OXYGEN CONCENTRATOR Technical Field The present
invention relates to an oxygen concentrator that
separates an oxygen-concentrated gas contai ni ng
oxygen-enriched air fromair. Mre particularly, the
present invention relates to a shaft seal nmechanismin
fl ow channel switching device that has a rotary

di stributor valve & FONGCENTBAIQR successi vel y
pressurize and supply air to adsorption beds at a
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mai nt enance nanagenent and the |like. As one of such
oxygen concentrators, a multiple-cylinder type of
Baa%gor ption-type oxygen concentrator equi pped with one,-
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n heds filled with an adsorbent capabl e
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concentrator has become gradually popular as a therapeutic device for oxygen

: inha!ation therapy because of its convenience in use, easiness in maintenance
management and the like.
As one of such oxygen concentrators, a multiple-cylinder type of
adsorption-type oxygen concentrator equipped with one, two, or more adsorption
cylinders each housing one or more adsorption beds filled with an adsorbént capable of
selectively adsorbing nitrogen or oxygen is knmown. A pressure swing adsorption
(PSA)-type device using a preésure range from increased pressure to ordinary pressure
land a vacuum pressure swing adsorption (VPSA)-type device using a pressure range
from increased pressure to vacuum are used, both of which use a COmMpIessor as a

supplier of raw material air.




sel ectively adsorbing nitrogen to a pressurized

condi tion by supplying conpressed air wusing a
conpressor, -an oxygen-concentrated gas can be aobtai ned
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foll owm ng steps: an adsorption step in which nitrogen
S adﬁorbed on an adsorbent to obtain an unadsorbed

oxyge Y@W@@ﬁt?@tcgdn‘@résabsmﬁtl%b@ﬂ’spﬁﬂﬁrwgh @p adsorisritadapable of
ey Pessur e of the absorption beds is reduced to
ﬁgesor ﬁ‘%ﬁ) h‘)%‘ﬂ’dtot fbpﬁéﬁuf%?cﬁff? jidoie Py suRplying compressed air
r d further g ore .the
udhie 3 Db BP o SR Pl a5 Yam pheccBaingd by successively
t_ of
“ﬁ‘ﬂ“@“ﬂrz e &*ﬁﬁ bRk e B awg oot aedsarmting eiepuiiy which

oxygen-concentra

nifrb SMis a@sdr I QY & M%%ﬁ%ﬁ{ fgtndbgégré ab {xécf:sor n§ ?gg%ycd@ﬁentrated gas;

I NnCrease pressure I on

a 680gRI0L sRHIh W Pinhdt Aﬂ@s%ur%%ﬁj@ al;sloﬂyﬁoh%%&s f reduced to desorb

conpressor is connected to an orpt bed v

nitrogennd tepdrfarm Ygehtthiich ¥RI¥ Adicthert! ﬁﬁﬁﬁ’mﬂ Y\ﬁﬁr@dféfk&r before

conpressor and the adsorption bed to swmtch’a su

-the ounpletdn opthelestrpi@sten, ra préssufteed BAhPbieP In BAshh of a dry
concentrator has, however, problens that " the nunber,
OXyygran- Q%@tm getsealﬂea&ppﬂfdupm Issingersdly dBwiiMol idpkd¥@ regeneration
al ves |ncrease due to the nunber of adsorption béds

eliiginey pad kowmersese wessuenpl i cat ed control of

adsoggtlon/ esorption steps, and troubles in
mai n SSHE@rl‘tm@?@rg@n sgneeatratbaganasily Raot b a flow that a

ication Laid No. ' HO7- 508205, an oxygen
codBRbieh ot sPBrecidior Bpadatpian hed v Bl%andt%gwrtﬁhmgrmhfe

rts such as

trati f t
plafi, bR d 9@%@%?%? e ddSOreBmBEH) GBI Siminepete of
pre?s%glzfd Egttgﬁt}ée égg \éﬁ obed S:njta fﬁ%lgcr:] ! l&)gw@g E%S;Qe%legé)a}'gblems that
the GRHIbEL thd Srlpg‘éﬁﬂ HéTﬁkesHFgar{sr 591%&'&$§W1t§118§ ﬁrg% %Jtcgo;eﬁge 08e to the

Inventlon n-order to use such an a

nuntbey 0T GRIBGAbA alhelis ahnd O ObofRk: PR &ﬁhhclﬁged’ contr(ﬁ of

essential to reduce a size and a cost o

adséuptienytedorytionOfstepOX V@ NtrENEY ah ﬁﬂuﬂ&iﬁh&esodc grf&grdﬁlg to
rotary valve as a device to switch plural

Japasiesth akent aApicatichu | Iaid-©pen [196.€ MO 75DRI0S Cart Q)XSJEéHJ ©8ndfrator
size of the device and the

equipped with a fluid separator in which all oxygen concentration function parts such as

a plurality of adsorption beds, connecting flow channels and a rotary valve for

switching flow channels and the like are made into a module is developed, as a device

to overcome such troubles.

Disclosure of the Invention
In order to use such an adsorption-type oxygen concentrator at home or for
-medical use, it is essential to reduce a size and a cost of the device. Integration of

- oxygen generation devices including a rotary valve as a device to switch plural flow




nunber of parts. As such an oxygen generati on nodul e,
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of adsorption cylinders, in which gas supply channels
froma conpressor to the absorption cylinders,
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must also fanction as a shaft seal mechanism for a gas over ranges from a low pressure
to a high pressure and a low temperature to a high temperature, when such an eccentric
load occurs, sufficient shaft seal performance cannot be maintained, or a rotary shaft
cannot follow axial offset of alignment, even if shaft seal performance can be
maintained, to induce poor rotation. |
An object of the present invention is to provide an improved oxygen
concentrator comiprising a flow channel switching device having a rotary distributor

valve assembly structure, which realizes both a rotary drive transmission mechanism




that follows both axial offset and angul ar offset of
the rotary shaft of the rotary distributor valve
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Further, the present invention -provides the pressur¢ swing adsorption-type

OXygen concentrator, comprising: an inlet port for pressurized air from the air supply
- device on the fixed valve side; and a pressurized air supply port, wherein the
pressurized air is supplied from a sliding face side of the rotary valve to a connecting
part between the rotary valve and the rotary drive transmission shaft, the connecting
pari being on the reverse side of the sliding face of the rotary valve.

In addition, the present invention provides the pressure swing adsorption-type




4 oxygen concentrator, wherein the shaft seal
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Brief Description of the Drawings

Figure 1 is a schematic diagram of an oxygen concentrator for medical use of

the present invention.
Figure 2 is a schematic diagram of a shaft seal mechanism of a rotary
distributor valve assembly structure used in the oxygen concentrator according to the

present mvention.

Figure 3 is an enlarged view of the shaft seal mechanism of the rotary
distributor valve assembly structure used in the oxygen concentrator of the present

mvention.

Figure 4 shows changes in rotation load in an environment of 20°C at the time




5 of designing the shaft seal nmechanismin Figure 2.
Figure 5. shows changes in rotation [oad in an
envi ronnent of OC at the tine of designing the shaft
seal mechanismin Figure 2. Best Mde for Carrying CQut
the I nvention The oxygen concentrator according to the
present invention is a pressure swing adsorption-type
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communicating with each of the absorption beds by using the rotary valve.

The rotary distributor valve assembly structure has a mechanical seal structure
constituted by a fixed valve and a rotary valve, and is provided with a rotary drive
transmission shaft that transmits rotation of an electric motor to the rotary valve, a
spring that presses and seals sliding faces between the fixed valve and the rotary valve
and a mechanical seal part composed of an O-ring to shaft seal a gas. A bearing
receiving the rotary drive -transmission shaft is provided with a thrust bearing and a
radial bearing.

The shaft seal mechanism of the rotary drive transmission shaft is constituted




6 by a rubber Oring and its material is selected
dependi ng on a tenperature range in which the device.
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on the outer diameter face and one of the upper and lowef faces.

However, under a low pressure condition and/or a low temperature condition,
malfunction occurs such that the O-ring does not move so that shaft seal does not
function. In the present invention, the O-ring is provided in a compressed state
between a groove provided on the rotary drive transmission shaft and the inner wall of

the rotary valve into which the rotary drive transmission shaft can be inserted to achieve

shaft sealing bthhe inner diameter and outer diameter of the O-ring.




shaft sealing by the inner dianeter and outer dianeter

of the Oring. 7 When the Oring is placed in a
conpressed state, flexibility of the rotary drive

transm ssion shaft decreases to cause variations in
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the present invention will be 1l ustrated bel ow
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as a raw material; separates and concentrates oxygen

resipiangshe air by a pressure swi ng adsorption nethod;
supplies noi stured oxygen-concentrated gas to a user;
and conprises a conpressor 10 as an air supply

de\ii ce, a PSA-type multiple-cylinder adsorption unit
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oxygentdonpéreratyd AR a user; and comprises a compressor 10 as an air supply
device, a PSA-type multiple-cylinder adsorption unit 20 (hereinafter sometimes also
refer to as ATF module) incorporating a plurality of adsorption beds 21 and a flow
channel switching device 22 that supplies pressurized air successively at a constant
timing to the adsorption beds to repeat adsorption/desorption, a pressure control valve
40 that controls the produced oxygen-concentrated gas to a predetermined pressure, a
flow controller 50, and a moisturizer 60.

In 'Exampler of the oxygen concentrator of the present invention, an ATF

module (manufactured by TS Precision Co., Ltd.) was used as the multiple-cylinder

adsorption unit 20. This ATF module can successively supply pressurized air to the



adsorption unit 20. This ATF nodul e can successively

supply pressurized air to the 8 adsorption beds wth

a rotary valve through 12 adsorption towers and a

mani fol d comruni cating the respective adsorption

cylinders, wherein the structure of the rotary valve

itself is a mechanical seal structure constituted by a
adserpuen beds, & ithind retarovalvy thedugh. 12Thdsorgtemetivieve and a manifold

adso&g?ioqgfylinders were filled wth Li-X type

COHBEY GRS the BwRective pdsoirtioasyhindessi sehaseintihe Matcteraof the rotary

l.ect.i vel y .adsaorb nitrogen rel ative to oxygen.

Vanﬁ—’f% dtﬁ'l%é? azm%‘iln’&“‘ﬁa itemEseansiituted byta fedivehve apfl atrpiary valve.
r ot atd | valv rt of. the AT dul e. The _
st r adPERBpsst e flscPiit SHiapFE essuieh ity Lied e elcaks sieve
8¢ ' iputor walve assembly structure to be

718 Bl s scrBh B Bl s o TR reeouriants ety
fi xegisyalk¥end 4 .val ye 28 otary drive
transm ssion a? hsg? %Vrsgégﬁ%ms%rn Ftﬁt&?‘%‘b* Oafa{h mzat{?élBL%fﬁYec%“ of the

AT¥eglodil! t The "PRSALe ngf he @\ﬁi dd LPu A | F\)’S/lgea et i€ rotary

~gas. In the rotary distributor valve ass _
distsibutes tvalve ass Q&m@ﬂﬂeﬁg%ﬁné&?ér%d lﬁ‘%o{&@F 'Rftiule is provided
cyl i nder provided concentrically on the fiXxe val ve’

withr dixed nalee 2B,ch fotary valve 28 Naroidl drive fraRsn®ilid £ BHaRD 0L AN 30
provi ded on the sliding face of the rotary val ve

andiahnenbghicalsnalipattapmposdd dfon Pieg 981t sRg RbI thekeyi ded to
the center fromthe fixed valve side. As a result, an
adsdr pghe gatasy elistiibntpe valye nasssmbly sthictiie, pece@edtinipZ pektaitd the
i's.sent to the adsorption cylinders where nitrogen is

adsopglion s@indsn aroxidegespncentrjesibr on ¢, fiftvk valds ereptomiacted to flow

' cylinders.that have conpl eted the adsorption step are
Cha’é%:lﬁw‘@% f Syiteng geooxg SETHednn the yliding dice of Hag robaay salve through

S BT S
' - i.f rogen-enrich as | s, exhausted under .
result o A eRon O L bR e B offiRisi 4 E5Hept ol adsompion
. ' ' h t . A.hole 31t h k.
oY RIS R SN R ket P i
cyligdeftV i€ hadtd coldpft&E M Etdé?)frpdﬁt gst%flgle d C\é%éé%\?a%%\ljghet adsorption

~ pressurized air is supplie rotar (
cylindemssthatriave chhplesdd the MBsdrB66n sth LRV h-Aikh %&&ﬁeéﬁpk$ﬁﬂze the

to the adsorption port (force pushing up the sea
pressusclegiween the spempudre)lintieR. aAf k16 gerPéti{thBd g AR fii8ted under

seal face that is generated by pressure supplied to
redu@ﬂd@r@ﬁsméjm thei ptessofizddeissiptioh blifdaeevih ieqit@hus pertfiol e

A hole 31 to the back face of the sliding face of the fixed valve is provided at

the center of the fixed valve. The pressurized air is supplied to the rotary valve to
pressurize the sliding face, whereby a force applied to the adsorption port (force
pushing up the seal face) is compensated with a force pushing down the seal face that is
generated by pressure supplied to the opposite side of the sliding face through the hole
31 placed on the center of the fixed valve. The presence of this central hole

determines the'force applied on the seal face according to the ratio between the area of




31 placed on the center of the fixed valve. The
presence of this central hole determ nes the force
applied on the seal face according to the ratio
between the area of 9 the adsorption port and the

area of the opposite side. If this hole is not
present, on the contrary, as the pressure increases,
the H&W%%@}di tael axep of Hhe apppesiteptidon Ipthit halé o e present, on the
ggshin H$ the seal face) increases to deteriorate
coldam; ﬁ‘g.t PIOPHSr Esasesndenibdate applisd Wether adsortionrpaaf (force
tge seﬁbin it.is required to hold the seal face with
pushiag up e sl f355) fsreassrdp glstesiopnte sealinge b erdafoecompensate the
an i.ncrease in({he S iging torque, and thus

defBod o Nl £ %5 Ranted By bl aherebl B v a gong Spring to
inJr@&Hi r& 11 ion .of the. notor rot.arr\( shaft 26
: e pf(’%{‘? F%{“aery I FosUIL oy 0 SREeass 1, {H ke topguea apd thus an

rotates
i I >s_fol] owing the rotation of
m?%ﬁ%ﬁgﬁp?ﬂaféﬁeéﬁg%&Bg)gf?ssre%ﬁlée%ri ng 23 serves as a
shaf Rog&ih | f ' ry val ve 28 and
Tho Fofoh oF e e Ly SO o R B i g S

29 sedltse idigryShalvd TOrdtACEHIBRINERR HbPfion '0PRY %aﬁésﬁ{i_ys?onzﬁlaﬁ 29.

and the fixed valve 27 by its spring pressure.

TheO-1ingI@B sthes ak iadkhaf sbafRSuBktidBeth@bR g My §ak8 28Nghd the
the fixed valve 27 are nmachined accurately,” tol erance

rotary driyguiransthissivnashafirifectA BgriABD Josls WeeBlidine fARt edveen the
drive transm ssion shaft 29 and the rotary val ve 28

rotagy vplve 3R hdi ghealviedrvalw 23 byeshipning gresaceur acy and
assenbly accuracy of the device. Even when axi al _
of f sdlthongh theghidiag fagss fof dhe edtatyhealvool@iapd did fired valve 27 are
tra%snissi n shaft 29 of the rotary valve 28 occur and
machyie @W‘F’f?g% Jaleggeoisraquited 10 ¢ Geapesting prt botvesendlyesrotary drive

L Nt ai hg,shaft. sealing function and to  absorb the

trarfBisof oo o oo i B BHIVE off b Sonsislesyionc ikmgaashining
[ ' d. A s ' mat eri al havi ng, Shore A

soop e ST Sl Bb DR GurdCy Xt el el s SHe: rfangule

oTOTBTBED B8l BBELR RSP ORI FHLTSHER 2 e s e
O-BamnRenLl s ol sl il g SAEP gt

absdth gherdal 6 fRethnd SR it Sid SBHRRE @l?anng %@ﬁﬁgﬁﬂaﬁ.

rotation | oad, by using the shaft se ani sm

FQ}Q gsgnazeifam;g:hgtwﬂl Bavihe SheRnA HhedRas6f YHSF foNis @shdilYBused for

the O-ring to maintain sealing performance and abrasion resistance. In this example, a

~material having hardness (Shore A hardness) of 60 to 45 degree manufactured by
EPDM was used for the O-ring 23.

Figures 4 and 5 show the differences in changes in rotation load, by using the

shaft seal mechanism shown in Figure 2, between the case where an O-ring made of a

hardness rubber in general use (Shore A hardness: 70) is used and the case where

O-rings made of a hardness rubber of the invention of the presént applicatrion (Shore A

hardness: 60, SO and 45) is used. The rubber material was EPDM for all of the O-rings.
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har dness rubber in general use (Shore A hardness: 70)

is used and the case where O-rings nade of a hardness

rubber of the invention of the present application

(Shore A hardness: 60, 50 and 45) is used. The rubber

material was EPDM for all of the O-rings. 10

According to the results shown in Figure 4, the gas

Agrogdiag 49 fhesrsaulisshpyntin Figime fif theegal waseshafascaled b ithegshaft seal

tﬂ\% O-ring having Shore A hardness of 70 degree in an

MEAPIS B the P-ripmimving Shore & hapdngss ofi70 degttedh angedronment at
nchrponously to the rotary phase of the rotary shaft.

256 ﬁﬂttﬁf‘eﬂ’@@%r{w dengedesypefyerustyrio dic rormey phase eibithe rotary shaft.

i cat.ion vi ng rubber hardness (Shore A hardness)

WERe, B0, Blemiiatt e Qe PR aHCEIS Gaiinmmdbtar hardness
r ' es.in rotatipon | oad s achi eved. )

PG IS TG 35 St SR eatcdi oM geosmgase in

haeand 45, n in rotation | oad decreased.

bkt 1EabPUIR ok JOEED. RabBiit, 8L Shoffe AnRS Recroased

FrobR BOSHC P Shy 8 Y55 9ffd chﬁgﬁﬁrpgﬁﬁﬁamo%ﬁsde%ye%g 7S When, ghore A

problemin durability, 1es I n manu

harineksangi 4R&Slcts) theSBateFi Wiedxce RReRF P g:a%%xgt B@B[ﬁ:@ék&l&ﬁ‘ as a

shown in Figure 5, in an environnent at

prdbdaml irehaaBityd @it 0nidS18 MeAS RcARRg! ind@Sine@N, LidTed t hat,
when the Oring having Shore A hardness of 70 degree

was Betier, dcherd@gr forthe 28ulieishondt indtif@re t% i efkirodtiedt at 0°C,
of fset and angul ar offset of the rotary drive
- rubberbrsdiess faoded afncreSe amtlit ohmangefirmed thagtvalidnahe 008k having
further increased, while the O rings having rubber
Shoyg 4 hergdgess o Wsrgimed was used, SreoPering 2 mds@ss able t6Abarrh axial
ff4ﬁ dggree of the invention of the present application,
ottyef, and cangular offsels b Bhee satprygduitee trepamigtien ishaft A9amidophanges in
l.oa et.ai ned. nsidering the shaft seal function
rordy PR o i GO UG heviuBbenbrdhcsabasssponding
o d bilit manuf act yri ng cost, and
o Stqﬁg‘“nﬁ. 54&35 ?r@?”e?f 11 SR ﬂﬁtheéﬂis“iné‘% oh hecpreseat applisgtion, the
_ ﬁ-gmm I i ng the oxygen concentrator
St the i%vgt}egﬁﬁ{ Sﬁﬁré’yagf%g%a W%Sprﬁ%%fgti on, an
OXY GRAsABRSLHe BRLL" i Wi ¢ hout.
devel opi ng 1 he char?%égﬁﬁcﬁﬁﬁﬁgﬁgporrﬁ%?%gfg&agg o Efﬁ“ Chon to

* absayBRAsmiek O 16, di&iaailitﬁfrﬁfﬁﬁltfa(ﬁ%ga&ﬁﬂla‘lﬁﬁ thd 1ikEla kARSI Rfving
- the rotary distributor valve assenbly structure I'n
Shotehve hiddnésd o 6P ay i @fiosE akteliéntpr ovi ded.

By using the oxygen concentrator of the invention of the present application,
an oxygen concentrator that can shaft seal a gas without developing the changes in

rotation load due to the generation of axial offset and angular offset loads of the rotary

distributor valve assembly structure in the fluid separator can be provided.
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11 CLAIMS 1. A pressure sw ng adsorption-type oxygen
concentrator for nedical use conprising: a plurality
of adsorption beds filled with an adsorbent capabl e of
sel ectively adsorbing nitrogen relative to oxygen; an
air supply device that supplies air to the adsorption
beds; and a flow channel sw tching device that
successi vely pressurizes @r8IM8pplies the air from
the air supply device at a constant timng to
adsor b/ desorb nitrogen in the air, the flow channe
.device being a rotary distrjbutor valve

Ltchin
1 A ViRg PSP OB Ry aBHCACEraeF foF Bedicakusrpwprising:
: di.stri I | ve enbl ructure heing _ .
L RN A T
. ' [tuting connecting flow channels to the
mt{)?g&irlfgfq%t?qugg§ tglt)r ptigon beds, agr otary valve that -

an 8iishi1 0o S COBBEL G0 hOMGRTBARES, g r Ot ary drive

transm ssion s that transmts ro n novenent of

a floReciehf&tstighindRicOlce ttl%lt h& el Yreb@iritEs E(lll?il %/ug)i)ﬁésatﬂg %ir from

at a connecting part between the rotary

thetairasupplly 81108 asadstadNGninets Al BHYsoYRhS eﬁ"[?ﬁh@aﬁ‘ haft
seal nechani smprovided with an O ring. ik e

phe sfiaw echamtel gsvaitkhigd b ite thepRy QXA GRABARNE' AR assembly
according to claim1, conprising: an inlet port for
pitiistye prewededimithfan@factrivemador, supply device on the

fixed valve side; and a pressurized air supply port,
iherasary distrébyteieesdierassesnb lpstrudteredeprg previdéd witha sl i di ng
face. side of the rotary valve to a connecting part

bet @‘?1 valve theft earymyzipates sl 2 manifoldagonstiniting eonnecting flow

r €8R0u & GepBiretinor fSomiig brdoe of the rotary val ve.
. 0 PP S RS e "
a rotary drive transmission shaft that transmits rotation movement of the electric
motor to the rotary valve,
a tolerance at a connecting part between the rotary drive transmission shaft and
the rotary valve, and
a shaft seal mechanism provided with an O-ring.
2. The pressure swing adsorption-type oxygen concentrator according to claim 1,
comprising:
an inlet port for pressurized air from the air supply device on the fixed valve side; and
a pressurized air supply port, wherein the pressurized air is supplied from a shding face
side of the rotary valve to a coanecting part between the rotary valve and the rotary
drive transmission shaft, the connecting part being on the reverse side of the sliding face
of the rotary valve. |

3. The pressure swing adsorption-type oxygen concentrator according to claim 1,
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12 wherein the shaft seal nmechanism has a sealing
nmechani sm achi eved by an outside dianeter and an

i nside dianmeter of the Oring by conpression of the
O-ring and the O-ring constituting the shaft seal
mechani sm has a Shore A hardness of 45 to 60 degree.
gqessure SW ng adsorption-type oxygen

W@Bﬂg Eﬁ? £ thsead dpeshamipg has 2 Fealing Inechapismeadhiavad byharr putside
ity 5 B UEelivutiet 8 Bitaae B eroRvEe Pl Gringnnd th
-7t By il g SRR3R BB Bt m hotm dobariieoe AL i o gearee
4 e P AT SRS kR o e e BACRERRET ot o i 3
wESrein HERAE Rk clbiont 8 conTRRE 1Y e Oingaprpyided o apgppressed
staﬁﬂﬁ:‘t%é& Dhrodvé VrRled o¥hahy fot 8 tAnénis Qb SARE Gnd %nr inner wall

provided at a connecting part between a rotary

of 1he a6tafy v eQApIa b bdiR@InsékANEE 15y Riva tiaBhnisSDY SHFRN

of an electric notor to the rotary valve that switches

5. dht |pressofeamwitlg @fsorppio8IspY bEREbnatdncaiehtdNAcdoRdia o claim 3,
val ve, and shaft sealing is achieved by an outside

- wheteartbe Orringisdnale of B8 etheletle-poayydeneafie@iubberi Ng t hat has
a Shore A hardness of 45 to 60 degree by conpression

6. pimethed Of shaft stedingedre tdiaryrothes widréive toleamse is provided at a
shaft and the rotary valve. 7. The nmethod of shaft

congeAng nparh fbesweast arsptars| drévea trensrolission tsbakt| hamit@psmits rotation

wherein the Qring is nmade of an )
MO Ve éﬁeanp?lgfﬁg,lp dROH i@ ke Foipyeyalvel that switches a flow channel of

pressurized air and the rotary valve, and shaft sealing is achieved by an outside diameter
and an inside diameter of an O-ring that has a Shore A hardness of 45 to 60 degree by
compression of the O-ring between the rotary drive transmission shaft and the rotary

valve.
7. The method of shaft sealing of a rotary valve according to claim 6, wherein the

O-ring is made of an ethylene-propylene-diene rubber.
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