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DESCRI PTION FLU.-D MACHINE 5 TECHNI CAL FI ELD The
present invention relates to a fluid machi ne that
transports fluid by roetating a rotor through-rotation
of a rotary shaft. 10 BACKGROUND ART As one such
fluid machi ne, a vacuum punp di sclosed in Patent
Docunent 1, for exanpl ®ENXS HIEEN proposed. The vacuum
15 punp of Patent Docunent 1 includes a housing forned
by a rotor housing nenber, a front housing nenber, and
a rear housi ng nmenbergrufite Maceninehousi ng nmenber i s
joined to a front end of the rotor housing nenber.
The rear housing nenber is joined to a rear end of

TEcﬁﬁfcﬁﬂthE gusi ng nmenber. The rotor 20 housi ng nenber
I's a cylinder block configured by a pair of upper and
| ower bl ock pieces. A pair of rotary shafts are

bl d by th i
e 1 dr e R T R AR CBLRCTRr bgh SUPbdi QRChERE tha

traREabing. fAuPHUbl kbyalfingr at @68o@r ehirbxet troteadtknobf a
the rotary shafts. The rotary 25 shafts rotate
rotaynchrdhbusl y t hrough engagenent between gears each
secured to an end of the corresponding rotary shaft.
Each of the radial bearings is supported by a bearing
BACKGRAEND ABRAd the bearing holder is fixedly fitted in
an engagenent hole fornmed in an end surface of the
rear housi ng nmenber. 30 The housi ng of the vacuum punp
i s mssamdl| ®dch nfihed fathbme hgamaanenm Phepr diaryosed in

shafts are supported by a_l ower ne of the bl ock
PatgREcBECUBFNE fowsPEbPEEREpPechaSTRERD RACPGEFEr bIBEKVacuun
pumpPl §6€phsehpi N8EuUhEnthE kawenhdekoek hpuese gt Gofraicd By a

the cylinder block. The front housing nmenber and the
rotepahousingusrHgerenBefrapé PRESINGI ACHOELS /t RECV inFdeT

hougﬁﬁﬁkmember. The front housing member is joined to a front
end of the rotor housing member. The rear housing member is
joined to a rear end of the rotor housing member. The rotor
housing member is a cylinder block configured by a pair of
upper and lower block pieces. A pair of rotary shafts are
rotatably supported by the front housing member and the rear
housing member each through a radial bearing. A plurality of

rotors are fixed to each of the rotary shafts. The rotary

:shafts rotate synchronously through engagement between gears

each secured tb an end of the corresponding rotary shaft.
Each of the radial bearings is supported by a bearing holder,
and the bearing holder is fixedly fitted in an engagement

hole formed in an end surface of the rear housing member.

The housing of the vacuum pump is assembled in the
following manner. The rotary shafts are supported by a lower
one of the block pieces, or a lower block piece. Then, an
upper block piece is joined to the lower block piece to form

the cylinder block. The front housing member and the rear
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Subsequently, the bearing holders, to which the radial
bearings are attached, are fitted in the engagenent
hol es of the rear housing nenber along the axial
directions of the 5 rotary shafts, which are supported
by the housing. The vacuum punp is thus conpl eted.
hous$pec meimbalr yreprihem tiejrsidhity e cYlpidehlblaChi ece

wth the | r .bl ack pi.ece, the cl anc e
subsEREritShs Wi H e R o b ol et
bearin@EK sfr&Ciatd ddieed,0t0res firtet &adlj itsttdck Befarengrot halps of

the 10 upper bl ock piece to the Ijgav&er bl ock,(grilece t.he

the grgagdRaiRtnhITGnS Bne Hd gl GG P s Rurdf
rotaggj the fnds @i dherd \%ﬁgﬁ%ft\/&j ok ae KR4 Sag ar ¥he vacuum

usted so as to provide a proper phase difference
pumpb étswedn se asmpdrefagbab Se epgdif cofl lvhe Priorort® ol itHa g Wwéle

rotary.shafts. 15.1n,the vac o) at
uppeﬁogja‘r%crh PP eGS "Pﬁteh r]Cc eeglroahﬁ%%;gﬁ]b&é%lné?{’e ot of S anances
betwiche itmerswriacsmditide neyt | futefadd ogk die tdel phdse
di f ference _between each ecﬂﬁ?%ea(ﬁl eﬁpe%i r of. the rott%rs
blocks fGingh G aft'et @ o houdieHG ifas PeRd the
uppe@S AL i dde ItS NARESEANYr WL 5EPERedde 1R8] 3§ aBEhent
of the cl'earances or the phase difference. Such
pos itdadjsustiveiite igeger f oftneeh axrd ob¢@wesd THe Fheligpds of the
' bear.i t he ri re.r h
res R O S e S (R FYSre FoLS e rerpar “ang
propidre preare Rl ey rimsisr tveren 2&acepangagekltonpahe of the
cylinder. block. The upper_bl ock piece is then renoved
rotofsy A g dwkt 15t gtk p‘%e%%tsAs a result, the vacuum
punp of Patent Docunent 1 requires conplicated

assenbly of the housing and conplicated reaﬂ;’sfst nment
af €&y theo HRCe Mo WP 1He BRd<dHbI NP IHM§He hroust ng?€ 30

cleé%gﬂﬁgs[%g%ugﬁﬂrﬁﬁé”fﬁﬁ§@§ andil thd ﬂﬁﬁ@%n§ufhé&e of the

sinplifies assenbly of a housing. The fluid machine of

cyliPateentb]l @ocmenthe wha ze il f feragee vaehuaepuedChavi ng

eng GBI NGA A NPUNDG) WL Bt ¥B: PLEGPOSEIHEL URELERALNe
housing has been assembled, it is necessary to repeat the
adjustment of the clearances or the phase difference. 5Such
readjustment is performed as follows. The radial bearings and
the bearing holders are removed from the rear housing member,
and the front housing member and the rear housing member are
separated from the cylinder block. The upper block piece is
then removed from the lower block piece. As a result, the
vacuum pump of Patent Document 1 requires complicated

assembly of the housing and complicated readjustment after

completion of the assembiy of the housing.

Patent Document 2 proposes a fluid machine that
simplifies assembiy of a housing. The fiuid machine of Patent
Document 2 is a multistage vacuum pump having a casing {(a
housing) with a two-piece structure that can be divided into

upper and lower pieces. The casing includes a plurality of
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- 35 upper and | ower pieces. The casing includes a
plurality of 2 punp operation chanbers. The fluid
machi ne i s assenbled sinply by joining an upper
casing menber with a | ower casing nenber after
supporting a pair of rotary shafts, to which a

pumppbpeabittpnofthesbers - ar@heliéuldbvaﬁbaﬁg 6 pRECMBNWEL

5.memher._each throu d d.a
Slmpi@ah?naO&Q&PgeanIpr He 17U éﬁ %ﬁ1ﬁquQHba é%?ﬂig casing
membBeCUHFeRl Zupbeferiedt e papnerof Qasiary rerd@rs, stg oilneth a

to the | ower casing nenber, the clear ﬁfs bet ween
plurphé t¥oPdr $O5RE St RES et Cou YA dee Tt %ﬁ& er casing

memb%ge bakho %h‘igﬁgﬁﬁer S RS 13y usted é‘HH #h eéealﬁl}gf&?éme In

ositions timng gears, which are each secured
the ufdxuanl madhiok e Pademds poydinanty &t-are hzd ttheyrepper

d_so as t.o £sure a o
CaSlE‘gf fﬂgﬁ%ﬁge Het &Y écc?n t%een SL dgea &Igpgﬁ‘e n@ﬁ?{% (Hors
cleakahween teheraleno thet aotstmafdrsl thbe Howeviersud fu @ssenbl yhe
of the casing of the fluid machi pe _of atent Docunent
PUMP2 PR 1ORe SsRdre S HUS oFUEFREY -+ PREAISTG T

pOSlQQ%h%go%e%Q%ﬁnbhq%%&% t R, raspecd i decbesddigss tdean end
beari ngs separate fromthe | ower casing nenber. If the

of tpleaserr@lspfo@rdemme todamsersleth entfagedibt €l ¢/ 30 oAS tHe
rotors i s s t | ed from
enSULtrr”‘?e arnomé’lpro gﬁ%&% &%}%OS\@ CIHt#eleerp aésaée ée%ﬁ%%é cannot
engalye adéle tal&no&pnm@pmdﬁﬂxs\hﬂtﬁﬁeﬂahhémﬂwoifot&EYU@b@ftS-
casing nenber is joined to the |ower casing nenber in
this state, the fluid machine is assenbled with the

phasacdilf enange samibntaiored as s i2hy icApiopflidtd® machine
val ue. Patent Document 1: Japanese Lai d- Open Paten

t
of PRilsitc AAHTEN. 2:20@@@@%@%%&5@%%%%%625Upp°rted by

iy 30
the SHBIEIAEPE RN Lol QYA bl 01y 4 0 e

beardbjgec tsiepa reft ¢ Herqur édentlower casing member If the phase
difference between each engageable pair of the rotors is
adjusted with the bearings separated from the lower casing
member, the phase difference cannot be set to an appropriate
value. Further, if the upper casing member is joined to the
lower casing member in this state, the fluid machine is
assembled with the phase difference maintained as an
inappropriate valiue.

Patent Document 1: Japanese Laid-Open Patent Publication No.
2002-257244

Patent Document 2: Japanese Laid—Open_Patent Publication No.

4-132895
DISCLOSURE OF THE INVENTION

Accordingly, it is an objective of the present
invention to provide a fluid machine that simplifies

adjustment after assembly of a housing and prevents a bearing

3
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invention to provide a fluid machine that sinplifies
35 adjustnent after assenbly of a housing and prevents
a bearing 3 fromseparating fromthe housi ng when the
housing is assenbled. To achieve the forgoing
objective and in accordance 5 with one aspect of the
fromprespanati imenitan, the fhaisingctier thedees g alfotary
shaft., a housing supporting the rotary shaft through
asselyleding, and a rotor rotatable integrally with the
rotary shaft is provided. The fluid machine
transports fluid through rotation of the rotor

t Oép@_t & 1fivien ti)(?_ tf.ﬁgg‘%n& PRRF Verfndh o i g rlance
witrf Hd GURAL DY 4 QI N & od OVBHvEIRUSERY AEADELd ARECAne

upper ng menber that are separable from each
inclotdiigrg aTheotaonershmlisi ny mewdeng | meppeeting fheerotary
ccommodat i n ortion t e
snafl FRERL VLS BIET 35013 onSsft  HELELE PR DhORgR a1y
withippes Adchwpsshf hreibesrontdedes Tre upperd machine
acconmodat i n ortion that . has g dgmnma d _openi SO .
nt ﬂggr with

LrangPqits PP Uppe? THor t P bnt B TP het e’ P

the Wdthdhesiipper and heweyi Rpusi nbriemiersd Bwifwthing a
toget her, the upper and | ower acconmodating portions
loweforhmiss earmienP e corroziat FPBe poR eV ohNY BB A8 EokiBHaRES

sepd il 20 A feea&?asm% j&%é'wv@egﬂrgmt 3 t%g&ébrh@&ﬁ Pncludes

positioning nenber i's attache earing
a lowek fdxesntedd hind guer tidoushay hesban ipwsudhompening so

manner that the bearing.is (o dated in 4.h
as U O oL Ber s e oS 0B SERE BRah gL, oS L
houECREH N O ke DRAVW Ne&Se Fi gccdminsdating portion that
cross-sectional side view showi ng a Roots

; t pu .
has g CPUIRES PRET RSt S@nBddF feRECOr P AR “fr 8BeHpPsg Portion
of tHVEMA LMo F G th Itheé WiRsS-Sestiondt RbadiNy eMenbers

show ng the Roots punp illustrated in Flg. 1; ,
joined together, the upper and lower accommodating portions
form a bearing -accommodating portion that accommodates the
entire bearing. The fluid machine includes a positioning
member that is attached to the bearing and fixed to the lower
housing member in such a manner that the bearing is
accommodated in the lower accommodating portion in a

positioned state.
BRIEF DESCRIPTION QF THE DRAWINGS

Fig. 1 is a cross-sectional side view showing a Roots
pump according to a first embodiment of the present
invention;

Fig. 2 is a cross-sectional plan view showing the Roots
pump illustrated in Fig. 1;

Fig. 3 is a cross-sectional view taken along line 3-3
of Fig. 2;

Fig. 4 is an enlarged cross-sectional view showing a

4
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Fig. 3 is a cross-sectional view taken along Iine 3-3

of Fig. 2; 35 Fig. 4 is an enlarged cross-sectional

view showing a 4 portion in the vicinity of a rear

seal accommodating portion and a rear bearing '

accommodat i ng portion; Fig. 5 is a cross-sectional )
por biicew ighdieng e rsaro £ eardary RS aReRINeRp Hord iprtion

illustrated.n Fig. 4: i I.S; & Ccross-sectional
and 3 &ﬁ%%ﬁanrgmag pao%?%OQSac%lrrg%spg%%%ll%’ to a shaft

acgarpdatiisng RAdsisedtiignal wlew otassiseditionadar

vi ew showi ng_ a rear bearing, accommd%tj ngl_Fjgort' on

beardexh i GRS A 1Kt GiRF eribdh et Lttt he ” predent

i ngantign;; ARd AQ fl Ge & iichA GFiRSE-RGHIMRNA ddAiion

vi ew’showi ng the rear bearing accommodating portion
coriddpmidiatedad ra Fskgaftz.acsgsmw%tjammmm@m QUT THE

I I 15 A first I.ent. . J i ;

algc\:‘égt di nqg;lt]soat ﬁ’g"lospsr éssgﬁqq%ﬁlerﬁl?%wn?s%#&ﬁa or?gtqsg%ﬁn%earmg
accolmordd i ipvsdae: ttes cad et i vd t to ref esenice ¢nbéilgsent ©6 the

6. In the foll ow ng description, an upper side of

presgny et Edbo to an upper side of the Roots punp

1, rand & liower Siddes-ofedtieortiaw Nth GOT 418 SE1oResnd OcRd Bear

| oner” side of the Roots punp 1. Also, a left side of
beanig afremingtaol e spongson ol bl Esbhtted dbof1¥he’ Root s

punp 1, and a right side of the Roots punp 1

corresponds to a rear side- of the Roots punp 1. 25 As
BESTS MOYBE | FOBI QARAY ING hatib i TE 2IBHVERHEORoot s punp 1 has

a | ower housi ng nenber 10 and an upper housi ng nenber

20, which is joined to the | ower housing nenber 10.

| n rotfiafst Wolddsiindier housd nPlRi diasachin®-pteseding to the

structure that can be_ divided into an_upper, piece an
bregEn oustv PGS e i %IRRT FarBOLT vy FBY PRedpperced

witBPUr ACs9fc the toyer hopsi By menbete 1&lf&’ﬁiﬂ§g ajd O¥eiption,

joint surface 10a, which is provided as a flat
an uppdaceldharf cbhy act scoheesppeAshbaspRAgURBRBeF190. oFhéhe

Rooégnﬂﬁﬁb 1, and a lower side of the drawing corresponds to
a lower side of the Roots pump 1. Also, a left side of the
drawing corresponds toc a front side of the Roots pump 1, and
a right side of the Roots pump 1 correspeonds To a rear side

of the Rcots pump 1.

As shown in Fig. 1, a housing 2 of the Roots pump 1 has
a lower housing member 10 and an upper housing member 20,
which is joined to the lower housing member 10. In other
words, the housing 2 has a two-plece structure that can be
divided into an upper piece and a lower piece. As illustrated
in Fig. 3, the upper surface of the lower housing member 10
forms a lower joint surface 10a, which is provided as a flat
surface that contacts the upper housing member 20. The entire
portion of the lower joint surface 10a is arranged on a
common plane. In other words, the heights of all portions of

the lower joint surface 10a are equal with respect to the

5
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portion of the lower joint surface 10a is arranged on
a common plane. In other words, the heights of al
portions of 35 the lower joint surface 10a are equa
with respect to the 5 lower surface of the |ower
housi ng nmenber 10, or the |owernost portion of the
lowelromxrﬂmmfg ‘ai‘mfderwello h@isinarmsenbenel § ovel e f ace

er [ er joint
lowegm%sacgch% °R Whl chtq?eSSlpor%%rl S*éd? lrgé) g‘ﬁ% ace that

contacts the | ower housi ng nenber 10 The entire
portiaon of the _ upper joint surface Oa is | ocated

a §6Wﬁ6ﬁrﬂwan§h@AHQﬂQﬁ PG De PREE lng

menided "EtO ‘{acs 2098 and; 4 he: |§Y@fad:e9' Ma sk e 19aprovided
configures a 10 joint portion 50 of the housi ng 2.  The

as a dilmat' tavrme chalt ramaets rdterkovwer theusing dieheer nio.

The V\'fllxlper engbox!tlvéﬁ{ cglg %%Wﬁle&pﬁérfgé@eg?éo éhfocated

usi ng e ower j oint surface
on alQenefort hel drover Ahgws'tm_g poardien liéatﬁnl_delry t heo ntpaetrs jdment
upper 0|nt surface 20a, of the u mﬁ u3| 15 nenber
sur SR auadiodnd drit Py S0EHs, S wet & PFGLTr S0 o8

joind I3t Rirehd b fitthe hods PhYiral | t’]}heOftéIQf\/\B'ftw/@ﬁrlﬂleCe
pieces 11 are formed in the | ower housi ng nmenber 10,

strystojusdt innf awmaral e Hppeetworsihgrb@pethoolorer housing
memb%'r”rl% Ity Oélr?é)d %&e{h%"gﬂ pd 8659 £k %&nl&@f"@é’ \!u{‘tﬁhehe

pper Hou prOJectlng toward the | ower
lowdnmgnun;anﬂﬁaaéiﬂO&hnﬁ one lofet heolivivey mahbepi bgedully

11 for a pair with a coL resp di one of the u [
contEgys HhedPY FRUR paTt L B1C t RES | Bher RerFPehi AP 1T
memizd Aderiuppart wedimphgcenlstopsp as shdwmaih BOg.A325

pair of shaft acconmodating portions 83, which are

prOV|ded as holes, are formed in each of the end

wallS 160.; 5the shafitn BGFOMDUAtS NG POT ¢ Ot BSwdF Suall
alﬁbnéd i t he dlré%tlg% of theI£ wi dt h %f t he Rootsa

ieqump ll.aGhef ofnedel shdie hedormbdasing MpBPEr ohSs 83
e ERENSEE HLYRALE b L0101y o
uppel iweeiri pﬂﬁéés421 are formed in the upper housing member
20, projecting toward the lower housing member 10. Each one
of the lower wall pieces 11 forms a pair with a corresponding
one of the upper wall pieces 21. Each pair of the lower wall
piece 11 and the upper wall piece 21 forms an end wall 60. A
pair of shaft accommodating portions 83, which are provided
as holes, are formed in each of the end walls 60. The shaft
accommodating portions 83 are aligned in the direction of the
width of the Roots pump 1. One of the shaft accommodating
portions 83 accommodates a drive shaft 3, and the other one

of the shaft accommodating portions 83 accommodates a driven

shaft 4.

A pair of rear seal accommodating portions 80, each of
which is provided as a circular hole, are formed in a rear

portion of the housing 2. The rear secal accommodating
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. A pair of rear seal accomodating portions 80, each of
which is provided as a circular hole, are forned in a
rear 35 portion of the housing 2. The rear sea
accommodating 6 portions 80 are aligned in the
direction of the wdth of the Roots punp 1. In the

porthious f§ Zre @alrlq;miulrrg tHee aherit 1oy O Pokie onsdigr, of the

each_of .whi rmed as A C|rcular
RootS ERBed T cafwild FPORL e % odF e b dHOR st ino
portfiQird @S T idY avHiRiers chotmddious 4 rohrdhearelasle, are
- seal accommodating portions 80. The rear seal

YT AAGESITRSFRATS Jordh IS SP A SRt | PrePadg kg portions
g0 19 %@%Hﬂﬂ%ﬂﬁcdﬁﬁiﬂﬂdﬁg]fﬁoﬁ*%hé«%%érpygyl1acc&ﬁﬁ@dat1ng

reference to Fig. 2, the rear bearing accomodating
portgoms &fs 82h@a¢ﬁaﬂ-’e§@|a\le a@d@@@qd@gtm derr 2erserdi mye

0 ,hear Sitio e g
o115 F 0 GRPLG B0 LorL G TERED S0 835, Dogeli.
WlthFlr@fekerﬂ:qoajcr oifg f rzqntt:rb@amang b@&‘ﬁmmﬂ@dﬁonQodating

portions 81, each of which is rov g a 15
Portaions I8 qisite, Fer%l Yo rhef 3 flP%L elbo-?? i DRTBENFHRS 2

beaﬂ%'ﬁ?ﬂs@:lon—ﬁl}ﬁg Qe PeMd NG ASLOMBIBEALHhHI3POT BBPnﬁhlch
81 are aligned 1n the direction of the width of the

is sRowGSiPuEating. the housing 2, a pair of front seal
accomodat i ng portions 84, each of which is provided
as a circular hole, are arranged 20 rearward fromthe
f r et hbeafieng raec dradat i ng peomdnnsonslfroﬂ‘théaémoiﬁug

seal ccommpdatin rtion 84 are igned in.th
acCQRtA oD OO RS TE Il (o ehed Rt sCh bR HroRib88 as a
cirddldsticied dre Fbomed, 1ﬁa§hf@6©t0fpdﬂte_ofrf®j’ﬂ thearicgsing 2.

acconnndatlng portions_ 81 acconnndates and sugggrt
The dgiqrds Rufth M AeEImItdntRosPpeat PRgs® 802812

the ! & dadigl dearnidgs: e, £ noge ﬁbagso{mmga@h one e
e front bearings 30, 31 is positioned

houspaisj tzi,ora ngalm af Bonuhseal i @C@@r@méa‘twgth@rw@ﬂﬁ 84,

each rg)df QI 19%}%&%?&5%3 é):ge ocff:] Eg&lgpaltﬁ)?e ! a?ﬁt QE?HgBed

a pOSI g onl ng Irection of
rearily rPX mafm titres shradrit Boeéﬂf)mﬂg Hecemmaflbeingt peraxoss%l
The(groggeégéf”%éﬁggﬁo agﬁéé ébrtlons 84 are aligned in the
direction of the width of the Roots pump 1. As illustrated in
Fig. 2, each one of the front bearing accommodating portions
81 accommodates and supports a corresponding one of front
bearings 30, 31, which are radial bearings. The inner ring of
each one of the front bearings 30, 31 is positioned by a
positioning plate 39, which is secured to the front end of
the associated one of the shafts 3, 4 through a positioning
bolt 38, in the direction of the axis P1l, P2 of the shaft 3,
4. Hereinafter, the axis Pl of the drive shaft 3 will be
referred to as the first axis Pl, and the axis P2 of the

driven shaft 4 will be referred to as the second axis PZ2.

As illustrated in Fig. 1, in the housing 2, the space

between each adjacent pair of the end walls 60 defines a pump
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referred to as the first axis Pl, and the axis P2 of
the driven shaft 4 will be referred to as the second
axis P2. As illustrated in Fig. 1, in the housing 2,
the space 35 between each adjacent pair of the end
wal | s 60 defines a punp 7 chanber 70, 71, 72, 73, 74.
chamfper f 6t endst Ohe 63/ t heé. pdile fteanasts o tof 7dhe gump

cha@ég%orne'thaPPeroZOthgo 'gﬁgﬁﬁgﬁﬂ P ﬁoﬁﬂﬁhiggtegrklth

d ah Uppér por
a sunotsdm g dretries Eﬁkmé@eanEn abpsberrdit pbrthonSOS the

| ocat ed. r ear npst icates wi.th a di har.ge port
uppey hoyging qempey né@ i |G q@b%rfﬁowﬁ% 1?

locd VBT r J0kRb 519, @@ﬁ@@ﬁlégteEaﬁhtﬁdhaaﬁgehaegé 9Brth@4
punp chanbers 70 to 74 communicate wth each ot her

whlqkhrmgfplan@@mmn&l chewen passagert¥sn Ai thei $opgEnBguUsing

C SRy 0 i eces
memﬁél]r ﬂ[ﬁe %r\ﬁ&%sha acco%mggtéf]n%ﬂé)\rﬁ‘?m nsc%%%ﬂ&\e/\% cﬁgai;‘% 74
comﬁ&niﬁﬁterwr%mreaﬁht®Eheﬂdtmabhgh6@ cemmhnacaomnndaaesage
the, corres ondln e of the drive shaft ng tge
75, i iedh Shatermed l’lT CdrPvESSRafrt I 39aRbet HE GrfveRwer
walBhafdcds are, arranged parallel with each other and
extend in the forward and rearward direction of the
Roots punp 1. Wth reference to Fig. 2, the drive

shafif, 3&»»'! dt At a&ﬁ Jomib®, %t;ﬂ?ng Epé’rﬁbgngoélﬁ' NOhfch. are

t hrough t e rear Dbearing ceived in the associ ated
form@ﬁuIQOedtretarmflgtlae cem?odal Lagtper eroh 82candothéef tort

bearin acco at e .in the associa fr
CoT RO IE CWReoOat HE. COrE RAEE T T VerCohare spart 4.
The IGr 194 adlebty 3uppertied dyitvbe shetisi AgaZet Bi-euglyethe

rear bearing 33 received in the aSSOC|ated r gn@nd

parale} iyt He coOndIRERRY POt PEREBY ARdthRe [o5WAF

rea§W§¥&rﬁhggc@fgﬁna?dﬁﬁngbBtEh5u§%590|aﬁfﬁhffgﬁ&rence to Fig.
bearing accomodatin ortion 8 3 illustrates

2, ©m6|®®gV®a$®a§taﬁe1$l¥ﬁbﬁbébhg ﬁﬁépofﬁéﬁtbﬁx¢§ePb0@ﬁlng 2
thr%ﬁﬁ%dgﬁgﬁa§$92§e%5?@ﬁ 556r38899gda§h5tﬁé %%so%q %%% rear

en s are arranged 1 n paralle
bearing accommodating porticn 82 and the front bearlng 30

accommodated in the associated front bearing accommodating
portion 81. The driven shaft 4 is rotatably supported by the
housing 2 through the rear bearing 33 received in the
associated rear bearing accommodating portion 82 and the
front bearing 31 accommodated in the associated front bearing

accommodating portion 81.

Fig. 3 illustrates an imaginary plane H including the
first axis P1 of the drive shaft 3 and the second axis P2 of
the driven shaft 4, which are arranged in parallel. The
portion located above the imaginary plane H is defined as the
upper side of the Roots pump 1 and the portion below the
imaginary plane H is defined as the lower side of the Roots
pump 1. Further, the direction proceeding from one of the

drive shaft 3 and the driven shaft 4 to the other is defined
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portion-|located above the imginary plane His defined
as the upper side of the Roots punp 1 and the portion
bel ow the imaginary plane His defined as the | ower
side of the Roots punp 1. Further, the direction
proceeding fromone of the 35 drive shaft 3 and the

as ‘UWheehlsdifiont ¢ the widelr ¢5 detihedts gowgp "the In other

irection,of the width of the.. Ropt " ot her

wordiyr GRS e L 1S B CHEThR o TP thee Hoo ey
extends @(I&{%Stwé Oﬂﬁﬁﬁhﬁatmimyﬁp&mecdrkﬁ@dponds to the

corresponds to the left and rjight directi of -Fig. ..
lef anghatight dirREEIORART oMt & of - t NEA% ditth 3&%%@%&?@

My i r LiRStionpk fer¥hishehbegdeb¥eion |
of S aftﬂ%tlgﬁé tﬁéé g}(?(%}gsnd%ha t 4 J:";lreelélrranged in won AR
whiqdartdi¢ elrivs shatictd sard the Filgiven shaftr4l frg efranged

in éjivi% grive' 10 rotors 40, 41, 42, 43, 44 are
#73nyed on the drive shaft 3 in a manner rotatable
integrally with one another. A plurality of driven
rotors 45, 46, 47, 48, 49, which are . provjded. by the.
nuﬁﬁ%rl%kﬂﬁﬂr%Q?QEﬂﬁ|ﬁﬁﬁbergbfat9&PEﬁ}%ﬁy ?%tggﬁv%b {pve
rotdfs 85e & Jangedioh 1headii ¥pRashahit od tReadidvEBBRALt 3
rotatable integrally with one another. As viewed in
in a teenhercrdionsaloiet hetegesl Py, whph ane eRotherrothrs
40 10 4 e Ldepticakly,and,gi zgd egyally,As
plu%%&ﬁ%@u%% %élY%Qapﬁg%tgnE%fngé'i%§ﬁié§’6§gé cross o
prosiatéd dny of heaclmioér t bguadt bosthdOntiwbd® pér pbaddcalvar

to t correspondi ng axis . Pl has.a 20 -1 gbe
rot%%%p£$ ot éfgo%?%-??ﬁ%ngﬁgpgﬁ Fﬁeoaﬁéyeﬁoﬁggetegcﬁn a
mant ©F OF o ¥9r 4191 491 hesgBa payr wothl ehesanpdheecessesviewed in

between the |obes. The drive rotors 40 to 44 and tge
the gii vertion®raf 46he 02299 Ble BraRdedofnt8GchOhkCrgnAdr tO 4°

area pé@eiﬁgﬁf¥?§f§§saﬁé Emgedrghﬁﬁ§l§g t90s 4fn@nda88dt By the

econme smal l'er successively from ™25 the front to
brokéme Toaes WitHigef ér eacercgsFpget2ont Ré grrecfoftde F@tors

10 Bharparesboh PRt DSy Bo R o RRany phaP e B3g " @
two+ Iolse &l ) yoengageabelike shape. In other words, each
rotor 40 to 49 has a pair of lobes and recesses between the
lobes. The drive rotors 40 to 44 and the driven rotors 45 to
49 are arranged in such a manner that the thicknesses of the
rotors 40 to 44 and 45 to 49 become smaller successively from

the front to the rear.

With reference to Fig. 2, the drive rotor 40 and the
driven rotor 45 are received in the pump chamber 70 with a
predetermined phase difference and in a mutually engageable
state. In a manner similar to the case of the rotors 40 and
45, the rotors 41 and 46, the rotors 42 and 47, the rotors 43,
48, and the rotors 44, 49 are accommodated in the pump
chamber 71, the pump chamber 72, the pump chamber 73, and the
pump chamber 74, respectively. Each one of the rotors 40 to

49 rotates while being spaced from the corresponding one of
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30 state. In a manner simlar to the case of the
rotors 40 and 45, the rotors 41 and 46, the rotors 42
and 47, the rotors 43, 48, and the rotors 44, 49 are
accommodated in the punp chanmber 71, the punp chanber
72, the punp chanber 73, and the punp chanber 74,

the r@ybmllﬁeléﬁ Edtiplmr@eﬁinwethat@wspmhmbe% 9 to 74,

Jotat d fromthe correspondi ng one
f° fﬁéygj #géé%,gﬁﬁich defines the punp chanbers
70 to 74, by a small gap (a cIearance) A gear

hou5|ng 5 joined to the r e of the sin
Kt e o i A Tt cFoft i ot ofie

houstlr}ﬁg diven haf A Qi}‘%:tdflp‘;@ dihergenra ousi neh®. 44 of
drive gear 6 iIs secured to the end 3a of the drive

the sitalf‘ters drfta 4 cpmmc*geamtq theseear eiovdingeSendt 4irive
gear égé&%%bsggf{he en%hgad EVEy e@%zo?agga Pe3tﬁnd a

dr ven gear are énga eac her and
drlﬁénr@@a@earlmexémmmemntahEhdrene geant6thaddrihen shaft 4.
driven ear are timn ears b ich timn

The Ko P dng o bl ALy e LS b bt s tagr ARdRitn each

otheh foed eames Mxﬁveang@amn@eﬁaﬁishhe Hd Wer T8 Qf&a 406 tahd
44 and the corresponding one of the driven rotors 45

the tdy igmEn 154N %I@@@rtbmhﬁgoge%¢5sbasghhﬁheﬁlméngﬁeaﬁéar
ty f
regég CPQﬂ? o ﬁ*gfnégfﬂ N% g&?%ggﬁgﬂgd ﬁHQE ag%fgerence

ec ric no connec rive s
betﬂdﬁmngﬁchiQﬁEﬁ@fJth@tdﬁlv@srotheseﬁéctolé4n@ndrthﬁ

the d aft .3, the dri shaft
cor {05 UM oRouShy O LT RECRPY G0 EnkPt 13 Thi s
rotates the rotors 40 to 49 so that the fIU|d (the

gas) in the punp chanbers 70 to 74 is sent in .
T 4TS hetd it MAE QD M afe atRERR Lgste r ag rgpgr housing 5.

A dfﬁ“@”éﬁé%%tﬁﬁ(bﬁghé@@lgﬁsfgéﬁgﬁhgoélec%ﬂlcamGQBBthh@n
muffl er 15, and di scharge nechanism 16. 25 Next, the

Con@ﬂﬁﬁQdab@dHW©darl%@ ponffoAstBBouph| apghadésdpibed8. As
the A fkcbris Ao CEPSE-GEFLLONRL Ve SNONLEY §hetRROLS iven
shaft 4 rotates synchronously with the drive shaft 3. This
rotates the rotors 40 to 49 so that the fluid (the gas) in
the pump chambers 70 to 74 is sent in a pressurized state to
an exhaust gas treatment apparatus through the discharge port

14, a connection muffler 15, and a discharge mechanism 16.

Next, the shaft accommodating portions 83 will be
described. Fig. 6 is a cross—-sectional view showing the Roots
pump 1, perpendicular to the first axis Pl of the drive shaft
3 and the second axis P2 of the driven shaft 4. With
reference to Fig. 6, each shaft accommodating portion 83 is
formed as a hole by combining a lower accommodating portion
lla formed in the lower wall piece 11 in a recessed manner
and an upper accommodating portion 2la formed in the upper
wall piece 21 in an arcuately recessed manner. When the drive

shaft 3 and the driven shaft 4 are accommodated in the
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punp 1, perpendicular to the first axis 21 of the
drive shaft 3 and the second axis P2 of the driven
shaft 4. Wth 30 reference to Fig. 6, each shaft
accomodating portion 83 is formed as a hole by
conbining a | ower accommodating portion |la fornmed in
cor rels@onolisry wanlalftma@c:@nmbdatlalg @ms@elha”mﬁﬁwera mﬁﬁfanls
upper . a in ort fornmed in e
provyghed ﬂ? @e.?l(%l égrlg:r Jr‘a'e]cess}%r %eannerea éhaft 3
4 anbhend i1¥@e3d c&ﬁ%f&nf%raﬁﬁlteme it fede sdmfihed c&hefespondlng
accommodated in the 10 correspondl ng shaft

sha fic eemmuradatd nsomdniLBE 3 a space is  provi ded
between the circunferential surface of each shaft 3,
4 and the inner circunferential surface of the
corhes pomdiimg ogh afatchadmmrmm:tdcmrglqﬂa’ttﬁr@ B LB®ITHel a

ortio chlovve ac in portlonll
ocoi g Fe Bel i tHE RS P2 PY. Shet FRTEGrFRLasaE fhatt 3 4
whicshafd r%ce‘!wed/\"l'rﬂ?h:l'ieS ez 7250 V@cﬁc@rﬂndcﬁ@tir@@@ﬁortlon 11la,
accommodating portion Ila, forns a sem-circul ar

forish 2p & eBMrEHdi - 2l GRPRHEAPRIIRIM BRI TR surface
c:lrc(?lfmftel}een aflt Sy b Nee p&{%'&i‘aﬁf; $heg | 0WRS portion of the

at1 ng portlon lla Tocated above the aX|s P1,
loweEZ ac@fonmtmies:hafq mrtmcsxtlelwsldm:afe@tﬂl@/bwﬂethl@ev@ll{lﬁcalr P2

[ ot her each.lo a
of e SR 1% IhARRS ST Lt he T ST R gt Popson.
In oAb wefls CidadH a]rotha@dfbrﬂlﬁodahtmgTﬂmr’sem tiacuhatudes
portion I11b is the portion of the

a Paddc SHmstatd i i P19 ot bid o%l‘iih% %&IFJS ‘?&rc‘#’%aﬁnﬁortlon

111baCC%ED%%}n§Sctﬂif%uE%&t ga}tqfoﬂ hel 1ghafd the ‘bd]ﬂﬁﬁirﬁdﬁ)f the
bel ow the axis Each one of the two strai

Lowegoradasmynddd tal ngs @prmm i bha gpet pe F%%@Xaécghnnagt AR
acc em?rtrt ]tai} c%i?doﬁbc?fetlgg Lherpxks Ell?ggtéadbelow the

uous y fromthe sem - circu portion
axid |HIg &nzd pé:rapﬂn@blwulcafrltyiet dwches tioaerh gionttiong fakks is a

in the str ht porLi a h
o]
porqlcﬂﬁer‘ﬁc %CJC%Q%??W%%??%O% PPa ?gﬁe}ééc o?ﬁgg FROVE
the the digectpDremd extends continuously from the semi-
circular portion 111b and perpendicularly to the lower Jjoint

surface 10a.

Bccordingly, the straight portions 1lla of each lower
accommodating portion lla face each other in the direction of
the width of the Roots pump 1 and defines a shaft insertion
space, or a shaft inserting portion 1ilc, between each other.
This allows each shaft 3, 4 to be inserted into the
corresponding shaft inserting portion 1llc from above. The
width between the straight portions llla, or the opening
width T3 of each lower accommodating portion lla, is set to a
value slightly greater than the diameter D3 of the

corrésponding shaft 3, 4.

The upper accommodating portion 2la has an arcuate
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the width of the Roots punp 1 and defines a shaft
insertion space, or a shaft inserting portion 1llc,
bet ween each other. This allows each shaft 3, 4 to be
inserted into the corresponding shaft inserting
portion Illc fromabove. The 30 wi dth between the
shapst reaitepnd igar talomsy Ihitkea, cigreuntiee tigeini g Suw B ¢e TAE ofhe

each | r_accaonmodat j.ng. pqgrt.i A, | .
por 3 1 SRS UTABIN AL %) gl SIS, Fhove ene
loweGOrASpoRdinth chafda 3, The 3pehlieigupperthaddomfodis npper

portion 2la has an arcuate 11 shape extendi along
aCCOIHE A AR 2 U r¥h e of £2 e Vfb]df‘i’i%ﬁaf)?e]fh n the
diank¥degrond ng, shafdri3.3 4 protruding above the [ ower

Jjoint surface 10a. The opening width T4 of the upper

accommodating portion 2la is set to a value smaller

th the .5 dianeter f .t sh T

i 2B B siRpfter g ol Bt s B i 0 g a3, 4 to
the the et | @hd Wi that tomMm e thec s eces e pdsh ] onf Ohe

the corresponding rotor 40 to 49 that, has a niniﬂun1
COrrafRRTEIY HP AL H T dpet? tht Hees@ SHBMED L FRpgss

witH §feadRd 1Q ahd heci dist anse s 1 Thee distanseaf t@mibhene
axis Pl1, P2 of the shaft 3, 4, which is accombdat ed

distiamachét coffhes gandieagel dwen thecenisd@linddark itde 1t 3.

he openi e f t i ortion
4 R G SRR PR OT l CetE or ESOTIDEE LBl O
accohiraizanichg hedtover Jjld ntteutiacepdangwehd obethe lower
referred to as the q%itancetB. én this ase, theth
acCagng I RSP t(Hant PR A ARE S B VAR ot e
strdiefit thodtiogan 1 hetaeentieachosér ajghit pentfesel iba, will
and the circunferential surface of the correspondin

be rgfemresl tpias |GrardPemrialPy 200 iMsideBten Dt rance
A isgggpltégecé CESIEAMOTd i St dle the 08 Of AQuiO, Ahe Thep

I's thus constantly closed by those of the rotors
betwdeat ereh |vuaierhatpdot boaxl bl astgestbe checgaperyreial

e AU RO POLiL PR3 B0, W LT ) BEReal! ehqi29)
Suré%ﬁﬁéggﬁﬁggd&) %ﬁ%Léﬁégte N %fg.m%, eac% rear sea v
inside of the bottom of the recessed portion of the rotor 40
to 49. The gap is thus constantly closed by those of the

rotors that are located at both axial sides of the gap.

The rear seal accommodating portions 80 will hereafter
be described. As illustrated in Fig. 4, each rear seal
accommodating portion 80 is formed as a circular hole by
combining a lower accommodating portion 12, which is formed
in the lower housing member 10 in an arcuately recessed
manner, and an upper accommodating portion 22, which is
provided in the upper housing member 20 in an arcuately
recessed manner. REach rear seal accommodating portion 80 has
a stepped shape with a diameter becoming smaller from the
rear to the front along the axis Pl, P2. The rear seal
accommodating portién 80 receives an annular shaft seal 61,

which is secured to the associated shaft 3, 4.
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-accommodating portion 80 is fornmed as a circular hole
by conbining a | ower accommbdati ng portion 12, which
is formed in the |ower housing nmenber 10 in an
arcuately recessed manner, and an upper accommodati ng
portion 22, which is 30 provided in the upper housing
menber 20 in an arcuately recessed nmanner. Each rear

o ot AR acer dB it R B oy (¢ the
opeﬂﬂﬂﬁﬂeﬂﬂ‘NHIté&%ﬁ”qdWéﬂuaé%%mﬁBEhﬁfﬁ@ seation 12 1s

acconmodat i ng portion 80 receives an annul ar_shaf

locadesl appvesshfhiashis 9 5ddp eaﬁmblweslaas%ﬁ%ﬂ%d%ha‘ﬂ%lch is
acco%moﬁaate]c? %«ltg%igfbm aééagﬁa&%%%wyp&@rf@st The

rtion, or t openi ng_ en
portaxzm)mﬁ)d:ate nigo wEar tacmmtm:dast inocatedicholve tdeabadsaldve

cne S S0 e STeliy el S 90 Ehi 12 pscgmpodted LA

outérh%lr%&ﬁﬁfwaéuﬂgac&oréf Othd 2ah9EB4 dslabpyeseshesl .
axis of the annular shaft seal 61 is forned along the

In ofiret vaidunfidreMaEl durdhdd of LewRr anpeParCSnai R
porf%gﬂ fyk}odékégrggoyﬁnﬁﬁé 4:0Es POE LD Shnther | OMBEL seal

~accomodating 10 portion 12 |ocated above the axis of
61 gﬂms:ramﬁﬂ arovamttks&aanmﬁllalprma:ﬂaeseabm@ld tHee upper end

| ar shaft seal 61. The up h oyer ‘s
of R P BON o4 P sbihoet T heCTOUgT B nfover Joint
sur fSHdd aae 10 1iathi ich 1<scétoézatmba@owmtma@mg'rpapyane H.

pl ane H  The upper acconnodat i n ?gortlon 22 _has_an

The BRRRR & CHIP B B Sl Pl oh 2R FEGRTEF eRERRE

exteH{{Ar e ¥nd hehdA i} Qinedred hea BNt 85cehatt tegabobtion of
protrudi ng above the |lower joint surface 10a. A

the sgululay rimafB5¢3l 4 angeer peingenbere [haetowpr Joint
erential surface of each one of the annul ar

suréﬁ1?tﬂgseals 61 and the circunferential surface of the
corresponding one of the shafts 3, 4. Each of t he

chaniSed T v 17 67 ot 1t SRS S PEE (e
cirdootsr Ul Abofged hef céscundeeenti ghe annular shaft
seals 61 and the circumferential surface of the corresponding
one of the shafts 3, 4. Each of the sealing rings 62 prevents
the fluid in the pump chambers 70 to 74 from leaking to the
exterior of the Roots pump 1 along the circumferential
surface of the corresponding one of the shafts 3, 4. A space
is formed between the outer circumferential surface of each

annular shaft seal 6% and the circumferential surface of the

corresponding rear seal accommodating portion 80. Each

annular shaft seal 61 is rotatable integrally with the

corresponding shaft 3, 4.

A spiral groove 63 is formed in the outer
circumferential surface of each annular shaft seal 61. The
spiral groove 63 is formed in such a manner that the

corresponding shaft 3, 4 moves from_the gear housing 5 toward
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25 surface of the correspondi ng one of the shafts 3,

4. A space is fornmed between the outer

circunferential surface of each annular shaft seal 61

and the circunferential surface of the corresponding

rear seal accommodating portion 80. Each annul ar
the ghafit Seabedl 145 avtthadleiht2grally swided Ney 3the spiral

correspondi.ng shaft. .3, 4.. A spiral groove. 63 js.forned
orodf 14 Guidte e s bt acks B Cudinl calepaton
of tahafdhsm@al3 bla, Thee spirall greowe 63 iforics nedunpisiech

a manner that the 35 correspondjﬂgashaft 3,. 4 noves

Por HiIm v dueshdiie B ket P 1 PeHECPunpP e nanbet 74
circﬁﬁﬂfe{;k:errc’ﬂaif dsfhrrfaéé Sl QYrt D SRELRY ahQPYE S8art

int sane ection as the rotational direction of
sealt Itd sivaf tt18; dirdiefepinrialalroovEads ¢ Hrke aapsoplaged

ti t hat the lubri t '
rea:d A RP I Bt b gt Phet S b LE pb RIS Ahe
char@l®f 174 seata®l Bl dder chdesiierenti al surface of the

associ ated rear seal accommodating portion 80 to nove
fromthe punp chanmber 74 toward the gear housing 5.

10 In 8260 /88" 8al ACCHRIALI DY ROFEiaD 89, A annular
annul ar slinger 66 is fixedly engaged with the outer

slingewiff erentisadly térgeerd esponding ehber girqumipgence of
the QS BAMRLAL OloENSs, POVL iGN Hfyi@Ach: Qln {1 4 NGRS

Ximum di‘aneter 1 s greater than t
portoidrero fli ot es £ of heashingars béarwingh 32he 18a88muiihéiameter

. | ubricant. oil collected on the outer surface of each
is gladigds G 5P| At CHARCTSRI GF | 5300t Bart APPALPFoRZ”

33. Ofrnkhe ubHiidRger H8 b certdd ugaltHorge: of ogdueete of each
t hrough rotation of the slinger 66. 20 The rear

slingsdt Gy B comuRed g porif8hal by aRFVarfeféafrbiopect the
st Adedy Lonild Hpbdnt £ L0 bLldudea®@iboBbn! bBratedh of

eari ng accommodatihg portions 82 is fornmed as a
the ci¥iower %@l e by conbining a | ower support portion 13,
which is formed in the | ower housing nenber 10 in an
arcuately
The rear bearing accommodating portions 82 will

hereafter be explained. As illustrated in Fig. 4, each of the
rear bearing accommodating portions 82 is formed as a
circular hole by combihing a lower support portion 13, which
is formed in the lower housing member 10 in an arcuately
recessed manner, and an upper supporit portion 23, which is
provided in the upper housing member 20 in an arcuately
recessed manner. Each rear bearing accommodating portion 82
accommodates the corresponding bearing holder 26. Fig. 4 is a
cross—-sectional view showing the rear seal accommodating
portion 80 and the rear bearing accommodating portion 82
corresponding to the drive shaft 3. The rear seal
accommodating portion 80 and the rear bearing accommodating
portion 82 corresponding to the driven shaft 4 are not
illustrated in the drawing since the portions are identical

with those corresponding to the drive shaft 3.
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25 recessed manner, and an upper support portion 23,
which is provided in the upper housing nenber 20 in
an arcuately recessed nanner. Each rear bearing
accommodating portion 82 accomobdates the
correspondi ng bearing holder 26. Fig. 4 is a
cross-sectional vieM/shomAng the rear sea

gg@g%%%: ie 2% %ort];llég §0 and ¢ I?Jeoarr%%{q C?flhdép 26 lS

por tion dorrespon
fornsRpfds 3_‘.heT|“si‘an[63aI[e1SzE]a|ma’a§:Jcmllmmmﬂg poytfon &@ampﬁe,
t.he rear bearing accomodatin rtlontﬁ]it
Ceedgr rass JArfli iy %o RIS 9 VR s manner, the

ther'n{cjilu%){p?ér?ﬂdrf‘ A& AW HY @éﬁlﬁﬁné heo POEET 9851 87 8qual to
entical 35 with those corresponding to the drive

the dfiefmmad. exphngidn redfted enicethe Fpwer 4hoeathg bearbay 10. As

a +qQhiel A0 ok IQIEh 1S RaEL1 8! AR ERL A LbhE"

‘or 'exanple,” ste ower HoOuST A
holddk: dé i sndmEnNnesxpdrhe, &m@qsmfoﬁxm@eloﬁ thée of

t he bearln hol der 26 is_equ % t he tg r.mal
COTTEIRGT G T HCAHDT olr FoUST R RERBEFC1079%s  a
decrré‘a%ilﬁg i Ea‘i:']?‘leble%‘ﬁrngh@}é%d’&r ehers 10 andidde bearmdaiter

hol der” 26 thermal | y eéxpand, the performance of the
bodyc Gt g8pbridi g rEarbdear Pl 82, WRCh sabe ehEAY &defr 8 20

. creasing. h rj - €
intEEEBIQE, FE" ARl 20 e L Y
outwarmel/i fdetn ashearEnttmegma‘d:ebodyrcmhéeféaogeopotheoneag end
r Oj di outward fromthe entire outer
of % aﬂif%r%ﬁ%%f? Zy?he rear end of the holder body 27.
15 A restricting portion 27a is arranged on the inner
circunferential surface of_ the front qu of each, of

thé TRSItdSrC o &7 Ohraofactd mFiIeET ot at Py +10GEF d
cirdif&atd o o Ofsithes bol ger e hedyr2de dhe besthbht bRIthe

portion 27a projects 20 perpendicularly to the axis P3
holdﬁrtbﬂﬁlﬁﬁuﬁhg b et 6y hea radéaldvakBrardoflirgetion

Of‘g%gg%% ]ﬂq¥$9rtéﬁnanéﬁ§ ' erq%ﬁgn gﬂgrodggrgﬁgnﬁfgﬁeCts

perpendicularly to the axis P3 of the bearing holder 26. The
inher diameter of the restricting portion 27a is greater than
the diameter of each shaft 3, 4 and smaller than the outer
diameter of each rear bearing 32, 33. The inner diameter of
the portion of the holder body 27 other than the restricting
portion 27a is slightly greater than the outer diameter of

the rear bearing 32, 33.

This makes it possible to arrange each bearing holder
26 around the corresponding shaft 3, 4 and receive the
corresponding rear bearing 32, 33 in the holder body 27. When
the rear bearing 32, 33 is arranged in the holder body 27,
the rear bearing 32, 33 is provided as an integral body with
the holder body 27 so that the rear bearing 32, 33 does not
separate from each axial side of the holder body 27.

Specifically, contact between the rear bearing 32, 33 and the
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di anmeter of each rear bearing 32, 33. The inner

di anmeter of the portion of the hol der body 27 other

than the restricting 25 portion 27a is slightly

greater than the outer dianmeter of the rear bearing

32, 33." This nmakes it possible to arrange each bearing
resthdledéng PO rarioun@ fehe reoremgspdriti meashdfaadingt Fhd 33 from

.receive the .30 corre ndi bear.i 33 4
movifge TeraeR oy oay Moel Haa Pk BaabRR, 5o’ 3s e
secude@r@ed hieh inhe rhelidefurdiend/iat hawnrate hefiring 182l der

33 is provided as an_i-ntegral body with the hol der
bodyb@dy 27hgoSPRRt TiRE BEaFOoB&AfitAg t82, r85rd688 suyrtace of
t N chyaxjalg Si H I :
the 3B R 1 e Bt v e Toar b g 55" ©F
the 3Ragandies 3¥5 thest rhrotviant porhe orpX7espredin sonhect the

rear heari 32,. 33 from__.movin rd i
reart ST F0oN a1 5 0O KL U D Thet gy O ated
one G GHE eraRdralboirdsacer of the hol der body 27. The

snap ring 36 contacts the rear end surface of 5 the
rear bearing 32, 33 held in the holder body 27. Each

of yithe SRR HRIS BEilhusy Preavantss the CordRed s

W ] b

onelo? the  rear bé%rﬁ%gs 32, 33 from novi ng rearward e

28 iisn fidreneak secicatmatt ol lHET tihle el d&rdsodilesgey poprion 28
Wth reference to Fig. 3 fo t f rtl

has 349 _sthfroor d%aosleaS rieagél ‘ang‘ul%gﬁqp%a%t’egq%é_’!cﬁﬁr}%‘aa%géﬁén%& that

fixeordieon2d e dmasmd oy thwatiohy Hod bde 2826 #o boh¢ 28webr a

fixing menber_ that fixes the corresponding bearin
hOUSAUICTEE A ¢ Uhe § TS hotRr WP irerdel 46, TS paseed”
holddragh @ach 1af;stche tihy %gh?i?ﬁ ol esi2BaiedAsholes 10b are
illustrated in Fig. 5, threaded holes 10b are

provad ddd e t1rat exitd enl B t HWPBVRPUADREI RETRERDAP - The
bol\%ﬁ?'ﬁo%gﬁﬂkhigﬁq'lega%:z%geam&hl:l’?f(?u sged through hbBees 28a, are

are threaded to the correspondi ng
thrdatehded toe esodObsp@petnd i clarégydedhkotear 1Bkari ngs

Speqi St g Tol HET S 26 B 071 336 19 “LReC T ousy Shoicl G5°
bear®ideio i rsThes reed Hearbeagsilg, h3Bdars 26 are fixed to
the lower housing member 10. The rear bearings 32, 33 are
thus positioned with respect to and thus fixed to the lower
housing member 10. Such positioning of the rear bearings 32,
33 using the bearing holders 26 is carried out without

involving the upper housing member 20.

As illustrated in Fig. 5, each bearing holder 26
holding the associated rear bearing 32, 33 is received in the
corresponding rear bearing accommodating portion 82. When the
rear bearing 32, 33 supports the corresponding shaft 3, 4,
the axis P3 of the associated bearing‘holder 26 and the axis
P1, P2 of the shaft 3, 4 are arranged coaxially. Further,
with the bearing holders 26 accommodated in the rear bearing
accommodating portions 82, the joint portion 50 of the

housing 2 is located above the axes P3 of the bearing holders
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t hus positioned wth respect to and thus fixed to the
| ower housing nenber 10. Such positioning of the rear
bearings 32, 33 using the bearing holders 26 is
carried out wthout 25 involving the upper housing
menber 20. As illustrated in Fig. 5, each bearing

26 cnol ddre 2&eshdlldi MR tdfe s cdiatted Jedt ahrihy Bpiglyy of

i.s .received in e _ correspondi ear, i e :
the B SRta A SPULAAR A IEAT, AR Ot xe ppreson
of t3hd SR e riterc @0 .espgperding csldft, Thed jointe paxitsiod3 50
. of the associated bearing hol der 26 anq%%he is Plf.
is lpraded md SHat CRLAF RFHRTANGRY Toki &t 195 B et ing
hold¥dd A& ReaN G Jpolslars: A6 agcamodad askd PiddensBdérs 26.

earing accomodating portions 82, the joint portion
50 of the 35 housing 2 is |ocated above the axes P3 of

t he,bearing_hol 6 q?g t { 3
shEPFSO§Fn nghﬁggﬁglﬁéiéﬁfe% t4§?§?§§¥ﬁ§§ﬁ§?%9¥3i§¥23
in HHY formadiirougouihd hei @it icf fos tRomts gfutihel j D$ ngmaller

portion 50. Specifically,_the jai ortio

t 50 _ |
thar) G QI AT (HORBrD bt Rttt NS SELs O HST 13t~ The
ope%?ﬁﬁ!dﬂhé%'@Q!dﬁisgﬁ@h@EE‘Eﬁﬁht@@ep@iéﬁ@@érCﬂZOéftééch

earing holders 26. The opening width Tl of each
shafitower 4uppeperbedtPBnths COFresPoBtiesct ifeioPaaieng 32, 33.

At of - t P b S | &fa1i0aNchhs enEer
The gﬁllaane teéfr #o&ga% eafr]%n%' h%ln?ééer%%. The 10 opening
diamditith M3 o8 threagtert idano{ hiehdi sinef er3 D24 ofceanhodhsfd in

, 4 supported, by, the corresppndi ng..rear bea
the Jipue A CHITRATI LIS RIS HER haf t | 1% 1 T (a0
eact -4t At 1 dBr ofc the peséroadofntbetsbaldvwdr 4upport
accommodated in the | ower accommpdatin Eortion Igﬁ. 5
portifn hot detobdyh o 7eskend 5ng A hr 8eht PRgOhoF a8 2365 §1/ F<-
inserted into the | ower support portion 13 along the
extending direction of the axis P1, P2. The ppening
end B aparinhenthperanstt poie i wppeBrosacPorFbwer of each

Lo SEPRSEo RETALPRH L5 Loctetaliongolpecge 5,69 95 Lo
beaptdilonlddr 2dhecpofvédninf thhelbwwer sspppokt ppoiioonls.
Thejgzégfgﬁggfatogeléﬁgr support portion 13 located above the
axis P3 of the bearing holder 26 extends along the outer
circumferential surface of the holder body 27. In other words,
the portion of each lower support portion 13 located above

the axis P3 of the associated bearing holder 26 protrudes
toward the holder body 27. The upper end of the lower support
porfion 13 extends to the lower joint surface 10a, which is

located above the imaginary plane H.

The opening width T2 of each upper support portion 23
in the direction of the width of the Roots pump 1 is smaller
than the outer diameter DI of‘each bearing holder 26 and
greater than the diameter D2 of the portion of each shaft 3,
4 supported by the corresponding rear bearing 32, 33. The
opening width T2 of the upper support portion 23 is equal to
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axis P3 of the bearing holder 26 extends al ong the
outer circunferential surface of the hol der body 27.
In other words, the portion of each | ower support
portion 13 | ocated above 25 the axis P3 of the
associ ated bearing holder 26 protrudes toward the

the we@amqomwtzv TIThef \aodY Wmfsumnp\mr@m&ﬁ The

ion 3 ext.ends t he. | o]
uPpe\%lsd‘WHosr IRScared’ a2tbove O&V\gn%giilhaa[r}; ane {I é}g%)er that
extc@RENIANGNY diHe Pﬁﬁunefaﬁempmr S d qabrttheorpczsuom of
t he dlrectlon of the width of the Roots

the Simlidas bachar T R e AR e oo et T face

hohgeﬁl%gF%QQte@rgﬁt%ﬁgﬁhqn the Girdmetelsh@d &7 tike attached
portion of each shaft 3, supported by the

to tdxxgrpﬁsq_lj_:gmj} rcgfhrm:rh beaing 324 Bgrammed 351 ogedi ng
t of the.u I
cor A IR IR W Db e St bt UE 10

13. The upper support portion 23 is forned in an

arcuat e shape that extends an e circunferential .
sureEde %[ﬁ;ﬁﬂﬁTQQﬁ{%ﬁg Etelels) 4é§lQ§xRP%g ons éfiw1ll

be e&fﬂa{l%c{lg ahova 1the J-awer iipirtgsunf asrl 2,10 cstront
I"lustrated in Fig. 4, an annular shim67 is attached
beammq reec qromad dat 919 exeht Sovaf 81 3is AfaFRe@ged #ncihgular hole

corres| t r{io 2
oy TR S Moo SR £ AL CORIDET EOEn B LhoRnEPtoper
housfhﬁnd)eneemzalmdlnﬁm|aintmn$ataigdre¢neﬁﬁg@ nanaad andeath
ront beari acco datin ortipn is for S
UPPE (AR H %ﬁk %$E#¥ﬁ%bgﬁglpﬂefh§up%%rf %o ?%ﬁ T%mber
20 Prdmdstdudhery Oﬂ\@éesb@@sm@gnagnbenhem;pemmg asodiat 8l gach
recessed manner and an upper suggort poyti

25
of rmeovﬁwat.m% SRR T RIS hGCRENbAr 125088 fAraRTion Of

thez%ﬁqy¢ﬁ ﬁ@e§§@gs ri 7hesapentpotrpe eheea@herof
ront omer support portions 17 in the direction

diamdtet hef weaith Bforheos@oiagpdfip 3li andnfiFraEetrhhhapnéhe
aiarffblt o f O eret o ave cPoor PR Borti SRPBrTTRe SMafl®
corﬁhsﬁoﬁ@p@@rfﬁdnbybé551ﬂ@ BOrrésponﬁmmgopsmmmgb@@dlﬂé each
of the E?bnghfoﬁgﬁnéﬁgngQ por ?895 17 is located above the
axis of the front bearing 30, 31 received in the front lower
support portion 17. In other words, the portion of the front
lower support portion 17 located above the axis (not shown)
of the front bearing 30, 31 is formed along the outer

circumferential surface of the front bearing 30, 31.

The portion of each front lower support portion 17
located above the axis of the corresponding front bearing 30,
31 protrudes toward the front bearing 3C, 31. The upper end
of the front lower support portion 17 extends to the lower
joint surface 10a, which is located above the imaginary plane
H. The opening width of each front upper support portion 25
in the direction of the width of the Roots pump 1 is smaller

than the outer diameter of each front bearing 30, 31 and
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of the front | ower support portions 17 is |ocated
above the axis of the front bearing 30, 31 received
in the front | ower support portion 17. In other
words, the portion of the front |ower support portion

17 | ocated above the axis (not shown) 25 of the_front
gresfiear ithprsdihea B iangtgieed ailvhgrehlel outef the shaft 3,
Ci.r.c ' f t f£ont ri . wWHth of
Suppﬁr;teplg;q%f g{géo?%reac lfe?agjf#{? o#t;’r %ﬁbp(ﬁeeaﬁj rtllgl% 173(jlt ©
eacH duairad labove et spaftidre Toriespouadl nge f tleatopening
ont,.be

- earing 30,_30 31 protrudes toward the in
wioto o4 Ea e (per i SIORHE TFONE. Pouwer - sUBBor e upper

supgid i dilbiexdends toride 1OWeh atOufteSshipseeldfanding
which is |ocated above the |nag|nar% plane H. The
alomgpeding Wil einf te bl fswnfacppef ShippePFrpopepeangsiront

14 di ' L d M lshss
mearihd 19 AP Blo H1Fad8 CHEGEL RS PogLy pUIRtatecoce
10a.bearing 30, 31 and 18 greater than the dianeter of

the portion of the shaft 3, 4 supported by the front

bearing 30, 31. The opening width of each front |ower

SUBRRY tr AT Ik 11 4 d oreeitdd t 10y ther opens g4 Wl Ut hhefeafter
each front upper support portion 25. The front upper 5
be dagsporaedor Bash 25 ithe dnad 5PN aGcUIddhgpe portions

84 ieg‘t%é@d?ﬁg@ iﬁﬁ%iécﬂ%&eé}&%@mé%ﬁﬁﬁ ghrthen 18

correspon ront earing 30, 31 that protrudes
formbvier tttee | bweer jndus isarfemeer 108, in0arhartratelyea

acco dat i ng rtions 84 will hereatter :
recHte TSRt of WP TF obECRmiFOER RS palPion 37 formed
in 10 tughsr 184ussnd onemide by2 coihi ahngraukbeéy recessed
accomuodat i n ortion 18 forned in the |lo housi n
manfgber RO 550 n %a%wq%%fe&%&%%%? "Cho grohabed as
a ciURRElaAccoMIDGath Ng POskELEr3dmb ol BRdthani AhkhaidpRekr of
housi ng menber 20 in an arcuately recessed manner.

eacTherdnoriee sehly a2 coPMDEAR F HRI pBPELAANBE L s BRGEhebraRt seal
' W th,a,.di r h e
accéhéﬁéét&ﬁ%f§9%€lﬁﬁf?%n%g%@ﬂGEQ afmahheh athanathesea1 65

ac eari ng accommodating portion
fixé. tEache f contespahdiagcenabiati ng - pof2¢lono B4theceipeasar
shagp QQQ éa%BSngél§§9£c6§nd formed of, for example,

synthetic resin.

A sealing ring 69 is provided between the inner
circumferential surface of each annular shaft seal 68 and the
circumferential surface of the corresponding shaft 3, 4. The
sealing rings 69 each prevent the fluid in the pump chamber
70 from leaking to the exterior of the Roots pump 1 along the
circumferential surface of the shaft 3, 4. A space is formed

between the outer circumferential surface of the annular

shaft seal 68 and the inner circumferential surface of the

corresponding front seal accommodating portion 84. Each
annular shaft seal 68 is rotatable integrally with the
corresponding shaft 3, 4. A sealing ring 6é8a is arranged on

the outer circumferential surface of each annular shaft seal
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20 fixed to the correspondi ng shaft 3, 4. Each of the

annul ar shaft seals 68 is elastic and fornmed of, for

exanple, synthetic resin. A sealing ring 69 is

provi ded between the inner 25 circunferential surface

of each annul ar shaft seal 68 and the circunferentia
68. surface of the corresponding shaft 3, 4. The sealing

rings 69 each prevent the fluid in the punp chanber

70 fromleaking to the exterior of the Roots punp 1

al anghhgh eiotcunflersadtald,s waepafiitdershafdr 3het.

A space is formed 30 -between the outer circunferential

UPP%TG‘FOFS&TC@CH? iHe ahhath SRRt LRURT 63°ahd* tRYTRNRE Y
portnge éf%f erentd &l SUrfiacse ofnd h&lg%f esRONGhRG1 &+ 08haft

acconmo tlng portion 84. Each annular shaft
sealseédl B amnadatzdble i egratt ylweh ol aCCOHlmodatlng

corr ng_shaf.t 3, [
ort&%ﬁ&?‘d gh 35 e Ocr)lutoéff t(?‘;%r ﬁ%ﬂegr] gr?{‘"}éﬁg sur'f aasccecor?mOdatlng
portgagh @ ntdre stted tasedlof 1hé8anMhlApughafit seal 68 is
illustrated, the opening end, or t

nost
formest 13 l6m9 I UK 97 o T FHNeT L SR} 2 c%%ﬁﬁgaﬁt?ﬁgth% annular
shafOrddon dB | 5yl ogaled Rhoie thRe d:s idn tde Ut @int lower

shaft seal 68 accommpbdated in the front | ower sea
sealacaamnmmawgug et brn 183 Teeapodt 2bavef thReakignpl the

reise r 8 0 axh ! f
annJHP IR0, SEEOP I8l i P0r o0 dBe ADOU Rt D SERE L] seal
68.cmmeumt@men@nﬂ csurtftac & rafn tt Hewam el 10 sdrafedstebhy

68. ot her rds, the, portion.of the.front .l ower. .
pore T anan | vo bt STeA aT btk sHEEpG S0 PRe Shign is
1ocfed hhodnntd @r 1 18h@f ha 5@ab1 £8e pPROt IRKIES 100Vt du;bﬂsm@r seal

annul ar shaft seal _68, The upper end of the fr

accomgigta e Reebhvddl i 19 forlﬁ%ﬁit +Bn2R82EKHBhEs S Gptehe
extéﬁ&%ﬂgﬂéﬁéﬁ?zﬁﬁéa@fré@ﬁf?ﬁghgbalSsﬁ@fﬁ@EaBthﬁaoﬁgrkﬁén of

I magl hary e H Each front upper seal

the a:wmamdmdngg pornibar 3Fha §tf seaedoPnpaAtaAPEdRTe 20RYFe the
extendln ?%getfg circunferential surface of the
%%r%?% e correspondlng annul ar shaft seal 68
protrudlng above the

A method for assembling the Roots pump 1 will now be

explained.

First, the lower housing member 10 is prepared. The
shafts 3, 4 are moved toward the lower housing memper 10 from
above in such a manner that the rotors 40 to 49 are arranged
between the corresponding adjacent pairs of the lower wall
pieces 11 of the lower housing member 10. The shafts 3, 4 are
then received in the corresponding lower accommodating
portions 1la through the shaft inserting portions 1lllc.
Subseguently, the annular shaft seals 68 are arranged in the
corresponding front lower seal accommodating portions 18
along the axes P1l, P2 of the shafts 3, 4 and then fixed to
the shafts 3, 4. Next, the front bearings 30, 31 are received

in the corresponding front lower support portions 17 along
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| ower joint surface 10a. 20 A nethod for assenbling

the Roots punp 1 will now be explained. First, the

| ower housing nmenber 10 is prepared. The 25 shafts 3,

4 are noved toward the | ower housing nmenber 10 from

above in such a manner that the rotors 40 to 49 are
theenXng%b B%tméehheheh@6t$e%poﬁdang au¢acéhxe¢atostbe

il"he Sh §1:3 If{ecg)foesl Wé}%l{i&g%@%’s rfﬁéj g lmsxecf to the

corﬁ@i;ﬁcﬂ&ﬂ)ﬂﬁ@lﬂgaf@w% agcesiRgathagp39iposhingsbblias 38 so
t hrough the shaft inserting portions |Il1lc.

thalg ettt Yo henanntf ar 3 ghé¥? BealsigBedre arranged
in the corresponding front | ower seal accommobdati ng
portions 18 along the axes P1, P2 of the shafts 3, 4
an&uﬁﬁﬂﬂddn&ﬁyﬁ(therﬁﬂmukﬁI5§Eﬁfw-S$Ek$ 61 hetfieoptingers
bear i re rec 5 he correspo di ng

56, (3 oht VT L pBbr € bor L FEraed 7ol Bhg. b FREoaRsRTnghatts

3, &Qréﬁei¢@dsfﬁﬁtﬁe3re§radeéheQeélX@dcbﬁmbhatlﬁbaﬁb3t3ons

4. Then, the p03|t|on|n plates 39 are fixed to the

12 2IRR@ s RS shhf t 823, %sﬁ}rﬂgclfrrﬁe%o%&wlwr@%}m of the

shim® 6P atdalet henfE9pinbEA hNGScR0a ﬁ&nﬁé% Eﬁétt kaged.
5 Subsequently, the annul ar shaft seals 61, th

cleaztamgrerisetgeen aﬁ@lchhéo’éﬁrnéOGVOaﬂa aﬂdaéh@dcwrﬁﬁﬁondlng
LowELIEEPIPALE Phablsonds 4 HEEGLYEMIALLNE Lear | over
eal " a ¥ ofs £

|ng por ong e axes P1, P2.
The thlckness and the nunber of the 10 shins 67 are

set advance in such, a at the clearanc
ot ot TR DS 1 RG and L e RoF FESEBRAI AY Che

cort@¥EindBhy HéLeend InbEaORES28, PrRdEtRENLAGH Shﬁ@s 36 are
Next, the rear bearings 32, 33 are received in th

arT R shlorieh e BRERT g hBP%léFéOQB ignfhenbodAsp PPH@§S 27.
Eac}ﬁG?r% eo%aédﬁ@rw@g'réﬁ P}Eﬁﬁ&éfé @egn80§hgl ee§rbepbﬁam one
%ac g

der Ies 27 one o beari ng hol ders
of tGUm I¢E{C@¢&Es®@ﬁd3ﬁg dReare thus provided as an integral

body. The distal end of the holder body 27 of each bearing
holder 26 is inserted into the corresponding lower support
portion 13 from behind the lower housing member 1C. The rear
bearing 32 and the rear bearing 33 are then fixed to the
drive shaft 3 and the driven shaft 4, respectively. Further,
the flange portions 28 are brought into contact with the rear
end surface of the lower housing member 10, and the bolts 29
are threaded into the threaded holes 10b of the lower housing
member 10 through the through holes 28a of the flange
portions 28. This fixes the bearing holders 26 to the lower
housing member 10. As a result, the bearing holders 26 are
fixed to the lower housing member 10 so that the rear

bearings 32, 33 are fixed to the lower housing member 10.

In this state, the front end surface of each rear
bearing 32, 33 contacts the corresponding shim &7 and the

rear end surface of the rear bearing 32, 33 contacts the
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of the rear bearings 32, 33 are thus provided as an

integral body. The distal end of the hol der body 27

of each bearing 20 holder 26 is inserted into the

correspondi ng | ower support portion 13 from behind

t he | ower housing nmenber 10. The rear bearing 32 and
correseonedmdedaramg 1387 atfe t Add sf nesd rigtshaovgriepd stfafeach

3.and.the driven shaft_4, respectively Mo b
beardng, 4¢ r%i%&ﬁgmﬁgﬁg?eﬁﬁﬁﬁnﬁéatq?%t%?%xﬁﬁé§§£%§i$9?rég%r
beariesy 325 o surfacaeirddoidivey houst ngupmeerpdidtion 13

and the bolts 29 are threaded intog %he t.hr eaded hol es
thropeh dhe ﬁé%wt%lmwnw@#eﬁo? hr 81&&% rear
beafﬁmﬁ%h@ﬁ%ﬁ%ﬁeci he, f 18008 r ROS b 1 & BLoWdh Ssupport

e bearing hol ders 26 to the 1ower ~housing
por triemserl 31 Ghrag:gh rigsulhean ey Heakdews hdf dekle 2ehafes 39 4

fixed, to the | ower ,housi
copcl S S YR LOVBE Ul g, Ao, e sopibalaihe kesh
sepaktidd fidvns Hat mwdhesdpmnt t epsrisiiace3 of each rear

bearing. 32, 33 contacts the correspondi ng shim67 and
the 35 rear end surface of the rear bearing 32, 33

CORLAGLS{hE 121 6 &SRO Y R dil NKh 36. rJiths 40 to 49
restricts novéenent of each bearing 32, 33 along the

and dtis @rrepantinsupbyres wakl rebece pbhr i hgngesuigdpy For
the ¢ di I supp [ 3 h

ouct e SALIGTANCIR| 65 LBl 00ty ! et MEYD rotor:

40 theard ngsd 3tho 3% suppoot eds byet betedr fegpobdengrLverr rotors

support portions 13 through the beari hol der,s 26
45 §he Bhafite §T1e$r @&ﬁpgﬁ G r%;rtr}geeasr?ﬂeg%t Tofprs
and g FEvEMRhd 104 osepaf athagidwem el | piecesuppols

portions 13. 10 Subsequently, the c|earance betwee .
meaBHEH rbt oY 40 R IVRNGRIILHES C%P‘?eg]ﬁ%ﬂd?aéu%ﬁgr m@?ﬁf drive

i ec | £7 MBASUESE e FOIn t S46H1 MBaSUERMEAL, dPRNGer ehakt 3,
r0t§%§se é%%ed fron1tﬁe %riv% r%torg? 40 to 44 and °

and drfot hbriven orotersef ectedi?ronet Recdifioenipbeergl lyswith
the (P £ T.%‘eaf’& e{:\r a%ceccprec{iv}ggﬁl[}(,eafg] ﬂ;m‘% hfis@ﬂgcéﬁgarances

rotors’ 15'%4nd t he corresp 1'ng one of the [ower wall
betWd@ceshd ls¢ becte@dstoedrasang ahel earanepogdigg dpder wall
pieéggﬂafugégtg jugpgddgévgppropriate values, the clearances
between the other rotors and the corresponding lower wall
pieces 11 are also set to the appropriate values

simultaneously.

Once the measurements of the clearances become
appropriate values, the adjustment of the clearances is ended.
If the appropriate measurements of the clearances cannot be
obtained, the bolts 29 are disengaged from the threaded holes
10b, and the rear bearings 32, 33 are removed from the lower
support portions 13 together with the bearing holders 26.
Then, the thickness or the number of the shims 67 is adjusted
in such a manner as to ensure an appropriate clearance.
Subsequently, the bearing holders 26, in which the rear

bearings 32, 33, are arranged are fixed to the lower housing
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rotors 40 to 44 are forned integrally with the drive
shaft 3, and the driven rotors 45 to 49 are provided
integrally with the driven shaft 4. Accordingly, as
| ong as the cl earances 20 between the selected rotors
and the corresponding | ower wall pieces 11 are
membgdj Ush.edStiocepphepeinand aralshedt teals ddranddsh are
____he en the ot her rotors and.t ngli n 0 '
PO qvgs WY s Tflrlonat'f U %Joorée?ft%?? ﬁg&ﬁa%%%p?i acgléJe vé\?%séglc’
the Sl ltanemsity.sébl Owe ¢ hesieasUl gneafsrof tod hgermit

. cl earances becone approprjate values, th | us nt
mOVQ¥eqqu9§ﬂ§§ﬁ%ﬁﬂ%§F$s§@n§ .on?ft?%eaﬁﬁirﬁﬁfﬁg eatfjggr the

thi R SN Hudibier ¢d £2£1R0CER1 £ANEPIHDE HOBK AERSHged.
the bolts 29 are disengaged fromthe threaded hol es 30

Thisgl Gnaldres tav vsarebear £ nglse 32l e@Banges r edoltear 131018 1 hidne

| ower _ support_portio t ith_ th eay.ha_

e T hoate ot nbt eiP el HeoihE anbar 3o PR

des i G;YaaneJﬁ.ldj asiee G d jus tsueatt @ Mairerclasatanensure anded
appropriate c| earance. Subsequent]y, . the bearing

OnCeh dihferaP P ¥ bhi che har &8r 2598 %%g?Fﬂﬁg-sz, 33, are
arranged are fixed to the |ower housing 22 nenber 10.
Since the annul ar shaft seals 68, which are provided
i nNetvd ,f romtaiporaf ol iofe tietdousigr 2drhyen eF@ser cthat are
t he. an 6 3C ofy M

g it B RS cPar T e e A aT oot Re aedO5PT® *°

to P2 aid erthd hix Hvéhi chkoess 66 thedfuntiBre cfeldetshipaisrot
has been changed.

hi s enapl adj ust nent..of the
rOt%ﬂQ%ﬁﬁﬁuﬁﬂﬁn ?Eﬁ%%%d%? E%%P Eﬁ%apéﬁégs é%geﬁgg gr Bgtween
the ifbtdies SPdTEs dFpNGIEEd aso t Aedaboved desael berhaadneve Fbeors
adj ustment _of the clearances is ended  once

h
40 pptbpriatkoEnedr knkegrat &Y ot AP nkhe Tﬁlﬁﬁx??aztpéiﬁnd the

drifdn FAVE- £ 0RO+ ANdlg 2, fLi ¥EBvEQLAr 1hhabraley GRgagede
wth each other are selected fromthe drive rotors 40
drivero s t hdahdndimgltoras 4509 9. 2 Thes kepleteephase

dif é%énég is obtained between the selected rotors, the phase

differences between the other pairs of rotors are also
adjusted simultaneously. Then, the drive gear 6 is secured to
the end 3a of the drive shaft 3 and the driven gear 7 is
secured to the end 4a of the driven shaft 4 in such a manner

that the drive gear 6 becomes engaged with the driven gear 7.

When the drive gear 6 and the driven gear 7 are secured
to the end 3a and the end 4a, respectively, upward force may
be applied to the front bearings 30, 31 and the rear bearings
32, 33. However, the front lower support portions 17 prevent
the front bearings 30, 31 from being lifted in the front
portion of the housing 2, and the bearing holders 26 prevent
the rear bearihgs 32, 33 from being lifted in the reér
portion of the housing 2. This structure prevents the
bearings 30 to 33 from moving away from the lower housing

member 10.
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rotors are then rotated so that the phase difference
between 15 the rotors is adjusted to a desired val ue.
The drive rotors 40 to 44 are forned integrally with
the drive shaft 3 and the driven rotors 45 to 49 are
provided integrally with the driven shaft 4.

Accordingly, as long as a desirable phase difference

i's t ai ned bet.ween the sel ected r 20

di 1 éngi? ﬁgt%ergetaf{e GZtE’HleC? tgla'? rcgglg‘%e%} oé%aregpg?gele%l o)
sec\dsted 16 nad #eneessd yng Toeds Bape 48] vehgeappéri Bousing

secured to the end 3a of the drive shaft 3 a

t
memkfy h ifealoimed t%efémeJaO‘tf%rtlﬁ%u%hla‘Jﬁe%}Pthggdri G the
f |0 Such Hppn e Ot ctDEgdELYR gBArdBi 6
Eﬂuizgﬁéﬁééjg%gaged aft thg %r?@%ﬁ ge%r 7. 25 v%eﬁvfhgear
and diivedese $hafid Mheofrtvencheatrfcaneteeclir ele £enpreted

d 3 d t.h d 4 tivel
coa ST P Y0 e TYORE Dbl rngs 35 SEGH ine radily of
the e Hgsums2. B3. chiwesyes, the front | ower support

portions 17 prevent 30 the front bearings 30, 31 from
being lifted in the front portion of the housing 2,

and ¢ he, bearing, holders 26r pheyentanibe seasLbeanbags

32, 33 frombeing lifted in the rear portion of the
be tverrsi the 2rothis 49 ruet 4P eapeetbat $o0vhs Whear PA§SSS0 o0 Y

33 from nmovin y 0 USLN ) ;
the b SATP Hh S p EPTLL D LOVER DOUELTL35 BERDccn
the a&ggaget Us£tr § oo f heheoroespendDngoeAlsalagrddhet Roots pump

upper housin nber .20 is_joined . to the | ower
1 eyt e SERTEPLeB SHARSCRREeORnNSaCOFFRACAR 8 the
phasdadicBe PLOLESTh DG f FONbEheefEbYedg9atabriaddotite

drive shaft M of the electric notor Mare conEFcted
Readbyetment thf oblyp Phasshatf IpspREes. 1AsParfesrd after the

upp@?sﬁg@éyn frediDEr ROt $5PUBB a8 aCeMBhe Be 10wkl tRfRsing

appropriate clearances cannot be obtained between the
memivat of 8. 4Retzol AG meh it hef | dwerclwdtaptesess 1gapriegheut

aft%%?ég LﬁgﬁgrpﬁgﬁgigﬁfESRBE%GEOC§Q”9EmB%eBr%%b%?%he lower
housing member 10, and then the bearing holders 26 and the

rear bearings 32, 33 are removed.
The present embodiment has the following advantages.

(1) The housing 2 is assembled simply by joining the
lower housing member 10 and the upper housing member 20
together. As a result, if the clearances between the rotors
40 to 49 and the lower wall pieces 11 or the phase
differences between the engaged pairs of the rotors 40 to 49
need to be adjusted after the housing 2 is assembled, such
adjustment can be carried out simply by separating the upper
housing member 20 from the lower housing member 10. After the
adjustment, the housing 2 is reassembled simply by joining
the upper housing member 20 to the lower housing member 10.

As a result, the Roots pump 1 of the illustrated embodiment
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the engaged pairs of the rotors 40 to 49 after the
Roots punp 1 has been assenbl ed, adjustnent of the
cl earances or the 15 phase differences have to be

repeatedly carried out. Readjustnent of the phase

differences is perforned after the upper housing
faciggiirdre20he agbpiytarent falome s eonpbekldloust nghe newdpripbly

of Eﬁ% ng%& tfmnt of the clearances is carried out
after e

pper housi ng nenber 20 is renoved fromthe
| ower 20 housing nmenber 10, and then the bearing

hol ders_26 and the _rear hearings 32, 33 are -renpved.
Thel 231 G- o ST A 1 (3 P19 S SR bt o

corresdondile BUSINY 1o $e A8 SEETDE BLe &1 P! ¥hdY16WEPI AGusing
the lower housing nmenber 10 and the upper housing
nmenheeniet. 20het bgerhied. haddensedd tthust ey editediieng@ar

t t r S, . 4 t I I jeces
bear gl LNy AN Srodtrd0idd £l 0 PURE: HEMbRPLES DS
portaforide 3 ot Ohs s4p rievedd 3G hreeghten e vaedjnes tresthkadfit 40 with

t.he hoysing 2 is gsse ed, such, adjustnent can, be .
the AR B I ATETy Lot o R Soner CaGalheE while
the NRHEHEZD- fipmihe 1oWere howlsd P S8 NDEEm 10ne AL bRErt BEpport

adjustnent, the housing 2 is reassenbled sinply by

portiging g - t Re @ppEsUidusiady Yidmsart 20 ttidq b aspwtiiferences
[ S h t 1
betiRF itk FEfled ot e Age ot 1Poreg. Fhovien teht
rearadjamstimege 3.t 633 donid etn obhef seperassegbsyates ihe
housi ng 2. The rear arings 3 33 are recei vV .
P re‘ferf“ufte?fg‘ 52’[8053%?&0??'&3?88 ’bgg‘rei ﬁ%eorl eTe 28 fIXed 1 o T he”
preveesd hottsmh Nge i e rdes el ed heo beae | ngwdol HetsiRg mbmber 10
prevent the rear_ bearings 32, 33 fron1se§aratin fé%n%he

whike,dhephasq gporier ¢ e f onetysen Thire preIefdsPEhes
rotdligaofeﬂ) Wsdg]gaf@%egpré&)i@ vi DEe & OWBF; haUst NG TRk eFhe

0 from being joined together while 10 the rear _
beamjert irgbd®s 238 nreveeparsbedafiom e TroneresudpAtings 32,
33 A 53 %ﬁ? g esil 1o 2 Ysh B0t 191ni Rg PHAsE

3 [ %eﬁgﬁ%eéml e‘aeen %hes%ngage% pgl?s %% ?he rotgFgr
houstithd onet@baw t10 tieth the lower housing member 10, the
clearances or the phase differences that have been adjusted
are prevented from becoming undesirable values and maintained

as the apprcopriate values.

(3) The uppermost portion of each lower support portion
13 is located above the axis P3 of the bearing holder 26
received in the lower support porticn 13. Further, the
opening width Tl of the lower support portion 13 is set to a
value smaller than the outer diameter D1 of each bearing
holder 26. As a result, when the bearing holders 26 are
arranged in the lower support portions 13, the bearing
holders 26 are prevented from separating from the lower
support portions 13. This prevents the bearing holders 26
from being fixed to the lower housing member 10 while being

separated from the lower support portions 13. Also, the rear
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rear bearings 32, 33 held in the separating states is
prevented. In other words, the upper housing nenber 20
is 15 prevented from being assenbled to the | ower
housi ng menber 10 while the phase differences. between
t he engaged pairs of the rotors 40 to 49 are
beartindesidpabizs valcedsedrurt ére bsiardend he ldeear i2fg are

hol ders 26 prevent separating .of the rear beari 32,
prevgntar: &roph@eRagsiatg arhied ér@_géﬁalbé?o‘% E]eé%am%ge_‘f et the
lowe%pg%EP%ch%%?tﬁ%n@q@e.r 2Arphth  t heel @b@h_ih?uﬁliﬂﬂh Tl of

menber 10, "'the clearances or the phase differences
eacht Rawelraveppeert adjnisioed 13aria prhey ehitiar Fragmdeddit mytdth

ndesi rabl e val.ues. an i ntaj j.ate
of thg E@?.tsfsju(%’) T &&%e;%og:k adpa(r)ﬁfel o(%s eo%é%g:acﬁ Irg\ill\g@
diamSHRRODE RAT tHheN pakd iich oot ateath adiovEr the bxdwpm3tofd by

the bearing holder 26 receiyed jnt | ower., suppor,t
the GEFITEEROTS LM aRdT PRt 1D piti réfwﬂ fagts ja 4 thus

can bRVWEH SSURRYY ti QY tHRN 1l3yd 1S Sifipd#Or poMmal dies ST £:8m above
than the outer dianeter DI of each bearing 30 hol der

the 2@weAs hpusdnd memiieah tthe bearing hol ders 26 are
arranged in the | ower support portions 13, the bearing
hol ders 26 are prevented from separating fromthe
| owan Taeppekehipar tkiiatd BF. SHuls freeventsydthesuraartithg

hol ders 26 from being fix to the | ower, .ho
portioar” 16 19 G e g o5 S BT O 1 US| Guees pump 1
is sSHPRY t3 Rt ONSMABL e Al tS0an tiiee re€@fer 251 Heat¢ngst 3ehe

33 received in the bearing holders 26 are ﬁreve

ted
por tiiagmdfeiti dttetheamine Hei ngyt stk at e f %njf]?%e?ront
lowelﬁ"%pp%%pcpﬁfcfriﬁ%ﬁ | ONS; 3. gFAM tDerchifec RPedi age Vet B the

eac ower support portion 13 in the direction
portdfort hef Wittt BB 3hed Romsopue® v sheefront aogaripy 30/

greater  than the dianefer, f et | ¢
51. sﬁé(ftseitlﬁlgs&% oFEEd B %{lhag%cg)rfr e@%on |C%1dg@?e(§'jrelea§&bpor
porthieat i1y 32,183 mdhenshaf tise 3frdnt husartagsbaoi ndér eed

e e LOveL Support portions 13,LLOMA00KS nbRBer 10
and the shafts 3, 4 are allowed to be inserted into the front
lower support portions 17 from above the lower housing member

10.

(5) The Roots pump 1 has the drive shaft 3 and the
driven shaft 4. The drive shaft 3 and the driven shaft 4 are
rotated synchronously through the gear mechanism. In this
structure, the rear bearings 32, 33 may easily be lifted when
the drive gear 6 and the driven gear 7 are engaged with each
other. However, the bearing holders 26 fixed to the lower
housing member 10 prevent such lifting of the rear bearings
32, 33. As a result, the configuration including the bearing
holders 26 is effective particularly for use in the Roots

pump 1, which has a plurality of rotary shafts.

(6) Each lower accommodating portion 1la has a pair of
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(4) The opening width of each front |ower support

portion 17 in the direction of the width of the Roots

punp 1 is set to a value snaller -than the outer

di ameter of the portion of the front bearing 30, 31

supported by the front 15 |ower support portion 17 and
straggddt eortiams Ad ldi-amdtiah fre Hocqigrd i Bh e tP&haf t

4 rt y 1 - hear : ;
porté’(e) ioﬁfg@t%%e l(;%gqg%i nag w“&h%i}lq}e(ﬁé %o%&llo%'r ?ﬁgposrttralght
portpotisi an 1h7 fiorntshithemaineit, itweefrions dhesriowysl B0; t3Hat has

. are .prevented fromsepar.ating fromthe | awer_ housin
the RROBARTL H Lot Parfd t MD ISR B,03-Ch ¢-BaT Gty G Piierer D3

of thRsSebtred JiieF the fditesddVBImSUROFE POrd i @diseied in
from above the | ower housing nenber 10. (5) The Roots

the pomsrl aspermiesiadring pshafion kil t & iss adrlionen etedf tshaft 3,
4. T I\ t ' S 4 -

¢t B D A S R S Tl ATk (e moqating

porttikins 11st rfucihurado wehechreedrovibsarhogsi 32, mStoemyl @asi¢gpite
be lifted when_ the drive gear 6 and t L ven gear 7

the Jﬁé?teﬁéége&% P P URR .p%%%?,ffhg{%e%%’%g&e

struk@hOss 26 tf iperdydi: tihierd iawero B0 hwuse £1gi M@MEIddHs 26 and
prevent such lifting of the rear bearings 32,0 33, As

the Froadyheaniigsc i g?ulrat P6n 3 AasWditng tife Hedling . 4 are

easigg)ot 84S A% d Scoe%}?&tﬂ%\i?elpar[$1%§iﬂ§‘rrhé’mk§@f yse in the

S punp 1, Ich has a plurality of rotary shafts.
35 (6) Each | ower accommodating portion |la has a pair

of 6.straight portiqns 11lla,..whic e ' :
thé75pgg’|e abl i°0n ngfa%?chéselaomérl aacnccpomt%r{oeda%fl)ln eglgrf%?’onwm(:h
havel B.anBierst rigdegiter pordn onse | di@andoemso f heashatéar bearing
inserting portion LIlc that has _the openin idth T
32, VOIS GRATRRS | RARVERS (FaToEDF BSTB AP T ISR IE 3
4 s@pde LYy asponding }:%bﬂﬁn%, 34, recei Ve ighrhlied aveirt

accommpdating portion Ila. This allows each shaft 3,
sealq &lo g itHertledndan & ¢ er e oFeespordi Hy Fofeforresponding

reafSSURB G cQgUABILIYg e ghote Hheclpterne
assceupierd lpordrd onpokd;t Iohaventhd from behind the lower
housing member 10. For this purpose, each lower support
portion 13 is sized in such a manner that the lower support
portion 13 is capable of passing through the annular shaft
seal 61 and the slinger 66, and thus has a diameter greater
than the diameter of each rear bearing 32, 33. As a result,
when the housing 2 is assembled, a gap is formed between The
inner circumferential surface of each rear bearing
accommodating portion 82 and the outer circumferentiail
surface of the associated rear bearing 32, 33. In the present
embodiment, the bearing holders 26 are employed to fix the
rear bearings 32, 33 to the lower housing member 10. The gaps
are thus sealed by the bearing holders 26. As a result, .the
annular shaft seals 61 suppress leakage of fluid along the
circumferential surfaces of the shafts 3, 4, while the spiral

grooves 63 of the annular shaft seals 61 and the slingers 66
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10 structures that prevent lifting of the bearing

hol ders 26 and the front bearings 30, 31. As a

result, the shafts 3, 4 are easily attached to the

| ower housing nenber 10. (7) The annul ar shaft seal 61

and the slinger 66, which 15 have dianeters greater
prevehan lubheideamebél dfrosachtregdmcbhdde mymBrhagderyrid -

ttached forward frqomthe rtion of f :
rurtBisnotiea ey Lehe FEapeBearing 53 s, Hind Snbiegtinds 32
33 rehaftLifrsealy .61 and the slinger 66 are received in the

corresponding rear-lower seal accommodating portion
12 through the 20 associated | ower support portion 13

from bﬁgi:ﬂdahhﬁlla?w%haftﬂo@éia'ig sTENher 0.1 FHeddlived in
pur pose, eac ower support portion 13 is sized in
the socirespradiey tieatr tdeell ewsromgsbdring poritiom 1804 shas a

. _capabl e of passin hr ou t r -
dlam&%%rt K& egltie%gzilaé’g,t%aeng Lﬁ%urstkﬁlfs a d‘? aonéf%é%réiﬁr@%%rmg
32, Bharupherdicameteref wactesmardienriagy IxaBhgAs a

result, when the hou3|n%,2.Ls assean%gi ga§%§g§§ fial
accopgOfed iBet BeeTt e 83 -nnéP 18 rEGHFELEN ital® o)
velo%%gg beak rheanding 1 dad | G-Rot tioN:182 @neet he

outer circunférentia surface of the associ ated rear
circhedeimegt3al 3Briare v pmagemnrsol b hengeat nel- The

. _bear.i ng hol der. 6 . e i h ;
oo BRSSP S O ARLOHIRL il pting ous <o
moved@®n ahe thup seaindtk by? 4 heovoead | the haptaerko@sin@soa

result, the annular shaft seals 61 suppress | eakage
of fluid along the <circunferential surfaces of the

shakh s 1Be duteh I8 dnke spigrlcdd rgroomes dikmdtéheportion
annul ar shaft seals 61 and the slingers 66, 27 prevent h
of dagly idmIvi 164 riom ERFFFhg-RMe PP chahpétapgler ob eac

tNahot ri l0er s A6 pPready tde tRarslinger 66
rearEé%;?ﬁé&;é%ﬁ b%%'f?%wﬁ%ﬁfting. 5 (8) Egth annul ar q
becmiaf tgreeaie 61, thwhi kibi beaniced vbdi$ nspiashedr iBsporafaglly

rear seal .acconmmodatin o) aseaq 6l er oh
CutWLTSht §QE%§HEEgPd@?%rg%ﬁgﬁé%e$6ggoggc%f?ég?éggg%fng ©
1ubr3Zard3 SUpp teth dyptdeecoed eSpondengeréng bbar bngp
chambers 70 to 74.

(10) The drive shaft 3, the driven shaft 4, the front
bearings 30, 31, the rear bearings 32, 33, the drive rotors
40 to 44, and the driven rotors 45 to 49 are exposed from the
lower joint surface 10a while being attached to the lower
housing member 10. All of the clearances between the rotors

40 to 49 and the lower wall pieces 11 are thus visible while

~being measured actually. Further, all of the phase

differences between the engaged pairs of the rotors 40 to 49

are visible.

(11) The entire portion of the lower joint surface 10a,
which contacts the upper housing member 20, is located on a

common plane. This makes it unnecessary to form a step in the
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accommodating portion 82. This increases the
circunferential 10 velocity of the spiral groove 63
formed in the outer circunferential surface of each
annul ar shaft seal 61. The spiral groove 63 thus
efficiently urges the lubricant oil to nove fromthe

lowgsuriy dHarmar L azp tlmral tiHe geve hdi@ini %, namb¢n) 1l Ghe This
OUt i ; - t ti f
faciOY! téﬁEﬁgﬁﬁiﬁégugémééﬁgﬁéﬁgéﬁg@ﬂ% £r portion o

each sl nger S gr out er di aneter of
each rear bearing 32, 33. As the outer dianeter of

the slinger 66 becones greater, the lubricant oil.i
spldeted Tvn &5 AL, GUiSwh /S i orr B 150 103 Pas a
steps! e MGR OIS vef fdieh endd y20dhes 2001 1bd i €@nth @i Lowsr

~ _thus prevented fromentering the punp chanbers 70 to
joimg synfcahdaraiecBaf$t e ¢herFpeedinhafe hetpeep of

for ; ' t eqr | 3ioih
che il RERF Weee o E LR R U8 Wrer el
sur Z-ardexpafedHoremitshe [t@derraraento 5 ifngoes ks We tveeen

eing attached to the | ower ousi ng nmenber, 10. | o
the ki aift i GO A SRR T NS oboF SLPHIBE § BO5BE aRHE RS 202,
it 1Pveig |1 it eoestHdt ad egdhuss Visthte hitke HEiNY portion
measured actually. Further, all of the phase 30 .
50 hptwesondss buiskeirite Snghded badrandf thpeuPBebr 404Dt

sur &S oAr € This ?rla? detDeaRe 818 148 P Iy R riddifee of the
ower joint surface 10a, which contacts 'the upper

joirpusimigiarenifer 2@weve o dihea l@B L aMmgE phaneace 10a

hi s.makes 1.t unnecessar fo ep_int 8

OF bl TS r RS TRERE Tha Bf FPRe T Bhkr Shons RoMiSHEE, the

uppdd.jdihits siefidd t a0£si gahufiget wi ehofheéheoheusijngng. surface
(12) 1f, for exanple, the Iower joint surface a. has

102 Hdn G ST HE dpRRs OTRE SOPFhCEUBBAF oot netil®

impidifed OMBL . sd Pl Ny SPEF A6EndNBcabtetha §bept portion 50.
corresponding to the step of the lower joint surface

10a is formed in the upper joint surface 20a. If

Ot S SN o RSl st e g e
hereafter be described with reference to Figs. 7 and 8. The
second embodiment, which will be explained in the following,
is different from the first embodiment in the bearing
positioning structure. Like or the same reference numerals
aré given to thosé components that are like or the same as
the corresponding components of the first embodiment, and

detailed explanations are omitted.

As illustrated in Fig. 7, the joint portion 50 of the
housing 2 is located at the height equal to the axes Pl, P2
of the shafts 3, 4. In other words, the housing 2 has a two
part structure including the lower housing member 10 and the

upper housing member 20.

The diameter of each rear bearing accommodating porticn

82 and the diameter of each rear seal accommodating portion
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10 it is highly likely that a gap is forned in the
joint portion 50 between the Iower joint surface 10a
and the upper joint surface 20a. This may decrease
the sealing performance of the joint portion 50.
However, since the lower joint surface 10a of the

80 afrier stacntsodilient titmra tHeatcourdsmmding dimietern Hef 1ghe

. pper._jaint surface 20a is_flush _wt | ower. 4,0

£ 1 d R R a o e G g e A Budl T L facanl 6L

and ¥9& dEhinfetdriMyOwescH hel isepdf ngp pentf inrhrence wécéireed in
joint portion 50. A second enbodi nent of thgﬂPr§§ent

the [GQFERSREMAMNG TRP hetesak taFC PEIRR I HP W t roare
r i Ak ; LGN eTPPdieNtirst

eac%&%ﬁﬁ?ﬁ%ﬁﬂﬁﬁgfé%%?é%hed|é??%£??é%lomﬁng, 'S .

embediifrfeartent Thr divet secbinds endosddiendnt tihe s hd@amrgds 32,

posi tioning, structure. Like or.the nce
33 %ﬁﬁnﬁ%ﬂ%ﬂv%hei%ﬁﬁhﬁ1??f??ﬁﬁﬁpé%ﬁ d%e%{s %%%fﬁ re like
accdMinddie i @S 25nd e coid espoadt g covponead sbpfthaerear
first enbodinent, and detailed explanatiqns are

bealgii¢ taEOROGa ARG BB RS F1g: 7A04 HEJ it P4 otfr =3

t | ) $s106atefbat 1hephel gbbaeangl bhad 76
are ﬁe%%e?&l@g%&%%?% hrggshafts 3, 4.iﬂ| n otaher ¢

serwiorgisss therdrmuisiqgeP@s Haborli RGwonEalPer st ruct ur e
i ncludi ng the | ower housing nenber 10 and the upper
housi ng menber 20. The di aneter of each rear bearing
ac qosTedalh ingy perrtd o 35 BPrrantl ¢hetlk areteen ofieeath
rear_. seal acconnodatiqg gortion 29 ?g ars ﬁagha
mategia} dFlttham§ hkC ot rleSpoha? ncBPahet 2r B8f £A2 2Fir st
eloridbadi et ce Thexdi snebel  ofweasdeminyllesl shef tpseral ol 77
and the dianmeter of each slinger 66, mhicg aée
are riggEra@din nthe Hee b RespeRg aé teapreBalel¥cBrrbdghrRGS to

ext &téf@n§0¥hérSu?efaE@r%ﬁﬁkl@%ﬂé@@wJﬂ“%ﬂé”f@@ﬁQ@@éﬂﬂngs 32,
iameter of the first enbodinent. In the second
33. erfihedipreritiortshe fr dare Hesati s Bnd B3 aflee¥ seed Vel e n

vest R LFRET PR ST DoRELROp SFEEURa g othias mhe
beaROEPHREAt 7691 of i keast82thEheowear jbéaki sysf3ze 3%a
through bolts 78. When the bearing band 76 is fixed to the
lower joint surface 10a, the inner circumferential surface of
each one of the bearing holding portions 77 is arranged
continuously from the inner circumferential surface of the
corresponding one of the lower support portions 13, The inner
circumferential surface of each bearing holding portion 77
and the inner circumferential surface of the corresponding
lower support portion 13 thus forms a circular hole. In other
words, each rear bearing 32, 33 is held by the corresponding
rear bearing accommodating portion 82 configured by the inner
circumferential surface of the bearing holding portion 77 and
the inner circumferential surface of the corresponding lower

support portion 13,

An accommodating recess 20b, which accommodates the
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10 are fixed to the | ower housing nenber 10 by a
bearing band 76 serving as a bearing positioning
nmenber. The bearing band 76 is fornmed of the common
nmetal material with the | ower housing nenber 10 and
has an 15 el ongated plate-li ke shape. Two bearing
bearhabdbagdpart,i ass foFmear e nf dheegdnt itdre dfedtiengidyeard 76

in arcuately bent shapes ext end e quter
houséPHcWﬁf“@Fén%@s Lo itge thea e@&éﬂ%é@’éoﬂ’gﬂé"m 'F?Re is fixed
to tH@r hbeRe 9bihhe sheatiag 1rnd 116 pthereddan Mditdear Upger

ol ding portions 77 forma flat pl ate-1i ke shape. The
suppzatb@amtngmba@@ Pee Sormest i tlite aoMerP GRS T ddee
hr ou bal t 8. r 7 noldi
acooRRgg g% RESRewa ] S BT Re 0 o ey S holding
port@ongurfrer ensi al regutacewath eaehuppe rohotisé ngeawinhgr 20

oy LR Sl S VB LA L e

uppe?N§ ot ReHrWRY SHPRAMe PO Nhe B cddindddteing recesses
circunferential surface of each bearing hol ding

20b poet hed &7 An @edtawd ividdr e crifet e il %t&ﬂf%%% bpa-
the corresponding |ower support portion 13 thus forns
a circular hole. In other words, each rear bearing
32p 33thsdhebd hy stelmd Idorgr efkmmcrtgs mmgealr dgaridigng to

accomupdati n ortiaon 82 configur he i nner
the secoms @F@ﬂq%é‘rer%r‘”f]g]c]e WY the B8R ‘—i‘ ol di ng portion

77 and the inner circunferential surface of the
correspondi ng | ower _support portlon 13. 35
ac Edmatdatheg shaddss 204, aff e Rictfoda ©30

: f % Okt 4 PR Ptfl éb@ Hgper
accq dla%r%:%nztﬁlfoﬂfalcl%%é egﬁlﬁgé b%nd 765 vvhiLc IS

porthJOXIEd 11tle t s |iowerhg of Fits s eee@ingat - | heteddsdde front
t t t
port&%ﬁ?%%%ﬁ#?%ﬁg)o I?ﬁqg %ﬁg ég %9 gﬁ§f£°§§§g8L98 Qﬁe

'5 accommodat ng recess
receCinrechSmDFtdid’lgfItcmﬁ hieovoear s egl h@d:dmltmgod@’oi hgopsrZionAsls

a_result, € usi ng e Zg assen%l .
and e RO HASH rEETERER T6 [HESRor? i RS 5P LPREECNding
sha ey, jOi nrheurfaee 2Qa Aty Idamst heraccipodatéhged in

recesses
the corresponding front lower support portions 17 and the
front bearings 30, 31 are fixed to the corresponding shafts 3,

4 using the positioning bolts 38 and the positioning plate 39.

Subsequently, the annular shaft seals 61, the slingers
66, and the shims 67 are attached to the corresponding shafts
3, 4 in the rear seal accommodating portions 12 along the
axes P1, P2. The rear bearings 32, 33 are then each received
in the corresponding lower support portion 13 from behind the
lower housing member 10 and secured to the corresponding one

of the drive shaft 3 and the driven shaft 4.

Next, the bearing band 76 is secured to the lower joint
surface 10a in such a manner that the inner circumferential

surfaces of the bearing holding portions 77 extend along the
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20b are held in contact wwth the | ower joint surface

10a. 10 A nethod for assenbling the Roots punp 1

according to the second enbodi nent will now be

expl ained. First, the shafts 3, 4 are received in the

| ower 15 accommodating portions Ila through the shaft
outeirnsdriciumg e rearttiadnsudiace a i rtheherdfdn Steaariyort msht .33

.Then, in the front portion of the h ing.2, .the ..
projgvangr HRAY thSeacueRs ISt RuEdiARs TR 1 REY Foe tite:
the 's%?f r36@ls BGCOINRIYdY RS ol & habdfihQruldd@rié in

shaft seals 68 are-fixed to the correspondi ng 20

advagkaf.t sSTBe nolthe7Prone bB&RI RGSSSY, tBIOHEE &hgobearing

recei.ved | t I &SP i 4 %H%ég& d t
bandpg(r‘gt il(I:)lnsSl‘lf[g1 gn%'%trﬁlgerrf r o%q%%grl{gnlgdg 30, V%Ele are fi x%d ©
the l@wdte jedntesporfdiarg 1shaf t §hds cduseisnghehdearing band 76

posi tioning bolts 38 and t pasj ti onin | ate 39. .25
to Peggddgferitiy F Satte RTINS ot b et o G B PP T grshe
rear®®eadthdheshias fHie Frardacdetd® 4418 €0F 1:0§ PORGH NBhe
) shafts "3, 4'in the rear seal accommodating portions
lower? salppog tt e rtadhaass RS- P2. The rear bearings 32, 33

are then each received in the corresponding | ower

support portion 13 from behind the 30 | ower housing
nmemhen, 1@sand seeurfad stto ciive dorargspdiiti npt e n@ds t he

drive shaft_3 and the ive haft 4. Ne . 1 he
betvgedy Fcr'i’ge J&HP s "'Jidos t1~7°ec‘£ﬂg; &t oé’t‘%eccf%ﬂeesrp%ﬁ&h%g Lo et
piecHdd 11N sSUC e STREEr  UFatt hishedameteCidleaadarerd iate not
35 surfaces of the bearing holdin Pgrtions 7 extend

apP TG tehe T RS O raimf P BT AI F5of f ERes pref heotnt

surf8a Rearings 4. B33arPh8l BahENgof Lor the luer oinings 32,
surface 10a. By this tine, the snap rings 36 _have

33 ageerreymotgch o tan ties beawshgswape YerPRtiadvahée. TR
. holts 78 th t j 6
o1ty P s B PES AL ey 57 Decthon 3qhandedoin

hner 8 are readed 't
sucH he rlowsir jiat spwfaee 40a. c Thasactaesesrehebbeaniedg

band 76 to position the re bearings_32 Ln :
ATCRIES | b I RSt UAF Doat | A~ 59, 2330478 t0 the drive

are
shaftf eveHeddd om separaidng 4remit bee bearing band 76 is

fixed to the lower joint surface 10a.

Subsequently, the phase differences of the rotors 40 to
49 are adjusted. Then, the drive gear 6 and the driven gear 7
are secured to the end 3a of the drive shaft 3 and the end 4a
of the driven shaft 4, which are arranged in parallel with
each other, respectively, in such a manner that the drive
gear 6 and the driven gear 7 become engaged with each other.
Similar steps to those of the first embodiment follow sc¢ that

the Roots pump 1 is assembled completely.
The second embodiment has the following advantage in

addition to the advantages equivalent to the advantagesr(l},

{4) to (6), and (10) to (12) of the first embodiment.
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"l ower support portions 13. 10 Then, as in the first
enbodi nent, the clearances between the rotors 40 to
49 and the corresponding |ower wall pieces 11 are
nmeasured. |If the nmeasured cl earances are not
appropriate, the bolts 78 are renoved fromthe | ower

j oiliB) 15osprkaeatlQaftand oife theamesy baed iTgsarid t F,

ear ,bearin ,. 33 are rempved fromithe | ower
the SERFIRE S gt i THes. (i e detier 1iht e face 10a.

The YRR SHP®HHE i7% tiken radidisted 4 impSPay of minertidabearing
appropriate cl earances are obtai ned.  Afterwards, L&g As
hat t

band éfr teditiond9vsz, B3 swdiafed (o hd driiv P2t s
a re?"su nd the diiven Shefith 4 ?ﬁ&éﬁ?%f@ﬂd@a&@ e | Sear

ixed to the l1ower joint ace 10a. Subsequently,
beartimeysplidse IH fdret ereeis iofng Hehe otaris MEE1ingA B2 e33 in the

adj ust ed., Then,, the ive gear. 6 and the.driven gear 7
Lowshs ShEpa HOF IO He it Bk (G shart 3 and
the end 4a of the driven shaft 4, which are arranged
in parallel with each other, respectively, in su%y %_
mafdRer iRaE iR ek iFROgaRN 6 Y ffe mpd Ve as fpllovs.
beconme engaged with each other. Simlar steps to
those of the first enbodinment follow so that 30 the
Rodtns tiuems it sits exdeiiiiead: ¢ diye dresdninardw kdgh26 may be

. emhodi nent_ has_ the f.al | ow Lo, . i &4 on
i A g ey S LA o O B Py P
are taa{dgednih (Y tortlPoofidhectitis¢ eobodhgedt. Bb this
32 (13) To prevent lifting of, the rear geargggs 32 30
casey the theayddty it Wi 7° IR0} kel t bt nbt Pohe? SR biHES 20/
31 WwitH acssJda: cdhenderdudy Rangid$ membastabl ed sinply

by fixing the bearing band 76 to the | ower joint
surface 10a with the bolts 78. As 5 a result, the

st rﬂgg: reedftillastt %'n%vo‘%ﬂtrraeﬂﬂr,feztj.rﬂ% ﬂoﬁ@%é&?{n%@e@ﬁj ngs,

32, and positions the earings 32, 33 in the

whidlovwere suppardedoit i oms A8ons pastignpedvidedhousing 2, may
be positioned by the bearing band 76 with respect to the

lower housing member 10,

In the second embodiment, the front bearings 30, 31,
which are formed in the front portion of the housing 2, may
be positioned by the bearing band 76 with respect to the

lower housing member 10.

In the second embodiment, the front bearing
accommodating portions 81, which are arranged in the front
portion of the housing 2, may receive the bearing holders 26
that hold the front bearings 30, 31. Further, the bearing
holders 26 may be fixed to the lower housing member 10 so
that the bearing holders 26 position the front bearings 30,

31 with respect to the lower housing member 10.

In the first embodiment, the snap rings 36 may be
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The illustrated enbodi nents may be nodified as

follows. 10 In the first enbodi nent, the bearing

hol ders 26 nay be fixed to the front bearing

accommodating portions 81, which are arranged in the

front portion of the housing 2. In this case, the '
omithedr iagg llaelgderss r:é&rpxasid imerv etrdeen tf rqﬁqttttmea:reiargsbéiaoringﬁ 32,

31 with respect tqg th hou e lO
33, WASH Sodiit e T SR MHOEoT0, S, i cted

thro%% %ﬁ%\ﬂ 48d- iy e tf It HROTHd 0N tste‘axtlhe;shqa@,l NgB 2,
be positioned by the bearing band 76 with respect

to the 20 | ower hou5|ng menber 10. In the second

e [ i ngs, 3 oy ALK b

ot Red En ERE F SHECH AT S ar s RETotars 20 e B
omitpesi tasorethdiud h@d&e&rndtgndmmbr% od tithe elsepﬁen:tbea)rltlms 32,

25 | ower, housi ng menher the seco
33 LR RGO Bt Thy T O S v o
usindf e RNRged,d bdhe faont portlon Of t he housing 2,
may receive the bearing holders 26 30 that hold the
front bearlngs 30, 31. Further, the bearing holders
th HHXP'G f&é%d G driver: ROUSING B0 A0 i of the
a e

bearlng oI ers 26 p03|t|on the front

'Jpwém&mm@&BerﬁbmmWBJ&memhedQMEtnmntmmgﬁ@ﬁJﬂa

er 10..35 I.n the first,_e odlnent e i N
may @éﬂiﬁf%&?dﬁﬁ§§ﬂﬁﬁt§ﬁiEﬁ?l%%nbg% ar%@ﬁ% %%3@%%%? 0
axed e rear JeatHdgsmafss 83,4which are fitted in the

bearing holders 26, is restricted through such
arrangenent of the rear bearings 32, 33. 5 In the

Se%?tncﬂ;h%n%%@o'ﬁ%"temﬁdﬁﬁn%}ﬁp M OSpe Y P&o P di£bf the

[ong as rearward novenent of the rear bearings 32
Lowea3 suphest rpccntenprw Tosit] ohtlmg 1oiee ¥ e3P iBeabih eceziOa

may %@0 USI hearing Q@%‘Q g P {ﬁﬁegh%g:s 3,

e upper nos portlons of 't
support portlons 13, 17 (the lower joint surface 10a)

The fixing members with which the bearing holders 26
are fixed to the lower housing member 10 may be screws,

instead of the bolts 29.

The flange portion 28 of each bearing holder 26 may
have a circular shape. Alternatively, the flange portion 28
may have a projecting shape in which the through holes 28a
are formed, without extending over the entire circumference

of the associated holder body 27.

In the first embodiment, each bearing holder 26 may be
fixed to both the lower housing member 10 and the upper

housing member 20.

The sizes and the shapes of the pump chambers 70 to 74
may be changed in accordance with the sizes and the shapes of

the rotors 40 to 49.
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may be | ocated either at the height equal to or bel ow

the axes Pl1, P2 of the shafts 3, 4. 15 . In the

second enbodi ment, the uppernost portions of the

| ower support portions 13, 17 (the lower joint surface

10a) may be | ocated above the axes Pl, P2 of the

shafts 3, 4. The fixing nmenbers with which the bearing
er

hol ders 26 20.are fixed to the | . _housi ng Iy
10 RayPheSEsRFehRVen ﬁgpegayo%etﬁ@%§§ﬁ€ fﬁ.ang%ﬁ ange

‘ machPREt beRe28 tohnedth beasngurel der 226 Iy dwvda fluid

circular shape. Alternatively, the flange portion 28
mach}Benayahape raspidjdet ithy dKdna bR GNPt H'q HowE 40 to
|8S 288131 hQr ed., Nyl i NG Ui dd'®ne of th
43, E%Fﬁrg%cﬁpgﬁﬁfé%e%?%an' %?EE §§§%0|aﬁg%;holdéfbbég§() ©
driva7shhfitt Be ahidr $heenbrddierertha fdach bé&eri rganpléer t2e

X may be 30 fixed tq both the | ower housin r

invelh oPhBaTpBEr STREELE el S PHIP 4o o e (Ha-
shapes of the punp chanbers 70 to 74 may be changed
in accordance with the sizes and the shapes of 35 the
r ofbeshansiBg48. M3y FHEPPEESEntS HYREN SR Tvay ed & -
enbodied as a fluid machine other than the Roots punp
1, as long as the fluid machine transports fluid
t hfhaghumbtat bdn the phep chembes® tiormesd ireddie dfousing 2

: ichis r.ang on the .correspondi of .t

nay i GRasharl BB and s M on " (e o R Sy g
i nvention may be enbodied as a screw punp or a claw
punp. The housing 2 may support a single rotary shaft.
10 The nunber of the punp chanbers forned in the
housing 2 nay be changed to, for exanple, nore than
four or only one. 35 CLAIMS 1. A fluid nmachine
conprising a rotary shaft, a housing
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supporting the rotary shaft through a bearing, and a
rotor 5 rotatable integrally with the rotary shaft,
the fluid machine transporting fluid through rotation
of the rotor together wth the rotary shaft, wherein
the housing is configured by joining a | ower housing
menber and an upper houscnpImenber that are separable
10 from each other, wherein the | ower housing nenber
includes a | ower accommodating portion that has an
1. UQMBEPuP@eﬂéQHhﬁQ éémﬁ?lsEﬁ@ehv§o%ak9“§ha@Qrtboﬁoﬁglng
eari ng, e upper housing nenber includes an
suppuppengathenwvdatwnghpéttt@ﬁOM@@tah@§a§lPS'd@mﬂM%1¥0t0r
9,838,419 ace ate an. orti 0
rotabBRLPndnCaRAPAEN, Thelh o i ey SR TBnet hauer iy Hachine
trangﬁﬂ‘@eﬁﬁg fouRed th@@@tghen:ottaltaomprmefr taved ochwer together
accomodating portions forma bearing accommodati ng
withpghei sALEKNt SBéESmmpdates the entire bearing, and 20
MhﬁggkglhhﬁhélHbgsgﬁﬁhh@ecbﬁ%ﬁ%@@%dﬁb@0§bHMQ&@n@ lower
hat is attached to thé bearing and fixed to
housuhg hember hodsiamng Upgrere hous i1gc merhfen fdrat fute t$parable
¢ b %ths accommodated in the | ower acconmodati ng
rompS@F of Ffi'4 positioned state. 25 2. The fluid
maghipeiacenedi Bgetrohouaiingl mewbereiimdlelespesiltinsy ng
menber is renmovably fixed to the | ower housmqS nﬁgbgé
accogR@dRSiias PRE tHedY ithG fsdeas atb WY adp a1 €6t

receli®Sl B GRS mRMeMRM Lf drie hearimy athd easper Maeusing

radla 30 direction. 3. The fluid machi ne accordlng
membeg alnmldeSoranz URKPST @iGEOTE o di g i R P Prenib a®

downw%% I?ﬂl %[e sohaa\Q NG & cOididcaly habder Ip@ﬂﬁ’lon of the

ce v I'ower accommodating 35 portion and a
bearfllna_;ngmhrm‘retumn wm tiree fupymasd dmnd elgrveg ¥ yhow$ hng JBeRpers

joa.nrf]e%l q:%rgebc%eyr,antqleex&pepnedrs aArft | wé/r oa%cy\@r[ug éé@fﬁ&npg}_(tﬁbns
form a bearing accommcdating portion that accommodates the
entire bearing, and

wherein the fluid machine includes a positioning member
that is attached to the bearing and fixed to the lower
housing member in such a manner that the bearing is

accommodated in the lower accommodating portion in a

-positioned state.

2. The fluid machine according to claim 1, whereih the
positioning member is removably fixed to the lower housing
member and holds the bearing so as to be capable of
restricting movement of the bearing at least in a radial

direction.

3. The fluid machine according to claim 1 or 2, wherein
the‘positioning member is a bearing holder having a
cylindrical holder body received in the lower accommodating

portion and a flange portion that is formed integrally with
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end .of the hol der body, the bearing being received in

the holder body in such a manner that the entire

outer circunference of the bearing is covered by the

hol der body, 5 wherein the flange portion has a

t hrough hol e, through which a fixing nenber fixing
the hbédbeabbdyg hobddexteodshealdiwddy bodsiang fedberan sxial

passed, . and wherein e hal der body _is _arrangegd .
end BT RBEnDENARANGPCYE) FEGnPEPeNPeap oS AR5 gheThd™ the
holdB@apbRy asceumdat Ranker tthar the 2nd ik euitesr
circunferential surface of the bearing that faces the

circumfer eaicecaff Ehenbeal 18gr figc SogrrEe e dtiengiolder body,
ac t] l,an . They LLuid l,ne or @RS uah
B A T
whichoweriadagmeddkirng igdmntgi dihel $edrdcat dadlalzove o Heraaxiawer
eari.ng hol der received in the | ower

of the
housé@@oWﬁﬂgﬁfiﬁé B8PEEGn, 380 wherein an opening wi dth of

t hgnhkowen 8560RBRdati BEdROLEI AR rasgsaBbeevehamnaninner
outer dianeter of the bearing holder. 20 5, The fluid

circpadhirrataedorditig oo od &R beatidrdeiat inqfijeiny portion
and 34" %%%%rofcfﬁ%%ﬂf%%&%q%qs@?&f@%@% OB B d QBT Ehat
joint “surface joined to the upper housing nmenber, and
faceshéhei Anhke cposiumiferiend imdntrarr fiazea dedrtindrdranidrd hat
.an outer. 25 circunferential surface of a

cover
accoﬂﬂpgﬁgﬁngprﬁ 5&4ring protruding upward fromthe
| ower joint surface and is fixed to the |ower joint

surface. 6. The fluid machi ne accordi.ng_to any ane of
4. ¢l dhpsfinig pachipegereryite WPoldR s Haf t"ﬁﬁ%t e 20¥

uppedmBlst dlodk oof Jrotdey 1cal - ddiddo Bl 61 iy rEgerbn Nis
parallel, wherein rotors of each adjacent pair of the
locatetappoyikathie ard sermfadebibeaq iy xtirieot e 1 Vgfdr & nthe

a gear | red tq.each af t reldch of
owed Ao B R L A o e i ©
the 3bwiehe acatoamy dettafrtes rarre: isymcihe amoauisl g ridtait adh ecapelr

diam%%%% %f %%e bearing holder.

5. The fluid machine according to claim 1, wherein an
upper surface of the lower housing member forms a lower joint
surface joined to the upper housing member, and wherein the
positioning member is a bearing band that covers an outer
circumferential surface of a portion of the bearing
protruding upward from the lower joint surface and is fixed

to the lower Jjoint surface.

6. The fluid machine according to any one c¢f claims 1 to 5,
wherein the rotary shaft is one of a plurality of rotary
shafts that are arranged in parallel, wherein rotors of each
adjacent pair of the rotary shafts are engageable with each
other, wherein a gear is secured to each rotary shaft, and
wherein the gears are mutually engaged in such a manner that

the rotary shafts are synchronously rotatable and that a
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phase di fference between each engaged pair of the
rotors is . determ ned. 38

phase difference between each engaged pair of the rotors is

determined.
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