
DESCRIPTION POSITIVE DISPLACEMENT FLOWMETER AND HELICAL GEAR TECHNICAL FIELD
[0001]          The present invention relates to a positive displacement
flowmeter and a helical gear and more specifically to a pair of helical
gears that employ an oval pitch curve as their reference rack tooth profile,
and a positive displacement flowmeter that includes the pair of helical
gears. BACKGROUND ART [0002]          Conventionally, a helical-gear
positive displacement flowmeter is characterized in that the flow meter
generates a very small amount of vibrations and noises due to its
non-pulsing motion because rotations of its gear are uniform-velocity
rotations, its flow is uniform, and its torque is uniform, compared with
other gear flow meters. In a gear having relatively a few teeth (the number
of teeth Z is 2 to 4) as its gear, the continuous contact tooth profile with
which meshing is conducted on the whole surface of the gear tooth profile
accompanies no confinement phenomenon, is proper as a tooth profile for a
gear of a flow meter, and is variously used in practice, [0003]          For
example, the tooth profile of a helical-gear positive displacement flowmeter
described in Patent Document 1 is a one-point continuous contact tooth
profile that employs  an involute curve (cutter pressure angle cx021.3) as
its reference rack tooth profile, however, the tooth height ratio h in the
normal case (in the case of a single curve) is h,...-0.665 m ("m" represents
"module") and, even for a combined curve that is formed by connecting the
vicinity of a pitch point by a straight line with the cutter pressure angle
ao at the pitch point being a0=15", the tooth height ratio h is h.a--0.724
m. The maximum of the height hip of the straight line in this case is
h0=Zsin2a0/2.           Therefore, the tooth height ratio of this tooth
profile is lower than the tooth height ratio h that is h=n m/4=0.7854 m that
is the limit tooth height ratio for the one-point continuous contact tooth
profiles and, therefore, no tooth height larger than this can be obtained.
[0004] 



A cycloid tooth profile is characterized in that its specific sliding is
constant, but the limit of its tooth height ratio h is h=0.5 m to cause the
cutter pressure angle at the pitch point to be zero and to forma one-point
continuous contact tooth profile using a single curve. However, although a
straight line may be inserted in the vicinity of the pitch point to avoid
the cutter pressure angle at the pitch point from being zero, the limit of
the tooth height ratio h is h=0.5 m to establish the cycloid tooth profile
as a one-point continuous contact tooth profile. [0005]           As to an
arc tooth profile that is generally called Novikov tooth profile, the
largest tooth height ratio h that is h=n m/4=0.7854 m of one-point
continuous contact tooth profiles may be obtained when the center of the arc
is put at  the pitch. However, the tooth height ratio h is h=0.6081 m when
the cutter pressure angle ao at the pitch point is a0=14.5 by shifting the
center of the arc because the cutter pressure angle at the pitch point in
this case is zero similarly to the case of the cycloid tooth profile. It is
also possible to increase the tooth height ratio by inserting a straight
line in the vicinity of the pitch point. In this case, the range of the
height of the straight line must satisfy a condition that is (Iti3Zsin2c;
(0/2 and the cutter pressure angle ao in this case is about a021.5. [0006]
In the above, the height ho of the straight line is estimated as h0=0.2678
by assuming that the cutter pressure angle a0 of the straight line is
ao>21.5, satisfies the maximum of the height of the straight line that is
h0=0.2686, and the tooth height ratio h in this case is h=0.7303 m. However,
the gear tooth profile in this case is a combined-curve tooth profile of an
involute and an arc, and the contact type of the arc curve section is not
continuous contact but a momentary surface contact. Patent Document 1:
Japanese Patent Publication No. 3310239 DISCLOSURE OF THE INVENTION PROBLEMS
TO BE SOLVED BY THE INVENTION [0007]           However, the standard tooth
height ratio (assuming that the total tooth height is 2h) for an ordinary
involute tooth profile is 1.0m (for a full tooth height) and, therefore,
when a tooth profile is used for a gear of a positive displacement flowmeter
or of a gear pump, the one with a low tooth height  ratio is disadvantageous
due to its contact ratio and its discharge amount. 



[0008]          When a positive displacement flowmeter that incorporates
therein a pair of helical gears employs an oval pitch curve as its reference
rack tooth profile, the tooth height ratio of 0.7854 m that is the
theoretical limit for one-point continuous contact tooth profiles may be
set. However, no technical idea as above of employing the oval pitch curve
as the reference rack tooth profile has been present for the conventional
positive displacement flowmeters, and this technical idea has not been
realized so far. [0009]          The present invention was conceived in view
of the above circumstances, and the object thereof is to provide an ideal
positive displacement flowmeter that includes a pair of helical gears
employing an oval pitch curve as their reference rack tooth profile, is
possible to set therein the tooth height ratio of n m/4 (0.7854 m) that is
the theoretical limit for one-point continuous contact tooth profiles even
for a few teeth, and accompanies no confinement phenomenon and a helical
gear. MEANS FOR SOLVING THE PROBLEM [0010]          To solve the above
problems, a first technical means is a positive displacement flowmeter that
includes a pair of helical gears in a casing thereof and measures a flow
using rotations of the helical gears, wherein the pair of helical gears
employ an oval pitch curve having two or less leaves as its reference rack
tooth profile and a moving radius of the oval  pitch curve is expressed by
p=a/(1-bcosn9)  (where, "p" is the moving radius that is the distance from
the center of the rotation to the oval pitch curve, "a" is a similarity
factor, "b" is the degree of flatness, "n" (n-<2) is the number of leaves,
and "9" is the argument). [0011]           A second technical means is the
first technical means wherein, when the number of leaves n is n=2, the
similarity factor "a", the degree of flatness "b", and the distance "go" are
determined such that the tooth height ratio h is n m/4 (where "m" represents
"tooth profile module")in e0+a0-tan-11-(1-bcosn00)/nbsinn001=0 



a=S0(1-bcosn00)/sine0 g0=acos90/(1-bcosne0) h=a/(1-b)-go where the cutter
pressure angle at the pitch point is "alp", the argument at the pitch point
is "(90", the 1/4 reference pitch is "So", the distance between the pole of
the oval pitch curve and a pitch line is "go", and the tooth height ratio is
"h". [0012]           A third technical means is the first technical means
wherein, when the number of leaves n is 2 and the distance go between the
pole of the oval pitch curve and the pitch line is zero; in [0013] [Eq. 1]
00+ao-tan-11-(1-bcosne 0)/nbsinn001=0 a= (1-bcosn00)+ (So - ho tan ao )2
h=a/ (1-b) where the cutter pressure angle at the pitch point is "a0", the
argument at the pitch point is "Go", the 1/4 reference pitch is "So", the
height of the straight line from the pitch line is "ho", and the tooth
height ratio is "h"; [0014] the similarity factor "a" and the degree of
flatness "b" are determined such that the tooth height ratio h is n m/4
(where "m" represents "tooth profile module"). 



[0015]          A fourth technical means is the first technical means
wherein, when the number of leaves n is 1; in [0016] [Eq. 2] 00+0,(0-tan
1-(1-bcose0)/bsin001=0 a= (1-bcos0o) Vg02+802 g0=S0/tan80 h=a/(1-b)-go where
the cutter pressure angle at the pitch point is "a0", the argument at the
pitch point is "Go", the 1/4 reference pitch is "So", the distance between
the pole of the oval pitch curve and the pitch line is "go", and the tooth
height ratio is "h"; [0017] the similarity factor "a", the degree of
flatness "b", and the  distance go are determined such that the tooth height
ratio h is n m/4 (where "m" represents "tooth profile module"). [0018]
A fifth technical means is the first technical means, wherein, when the
number of leaves n is 1 and the distance go  between the pole of the oval
pitch curve and the pitch line is zero; in 



[0019] [Eq. 3] 00+ao-tan-11-(1-bcosedibsineol=0 a= (1-bcoseo)+ (So
-hotana0)2 h=a/ (1-b) where the cutter pressure angle at the pitch point is
"a0", the argument at the pitch point is "Go", the 1/4 reference pitch is
"So", the height of the straight line from the pitch line is "ho", and the
tooth height ratio is "h"; [0020] the similarity factor "a" and the degree
of flatness "b" are determined such that the tooth height ratio h is n m/4
(where "m" represents "tooth profile module"). [0021]          A sixth
technical means is the third or fifth technical means, wherein, when the
distance go is zero, the pole of the oval pitch curve is on the pitch line
and the height 110 of the straight line from the pitch line is
0-tho_<Z/2sin2a0 (where Z is the number of teeth of the helical gear).
[0022]          A seventh technical means is any one of the second to the
sixth technical means, wherein the cutter pressure angle ao is 10 or larger.
[0023]          An eighth technical means is any one of the first to the
seventh technical means, wherein at least a portion of the tooth surface of
each of the pair of helical gears is in mesh 



with each other of a protrusion and a recess. [0024]           A ninth
technical means is helical gears configured as a pair, wherein the pair of
helical gears employ an oval pitch curve having two or less leaves as a
curve for their reference rack tooth profile and a moving radius of the oval
pitch curve is expressed by p=a/(l-bcosnO) (where "p" is the moving radius
that is the distance from the center of the rotation to the oval pitch
curve, "a" is a similarity factor, "b" is the degree of flatness, "n" (n2)
is the number of leaves, and "9" is the argument). EFFECTS OF THE INVENTION
[0025]           According to the present invention, it is possible to set
the tooth height ratio of n m/4 (0.7854 m) that is the theoretical limit for
one-point continuous contact tooth profiles by incorporating a pair of
helical gears that employ an oval pitch curve (elliptic curve) as their
reference rack tooth profile.           It is also possible to realize a
tooth profile that is resistant to abrasion because the tooth surfaces are
in mesh of a protrusion and a recess, and therefore, the tooth surface
strength of the gear tooth profile becomes high and the specific sliding
between the tooth profiles is small.           The helical gears according
to the invention are advantageous for designing tools or gear cutting
processes because it is possible to obtain sufficient tooth profile strength
for a few teeth and to set the cutter pressure angle  at the pitch point.
Especially, when the helical gears are used as gears of a positive
displacement flowmeter, it is possible to provide ideal gears that accompany
no confinement phenomenon by setting the tooth height ratio to be n m/4 that
is the theoretical limit for one-point continuous contact tooth profiles.
BRIEF DESCRIPTION OF DRAWINGS 



[0026]  [Fig. 1] Fig. 1 is a diagram of an exemplary configuration of a
positive displacement flowmeter according to an embodiment of the present
invention.  [Fig. 2] Fig. 2 is a diagram of an example of a reference rack
tooth profile that is configured by an oval pitch curve for the number of
leaves n is 2.  [Fig. 3] Fig. 3 is a diagram of an example of a reference
rack tooth profile obtained by converting XY coordinates taking a pitch
point Po as the origin. [Fig. 4] Fig. 4 is a diagram of an example of a
reference rack tooth profile and a gear tooth profile that are used in a
positive displacement flowmeter according to a first embodiment. [Fig. 5]
Fig. 5 is a diagram of an example of the meshing state of gear tooth
profiles that are used in the positive displacement flowmeter according to
the first embodiment. [Fig. 6] Fig. 6 is a diagram of an example of a locus
of a contact point of a pair of gear tooth profiles that are used in the
positive displacement flowmeter according to the first embodiment.  [Fig. 7]
Fig. 7 is a diagram of another example of the reference rack tooth profile
that is configured by an oval pitch curve  for the number of leaves n is 2.
[Fig. 8] Fig. 8 is a diagram of another example of the reference rack tooth
profile obtained by converting the XI coordinates taking the pitch point Po
as the origin. [Fig. 9] Fig. 9 is a diagram of another example of the
reference rack tooth profile and the gear tooth profile that are used in a
positive displacement flowmeter according to a second embodiment. [Fig. 10]
Fig. 10 is a diagram of another example of the locus of the contact point of
the pair of gear tooth profiles that are used in the positive displacement
flowmeter according to the second embodiment. [Fig. 11] Fig. 11 is a diagram
of exemplary transition of the meshing state of a pair of helical gears for
the number of gear teeth Z is 4. [Fig. 12] Fig. 12 is a diagram of an
example of a reference rack tooth profile that is configured by an oval
pitch curve for the number of leaves n is 1. [Fig. 13] Fig. 13 is a diagram
of another example of the reference rack tooth profile that is configured by
an oval pitch curve for the number of leaves n is 1. 



EXPLANATIONS OF REFERENCE NUMERALS [0027] 1, 2.. .helical gear, 3.. .casing,
4, 5.. .shaft center, 6, 9...virtual pitch circle, 7, 10...addendum circle,
8, 11...deddendum circle PREFERRED EMBODIMENTS OF THE INVENTION [0028]
The main characteristic parts of a positive displacement flowmeter according
to the present invention are as follows.  (1) It is possible to realize the
tooth height ratio h=n m/4 (where "m" represents "tooth profile module").
(2) It has a cutter pressure angle at the pitch point that is advantageous
for manufacturing tools or their lifetime, etc.  (3) It employs a one-point
continuous contact tooth profile that accompanies no confinement phenomenon
as flow meter gears.  (4) At least a portion of the tooth surface for
meshing is in mesh of a protrusion and a recess to increase the contact
pressure strength.           Preferred embodiments of a positive
displacement flowmeter according to the present invention will be described
with reference to the accompanying drawings. [0029]           Fig. 1 is a
diagram of an exemplary configuration of a positive displacement flowmeter
according to an embodiment of the present invention. In Fig. 1: "1" and "2"
denote a pair of helical gears that are helically shaped (referred to as
"helical gear"); "3" denotes a casing, "4" and "5" denote the shaft centers
of the helical gears 1 and 2; "6" denotes a pitch circle of the helical gear
1; "7" denotes an addendum circle of the helical gear 1; "8" denotes a
deddendum circle of the helical gear 1; "9" denotes a pitch circle of the
helical gear 2; "10" denotes an addendum circle of the helical gear 2; and
"11" denotes a deddendum circle of the helical gear 2. Helical gears that
are different in the direction of torsion from each other, are formed in the
same shape and the same size, and the number of teeth is four (Z=4) are
exemplified as the pair of  



helical gears 1, 2. These helical gears 1, 2 are provided in the casing 3 of
the flow meter main body, being rotatable in a direction indicated by arrows
in Fig. 1 around the shaft centers 4, 5 while meshing with each other in a
fluid F. [0030] (First Embodiment)           The helical gears 1, 2
according to this embodiment are helical gears that employ an oval pitch
curve having two or less leaves as a curve for their reference rack tooth
profile. The moving radius of the oval pitch curve is expressed by Equation
(1) below. p=a/(1-bcosn0)Eq. (1) In Equation (1), "p" is the moving radius
that is the distance from the center of the rotation to the oval pitch
curve, "a" is a similarity factor, "b" is the degree of flatness, "n" is the
number of leaves, and "0" is the argument (the angle of the moving). [0031]
A locus of the reference rack tooth profile will hereinafter be represented
by (Xj, Yi), and the case where a two-leaf oval pitch curve (n=2) is used as
the curve for this reference rack tooth profile will be described as a
representative example. Here, the pitch circle radius "R", the number of
teeth of the gear "Z", a tooth profile module and a 1/4 reference pitch "So"
are given below. The pitch circle radius R=2 The number of teeth of the gear
Z=4 The tooth profile module m=2R/Z=1 The 1/4 reference pitch So=n m/4=nR/2Z
[0032] Omn, 



Polar coordinates (p, 8) of the two-leaf (n=2) oval pitch curve that is
expressed by Equation (1) above are given as the reference rack tooth
profile. It is assumed that the moving radius p starts at a major axis.
A tangential angle i (that is assumed to be an acute angle) of the oval
pitch curve may be obtained using the following equations. I=tan-llp/(dp/d0)
I... Eq. (2) dp/d8=-nabsinne/(1-bcosne)2 ... Eq. (3) From Equations (1) to
(3) above, T=tan-11-(1-bcosne)/nbsinnel ... Eq. (4) [0033]          By
representing a cutter pressure angle at the pitch point Po as Hai)", an
amount of move of a polar of the oval pitch curve as "go", and the tooth
height ratio as "h", the following conditional equations hold. The amount of
movement of a polar go refers to the distance between the polar of the oval
pitch curve and a pitch line. 00+ao-tan-/I-(1-bcosn00)/nbsinnaol=0 ...
Eq.(5) a=S0(1-bcosn00)/sine0... Eq. (6) g0=acos00/(1-bcosne0)... Eq. (7)
h=a/(1-b)-g0... Eq. (8) where "00" is the argument at the pitch point Po. 



[0034]          As the result of a simulation executed setting the cutter
pressure angle ceo to be 14.5 and using the degree of flatness b as a
parameter in Equation (5) above, the tooth height ratio h=n m/4=0.7854 m
that is the theoretical limit value for single-pint continuous contact tooth
profiles maybe obtained fromEquations (6) to (8) when the degree of flatness
b is 0.2850 and the argument 00 is 46.1033. The similarity factor a is
obtained from Equation (6) to be 1.1019 and the amount of move go of the
pole is obtained to be 0.7557 from Equation (7). [0035]           Fig. 2
shows an example of the reference rack tooth profile that is configured by
the oval pitch curve obtained as above for n=2, g0#0, and h0=0. In Fig. 2,
"20" denotes the reference rack tooth profile and this reference rack tooth
profile 20 is configured for the tooth height ratio h=0.7854 m, the cutter
pressure angle cx0=14 . 5, and the amount of movement of the pole (distance)
go=0.7557.           In Fig. 2, a curve P2P0 represents an addendum tooth
profile of the reference rack and a curve P3P2 represents a deddendum tooth
profile of the reference rack, and these two curves P1P0 and P0P2 are
symmetric with respect to the pitch point Po. A straight line 41Q2
represents the pitch line. Points Ki, K2 represent poles of the oval pitch
curve and the points l<1, K2 are shifted from the pitch line Q2Q2 by the
distance go. [0036]           Fig. 3 shows an example of the reference rack
tooth profile obtained by converting XY coordinates taking the pitch point
Po on the right side as the origin with the consideration that the side that
includes the pole of the oval pitch curve located in the center is the
substantial side of a tool. [0037]           In Fig. 3, when a point at
which a line normal to a tangential line at a point P3 on the reference rack
tooth profile and the pitch line (21Q2 cross each other is represented as an
angle "95" between the segment of the origin Po-the point  C] and the
segment of the point Cj_the point 8] is obtained as follows. pj-r-e... Eq.
(9)          A distance rj from the point Pj to the point Cj is obtained as
follows. rj--(pcos8-g0)/sinpj... Eq. (10) 



A distance Si from the origin Po to the point Cj is obtained as follows.
sj=rjcoscpj+So-psin0... Eq. (11)          From these, the coordinates (Xj,
Yj) of the reference rack tooth profile 20 may as follows [0038] [Eq. 4]
Xj=pcoseTgo... Eq. (12) Yffpsin8TS0... Eq. (13) [0039] be obtained. [0040]
Fig. 4 is a diagram of an example of the reference rack tooth profile and
the gear tooth profile that are used in the positive displacement flowmeter
according to the first embodiment. In Fig. 4, "21" denotes a gear tooth
profile. In the example, a substantially right-angle cross-sectional view is
depicted of the reference rack tooth profile 20 that is the tool tooth
profile and the gear tooth profile 21. An envelop of a group of curves that
is formed when the reference rack tooth profile 20 is rolled along a pitch
circle is the contour of the gear tooth profile 21. In an addendum
coordinate system of the helical gear, a locus of the gear tooth profile is
represented  as "(Xk, Yk)", the moving radius from the shaft center "0" of
the helical gear to a point on the gear tooth profile 21 is represented as
"rk", and its rotational angle is represented as "8],", and then, the moving
radius rk and the rotational angle Ok are obtained from the following
equations.Here, "R" is the 



radius of the pitch circle of the helical gear. [0041]    [0042] From
rk2=R2+ri2-2Rricos (n/2+91 ) ,   [Eq.5]     



r k= VR2 +ri2 2Rrj sin Oi... Eq. (14)  [0043]    [0044] From 6k=-{Si/R-cos
-1((3.24,rk2-r)/2Rrk)I,   [Eq.6] ek=-TSj /R-cos-1 ( (R2+rk2-r .2) /2Rrk) 1  



... Eq. (15)  [0045]               It is assumed that "S2P0" forms the
addendum side of the gear tooth profile and "P3S2" forms the deddendum side
of the gear tooth profile. [0046]           Therefore, the coordinates (Xk,
Yk) of the contour of the gear tooth profile are expressed by the following
equations. Xk=rkcos0k-R... Eq. (16) 



Yk-rksinek... Eq. (17) [0047]           Fig. 5 is a diagram of an example of
a meshing state of gear tooth profiles that are used in the positive
displacement flowmeter according to the first embodiment. The gear tooth
profile 21 represents a tooth profile of the helical gear that has a shaft
center 01 and a gear tooth profile 22 represents a tooth profile of the
helical gear that has a shaft center 02 A pair of helical gear tooth
profiles that employ the reference rack tooth profile 20 as their tool tooth
profile are configured with the tooth height ratio h=0.7854 m and the cutter
pressure angle a0=14.5. [0048]           Fig. 6 is a diagram of an example
of a locus of a contact point of a pair of gear tooth profiles that are used
in the positive displacement flowmeter according to the first embodiment. It
is assumed that the example depicts a locus of a contact point of the pair
of helical gears is drawn in polar coordinates (r, 9) whose origin is a
pitch point. Let the pitch point Po be an origin and the shaft centers of
the pair of helical gears be 7'01" and "02", and determine "01P002" be a
base line. The contact point (r, 8) varies its position every minute and its
locus is determined based on the relation between "r" and "0". r=r(0)Eq.
(18) [0049]           In Fig. 6, loci II, 12 of contact points of the pair
of helical gear tooth profiles are depicted. The loci I, 12 are obtained
from the following equations. Xi=risinpjEq. (19) Yi=ricospiEq. (20)
It is seen that the loci I, 12 of the contact points are in complete
lemniscate shapes and the pair of gear tooth profiles 21, 22 configure
complete one-point continuous contact  



tooth profiles that constitutes a mesh in which convex is on the addendum
side and concave is on the deddendum side. [0050] (Second Embodiment)
A reference rack tooth profile of this embodiment has the amount of movement
of the pole 90=0, and therefore, it is different from the reference rack
tooth profile of the first embodiment, the pole of the oval pitch curve is
on the pitch line and is configured by providing a straight line section in
the vicinity of the pitch point of the reference rack tooth profile. [0051]
Representing the locus of the reference rack tooth profile as (Xj, I'), the
case where a two-leaf oval pitch curve (n=2) is employed as the curve for
the reference rack tooth profile will be described as a representative
example. Similarly to the first embodiment, the pitch circle radius "R", the
number of teeth of the gear "Z", a tooth profile module "m", and a 1/4
reference pitch "So" are given below. The pitch circle radius R=2 The number
of teeth of the gear Z=4 The tooth profile module m=2R/Z=1 The 1/4 reference
pitch So=n m/4=nR/2Z [0052]           The polar coordinates (p, 9) of the
two-leaf (n=2) oval pitch curve expressed by the Equation (1) above is given
as the reference rack tooth profile. It is assumed that the moving radius p
starts at a major axis.           The tangential angle t (that is assumed to
be an acute angle) of the oval pitch curve may be obtained from Equations
(2) to (4) above. 



[0053]           Assuming that the tooth height ratio h is n m/4 that is the
limit for one-point continuous contact tooth profiles and the cutter
pressure angle at the pitch point Po is "a0", the range of the cutter
pressure angle ao is as follows. 0(021.4 Representing the height of the
straight line from the pitch line as "ho", the range of the height ho is as
follows. 01-10Z/2sin2a0 Here, h0=Z/2sin2a0 that is the maximum is used.
[0054]           The similarity factor "a" may be obtained from the
following equation. [0055] [Eq. 7] a= (1-bcosneo)+ (So - ho tana0)2 ... Eq.
(21) [0056]           As a result of calculation executed using Equation (5)
above assuming that the amount of movement of the pole of the oval pitch
curve 1;0=0 and using the cutter pressure angle ao as a parameter, the tooth
height ratio h=n m/4=0.7854 m that is the limit value for one-point
continuous contact tooth profiles can be obtained using Equation (8) above,
that is, h=a/(1-b) when the cutter pressure angle ao is 26.3000, the degree
of flatness is 0.0712, and the similarity factor a is 0.7294. The argument
Goatthepitchpointmaybeobtainedfrom the following equation. 00=tan 1(
(So-hotanao) /ho)... Eq. (22)  



[0057]           Fig. 7 shows an example of the reference rack tooth profile
that is configured by the oval pitch curve obtained as above for n=2, g0=0,
and NOO. The reference rack tooth profile 20 is configured for the tooth
height ratio h=0.7854 m, the cutter pressure angle a0=26.3000, and the
amount of movement of the pole g0=0.           In Fig. 7, the curve P1P0
represents an addendum tooth profile of the reference rack and the curve
P0P2 represents a deddendum tooth profile of the reference rack, and these
two curves Pito and P0P2 are symmetric with respect to the pitch point Po.
The straight line 421D2 represents the pitch line. The points K1, 1<2
represent poles of the oval pitch curve and the points K1, 1<2 are arranged
on the pitch line ID242. [0058]           Fig. 8 shows an example of the
reference rack tooth profile obtained by converting XY coordinates taking
the pitch point Po on the right side as the origin with the consideration
that the side that includes the pole of the oval pitch curve located in the
center is the substantial side of a tool. [0059]           In Fig. 8, when a
point at which a line normal to a tangential line at a point Pion the
reference rack tooth profile and the pitch line 421D2 cross each other is
represented as an angle "Tj" between the segment of the origin Po-the point
Cj and the segment of the point Cj-the point Pj may be obtained using
Equation (9) above.           A distance rj from the point Pj to the point
Cj is obtained as follows. r1=pcos0/sinpj... Eq. (23)              A
distance Si from the origin Pp to the point Cj can be obtained using
Equation (11) above.           From these, the coordinates (Xj, Yj) of the
reference rack tooth profile 20 except a straight line section 20a may as
follows [0060] [Eq. 8] 



Xj=pcosO... Eq. (24) Yj-psineS0... Eq. (25) [0061] be obtained. [0062]
As to the straight line section 20a to be inserted into the vicinity of the
pitch point Po, the straight line section 20a is divided using the height
110 of the straight line as a parameter as follows. Z/2sin2a0al00... Eq.
(26) pi=a0=const.... Eq. (27) ri=h0/sina0... Eq. (28) si=ri/cosac... Eq.
(29) [0063]           Fig. 9 shows another example of the reference rack
tooth profile and the gear tooth profile that are used in the positive
displacement flowmeter according to the second embodiment. This example
shows a substantially-right-angle cross-sectional view of the reference rack
tooth profile 20 that is the tool tooth profile and the gear tooth profile
21. A locus of the gear tooth profile is represented as "(Xk, Yk)" in an
addendum coordinate system of the helical gear; and the moving radius from
the shaft center "0" of the helical gear to a point  on the gear tooth
profile 21 is represented as "rk"; and its rotational angle is represented
as "Ok". The moving radius rk and the rotational angle Ok are obtained using
Equations (14), (15) above. Here, "R" is the radius of the pitch circle of
the helical gear. 



[0064]           Therefore, the coordinates (Xk, Yk) of the contour of the
gear tooth profile are expressed by Equations (16), (17) above, that is,
Xk=rkcosek-R, Yk=rksin0k. However, it is assumed that "S2P0" forms the
addendum side of the gear tooth profile and "P0S2" forms the deddendum side
of the gear tooth profile.           In Fig. 9, an involute curve 21a
created using straight lines and a curve 21b created using an oval pitch
curve of the gear tooth profile 21 are depicted, and the vicinity of the
pitch point Po is configured using the involute curve 21a. [0065]
Fig. 10 is a diagram of another example of the locus of the contact point of
the pair of gear tooth profiles that are used in the positive displacement
flowmeter according to the second embodiment. It is assumed that Fig. 10
depicts a locus of a contact point of the pair of helical gears using polar
coordinates (r, 0) whose origin is the pitch point. The pitch point Po is
determined to be the origin, the shaft centers of the pair of helical gears
are represented as "01" and "02", and "01P002" is determined to be the base
line. The contact point (r, e) varies its position every moment and the
locus of its position is determined based on the relation between "r" and
"0".           In Fig. 10, loci I, 12 of contact points of the pair of
helical gear tooth profiles are depicted. The loci II, 12  are obtained
using Equations (19), (20) above. [0066]          As above, according to the
above embodiments, it is possible to set the tooth height ratio of n m/4
(0.7854 m) that is the theoretical limit for one-point continuous contact
tooth profiles by incorporating a pair of helical gears that employ an oval
pitch curve (elliptic curve) as their reference rack tooth profile.
It is also possible to realize a tooth profile that is resistant to abrasion
because the tooth surfaces are in mesh of a protrusion and a recess, and
therefore, the tooth surface strength of the gear tooth profile becomes high
and the specific sliding between the tooth profiles is small.          The
helical gears according to the invention are advantageous for designing
tools or gear cutting processes because it is possible to obtain sufficient
tooth profile strength for a few teeth and to set the cutter pressure angle
at the pitch point. Especially, when the helical gears are used as gears of
a positive displacement flowmeter, it is possible to provide ideal gears
that accompany no confinement phenomenon by setting the tooth height ratio
to be n m/4 that is the theoretical limit for one-point continuous contact
tooth profiles. [0067]          Fig. 11 is a diagram of exemplary transition
of a meshing state of a pair of helical gears 1, 2 for the number of gear
teeth that is Z=4. The transition of the meshing state of the helical gears
1, 2 is depicted when they rotate from 00 to 45 in Fig. 11(A) through Fig.
11(F) in order. The helical gears 1, 2 are arranged rotatably, around the
shaft centers 4, 



5 in the casing 3. However the description of the casing 3 is omitted.
[0068]           Fig. 11(A) depicts the case where the angle G of the
helical gear 1 is 00, Fig. 11(B) depicts the case where the angle 0 of the
helical gear 1 is 10, and Fig. 11(C) depicts the case where the angle G of
the helical gear 1 is 20.           Further, Fig. 11(D) depicts the case
where the angle 0 of the helical gear 1 is 30, Fig. 11(E) depicts the case
where the angle 0 of the helical gear 1 is 40, and Fig. 11(F) depicts the
case where the angle e of the helical gear 1 is 45. [0069]           In the
above, description has been made exemplifying the case where a two-leaf
(n=2) oval pitch curve is employed as the reference rack tooth profile.
However, a one-leaf (n=1) oval pitch curve (that is, an elliptic curve) may
also be applied to the reference rack tooth profile.           When analysis
is also executed for the case of the one-leaf oval pitch curve, the tooth
height ratio that is h=n m/4 (where the cutter pressure angle is set to be
of0=14.5) may be realized based on the following conditional equations in
the first embodiment where the pole of the oval pitch curve is shifted from
the pitch line (g0#0, h0=0). [0070] [Eq. 9] Ger-Geo-tan
1-(1-cos00)/bsin00,=0 h=a/ (1-b) -go a= (1-bcoseo )... Eq. (30)
g0=8o/tan00... Eq. (31) 



[0071]          An example of the reference rack tooth profile is depicted
in Fig. 12 that is configured by an oval pitch curve obtained as above with
n=1, g0#0, and h0=0. The reference rack tooth profile 20 is configured with
the tooth height ratio h=0.7854 m, the cutter pressure angle a3=14.5, and
the amount of movement of the pole g3=1.4223.           In Fig. 12, the
curve P1P0 represents an addendum tooth profile of the reference rack and
the curve PoP2 represents a deddendum tooth profile of the reference rack,
and these two curves PIP() and P0P2 are symmetric with respect to the pitch
point Po. The straight line Q1Q2 represents the pitch line. The points Kl,
K2 represent poles of the oval pitch curve and the points Kl, 1<2 are
shifted from the pitch line (2142 by the distance go. [0072]           The
parameters in this case may be obtained as follows: the similarity factor a
is 0.5690, the degree of flatness b is 0.7422, and the argument 00 is
28.90680. [0073]           In the second embodiment where the pole of the
oval pitch curve is placed on the pitch line (g0=0, h0=0), the tooth height
ratio h=n m/4 may be realized (where the cutter pressure angle a() is
assumed to be 29.1) based on the following conditional equations. [0074]
[Eq. 10] eo+ao-tan-11-(1-bcose0)/bsine01=0 h=a/ (1-b)  a= (1-bcose0) Aih,; +
(So -ha tana0)2. . . Eq. (32) 



However, 01-10Z/2sin2a0 (where Z is the number of teeth of the helical
gear). [0075]           An example of the reference rack tooth profile is
depicted in Fig. 13 that is configured by an oval pitch curve obtained as
above with n=1, g3=0, and h3*0. The reference rack tooth profile 20 is
configured by the tooth height ratio h=0.7854 m, the cutter pressure angle
a2=29.1, and the amount of movement of the pole 90=0.           In Fig. 13,
the curve PIP represents an addendum tooth profile of the reference rack and
the curve P0P2 represents a deddendum tooth profile of the reference rack,
and these two curves P1P0 and P3P2 are symmetric with respect to the pitch
point Po. The straight line Q1Q2 represents the pitch line. The points Kl,
K2 represent poles of the oval pitch curve and the points Ki, K2 are
provided on the pitch line 4142. [0076]           The parameters in this
case may be obtained as follows: the similarity factor a is 0.5820; the
degree of flatness b is 0.2590; and the argument 00 is 47.8224. [0077]
In the above, the cases where the helical gears according to the present
invention are applied to a positive displacement flowmeter have been
described as the representative examples. However, needless to say, these
helical gears may be applied to a cog-wheel pump, etc.  CLAIMS  1. A
positive displacement flowmeter that comprises a pair of helical gears in a
casing thereof and measures a flow using rotations of the helical gears,
wherein           the pair of helical gears employ an oval pitch curve
having two or less leaves as their reference rack tooth profile, and a
moving radius of the oval pitch curve is expressed by 



p=a/ (1-bcosne)  (where "p" is the moving radius that is a distance from the
center of rotation to the oval pitch curve, "a" is a similarity factor, "b"
is a degree of flatness, "n" (n.2) is number of leaves, and "0" is an
argument) .  2. The positive displacement flowmeter as defined in claim 1,
wherein           when the number of leaves n is n=2, a similarity factor
"a", the degree of flatness "b", and the distance "go" are determined such
that the tooth height ratio h is n m/4 (where "m" represents "tooth profile
module") in eo+ao-tah-11-(1-bcosn00)/nbsinn001=0 a=S0(1-bcosn00)/sine0
g0=acos00/(1-bcosn00) h=a/(1-b)-go where the cutter pressure angle at the
pitch point is "ao", the argument at the pitch point is "Go", the 1/4
reference pitch is "So", the distance between the pole of the oval pitch
curve and a pitch line is "go", and the tooth height ratio is "h".   3. The
positive displacement flowmeter as defined in claim 1, wherein
when the number of leaves n is 2 and the distance go between the pole of the
oval pitch curve and the pitch line is zero, the similarity factor "a" and
the degree of flatness "b" are determined such that the tooth height ratio h
is n m/4 (where "m" represents "tooth profile module"); in [Eq. 1] 00+a0-tan
1-(1-bcosn00)/nbsinn001=0 



a=(1-bcosne0)1N+(.50-110tana02 h=a/ (1-b) where the cutter pressure angle at
the pitch point is "a0", the argument at the pitch point is "00", the 1/4
reference pitch is "So", the height of the straight line from the pitch line
is "ho", and the tooth height ratio is "h".  4. The positive displacement
flowmeter as defined in claim 1, wherein           when the number of leaves
n is 1, the similarity factor "a", the degree of flatness "b", and the
distance go are determined such that the tooth height ratio h is n m/4
(where "m" represents "tooth profile module"); in [Eq. 2] eo+ao-tan 1 - (
1-bcos Bo) /bsineo 1=0 a= (1-bcoseo) Vg02 +802 go=So/taneo h=a/(1-b)-go
where the cutter pressure angle at the pitch point is "a0", the argument at
the pitch point is "00", the 1/4 reference pitch is "So", the distance
between the pole of the oval pitch curve and the pitch line is "go", and the
tooth height ratio is "h".  5. The positive displacement flowmeter as
defined in claim 1, wherein           when the number of leaves n is 1 and
the distance go between the pole of the oval pitch curve and the pitch line
is zero, the similarity factor "a" and the degree of flatness "b" are
determined such that the tooth height ratio h is n m/4 (where "m" represents
"tooth profile module"); in [Eq. 3] 



O0-ha0-tan-11 - (1-bcos 00 ) /bsin00 I =0 a= (1-bcose0) AN +(So -ho tanao)2
h=a/ (1-b) where the cutter pressure angle at the pitch point is "a071, the
argument at the pitch point is "00", the 1/4 reference pitch is "So", the
height of the straight line from the pitch line is "hp", and the tooth
height ratio is "h".  6. The positive displacement flowmeter as defined in
claim 3 or 5, wherein           when the distance g0 is g0=0, the pole of
the oval pitch curve is on the pitch line, and wherein           when the
distance go is g0=0, the height ho of the straight line from the pitch line
is 0.1-10Z/2sin2a0 (where Z is number of teeth of the helical gear).   7.
The positive displacement flowmeter as defined in any one of claims 2 to 6,
wherein the cutter pressure angle ao is 100 or larger.  8. The positive
displacement flowmeter as defined in any one of claims 1 to 7, wherein
at least a portion of a tooth surface of each of the pair of helical gears
is in mesh with each other of a protrusion and a recess,  9. Helical gears
configured as a pair thereof, wherein           the pair of helical gears
employ an oval pitch curve having two or less leaves as their reference rack
tooth profile, and wherein 



a moving radius of the oval pitch curve is expressed by p=a/ (1-bcosnO)
(where "p" is the moving radius that is a distance from the center of
rotation to the oval pitch curve, "a" is a similarity factor, "b" is a
degree of flatness, "n" (ri2) is number of leaves, and "6" is an argument) .




