DESCRI PTI ON PCsI Tl VE DI SPLACEMENT FLOAWETER TECHNI CAL FI ELD [0001] The
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profiles making continuous contact generally forns a | emmi scate
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di spl acenent flowreter using a pitch curve
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[ 0002] A locus of a contact point of external gear tooth

and if this loop is flattened toward a center |line between axes and

coincides with the center

both gears. Therefore, the tooth profile has a contour that achieves
rolling notion, which corresponds to a pitch curve of non-uniform speed
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1
The ©present invention relates to a positive

displacement flowmeter and, more particularly, to a positive
displacement flowmeter using a pitch curve 1itself of

non-circular gears as a rotor tooth profile.

BACKGROUND OF THE INVENTION
[0002]

A locus of a contact point of external gear tooth
profiles making continuous contact generally forms a lemniscate
loop curve and if this loop is flattened toward a center line
between axes and coincides with the center line, the contact
point moves on the center of both gears. Therefore, the tooth
profile has a contour that achieves rolling motion, which
corresponds to a pitch curve of non-uniform speed gear
(non-circular gear).

[0003]

A contour of a rolling contact wheel which has a constant
center distance and an angular velocity ratio that varies during
rotation is a non-circular curve and a non-circular gear is a
gear provided with teeth using this non-circular curve as a
pitch curve to ensure transmission. A transmissible tooth
profile is generally provided on the pitch curve. This tooth
profile may be involute, cycloidal/ trochoidal, Novikov, or a

combination thereof, each of which has drawback and advantage.

1

s'tooth profile my be involute, cycloidal/ trochoidal
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[ 0004] For exanple, a helical gear positive displacenment flowreter
described in Patent Docunent 1 uses a single-point continuous contact tooth
profile of a single curve. The single-point continuous contact tooth
profile is ideal for a rotor tooth profile of a f | owreter since higher
surface pressure bearing strength is expected due to convex/concave contact
of tooth surfaces and no trappi ng phenonenon occurs which is

di sadvant ageous to a fl owneter. However, the single-point continuous

cont act tog&?oggofile represented by a sine-curve gear has a helical shape
due to a contact ratio and the tooth height ratiois limted to 0.785 m

i.e., rm4 (m nmodyre)eddmpfor nednbY ix$1 nglay € Upyei t The sdi spdisadvant ageous
to arotor of a floweter in aspect of function or production. [0005] On

t he ot her handnegepi debiccibee of Reten: daoumeart gearsesi ¢ eongildepednas an
ideal tooth profile curve that enables the continuous contact and the

rol 1ing coRPRELNPALEe&PNSRCH i HROTR o0RLAEL LBetieeh 5369 SproftiYes adl& gear

tooth ProfLlgaLtobser assyrpd.bhac ot oot h pLal il af 2 1) qumsterpotor i

formed by curve (rolI'ing-con curve) an oval gear that is a

type of noppebtadAn Fe8ES1e bT & RisuaRser sindsnkaawn dihatacd Beckaotl
profile does not act as a gear since a tooth profile for certainly

transm ttihgatrhegrot adngrh iis eapeicnelkduded. t Patente:Docaumente tontapanese
Pat ent Publication No. 3310239 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE
SOLVED BY FRECNNYENfRONS and no trapping phenomenon occurs which is

disadvantageous to a flowmeter. However, the single-point
continuous contact tooth profile represented by a sine-curve
gear has a helical shape due to a contact ratio and the footh
height ratio is limited to 0.785 m, i.e., mm/4 (m: module) if
formed by a single curve. This is disadvantageous to a rotor
of a flowmeter in aspect of function or production.

[0005]

On the other hand, a pitch curve of a non-circular gear
is considered as an ideal tooth profile curve that enables the
continuous contact and the rolling contact instead of slide
contact between tooth profiles as a gear tooth profile. It is
assumed that a tooth profile of a flowmeter rotor is formed by
a pitch curve (rolling-contact curve) of an oval gear that is
a type of non-circular gears. 1In this case, it is known that
the tooth profile does not act as a gear since a tooth profile
for certainly transmitting the rotation is not included.

Patent Document 1: Japanese Patent Publication No.

3310239

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]



[ 0006] 2 However, in the case of rotors of a positive displacenent

fl owreter housed as a pair in a neasuring chanber of the floweter to
transmt rotation through energy of fluid, although the torque transm ssion
is switched at a position of the equal dianeters where the torques are
theoretically equalized and a tooth surface on the opposite side cones into
contact, if an appropriate gap considered as an apparent backlash nay be
formed, abnormal engagenents may be reduced and the tooth profiles making

the rolling contact, nmay.pe rgali davever, 1 & conyentj onalsposidive

di spl acenent flowreter, the “tec nical” jdea as described above for using the
tooth profidigpwddheiter L oWvhb 88 GO H6d aGUEVEs BS itrhe fied i r togscnibeaxi st
and has not been realized. [00071 The present invention was conceived in

vi ew of thefabbeeflwinelgi st aadsing tisotdieret sheausd ebpeey of ftlvd dr esent
invention to provide a Eositive di spl acenent fl owreter having , a pair_of

non- ci r cul & tGeARE FERi hgr #of | TR SN Wit FHHE CSPpatoR %O%}rtt]_c 195ne.
Ve, PO AVl N, I ﬁ%gﬁ%%'\ﬁ [,2908] Jo. sqlye the Qf&bl}-ﬁ{gqraeéi'éa%{ly

techni cal means e resent rnvention is apositive displacenmen _
flowneter prEMwidedd whbhsac sy Qfr Mo O eHbappPeat Sel §i de CaShEW, inpher ein

the pair of the non-circular gears has an oval pitch curve itself having a
| ocus of a cormtzadt, pof neBnorppyEditetd ngaps cantsadelregr ofs | en apparent
backlash may be formed, abnormal engagements may be reduced and
the tooth profiles making the rolling contact may be realized.
However, in a conventional positive displacement flowmeter, the
technical idea as described above for using the tooth profile
with the rolling-contact curve as the rotor does not exist and
has not been realized.
[0007]

The present invention was conceived in view of the above
situations and it 1is therefore the object of the present
invention to provide a positive displacement flowmeter having
apalrof non-circular gearsmaking rolling contact without slip

on a pitch line.

MEANS FOR SOLVING THE PROBLEMS
[0008]

To solve the problem, a first technical means of the
present invention is a positive displacement flowmeter provided
with a pair of non-circular gears in a casing, wherein the pair
of the non-circular gears has an oval pitch curve itself having
a locus of a contact point on a pitch line as a tooth profile
curve and satisfies conditions of

r.+r,=K=const., and

rl'd61=r2'd62



curve and satisfies conditions of

nmovi ng radius of the oval pitch curve is represented by
ri=al(1l-bcosne,)(i=1, 2) (where r (i=1, 2) denotes a noving radius that is a
di stance fromthe rotation center to the oval pitch curve, and a, b,

e (1=l; 2) denote simlarity coefficient, flattening, nunber of |obes
nmovi ng angl e, respectively). [0009] A second technical neans is the fi

t echni cal

nmeans wherein the pair of the non-circular gears has a spur

r1+4r 2=K=const., and r1d0l1=r2d02 3 and a
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means wher éi n when
state at apyegtyal ebcosagh Ys(ipasi tayon, a gap is

alr o

shapes on long radius side of one of the non-circular gears and short
radi us side of the(wither rifdrlci rPouldanagjess .2 [0O1ljg Aradurnshthashniscal neans
is any one of the first to third technical neans mhﬁrein the_Pair of the

non- ci r cul 8t S§ears FEom fdife TGP aGL OPheSRERE ShdpEdONe

RiFehIGt
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wherein thé

0] are set to

attenrn

respectivehympkl theieguati QAd moving angle, respectively).

[0009]

A second technical means is the first technical means
wherein the pair of the non-circular gears has a spur shape.
[0010]

A third technical means is the first or second technical
means wherein when the pair of the non-circular gears is in an
engaged state at an equivalent radius position, a gap 1is
provided between tooth shapes on long radius side of one of the
non-circular gears and short radius side of the other
non-circular gear.

[0011]

A fourth technical means is any one of the first to third
technical means wherein the pair of the non-circular gears is
made up of the same shaped non-circular gears.

[0012]

A fifth technical means is any one of the first to fourth
technical means wherein the number of lobes n and the flattening
b are set to 6 and 0.5, respectively, 1in the equation
r;=a/ (l-bcosnb;) (i=1, 2) representing the moving radius of the
oval pitch curve.

[0013]

A sixth technical means is any one of the first to fourth

technicalmeanswherehqthenumberoflobesrlamdtheflattening

b are set to 8 and 0.34, respectively, 1in the equation

4

e non-circular gears is in an engaged
provi ded between tooth

Yeardd [ 0012]

ans
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r =a/ (1l-bcosne) (i=1, 2) representing the noving radius of the oval pitch
curve. [0013] A sixth technical neans is any one of the first to fourth
techni cal neans wherein the nunber of |Iobes n and the flattening b are set
to 8 and 0.34, respectively, in the equation 4 r =al/ (1-bcosn6) (i=1, 2)
representing the noving radius of the oval pitch curve. EFFECTS OF THE

| NVENTI ON [ 0014] According to the present invention, excellent abrasion
resi stance i s achieved since a pair of non-circular gears of a positive

di spl acement _tl QWIBLeLBRKES=1 Ol2))i RELEEELAGL nWl {HOWovisld RaBR U BELGH | i ne;
a higher torque efficiency is achieved since a |arger value can be given to
a tooth heightl rdtdcd; cande.it is possible to formthe gears in spur shape

i nstead of helical shape while avoiding abnormal engagenent since apparent
backl ash is provided. BRI EF DESCRI PTI ON OF DRAWNGS [0015] [Fig. 1] Fig. 1

is a diagramof an ex | ar figuration of a positive displacenent

fl owret er 5%%%¥ﬂ¥héﬁwﬁgﬁbﬁ@%gﬁﬁﬁgphent of the present invention. [Fig. 2]
Fig. 2 is aq,agramof an exanple of an engagement state at an equival ent
radius position’in the case of the nunber of |obes n=6. [Fig. 31 Fig. 3 is

a diagram of a tramstdr@MnmEXtaphe present invention, excellent abrasion
resistance is achieved since a pair of non-circular gears of
apositive displacement flowmeter makes rolling contact without
slip on a pitch line; a higher torque efficiency is achieved
since a larger value can be given to a tooth height ratio; and
it is possible to form the gears in spur shape instead of helical
shape while avoiding abnormal engagement since apparent

backlash is provided.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

[Fig. 1] Fig. 1 1is a diagram of an exemplary
configuration of a positive displacement flowmeter according
to one embodiment of the present invention.

[Fig. 2] Fig. 2 is a diagram of an example of an
engagement state at an equivalent radius position in the case
of the number of lobes n=6.

[Fig. 3] Fig. 3 1is a diagram of a transition example
of an engagement state of a pair of rotors in the case of the
number of lobes n=6.

[Fig. 4] Fig. 4 is a diagram of a transition example
of an engagement state of a pair of rotors in the case of the

number of lobes n=8.

EXPLANATIONS OF LETTERS OR NUMERALS
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of an engagenent state of a pair of rotors in the case of the nunber of

| obes n=6. [Fig. 4] Fig. 4 is a diagramof a transition exanple of an
engagenent state of a pair of rotors in the case of the nunber of | obes
n=8. EXPLANATI ONS OF LETTERS OR NUMERALS 5 [0016] 1, 2...rotor; 3...casing;
4, 5...axial center; 6, 1...virtual pitch circle; and 8, 9...addendum
circle BEST MODES FOR CARRYI NG QUT THE | NVENTION [0017] Preferred

enbodi ments of a positive displacenent flowreter of the present invention
wi || nOM/bEngg ribed wwth reference to the acconpanyi ng drawi ngs. [0018]
Fig. 1is dlagran1of an exenplary configuration of a positive

di spl acement fl| owret er.raeeer dzngatongnes erhodt entcenafe t;h&, phesentual
invention. In Fig. 1, 1 and 2 denote a pair of rotors; 3 denotes a casing;
4 an 5 denptechxtatctentend of Pheddentemnscirahd 2, respectively; 6 denotes
a virtual pitch circle of the rotor 1; 7 denotes a virtual pitch circle of
the rotor 2; 8 denotes an addendumcircle of the rotor 1; and 9 denotes an

addendun1c%ggteM8£E§hgoﬁoggé%%IN@‘Bﬁ%r?ﬁg Eﬁ@Eﬁ@EBQS 1, 2 is housed in the

casing 3 o e positive acene ownreter "rotatably around the axi al
centers 4, (§p17he rotors 1, 2 are formed in spur shape and use a tooth
profile curve that is an oval pitch curve itself having a |locus of a
contact point P oreferred embodiments of a positive displacement

flowmeter of the present invention will now be described with
reference to the accompanying drawings.
[0018]

Fig. 1 is a diagram of an exemplary configuration of
a positive displacement flowmeter according to one embodiment
of the present invention. In Fig. 1, 1 and 2 denote a pair of
rotors; 3 denotes a casing; 4 an 5 denote axial centers of the
rotors 1 and 2, respectively; 6 denotes a virtual pitch circle
of the rotor 1; 7 denotes a virtual pitch circle of the rotor
2; 8 denotes an addendum circle of the rotor 1; and 9 denotes
an addendum circle of the rotor 2. A pair of the rotors 1, 2
is housed in the casing 3 of the positive displacement flowmeter
rotatably around the axial centers 4, 5. The rotors 1, 2 are
formed in spur shape and use a tooth profile curve that is an
oval pitch curve itself having a locus of a contact point P on
a pitch line that links the axial centers 4 and 5 and satisfy
the following rolling contact condition:

ri+ro,=K=const., and

r1°d6;=r,"d6;
where r;, r; denote moving radii that are distances from the
rotation center to the oval pitch curve and 6;, 6, denote moving
angles.

[0019]



a pitch line that links the axial centers 4 and 5 and satisfy the follow ng
rolling contact condition: rl+r2=K=const., and rldel=r2de2 where rl, r2
denote noving radii that are distances fromthe rotation center to the oval
pitch curve and el, e2 denote noving angles. [0019] 6 The noving radius is
represented by the followng Eq. (1) for the oval pitch curve that is a
rolling contact curve (closed curve), where a, b, n and 9 denote a

honot hetic coefficient, a flattening, a nunber of |obes, and a noving

angle, 1 espect i YL Yoo iy L beonnislac 2) bgqu(é)fommglgr@gn o) 1L and a

short radius rs are represente l owi ng Eq. (2) and

rL=al (1- bjoEgheXvay @ia/cﬁldnbﬁvéem(a?a)ls[aoeamllﬁgrmﬁltaadtabgerved(sbdam@e anount
per rotation is required in the case of the positive displacenent

f | owret ergugye) ssWHﬁﬁﬁ eabbe roanr@ducdenhéenanberoohet bettrasl huktnts

ossi bl e and is desirable to in a long/short radius ratjo (r,/rs
Po |ncreé%ef9ﬁ§tﬁﬁﬁ&@é eff i BFBREY. ?émgwg§ S%lﬁgﬁia A efiey -1 ﬁuﬁ%%?i%f(teeth)

probl emat j g §B%l Qﬁg@fs abnormal engagenent due to second interference and a
| ar ger | ong/'s oft dius ratio problematically causes the deterioration of

strength of the r,=a/(1-bcosng;) (i=1, 2) Eq. (1)

A long radius rp and a short radius rg are represented
by the following Eg. (2) and Eqg. (3).

ri=a/ (1-b) Eg. (2)

re=a/ {1+b) Eg. (3)

[0020]

Since a larger discharge amount per rotation is required
in the case of the positive displacement flowmeter, it 1is
desirable to reduce the number of teeth as much as possible and
it is desirable to increase a long/short radius ratio (ri/rs)
to increase the torque efficiency. However, since a fewer
number of teeth problematically causes abnormal engagement due
to second interference and a larger long/short radius ratio
problematically causes the deterioration of strength of the
gears, a balance must be achieved between the number of teeth
and the long/short radius ratio. The second interference is
interference generated by substantial portions of tooth shapes
with each other at an irrelevant position other than the contact
point P in the course of movement of the contact point P along
a given locus.

[0021]

In the following examples, the number of lobes n is an
even number and results of simulations will be described with
a representative example of n=6. When a center distancekK, i.e.,

a distance between the axial centers 4 and 5 is set to 10 mm

~



gears, a bal ance nmust be achi eved between the nunber of teeth and the

| ong/ short radius ratio. The second interference is interference generated
by substantial portions of tooth shapes w th each other at an irrel evant
position other than the contact point P in the course of novenent of the
contact point P along a given locus. [0021] In the foll owm ng exanples, the
nunber of lobes nis an even nunber and results of simulations will be
described with a representative exanple of n=6. Wien a center distance K,

i.e., a dggé3&%@f93k%@%@85855$§g%% §8W5? §t§m§ﬂgm.tk%t%%tcggfigcﬂght7 and

the flattenin i§ set the honothetic coefficient a i1s obtained as

3.75 fromihe £pkhoweAt £6.. 164  romlthd oS 1easeg EEhesh onglsherits cadeys ratio
isr /rs=3.0. a=K(1-b2)/2 Eq. (4) [0022] A simulation result will be

descri bed flog ideglisiserofradhes center of staiee3K810 nm and the paraneters of
Eq. (1) , the nunber of,lobes n=6, the flattening b=0.5  and the honothetic
coefficient a=3. 75 Wi tAPrference to Fig§9'14dnd 2. In the case of this
exanpl e, i 0652 ssuned that the rotors 1, 2 are nade up of the sanme shaped
non-circul ar ‘gears. [0023] Fig. 1 exenplarily illustrates a state of

engagenent at a hoBgh8Nart ohadbys1 POSiLl Al idkdeiKasef e cageber of
| obes n=6. In this case, if a pair of the rotors 1, 2 is disposed wthin
fluid F, rohatdandorjuesrare Kgélemat @dd i thdadrafettdres of Eg. (1), the
number of lobes n=6, the flattening b=0.5, and the homothetic
coefficient a=3.75 with reference to Figs. 1 and 2. 1In the case
of this example, it is assumed that the rotors 1, 2 are made
up of the same shaped non-circular gears.
[0023]

Fig. 1 exemplarily illustrates a state of engagement
at a long/short radius position in the case of the number of
lobes n=6. Inthiscase, if apair of the rotors1l, 2 is disposed
within fluid F, rotation torques are generated in both of the
rotors 1, 2. 1In general, the engagement (contact) generates
more torques from the short radius rs to the long radius r; and
the switching point is at the equivalent radius position
depicted in Fig. 2(A), i.e., a position having equivalent radii
(ri=r;) where the torgques are equivalent to each other
Therefore, if the fluid F flows in the direction of an arrow
(upwardly),vthe torque is greater in the right rotor 2 than the
left rotor 1 in the state of Fig. 1 and, therefore, the right
rotor 2 acts as the driving side to rotate the left rotor 1 in
the direction of arrows in Fig. 1.

[0024]
Fig. 2(A) is a diagram of an example of the engagement

state at the equivalent radius position in the case of the number

of lobes n=6. Fig. 2(B) is an enlarged diagram of an X portion

8



rotors 1, 2. In general, the engagenent (contact) generates nore torques
fromthe short radius rs to the long radius r:, and the swtching point is
at the equivalent radius position depicted in Fig. 2(A), i.e., a position
havi ng equivalent radii (rl1=r2) where the torques are equivalent to each
other Therefore, if the fluid F flows in the direction of an arrow
(upwardly) , the torque is greater in the right rotor 2 than the Ileft rotor
1inthe state of Fig. 1 and, therefore, the right rotor 2 acts as the
driving sb@eEH%.r tape the left rotor 1 in the direction of arrows in Fig.
1. [0024] Fig. 2 ?A is a diagram of an exanple of the engagenent state at
t he equi val ent raxk deppesicld om FAiry.t beAcasehaf thkeenyabhenenof (daotessn=6. Fig.
2 (B) is an enlarged diagramof an X portion 8 of Fig. 2(A). As depicted in
Fig. 2 (APL thdentore lengageimento toemaeiyalott rhe ipstResiaion (Eofes to the
equi val ent_radius position (rl-r2 the torques of the rotors_ .1, .2 hecone
equi val ent-"&ndCERE Fe?% t@?ﬂ?ﬁt%F%s}ﬁ 2spﬁﬁ9§ﬁe8ﬁ§FyagﬁF%cﬂ%% Tt dr i vi ng

si de frc”“r&&&ﬁlsﬁﬁt?ns%ghgaﬁggﬁs%gps%bﬁcgéﬁetgftﬂ@edPP@Pﬁﬁ %ﬂ?éQ@ﬁﬁnnZG’

it is known that the second I nter ence does not occur on t subst anti al
side in eidHher stheecont aied tstiat eiattidedsengflshios thuntadi vs poséesirose (rlr2)

depicted in Fig. 1 or the contact state at the equivalent radius position
(rl=r2) ddpi ¢seknoéwn Rilgpt 2he FOO025] st eshbawrenee RIqes 20B) ochkenca P r of
t he_ r -Ot or ssulb’st%mtiisali Qi}igeigg%%%%geg%leségéteagé stthaeteegl’éi %’l’% elnc;[ngr/asqiourst
posi tion
radius position (ri*r;) depiéted in Fig. 1 or the contact state
at the equivalent radius position (r;=r;) depicted in Fig. 2.
[0025]

As shown in Fig. 2(B), when a pair of the rotors 1, 2
is in the engagement state at the eguivalent radius position
(ri=r;), a gap 1s provided between the long radius side of the
rotor 2 and the short radius side of the rotor 1. This gap is
referred to an apparent backlash (hereinafter, apparent
backlash t). The apparent backlash t is about 0.12 mm when
measured in the engagement state at the equivalent radius
position. The center distance K in this case is 10 mm.
[0026]

As above, excellent abrasion resistance is achieved
since a pair of non-circular gears of a positive displacement
flowmeter makes rolling contact without slip on a pitch line;
a higher torque efficiency is achieved since a larger value is
given to a tooth height ratio; and it is possible to from the
gears in spur shape instead of helical shape while avoiding
abnormal engagement since the apparent backlash is provided.
[0027]

Fig. 3'1s a diagram of a transition example of the

engagement state of a pair of the rotors 1, 2 in the case of

S



(rl=r2), a gap is provided between the |long radius side of the rotor 2 and
the short radius side of the rotor 1. This gap is referred to an apparent
backl ash (hereinafter, apparent backlash t) The apparent backlash t is
about 0.12 mm when neasured in the engagenent state at the equival ent
radius position. The center distance Kin this case is 10 mm [0026] As
above, excellent abrasion resistance is achieved since a pair of
non-circular gears of a positive displacenment flowreter nakes rolling

contact W%#ﬂe%n@' 'rpofﬂio%e%' 1L8, | i + r2n Bl GhSH Jorgue RfddLiancyhse
achieved since a larger value 1s given to a tooth height ratio; and it is

possi bl e tosfdamdthed Wgear shen rapuirsshape +aist eadt ofm hEl wmaBO§hapethb|Ie
avoi ding abnormal engagenent since the apparent backlash is provided.
[0027] Figeorderiod Bidi agPamiofia-t3 @isi tulﬁﬁwa&pl%d@ﬂottﬁé thengapénaeht state

of a pair of the rotors 1, 2 in the case of nunber o ob n=6. The
transPtlonp%$n?H%féH@%déﬂﬁﬁf §Va€%afF§%d§6P8F§§ EnaPﬁérFBE Lécgiaﬁhrotate

fromoO to ggtwg?ﬁh§m39598288% E'g A?tﬁé%g%91§§ égrgg%andl@ eghoéseg

denot es t he cont act oi nt the rotors not es t e appar ent

backl ash b@tﬂ/@e&atsmgr ot thbld adblihaughe el 4 0lens ek sanda2d aretheused
in the casing 3 rotatably around the axial centers 4 and 5, the casing 3 1is

not illustecatedy BOD28RoFi gllas{ratstiows the case when the angle 81 of the

rotor 1 |% 8zg?d the angle 82 of the rotor 2 is 0; Fig. 3(B) shows

Fig. 3(A) shows the case when the angle 61 of the rotor
1 is 0° and the angle 62 of the rotor 2 is 0°; Fig. 3(B) shows
the case when the angle 81 of the rotor 1 is 10.00° and the angle
82 of the rotor 2 is 20.00°; and Fig. 3(C) shows the case when
the angle 01 of the rotor 1 is 15.00° and the angle 62 of the
rotor 2 is 23.86°
[0029]

Fig. 3(D) shows the case when the angle 81 of the rotor
1 is 18.00° and the angle 82 of the rotor 2 is 25.46°; Fig. 3(E)
shows the case when the angle 61 of the rotor 1 is 24.00° and
the angle 62 of the rotor 2 is 27.94°; and Fig. 3(F) shows the
case when the angle 81 of the rotor 1 is 30.00° and the angle
82 of the rotor 2 is30.00°. 1InFig. 3(D), the apparent backlash
t is minimized and the measured value thereof is about 0.07 mm.
[0030]

Although the embodiment has been described as a
representative example when the number of lobes n is 6, the
present invention may be implemented by appropriately setting
the flattening b even when the number of lobes n is 8. For
example, in the case of the number of lobes n=8, the flattening
b is set to 0.34. The measured value of the apparent backlash

£t in this case 1s about 0.02 mm (minimum value).
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t he case when the angle 81 of the rotor 1 is 10.00 and the angle 82 of the
rotor 2 is 20.00; and Fig. 3(C) shows the case when the angle 81 of the
rotor 1 is 15.00 and the angle 82 of the rotor 2 is 23.86. [0029] Fig. 3
(D) shows the case when the angle 81 of the rotor 1 is 18.00 and the angle
82 of the rotor 2 is 25.46; Fig. 3(E) shows the case when the angle 81 of
the rotor 1 is 24.00 and the angle 82 of the rotor 2 is 27.94; and Fig.
3(F) shows the case when the angle 81 of the rotor 1 is 30.00 and the angle
82 of the @%9{ 2i1s 30.00. In Fig. 3 (D , the apparent backlash t is

m nimzed an t%e nmeasured val ue thereof is about 0.07 mm [0030] Although
the enbodi ment hagibeen descsidegyasmacfr epresentiatione examile shephthe
nunber of lobes nis 6, the present invention may be inplenmented by
appropri atetgaseenngtate ¢ a taiimg b tbeeroleas tthe Zndrbéheofakebes n is
8. For exanple, in the case of the nunber, K of |ohes n=8, the flattening b
is set to o} @Pm?ﬁé‘H%§§BF§dFV§1ug CY#RSLppar &t CRAGNEHT TG ACEhfs case

i s about Oi%ae@;c(et@owgg‘ VAL UR)eo 0L 093 - F 0 ol Boa diROrpmiAl R

transition e 0 engagenent ‘state of a pair rotors

the case ofrddhermeiten (af d&b@g.m:@) Thentransit imaenbttbhe rengagesent state
is depicted when the rotors 1, rotate fromO to 22.5 in the order of Fig.

4 (A to RFrgin®d ¢fF)the lnotking 14, 2?dexbtedeth&esohhactpprpoent béckheshot ors
1, 2 and tbggv?gégihtehgogggsarle,ng .baAClk’él'?gt?gh the rotors 1 and 2 are housed
in the casing 3 rotatably around the axial centers 4 and 5, the
casing 3 1is not illustrated.
[0032]
Fig. 4(A) shows the case when the angle 61 of the rotor
1 is 0° and the angle 62 of the rotor 2 is 0°; Fig. 4(B) shows
the case when the angle 81 of the rotor 1 is 10.53° and the angle
82 of the rotor 2 is 6.00°; and Fig. 4(C) shows the case when
the angle 81 of the rotor 1 is 13.97° and the angle 82 of the
rotor 2 is 9.00°.
[0033]
Fig. 4(D) shows the case when the angle 81 of the rotor
1 1is 18.53° and the angle 682 of the rotor 2 is 15.00°; Fig. 4 (E)
shows the case when the angle 61 of the rotor 1 is 20.23° and
the angle 62 of the rotor 2 is 18.00°; and Fig. 4 (F) shows the
case when the angle 81 of the rotor 1 is 22.50° and the angle
62 of the rotor 21s22.50°. InFig. 4 (D), the apparent backlash

t is minimized and the measured value thereof is about 0.02 mm.
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between the rotors 1, 2. Although the rotors 1 and 2 are housed in the
casing 3 rotatably around the axial centers 4 and 5, the <casing 3 is not
illustrated. [0032] Fig. 4 (A) shows the case when the angle 91 of the rotor
1is 0 and the angle 92 of the rotor 2 is 0; Fig. 4(B) shows the case when
the angle 91 of the rotor 1 is 10.53 and the angle 92 of the rotor 2 is
6.00; and Fig. 4(C shows the case when the angle 91 of the rotor 1 is
13.97 and the angle 92 of the rotor 2 is 9.00. [0033] Fig. 4 (D shows the
case when the angle 91 of the rotor 1 is 18.53 and the angle 92 of the
rotor 2 is 15.00; Fig. 4 (E) shows GHddMase when the angle 91 of the rotor
1is 20.23 and the angle 92 of the rotor 2 is 18.00; and Fig. 4(F) shows
the case when the angle 01 of the rotor 1 is 22.50 and the angle 92 of the

rotor 2 ig 22.50p ,b0; Fi ge é&éﬁ@aoeﬂéﬁ%.%@B%%%Q%rb%£5b§§gd_ﬁiﬂﬁeﬂbﬁ&ﬂized and
t he measured val ue thereof 1s about 0.02 nm 11 CLAIMS 1. A positive

di spl acenentndhovnet€laprovsdedimi 4 hcas payy woéraovn-circul ar gears in a
casing, wherein the pair of the non-circular gears has an oval pitch curve
itsel f having a tbeupaét afcohearpnpeinEudaradpetehhppnan ag2a P&6ER profile
curve and sati sfies ndi.tions, of rl+r2=K= and rl'dO%:%Zgg%e and a

novi ng r aditige oft 1 Ilnﬁi?chO%%?V%EF%CPQE%g ER?%HQ on apitc
as a tooth profile curve and satisfies conditions of
ri+r,=K=const., and
r1°d61=r,+d6;
, and a moving radius of the oval pitch curve 1s represented
by ri=a/(l-bcosn8;) (i=1, 2)
(where rij(i=1, 2) denotes a moving radius that is a
distance from the rotation center to the oval pitch curve, and
a, b, nand 8; (i=1, 2) denote similarity coefficient, flattening,

number of lobes, and moving angle, respectively).

2. The positive displacement flowmeter as defined in claim

1, wherein the pair of the non-circular gears has a spur shape.

3. The positive displacement flowmeter as defined in claim
1 or 2, wherein when the pair of the non-circular gears is in
an engaged state at an equivalent radius position, a gap is
provided between tooth shapes on long radius side of one of the
non-circular gears and short radius side of the other

non-circular gear.
4. The positive displacement flowmeter as defined in any

one of claims 1 to 3, wherein the pair of the non-circular gears

is made up of the same shaped non-circular gears.
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by rj=al/(1l-bcosn0)(i=1, 2) (where rj(i=1, 2) denotes a noving radius that is
a distance fromthe rotation center to the oval pitch curve, and a, b, n
and G (i=l, 2) denote simlarity coefficient, flattening, nunber of | obes,
and noving angl e, respectively). 2. The positive displacenent flowreter as
defined in claim 1, wherein the pair of the non-circular gears has a spur
shape. 3. The positive displacenent flowneter as defined in claim 1 or 2,
wherein when the pair of the non-circular gears is in an engaged state at
an equi val ent radi pPOSLti : i | ded a on
| ong radiusgéide o$ﬁ8n§8%§£?ﬂ% gﬁ%%?%¢€%%$ggybearggi%gﬁgﬁgﬁﬁg%ghﬁﬁsgggde of
the other &on-&f reld afis geafo 4, JHerHOSi thyenahisPl asenesbe | ovaBEEEhES
defined in any one of clains 1 to 3, wherein the pair of the non-circular
gears is nhabetupnoig bhersames shdpeddrbrb cirecspkeat igedys. i12h% eFhatpositive
di spl acenent flowreter as defined in any one of clains 1 to 4, wherein the
nunber of |1'0B&¢ (T -AFPSie) (FFat tenitfg 5 SN 196t TP6 BORhYT 0-2 %, U &dpekti vel vy,

in the equation _r_sal(l-bcosn6 j(i=1, 2) representing the noving radius of
the oval g(]i;\%ag]h %lutrg—/@é%t.\p%he positive displacenent flowreter as defined in
any one of clains 1 to 4, wherein the nunber of |obes n and the flattening
b are set to 8 and 0.34, respectively, in the equation r

=al (1- bcosn®, ) (i =1Th2)poept esend il 4 demeroy i figpwraeti ars aof delfeé neavah pntch
curve. 13

one of claims 1 to 4, wherein the number of lobes n and the
flattening b are set to 8 and 0.34, respectively, in the equation

ri=a/(l-bcosnB;) (i=1, 2) representing the moving radius of the

oval pitch curve.
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