; €3eBSBNNOPLPR6RTSXdCWD 00/ S8605 _ PCT/ US00/ 06375 *@00001* HELI CAL ROTOR
STRUCTURES FOR FLUI D DI SPLACEMENT APPARATUS Fi el d of the Invention The
present invention relates to fluid displacenent apparatus, and nore
particul ar (WO Y3645 ui d di spl acenent apparatus enpl oyi ng hBET/ES$H0/0633% or s.

Background of the Invention 5 Helmmmm' | uid di spl acenent appar at us,
such as screw punps and helical r m Iri c flow neters, have been

used for nmany years. Cenerally, such. aratus include one or nore helical
rotors arranged within a conformal chanber having an input port and an

out put port. The rotor (or rotors) and an inner surface of the chanber

typi cally define HECAlpIRATERETRUCTIRES nidRt FLAKID TS RIACBMRNTOAPPARATHSI s of the 10
rotor as the rotor turns, thus noving fluid fromone port of the chanber to
anot her. Many variations on this basic design have been proposed. For
exanple, United States Patent No. 1,191,423 to Hol daway, United States
Patent No. 1,233,599 to Nuebling, rldd bte Phvdngion Pat ent No. 1, 821,523 to
Montelius, United States Patent No. 2,079, C to Montelius, United States
Patent No. 2,511, SH® Rreseridnyaation relgtaste fuidslisplasementpgpaseius, Rpd merQ78, 653 t o

Suter, Unit edp '@htlﬁﬁ', %ﬁ@@s@?cem@nﬁ%@a&ﬁx@ ehﬁl@ﬁ%icﬂ@&p}s}m ted States

Pat ent No. 5, 447,062t 0o Kopl al . scri be“vdrious positive displacenent
flow meter and punp apparatus utilizing one or nore helical rotors. Another
exanpl e of a helical-rotor vol ugEblGnkle? " ﬁ(;s the BirotorTM I i ne of
positive displacenent flow net S Instrunent, assignee
of the 20 Ppresent Heliceltokayfluid displaekmentlapparatos, shthuascsemspimps and helicalppar at us

such as fl ow et . nam har acterj stic e rotors can
oo £ty TR PP el B 68 EH B BhD Blefigall] add® €] &
gener al | y desappahitws ifiddudesonk et inowl helicad ratorsfatrangedetithin asedornmal getabet eum f | ow

net eri ng appl i'lag,at i ons uQavlgagd ru eu(d3 s‘%r tr%r €0 I Q gsi bration | \a{éal , 25 | ow
pressure drop. wefe CPert Foha wP aﬁg“e I doH; E‘éﬁ PBE PR BPFS R ch of
these charact theichirises typivallp defirfeflaadispbadedpnttvotunietiitanives blof@the iagis ofitheon  of
AR B RN G T R TI
appar at us ref err edviafly Pfaméns difiltis basid desip@aOd BRAGEopREdS Fot Biampléduced
reliabt Ity fetordiagbi., et Gl 2,8 GONTLIUI 0 [SES.! Bl TR PY5H'00
to Nuebling, United States Patent No.1,821,523 to Montelius, United States Patent
No. 2,079,083 to Montelius, United States Patent No. 2,511,878 to Rathman, United
15  States Patent No. 4,078,653 to Suter, United States Patent No. 4,405,286 to Studer
and United States Patent No.5,447,062 to Kopl et al. describe various positive
displacement flow meter and pump apparatus utilizing one or more helical rotors.
Another example of a helical-rotor volumetric flow meter is the Birotor ™ line of
positive displacement flow meters produced by Brooks Instrument, assignee of the
20  present invention. |
In helical-rotor fluid displacement apparatus such as flow meters or pumps,
the dynamic characteristics of the rotors can significantly affect performance of the
apparatus. For example, it is generally desirable for a helical —rotor flow meter used
in petroleum flow metering applications have a rugged structure, low vibration levels,
25  low pressure drop, wide operational flow range and high reliability. Each of these
characteristics can be affected by the mechanical configuration of the helical-rotors in

the apparatus. Certain rotor configurations, including some used in the conventional
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5 Sunmmary of the Invention In Iight of the foregoing, it is an object of
the present invention to provide inproved helical-rotor positive
di spl acenent apparatus. It is another object of the present invention to

provi de posyd hosReedi Spl acenent flow neter apparatus wth esaie6eksrs
operational flow range, reduced vibration and 10 increased reliability. It

is yet anoth j r | i . i L ed heli cal
rotors for uga pz?%h%féegelr{}?\}cgeglﬁyga‘? a;@felﬁn%h‘{}%g%%rggg{ E’?‘@E%\? %? r\é/l(fﬁ% H%t ric flow
met ers or purpsorditighs thezmid a ootimningmpetfos imfrewdihebeal motdr faid displagesenar e

provi ded accorgi ag. to the 15 present invention by positive displacenent
appar at us i néPYE Ng a housing defining a chanber in which parallel first
and second helical rotors are neshed. Each of rotors includes a cylindrical
body portion with a helical grogQve thergin, and a helical tooth portion
extending>radially fromthe cyl g%ﬂﬂé%-f‘f- v i on and runni ng adj acent

the helical groovenligtitef @k drkyoing itfié £:56bjéc@6f the prESMRGRehtBondo pravideeadi ng
surface) lies in the 20 helical groove and extends onto the helical tooth

portion, and_I@P@_é’é‘@)hﬂi%ld'@i"ﬁP%‘ih‘f‘feéjése?laf%m@!tPPE?thPsai ling surface) extends away
fromthe cylindri¢al oMy objeétior af psmé_}tgrﬁqg[?\ﬁgti(%rp@ PRR)idSsitive lsPlabidnt ON,

opposite the first tooth surface, | irst tooth surface defining an

epi trochoi d dlemmetenapparatus with ephancedeneratiana flgwirarges tedbeed vitgerian adr f ace

defi ni ng 13an epiLxEd Rlighiyr ve in radial cross section. The housing

preferably has an 25 innér surface that confornms to a boundary of a swept

vol une defined by Itihgetrapethesdbieot afithe pressnhinmentian tegprovide inpproves] helieal ween

portions of j . N ce of the
trglfofsqo{ ?sgtnjf'possmv[e ?&?%cégxféeﬁﬁﬁ %?Pg{a%s%ﬁax %%1M§%é ff{\g eterd gra

housi ng. This capillary sea I'on W th a capi ry seal
supported betpneps meshed portions of the tooth portions of the rotors,

defi di spl . | | el .of t.h
e the 30 ot or e tHFR b o a2 Bln Gt ofle R )” 11O

mai nt ai ndd byprevestieeenfion st paitive displacmindnt appagngésrwdindahowring defising al | y
nounted at ends pf .re cti es,of the.fi.rst and secon ot.or,s. Rotor
forns provi dé’g“ﬁg%d? 3’?’%5 pf‘%ﬁ‘gl{gs pPLsay eﬁ'\claéﬁ?tf’gﬁmcgﬁﬁﬁaog?c ST Foved
dynam c per f dichades @ cyliviiricdl body pattion with a helivdl gloovdtiemsinagelaiisliogiesal i ng 2

WO 001 58605 PCT/ US00/ 06375. charact eri.sti.cg.i n devices, in.whigch t rotors
are used. Forp°§3?é‘ﬁb“%8i9in§rﬁ%@ﬁ5?‘°f’b A mdge ibﬂﬁ’ E%‘?’h@dp"f’“érg%?&?cﬁvgﬁ?i on can
of }‘ er higher hmiaﬁll il grodwve. Obrafetablyqih fisgd @xoeh surfacki@gd a\léahltn@éslﬁ‘ﬂc' egities ihirt]@'ler swept

vol une per. rev tion in conparisgn,to conyentional, K designs.. These

advant ag gtgus %fﬁ%# SELET f“'rs‘]iﬁxl"gg%%fW %@&ﬁllﬁf@ﬂé’rpoﬁlqnh%‘ﬁﬁ?f%%?% aBr essur e
drop and w deg.gQp&aiink Gibdce) dxednds ARGYErd tHERQYIiNRRalVoAN pagioh kfdorBHRrIS. I N

particul ar, acgcording to one epbodi nent of the present invention, a fluid
di spl acenent hﬁbﬁéf%&b@"m%ﬂﬁ?@ée fg‘eﬁbﬁﬁéqoﬂbs”&ré?q’ Wit dhe AP R % er ei n havi ng

a first port @ffind af esiebchoRIutve ifrkdddl cRRFseeGOMd thedeb il tobtRls@EEeW th
opposi ng pitches, are 10 neshed within the chanber, in flui.d conmunication

with the fir<efiningasgpgyrpidepryein radiplezons sectige bechaysing peeferablg hasaly second
hel i cal gt Origner Berkdtd &t GonfoHrs RHL b&ﬁ\hm?%@lxs@@gtwbﬂﬁlefa@ﬁhéagoﬁhb&kuﬁal _groove
therein and a helical tooth portion exfending radially fromthe cylindrical
body porti on ref@rsafemingarapiiaty;sea betjreen pertionsad thifd toethshmfacse ebthe rdiesi cal
rotors are ar tpi i i : he first and
| 5 second helalhga q%?g%cgpghggﬁpﬁglmﬁca lﬂe as%lég’c ggﬁjgﬁﬁﬁg‘ﬂ%}a}cal t oot h
portion of orepillfrytshd shippoged bateeenaueshetl prations af thedoath potingmefdbe mwtdis| i cal
groove of an of: I econd I cal hat the
first and Se%tgﬁgéshaecﬁpt(l:%?mygtvgf}usn%g?aéﬁgggﬁ,%aﬁq@goﬁ@e aro{g.? éf@?yat?rﬁ%%thﬁehe chanber
and provi3de frbwotstut ieqpaices Heetvava el rotoes dré pferabdyfmareamd hyandskedofastal | el to
t he | ongi t udi ngl aXﬁq. .20 I n_anot her .ﬁg,bodi mant E@%c?r di ng to thg resent

i nvention, a 3PRSTRORT ipnessars fat e sortislyimopnpdabensis 9T FrRSPSCEYS Ones P has a
first tooth Htfangeedond fgorti t hin the helical groove and extending onto the
helical tooth portion and a second tooth surface extending fromthe
cylindrical body pPofarifmsErvifedRecarding todhe pesnhinyentionsan Bgps inerovsde fir st
tooth surfaceyndhe gkirszéﬁﬁan&é)%ﬁhsm&ﬁ% ﬁ?&ﬁa@mmtggeon&&mﬁgan

epi trochoi d-derive surface, i.e., a surface defining an epitrochoid
curve in radial cross section. The second tooth surface preferably includes
an epicycloid-derived surface, i.e., a surface defining an epicycloid curve

in radial cross section. According to another enbodi nent of the present
invention, the cylindrical body portion defines a pitch circle in radial
cross section. The first tooth surface 30 defines, in radial cross section,
a conpound curve including two opposing hypocycl oid segnents extending from
a hub portion of the cylindrical body portion to the pitch circle and a

o, o M. ——



WO 00/ 58605 PCT/ US00/ 06375 I n yet another enbodi ment of the present

i nvention, rotation of the first and second rotors defines a swept vol une,
and the housing includes an inner surface conform ng to a boundary of the
defi ned sweaioosedosine. Opposing portions of the first and gwaasdsoddss i cal
rotors and portions of the third tooth surfaces confronting the inner 5
surface ~f t heardvtarsticggnniayicesaf iwhichaheliosprt are eweintF ov ekanyre, talrator immes par al | el
to the axes of t({a&ﬁ{?itﬁst eang. se(iond rot.ors.as the fi r§tt. agjd second heli cal
rotors rotat&Rf FRreERL I EHon gan ofST bighet magimum rotatigpalispeedy "oy second
hel i cal rot orgiucsiyvibaddriale Hgtiehswept volaine petrelslagortinspmpattones ween the first

and second tooth suquanes. ,‘ﬂ\]e first and second .heli cal hp ors are
preferably aFPGERARALRSIENE-H HReSHATHANRROUS FharprteriSHES ISR KIBNEF sur faces are

spaced apgrt tirb @bt Rwed BREsusdrbpaRd Ridet HiRrARANTIRIW Angl BlRMES dubifhs support s
a capillary seal between portions of the third tooth Surfaces and the inner
surface of tHewWdrierBer. The first and second rotors also are preferably
arranged such thaf, @Riir! 486 ing 86 bnd [ portions
of the first and snecond h’elci c%ﬂn%r ot%r?%@%éfﬁsg%%@ean ’gg@gind nmeshed
tim ng gear s displacdmentappacitesdneludesd honsing deffinirigen dhamber therdinderingd firsit or s, and
may mai ntain j [ Qj 1,0 S UJ. and t he
i nner surfacggig%hcgﬁgeec%% £Fﬁ§ﬁ%ﬁts§@&n§ihtﬁp%f‘ %”qggsg‘gcooﬁh&éﬁéé{%%%%%e bet ween
opposi ng 1por tmesied within the chamxr, ia i dseeoomechidadibn eith theafirst and sedoad pbrar ances

supporting capill ar . ot her aspect. of the present ..nyention rel ates
toa fluid darﬁfpég%%eozﬁ%%gBleﬁ%a#gfﬁgnfﬁ%cﬁlcﬁ){%s ‘g"“ﬁg‘ifs g E}“%‘%ﬁ*’?’ﬁ?‘ﬁ{g a chanber
t her ei n havi portianhavigg a pelidal groovestharein@nd a helidal toatitportidiedxitemdingradialty nount ed
wi thin the chanber and .operative to,rotate gbout a | i.tudi pal axis,

v ovi di ng- 1| GO sAGHGRR That pertet ek iRt el dad it b eS| oi 1o
the | ongi t udihsiddal f¥drs arefarrehgedfsatt thad redpeitie lonpitadingl dxesdf thofist ardncl udes a
cylindriggl bod

rtjon di spos around the ] ongitudipal axis and having a
hol i ool 98 oo Reicel DS i BRI besiortsn i SRAEHIOE RoRA PR e Sl | v
fromthe cyl imehirbtCal s€Rell helival jolsts epdgeli atiRAsR Grovilt B Aldthet BEthBEkst&d gr oove.
A first tooth suﬁriL?aIce lies \thstg%:tn the helical groove and extends onto the

hel i cal toot He{98f BFsA! FOMTY SHC ssdesnd hskical RIUEAWOPFREK ohe
cylindrical o widid the Chahbe? ahdSrotial HGRI trah Ykt beBMeh it FoPRASEdRdt he fir st
tooth surface. The first tooth surface defines an epitrochoid curve in
radi al cross PoUs Rasellel Eythe inpgitpdinal @¥%8nd t oot h surface defines an epicycl oi d

curve ingpadial CHOSRIRE EhbRImeMNGEQ&hE & ho pXsint ANRhEW 2 AIPRELe 8dc dthe
present invention) a rotor for use in a fluid displacenent’ apparatus

i ncl udes a cyhd firarand spcops dgligabrotarphasteefizstigoth seréacedving yithiske hdlistlei n, and a
hel i cal toot i | i t e I 4 WO

00/ 58605 PCT%B%&% hPGadtiany Eehﬁﬂﬁhﬁgbl?cggﬁag?’ld&ﬁﬁﬁ%h% %ﬁ""%?‘?’ﬁgi‘?’%g? body
portion. Prefesieading from the exindriesd bpdyspartieroentd thedeligal trioth poméornesipogiteitheyr oove
and extends [ i . . face
extends from ﬁgooté@ﬁr%g%'iﬁa ﬁr%@géaﬁgﬁcfegg %r%@g u?%lza%ﬁg??%gﬁ&%giét wrf)%rti on
opposi t e 25he shifacsti.¢,aoutfacadefiamng anepigrothaid turvoimtrhdigharéss cectidef Thé ng an
epitrochoid curve.i i a S ection_an he nd.tooth.surface
dor i i ng an HoEs o el bRt BEnAR H BLe BRI SRS AT RRIFRES “hoay
portion pref elehiihy anleficyvdsid aurge incdadial eradsaedtionr adi al cross section. The
first tooth surfage preferably defines, in radial.cross sectiqn, . a conpound
curve | nol uding + BeaRset PPty SOLYEREN P DR BR ARG R RBA S hub
portion of thrdeybtiosldefirk a pREciRQ hirsdiallciost betiph ITHB fedtiedtesafade a fir st

epi cycloid 10 segnent extending radially fromthe pitch circle. The second
tooth surfacelepness Bradipherens pecHan, 2 Gompeudd arveipgiyding £¥9 PRRPSING second

epi cycl oi d segpRptiofdepRdhtd SxtehtiNEs S ahB bortion of the cylindrical body portion to

the pitch circle and a first epicycloid segment extending radially from the pitch circle.

The second tooth surface defines, in radial cross section, a second epicycloid segment

extending radially from the pitch circle, opposite the first epicycloid segment.



the pitch circle, opposite the first epicycloid segnment. |Inproved fluid _
di spl acenent apparatus may thereby be provided. 15 Brief Description of the
Drawings Fig. 1 is a cutaway perspective view of a positive-displ acenent
flow neter \appakasUs according to an embodi ment of the pr 0,{!6gy5enti on.
Fig. 2 is a cutaway perspective view of a displacenent chanber tor the flow
net er apparatus o i QS - re 1V i

illustrating exen%l}laé'rt %mrﬂg)e{ Slrgg%({:dglg@tolﬁ?@sp? %(e:%éfr?v(ﬁg ﬁg‘i? %ggé%%&yén@r%f asndof t he
present i nvesdcondrotdEs definesia Swept aolymapdnd the hawsing antclwigs arempeciifaee epi cycl oi d

and epitrochgi urves., FiL g ' di,al cross-sectional view.of pai r of
nmeshed hel i czﬁ?nc%cr’%?% g)aabcoggc?aa g%@%@ﬁ‘*é%%d?@éﬁt 88P°sfr1$eboﬁt?°é1§é’ﬁﬁ‘eifﬁ§}enti on.
25 Fig. 7 isamhseaxiddielical osisrsaadportions of theethird footh fuefatesebnfi®@aing dhdiahdrcal
rotors acgordi to,an enbodi t of.the present invention. Fig., 8 is a
radial cr ss§‘§'gagf pﬁ@gﬁovfrwﬁ cfing,a djsp ?er‘gﬁ?gﬁ‘gﬂmﬁg}aitglﬁyesrﬂﬁ%lFLt%él&or ding to
an enbodi mentxdafof tHadirfiran® Ssebnd RweNis he firsBhd Rt @id R HcdDesR 61 irdthte GFthed

Enbodi ments The_ present invention thSé%W Il be described nore_full

3 y
herei naft er Hehankiret S37REFHVE ORGE handisgsong hakcahraters may inchde@n” preferred

enbodi ment s @firdtB&h sYRB HisPoked bAWSLOMB first Bh BsebsheOBbth Q- fARRY , THIOMSMAH, be
enbodied in many different forns _and should not be construed as |imted to

t he embodi mestesnd belicalgptors e pisferably argoeedbyush tos petimns sty bad 1oth at her |

these embgdi ghflos: @ ShuPEPitalSidnile kel adrflbor) U £aifahde i t hOr ough and
conpl et g?@an W Iﬁ %ﬁiﬁgy onvey t?\e sc%pe o?ﬁ?igla?%vent% et 0 those skilled
in the art. bugpertnepapdiasy seet katween porticas of hadhitdgoeth sufaghoand theimedi ment s of
the present i meeobt B iinder AHYARE HPSEEANSrs I RRDHGH P Lorathe POSHI 1 VE
di spl acenent ow neter apparatus such as nmay be [sed I n” petrol eum netering
and sim | ar dpphcapaiarpsea! isiskpported betwbansappesing partionsofthedfirstrand wedond

appreci zte. r : [ resent inventi not
limted to thg?%ln%gog?n%%? echgée:gj%? %Ldre]sgccl;nﬁ r%éelg%l ?mlﬁ‘g g?rﬁfnaggﬁgi?%fl %Ist%accor di ng
t 0 t he phésentdsiaftterfirstand secenditotars,appray alirgaih @ fast\charante/bevfecnttheer 1 ui d

di spl acenent ,applicati.ons ch_as i1 pasitive 10 displacenent nps. Figs.
1 3Pand 711 AT A e i nd S R e P R T B RGETE Mo B "0
accor di ng t ockararcebetieer oppasingtportions eftha first andesetdrairhelidal hators) thg 110,

i ncl udi ng end, pl at es 11% detpnes 3 chanber- 112. The chanber 112 has first
and second p&IeFences upppRise capilary sealss hor ative to receive a fluid into the
chanber 112 and t Ancth&cispacyef the presentlinerifioh relates toca tiddisplacehient
respectiyely. Th orts 114,116 . be configured to regcejve and transport
flul ds feOm BPRFFaerHudins 2 Bowie deiting s ohgmber dhersin haing A HGH EOR i 1 of
paral | el hel is&ahd pert,ahd a BERAL rofdd BBundet RvithpBe tidgnHet Atihgeradvetoreateed Wit hin
t he chanmber 112,

in fluid conmmunication with the ports 114, x 16. Each of
Lhe rorors 380t aitetiad aESRPY6E By Lr Tt S el R pirs

parallel to the longitudinal axis of the helical rotor. The helical rotor includes a

cylindrical body portion disposed around the longitudinal axis and having a helical
25  groove therein and a helical tooth portion extending radially from the cylindrical body
portion and disposed adjacent the helical groove. A first tooth surface lies within the
helical groove and extends onto the helical tooth portion, and a second tooth surface
extends from the cylindrical body portion onto the helical tooth portion opposite the
first tooth surface. The first tooth surface defines an epitrochoid curve in radial cross
30  section and the second tooth surface defines an epicycloid curve in radial cross
section.
According to yet another aspect of the present invention, a rotor for use in a
fluid displacement apparatus includes a cylindrical body portion having a helical

groove therein, and a helical tooth portion disposed adjacent the helical groove and



20 the end plates 113, and the rotors 300A, 300B are arranged such that

| ongi tudi nal axes 301 A, 301B of the rotors 300A, 300B are parallel to one
anot her. A respective one of the rotors 300A, 300B includes a cylindrical
body porti ovo @i158605r om whi ch a helical tooth portion 320 recinedobresext ends.
The cylindrical body portion 310 has a helical groove 312 therein, running
adj acent t heeheidl@’admtbpfrbmpm ¢ylliadrich? Body IpoetidnO tPe¢feraBROAfirs? ool Haer e
arranged suc tooth portion 320 of one of the rotors engages
a hel i cal g %ﬁ‘ig‘ Q‘Fl“fafiér%f’ﬁ%‘}d engly,gntp Wiﬂ"gcalﬁo PRILISRE $RRdmy be
coaxial l'y at ot Rekadextdis frohAhscydBBAeal BEEB driforn Bitdha hBlical R8s bet ween
the rotors 300A, L 300B, and between the rotors 300A, 3DOB and an inner
surface 111 ePositetha SR tooh surface, the figpytpoth surfaca dpfining an emimechoideurverp ng gears
120 may k§epratdﬁ‘?c{09§s‘35§orr?’ﬁg'ﬁae 5%9(91@ to&th ShPI0e HOsahE E}g ﬁ%lo@%@@fn r8digl causing
wear but, in some applications, the timng gears not be necessary.
A fluid pressthssasedfﬂffnf é‘ﬂ‘@ﬁﬂlmﬂcdﬁpﬂi’ eertlbepwé@ably ﬂd’u}mapscmtmtle inr8lidauses the
rotors 300A, I A0 rting fluid
bet ween t he ﬁ%?{)écﬁo%ll ﬁ%%ﬁltn a%fa%€§ﬁ°%%§%ar éﬁ 1??)pat%i(;ﬁl frﬁgésaslaggtgogl 01A, 301B.
Preferably, tompduné curvi\dcO@ifz860 opRERigIFPodeEaY egmienta ertendinsg frem\admb

opposi ng porti OB, (as _sho 302 .i.n Fig. 7) and
bet ween t he 3?) 8I§|f"|%' 6@“98%@%* rﬁgﬂ}o N2 6%,“%6’%3%318}'?[?{ i nner
surface 101 fepmenhexendiig radialy frorfitig. pitéh cincle. Thd setaidrecthasrfice@refatilys 300A,
300B turn. e cl earances referabl are ch t hat ving, c || ary seals
Sre formed bATHESD BUREOIEIT. S6%An SR I EOT A ORB RS0 0A
300B and t hetHerpiek cisdlé fo@p@xt&ﬁﬂs ﬁrﬁtebicmlam s8griét Iafpréved dhuiddigieemeit Vol umes
190 that nove parall el e, axes 30t A, 301B and separating fl ow between

the ports 118PPa¥ af‘@’f‘?ﬁ@erﬂp% S PR unetric units. By knowing the

di spl acenent vol une and counting each di spl acenent vol une that passes

t hrough the meter x00 per unit tlne flow rate between the ports | 14) 11~
can 10 bd5det er ni ned. Speci f ¥ kg Qrawings ghput nmay be det er nuned
by measuring rot aFfomsOqu%y?}Ers& vé@i’é@ro?a Qgﬁ‘ve@i ReeRRnPidw Hiefdr T | OWs
between the ports Il14, 116, as the rotors 300A, 300A displace a

pr edet er m ne@PRAFWASCESHING 1o prierabadiment of the prasentaRvention. | ow rat e si gnal
representing f|0\'\43%h§ gtmtm§ ELSQUTB LRl o A ferithn SRR RR thd o 15
magneti c sensor IEIa fect sensor, positioned adjacent a

t oot hed \Aheerne!LEZEPM%ﬂElg‘ 1attached to one of the rotors 300A, 300B. As
the toot hgd wheel rspb gf/-lhgg& si gnal that
is pr ocegged by a 1é’ggna?1t3 s‘ihﬁa%%%%ﬁst ?Iglbglr‘}g@ttfgesggu@?ow rate
signal . Figs acc®ﬁc11@toemd306mTent8|df@lsetpr@w igvention.ur al details of exenplary

body por ti on 310§ Eai vt gk R Ml ool B A b B, T

The cylindrical bBigy6 momdialmos3tectioas vaevheﬂami ofgmesbedcheBd4l rothmsr ei n, runni ng

adj acent the hc%l ca{ t 00t hd enf 3r20e A flrst (e.g., leading) t oot h
surface 330 PFEEHHF hainnmtbﬁ A pa; BLPEHPY and ext ends
25 Fig. 7 is an axial cross- secnonal view of a pair or meshed helical rotors

according to an embodiment of the present invention.
Fig. 8 is a radial cross-sectional view of a pair of meshed helical rotors

according to an embodiment of the present invention.

30 Detailed Description of Embodiments

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different

forms and should not be construed as limited to the embodiments set forth herein;



onto the helical tooth portion 320. A second (e.g., trailing) tooth surface
340 extends 25 fromthe cylindrical body portion 310 onto the heli cal t oot h
portion 320, opposite the first tooth surface 330. The first tooth surface

330 preferal) n epitrochoid derived surface, i.e., oot h
surface 330 g‘é’@‘r"gm y defines an epitrochoid curve 350 |H’%F/d(§502‘fﬁ;ér 0SS

secti on. IThZ x%ﬁlt%ﬁ Beksd Qxﬁﬁé(]iuﬁ&{ti %8 gro%‘%f%d R6 g%.g{h?sbcix clcls e%ng)gkf agd derived

surface, e second toot Facs preterably
epi cycl oi d 30ccmplete, 286 Wil fullyzdinel thersosps: felod ingentio td ﬁmsedskﬂtadumﬂ)sartf ace 380

i s di sposed t he i S8 ond, t oot h surfaces 330, 340, and is
configured tgfi(mﬁwgeﬁf%tfﬁég E%e eg?mesrm, Oéléh‘i 1 of the housing 110 illustrated

in Figs. 1 and 2. Hmigsliméntasfthdbprenciapdntiah il hbw b tesatibed, fiepaftidutire Of

epi cycl oi d. and epitrochoid gurves, respectiyvel n Lcycloid curve is a
curve traced B § e J5p G%Wtﬁﬂ‘gmfteram %’8’66%%‘%% B%%F’P@

ci rcunf er encemeferifg &id'sthartaplicatiéils! $oWeldOmbseSkilRR a0 QA Willa Iﬁe&ﬁbde of a
fixed circle. Referring poi_nt Mis the center It} i xe

circle of r ad‘ihél’sapaafé?'}ﬁla?%@‘%ﬂ‘%é‘?ﬁ?‘%“ﬁ“&‘ﬁ@“@%P‘TérYﬁOblﬁmtt?fbmé]@foqﬂém‘i‘&P@“axes X

and Y. Point Eesbr%eah?d&ﬁpﬁe?émofﬁmgd?ﬁuf mcbﬂdﬂ% th 'ﬂ{ecﬂrée&fm'G&QBﬁ'&clﬂlsoand point P
is the contact between circles the circle F51s allowed to

roll to the pwilﬁab&mtomvan@tbi@ﬁotbﬁél%dmleqemm applieatigns, sushras iPpositing t he poi nt
P on the Eggg}'] Htﬁpuiiﬁ circle Fwll be ~t P'. ,Thi.s contact point
travel s t roug argl 6 a on the fixed circle and t hrough the angle ~i on
the rolling circl d"lgarhdi and¢ ilimmﬁiarmsieise-di‘SPIBqubﬂow nfeter appazdius Wlon t he

epi cycloid ar i > t. i ons
appl v o Fi g, Sy Bl St BF etresdilinieBion U AR HEHE, Bl ol O

t ri gonorret ri cplate$ b3, defenes B chantbef 12+ The chamiex)112 his &'strnn(iaecen&/pom 11dnd (1 a)

= (a+b)c C l e & t
S| | ppl ng, thegﬁgtﬁgt are B%,%e goatccelx@)at 1%!1 Jar)rt% {hﬁcb@tgberll% dto(alscﬁar%eﬁ HmH
Desi gnat i b tfnemrtlaetahambér ltlﬂﬂesmctmw dThetths 114216 may bé eortfigutet ¢o reaglveis of
the rolling circle as en frome uatlon ) (3) 30
~i =k a. (4)a"§ fp°{‘u‘f““§?3°“i’%§?‘£6 eor|‘°‘1r1iliu argaﬁlrlfainﬁﬁ?gt gy r‘f'dpa(ul' , hoting

t hat the centgralttl Bélizaloretots 308A, 300B with opposing pitches are meshed within the

chamber 112, in fluid communication with the ports 114, 116.

Each of the rotors 3004, 300A is supported by end bearings 118 mounted in
20  the end plates 113, and the rotors 3004, 300B are arranged such that longitudinal axes
301A, 301B of the rotors 300A, 300B are parallel to one another. A respective one of
the rotors 300A, 300B includes a cylindrical body portion 310 from which a helical
tooth portion 320 radially extends. The cylindrical body portion 310 has a helical
groove 312 therein, running adjacent the helical tooth portion 320. The rotors 3004,
25  300B are arranged such that a helical tooth portion 320 of one of the rotors engages a
helical groove 312 of the other of the rotors. Timing gears 120 may be coaxially
attached to the rotors 3004, 300B to maintain clearances between the rotors 300A,
300B, and between the rotors 300A, 300B and an inner surface 111 of the housing
110. It will be understood that the timing gears 120 may keep the rotors 3004, 300B
30  from touching one another and causing wear but, in some applications, the timing
gears 120 may not be necessary.
A fluid pressure differential applied between the ports 114, 116 causes the
rotors 300A, 300B to rotate about the axes 3014, 301B, transporting fluid between
the ports 114, 116 in a direction parallel to the axes 301A, 301B. Preferably, tight



8 . WD 00158605 C=at+b, two general equations foz the epicycloid may be
obtained in the form5 x = C[ sin(a) - 1/(1+k) sin(l+k) a ], andy = C |
cos(a) -11(1+k) cos(1+k) a]. PCTI US00/ 06375 (5) (6a) (6b) For the special
case when twoon/st600 k = 1 and the center distance C = 1. 0p@ridQodoee®es, 1 +
k = 2 and, fromequations (6a) and (6b) x = sin(a) - (1/2) sin(2) a, and y
= cos(a) - (L &rancesieryeea oppuing fortions d5thamotersiZ0P AcIBas shrove 4t §0Zincur ve

traced by a ' ' . rol li A t .a fixed

di stance fro IH@ a@%ﬁ%@?ﬁ%%?@?@%é’gﬁggﬁﬁ& ?orﬁan‘%’%ﬁblﬁsagflﬁlee l%gﬁt er of the
fixed circle sifaceatlil(ss shoandt 303an &ig. J) are afairdtdicedsassherotart 3007 300Bhdhnat e
axes X and Y._Point Mis the center . of the.rolljng circle of radius a and a
poi nt gener at 1§ SAATAISEY P@'fﬁ???ydarﬁﬁ‘f“\;‘éﬂeftém%ngt%@l \S6els ATedPERAAPERIER | £t he
circle Mis ahten6d 3804,1300Bahd bétween the eotérs 360.£, Fo0BrAa AR sixfdce 181, t hen
the point at radius RQ wil| trace an epitrochoid at PP. FromFi g. 5 25 X

= P E - FE, Sgigingagsprissqfidisplaggopent yelymes H00 thatgervsparalleltothaqxss A = R0
sin (a + ~) -318 dﬁd@%pa?itﬁgﬁgw@%eﬁ%ﬁ)poﬁs 714,318 il 503 te(VoRdmetridihis0s (a +
(i), (9b) or 9 WD 00/58605 PCT/US00/'06375 x = (R o/ C) sin (a + (3) -
sin ((3)], anByknwapg thedisplapement pojume ambequntiyg eash displacer@it volumethath) wher e
i : . L \ 4T

obt ai ned - et RErSuEHEmCkPI der lyt BB ARFfSHetbiaee BB R AR Ly 71
sl i ppi ng.10An I detarmirtedve conceptual i zation of rotor forns according to the

present invention . d ' Lth reference to . Fiq. . Which shows a
radi al cross sect iéc}%é lgg}yégva%%‘éﬁgﬁrcaﬁthp‘rﬁo %}"rabse geﬁleneggég}ea%é’gxg’?étl%ﬁ%n to Fig.
6 w th conti nefiang of the rotors 300A, 300B as 2 fluid flows between the ports 114, 116, as the

rotors 3004, 300A displace a predetermined volume of fluid with each rotation, A

flow rate signal representing flow through the flow meter 100 may be generated by a
15 magnetic sensor 124, e.g., a Hall effect senso'r, positioned adjacent a toothed wheel
122 coaxially attached to one of the rotors 3004, 300B. As the toothed wheel 122
rotates, the sensor 124 generates a pulse signal that is processed by a signal
processing circuit 126 to produce a flow rate signal.
Figs. 3A-3B and 6-7 illustrate structural details of exemplary rotors 300A,
20  300B. Each of the rotors 300A, 300B includes a cylindrical body portion 310 from
which a helical tooth portion 320 radially extends. The cylindrical body portion 310
has a helical groove 312 therein, running adjacent the helical tooth portion 320. A
first (e.g., leading) tooth surface 330 lies within the helical groove 312 and extends
onto the helical tooth portion 320. A second (e.g., trailing) tooth surface 340 extends
25  from the cylindrical body portion 310 onto the helical tooth portion 320, opposite the
first tooth surface 330. The first tooth surface 330 preferably is an epitrochoid-
derived surface, i.e., the first tooth surface 330 preferably defines an epitrochoid curve
350 in radial cross section. The second tooth surface 340 preferably is an epicycloid
derived surface, i.e., the second tooth surface 340 preferably defines an epicycloid
30  curve 360 in radial cross section. A third tooth surface 380 is disposed between the
first and second tooth surfaces 330, 340, and is configured to confront the inner
surface 111 of the housing 110 illustrated in Figs. 1 and 2.
Figs. 4 and 5 conceptually illustrate the nature of epicycloid and epitrochoid

curves, respectively. An epicycloid curve is a curve traced by a point on the



10 reference to Figs 1-3 and 7, the cylindrical body portion 310 of the
rotors 300A, 300B defines a pitch circle 311 in radial cross-section. In
radi al cross-section, the first tooth surface 330 defines a conpound curve
i ncl udi ng i hypocycl oi d segnents 351, 352 that ex from.a hub
portion 30 @ﬁ#ﬂg cylindrical body portlon 310 to the pﬂf%ﬁm@WFSFe 311,

and an epi cygl oi 5 radlall fro ¢h 15 circle
R e et R I R S A U K

epi cycl oi d cRefsein®d G0Fighétpoimx Veisdise dem@lr of thy fikedosiictel o rpfidschandithecdripild1ll. As
can be seen from Fi t he.rotors_30 3008, .hav reat deal of their
mass | ocat effﬁ?ﬁthﬁ‘%t%giepﬁOP@H’afﬁ ar"&?éagg?; PPHG? ‘Eg'ﬁscfz?f e olger of nass
of the rot OrcﬁrcﬁQﬁ:PadlL%QQBnd PoilEP BliRshtatObebhénititblep M didan BER dBRF | N many
conventlonal ﬂtor gns, . Thi s causes the rotors, 300A, 300B to have

| ower angul df 2 I?‘lﬁmr"&fmq"é‘ the.cantashwilhbe at goinbPAnd thepaintPany
convent i onal o tgd élfcuﬁff&bﬂdésof cif1e FRAl 3R e Ept PRk 85hi&f Poift t?a‘%efs@ﬂldﬁ% tHé br ati on

and increase bearing life. In addition, the rotors 300A, 300B have a

rel ativel y |aoglec osthe fixed ¢lmh%1¢ndéhl@ugfaﬁhd angi@ﬁgeduemtling cxrdemuéﬁlea rel atively
low volunme in ¢ aQnven al . ..The [pgor 25 vol une
roans that (He e B el pIAAN bR R ep O AR Akt L af e e

revol ution, resulmlﬂgld“ﬁnm@h&mc\mﬂaﬁmtapplgtm Rigodighput per revol ution. Fig.
7 illustrates rotors 300A, 300B in axial cross-section, in particular, an
axi al cross-section along the line 7 illustrated in Fig. 6. Referring to
Fig. 7 with contiARNi=ngB €EBy@fce to Figs. 1-3, the inner surface 111 of the
housing 110 is 3 go ,# d to conformwi th a boundary 307 of a swept

vol une 308 defin tion of the rotors 300A, 300B. Preferably,

cl earances are naintalned between a third tooth surface 380 and the inner
surface 111 such t? a capillary seal may be supported therebetween. In
addi tion, tHB B FESPRISEHIES ¢ al i gned such capillary 10 WD 00/ 58605
PCT/ USO0{{06375 seal s are supported between opposing portions of the rotors
300A, 300B. The capillary seals define a displacenent volunme 190 that noves
paral l el to the & ob) 1Ke) rbsiafs+Foead 300B an the rotors(BY0A 300B

turn. Fig. 8 ill at | | ocations according
enbodi nent of th g’pﬁé%% |nve§T§gﬁ for the exenplary eéH@dlnent a
capillary seal nay be formed where a f rst portion 330a of the

epi trochoi d- {00 |II trate 3 and 7)of a
first rotor Iggﬁ&lrgr?)lgse&s’&so&? ﬂ;’? 3@ % 2 se(ic ua}&% o 59 O her
capill ar30 seals may be fornmed where the epicycloid derived surface 340 of

t he second rotor 300 pposes a first portion 820 of the flr%? rot or 300A,
and where a secoffl ortlon 300b of the epitrochoid derlvé surface 330
opposes a second portlon 810 of the first rotor 300A. Preferably,

cl earances mai, nt |ned these | ocations to _preyent wear of the rotors
300A, 3008, iﬂ“ét '35&%0. GrerrprbiusatShechviercipls dey e aastiey oA the rodimeichgl® 1t wil |
be appreci atg idaahat as the rot ors 300A, 300B turn, the capillary seals
descri bed above generally are dynam c, noving paraIIeI to the axes of the
rotors a® 15 the rotors turn. Those skilled in the art will appreciate that
the present inventigg is not limted illustrated enbodi mentgspof Figs. 1-2,
3A-3B and 6-7, as many variations to these configurations faII within the
scope of the present invention. For exanple, although the rotors 300A, 300B
illustrated 3A-3B, and 7 extending for 2 turns (or 20 720
degrees of h}é{h};&gggu%mﬁ%) ot her lengths and nunbers of tonms nmay be used
with the present invention, and portions of the rotors 300A, 300B nay
depart f%fn1the [ IEstrated geonetries. For exanple, the toogfh surfaces 380
of the rotors 300A “300B may be reduced in size such that thé&se surfaces
are nearly or conpletely elimnated (i.e., such that the segnents 353, 360
of Fig. 7 neet at .a point). 25 Those skilled in the art wil] also

appreci at e tHbptitheg %G@?‘ﬁgﬂtﬂﬁﬂa&ﬁ%ﬁ @ Heand RHnpRating it e cerREAifase & n nay
have a nunbgg of different configurations. For exanple, the housing 110 may
be constructed in a different manner than the two-piece structure
illustrated in Fig. 1, and different port arrangenents, end plate
configurations, and the |like may be used. Those skilled in the art wll

al so appreciate 30 that the manner in which a flowrate signal is generated
may be generated in a nunber of other ways than the manner descri bed above.
For exanple, instead of using a magnetic transducer that detects novenent
of a toothed surface, other mechanical |inkages and rotational transducers)
such as synchros or optical encoders, may be utilized. 11




WD 00/ 58605 PCT/ US00/ 06375 I n the drawi ngs and specification, there have
been discl osed typical preferred enbodi nents of the invention and, although
specific terns are enpl oyed, they are used in a generic and descriptive
sense onl ywendsssed for purposes of limtation, the scopeperushmemvention
being set forth in the following clains. 12 W) 00l 58605 PCT/ US00/ 06375
THAT WVHHCH IS CLAIMED IS: A fluid displacenent apparatus, conprising: a
housi ng defi ni ng Cﬁ_chganber therein having a first port and a_second port;
first and second“hefi'dal rotors with opposi ng pitches meshed i t hi n said
chanber in fluid communication with said first and second ports, a
respective one of said first and second helical rotors conprising: a
cylindrical tHe&§nSsdreanaiont oy theppicyplaidimay beposdned in therfetm:; and a hel i cal
tooth porstion extending radially fromsaid cylindrical body portion

adj acent said helical groove, wherein said first and second helical rotors
arranged such t hat=césipéer-i M@+Rzin(btgict ludnchal axes of said fba)st and second
helical rotors are parallel ne ther and a helical tog portion of
one of said first a cgséﬁg'n]cfhﬁ'gffc’égiﬂgﬁyors engages a hel i cé%br}gr oove of
anot her of said first and second helical rotors, such that said first and
second helical roqotors are operative to rotate within said chanber and

provide fluid trdRsHEsPectdesterhen hedatiq ks and theserterdistaenetG=pdPll I el to
sai d | ongy t ydifagll -AKeD and. frédth eGRRBASEHSnAGERr di ng to Aaim 1, wherein each
of said first and second helical rotors has a first tooth surface |ying
within said helical groove and extending onto said helical tooth portion
and a second tooth a i fromsaid cylindrical y portion
onto said heli cafx tﬁ%@ g@%)f% o’ﬁggsite said first tooth 53? ace, said
first tooth surf ycecdél)i-fl/Bpca(®)epi trochoid curve in radial (ZWoss section
and said second tooth surface defining an epicycloid curve in radial cross
section. 3. An apparatus according to Claim2: wherein said cylindrical
body ports on def isesiteochbidelirveiiy £eve thace@By aboiaf Abthe 5&1IsioFAn oBEr €i N sai d
first tooth syrfac def}'_n s, .In radial cross section, a cpﬁ)ound curie
conpri si ng t"WTBEBGE ARy 1%%133P@‘§é§%ht%°f‘§'§P%H{ﬁ‘ﬁgs’PP’6 &Heb portion

of the cyli ndplefatthdRLd dhleldfediiisdh &7lithe GHidis bf Gk 5fstedn 8Mtle Bodrllib@t epicycloid
segnent extending radi al,qlﬁ&t romsaid pitch circle; and wherein said first

P ] . A
tooth surfac¥téfphds Poit M sdhesentsr gEde slting Gisle %f'fé‘ﬁﬁ%@deﬂaﬁ’%%l oi d segnent
extendi ng r agthahiing afnre%l’&o‘éﬁbid clive bt el i€ isRRAOR]. {18 1Rl M iSdlloWd

epi cycl oi d segnent. . )
20  toToll over the circle F from point A to B, then the point at radius R, will trace an

epitrochoid at PP’.
From Fig. 5,
25 x=PE -FE', and (82)
y=ME'-ME. (8b)
In trigonometric terms
30 x =Ry sin (o0 + B) - (a + b) sin B, and (9a)
y =(a+Db) cos (B) - Rocos (o + B), (9b)

or



WD 001 58605 PCTI USO0/ 06375 4. An apparatus according to Claim2: wherein |
rotation of said first and second rotors define a swept volune; and wherein
sai d housi ng conprises an inner swface conformng to a boundary of said

defined s t volune. 5 5. An apparatus according to C ai ein a
respective (ﬁ%o’sgfossai d first and second helical rotors c&’%ﬁ’sg@@ﬁé third
tooth surface di sposed between said first and second tooth surfaces. 6. .An

apparatus according to Claimb5, wherein said first and second helical

rotors are arrangeA\d:@fg&fyd)Qﬁ{(dapP}jm@ Phngaid third tooth sgihpces are
spaced apart fromsaid I nner surface of) sai d chanber a distance that

supports a capil | aryC fwaP -i§Bt Menos fotPB)lons of said third toofl®bsurfaces and
said inner surface of said chanber. 7. An apparatus according to Caimb5,
wherein said first and second rotors are arranged such that a capillary

seal is sSEpPGIHeRAC RejenRLdisaieaghilgo Per, 200 theablafiGisbefwees b antd @ asecond
helical rotors. 8. An apparatus according to C aimb5, wherein opposing

portions of <htainedifyogy thy sepditicndha theerincleapll ppeashother withewtslipmag.of said t hird

tooth surfaces Confy @B @atdrlalBRibn PR TEmRY acSitlitly ROMS bRGeriel i ne a
di spl acenent vol une that noves parallel to said axes of said first and

second r ot or dnestiemingy b¢ deseribed vithaefgregcttolFig £ whish shews axadirkcrgsswi t hi n sai d
chanber. 9. g | [ . et 1slhhng: a first
STning vear e RBRYAY YA ROC 0 2o iterind WG WEPIREATRED. B
timng gefr acferobew Rigs 1a3 tid Fthesytindricablaidyt posioodd0 obthorotans G00kSEB with
fsf'i' d first tijng 983l cirdd31( 1 rgzﬁB‘%Fo%&-'ﬂ%cti‘gﬁ.Cﬁarrg&i?pcrss(g-sgu e rrffiofel 0 said

irst and second tifmng gears are operative to align sai TIPSt and second
hel i cal r ot orssrfane@3frdifiteain compamgdichitva inchsiiag oppetingkyposyilald ségmedtst3Sdt h

purtaces ond gl AR LSS Rl ) AL MIMAGRRID K2,
001 58605 PCT/piith 6it 63175 addlan ohicyalojbseginest 388 extentimgratinllChamthOpitabher ei n sai d
first and.second i Mg, gears 81, ARELALA GohuTEl: Yif aDinbs b LlycRbigar ance
curve 360 that extends radially from the pitch circle 311.
As can be seen from Fig. 6, the rotors 300A, 300B have a great deal of their
mass located within the pitch circle 311, thus causing the center of mass of the rotors
300A, 300B to be closer to the hub portion 309 than in many conventional rotor
20  designs. This causes the rotors 300A, 300B to have lower angular momentum and to
require less energy to rotate than many conventional rotor designs. The balanced
design can also reduce vibration and increase bearing life. In addition, the rotors
300A, 300B have a relatively low cross-sectional area and, consequently, occupy a
relatively low volume in comparison to conventional designs. The lower rotor
25  volume means that the rotors can sweep a relatively larger fluid volume per
revolution, resulting in higher volumetric throughput per revolution.
Fig. 7 illustrates rotors 300A, 300B in axial cross-section, in particular, an
axial cross-section along the line 7 illustrated in Fig. 6. Referring to Fig. 7 with
continuing reference to Figs. 1-3, the inner surface 111 of the housing 110 is
30 configured to conform with a boundary 307 of a swept volume 308 defined by
rotation of the rotors 300A, 300B. Preferably, clearances are maintained between a
third tooth surface 380 and the inner surface 111 such that a capillary seal may be
supported therebetween. In addition, the rotors 300A, 300B are aligned such capillary

10



surfaces and said inner surface of said chanber and to nmaintain a second
cl earance between opposing portions of said first and second heli cal
rotors. 12) An apparatus according to Claim?2, further conprising a flow
rat e det er nwoao/sssper ati vel y associated with at | east one etragiwhedisr st and
second helical rotors and operative to determne a flowrate of a fluid
passi ng bet weseals agi sdpforted betaveen sEmosing ppriohSofl ths fadts B0®A,1300BoTAE i on of said

o 1 oe5h one 2hun® ol G BSEON 8L L AL, SRS 2SR 1 10

attached to amtR300R, 3omao&es@bld3t)o,gs§oog&dmsecond rotors; a magnetlc
sensor adjacent a t oot hed surface of sal d toot hed wheel and operatlve to

produce a pul se si Fig ) illysirates exempigy isead 1ogatiens apenrding o anggmppodimgng pbth
processi ng ci ;SrﬁééhE m{f&x‘ﬁBH NBbMRe ERmpBirfl e BRHAEAC, gﬁuﬂﬁaﬁ’y‘ s@lflapPPefhbde to

generate a fllow rate indication signal from sali ul'se signal. 14. A fluid
di spl acerment wpgsar fraysortien A4 %ﬁth@epl%pchgldsdengedj@ﬁihmmfgcesﬁ@ lnsseatedtiner ei n

and havi ng acﬂﬁ]gg %taneeg]ogmgr@ms {\gapggerstsurfﬁgg86lop§£ @Jroioqtﬁ mqm@red

within said nmber anhd operative rotate about a ongl tudi nal axi s,
providing fl madllhr)aswslpmav ble orved rwheeei the épicystoididetived sunfate w vEthpsacard el to

sai d Iongitudl S . SA| | .r,0t0r ai eli,c rotor
conprising: a cyl3 PP %°§%° %@é&%@r‘{@ of csfgf)fsrgt(s?r gﬁodgr?ﬂd g"g’lmd 3158%°d'1dt udi nal
axi s gnd Havi :j ptg??n MIbiufaﬂe egﬂmhmdﬁhﬂedlsilmzf%oagdo appukd a:&bortdmﬁ'dibd drmmtotfo 3
extendi ng radja indrica 0 ortion an | spose

adj acent gsal R EF {:Qé?rojypgoyécfc'%%ﬁ‘@r FARRnges ”FF %‘Ftéllﬁ‘f 1oeaHons o pvm thin
said helical geeayaegndtRrbOREIN0ANSE0BS athild sxln?bnﬁ@lmé &foictheftidriel odpiltrg a

second tooth surface extends fro sai d C body ort n onto said
hel i cal tooth® CIBWS BTef’@te Fpsips °rf 38th 359:’? %aﬂlli‘“f ¢St tooth

surface defi nidagritRa aBidetgeRGHID) e @prianec, lﬂiwi@baaduecfm@m&%fthe Potaridds sai d
second 15 tootthh surface defining an epicycloid curve in radial cross

section. NS BB605 PCTI US00106375 15: An apparatus according to

Caim 14: Wner ei N PRkdsIGYdd i diel a@ﬁhntaggaec@ertﬁdt% pii@s,fehﬂﬁﬁenaomstrﬁhhﬁitécpl ein
radi al cross sectlon wherein slid first tooth surface defines, in radial

cross sect i onillugrasesarhedmantsaf Figs. L-anthi3Biand 6t7x8s Bapberiatonsipdesc| oi d
segments ext eggl g&aﬁérﬂrﬁ.lf*wmﬁﬂ tMchJé)& f dprteﬁﬁt ﬁx%dtﬂ)qr FEAlxaRPRY1RQ04H ON tO

said pitch circl first epicycloid segnent
the rotors 300A, 300B 1llustrated in Figs. 1-2, 3A 3B, and 7 extending for 2 turns (or

20 720 degrees of helix rotation), other lengths and numbers of tuns may be used with
the present invention, and portions of the rotors 300A, 300B may depart from the
illustrated geometries. For example, the tooth surfaces 380 of the rotors 3004, 300B
may be reduced in size such that these surfaces are nearly or completely eliminated
(i.e., such that the segments 353, 360 of Fig. 7 meet at a point).

25 Those skilled in the art will also appreciate that the housing 110 and the
chamber 112 defined therein may have a number of different configurations. For
example, the housing 110 may be constructed in a different manner than the two-piece
structure illustrated in Fig. 1, and different port arrangements, end plate
configurations, and the like may be used. Those skilled in the art will also appreciate

30 that the manner in which a flow rate signal is generated may be generated in a number
of other ways than the manner described above. For example, instead of using a
magnetic transducer that detects movement of a toothed surface, other mechanical

linkages and rotational transducers, such as synchros or optical encoders, may be

utilized.
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extending radially fromsaid pitch circle; and wherein aid first tooth
surface defines, in radial cross section, a second epicycloid segnent
extending radially fromsaid pitch circle, opposite said first 10

epi cycl oi d 5%@g ~16. An apparatus according to Caim 14 ,ﬂﬁgﬁéé%p sai d

hel i cal rot ises parallel-arranged first and secon rotors

havi ng opposi ng p| e S ai d chanbe 17.. An

according to d ai m- i}gd?%ggeﬁgﬁg?wflcf{]%%fedllave 4:‘%0 ‘?18’%%@%% T Ilcal
rotors defi nesntdindnt of tied inventiomad, witteugh gpesﬂicderhmasa ermgplo)rwl theleaean i nner
surface conforq;F%¥to a %ﬁ%gdar of saﬁ$ % %g An appar at us
according to €f PG gpp ST11 o m R (s paae & forrB‘[‘er?%O mYaLan, Tt ached t o
a first end afcossdfdhd invention béing set foith ia RO RGng claindg gear attached to a
first end of said second rotor and nmeshed with said first timng gear, S
wherein said first and second timng gears are operative to align said
first and second helical rotors and maintain a first clearance between said
third tooth surfaces and said inner surface of said chanber and to maintain
a second cl earance between opposing portions of said first and second
helical rotors. 19. Arotor for use in a fluid displacenent apparatus, the
rotor conprising: a cylindrical body portion having a helical groove
therein; and a helical tooth portion disposed adjacent said helical groove
and extending radially fromsaid cylindrical body portion. 16 wo oo/ sa6os
PCTNSO0/ 06375 20. A rotor according to Caim19, wherein a first tooth
surface lies within said helical groove and extends onto said helical tooth
portion and a second tooth surface extends fran ~ s<~id cylindrical body
portion onto said helical tooth portion opposite said first tooth surface,
said first tooth surface defining an epitrochoid curve 5 in radial cross
section and said second tooth surface defining an epicycloid curve in
radi al cross section. 21. A rotor according to Caim20: wherein said
cylindrical body portion defines apitch circle in radial cross section;
wherein said first tooth surface defines, in radial cross section, a
conpound S curve conprising two opposing hypocycl oi d segnents extendi ng
froma hub portion

12



of the cylindrical body portion to said pitch cizcle and a first epicycloid
segnent extending radially fromsaid pitch circle; and wherein said first
tooth surface defines, in radial cross section, a second epicycloid segnment

extendi ng rweloidskas from said pitch circle, opposike said péfgdoodésrs
epi cycloid segnent. 22. A rotor according to Claim20, wherein a third

toot h surfacepassr WwEROS98 digdmveep1sai d first and second tooth surfaces. 23.
A rotor according to Caim20, wherein said helical tooth portion is
configured to nesh with a helical tooth portion of rotor having an opposite
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apart from said inner surface of said chamber a distance that supports a capillary seal

between portions of said third tooth surfaces and said inner surface of said chamber.

7. An apparatus according to Claim 5, wherein said first and second
rotors are arranged such that a capillary seal is supported between opposing portions

of said first and second helical rotors.

8. An apparatus according to Claim 5, wherein opposing portions of said
first and second helical rotors and portions of said third tooth surfaces confronting
said inner surface of said housing define a displacement volume that moves paralle] to
said axes of said first and second rotors as said first and second helical rotors rotate

5  within said chamber.

9. An apparatus according to Claim 5, further comprising:
a first timing gear attached to a first end of said first rotor; and
a second timing gear attached to a first end of said second rotor and meshed

with said first timing gear.

10.  An apparatus according to Claim 9, wherein said first and second
timing gears are operative to align said first and second helical rotors and maintain a
capillary seal between said third tooth surfaces and said inner surface of said chamber

and a capillary seal between opposing portions of said first and second helical rotors.
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second ports responsive to rotation of said at least one of said first and second rotors.

13.  An apparatus according to Claim 12, wherein said flow rate determiner
comprises:
a toothed wheel attached to an end of one of said first and second rotors;
a magnetic sensor adjacent a toothed surface of said toothed wheel and
5  operative to produce a pulse signal as said toothed wheel rotates; and
a signal processing circuit responsive to said magnetic sensor and operative to

generate a flow rate indication signal from said pulse signal.

14. A fluid displacement apparatus, comprising:
a housing defining a chamber therein and having a first port and a second port;
and
a helical rotor mounted within said chamber and operative to rotate about a
5 longitudinal axis, providing fluid transport between said first and second ports parallel
to said longitudinal axis of said helical rotor, said helical rotor comprising:
a cylindrical body portion disposed around said longitudinal axis and
having a helical groove therein; and
a helical tooth portion extending radially from said cylindrical body
10 portion and disposed adjacent said helical groove,
wherein a first tooth surface lies within said helical groove and extends onto
said helical tooth portioﬁ and a second tooth surface extends from said cylindrical
body portion onto said helical tooth portion opposite said first tooth surface, said first
tooth surface defining an epitrochoid curve in radial cross section and said second

15  tooth surface defining an epicycloid curve in radial cross section.
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16.  An apparatus according to Claim 14, wherein said helical rotor
comprises parallel-arranged first and second helical rotors having opposing pitches,

meshed within said chamber.

17. An apparatus according to Claim 16, wherein rotation of said first and
second helical rotors defines a swept volume, and wherein said housing includes an

inner surface conforming to a boundary of said swept volume.

18.  An apparatus according to Claim 17, further comprising:
a first timing gear attached to a first end of said first rotor; and
a second timing gear attached to a first end of said second rotor and meshed
with said first timing gear,
5 wherein said first and second timing gears are operative to align said first and
second helical rotors and maintain a first clearance between said third tooth surfaces
and said inner surface of said chamber and to maintain a second clearance between

opposing portions of said first and second helical rotors.

19.  Arotor for use in a fluid displacement apparatus, the rotor comprising:
a cylindrical body portion having a helical groove therein; and
a helical tooth portion disposed adjacent said helical groove and extending

_radially from said cylindrical body portion.
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wherein said first tooth surface defines, in radial cross section, a compound
5  curve comprising two opposing hypocycloid segments extending from a hub portion
of the cylindrical body portion to said pitch circle and a first epicycloid segment
extending radially from said pitch circle; and
wherein said first tooth surface defines, in radial cross section, a second
epicycloid segment extending radially from said pitch circle, opposite said first

10  epicycloid segment.

22. A rotor according to Claim 20, wherein a third tooth surface is

disposed between said first and second tooth surfaces.

23. A rotor according to Claim 20, wherein said helical tooth portion is

configured to mesh with a helical tooth portion of rotor having an opposite pitch.
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