10 Decenber 2003 SPECI FI CATI ON ROTARY CYLI NDER APPARATU EiELDbCF‘iﬁF
| NVENTI ON The present invention relates to a cylinder apﬁg gy ﬁh? 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 Y ' at generically
" designate a rotary punp, aﬁ@fﬁﬁ#%@f@@gﬁ?ﬁ%@émm and others. 15
DESCRI PTI ON OF THE RELATED A | ' f.;a type for rotating a .
rotor and thrusting a fluid @Iﬁiﬁgﬁrmmmlq 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 &pplhiecasrd rasforesrArepled P HoPa Ry CAPYIFEEF Of fppiiameionagndgnare
structure in which an intake and _discharge nechani sm does not require a
gear conpongrrticsiderlyajsangtaryPaylindempppitaiiisoin mighoppistie. meyesdnia oy,
Japanese Utility Mddel Application Laid-open No. 87184/1982, and Japanese
Uility. MadelfrofbaAghindeatchamig. b0 tHs8oteg83Inotion.

TECHENICAL 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#%ﬁﬁoﬂa%vl\ﬁg‘%ir ?ilﬂonJ%g. ihg?mﬂt
respective B 8 Sf i 0. S '
i comuni cat e ‘%’Wgﬁgﬁ I%El&@??[%ﬁ%l @%é%lggﬁiwﬂ%g’ %%%Brg%v}lcla g%@fhg{xhé@&
oo aEREI AR Tl B LR B MR PR e °
~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 |un t%p_lval e sheet 109 is
at t ached® on hpliew mersion 03 fermed. atna centyal pambel this eylinder mamber f.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 opmmmmnitatd swithothdedentralhbotloppopdrtiorentd3. 1(Bhe Aresipatiivél10

is fixed at an eccentric position of the support nenber 25 104, and a
rotary pistaylireldier1034 tios105f aralrpvidgbent £ tbyseigien tilhf icommunicate

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,
a.nd 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 1X1 noves around a shaft 10
" center 61 oflGhendysnmiiliseyiplate ozember Hd 3swihpeh targeatrenged4se asdioebe  As
shown in Figs. 68A to 68D, when the respective pistons 1l1la, 111b and 1l1l1lc
rotate (revalpposed)toaeacndtblenfwithethevadfe isheat diG®dherebetmegncatechdlg an
arrow Bl while rotating (autorotation) around the shaft 110 in a direction

i ndi cat ed bylld3a forr @mAlumisating suflpohé setibaropgddngSli®tatpesyvidddetd bhee
pi stons 1l1la to 11l1lc 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 oqlhpfiatdd %g;‘é %@-ﬁaﬂ ceh?&h?b% 1329%nd ﬁ%&éoth%dnfaam&%ﬂae s

facilitated. However, nce e respective pistons 1 0 111é nove into

O o ey, A By O e SHEUAIAE 6 05 s gy o
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 1QbipdeBBLASHot O
snmooth and facilitate the operation of each ' piston. Accorgi ngly, a. gap
is thereby formed between the pistons 11la to 111c and the cyli nder

-chanbers 105a to 105f. As a result, a fl4id tends to flow fromthe gap

portion, and the punp 5 efficiency is thereby di sadvantageously | owered.

Further, the rotary cylinder apparatus disclosed in Japanese Uility Mbdel

Application Laid-ppen,No, 87184/ 198 n nese,Uijlit Model o .1

Aobl | cat i on SEiken BB RGer shasapdsatp T te 1BBEHTEFI ta iiabotRAhd frsilitate

~disclosed in_Japanese Patent pl.i cation Lai,d-open- No. 10,118501/,1981

" nmentioned alide oPATaHENE iq}acg?,pagtp@,. e,Aﬁca‘PF@P?,gP% hAtE34hels F‘é@ﬁ"‘iﬁ Jorpednged
pistons relatively rotationally nove along the radially arranged cylinder

chanbers whihedwesnathepistens g artOtHéCpﬁmﬁgtb@ rrlinder gpaekars Je(gﬁ%tq iQéf-y

. cylinder apparatus is different fromthe fornmer apparatus in that the

cyl i nder nmenksra tegultpteafledd tiendst ta flow dfomhtha Fapopartioni amehthemenp111,

t he valve sheet 109 is fixed to the case and does not rotate, and a

rot ati ons supgfficienuy izoihetreby dised vanitageopskt mwenednber 111 does not swi vel .

In case of the type that the cylinder chanber rotates together with the

rotary piston nenm@irthehetbeorotaryheyhinsdeonappatatumedliselvsed ir?Qlapanese
substantially circular disc shape whose outer dianeter is nearly equal to a

wi dth of t herreiityiRdeE ApptieatioasLaid-bpée No.[87TI84/ hes2 bades sipsesdeatilityy pe
that the cylinder chanber is fixed. That is because the snpboth operation

e T o, MRl ARt RS aghs oy, seasedEs oo uid oy
chanbers si n(ﬁﬁlﬁé%?p&i’ﬂ | 1986588 "RETJ i O FRiteAt | Applieafidfi® 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 surface is so small 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 dirpetiomam the netany miston srembery| ﬁﬁ&’é’f” erap 4REE SchR&n
prevent a fluid fromleaking from the contact 10 portion between the

" piston and tsisceyherndotactesrfacehétvhendby pistareand theecylinder ehamdperiigt o
the rotary notion or the -rotary notion into the fluid energy with small

| osses. SUMWR¥tiDELEHBY NvENTeONeTipherhl suefachiof thiensirawaordisedikeopiston

. 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%iDteic?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 ' igrespars id bed fram ghe dnidtinletvemthat ilse pnesspiiretants ion Gunpisgoned
to 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 pistéR iANthe'éyliddrofitaribefOf SES dur i. ng
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 rotary q;ﬁl j %dﬁhaﬁqu%s' By. doing so,.the rotary cylinder apparatus
can be -utilized as a conpréssor for sucking, conpressing and di scharging

G20 O & PATT, Oy, Atk R e o
the ' 25 motof shall Ao AbiES WarkBBITEb Slolch 5360 Bhoddied sk R
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
advantageous 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 fruera rpositéon do whichpitheopisban diasgmovedben the
through a carrier plate. In this case, for exanple, even if the center of
t he i nput shaftmaektyipatiptheryomitherctationr offthehaotatyarcylindernodemBér rtemher
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 cashbetadrsorbed heteveene the stydinder
using the pressure of the fluid, it is 10 possible to constitute a fluid
" rotating nachiemebempaldl theotardkr pjatuto tranaitotheituhnitg femst Gimibfriyhe
rotary cylinder nmenber 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

chamber whenhéldéngimeatbdrs wheat rétatiors Wbthaninpait! vh Mut@r traeshitei@ko the
position of the rotary cylinder nmenber as the rotary cylinder nenber

rotates gs sgibon Qeldine mehiiar, Inaf basesd Plat cahhghsb2ENisC UbiASSn h%”bef

and so as to close the cylinder chanber when the piston has passed the

subst anti al | ype208t1k 3heROFhih® ok, t he rotary cylinder nmenber, and formthe
fluid outlet so as to communicate with the 20 cylinder chanber before the

i ston reaches th api.al . 1L f Qf. j.nder

Pr{efrber as thesrot ;?§H@1)§|E’I n g?l trr%eng(gﬂ%tr&?é&lgﬁ%?%gﬂ}ggnaé$§%gt$§{°¥bg§1 D8haf t
t ft ' L. I A | i

chamber at tRerEiAAEVIAARE RER e WPl TbR, 388 R B chfider

e " B mpsP B e B0 B ESRE AL B0kt o B Y, S0 LR

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 shHit 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 outl et
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 electric %gégﬁ'bﬁtdfoﬂhé%?i c?y'ﬁﬁdhrtﬁ%n?én’érfp‘éhd' folrdS tRE fllﬁﬁbo@ﬁet so as to

above- descri fluid rotatihg machi ne. hi's case, the above-nentioned

fluid rotat '(’Rﬁlﬁﬁﬁﬁ%&ﬁé %ﬁ@hbﬁlg%ﬁi&&rggﬂgﬁlﬁ?’f ) Wgeﬁgrbﬁé gé‘ﬁs*{?rﬁ% Hn'g% %lg Y,

in the rotary cylinder apparatus®accordin res
gui de portiaq el | ' ‘ sl dihh ‘25 direction i
Pormed to t netsypriflly Bphirdf pRLERAT o Bub ftady B ter Mentb&RES A rofary

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. In jBgbhtieh) ahe fliid $nlddr Bf gf@\hﬁ@dtt@ tHOChdgd 8 AnY Qneabfl akbgs
outlet of the fluid at' positions 20 opposed to the outer peripheral

surface si dgyio{ddd'By aCliAk ﬁoﬁﬁh&ﬂﬂgﬁhe%@ﬁ sREfF Qi te R Rle I%yz%ﬁ @ﬂiﬁ'aeﬂ

them.in this manner, each cylind chanber, the inlet and the outlet can

b fi h i nd > i 1 t t
e configur %ﬂe?cﬂ)etr glﬁd ﬁﬁghﬁ‘g’t&g"?} Qérﬁe:}m\?% ngg%e%}lfﬁ\[}\}ﬁiggcﬁfe%a £ 8o a{'éef_:fgu er

peri pheral surtace o results Int

excel Lent_sol bl SRR A iRe Rl g9MAHer Bamiai! LOR RS Auid Bubldt £:9Aldea

cyl i nder apparatus 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 yhdfacensisdoace 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
“fornmed between the 5 piston and the piston hol ding nenber, thereby,
avoi di ng | eakage of the fluid. In addition, in the rotary cylinder

appar at us accor di to t.he .prese invention, i is preferable that _the
b er al o oJu-eSERt TRHERUISRaHRGPTele R thatA SHitA%eoT Shesbiaton opposed to
~cross-sectionpal shap ?é t he cyjpi nderrégtanbe 10 are_li ke shapes by which a
" smal | gap f eeh’éﬁ‘l’lil(ri’g’ ingmegnber 1oafeat surfacen; In dhiwcase, the mevemend t o
prevent a gap, frombeing generated between the rotary cylinder menber and
t he - pi st on,oft Hee aigtay a¢ dimgotheask ayjsh orespieet o thel pisteme holdimgs mamaber. t he
. pi ston does not have to be a special shape as long as it matches with the
cross-sect i dMarestapét & pobeibly [to mteven$ acgapifeom Peingeformpdbetween 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

oL [ SPL R SHsiraapey ERusa YR SIS LnBIARE
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 forned-
"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?gfae‘ihﬁﬂ? phEhe pisfop. cyl '%@i@r

_ chanber according to the 10 present jinvention, it _is I?referabl e 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 preSsurexdrplesbyhesthhéorger oriivrgnemtthefbdthemr otfaye Gf! thedpistprMbeEr
and the piston holding nenber. For exanple, the back pressure rel easing

means may berepreindedatie a0fhdopoRtionY &ftiHe BYSKARF @hauilfer’ 6hO@BidH tABANS
for 20 releasing the back pressure which acts 1n the noving direction of

the piston,pigtor ¥liBgeAn VedRuaTdd, RPhESHY RirkBELRNIN0a BB Brob&isihg ! 3AENY
t he back__pr%ssure generated between the rotary cylli nderglrgr?berma%é’ tﬁg
casing, or RiyierWHAhper, menber side back pressure releasing means for
rel easi ng thé back pressure generated between., the piston holding '25

menber and the Casﬁ‘ﬁﬁhegﬁo}g,erin #hd ﬁﬁftaf)hec%n'ﬁ%?nﬁhgﬂf)egea%&\&iigg %o the

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 ding 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

plate supporting The piston holding m&*_n%gil - As a result, the conponent
ey O e P IO 0 ke Mo A SOl W,
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 nmagnetic fluid held by the magnet is filled in the gap

~ between the piston 5 and the rotary cylinder nenber. Therefore, the snal
gap at a part where the piston is opposed to the cylinder nenber is
further assuredly sealed, thereby further securely preventing the fluid
from | eaki ndpdtmmen the pistonagnd twet cylibdeovkeamhbienr amé a oragnetcfri holeing
_apparatus according to the 10 present invention, a plurality of pistons
~and a pl uralthieymeigneyid fidit at tharggr sambe pravided iarnde vicimitproffecabtaett hat
a plurality of the cylinder chanbers are forned 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;benagdigi@ held by MBecrAbghyt fyiilledshn AROZAPIBELwRRCHOpRB0hHO
the present 1nvention, the cylinder chanbers are arranged to the .rotary
cyl i nder gment jdl ISt i ' h ' t

yil 5 fgzgé et@%er g@%ﬁg?ﬁ%ﬁ&‘%& bdES 'I‘Hé&'&ﬁ)?e,'[ RhkNEmGIT %’é@ﬂl IE?] g‘c{; rﬂsﬁlt

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 enbodinentldf 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



1 O Decenber 2003 18 the line B-Bin Fig. 18A; Figs. 19A Vi ews
showing the fluid rotating machine to which a fourth exéﬁplb%é:&'glﬁet @3back
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

exampl e of LhewiAgPa ChbFieEnPi &ireilatiid Smedhiniia, 181?.3 29 eif HErShAedéde

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

the shage ohekBFedivd Hbw BFeSfuf? Lltficithetatorin 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 gz %%ihg%?%o\i% are
a perspective view and a vertical cross-sectional view showing a sixth
~exanple 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
showi ng a second enbodjnent in which the rotary cylinder apparatus
according t oPeusRechreseiew i dvdnt i wrtical cmsﬁea{leaahsmvw |shogving: at iffgh
machine; Fig. 36-is a vertical cross-sectional view showing a third

" enbodi nent i exathplhof ke shapetefr thecpistonpFigep it Atamsl 88Boart agperspebive
present invention is constituted as the fluid rotating machine; Figs. 37A
to 37F are vviewsanid & usirtizsl egodsheechiveradtiiew showirez fal sixihretanplygofithbi ne
.according to a fourth enbodi ment of the rotary cylinder apparatus of the

present i nvdnipeonf tHeopistont Rigs! 34d andvwBiBhatd e g:@ rapyctovd MIgRT apdnaer
is 15 rotated every 10 degrees; Fig. 38 is an expl oded perspective view

showi ng 5t heydr@ical Yer6yd-k8EteonAEHREF shoenpi kevertd @kﬂﬁﬁl‘@rﬁf%heagﬂa?@%f
piston of the fluid rotating nmachine in which the second exanple of the

back pressufip pedtdasiFlg. WAL ad@efﬁ&ﬁdcfd@s@eatmiﬁlIﬁe%pehb%g@ %econd! S @
view show ng a p05|f|onal rel ati onshi p between a salient pole o st at or

core, a 20 g Bagi[me Bij pe%leﬁ &ﬂagﬁy %ygaldsr 4%;, Ifm%eac ﬁnﬁégv%hm“def

chanmber of t ctric gener pl ane vi oW ng a

first enbodumahy iphlich gf@ngeﬁﬁﬁyd G1d 7S rﬁemﬁgtﬂa Agsanad o Lhe

present inv on i'S cons a rot ar res Fret

verti car or Rl RbPRonBHAL P SRR & SHRET cBhoienc Fo ¥biY %ﬁﬁi o

10 | rotary cylinder apparatus accord.mg' 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 exploded perspectiygpy doe
rotary conpressor illustrated in Fig. 40; Fig. 43 is a scﬁematlc le ock

di agram showi ng a lubricant oil circulation mechanism 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 i s a Vi ew showi ng a positional relationship

bet ween a su n ni ng, nin .and | i nder chamber
having the M tﬁ%g o84 19 &XP DLt G R S ViR, PhGE aTO8: PORPEr=i0Re
~cylinder chag F| g. 47 is pl ane .vi ew shovm ng econd exanpl e, of the
" back pressur %t&éﬁglila rﬂéhnElgaf‘i?t h%%tﬂawaéwnbf@iséiag#% IR Be
upper case and the piston _holding nmenber are renoved; Fig. 48 is a

cross- sect | dudricangpibrirenlptian meghapismy Figt 4449R kotdom wew pf the retaryng

. the operation of the rotary conpressor depicted in Fig. 40, show ng the
state in whimptessootdepictesl in digr 40p Migr 4bsisr atperepechive wi&ﬁ sheaywigs
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 nendetw ishofdhgt adpeyitionalOreldemebsy beigved? d surtidhanperinyy a
showing a third exanple of the back pressure releasing neans of the rotary

conpr essor  fdigEhaie fpbiih ¢ BRAThRyiasR rafththBer Bheinn thelpdites peiTbivnedr

renoved; Fig. 53 is a cross-sectional view of the rotary conpressor
iIl1ustrated jgid Butdmost Peripbrhb parison GERhdalyl A SOWLRE; P %ﬂ@he in

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

distributed \#!Ie Zg{%pﬂ&wﬁf& teh%e&ﬂr][cftﬁga% fal bPlt%%' Fﬁ nlgﬂessﬁ éaélﬁﬁa

concept ual ow ng ah exanple 1n ch t er 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 perspective Vi egpehobadda
exanple in which nmagnets are arranged to the piston; Fig. 57 1s a
perspective view showi ng another exanple in which the 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 nagnets are arranged
to the rotary cylinder nmenber; Fig. 60 is a conceptual view show ng the
state in woemedsrihig sS&fist e PRBIRCSRLVSO Vi Bnshewing arotexapmpld iindwhickenber
~are cut off; Fig. 61 is a cross-sectional view show ng an exanple of the

" rotary 10 cyhagudets axsrbrranged ththeopiton; Big.diTip apebspedtivemieshshowasgage
for releasing the back pressure is fornmed; Fig. 62 is a perspective view
show ng t he amithey exphiplddn whidlethelapigrieés are aFrangéd to the pistedaAFands8 63B
. are a perspective view showi ng the piston hol ding menber depicted in Fig.

61 from a siideaoppaplettivioviehe sholvdinyg el éxdeplednbehishdia Hagheysspestive
vi ew showi ng the sane fromthe rotary cylinder nmenber side; Fig. 64 is a

Cross-sesti Of\danyb8VoS BN fdga s coliadRk Smethbih THgl 5D {Phap¥rspettivedflew
apparatus according to the present invention is constituted as the fluid

el ectric geng{ Rl BAVLRG: 'QbLAMPRNiAUWTRANL 48k CATdRBEBANS arfhfzed &8 tRe ?

cross-sectional view show ng an exanple in whichthe rotary 20gcyl I nder

appar at us acGaLdl @fliﬁﬁéf E{%@ngﬁ:{&_ :G'r?‘é{‘s‘”é E@ﬂhép&yé?@é%vb}s}siﬁ)qung%h% Stgl{é)#l onal

nmeter having rotation nur ( means; “Fi ross-secti
v SNOM RS o U B At MR s RO e P RS

number et el BRIRTS £ oSl 0B FR, PYRR BE'SASSHL5r AR "0

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 thqpeRREgbEPSHdY the
rotary cylinder apparatus depicted in Fig. 67, showng the state 1 n which
a support nenber for supporting the rotary piston nmenber is rotated every
30 degrees in the counterclockwi se dired@Z on. 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 apparatus _according to the present invention wll
now be expl aﬁ&%&omﬁﬂ? pES shewWselllustrating the epsration ohéheawtary eylimderough
_the present invention wll|l be described as a rotary punp apparatus for

" suppl yi ng ga#pnrarajus i depictid dot Fog. 6, edwtwingnbleli stehe ,ina whidhuan swppert
supplied is not restricted to the gas and it may be any fluid including a
| i qui d. Fur tthemberhfopsapportingyvin irobars 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 oLary Y WG ER of 4SoL 88 B i L A RRPTATRF

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 ?rﬂﬂgrzﬁo | east
one outlet 62 for the fluid. The rotary cylinder apparat us h 3 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

a circul ar i ston | ol r 5 i.ch_hol ds- b st o 3
and 4 at th@xﬂfﬁﬂﬁ@@?@ﬁg PBeéﬂ e&r@t g‘% &) %1 %\%r}g ti?%%&‘&(te% %%&Eg%art
from each other by 180 as to pa of sw eI I n at es
“with a 10 -pé&“ld'r o)rﬁm%ﬁ:é'@ ] gy IP Fﬁ'tarﬂi’arr §ﬁ§?‘feldc§?1ta§r ® R %?Hﬁ 10 ry
cylinder menber 2astherotat|onc traI gsitio and t he casing 6
whi ch  rot atssvelingsgennd shath CPRETEGK dﬁ?.m’a@ eﬁ@&@?s@w REe et on
- holding nenber 5 as the rotation rrenbers I ncidental |y, although t he
-cylinder. qtistensr 8 andadars separated framothe Tokaidon earderefpthe Pistomhe
15 rotary cylinder menber 2 in this enbodinent, the present invention is
not rest5i ctleddinpne¢mbeniidbira finpdadistense. ofipecificaHyethe rataes culindene

pi ston can suffice. As shown in Figs. 1, 2 and 3, the rotary cylinder
menber 2 is appuaraeds i htinchrlest rihel mtasj,nargdimbari ngambelr & dtzaing necbircular

thickness, ' and 20 rotatably arranged in the inner space of the casing 6.
One end of Fheprf the piston slding thanbef Sxelidhyh¢lds shefpistonsys aadohet ¢hd
surface of the rotary cylinder nenber 2, i.e., a concave portion of the

end surface Qp bb&diPRehutsriolatisnr éaitpdl positivhy Aaand X2 fdpaiefirem Bath
Figs. 1 and 3. The other end side of the shaft 21 is rotatably supported

by two bearifgrajjese Je%rgés 3Bths {PbehiaLAE of AWiREERE H #6tdtesWRA 4P
each other in the axi al
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 nenber 2 on the other side .is 10 fornmed the
" hol | ow port imgkaterinkhe gaping 6 ayosndtidershedti 24i dt h around the rotary shaft
center ‘0 and a bottom surface. Furthernore, the four cylinder portions
22a, 22b, 23a and QBlheathen@nidgudace of theubtaryceydasderseehilosr 2 el ateal | y
. 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 t e raw ngs ]"or € _
oted t hat 100eE (i I rERRRe AT s W ol ol horei S, hhafin e
slidably Titdedn} Qd Gultae’lof fhd 95'1!&1‘9 é:fﬂﬁ cg'exrne‘?:nolcrngl1 "on %ﬁg ott?ler side 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



10 Decenber 2003 25 23b. The surfaces of the respective I ons
22a to 23b opposed to the pistons 3 and 4 and the surfai%gbggﬁsﬂgg%%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 fornmed into
flat surfaces, the contact area is large, and the air-tightness of the
fluid at t he23ont Bbe smﬁaqesmfsthesr%pghtwamhnduet ristioas®2%oto 2Bb dpeisddt 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 eThopaed providel @utidiat
- peripheral surface 2a of the rotary cylinder nmenber 2. Therefore, the

respective CiHdyndes iaheyrtact withadkbhlotier 6ANHO MM NHGFAG M A FegbFibean
opening (inlet for the fluid) 61 and a discharge aopening (outlet for the

fluid) 68 fospme ts?néé‘ﬁn&@éﬁt%t@urface‘sW'tﬁ@%@béé’t&vé’"ﬁ%oﬁ%? %lgaaﬁ]é{n&xhbndef

menber 2 and the piston holding nmenber 5 rotate by rotati e piston
R et s
0 SOvET 2 D LA RV SR Aol Vs T U R
o 8ct0n of L 0gfL 5 I 2 0t LopEREh oyt il B A ook GR0LE
chanbers 22 ﬁln dgap )be%ve%?lctri:e pis Qgs 3 anc? |4$atu(1)3 %he respeéhve cylinder port1ons
10  22a to 23b. N
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 additian, ing the

. . enga
convex pieces 3b Hnds 4p be tnotedethali dwogtlisy e3ide gxoayies 268 e@dsi&?am%

the guides for the linear notion. Therefore, the pistons 3 and 4 are 10

" caused to sfaishgd peosovisetdre the bioptamatinfged phébhe hoblovo poptionekh aadpdier of
the cylinder portions 22a and 22b or between 23a and 23b al ong the two

gui de groovbstidgm sndadeta.of Ghe Hersdt trerfohrtid cylivalepi poiohs| 2Bamb@8y 5

Is formed into a circular shape having an outer dianmeter smaller than that

~of the rot apxdialBy aytimsiel witttles hallo@postion @4 atthe baiter51 Oms theasthided
and fixed by press fitting to the rotation central position X of the piston

hol di ng 5 mewleld Lonkbxigictds BB #0d etb hbatuidbeenfgiinh &k porfioas wigrhtamn X
of the piston holding nmenber 5 is provided at a position eccentric fromthe

rotary shaf fo thePhbsNEdBRG Bedgntad BRShVR! 26 28| 271I8Fe PREHERA S 20
I n additi on?tﬁﬁie&%tﬁ]eér) end side o? gﬁe shaft 51 isarot at abl_ei/ supportéld by

peari ng MePRE htfefotfof bPRA DTS £A3'410 Gn 204iiAR @Hgfnﬁ%aiggﬁn@f

t he shaft protru he out casing 6. Connect

ouLPU, 71l el IR S, GRS UGS BT 200 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 ix 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, respectigrhidsd.t 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

a2 52 a0, SIS, S0 ek BN ATl e,
5 and the trg eelr 8¢S 397 41N€, R SEORS t:ﬁeaﬂg.cﬁ-aq}ﬂ-ﬂ}%hr&l{rgaﬂiﬁ)ﬂ' dl-lrrqgg 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 outernost radial trajectory of each of the
-pistons 3 and 4 during the rotation is R® > (R2 + R3), and there occurs a
"difference in radius A R Wen the radius RL is snmaller 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, the gperation, d the
P oceast ng ol BEOTRES & O Bl et henpisthn, DELBRE! Mamber K oa
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 ‘R7. > 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 nenber 5 and a 20 | ower case 64 for

rotatably sypROpiskHe Kdldin@tmemnbey! 5 HefingetebpdratidNeanid thé Rrocessing
projections (projections for centering Iocatlonf 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 dis% g@éﬁﬁﬁg%moﬁ be
avoi ded. The upper case 63 has the fitting projection 63a used for
-attachment to the | ower case 64, 'and is<gdonstituted 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 fixin% the two bearing nenbers 8a and 8b rotatab
supporting tihe YRBEY case Pixand dhetlpwersaser 6drapdaprerraiely pesijisnashto
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 Shaht 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

0da used 1 oty B ARHP Tho! Oh4RCIPAREI (A5 3 corRl] 4 BRI O Ble Biistin

cup-like .2 aving as Inner space a circular large space
rotatably holding member 5. '
10 The fitting projection 63a is formed into a circular shape along the

outer edge of the circular large spaée 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@?%a&nné%@plg 7a
and 7b rotatably supporting the shaft 21 fixed to the rotary shaft center 0
-of the rotary cylinder nenber 2. 5 The f8Q@ting 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
the protrudiHerHE §he rotaxheyhinder raembsr et engha dpenlassrealltspacectimfar
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 discharge opening 6;0 %ﬂﬁg%%%gted by
a shallow concave portion 62a forned in a range of approximte

degrees starting froma position distanced fromthe concave portion 61a.
-of the suction opening 61 by about 10 de@dlees, a communication hole 62b for
"5 causing'the concave portion 62a to conmunicate wth the outside of the
casing 6,' and a discharge pipe 62c connected to the outer surface side of
the casing 6 of the comrunication hole 62b. The concave portion 62a is
connected with t hd wbeseorecths Hischerzpopening62 s constiBitedion atshallowt ar y
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 reciyy %&qﬁ?@ﬂf Phd QSnﬁM{lhfk%{P H@IEbngéb 22viy co%%ﬁ’v% i ng§2{1 Eg

hol | ow portlon e rotary cy

SECARE N T e
cyl i nder nerrl%%ary c;k?hnggzatménsaber rotgjc dg surfaces 34 and 34
10 In the rotary cylin&er apparatus 1 having the above—described
structure, when the piston holdin;g ﬁnember 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 moved 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 Wﬂt(hqlghmfdéztee 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 82b partiomi @4t es Af t fudlheanudhtermpdideeb PositibnOUgHe t PRLEANBAVIR
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



10 Decenber 2003 33 and 23b by the piston 3, the fluid '?05 QmB rieogg
the cylinder portion 23a. At this nonment, the outnobst peri p era e part
of the cylinder portion 23b is opposed to the position between the concave
~portion 6la of the -suction opening 61 &% the concave portion 62a of the
" discharge - opening 5 62. In the above-described state shown in. Fig. 4A
when t he pi ston hol ding nmenber 5 is rotated in the cl ockwi se direction
(direction ted by an arrow A) by, drive of the notor or the |like, the
pi stons 3 aﬂE ﬁaob)éthﬁ risfonds.rider il by alsndilieq bnvthe ctjadespoxtion 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 t he -dbcties ppenivg 61i stdthe Loavdvd pootivact2u of she dischdigecypdrings
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 numberig %hb%%@éeéﬁrﬂ:ﬁb@%téﬁéeslﬂ&&ﬁtiﬁmk 2peeghan ot pidi8n
rotary shaft center 0 of the rotary cylinder nenber That is begause t he

radius of r Hbﬁﬁhg” ,ﬂém%@g h 50flst P@taﬁ%&t ﬁ{lsfﬁe aﬂ@gﬂw&% 1éﬁe9f1ohh‘?dfr%g§15§1n0f

rotation of the otary cylinder cylin reference circle
e o120 TR by e B 5H 00D B U eIl ISR Wil
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



10 Decenber 2003 34 autorotation of the pistons 3 and 4, %ﬁel rotation
wth the support shafts 52 and 53 at the rotation centepg F@g%gﬁﬁg y is
the uniform 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 is to be noted that

1
the cylinderatoretatien of the pistong 3 and 4.npamely, rotesion With dhet seppentar 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 @lirderSmenther 2€herotatien MRIMBER of BRe PibidIRbIding
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 rotidd QpdrtidMaftObanFrsiipdes.nenber 2 is 1:1. Fig. 4B shows the
state that the pi'ston holding nenber ,5 turns 60 degrees fromthe state

o O S R B A 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



10 Decenber 2003 35 state illustrated in Fig. 4B, the pi?égp 3 ﬁnterg
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 62¢c through the concave portion 62a. It. is to be
noted that tHateidnginesded nntﬁg-lti%xgﬁhmgiatan Yentents appuixitdetely 1ihoéthe
chanber 22a is shorter than twofold of the entire length of the piston 3

" and hence appsddd mdt ey cylinder portidmt22i framcehersintedesssidgwererholldw
rear end part of the piston 3 still remains in the hollow portion 24. On

the ot her hapektidth24opénghisomovkenidig, plrsdecthepiseov@Bhridi¢he 6ylihHEE poPRbAI ON
- 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.piston 4 to Tove from

Si'de by appronroPyr g T 1 ol Sscitgll, { Pnd dhiclitAt, Bie 0 =
contact W (iBighH Ui bR 0.0 0GB £RUAATHRE Y hbfL
e s WORAE e, P E b AR Th Aot e
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



10 Decenber 2003 36 cylinder portion 23b at this nonent. gb% 45 zﬂ}% t he
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. of the cylinder gortion 22a, nore specifically, to
the positi offYHRCeH RArtion 23R iatdhds p@nenbf the length of the same. By this
operation, the fluid 10 remaining inside the cylinder portion 22a is
“efficiently di schdigedC shewe thgidatetlyat phppiszn holding member dhfiatber
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 2etlaeby fartlher ratatéd 30tdugreah t he suction pipe 61lc. 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

g E)azjggir L'eg-sbf%%dcirﬁnﬁéﬂ -pdttic' 226N Gn Bt ts%@cﬂ'ica%l%’, teped %ofsﬁrigrrl]ev%hlrc% ges
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,

FREA T e
cylinder menggr cgnéaq}eaf:gﬁ;ﬂ'ﬁ BLLYE ERS sglld{uoglgopelgi%gl 81 Saﬁﬁeth%t h@fa 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.
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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 reciprocatingd9 near notion -between the
“cylinder 5 portions 22a to 23b form ng each pair. That is, :when the piston
hol di ng menber 5 rotates twice, the pistons 3 and 4 conplete a series of
the reciprocatin eration.once.and . .rotate qQnce with respect to the
support shafts SgTﬁﬁ gre, whery the pistony dplding mﬁ@b@séd‘pta@smwﬁcms 3
and 4 are opgose to %0 gg h, other at their flat surfaces each having a
a TRtetes §é¥ﬁgrﬁes,tﬂ1=9 relggy cavlind egymiemaleer PartaterssoRdsg t o
23b durinhg spuch an operation. Therefore, there is provided a structure
that the fl ul->ddatengfl| degraesomAshe vepdtethe wishuoes Soandi 4 $amhindlyom
- the gap between the surfaces which are substantially in contact with each
ot her. Accordemgngtratg the reciptocating elisened 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 tﬁi@tolmn’gegn@utdggl%gt@iastsgpﬁsi&‘EHQ,
t he nunber of the piston and the cylinder chanber nay be one."" As in the
second or t hieciprEacidigepdraiiivent® anidifotak ' haf
cyl i nder chanber and the piston may be thre%?ﬂ,%gagt%hfeas @ngegﬁlelgrsc‘)‘{p}%t
cylinder appgisftas2lamfe@rding 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 and022b and a hol | ow portion 24 form
~a cylinder chanber 22; 5 the cylinder portions 23a and 23b and the hol | ow

portion 24 forma cylinder -chanmber 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, ,otary. cyljnder nenber 2, and three pistons 3, 4- and 9
“are rotatabl §¥ Bdﬁ’élpﬁr%’ﬁn‘gtﬂ‘(g‘:g%’o@ﬁ’%&%: RGaneRd &8b amd sikereetiorlikabase
simlar to the .rotary cylinder apparatus | according to-the :
above- descri BOBUERBoR Nk, casingr Bgadthatois, hia this entbodinteats, dheotylinby of
_ the nenbers arranged in the casing 6 of this rotary cylinder apparatus 1,
the rot ati onPRGHPBE 288 4&@22biamdmghudlm pgriemt forsn 2, cylhed@achdhBer 29-
rotation- nunber of the rotary 15 cylinder nmenber 2 is 1. In the rotary ’
cyl i nder Sappbhetedindaraporijonsc23a mid RShrand whenhollb® E@§ﬁgﬁt DY RSt PNS
3, 4 and 9 rotate in a direction indicated by an arrow A by rotation of

t he piston heyidhder mbaeber 232 4nd athe eylindder portesiResd LAALES éﬂgf‘th(% he

direction iindicated by an arrow B. with this 20 rotation. As a resu

pi ston 3 seehblgiwy poetibar 24 doesm ian cyliadey! dnHahes hagd .fhe pj st.on. . 4

seem ngly reciprocates in the cyli ﬁger chanber e23, 'aﬁrcflt edl%)llgglf oAn péspon

seem ngly rehbldingahembed (hbEsB¥WN)ISE ' hey,.cross., t he
BahEml (bR ko UABRE e W AR LU B35

hol | ow portion 24, respectively. . I's to ‘be not

teﬁg {1 g;cﬁlhgi gﬁt %\@ilg;r?@)é r?g{algggs\n %%%J%t%ﬁg B LhQ ﬂlﬂ%giﬂi’slgoin%aé, £ Ialrlﬁq.?t riu(')enrci»t%tasttll%rh
10 held by this piston holding member. Incidentally, as similar to the
rotary cylinder apparatus 1 accorﬁing‘ to the above-described embodimeht,
- 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 holl %@vﬂsgﬁpp%r?@g
Therefore, when each of the pistons 3, 4 _and 9 crosses the holl ow portion
- 24, it sinmultaneously conmes into cont actlwith 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 . designed so as not to

collide wt | ">e and 9.when th cross, the | | ow portion.
24. Consequ g rrlltqﬁte;i/l S’G?lgé ? ﬁgﬁ? @g?éer ‘E@?W&ﬁ pn}ﬁgﬁﬁé‘ﬁ?ﬁoﬁ&e‘e}% oyfPankom24t ons
3, 4 and 9 r; e nd noves whi]e.constant| ei ng_gui ded by any of the
¢yl i nder cha%@se%cgﬂsﬁcﬁﬁsﬁﬁ§%%@mg BP%@%%%‘%, ef¢fiore, wehere eack wfed| 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 tarshy2thin taihd 1spestiot Pistdreg base
portions 25 in a casing. 6, and a piston hol di ng nenber (not shown) is
rotatably , & radg8dre designedcentsimotptscollide efith eheptAstorzyBi Bdgh NgNber

2. Further, three 20 pistons 3, 4 and 9 are rotatably held by this piston

hol di ng neniwehen | theydentssl the hsllewmpbation 024.he Codlsaiiestlyi BHCIhERRRLAL US 1
according to the enbodinents showmn in Figs. 1 and 5, in regard to t

rati o of roteglindercdpphreithsof, édeh 6ERhESsIHLBIA0A d 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 | 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 24 It is to be noted
" that a gui-de menbefrﬂ %e?g@%%%&ﬁggﬁ{ _alp@ﬁggg%.? 3‘553‘%?? ahriangeygent,
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 p age,k 241, and these gujde 15 nenbers 26 and 27 gui de
t he respect i%%aﬁr%‘f’o‘ﬂiﬁﬁ%ot@aiaﬂa Ogt SRR ﬁﬂifﬁﬁg 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 dydihdere
bottom surface in the hollow 25 portion also serving as a passage 241 as in
the above- mesitaraberl 28 wiile they 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 sur f aceapbaldiBs ! & Bhak! fle TAEA BRodVe ChAMBAGLAY! WA tnLNIATRE"

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

, 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

piston so that each concave portion functions as the filling portion. For
exanpl e, Pas awbvPr PHcHpy. apd disshazrge e (Wethsbalangad andnble 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 menber 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 ég{ ve systemis obt and, .t ement as_a- product
" can be irrprog‘ ‘_‘?6 gﬁ)elrriagﬁ]aea[usgﬁt r(?l ?’é’éf’}’]}n Sﬁl’i’% 8T ota fedloyp this
Furthernore, i,n.the first enbodjnment descri E@%@gbove both the concave
portion 61a bytatipn. sﬁ??"@ﬁeﬁr%’r% BUOLREY o) (ARRATabes disheverin Higt Fie

~ di scharge openi g 62. are configured to have a wdth of approxi mately 80
degr ees. HOV\BQeF CRUT o 1] H&kﬁ Sgiﬁé ok ofhtheowtare cylindger membes12 mag 62a
can be arbitrari I set in accordance with applications. For exanple, if a
hi gh conpr esemmudatﬁrgm $hemssing 6,i ard conniectimgetleateridpentionr21s ofisdd i N,
e.g., an air conpressor, when the concave portion 62a of the discharge
openi ng 62 i shafb3eth adirive sourcn@idt stavan)i such af aamptaxihimst ébterifindadieees,
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 motof.
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 (_)f 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 di scharge opening 62 nmay be provi ded%ﬁgg?rhggri%)lgg 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 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 holding nenbers 90 may be ‘
constituted direchiondifdbeiretaiedindend oarmnessigefdhessamear 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 ¢

portions 223,54 aphglc? BydIR s @bt hattd'soMnd BaSal P LPRhSId B LRE By ERRRS 2

bl ock-11i ke piston
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, 22h,

‘26 23a.and 23b. In the thus formed cruciform space, a block-like piston 3
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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@? %PFPE)‘?? @erﬁﬂgam ﬁhgaghiéflﬁt@.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 @mades pisten dyaldingmenbebd0 fixed Sithompshaft 85 dsha eyitenddr
portions 23a and 23b and the hollow portion 24 in the sliding nanner. By
thi s opePat instatichenecitranged|ambleth sideberf the rotamt edinderembiZb&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 opsv diséid hiemhBeds0 90Beandt 00bt Aptaddtd HHER HHOFotdy i th
enbodinent is simlar to that in the first enbéc?)%lii ment and tohe %E%ng%l 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 en%7surfaces or one end surface of
“the rotary cylinder nmenber 2. .In each of"'the foregoing -enbodi nents, any
one of thée rotary 5 cylinder nenber and the piston hol di ng nmenber
:protrudes fromthe casing as the input side, and the other one is

i ncor por at edgqjsRn g6 - i lde, k r oth _shafts
21 and 51 may pr otg uge HA %}némt]%?%ggeﬁl&sgtgwa%n%% %Itlgﬁyys a?ﬂqrﬁ’d)é’r which
apparatus may.. ' . ) t ypes. Additkonal | Ln each of e
f oregoi ng e %%ﬁ%egn%&u%gé%ﬁé %ﬁptrhgyvf FEGYRE ot K\{grtb‘g?sf gé?ﬂ Wgz{?'ﬂe
punp action by,rotati.n he cylinder S‘E_Eber using drjve force_of the
Poror bur S PRED AR Ttk SHRhE SRR TR Y PhetateEy SlAdeR HembSI and 51
- by feeding the. fluid ipto tﬁle cyl i pder ngiglr] so that outputs can be
obt ai ned fromthe s‘ﬁ&E‘t of the, foregoing am aents, 1 gnY soRM R Hhe evefery nent
in which_the rotary cylinder apparatus according to the present invention
i s configur e@ider mpémber anpditheg pisteni heldipec mapber mrodrudesifrem theput
by using energy of the fluid. It is to be noted that the fluid used as . a
drive sour cecasing issthecinpodisidet and theothesone és énlcarponatadyin the vabingse oi |
or water, and may be a 20 gaseous body such as air or gas. Further, like
ref erence nunetie folthmioteesidehe Biwersrubett ghafts 2l msd $limhyprethedd fonhy
the sane as those described in connection with the enbodi nents shown in
Figs. 1 to 4the ¢taminp\6, aond oné ngtarieylinebeplappatratis may tdpeswitibboilenthe a
shaft 21 which is a center of rotation of a 25 rotary cylinder nmenber 2 is
determ ned aypes. ouAdditialmly,, imrdicht of ab@ foregoing embodiments, there is
10  provided the apparatus performing the pump action by fotating the
cylinder member by using drive fdré.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 frbm 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



10 Decenber 2003 48 protrudes to the outside froma casi WD%' Fér't%)%érmre,
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 gui ded4§)y 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? 3{%%3.@31%%34?45%%‘%%%, Byl e

later in detail . .Nbr?.ove , _one esp,éj si d (#%qentral si de) of each of the

“ cylinder por{diEting of gyide ssepyesdgaan 20 diceRr ey piecesi Bhand ihuisinet es
with the hol)ow portion 24. It is to_be noted that the bottom surface of

the hol | ow m%ﬁ%@m@a@ the piglongc 8orbAng andcthe cplindee membete?, but

. portions 22a to 23b. That _is, the lateral cross-sectional shape of each of
t he cyl i ndermggementoizaeh piston igguided hyanlytthrensuefares; segtliothaf thieape

of the hollow portion 24 connected to these portions. By formng the

cruci f or b graiidesurfacest ofi the cindert chambere 2%handi2fl ahg the. lpttom swifhtag

method, it is possible to forma cruciformgroove consisting of the holl ow

portion 24 dhhat he, de daiteral paross-eestidfial tsha@b.of!l thadgidoivenforghiiGe that h

of the corner portions of the 20 bottom surface of the cruciform groove

manuf act ur-edesdjnderc chadterse2fathd @3 thetdhdsewitly thaviataraPureledssdifiea] its
processing is very easy. Here, as shown in, e.g., Fig. 16A, each of the

pi stons 3 anthgpeas the picionsoBt ahded WhidlPuwidi e Hebdkipéd tlaﬁexc‘ihnﬁétsaf%pe

portions 11 of its bottom surface, and its lateral cross-sectiona

|s matched VidoedVisy, babRirdl sife (leitFalofidle) OF¥ach ViRt lylRAt Bbrtilifs 224

cylinder portions 22a to 23
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 23b 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.



10 Decenber 2003 49 Additionally, a top surface of each qétghe Eis ons 3
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 her.eb assuring the aif-tightness/liguid-tightness

bet ween t he gﬂﬁ?ﬂﬁgf"ﬁﬁogt‘:%ﬁ?&%ﬁéé%@s‘!{ HedPishenpPsanhd Guafatesnppised | 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 e8urfacpnbetfy ofthergide gusfaceshand the potdonudesface dheachiofithie of

_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 comMmuPgae2shtdhd Re ﬁgtdﬁadsramg.i OfRaf 8 110e %ggd;ﬂg%ﬂ‘-rbgg g@%%t ons

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

cylinder menhanrédly pr&vedtle i eakihPut | 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



" as to reduc

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 of the rotary cylinder nmenber 2 as seen fromthe
rotary shaft center 0 of the rotary cylinder nmenber 2, and is closed so as

t t i cat i th | m 22 23 t he pi 3
Do 4 coan GrdayE atdrton, bRS ffmatl S, (R b 5301 blgooha ThRke ‘ShieR 48"
cyl i nder rrengr 2. The fl id_d'?tnl et 61 and.the flaig outlet 62 %g formed so

el hat dpe the Autlet 6 fora fhig; is oreped Y Kotation of B Tarry

out the continupus rotary operation. For exanple, the fluid inlet 61 and
the fluid cutlindergmenhert2smas tarcoppmumionte whbthaicylinder noriiors 22att0 t he
~rotary cylinder nember 2 therebetween in such a manner that the fluid can
f1 ow st rai ght3hwwiteathecpisbonn§ and4aienel i positiontcfaprroximatelyhl degrresave
portion 6la of the fluid inlet 61 and a concave portion 62a of the fluid
outl et 68 aref ther redry mylindetenemder\ 6 seenfeotn the potaey athiaft) centtareOtdfon
of the rotary cylinder nenber 2. For exanple, the concave portion 6la is
formed acr osthearvtargaylinder amq@adbet 20 andasloged feas yot hdeommanidate with
(cylinder portion 23b in Fig. 14) with the pistons 3 and 4 having 20 noved

to the- outniid c§lididet Omenilosist 228 ¥hA3ID avleonmihel adtons B0ARd 64bredch a
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

i mredi ately befor eI‘]Sé‘%u?& ghﬂ!ﬁeﬁl Qﬁ&%h@ﬂtéi@&ﬁﬁ!gﬁéz Bee ’f&ﬂﬂe&%g dstoidiuck?)

.25 with the pistons and 4 having noved to the outnost side. Moreover,

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 GEOEEEQébgggggge
area which is sufficiently larger than %gch of the cylinder portions 22a
*t0-23b. Inthis manner, the fluid inlet*“61 and the fluid outlet 62 are

" fornmed at opposed 5 positions, each of the concave portions 6la and 62a: is
formed in a wide area, and each of the comrunication holes 61b and 62b is

formed to h | e rea i t OW. Lk esi st an of .t
f1 uid becorreaés{&hs?rogl PﬁgA%(ﬂgﬁioLwﬂ%%?ﬁoﬁi (51 ° 141126%1 R hge}eggécg{\li‘é&pmﬁ??oﬁf 6&3‘10%‘? he

fluid inlet 61 10.and thesc ave.pgrtion 62 the fluid outlet .62 are
" formed so ,asc%mﬁgllpgﬁgna?%@%ﬁi meﬁimﬁﬂi“?ﬁ%glﬁga’rﬂsr@p?‘ﬁ?%ﬂ?gﬁr?%@&’rlgﬁ%y
shaft center of he rotary cyli.nder. nenher, 2 and the rotation central
posi ti-on X o%u(}flﬁberﬁﬁ%ﬁwﬂbé%éa%ﬂﬁéhe G%HQPE@«SFWQBHQ% B8P oAndthis he
concave portion 61g on the |ower end side.in Fig. 14 is fornmed to the
vicinity of PRENEE ﬁa%ﬁm&mﬁ%ﬂ mﬂghblhe fhdd rasxtiaty 63 papt formadent opansed he
rotation_central position X Mre specifically, it is a position close to
a subst aft i aPSHLIRRES caeh of khewoncane drtiomst fika lande6Ra:isHorpiest im adwide 3),
i.e., the fluid inlet side. Furthernore, a position-of the concave portion
61la on the uaNee; asdoeadhdef thecangurnitationrledpetdd and £2bdsi fornredotat havned
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 thigs shoravia Pog!ionthddencade padiciL81aa6T e AR hAldtesl by a
value in a depth direction, it is set soas to g

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 direction, 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 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 tHwldingsmamber sidenbatk pressurewiebepsingantdes gl 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_lpeﬁﬁ%ﬁfb% apd 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 RWEHINGe25.of Hoeeveasthecylénders sisiechack previsyse redsasing mhesn isor

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
Shown i ' Fi Gt WREEca54 G 85 GBOBGY TR Fikhe WA 1PB arTheeHerher g pes of
provided with a lubricant circulatjon nechanism 15, For exanple, as shown
in Fig. 21, pisten heldingmemberyside BackaRuesrnLenreleasing jaesnsal4 mviecant
tank 16; a 15 lubricant inflow passage 17 which comuni cates with the back
surface 8f tsteuebire fpraeleasing thennok pressure dydenifpemizimg idenpressore vhe
| 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 upperilgaaghtBole e mMapbedartneliad theoippdiecidy 63 8 tha! gistdiehthgk
.25 case 63 is transmtted through the gap between the respective nenbérs
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
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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 gener%t eﬂ“ﬁgﬁi rotatjon g& #}h%rot ar (r'?lhl nder nmenber 2 and the
" piston hol di REFHE ng gnober fde P PFSISIEP 1§ ¢ATRE Maeans 4 ¢ anrd ohaers
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 |I 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%‘éﬁ?’%@?tion

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 X1 ..s,deviated fromthe rotation
“ central posfh°?§f?f§$i?ﬁ£%€?%]&%@dﬁf@ é]ora&jéil@?e cylinder porion 22ads 0@posed 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 nnvehgﬁFg%%bgﬁgbs

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?&%ﬂﬁeﬂmﬁ IH\§° éh‘%ﬁ?’ﬁ& BrRkHFig’nt %@b g the Buidp e
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 apbmbder5pondithie 28tardneylifigec thember DXy iRIAhIRP RYGaraPide
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 uid 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 refa@hCehe | Poditie sHBKAS int ez PRONoARAGhet BEIiHHAH Bp | S
changed fromthe piston 13 to the rl)Iilstggn 4, én%l t@ﬂe giébﬁ(l)n hol(bddi%?l%isrrgr%%er 5

Thi's state, "SoaRH a5k UIRRE Chai@Rbs pYorldniing e Ml elbotiol Bh.ober
over | 29D HEAGAACAIE: 131 g e fer WUB, bl e Bentite B il ©
ovever WSS £ StAR: BpL A0 gL e AL EtoY, SRS
Bnd the i cobtps KB AH SRt Gy ap Qi Do SR, T4 CHG 1Her hoBAYoLA
o en B2 P TS o e R R g
di scharging the fluid in the ¢cylinder 20 portion 22a and the fluid in the
cylinder porforem 2By othsw werds, | thegpttoneundep the fuidampessyrs it ohanged t he
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 oythanyieylipder membab 2 kérp roflatimer portion
10 On tﬁe 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 pistonnd td the igthédiridthe d
the outer positions of the cylinder portions 22a to 23b fromthe holl ow
portion 24, mabmi 3, Wwhdnthéepistpachilding meelid &yldmblahepootargnsyRRdet 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 Bl gl T i bitofel . e I, g U ¢
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 angul ar velocity around the®lotary shaft center 0 of the
~rotary cylinder nenber 2. Furthernore, since the piston 3 reciprocates
between the cylinder portions 22a and 22b once and makes one turn wth
respect to the, support haft 52 while the rotary cylinder menber 2 nakes
one turn, t %SVE}%Qi e Hf: p‘-?xettgée‘??tﬁ% mefian; dntha phdencholding pnendrerss and
the rotation 10 nupber of the rotary cylinder nmenber 2 is 1:1. That is,
the rati o ofaronadr sha: refatinmisentral prsition aXybegamesicdthenmamgulap, velbeity
rotation nunber of the piston hol ding nmenber 5 and the rotation nunber of
t he pi stons I3taxx matien| baving aovelneitguwhbinh istsfice &s2highl H3the ratXidn

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 frcpmpl e5ki Reilel RHS ?@ﬁa}&nhyﬁnaef Rl 518 ﬁlhgggi 50k atd ] the .

machine. 25 , Description wll noWw be given as to an e nent o

. 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 t&k enbodi ments -shown in Figs. 1 to
- 4 except electric 5 generator commands, |ike reference nunerals ; denote
like or simlar constituent parts, thereby omtting their explanation.

Figs. 22 to._ 28 ., show an exanple.qof this flujid electric, geperato 0..1n
this flui d Eleibric gonerater H5IRE Adis frig wivting B¢ by TG ReRr 8
connected to the qQutput side of the fluid rotating nachine 1 and they are
" accommodat edhisembpdivmestaginge theflaid rotatinganarhing 1ms hagidsive source
configured to include a_yoke 73, a nagnet 74, a stator core 76 as an

el ement on dapicadly biagctheasamenstirngture/prineipde a5l the stgictaneirdessribad in
cylindrical portion 72 is integrally nolded to a rotary cylinder nmenber 2,
and t he yokeodfeatian twitthnilye embddimentisoshiewin andFigs I itret exmephelectric
cylindrical portion 72. The rotary cylinder menber 2 is rotatably supported.
by a | ovier geser&tbrt boxmnginds,bédie referbntornumieralst alemobs| ljkbear igighibar -
thrust direction and a radial direction. On the other hand, the stator

core 76 and chhstivhéxsh peris). tlogebyeomittihpethsgrapladdtiane Fgsi 82t be A%l der
78 attached to the lower case 64. 20 Incidentally, in this enbodinment, as

shown in Fi ghokPanaxaemplerofithid fliidldledtridgdterakor 1. STAltBEs 6IRi& elbotrie
central position of a magnetic pole (N or S pole) of the magnet 74, and a

groove posi tdeaRrMYrciD, GaeRetSY geREItioR MRS sAAR doRnedteBEPthe output
substantial 'y matched with each other. That is because this structure can

[P oL L TP, Y SRS LORIBRE ESAF LS4 sl T
10 casing 6. The electric generator mechanism is configured to include a
yoke 73, a magnet 74, a stator céré 76 as an elemeﬁt 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 relationshég generates no problemfor use. A
- pi ston hol ding menber .5 is supported on~“an 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 ampacbebathteriméhede oasaniostaled Ishaft (2 tiryy 80si Ay ik e Bd 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



10 Decenber 2003 63 cylinder portions 22a to 23b can proyd r ure
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 Wdyiddremmdsaking fromnthe shaoundipgiparswithy 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

the sameSposmdt eestaicttdato that-ishowidinrig. [168/StFét iegAnfifle! RBel a8Vhave
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

T o S48 PRI Rt D4R 56 SRR SOATSLP 0B
I's two - Alternatively, they may have a square shape as shown in Figs. 84A 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 conbipation of these nunbers. For
--exanple, the nunber of the cylinder chafers nmay 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 ' | 0. e e { 1. Fi 37.. the ratar

cyl i nder rrerr@glr% El&nlﬁli)’lc 85?%19? tcﬁlelh?% %{?Aﬁeﬁ%ﬂ {Ld%ds%?fa,nu%?? °§§3{ey

23b, 28a and_28b and six .1Q,secior-|jike base portions 25 is roiatabl

“ arranged in P oﬂ'ﬁslisngwg.ml' he pRove rfi*isrffr’ﬁb%&ngﬁl%,Pli%sngﬂq‘fﬁ&gwnp& tl%‘/‘btns

22a and 22b and f he hé)l Intglw por.tion, 24 formthe cyLi nder _chanber 22; the

cyl i nder porY§HREted to,fhe sembinatione ofobhess xutnbers.o4 Koy exempley | theder

. chanber 23; and _the cylinder portjons 28a and_28b and the holl ow portion
24 form t he Bymhgepf 1the ey roghambezy gogyohe theeqiEhe nusthsirngf ideber

5 is rotatably -arranged at an eccentric position of the rotary cylinder

nenber 29 antylimder pertéenpmaiobe s&x) andihe auanber of thexpistonsmiappettheee.

pi ston hol di ng menber 5. As simlar to the above-described case, in regard

to a rati o olhecepanadivroprindiple in dhys cpke widl noentber bfieflyd expladhednvith t he

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 rotati on nunber of the piston

relative to inchedirgd thsbizeésdthderdporiivid 228, 281523k, 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.



10 Decenber 2003 65 In this exanple, as simlar to the c j-ALFig.
20, when the respective pistons 3, 4 and 9 rotate in thg§§F§%ﬁ§?g§%3
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

chamber 23 and the piston 9 seeningly 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

the hol | ow prewiog by rotaféeriofitbe piston batdingr memeber pj thomotay dylinded

. 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 R e B, Wby RS B
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 'tizle 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 may beggprovided to the hollow portion
+24. It is to be noted that such.a fluid rotating nachine 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

enbodi ment icasehi cihtbeis) aisathe miptdm deickappdratths ndGedhSh HatR ﬁ%sg;@sent
invention is constituted as a rotary conpressor for conpressing a fluid by

i nput of turmeleukihgr &fanslOnbAGIEREERERY grioddUivihich quaﬁh%%@%dfﬁwl I ed

in this enbodinent is not restricted to a |iquid such or water,” and

it may be a Z36LQYAE IR Wreivis ﬁl%yalb%g%vﬂ%a to'r:ﬂ; & Bliow FH%@%)?Q%? ence

numeral s denote parts having the sane structu princi e structure

. described in the 1enbedipeiite %HQW%uEH %.fﬂf’gn@tﬁﬁn%dﬁ‘}%n?% 213 to&ﬂ?‘rent

thereby omtting 15 their exp anatlo

are forned £ ed co act owder
of met al@ gnrﬁé Q?h é?mh% Reter oreﬁdﬁgatﬁs?%ﬁgﬂﬁ%éﬁaeyﬁ Qsp%r"bﬁgd ARy

t hey can be dv eW|th lcation oil, which is .
advant ageous fﬁgqgcgg%@ﬁ %quezg ug lf"?ﬁ% surfaces However, it is
needl ess to say t 3.an ma . formed by usi ng any ot her
material than the éﬁ-ﬁ-tg&) gonégaﬁluﬁtﬁa hidd &%B gat ipomdichnthe retasmart
21 as an mpui %{haft Is . transmjted t%a rotary cylinder nmenber 2 through
a carrier pl¥tR4ss APPREAIPS CroFrENgFecing Prefendrinyentien 1sgapstitnied vsra

hol es 25a which are 25 opened on a surface on the opposite side of a
surf ace oppJQE%Fyt GOERRIeS oM for compressing a fluid by input of turning force

10  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. thier carsieroplatie t284,| the i batgeodiamdter VhokoVv28a édie exdelRaitty on
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. ’I‘hg bearing plate 32 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 rota?@ﬁaééﬁ?%§¥®én 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 the flat surface in the vicinity of the outer
periphery thereof, the rotation state of -the rotary cylinder nenber 2 is
stabl ed, andalchefithel prtatitaon dodtidhy 296°4Kid 8obMisatldhh0d soldiCtFRIRAERSHON
performance can be assured, ~ and the - reliability . €an be i nproved. | es
32c for cir | I = ' : | L | I t he
| Yy Bekrced Bath lRLBEcIES %bgnﬁ)‘%?h(&a&%[)aﬁ%kh‘i}ﬂp&a%Ié@é-gt%&] Wfinker

bearing plate he i nctination earing
djusted b hust . Lust 33, i tuted
by for oxdReiper bt RYSdiy RSB Eh oRCI Rl Ry R0 BiRbes ©
d th t t.el d in the ci tial di tion. Th
BUshi ng. scr div 255 SAPEPEY 14 OBy S cpiBel P PP S Brs d G HBre BYar y
i nd 2 th ] 33 tiall t b [
olate B s bttt B tbemETER ALt inaber porippRey SPGFeh VRe yoien

quantity of screw,ng, the pushj.ng screw 33a_and the drawi ng screw 33b can
adj ust the 152%}1“? ﬁétﬁ% rBFaljtoyhéyt}él%Pr rgepibare 23 stakled; and thehindinaidernt
accuracy in_the thrust direction can be allevjiated. The 20 space between
t he respect ihArdipaeussentinsgdditiors shergaprsnsioncperformamed cantee besriedg
plate 32 is sealed by O rings 43. In addition, holes 32c for circulating
t he | ubri catdnsh thiel reliabiliiynwan Hiee imiproved hollivley BBobfar Sixemlatingt ébéy
supported by a bearing plate 34 simlar to the bearing plate 32 supporting
t he carri er lpterrdestzibed htbrisationidibare forired bedhée bgapint plaig,32.wo
projection portions 34a and 34b are '

10 The inclination of the bearing plate 32 can be adjusted b

adjustment screws 33. The adjustment screws 33 are constituted by, for

example, three pushing screws 33a and three drawil_lg screws 33b, and

they afe ali;,érnat.ely 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 cylin&er member 2. Therefore,

- varying a quantity of screwing the pushing screw 33& and the dx;awing

“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 éase 64 and

the bearing plate 32 is sealed by O rings.43. In éddition, holes 32¢ for
circulating the lubrication oil are formed.

The piston holding member 5 is rotatably supported by a beéring

plate 34 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 bedgore 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 foemdietd g awﬂng#awsgrsp thak %ﬁe?ﬁ&toh% ﬂ'&élgg I&%ﬁig’é? 5t be, -

| ubrication oil are forned.. e inclination this ["ate

. 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
bet ween 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 gga:%‘?‘éégmi‘?ﬂQﬁ@éﬁgﬁ%latﬂanth@ﬁmcavr%i rBartharmore,

| n-support-shaft Igass%ges 523 and 53a piercing in the axial direction and
the radi al cCYBReSHOR Rerfrmanee ganddhp gasireth And the reliability cgp bee

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,adjngtment 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—suppoﬂ:—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 86.- 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 nmenber 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, | eakagenpfestbe Hy thel pistenktaenaVd A8 Bpgch%@géd %ﬁ@mp@{)g%s@grggd

23b which are at the outnost peripheral positions of t nd 4

, to the SUCtdp%'ihiﬂgQﬂ Qﬂa%ag@ﬁh‘?ﬁa ﬁg@ﬂﬂﬁ{fggtsrﬁ\%\ﬁﬁ%hp‘%thi s. rotary 10

conpressor- 1, sufficiently enlarging a par I on portion indicated
by Ain Fig. 46) st riL.pheral, posj.ti,on of .the pjistons 3
and 4 and the con%?&gﬁ%b?%rfﬁéﬁfe @%'é;g\gﬁ%w e s Llﬂ,dﬁ{j p@i“ﬁ?‘é\?%ﬁ‘b@ he
fluid froml L NG. gver.,the pressure at .the di sgcharge opening 62 is
subst ant i al I‘ﬁéﬁgazr%%son%%%%eeae\ﬁ%%' 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 %&seitio%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 ar ged i n Wrighranenatothe ewtmosfepenipheralpnsitionk 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
is 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 conpressor7d 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 ston holding nenber side back pressure rel easing neans 14. The cylinder
si de back prcgg’%%ut@ the| wasprg navtion 63ariel eakesta Hecrdazekther iy 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 ékaisplotaryctmpeedsdr Piabdchasg m&%:ﬁssﬁPQQeﬁﬁgﬁ%%ign%qs 25
e bhac

to reach a | arge-di aneter hole 25a. However, the cylinder si
- pressure rellnathisermbodisnérst, the bac&Sprd | erel ng Jthe
RS pERitg LR LA

base portions 25. For exanple, it ..15 may be a groove

outer peli phegileytindercadelbddieprisiir¥ ref¥adif %eqﬁgbmg AR i ! 9%

47 and 48, or a groove 13 forned on the peripheral:

case 64 as, Iﬁmr@d‘g"’g@kﬁgﬁﬂﬁa@gaiﬁg I@%@&gq,lhol di ng nenber side back

pressyre_releas!ng means 1 _ préssure generated betmeen
e Bt on, Tl 140 PP B VBB sE 7 S bRA Tt 2B
OO S, WA A U IR U B KPS hones e
e PS4 R R o SRR AL B8 BT menss 1 e
exanpl 8o ! hgmoothes rotation of the rotary cylinder member 2 end 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 piercing 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 ‘periphe‘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



10 Decenber 2003 73 piston hol di ng nenber side back pressyk |20
nmeans nay be a groove 14 formed on an outer peripheral sngE%é%ggqﬁkg

pi ston hol ding nenber 5 as shown in,Figz 47 and 48, or a groove 14 fornmed
-on a peripheral wall 63d of the upper c ge 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_oi
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?&W@H&‘ in
the m ddl e of the okl _infkl ow pas e . The, oil inflow passage 17 is
connected t olhgnfktbﬁrnb 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 bqaangiEIates 32 and 34
and ot hers .¢ifcuiabionc mechanism 1fi.ngAssshpsedn Hig. 43 fomeaxainpls, dhtisfrom
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, angr 2a il euftove paiseagd 8 foptlahdiy tHe bilFroROthOt 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.



10 Decenber 2003 74 Incidentally, in this enbodinent, -sipg eE?ﬁ %J gns 3
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 i e Jonmuid bpakhictbd! metil, 468 Tohrfedtih bhl HEMERLEC 1480 RediCs

" like, this turning force is trandmtte omthe

carrier plajgg Zaéacﬁé&e GRS the E}?%t%n%% ahfl% by Eﬁé #apﬁéﬂrggﬁ,f%ggggw 2 @r he

pistons 3 and 4- an e pi ston nmenber

5 rel ativel AorARbRLE H SRR r@f?}%%smgmi#ahﬁ Rpilrtie dfec oo ianghe
cyl i nder ch rdey. ,to di scharge from he di schar ge

Cening b5 hBrathh Bldpnitald: fid Elidhty Fhacge BB e6R thepistons 3 apehdt he
I nput shaft S rotate he piston h g nmber 5, the rotary

cyl i nder dé tlhf é’ﬁﬁt%g‘c’flﬁ&w ﬁﬁ??’gﬁeﬁl 8 lhr%ts ngoursaces tietweenubheé or m
20 angul ar veI C|t :i) an ve _t pistons 3 and 4. As a result, the
capacity in Ftlﬁ é ttggn%ﬂ?%ier POKtions 22m22tah 238 amd r2ftks candnd
decr eased, thgreby push| ng and supplying the fluid. The operation of the
rotary corrp €6 1 will 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 ever§n1@1ﬂj€§|ﬁe¥sﬁ0@ipm$éor dt hayirgnhthe abbvetiescribed structure,

10 when tlre input shaft 21 is driven by a non-illustrated motor or the like,
this turnrng 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—_r_;der_ 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 cyli néer portions 22a, 22b, 23a andt‘g%"sﬁg?ﬁ@a 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 rot ary cylinder menber 2 and the piston
hol ding nmenber 5 relatively rotate, the piston 4 noves from.a dead point

of the cylingsa 1k 436mblapwn in Fig. 49A toward the hol | ow portion 24
(Fig. 49%). Thg%fb&\l/\%lg%rt he pi g\tﬁ;n hol di ng menber 5 and the rotary cylinder

menber 10 2 rotat L] ' | . 49C the cyli nder orti on
" 23b i s opposed toeI ogél{rslr}g)gg?fk ﬁiél%gc%ﬁ%gxgtdﬁg?itgﬁre?fHéB‘ZV‘if ﬁg 1§§€F ﬁﬂf’;ﬁ‘ﬁfm ng
61, and hen t | giad | e rom,the suction o

cyl i nder portglﬁ%’n E?ga a?ilggjaﬁi{/eal Trl&ag;ﬁv\% @&?ﬁia?ﬁfﬁgﬁoﬁgfgﬁéﬁ 1?“3;} %er
_piston 4 (Fi 49D.t 0 ) seguen , en : 1 N -

g and the( r o@?reg%#%(ﬁ@o%ﬁﬁ%?ﬂ‘}gf‘?!cg%;:%ﬁ f t erfEf’ ﬁfﬁ?ﬁll) ﬁ:ligtee ?ﬁgm%\?n
23b is deviated.fromthe concaye portion 6la of. e ] ,
t her eby Per ﬁ%iﬁsﬁgg‘%ﬁ?@eﬁfﬁﬁ_ﬁ@xe SI?EHGRS. agtgpiioay foridie wiinder Hpoxtidn Rk,
portion 23b t at to a position of the cylinder portion 22a shown in
Fig. 49A th eotary Wﬁ‘é‘l@@rl@em@t3pﬁn@dih15hpzstmripﬂdmg anertberks
wi |l now be degsc_r i@fed while paying attention to the cyl_l nder portion 22a.
Wien the pi stRUNBIUTPkRtRe tberpiston & mayeshfromratead miint hef thd aylinder
cylinder nmenber 2, the piston 3 enters the cylinder portion 22a fromthe
posi tion of ROFEIGHLEBBvelmYRiioNFR 49 deward Wheahdllé8Bportiied (. pign 3
noves toward the outer side position 25 in the cylinder portion 22a by
further rotafhem whenttherpistory hojdingdaember 5 and 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 23b by a negative pressure generated by movement of the

| 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 terminating the suction stroke. Furtherfnore, when
the cylinder portion 23b rotates to a position of the cylinder portion 22a

shown in Fig. 49A, the compression stroke is started.

20 A This compression stroke will now be described while paying
attention to the cylinder portion 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 porﬁpg%mégggﬁ%ﬁgﬁ,
when the fluid is sufficiently conpress (Fig. 49E), the cylinder portion
-22a overlaps the concave portion 62a of the discharge portion 62 (Fig.
~49F) and the 5 fluid in the cyliinder 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 roul atri T AENbAbIRREA (99, 4%, she QlintfyePSition ana pupdapes
6. Thoi dent Sty ORAVE BOBHBBAHE AT BhotlivihaTes gorkon BRAYNEAOFIrend ther | o
meber 25 and UL e SHLRGFE TG HABrG%4 15D sheARnd svEplioh boaburdbing open
to the pi ot GherEItRlTErbr oi de 5. Mbreover: in the, embodiment 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 cyithnerspesbioshe cylindenmritons22, 32 B3 agd B3 ahe 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
16  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 nay be used. Additionally, in the enbodi nent ShO % . 40,

-al though the support shafts 52 and 53 ?ﬁe directly inserted into the
holes 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

Center of | cach o Lha suphort Tanarrarggatd 2%l e, Aol IF EETO0

the 10 autorm@?g@ﬂsg&ﬁtral. positions X1 and X2, the rotary notion of the
pi stons 3 ‘and can be perforned around the rotation central position X

w1 aboor 10, LRk AIBIRL A end BRSSP HRECERL ARG BRY ©
embodi rent - SHREUEE SRBATSY SR B o8 iy Tl intoomeshiletia padrdanin
o 1S 58 Sl UBLEA, Y (G, SRS ERL S 2 e ad veL e
AIALCANKE: FaEt b L RO A TR N

the rotary |i nder menper 2, the carrier plate 221 and the carrier shaft
Lt
30 can be elfeiesnddegiderpicrs ddiand the hplesc3m abnd 4a vfithe pittonsiandot 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 30 are provided bei';ween 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
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connected to the input shaft, and setting these menbershr|6rlijéz(i:é'(?]6[e'l2(003

non-illustrated pressure container can egl mnate the O ring. In addition,
~the nunber of, the cylinder portions nmay 'be six and 5 the number of the
pi stons may be 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 Repisians gery PedbreensThah inasshnwnin Rigt 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 rotar %I i nder menber 2. For exanple, as
shown in Fi § %4an %mwlbmmvm%i sivta, be2imted3than the Jelatiynsbip be
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, widths of the pistons may be different fromeach other. Moreover,

magnets may be arranged to the pistons Ol t he base portion of the rotary
“cylinder nmenber so that the magnetic flui'd can 5 prevent the fluid from
| eaki ng fromthe gap between these nenbers. The concept .of such a structure
I's shown in, for exanple, Fig. 56. Magnets 590 are arranged in the- piston

3, th ' ' ' d t ts 590. T,
e migneﬁh@r&ﬁaﬂ&@gﬁ%ﬁeﬁneﬁ%ﬁf ed ¢ @ﬂgf&t%ﬁée’oac%ﬁ&%@ %ggls?]]oavﬁu, H@[‘ﬁgén

magnets 590 are provi In . the vicini

. the piston 3,mHb %%20%5{‘/@3??5 d]iﬁ‘ﬁ%}gﬂ@?%%ﬂ} é{hthi s enbodi nent, at the

center of the pis suc Fach magnet 590 draws the
magnetic fluid 59 Iston 3 and holds it on. ihe outer periphery
thereof. As a res t]j’l}/lttO ,96%‘&%’ %é%%ﬁscmq:yl Fdagﬁgegnt%éhf’imsmﬁ grtthe hage
bet ween thedl%lsct on Og %Pd t?e r ot ré %I i nder mepber 2, and the fluid can
be prevent ed® TT0H 1% aKh §OF g cy ipeer £p.5q that the magnatic fluidt can
ref er encg char act%\r N na fS denot _ma%netic pol es of each magnet 590.
| nci dent 81 | YPTSVRE sﬂ%fp uigs iom, ﬁﬁgﬂﬁ oo the gisgebetweemdheiset mentbersay be
one shown i r]ggi g. 57. Agéji tionally, for exanple, as shown in Fig. 58 or 59,
the nmagnets 599 $ARPepE ok sithed © Qcﬁ‘ér%agegggwni dns fab efample, Fig.r G6ary
cylinder nenher 2 i nE%I ace of arranging the magnets 1590 in the piston 3.
Further, as ty P96 grecrreogedxiamthe pistom 0thermagnetit flaed H9al ow
portion 24 of the rotary cylinder nenber 2 may be chanfered. By chanfering
in this manrf@usedioradierepic thesndgretd 590pasBhe iapgstst 580 dbe RRbobRIEPR{ L1 ON
24 of the rotary cylinder nenmber 2, they can smoothly
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 draws the magnetic fluid 591 to the piston 3
and holds it on 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 each magnet 590.
Incidentally, thg 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-e};ample, 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 mpbseé bdo thotmxezylindebehautbarstevirer irRRL 03 ertin¥ i
cylinder menber, and the conpressed fluid relmai ns. eThiagﬁ)rﬂe)érgitﬂr% 193 #ﬁj?d

- hangs over tand Hewitx residctke, tHd BFERSdTSE ik il @iﬁa?%gﬁ.fi%%ﬁf%é Ay

particul ar, when the 10 rotary cylinder apparatus according Sasent
i nvention i s1gpRkFEdht HikfdeC € hg rempai.ni ng fl ui

degr ades the effigci enc%las t%gﬂgofrpﬁg sgg;&?a uf¥?(lire‘9}a@ﬂg?ﬂqpﬁé'%c%°g§§¥d

- fluid sudderlyyirRpep TS B Ngo W Lh the inlet,  which can be a
factor for grégnler at ?ﬂgﬁabﬁ\gf“ggg%%r Vi g?gﬁé'oﬁg 15 &Orﬁfges&ﬁh eAhan %ﬂ;ﬁ?ermg

ave corner O PREPERRRTS A 1) IE R BRI raiieh autoay Che Misameide,

have corners, the®rendining _ T _
Gecr cased. 48 VRUEPR,REFHER K@M 3 obcevAn Hobhe RMBAn mgtates to the
br cssur o oBLEty REEHGR) " BidS st Stk ToiaaY asalingersHoomben Fimb, tha o
possi bl ¢t o CPBItiePHel S AGnSEE. B RAISaizing Boid hangstovsmttoathb hagk
sides of the, rqtary cylinder nmenber 2 and the passage 581 comuni cati ng
both the fr&HO%nd hﬁr@}ayzéeﬁ,@rd%atémgtm sfciemcyiol dnngantichbrr, Swhen £He 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 remaining 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 cylinder'member side and the pistons have'corners, the remaining
capacity of the fluid having the maximum_ pressure at 1;,he outmost
peripheral position of the cylinder can be decredsed, and the pistox;s 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 no{gRsbmbet /shst 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 specific

h di gFRtsiion 580 @ ' ictdel 644 f
shape or di pabfagsids 80 Qﬁ%d Bﬂqaﬂeoﬂof'%@pfﬁcn%g E&n%%@@gﬁﬁl%&;or

detecting the rotation nunber of the rotary cyli

LT e S8 R 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"f’id]é’rgem%gﬁ{ }d g éﬁ’c"'gﬁ‘i’ﬁ‘-‘erl.t & ngedlass bo sayHdatothe i 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 number of the fluid electric generator may be detected based on
the sine waveta¥en membepfofttie rotacyréydimterenmmber Guopthe gistdh oM@y t he
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 qu@e%ﬁgepyo%
providing a non-illustrated slit plate to the outer ring of the nagnhet 572,

providing a non-illustrated photo-interrggpter 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 neans to the rotary

cylinder appdresfiuid ehntidbiggneraformas b di@ctad bl YoPRERE- S0k Ate 5O
t he exanple shown in Fig. 64, in th?s exanpl e, %_eopi stgr?lgﬁ%g%)l%{%ﬁg?t 52

. and 53 may afditspRite @b, the duter H¥npRifahe ﬁagﬁbﬁb7§e§§9\§d§’%é’tahn§é’rb-?§%lgﬁa$§§6d

to a position of the piston holding. nmenb 5 oppbdse port

shafts 52 arghdtd-inderrugiel ol tAR QHePUS AletbliSnB! HON RNADOLL, ShATLS B2

and 53 by the netal sensor nmmy be countell by a ¢

- magnet 572 ' h cyly nder..menper, 2;: an el ement,
a hall el errer{%?té Sgg; @%%Eg)ﬁ t(;i"heIB }??'{?Q‘%fté?‘t“%@fgéé%‘udﬁ%tﬂ‘ag irggﬁ dS%e(itH?-:nFFﬁ bys572
may be oviéjg 'nte%nd out puts fromthese el enents may be counted by a

counter, thereby etecting the rotation nunber of the flow neter. In

addition, the rotFati&rsl nunber ofhthe flow rreg‘er may ‘be detected by:
providing a non-ilTUSPFECES &Fi FRPVa It & 8rhEBuber Provigling thee rotajien

572; providin 2Q nonsillustrated photo-interrupter to the case side;

det ect i ng t'H"éﬂPsﬁﬁ%et?)‘g%%g e RF %%@he fREAy pylinden epppyatusecan obtain, for
phot o-1i nterre%Bter; anﬂ counting the detection value by a counter. Since a
quantity of GHPleh éntlomemederr yAs Similateto thairsamplecshown iuPFigi 64kwwn

in the volune, type flow neter, a total quantity of flow can be neasured by
counting t hdhioegamuplenthpepiston yppore El(imfb t®} and 53 may consist of, e.g.,

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 alarm can be given when a quantity
of flow reaches arpipds! syRbmeghe/ bty EYTihhEF A9 di Qe H9 £h 86
for exanple, when the rotary. cylinder yapgalr at ugﬂglg%rorglsng (\flwgd;lﬁ% 11'|oorgé;151§nt
invention ispusadias, j idi t] er

Sp vénkio §s i o ft]tiﬁal glro%’ HL0 tpg'gvfcﬁ%l?etlfé; J%?%Hf’ﬂe

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 nodsi m 1 piesr tbetife, s i bleah BHiD HesiRY dfaqsiifL o ofifioe
- 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

07, O PSRNk e 2o SARBEIY B G G B

appar at us digtdouiedng atcirotihdferentidl dirdetlosi. n 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 nmenber and said rotation center of said

Pyt nder  ehambF OBy, o5 findsr b8 s Al it i cBim EheB8R A i 2t he ot ner
one of saicHhapifersd 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®ggjcr2§{%§ry
cylinder menber and said piston hol di ng menber and havi ng at 3 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. ROTARY CYLI NDER APPARATUS ABSTRACT A rotary cylinder
appar at us ich vent fLui rom | egki fr.ama conta on of a
o ot on andlaleds cPhfdieiin Be aclistoels Alan el ol SoBi i an BSushad' on.
The rotar ré\bilhﬁ%%gé w.apparatus conprises: a rotary cylinder nenber 2 which
has cylinder c ers 22 and 23 forned thereto so as to pass through a
rotary shaft center Oand rotates around the rotary shaft center O

pi stons 3 nd denons reciprocating linear notion in the cylinder
chanbers 24- ’ﬁaryaP P FPﬁfﬁ‘EH "RBH$IBY- 5 whi ch hol ds the pistons 3 and

center O o efhe %‘?{@hnﬁéﬁ?‘%@éf%&%ﬁa?ﬂeﬁan o B dhaRiRtd o300
supports tdhedsst afraugmd irodey ghaifibeenter aar haﬁatuag bmﬁ earl rathgt shaftand at
| east one outlet 62, wherein the pistons 3 and 4 are rotatably supported

at a posi CEBieranay fromthe rotation center X of the pi ston hol di ng menber

5 by a fixed %' ﬁlgs%?\cger%gﬂs%ﬁr{b wc%roBgﬁrlnd 'Ilﬁgara}horttoﬁ i es t&%tgé’[fmtﬂ:' 9.

4b
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.
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ROTARY CYLINDER APPARATUS

ABSTRACT

A rotary cylinder apparatus which prevents a fluid from leaking
from a contact portion of a -piston and a cylinder member and
consequently enables efficient rotation. The rotary cylinder appﬁatus
comprises: a rotary cylinder Iﬁembér 2 which has cylinder chambers 22
and 23 formed thereto so as to pass through a rotary shaft center O and
rotates around the rotary shaft center O; pistons 3 and 4 demonstrating
reciprocating linear motion in the cylinder chambers 22 and 23; a piston
holding member 5 which holds the pistons 3 apd 4 and rotates around a
rotation center X eccentric from the rotary shaft center O of the rotary
cylinder member 2; and a casing 6 which rotatably supports the rotary
cylinder member 2 and has at least one inlet 61 and at least one outlet 62,
wherein the pistoﬁs 3 and 4 are rotatably supported at a position away
from the rotation center X of the piston holding member 5 by a fixed

distancé and with that position at the center thereof.

' Fig. 4b



