 2003

87 cylindeg: ] ' ; : t (Ne]s ' hEh said
gui o pordlaeh ERberdisaRalba SRRTSRI SR haRer ot POgTch Sauay | o
accor di ng digtriblitedrim s:ircohderintiabdirection. et is provided to said casing in

one of two areas divided by a |line connecting said rotary shaft center of
said rotary cylinder nenber and said rotation center of said piston

chanbers. 2nd. £ ofaly FPUEARLEBp g0 docorBind E8IMGT fhef@hG htr ' one of
sai d ar eaghamfered portion is formed to a portion where said plurality of said cylinder

chambers intersect.

13.  Arotary cylinder apparatus comprising:

a rotary cylinder member having a cylinder chamber formed thereto so as to
pass through a rotary shaft center and rotating around said rotary shaft center,
said rotary cylinder member is rotatably supported by a bearing plate, said bearing
plate is configured to be adjustable by an adjusting pushing screw and an
adjusting drawing screw;

a piston demonstrating reciprocating linear motion in surface contact with
inside of said cylinder chambers;

a piston holding member holding said piston and rotating around a rotation
center eccentric from said rotary shaft center of said rotary cylinder member; and

a casing rotatably supporting and accommodating said rotary cylinder
member and said piston holding member and having at least one inlet for a fluid
and at least one outlet for the fluid, wherein said piston is rotatably held at a
position away from said rotation center of said piston holding member by a fixed
distance.

14. A rotary cylinder apparatus according to claim 13, wherein a guide

portion for guiding said piston in a sliding direction is formed to at least one of said



so as to communicate with said cylinder chanber. 16. A rotary cylinder
apparatus according to claim 13, wherein a surface of said piﬁ? 1 g@fosed
to said piston holding nenber is a flat surface. 17. A rotary }?lﬁ
apparatus according to claim 13, wherein a |ateral cross- sectional shape
of said piston and a | ateral cross-sectional shape of at |east one of said
cyl i nder chanbers are simlar shapes which forma small gap for enabling
sliding. 18. A rotary cylinder apparatgy according to claim 13, wherein
back pressure releasing neans for reducing a back pressure is provided to
sliding surfaces of said rotary cylinder nmenber, said piston holding

menber and sajd iston. 19. A,rotary cylinder, apparatus accprdi.ng tp claim
Ta wher oCHTEer ghBsibers, and,pi e Shadasent okl 105 8aaing it srid tuider ar o
rotatably ; hg menber sinultaneously bearing a thrust

| oad and gﬁﬁgﬁlﬁgr&ﬁcﬂP%f\b@E%érgt ary cylinder apparatus according to claim

13, wherein said rotary cylinder nenber is rotatably supported by a

bearing plate, .and said, bearing 10 Dec 2003 88 Pl_ate is configured to be
adj ust abl d%by &nrofapusylinsder ratyssasetdiig i slai 13t whereinsaif Hyetis ew.
21. A t . ' nar. i.Si . i i
2l eyl t naeProidel 100t AERRR LHE o W argad Hivided Y & ke i &itFig JRTRFAnPRV! N9

cent er anghaRtcintagofsaindotapy dylindar ynehbét andesdidr iotatign seater of said
denonstrating reciprocating |inear notion in surface contact with inside
of said cpisteadioldngnmember $0pas te gomndniagtenwitb @t least anegokaeid gylisden and
rotating %Flgrlﬁ%%rs? and'3ld Sltet is provided to said casing in the other one of said areas

so as to communicate with said cylinder chamber.

16.  Arotary cylinder apparatus according to claim 13, wherein a surface of said

piston opposed to said piston holding member is a flat surface.

17.  Arotary cylinder apparatus according to claim 13, wherein a lateral cross-
sectional shape of said piston and a lateral cross-sectional shape of at least one of
said cylinder chambers are similar shapes which form a small gap for enabling
sliding.

18. Arrotary cylinder apparatus according to claim 13, wherein back
pressure releasing means for reducing a back pressure is provided to sliding
surfaces of said rotary cylinder member, said piston holding member and said

piston.

19. A rotary cylinder apparatus according to claim 13, wherein said rotary
cylinder member and said piston holding member are rotatably supported by a

bearing member simultaneously bearing a thrust load and a radial load.

20.  Arotary cylinder apparatus according to claim 13, wherein said rotary
cylinder member is rotatably supported by a bearing plate, and said bearing



center eccentric fromsaid rotary shaft center of said rotary cylinder
menber; and a casing rotatably supporting and acconmodati ng s@ggcﬁﬁﬁ?ry
cylinder menber and said piston hol di ng menber and having at | S e
inlet for a fluid and at |east one outlet for the fluid, said piston
hol di ng menber is rotatably supported by a bearing plate, and said bearing
plate is configured to be adjustable by an adjusting pushing screw and an
adjusting drawi ng screw, wherein said @gton is rotatably held at a
position away fromsaid rotation center of said piston holding nenber by a
fixed distance.

plate is configured to be adjustable by an adjusting pushing screw and an adjusting

drawing screw.

21.  Arotary cylinder apparatus comprising:

a rotary cylinder member having a cylinder chamber formed thereto so as
to pass through a rotary shaft center and rotating around said rotary shaft
center;

a piston demonstrating reciprocating linear motion in surface contact with
inside of said cylinder chambers;

a piston holding member holding said piston and rotating around a rotation
center eccentric from said rotary shatft center of said rotary cylinder member; and

a casing rotatably supporting and accommodating said rotary cylinder
member and said piston holding member and having at least one inlet for a fluid
and at least one outlet for the fluid, said piston holding member is rotatably
supported by a bearing plate, and said bearing plate is configured to be adjustable by
an adjusting pushing screw and an adjusting drawing screw, wherein said piston is
rotatably held at a position away from said rotation center of said piston holding
member by a fixed distance.





