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(54)
(57)  An oil pump rotor assembly includes an inner
rotor (20) having "n" external teeth ("n" is a natural
number), and an outer rotor (10) having (n+1) internal
teeth which are engageable with the external teeth, the
oil pump rotor assembly being used in an oil pump
which, during rotation of the inner and outer rotors (20,
10), draws and discharges fluid by volume change of
cells (R) formed between the inner and outer rotors (20,
10). The oil pump rotor assembly is configured such that
a clearance, which is defined between the teeth of the
inner and outer rotors (20, 10) that together form one of

INTERNALLY MESHED OIL HYDRAULIC-PUMP ROTOR

the cells (R) which has the minimum volume among the
cells, is designated as "a", a clearance, which is defined
between the teeth of the inner and outer rotors (20, 10)
that together form one of the cells (R) whose volume is
increasing during rotation of the inner and outer rotors
(20, 10), is designated as "b", and a clearance, which is
defined between the teeth of the inner and outer rotors
(20, 10) that together form one of the cells (R) which has
the maximum volume among the cells, is designated as
"c", the following inequalities are satisfied: a<b <c, and
a<c.

FIG. 1
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Description
TECHNICAL FIELD

[0001] The present invention relates to an oil pump
rotor assembly used in an internal gear type oil pump
which draws and discharges fluid by volume change of
cells formed between an inner rotor and an outer rotor.

BACKGROUND ART

[0002] Conventionally, an internal gear type oil pump
includes an outer rotor having internal teeth, an inner
rotor having external teeth which are engageable with
the internal teeth, and a casing in which a suction port
for drawing fluid and a discharge port for discharging
fluid are formed. The inner rotor is rotated so that the
outer rotor is rotated while the external teeth engage the
internal teeth, which produces changes in the volumes
of cells formed between the inner rotor and the outer
rotor, and thereby fluid is drawn and is discharged.
[0003] Each of the cells is independently delimited at
a front portion and at a rear portion as viewed in the
direction of rotation by the external teeth of the inner
rotor and the internal teeth of the outer rotor. The volume
of each of the cells is minimized at a rotational position
in which one of the tooth tips of the external teeth of the
inner rotor positionally coincides with one of the tooth
spaces of the internal teeth of the outer rotor, and, from
this rotational position, the cell draws fluid as the volume
thereof increases while moving over the suction port.
The volume of each of the cells is maximized at a rota-
tional position in which one of the tooth spaces of the
external teeth of the inner rotor positionally coincides
with one of the tooth spaces of the internal teeth of the
outer rotor, and, from this rotational position, the cell dis-
charges fluid as the volume thereof decreases while
moving over the discharge port.

[0004] In the internal gear type oil pump, the inner ro-
tor is driven so as to rotate, and the outer rotor is rotated
because tooth surfaces of the external teeth push tooth
surfaces of the internal teeth. Here, the engagement be-
tween the rotors, by which rotational force is transmitted,
is reviewed. The rotational force is transmitted in the di-
rection substantially perpendicular to the tooth surfaces
when the teeth are placed near a position at which the
volume of the cell is minimized. On the other hand, when
the teeth are placed near a position at which the volume
of the cell is maximized, because the tooth tips of the
rotors contact each other, the rotational force is not
transmitted in the direction substantially perpendicular
to the tooth surfaces, and components of slip and friction
are dominant.

[0005] When the tooth surfaces of the rotors contact
each other where slip is dominant, the teeth do not con-
tribute to transmission of the rotational force, and sliding
friction is increased due to contact between the teeth,
which may lead to operation noise, and decrease in me-
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chanical efficiency.

[0006] In orderto solve this problem, rotors have been
proposed, in each of which a recess is formed in the
tooth surface to eliminate contact which does not con-
tribute to transmission of the rotational force (see, for
example, Japanese Unexamined Patent Application,
First Publication No. Hei 09-166091).

[0007] In general, in an internal gear type oil pump
rotor assembly as mentioned above, clearances are
formed between the tooth surfaces of the rotors, which
define a cell. The main reason for providing such clear-
ances is to prevent problems in which rotation of the ro-
tors becomes impossible or noise is emitted because
the tooth tips of the rotors interfere with each other due
to undesirable shapes and accuracy of assembly of the
rotors, and practical countermeasures have been pro-
posed such that the profiles of the teeth of the outer rotor
are uniformly cut, the curve defining the shape of the
teeth is partially flattened, or the like.

[0008] However, when such clearances are merely
provided by taking conventional measures such as uni-
form cut of the tooth profiles, partial flattening of the
tooth surface, or providing the recess, backlash be-
tween the teeth is unnecessarily increased; therefore,
another problem is encountered in that it is difficult to
prevent noise due to irregular oscillation of the rotors
during rotation.

DISCLOSURE OF THE INVENTION

[0009] The present invention was conceived in view
of the above circumstances, and an object of the present
invention is to provide an internal gear type oil pump
rotor assembly which stably rotates without emitting ex-
cessive noise.

[0010] In order to achieve the above object, the
present invention provides an oil pump rotor assembly
including: an inner rotor having "n" external teeth ("n" is
a natural number); and an outer rotor having (n+1) in-
ternal teeth which are engageable with the external
teeth, wherein the oil pump rotor assembly is used in an
oil pump which, during rotation of the inner and outer
rotors, draws and discharges fluid by volume change of
cells formed between the inner rotor and the outer rotor,
wherein when a clearance, which is defined between the
teeth of the inner and outer rotors that together form one
of the cells which has the minimum volume among the
cells, is designated as "a", a clearance, which is defined
between the teeth of the inner and outer rotors that to-
gether form one of the cells whose volume is increasing
during rotation of the inner and outer rotors, is designat-
ed as "b", and a clearance, which is defined between
the teeth of the inner and outer rotors that together form
one of the cells which has the maximum volume among
the cells, is designated as "c", the following inequalities
are satisfied:
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a<b<c anda<c,

and wherein when the clearance "b" in the cell posi-
tioned forward as viewed in the direction of rotation is
further designated as "b1", and the clearance "b" in the
cell positioned backward as viewed in the direction of
rotation is further designated as "b2", the following ine-
quality is satisfied:

b1 < b2.

[0011] In the above oil pump rotor assembly, when a
clearance, which is defined between the teeth of the in-
ner and outer rotors that together form one of the cells
whose volume is decreasing during rotation of the inner
and outer rotors, is designated as "d", the following in-
equalities are satisfied:

a<b<c,a<c,anda<dc<c,

and when the clearance "d" in the cell positioned back-
ward as viewed in the direction of rotation is further des-
ignated as "d1", and the clearance "d" in the cell posi-
tioned forward as viewed in the direction of rotation is
further designated as "d2", the following inequality is
satisfied:

d1 >d2.

[0012] The present invention further provides an oil
pump rotor assembly including: an inner rotor having "n"
external teeth ("n" is a natural number); and an outer
rotor having (n+1) internal teeth which are engageable
with the external teeth, wherein the oil pump rotor as-
sembly is used in an oil pump which, during rotation of
the inner and outer rotors, draws and discharges fluid
by volume change of cells formed between the inner ro-
tor and the outer rotor, and wherein a clearance, which
is defined between the teeth of the inner and outer rotors
that together form one of the cells, gradually increases
as the cell rotationally moves from a position at which
the volume of the cell is minimized to a position at which
the volume of the cell is maximized.

[0013] In the above oil pump rotor assembly, the
clearance, which is defined between the teeth of the in-
ner and outer rotors that together form one of the cells,
may gradually decrease as the cell rotationally moves
from a position at which the volume of the cell is maxi-
mized to a position at which the volume of the cell is
minimized.

[0014] According to these inventions, because the
clearance between the rotors that together form the cell
is minimized at an engagement region, and then the
clearance is continuously increased, without decreas-

10

15

20

25

30

35

40

45

50

55

ing, to a maximum size, backlash at a position at which
the teeth engage each other is minimized, and a suffi-
cient clearance is ensured at a rotational position at
which the teeth do not contribute to engagement. The
external teeth engage the internal teeth at a position at
which a slip component is minimized so as to transmit
rotational force, and the external teeth and the internal
teeth do not contribute to transmitting rotational force at
a position at which a slip component is increased.
Therefore, an internal gear type oil pump rotor assembly
can be obtained which does not emit excessive noise
while having low levels of friction and high mechanical
efficiency.

[0015] Moreover, because in the process in which the
volume of the cell is decreasing, the clearance between
the rotors gradually decreases, without increasing, to a
minimum size, a sufficient clearance is ensured where
the teeth do not contribute to engagement while mini-
mizing backlash where the teeth engage each other,
and thus an internal gear type oil pump rotor assembly
can be obtained which does not emit excessive noise
while having low levels of friction.

[0016] Inthe above oil pump rotor assembly, the tooth
surfaces of the inner and outer rotors may be respec-
tively formed using cycloid curves which are formed by
rolling respective rolling circles along respective base
circles without slip.

[0017] Inthe above oil pump rotor assembly, the tooth
surfaces of the inner rotor may be formed using a tro-
choid envelope curve which is formed by moving a tra-
jectory circle, whose center is positioned on a trochoid
curve, along the trochoid curve, and the tooth tips of the
outer rotor may be formed using an arc having the same
radius as that of the trajectory circle.

[0018] According to these inventions, a cycloid type
rotor assembly which is formed using cycloid curves and
a trochoid type rotor assembly which is formed using
trochoid curves, both of which have been conventionally
used, can be made so as to emit less noise and to have
lower levels of friction.

[0019] In the above oil pump rotor assembly, each of
the tooth profiles of the inner rotor may be formed such
that the tip profile thereof is formed using an epicycloid
curve which is formed by rolling a first circumscribed-
rolling circle Ai along a base circle Di without slip, and
the tooth space profile thereof is formed using a hypocy-
cloid curve which is formed by rolling a first inscribed-
rolling circle Bi along the base circle Di without slip, and
each of the tooth profiles of the outer rotor is formed
such that the tip profile thereof is formed using an epi-
cycloid curve which is formed by rolling a second cir-
cumscribed-rolling circle Ao along a base circle Do with-
out slip, and the tip profile thereof is formed using a hy-
pocycloid curve which is formed by rolling a second in-
scribed-rolling circle Bo along the base circle Do without
slip, and the inner rotor and the outer rotor may be
formed such that the following equations are satisfied:
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oBo=¢Bi;

@Do=gDi-(n+1)/n+t-(n+1)/(n+2);

and

gAo=gAi+t/(n+2),

where @Di is the diameter of the base circle Di of the
inner rotor, gAi is the diameter of the first circumscribed-
rolling circle Ao, @Bi is the diameter of the first inscribed-
rolling circle Bi, gDo is the diameter of the base circle
Do of the outer rotor, gAo is the diameter of the second
circumscribed-rolling circle Ao, @Bo is the diameter of
the second inscribed-rolling circle Bo, and t (#0) is a
clearance between the tooth tip of the inner rotor and
the tooth tip of the outer rotor.

[0020] In this case, when tooth profiles of the inner
and outer rotors are determined, because the sum of
the rolling distances of the circumscribed-rolling circle
and the inscribed-rolling circle of the inner rotor must be
equal to the circumferential length of the base circle
thereof, and the sum of the rolling distances of the cir-
cumscribed-rolling circle and the inscribed-rolling circle
of the outer rotor must be equal to the circumferential
length of the base circle thereof, the following equations
must be satisfied:

@Di=n-(gAo+@Bo);

and

@Do=(n+1)-(gAo+eBo).

[0021] In addition, in this configuration, the diameters
of the inscribed-rolling circles of the inner and outer ro-
tors are set to be the same with respect to each other,
i.e.,

@Bo=gBi

in order to reduce the circumferential clearance be-
tween the tooth space of the inner rotor and the tooth
tip of the outer rotor.
[0022] The diameter of the base circle of the outer ro-
tor is greater than in the case of a conventional oil pump
rotor assembly, i.e.,

oDo=@Di-(n+1)/n+(n+1)-t/(n+2).

[0023] Because the total of a multiple of the rolling dis-
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tance of the circumscribed-rolling circle and a multiple
of the rolling distance of the inscribed-rolling circle must
agree with the length of circumference of a base circle,
the diameter of the circumscribed-rolling circle of the
outer rotor must be adjusted as follows:

BAo=gAi+t/(n+2).

[0024] According to this oil pump rotor assembly, be-
cause an appropriate radial clearance is ensured be-
tween the external teeth of the inner rotor and the inter-
nal teeth of the outer rotor, and the circumferential clear-
ances between the teeth of the rotors are reduced from
that in the conventional case, rattling generated be-
tween the rotors is reduced, and quietness of the oil
pump can be improved.

[0025] As another configuration of an oil pump rotor
assembly, each of the tooth profiles of the inner rotor
may be formed such that the tip profile thereof is formed
using an epicycloid curve which is formed by rolling a
first circumscribed-rolling circle Di along a base circle
"bi" without slip, and the tooth space profile thereof is
formed using a hypocycloid curve which is formed by
rolling a first inscribed-rolling circle "di" along the base
circle "bi" without slip, and each of the tooth profiles of
the outer rotor is formed such that the tip profile thereof
is formed using an epicycloid curve which is formed by
rolling a second circumscribed-rolling circle Do along a
base circle "bo" without slip, and the tip profile thereof
is formed using a hypocycloid curve which is formed by
rolling a second inscribed-rolling circle "do" along the
base circle "bo" without slip, and the inner rotor and the
outer rotor may be formed such that the following equa-
tions and inequalities are satisfied:

gbi=n-(gDi+adi);

gbo=(n+1)-(sDo+@do);

one of
gDi+adi=2e and gDo+gdo=2e;
oDo > gDi;
adi > gdo;
and

(oDi+@di) < (sDo+gdo),
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where gbi is the diameter of the base circle "bi" of the
inner rotor, @Di is the diameter of the first circumscribed-
rolling circle Di, gdi is the diameter of the first inscribed-
rolling circle "di", gbo is the diameter of the base circle
"bo" of the outer rotor, Do is the diameter of the second
circumscribed-rolling circle Do, gdo is the diameter of
the second inscribed-rolling circle "do", and "e" is an ec-
centricity distance between the inner and outer rotors.

[0026] In this case, when tooth profiles of the inner
and outer rotors are determined, because the sum of
the rolling distances of the circumscribed-rolling circle
and the inscribed-rolling circle of the inner rotor must be
equal to the circumferential length of the base circle
thereof, and the sum of the rolling distances of the cir-
cumscribed-rolling circle and the inscribed-rolling circle
of the outer rotor must be equal to the circumferential
length of the base circle thereof, the following equations
must be satisfied:

gbi=n'(gDi+adi);

and

gbo=(n+1)-(gDo+gdo).

[0027] The tooth tip profile of the inner rotor which is
formed by the first circumscribed-rolling circle Di with
respect the tooth space profile of the outer rotor which
is formed by the second circumscribed-rolling circle Do,
and the tooth tip profile of the outer rotor which is formed
by the second inscribed-rolling circle "do" with respect
to the tooth space profile of the inner rotor which is
formed by the first inscribed-rolling circle "di" are deter-
mined such that the following inequalities are satisfied:

oDo > gDi;

and

odi > ado,

so that a large backlash, which is defined between the
tooth surfaces of the rotors during engagement, is en-
sured. Here, the backlash is a gap formed between the
tooth surface of the inner rotor, which is opposite to the
tooth surface to which force is applied during engage-
ment, and the tooth surface of the outer rotor.

[0028] Moreover, because the inner rotor and the out-
er rotor engage each other, one of the following equa-
tions must be satisfied:

oDi+adi=2e;
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and

gDo+gdo=2e.

[0029] Furthermore, in this invention, in order to make
the inner rotor smoothly rotate in the outer rotor while
ensuring tip clearance and an appropriate size of back-
lash, and reducing an engagement resistance, the di-
ameter of the base circle of the outer rotor is made great-
er than thatin a conventional case so that the base circle
of the inner rotor does not contact the base circle of the
outer rotor at the engagement region at which the inner
rotor engages the outer rotor, i.e., the following inequal-
ity is satisfied:

(n+1)-abi < n-gbo.

[0030] Accordingly, the following inequality is derived:

(oDi+@di) < (sDo+gdo).

[0031] According to the above configuration, because
circumferential clearances (along the circumference of
the base circle) between the tooth surfaces of the rotors
are made smaller than in conventional cases while en-
suring tip clearances between the external teeth of the
inner rotor and the internal teeth of the outer rotor, play
between the rotors can be reduced, and a quiet oil pump
can be made. Specifically, impacts between the internal
teeth of the outer rotor and external teeth of the inner
rotor can be prevented even when driving torque for the
oil pump rotor assembly changes while oil pressure in
the oil pump rotor assembly is low; therefore, quietness
of the oil pump rotor assembly can be ensured.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032]

FIG 1is a plan view of an internal gear type oil pump
rotor assembly according to a first embodiment of
the presentinvention, in which inter-tooth clearanc-
es "a", "b", and "d" are shown.

FIG 2 is a plan view of the internal gear type oil
pump rotor assembly according to the first embod-
iment of the present invention, in which an inter-
tooth clearance "c" is shown.

FIG 3 is a graph in which the inter-tooth clearance
of the internal gear type oil pump rotor assembly of
the present invention shown in FIG 1 and that of a
conventional rotor assembly are compared, with re-
spect to the rotational angle of the inner rotor.

FIG 4 is a plan view showing an oil pump rotor as-
sembly according to a first embodiment of the
presentinvention in which the inner and outer rotors
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thereof satisfy the following equations:

oBo=gBi;

@Do=gDi-(n+1)/n+t-(n+1)/(n+2);
and
BAo=gAi+t/(n+2),

and t is set to be 0.12 mm.

FIG 5 is an enlarged view showing the engagement
region, indicated by V, of the oil pump shown in FIG
4,

FIG 6 is a graph showing comparison between
noise from the oil pump incorporating the oil pump
rotor assembly shown in FIG 4 and noise from a
conventional oil pump.

FIG 7 is a plan view showing a third embodiment of
the oil pump rotor assembly according to the
present invention.

FIG 8 is an enlarged view showing the engagement
region, indicated by VIII, of the oil pump shown in
FIG. 7.

FIG. 9 is a graph showing comparison between a
backlash of an oil pump incorporating the oil pump
rotor assembly shown in FIG. 7 and a backlash of
a conventional oil pump.

FIG 10 is a graph showing comparison between
noise from an oil pump incorporating the oil pump
rotor assembly shown in FIG. 7 and noise from a
conventional oil pump.

BEST MODE FOR CARRYING OUT THE INVENTION

[0033] A firstembodiment of the present invention will
be explained below with reference to FIGS. 1 to 3.
[0034] The internal gear type oil pump rotor assembly
shown in FIGS. 1 and 2 is a cycloid type rotor assembly
in which teeth of an outer rotor 10 and teeth of an inner
rotor 20 are formed using respective cycloid curves,
each of which is formed by rolling a rolling circle along
a base circle. The parameters of the rotors 10 and 20
are set as follows:

the diameter of the base circle Do of the outer rotor
10 is 57.31 mm;

the diameter of the circumscribed-rolling circle Ao
of the outer rotor 10 is 2.51 mm;

the diameter of the inscribed-rolling circle Bo of the
outer rotor 10 is 2.70 mm;

the number of teeth Zo of the outer rotor 10 is 11
(teeth);

the diameter of the base circle Di of the inner rotor
20 is 52.00 mm;
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the diameter of the circumscribed-rolling circle Ai of
the inner rotor 20 is 2.50 mm;

the diameter of the inscribed-rolling circle Bi of the
inner rotor 20 is 2.76 mm;

the number of teeth Zi of the inner rotor 20 is 10
(teeth); and

an eccentricity distance "e" is 2.60 mm.

[0035] Theinnerrotor 20 is inscribed in the outer rotor
10 while the external teeth of the inner rotor 20 engage
the internal teeth of the outer rotor 10 so as to form cells
R between the teeth. Each of the cells R rotationally
moves while the volume thereof changes when the inner
rotor 20 along with the outer rotor rotate in the direction
indicated by the arrows in FIGS. 1 and 2 (in the coun-
terclockwise direction).

[0036] When the rotational position 6 of the inner rotor
20 is designated as 0° at the bottom of the drawing, and
is designated as 180° at the top of the drawing, the vol-
ume of each of the cells R gradually increases, as the
inner rotor 20 rotates, from a position at which 6=0° (FIG
1) and the volume thereof is minimized (Vmin), to a po-
sition at which 6=198° (FIG 2) and the volume thereof
is maximized (Vmax). Each of the cells R draws fluid
through a suction port formed in a casing (not shown)
during the process in which the volume of the cell R in-
creases.

[0037] Here, aninter-tooth clearance is defined as the
region which closes one of the cells R in the circumfer-
ential direction, i.e., the region at which the gap between
the teeth of the rotors 10 and 20 that together form the
cell R is minimized.

[0038] When an inter-tooth clearance, which is de-
fined between the teeth of the rotors 10 and 20 that to-
gether form one of the cells R which has the minimum
volume (Vmin) among the cells, is designated as "a", an
inter-tooth clearance, which is defined between the
teeth of the rotors 10 and 20 that together form one of
the cells R whose volume is increasing during rotation
of the rotors 10 and 20, is designated as "b" (FIG. 1),
and an inter-tooth clearance, which is defined between
the teeth of the rotors 10 and 20 that together form one
of the cells R which has the maximum volume (Vmax)
among the cells, is designated as "c" (FIG 2), the follow-
ing inequalities are satisfied:

a<b<c,anda<c.

[0039] Moreover, when an inter-tooth clearance,
which is defined between the teeth of the rotors 10 and
20 that together form one of the cells R whose volume
is decreasing during rotation of the rotors 10 and 20, is
designated as "d", the following inequalities are satis-
fied:

a<d<c.
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[0040] The comparison between the clearance be-
tween the outer rotor 10 and the inner rotor 20 in the
internal gear type oil pump rotor assembly of the present
embodiment and that between the rotors in a conven-
tional rotor assembly is shown in FIG 3.

[0041] The clearance in the conventional rotor as-
sembly is maximized where the volume of the cell is min-
imized, gradually decreases as the cell rotates, and is
minimized where the volume of the cell is maximized.
Accordingly, in the conventional rotor assembly, the
teeth of the rotors tend to contact each other even in
zones B and yin which the clearance is smaller than that
in an engagement effect zone «; therefore, due to fric-
tion, mechanical efficiency may be decreased, and ex-
cessive noise may be emitted.

[0042] On the other hand, in the case of the present
embodiment, the inter-tooth clearance between the ro-
tors that together form the cell R gradually and continu-
ously increases during the process in which the volume
of the cell R increases from the minimum volume (Vmin)
to the maximum volume (Vmax), as shown in FIG 3.
More specifically, with regard to the clearance "b" in a
range 0° < 6 < 198°, when the clearance "b" in the cell
R positioned forward as viewed in the direction of rota-
tion is further designated as "b1", and the clearance "b"
in the cell R positioned backward as viewed in the di-
rection of rotation is further designated as "b2", the fol-
lowing inequality is satisfied over the entire range of the
rotational position 6:

b1 < b2.

[0043] When the inner rotor 20 rotates from the rota-
tional position 6=0°, the teeth of the outer rotor 10 and
the teeth of the inner rotor 20 engage each other so as
to transmit a rotational force in the zone o shown in FIG.
1. In the zone « (i.e., the engagement effect zone), the
clearance continuously increases as shown in FIG. 3, i.
e., the clearance in the cell R positioned forward as
viewed in the direction of rotation is always greater than
that in the cell R positioned backward.

[0044] The clearance in the zone B in which the inner
rotor 20 has further rotated is greater than that in the
zone o, and the clearance increases further. According-
ly, the teeth of the rotors 10 and 20 tend not to contact
each other in the zone B when compared with the en-
gagement effect zone o.

[0045] The clearance in the zone vy (i.e., a perform-
ance effect zone) in which the inner rotor 20 has further
rotated is greater than that in the zone B, and the clear-
ance further increases, in accordance with rotation, to
a maximum value at the rotational position of the inner
rotor 6=198°. Accordingly, the teeth of the rotors 10 and
20 tend not to contact each other in the zone y when
compared with the zone .

[0046] The clearance "c" (FIG. 2), which is the clear-
ance when the volume of the cell R is maximized
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(Vmax), may affect the performance of the pump be-
cause the cell R is at a transition point from drawing to
discharging, and the clearance "c" is substantially the
same as that in the conventional rotor assembly; there-
fore, performance of the pump is not degraded.

[0047] With regard to the clearance "d" (FIG 1) in the
cell R which is forwarded from the cell R having the max-
imum volume (Vmax), the clearance "d" gradually de-
creases, in accordance with the rotation of the inner ro-
tor 20, to a minimum value at the rotational position of
the inner rotor 6=396°. In other words, with regard to the
clearance "d" in the range of 198° < 6 <396°, when the
clearance "d" in the cell positioned backward as viewed
in the direction of rotation is further designated as "d1",
and the clearance "d" in the cell positioned forward as
viewed in the direction of rotation is further designated
as "d2", the following inequality is satisfied over the en-
tire range of the rotational position :

d1 >d2.

[0048] Accordingly, in the process in which the vol-
ume of the cell R decreases, as in the process in which
the volume of the cell R increases, the teeth tend not to
contact each other in the performance effect zone y
when compared with the engagement effect zone «.
[0049] As explained above, in the internal gear type
oil pump rotor assembly of the present embodiment, the
clearance is made small in the engagement effect zone
o in which the rotational force is efficiently transmitted,
the clearance is made large in the performance effect
zone vy in which the rotational force cannot be efficiently
transmitted, and the clearance is made to gradually in-
crease between the zones o and v; therefore, the rota-
tional force is transmitted by the contact between the
teeth mainly in the engagement effect zone o, and the
teeth tend not to contact each other in other zones. As
aresult, excessive noise and degradation of mechanical
efficiency can be prevented.

[0050] When the clearance is increased from "a" to
"c", it is more preferable that inequalities a<b, b1<b2,
and b<c be satisfied; however, conditions in which equa-
tions a=b, b1=b2, or b=c are partially satisfied may be
acceptable as long as an inequality a<c is satisfied, i.e.,
the clearance does not decrease.

[0051] Similarly, when the clearance is decreased
from"c"to"a", itis more preferable that inequalities c>d,
d1>d2, and d>a be satisfied; however, conditions in
which equations a=b, b1=b2, or b=c are partially satis-
fied may be acceptable as long as an inequality c>a is
satisfied, i.e., the clearance does not increase.

[0052] In the oil pump rotor assembly of the present
embodiment having the aforementioned dimensions, or
in the oil pump rotor assembly having dimensions sim-
ilar to these, it is preferable that the value "a" be in the
following range:
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0.010 mm < a < 0.040 mm.

[0053] When the value "a" is set to be smaller than
0.010 mm, the oil pump rotor assembly may not rotate
smoothly, and the function as a pump may be lost. In
contrast, when the value "a" is set to be greater than
0.040 mm, backlash may become large, and operation
noise may not be reduced.

[0054] Moreover, it is preferable that the value "c" be
in the following range:

0.040 mm < a <0.150 mm.

[0055] When the value "c" is set to be smaller than
0.040 mm, engagement in the engagement region (at
0° in FIG 1) may become impossible. In contrast, when
the value "c is set to be greater than 0.150 mm, oil ex-
cessively leaks through the gap between the teeth, and
discharge performance of the pump will be extremely
degraded.

[0056] Next, a second embodiment of the present in-
vention will be explained below with reference to FIGS.
4 t0 6.

[0057] The oil pump rotor assembly shown in FIG. 4
includes an inner rotor 110 provided with "n" external
teeth ("n" indicates a natural number, and n=10 in this
embodiment), and an outer rotor 120 provided with
"n+1" internal teeth (n+1=11 in this embodiment) which
are engageable with the external teeth. The inner rotor
110 and the outer rotor 120 are accommodated in a cas-
ing 150.

[0058] Between the tooth surfaces of the inner rotor
110 and outer rotor 120, there are formed a plurality of
cells C in the direction of rotation of the inner rotor 110
and outer rotor 120. Each of the cells C is delimited at
a front portion and at a rear portion as viewed in the
direction of rotation of the inner rotor 110 and outer rotor
120 by contact regions between the external teeth 111
of the inner rotor 110 and the internal teeth 121 of the
outer rotor 120, and is also delimited at either side por-
tions by the casing 150, so that an independent fluid
conveying chamber is formed. Each of the cells C
moves while the inner rotor 110 and outer rotor 120 ro-
tate, and the volume of each of the cells C cyclically in-
creases and decreases so as to complete one cycle in
a rotation.

[0059] The inner rotor 110 is mounted on a rotational
axis so as to be rotatable about an axis Oi. Each of the
tooth profiles of the inner rotor 110 is formed such that
the tooth tip profile thereof is formed using an epicycloid
curve which is formed by rolling a first circumscribed-
rolling circle Ai along a base circle Di of the inner rotor
110 without slip, and the tooth space profile thereof is
formed using a hypocycloid curve which is formed by
rolling a first inscribed-rolling circle Bi along the base
circle Di without slip.
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[0060] The outer rotor 120 is mounted so as to be ro-
tatable, in the casing 150, about an axis Oo which is
disposed so as to have an offset (the eccentricity dis-
tance is "e") from the axis Oi. Each of the tooth profiles
of the outer rotor 120 is formed such that the tooth space
profile thereof is formed using an epicycloid curve which
is formed by rolling a second circumscribed-rolling circle
Ao along a base circle Do of the outer rotor 120 without
slip, and the tooth tip profile thereof is formed using a
hypocycloid curve which is formed by rolling a second
inscribed-rolling circle Bo along the base circle Do with-
out slip.

[0061] When the diameter of the base circle Di of the
inner rotor 110, the diameter of the first circumscribed-
rolling circle Ai, the diameter of the first inscribed-rolling
circle Bi, the diameter of the base circle Do of the outer
rotor 120, the diameter of the second circumscribed-roll-
ing circle Ao, and the diameter of the second inscribed-
rolling circle Bo are assumed to be gDi, gAi, gBi, Do,
@Ao, and @Bo, respectively, the equations which will be
discussed below must be satisfied between the inner ro-
tor 110 and the outer rotor 120. Note that dimensions
will be expressed in millimeters.

[0062] First, with regard to the inner rotor 110, be-
cause the total of a multiple of the rolling distance of the
first circumscribed-rolling circle Ai and a multiple of the
rolling distance of the first inscribed-rolling circle Bi must
agree with the length of circumference of a base circle,
i.e., the length of circumference of the base circle Di of
the inner rotor 110 must be equal to the length obtained
by multiplying the sum of the rolling distance per revo-
lution of the first circumscribed-rolling circle Ai and the
rolling distance of the first inscribed-rolling circle Bi by
an integer (i.e., by the number of teeth of the inner rotor
110),

n-@Di=n-n-(gAi+aBi),

oDi=n-(gAi+oBi) (la).

[0063] Similarly, with regard to outer rotor 120, the
length of circumference of the base circle Do of the outer
rotor 120 must be equal to the length obtained by mul-
tiplying the sum of the rolling distance per revolution of
the second circumscribed-rolling circle Ao and the roll-
ing distance of the second inscribed-rolling circle Bo by
an integer (i.e., by the number of teeth of the outer rotor
120),

n-gDo=(n+1)-n-(sAo+gBo),
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@Do=(n+1)-(sAo+@Bo)

(Ib).

[0064] Next, the conditions required for determining
tooth profiles of the outer rotor 120 according to this em-
bodiment will be explained below based on a conven-
tional outer rotor "ro" (specifically, the second circum-
scribed-rolling circle "ao" (whose diameter is gao), the
second inscribed-rolling circle "bo" (whose diameter is
@bo), and the base circle "do"(whose diameter is do)).
[0065] The outer rotor "ro" engages the inner rotor 110
according to the present embodiment with a clearance
of "t" while being disposed with respect to the inner rotor
110 so as to have an offset (the eccentricity distance is
"e"). The clearance "t" is a gap formed between one of
the tooth tips of the inner rotor 110 and one of the tooth
tips of the outer rotor 120 at a position which is away
from an engagement region by 180° along the direction
of rotation when the inner rotor 110 and the outer rotor
120 are disposed such that one of the tooth tips of the
inner rotor 110 directly contacts one of the tooth spaces
of the outer rotor 120 in the engagement region.

[0066] Here, the following equations are satisfied:
@do=gDi-(n+1)/n (In;
gdo=(n+1)-(gao+@bo) (ny;
gao=gAi+t/2 (lna);
and
@bo=gBi-t/2 (MNb).
[0067] The inner rotor 110 engaging the outer rotor

"ro" satisfies the following generic equations:

pai+gbi=gAi+gBi=2e

(1);

and

(2). oDi=gdo-2e @).

[0068] In this embodiment, in order to decrease the
circumferential clearances t2 while ensuring the radial
clearance t1 between the tooth tip of the outer rotor 120
and the tooth space of the inner rotor 110 in the engage-
ment region, the diameters are set as follows:

@Bo=gbi=@Bi (Iv),
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[0069] Based on the above equations (IV) and (1),

gai=gAi (3).

[0070] When the inscribed-rolling circle of the outer
rotor 120 is set as described above, the clearance "t"
which is expressed as

t=(gDo-gBo+aA0)-(aDi+aAi+gAi)

can be expressed, using the above equations (1) to (3)
and (1V), as follows:

t=(oDo-gdo)+(gAo-zai) (V).

[0071]
and (V),

Based on the above equations (Ib), (lll), (IV),

t=(2Ao0-gai):(n+2) (V1);

therefore,

gAo=gai+t/(n+2).

[0072] Next, the diameter gDo of the base circle Do
is to be found. Based on the above equations (Ib) and

(1,

gDo-gdo=(n+1)-(gAo+@Bo)-(n+1)-(gao+abo).

[0073] Furthermore, based on the above equations
(Ia), (Ilib), and (1V),

gDo-gdo=(n+1)-(gAo-aai) (V).

[0074] By using the equation (VI), the equation (VII)
can be expressed as follows:

gDo-gdo=(n+1)-t/(n+2).

[0075] Furthermore, by using the equation (ll), gDo
can be expressed as follows:

gDo=(n+1)-gDi/n+(n+1)-t/(n+2) -+ (A).
[0076]

Next, by using the equation (Ib),

gAo=gDo/(n+1)-2Bo;
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therefore, by using the equation (A),

sAo=gDi/n+t/(n+2)- gBo,

furthermore, by using the equations (la) and (IV),

gAo=gAi+t/(n+2) - (B).

[0077] By summarizing the above equations, the out-
er rotor 120 is formed such that the following equations
are satisfied:

@Bo=gbi=@gBi - (IV);

gDo=(n+1)-gDi/n+(n+1)-t/(n+2) -~ (A); and

gAo=gAi+t/(n+2) - (B).

[0078] FIG. 4 shows the oil pump rotor assembly in
which the inner rotor 110 is formed so as to satisfy the
above relationship (the diameter gDi of the base circle
Di is 52.00 mm, the diameter gAi of the first circum-
scribed-rolling circle Ai is 2.50 mm, the diameter @Bi of
the first inscribed-rolling circle Bi is 2.70 mm, and the
number of teeth Zi, i.e., "n" is 10), the outer rotor 120 is
formed so as to satisfy the above relationship (the outer
diameter thereofis 70 mm, the diameter gDo of the base
circle Do is 57.31 mm, the diameter Ao of the second
circumscribed-rolling circle Ao is 2.51 mm, and the di-
ameter gBo of the second inscribed-rolling circle Bo is
2.70 mm), and the rotors are combined with the clear-
ance "t" of 0.12 mm, and the eccentricity distance "e" of
2.6 mm.

[0079] In the casing 150, a suction port having a
curved shape (not shown) is formed in a region along
which each of the cells C, which are formed between
the rotors 110 and 120, moves while gradually increas-
ing the volume thereof, and a discharge port having a
curved shape (not shown) is formed in a region along
which each of the cells C moves while gradually de-
creasing the volume thereof.

[0080] Each of the cells C draws fluid as the volume
thereof increases when the cell C moves over the suc-
tion port after the volume of the cell C is minimized in
the engagement process between the external teeth 111
and the internal teeth 121, and the cell C discharges fluid
as the volume thereof decreases when the cell C moves
over the discharge port after the volume of the cell C is
maximized.

[0081] Note that if the clearance "t" is too small, pres-
sure pulsation is generated in fluid being discharged
from the cell C whose volume is decreasing, which leads
to generation of cavitation noise, whereby operation
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noise from the pump is increased. Moreover, the rotors
may not smoothly rotate due to the pressure pulsation.
[0082] On the other hand, if the clearance "t" is too
large, pressure pulsation is not generated, operation
noise is decreased, and sliding resistance between the
tooth surfaces is decreases due to a large backlash,
whereby mechanical efficiency is improved; however,
the fluidtight performance of each of the cells is degrad-
ed, and performance of the pump, specifically, the vol-
ume efficiency thereof, is degraded. Moreover, because
transmission of driving torque in accurately engaged po-
sitions is not achieved, and loss in rotation is increased,
and finally, mechanical efficiency is degraded.

[0083] To prevent the above problems, the clearance
"t" is preferably set so as to satisfy the following inequal-
ities:

0.03 mm <t <0.30 mm.

In this embodiment, the clearance "t" is set to be 0.12
mm, which is considered to be the most preferable.
[0084] In the oil pump rotor assembly formed in a
manner such that the above equations (1V), (A), and (B)
are satisfied, the profile of the tooth tip of the outer rotor
120 and the profile of the tooth space of the inner rotor
110 have substantially the same shape with respect to
each other, as shown in FIG. 5. As a result, as shown
in FIG 5, the circumferential clearances t2 in the en-
gagement phase can be decreased while ensuring the
radial clearance t1 such that t/2 is 0.06 mm, which is the
same as in conventional rotors; therefore, engagement
impacts between the rotors 110 and 120 during rotation
are decreased. Furthermore, because the direction
along which engagement pressure is transmitted per-
pendicularly to the tooth surfaces, transmission of
torque between the rotors 110 and 120 is performed with
high efficiency without slip, and heat generation and
noise due to sliding resistance can be reduced.

[0085] Inthis embodiment, as in the first embodiment,
when a clearance, which is defined between the teeth
of the inner and outer rotors 110 and 120 that together
form one of the cells which has the minimum volume
among the cells, is designated as "a", a clearance,
which is defined between the teeth of the inner and outer
rotors 110 and 120 that together form one of the cells
whose volume is increasing during rotation of the inner
and outer rotors 110 and 120, is designated as "b", and
a clearance, which is defined between the teeth of the
inner and outer rotors 110 and 120 that together form
one of the cells which has the maximum volume among
the cells, is designated as "c" (clearances "a", "b", and
"c" are not shown), the following inequalities are satis-
fied:

a<b<c,anda<c.
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[0086] Moreover, when the clearance "b" of the cell
positioned forward as viewed in the direction of rotation
is further designated as "b1", and the clearance "b" in
the cell positioned backward as viewed in the direction
of rotation is further designated as "b2", the following
inequality is satisfied:

b1 < b2.

[0087] Furthermore, when a clearance, which is de-
fined between the teeth of the inner and outer rotors 110
and 120 that together form one of the cells whose vol-
ume is decreasing during rotation of the inner and outer
rotors 110 and 120, is designated as "d", the following
inequalities are satisfied:

a<b<c,a<c,andas<d<ec.

[0088] Moreover, when the clearance "d" in the cell
positioned backward as viewed in the direction of rota-
tion is further designated as "d1", and the clearance "d"
in the cell positioned forward as viewed in the direction
of rotation is further designated as "d2", the following
inequality is satisfied:

d1 >d2.

[0089] FIG 6 is a graph showing comparison between
noise from a pump incorporating a conventional oil
pump rotor assembly and noise from another pump in-
corporating the oil pump rotor assembly according to the
present embodiment. According to the graph, noise
from the oil pump incorporating the oil pump rotor as-
sembly according to the present embodiment is less
than that of the conventional oil pump rotor assembly, i.
e., the oil pump rotor assembly of the present embodi-
ment is quieter.

[0090] Next, a third embodiment of the present inven-
tion will be explained below with reference to FIGS. 7 to
10.

[0091] The oil pump rotor assembly shown in FIG. 7
includes an inner rotor 210 provided with "n" external
teeth ("n" indicates a natural number, and n=10 in this
embodiment), and an outer rotor 220 provided with
"n+1" internal teeth (n+1=11 in this embodiment) which
are engageable with the external teeth. The inner rotor
210 and the outer rotor 220 are accommodated in a cas-
ing 250.

[0092] Between the tooth surfaces of the inner rotor
210 and outer rotor 220, there are formed a plurality of
cells C in the direction of rotation of the inner rotor 210
and outer rotor 220. Each of the cells C is delimited at
a front portion and at a rear portion as viewed in the
direction of rotation of the inner rotor 210 and outer rotor
220 by contact regions between the external teeth 211
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of the inner rotor 210 and the internal teeth 221 of the
outer rotor 220, and is also delimited at either side por-
tions by the casing 250, so that an independent fluid
conveying chamber is formed. Each of the cells C
moves while the inner rotor 210 and outer rotor 220 ro-
tate, and the volume of each of the cells C cyclically in-
creases and decreases so as to complete one cycle in
a rotation.

[0093] The inner rotor 210 is mounted on a rotational
axis so as to be rotatable about an axis Oi. Each of the
tooth profiles of the inner rotor 210 is formed such that
the tooth tip profile thereof is formed using an epicycloid
curve which is formed by rolling a first circumscribed-
rolling circle Di along a base circle "bi" of the inner rotor
210 without slip, and the tooth space profile thereof is
formed using a hypocycloid curve which is formed by
rolling a first inscribed-rolling circle "di" along the base
circle "bi" without slip.

[0094] The outer rotor 220 is mounted so as to be ro-
tatable, in the casing 250, about an axis Oo which is
disposed so as to have an offset (the eccentricity dis-
tance is "e") from the axis Oi. Each of the tooth profiles
of the outer rotor 220 is formed such that the tooth space
profile thereof is formed using an epicycloid curve which
is formed by rolling a second circumscribed-rolling circle
Do along a base circle "bo" of the outer rotor 220 without
slip, and the tooth tip profile thereof is formed using a
hypocycloid curve which is formed by rolling a second
inscribed-rolling circle "do" along the base circle "bo"
without slip.

[0095] When the diameter of the base circle "bi" of the
inner rotor 210, the diameter of the first circumscribed-
rolling circle Di, the diameter of the first inscribed-rolling
circle "di", the diameter of the base circle "bo" of the out-
er rotor 220, the diameter of the second circumscribed-
rolling circle Do, and the diameter of the second in-
scribed-rolling circle "do" are assumed to be gbi, gDi,
adi, @bo, Do, and @do, respectively, the equations
which will be discussed below must be satisfied be-
tween the inner rotor 210 and the outer rotor 220. Note
that dimensions will be expressed in millimeters.
[0096] First, with regard to the inner rotor 210, be-
cause the total of a multiple of the rolling distance of the
first circumscribed-rolling circle Di and a multiple of the
rolling distance of the first inscribed-rolling circle "di"
must agree with the length of circumference of a base
circle, i.e., the length of circumference of the base circle
"bi" of the inner rotor 210 must be equal to the length
obtained by multiplying the sum of the rolling distance
per revolution of the first circumscribed-rolling circle Di
and the rolling distance of the first inscribed-rolling circle
"di" by aninteger (i.e., by the number of teeth of the inner
rotor 210),

n-@bi=n-n-(gDi+adi),

i.e.,
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gbi=n-(eDi+adi) - (la).

[0097] Similarly, with regard to outer rotor 220, the
length of circumference of the base circle "bo" of the out-
er rotor 220 must be equal to the length obtained by mul-
tiplying the sum of the rolling distance per revolution of
the second circumscribed-rolling circle Do and the roll-
ing distance of the second inscribed-rolling circle "do"
by an integer (i.e., by the number of teeth of the outer
rotor 220),

n-gbo=(n+1)-n-(gDo+@do),

gbo=(n+1)-(gDo+@do) --- (Ib).

[0098] The tooth tip profile of the inner rotor which is
formed by the first circumscribed-rolling circle Di with
respect the tooth space profile of the outer rotor which
is formed by the second circumscribed-rolling circle Do,
and the tooth tip profile of the outer rotor which is formed
by the second inscribed-rolling circle "do" with respect
the tooth space profile of the inner rotor which is formed
by the first inscribed-rolling circle "di" are determined
such that the following inequalities are satisfied:

oDo > gDi;

and

adi > gdo,

so that a large backlash which is defined between the
tooth surfaces of the rotors during engagement is en-
sured. Here, the backlash is a gap formed between the
tooth surface of the inner rotor, which is opposite to the
tooth surface to which force is applied during engage-
ment, and the tooth surface of the outer rotor.

[0099] Moreover, because the inner rotor and the out-
er rotor engage each other, one of the following equa-
tions must be satisfied:

oDi+adi=2e;
and
gDo+gdo=2e.
[0100] Furthermore, in this invention, in order to make

the inner rotor 210 smoothly rotate in the outer rotor 220
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while ensuring a tip clearance and an appropriate size
of backlash, and reducing an engagement resistance,
the diameter of the base circle "bo" of the outer rotor
220 is made greater than that in a conventional case so
that the base circle "bi" of the inner rotor 210 does not
contact the base circle "bo" of the outer rotor 220 at the
engagement region at which the inner rotor 210 engag-
es the outer rotor 220, i.e., the following inequality is sat-
isfied:

(n+1)-@bi < n-gbo.

[0101] Using this inequality, and the equations (la)
and (Ib), the following inequality is derived:

(2Di+adi) < (gDo+@do).

The above-mentioned engagement region is a region at
which the tooth tip of one of the internal teeth 221 of the
outer rotor 220 directly faces one of the tooth spaces
between the external teeth 211 of the inner rotor 210.

[0102] The innerrotor 210 and the outer rotor 220 are
formed such that the following inequalities are satisfied:

0.005 mm < (gDo+@do)-(agDi+@di) < 0.070 mm

(hereinafter,

(sDo+@do)-(zDi+adi)

is simply designated as "A").

[0103] In the embodiment, the inner rotor 210 (the di-
ameter gbi of the base circle is 65.00 mm, the diameter
@Di of the first circumscribed-rolling circle Diis 3.90 mm,
the diameter @di of the first inscribed-rolling circle "di" is
2.60 mm, and the number of teeth "n" is 10), and the
outer rotor 220 (the outer diameter thereof is 87.0 mm,
the diameter gbo of the base circle "bo" is 71.599 mm,
the diameter @Do of the second circumscribed-rolling
circle Dois 3.9135 mm, and the diameter @do of the sec-
ond inscribed-rolling circle "do" is 2.5955 mm), each of
which is formed so as to satisfy the above-mentioned
conditions, are combined with an eccentricity distance
"e" of 3.25 mm to form the oil pump rotor assembly. In
this embodiment, the width of the teeth of the rotors (the
size in the direction of the rotational axis) is set to be 10
mm. Because the diameter adi of the first inscribed-roll-
ing circle "di" is set to be 2.60 mm, the diameter gDo of
the second circumscribed-rolling circle Do is set to be
3.9135 mm, and the diameter @do of the second in-
scribed-rolling circle "do" is set to be 2.5955 mm, "A" is
0.009 mm (refer to FIG. 8).

[0104] In the casing 250, a suction port having a
curved shape (not shown) is formed in a region along
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which each of the cells C, which are formed between
the rotors 210 and 220, moves while gradually increas-
ing the volume thereof, and a discharge port having a
curved shape (not shown) is formed in a region along
which each of the cells C moves while gradually de-
creasing the volume thereof.

[0105] Each of the cells C draws fluid as the volume
thereof increases when the cell C moves over the suc-
tion port after the volume of the cell C is minimized in
the engagement process between the external teeth
211 and the internal teeth 221, and the cell C discharges
fluid as the volume thereof decreases when the cell C
moves over the discharge port after the volume of the
cell C is maximized.

[0106] If "A" is too small, the tip clearance and the
backlash cannot be appropriately set, and engagement
noise between the external teeth 211 of the inner rotor
and the internal teeth 221 of the outer rotor cannot be
reduced.

[0107] If "A" is too great, the difference between the
height (the size of a tooth along the normal of the base
circle) of the external teeth 211 of the inner rotor and the
height of the internal teeth 221 of the outer rotor, and
the difference between the width (the size of a tooth
along the circumference of the base circle) of the exter-
nal teeth 211 of the inner rotor and the width of the in-
ternal teeth 221 of the outer rotor cannot be appropri-
ately set; therefore, the backlash may become zero at
some regions during the rotation of the inner and outer
rotors 210 and 220. In this case, the rotors cannot
smoothly rotate; therefore, mechanical efficiency may
be degraded, and excessive noise may be emitted due
to impacts between the external teeth 211 and the inter-
nal teeth 221.

[0108] Accordingly, it is preferable that "A" be set in
the range from 0.005 mm to 0.070 mm, and in this em-
bodiment, "A" is set to be 0.009 mm.

[0109] In the oil pump rotor assembly configured as
explained above, the tooth tip profile of the outer rotor
220 substantially coincides with the tooth space profile
of the inner rotor 210. As a result, as shown in FIG 8,
the circumferential clearances "ts" along the base circle
are made small while the tip clearance "tt" is maintained
asin a conventional case; therefore, the impacts applied
to the rotors 210 and 220 during rotation become small.
Accordingly, impacts between the internal teeth 221 of
the outer rotor 220 and external teeth 211 of the inner
rotor 210 can be prevented even when driving torque
for the oil pump rotor assembly changes while oil pres-
sure in the oil pump rotor assembly is low; therefore,
quietness of the oil pump rotor assembly can be en-
sured. Moreover, because the rotational force is trans-
mitted in the direction substantially perpendicular to the
tooth surfaces, torque is transmitted between the rotors
210 and 220 without slip and with high efficiency, heat
generation and noise due to sliding friction can be re-
duced.

[0110] FIG 9is a graph showing comparison between

10

15

20

25

30

35

40

45

50

55

13

a backlash (shown by a broken line in FIG 9) of a con-
ventional oil pump rotor assembly with respect to the
rotational position of the inner rotor and a backlash
(shown by a solid line in FIG 9) of the oil pump rotor
assembly of the present embodiment with respect to the
rotational position of the inner rotor. According to this
graph, in the oil pump rotor assembly of the present em-
bodiment, the backlash in the engagement region, the
backlash in the process in which the volume of the cell
C increases, and the backlash in the process in which
the volume of the cell C decreases, are smaller than
those in the conventional oil pump rotor assembly, and
the backlash at a position at which the volume of the cell
C is maximized is substantially equal to that in the con-
ventional oil pump rotor assembly. Accordingly, in the oll
pump rotor assembly of the present embodiment, be-
cause the fluidtight performance of the cell C having the
maximum volume can be ensured, and fluid conveying
efficiency can be maintained substantially the same as
in a conventional pump. In FIG. 9, only the backlash at
a rotational position of the inner rotor from 0° to 198° is
shown because the backlash at a rotational position of
the inner rotor from 198° to 396° is similar (symmetrical)
to that from 198° to 0° shown in FIG 9.

[0111] FIG 10 is a graph showing comparison be-
tween noise from an oil pump incorporating a conven-
tional oil pump rotor assembly and noise from the oil
pump incorporating the oil pump rotor assembly of the
present embodiment. According to this graph, the oil
pump rotor assembly of the present embodiment makes
it possible to reduce noise when compared with the con-
ventional oil pump rotor assembly, i.e., a quiet oil pump
can be made, because the backlash in the engagement
region, the backlash in the process in which the volume
of the cell C increases, and the backlash in the process
in which the volume of the cell C decreases, are smaller
than those in the conventional oil pump rotor assembly
as shown in FIG 9.

[0112] The various elements, dimensions thereof,
and combinations thereof explained in the above em-
bodiments are merely examples, and various modifica-
tions may be made in accordance with design require-
ments without departing from the scope of the present
invention.

[0113] For example, in the above embodiments, the
rotors that form the internal gear type oil pump rotor as-
sembly are so-called cycloid rotors having teeth which
are formed using cycloid curves; however, any rotors
may be used which satisfy the above-mentioned clear-
ance conditions, such as so-called trochoid rotors which
includes an inner rotor having teeth which are formed
using a trochoid envelope curve which is formed by
moving a trajectory circle, whose center is positioned on
a trochoid curve, along the trochoid curve, and an outer
rotor that is engageable with the inner rotor.
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INDUSTRIAL APPLICABILITY

[0114] As explained above, according to the internal
gear type oil pump rotor assembly of the present inven-
tion, because the clearance between the rotors that to-
gether form the cell is minimized at an engagement re-
gion, and then the clearance is continuously increased,
without decreasing, to a maximum size, backlash at a
position at which the teeth engage each other is mini-
mized, and a sufficient clearance is ensured at a rota-
tional position at which the teeth do not contribute to en-
gagement.

[0115] According to another internal gear type oil
pump rotor assembly of the present invention, because
the clearance between the rotors that together form the
cell is maximized, and then the clearance is continuous-
ly decreased, without increasing, to a minimum size at
the engagement region, backlash at a position at which
the teeth engage each other is minimized, and a suffi-
cient clearance is ensured at a rotational position at
which the teeth do not contribute to engagement.
[0116] Accordingly, the external teeth engage the in-
ternal teeth at a position at which a slip component is
minimized so as to transmit rotational force, and the ex-
ternal teeth and the internal teeth do not contribute to
transmitting rotational force at a position at which a slip
component is increased. Therefore, an internal gear
type oil pump rotor assembly can be obtained which
does not emit excessive noise while having low levels
of friction and high mechanical efficiency.

[0117] According to another internal gear type oil
pump rotor assembly of the present invention, a cycloid
type rotor assembly which is formed using cycloid
curves and a trochoid type rotor assembly which is
formed using trochoid curves, both of which have been
conventionally used, can be made so as to emit less
noise and to have lower level of friction; therefore, an
internal gear type oil pump having high performance can
be obtained.

Claims

1. An oil pump rotor assembly comprising:
an inner rotor having "n" external teeth ("n" is a
natural number); and
an outer rotor having (n+1) internal teeth which
are engageable with the external teeth,

wherein the oil pump rotor assembly is used
in an oil pump which, during rotation of the inner
and outer rotors, draws and discharges fluid by vol-
ume change of cells formed between the inner rotor
and the outer rotor,

wherein when a clearance, which is defined
between the teeth of the inner and outer rotors that
together form one of the cells which has the mini-
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mum volume among the cells, is designated as "a",
a clearance, which is defined between the teeth of
the inner and outer rotors that together form one of
the cells whose volume is increasing during rotation
of the inner and outer rotors, is designated as "b",
and a clearance, which is defined between the teeth
of the inner and outer rotors that together form one
of the cells which has the maximum volume among
the cells, is designated as "c", the following inequal-
ities are satisfied:

a<b<c, and a<c, and

wherein when the clearance "b" of the cell po-
sitioned forward as viewed in the direction of rota-
tion is further designated as "b1", and the clearance
"b" in the cell positioned backward as viewed in the
direction of rotation is further designated as "b2",
the following inequality is satisfied:

b1 < b2.

An oil pump rotor assembly according to claim 1,

wherein when a clearance, which is defined
between the teeth of the inner and outer rotors that
together form one of the cells whose volume is de-
creasing during rotation of the inner and outer ro-
tors, is designated as "d", the following inequalities
are satisfied:

as<b<ca<c,anda<d<c, and

wherein when the clearance "d" in the cell po-
sitioned backward as viewed in the direction of ro-
tation is further designated as "d1", and the clear-
ance "d" in the cell positioned forward as viewed in
the direction of rotation is further designated as
"d2", the following inequality is satisfied:

d1 >d2.

An oil pump rotor assembly comprising:
an inner rotor having "n" external teeth ("n" is a
natural number); and
an outer rotor having (n+1) internal teeth which
are engageable with the external teeth,

wherein the oil pump rotor assembly is used
in an oil pump which, during rotation of the inner
and outer rotors, draws and discharges fluid by vol-
ume change of cells formed between the inner rotor
and the outer rotor, and

wherein a clearance, which is defined be-
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tween the teeth of the inner and outer rotors that
together form one of the cells, gradually increases
as the cell rotationally moves from a position at
which the volume of the cell is minimized to a posi-
tion at which the volume of the cell is maximized.

An oil pump rotor assembly according to claim 3,
wherein the clearance, which is defined between
the teeth of the inner and outer rotors that together
form one of the cells, gradually decreases as the
cell rotationally moves from a position at which the
volume of the cell is maximized to a position at
which the volume of the cell is minimized.

An oil pump rotor assembly according to one of
claims 1 to 4, wherein the tooth surfaces of the inner
and outer rotors are respectively formed using cy-
cloid curves which are formed by rolling respective
rolling circles along respective base circles without
slip.

An oil pump rotor assembly according to one of
claims 1 to 4, wherein the tooth surfaces of the inner
rotor are formed using a trochoid envelope curve
which is formed by moving a trajectory circle, whose
center is positioned on a trochoid curve, along the
trochoid curve, and the tooth tips of the outer rotor
are formed using an arc having the same radius as
that of the trajectory circle.

An oil pump rotor assembly according to one of
claims 1 and 3,

wherein each of the tooth profiles of the inner
rotor is formed such that the tip profile thereof is
formed using an epicycloid curve which is formed
by rolling a first circumscribed-rolling circle Ai along
a base circle Di without slip, and the tooth space
profile thereof is formed using a hypocycloid curve
which is formed by rolling a first inscribed-rolling cir-
cle Bi along the base circle Di without slip, and each
of the tooth profiles of the outer rotor is formed such
that the tip profile thereof is formed using an epicy-
cloid curve which is formed by rolling a second cir-
cumscribed-rolling circle Ao along a base circle Do
without slip, and the tip profile thereof is formed us-
ing a hypocycloid curve which is formed by rolling
a second inscribed-rolling circle Bo along the base
circle Do without slip, and

wherein the inner rotor and the outer rotor are
formed such that the following equations are satis-
fied:

oBo=gBi;

gDo=gDi-(n+1)/n+t-(n+1)/(n+2); and
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oA0=gAi+t/(n+2),

where gDi is the diameter of the base circle Di of
the inner rotor, gAi is the diameter of the first cir-
cumscribed-rolling circle Ao, @Bi is the diameter of
the first inscribed-rolling circle Bi, gDo is the diam-
eter of the base circle Do of the outer rotor, gAo is
the diameter of the second circumscribed-rolling
circle Ao, @Bo is the diameter of the second in-
scribed-rolling circle Bo, and t (#0) is a clearance
between the tooth tip of the inner rotor and the tooth
tip of the outer rotor.

An oil pump rotor assembly according to one of
claims 1 and 3,

wherein each of the tooth profiles of the inner
rotor is formed such that the tip profile thereof is
formed using an epicycloid curve which is formed
by rolling a first circumscribed-rolling circle Di along
a base circle "bi" without slip, and the tooth space
profile thereof is formed using a hypocycloid curve
which is formed by rolling a first inscribed-rolling cir-
cle "di" along the base circle "bi" without slip, and
each of the tooth profiles of the outer rotor is formed
such that the tip profile thereof is formed using an
epicycloid curve which is formed by rolling a second
circumscribed-rolling circle Do along a base circle
"bo" without slip, and the tip profile thereof is formed
using a hypocycloid curve which is formed by rolling
a second inscribed-rolling circle "do" along the base
circle "bo" without slip, and

wherein the inner rotor and the outer rotor are
formed such that the following equations and ine-
qualities are satisfied:

gbi=n-(gDi+adi);

gbo=(n+1)-(gDo+gdo);

one of gDi+edi=2e and gDo+gdo=2¢;

oDo > gDi;

odi > ado;

and

(oDi+@adi) < (gDo+@do),

where gbi is the diameter of the base circle "bi" of
the inner rotor, gDi is the diameter of the first cir-
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cumscribed-rolling circle Di, gdi is the diameter of
the first inscribed-rolling circle "di", gbo is the diam-
eter of the base circle "bo" of the outer rotor, gDo is
the diameter of the second circumscribed-rolling
circle Do, @do is the diameter of the second in-

scribed-rolling circle "do", and "e" is an eccentricity
distance between the inner and outer rotors.
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FIG. 1
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FIG. 7
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