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Description
TECHNICAL FIELD

[0001] The presentinvention 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, aninternal 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 rotational 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
discharges fluid as the volume thereof decreases while moving over the discharge port.

[0004] Intheinternal gear type oil pump, the inner rotor 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 between the rotors,
by which rotational force is transmitted, is reviewed. The rotational force is transmitted in the direction 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 contribute 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 mechanical efficiency.

[0006] In order to 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 contribute to transmission of the rotational force (see, for example, Japanese
Unexamined Patent Application, First Publication No. Hei 09-166091).

[0007] Ingeneral,inaninternal 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 clearances is to prevent problems
in which rotation of the rotors 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 proposed 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 uniform cut of
the tooth profiles, partial flattening of the tooth surface, or providing the recess, backlash between the teeth is unnec-
essarily increased; therefore, another problem is encountered in that it is difficult to prevent noise due to irregular
oscillation of the rotors during rotation.

[0009] US 4,976,595 and US 6,077,059 disclose respectively a trichoidal pump and an oil pump.

DISCLOSURE OF THE INVENTION

[0010] The presentinvention 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 excessive noise.

[0011] 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) 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 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 together form one of the cells whose volume is increasing during
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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 inequalities are satisfied:

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

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

bl <=b2 ,

wherein a clearance, which is defined between the teeth of the inner and outer rotors that together form one of the cells,
gradually and continuously 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.

[0012] In a preferred configuration of the the above oil pump rotor assembly, 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 decreasing during
rotation of the inner and outer rotors, is designated as "d", the following inequalities are satisfied:

a<=b<=c,a<c,anda<=d<=c,

and 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:

dl >=d2.

[0013] In the above oil pump rotor assembly, the clearance, which is defined between the teeth of the inner 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 maximized to a position at which the volume of the cell is minimized.

[0014] Accordingly, because the clearance between the rotors that together form the cell is minimized atan engagement
region, 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 minimized, and a sufficient 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 minimizing 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] In the above oil pump rotor assembly, the tooth surfaces of the inner and outer rotors may be respectively
formed using cycloid curves which are formed by rolling respective rolling circles along respective base circles without slip.
[0017] In the above oil pump rotor assembly, the tooth surfaces of the inner rotor may be 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 may be formed using an arc having the same radius as that of the
trajectory circle.

[0018] Accordingly, 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
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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 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 epicycloid curve which is formed by rolling
a second circumscribed-rolling circle Ao along a base circle Do without slip, and the 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 without slip,
and the inner rotor and the outer rotor may be formed such that the following equations are satisfied:

oBo=gBi;

gDo=eDi-(n+1)/n+t(n+1)/(n+2);

and

gAo=pAit+t/(nt+2),

where gDi 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, Do is the diameter of the base circle Do of the outer
rotor, Ao 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 cir-
cumferential length of the base circle thereof, and the sum of the rolling distances of the circumscribed-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:

gDi=n-(gAo+eBo),
and

oDo=(n+1)-(aAo+eBo).

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

oBo=0Bi

inordertoreduce the circumferential clearance between 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 rotor is greater than in the case of a conventional oil pump rotor
assembly, i.e.,

@Do=eDi-(n+1)/n+(n+1)t/(n+2).

[0023] Because the total of a multiple of the rolling distance 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:
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gAo=gAi+t/(nt+2).

[0024] According to this oil pump rotor assembly, because an appropriate radial clearance is ensured between the
external teeth of the inner rotor and the internal teeth of the outer rotor, and the circumferential clearances between the
teeth of the rotors are reduced from that in the conventional case, rattling generated between 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 equations and inequalities
are satisfied:

gbi=n-(sDit+edi);
gbo=(n+1)-(eDo+ado);

one of gDi+edi=2e and gDo+ado=2e;

oDo > oDi;

adi > gdo;
and

(eDi+gdi) < (eDo+edo),

where gbi is the diameter of the base circle "bi" of the inner rotor, gDi 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 eccentricity 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 cir-
cumferential length of the base circle thereof, and the sum of the rolling distances of the circumscribed-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-(eDi+oedi);

and

gbo=(n+1)-(eDo+ado).



10

15

20

25

30

35

40

45

50

55

EP 1 559 912 B1

[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 determined such that the following inequalities
are satisfied:

@Do > aDi;

and

adi > ado,

so that a large backlash, which is defined between the tooth surfaces of the rotors during engagement, is ensured. 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 engagement, and the tooth surface of the outer rotor.

[0028] Moreover, because the inner rotor and the outer rotor engage each other, one of the following equations must
be satisfied:

gDi+adi=2e;

and

eDo+ado=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 backlash, and reducing an engagement resistance, the diameter of the base
circle of the outer rotor is made greater than that in 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 inequality is satisfied:

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

[0030] Accordingly, the following inequality is derived:

(eDi+edi) < (sDo+edo).

[0031] According tothe 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 ensuring 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 1 is a plan view of an internal gear type oil pump rotor assembly according to a first embodiment of the present
invention, in which inter-tooth clearances "a", "b", and "d" are shown.
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FIG 2is a plan view of the internal gear type oil pump rotor assembly according to the first embodiment 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 respect to the rotational
angle of the inner rotor.

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

oBo=0Bi;

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

and

gAo=pAitt/(nt+2),

and tis setto 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 first embodiment 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;

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] The inner rotor 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 counterclockwise 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 volume 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 position at which
06=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 increases.
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[0037] Here, an inter-tooth clearance is defined as the region which closes one of the cells R in the circumferential
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 defined between the teeth of the rotors 10 and 20 that together 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 following inequalities are satisfied:

a<b<c, and a<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 satisfied:

a<=d<=c.

[0040] The comparison between the clearance between 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 conventional rotor assembly
is shown in FIG 3.

[0041] The clearance in the conventional rotor assembly is maximized where the volume of the cell is minimized,
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 beta and gamma in which
the clearance is smaller than that in an engagement effect zone alpha ; therefore, due to friction, mechanical efficiency
may be decreased, and excessive noise may be emitted.

[0042] On the other hand, in the case of the present embodiment, the inter-tooth clearance between the rotors that
together form the cell R gradually and continuously 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 arange 0° < 6 < 198°, when the clearance "b" in the cell R positioned backward as viewed
in the direction of rotation is further designated as "b1", and the clearance "b" in the cell R positioned forward as viewed
in the direction of rotation is further designated as "b2", the following inequality is satisfied over the entire range of the
rotational position 6:

bl <=b2.

[0043] When the inner rotor 20 rotates from the rotational 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 rotational force in the zone a shown in FIG. 1. In the zone a
(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 a,
and the clearance increases further. Accordingly, the teeth of the rotors 10 and 20 tend not to contact each other in the
zone P when compared with the engagement effect zone a.

[0045] The clearance in the zone v (i.e., a performance effect zone) in which the inner rotor 20 has further rotated is
greater than that in the zone B, and the clearance 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 clearance when the volume of the cell R is maximized (Vmax), may
affect the performance of the pump because 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; therefore, 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 maximum
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volume (Vmax), the clearance "d" gradually decreases, in accordance with the rotation of the inner rotor 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 entire range of the rotational position 6:

dl >d2.

[0048] Accordingly, in the process in which the volume 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 a.

[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 a in which the rotational force is efficiently transmitted, the clearance is
made large in the performance effect zone y in which the rotational force cannot be efficiently transmitted, and the
clearance is made to gradually increase between the zones a and v; therefore, the rotational force is transmitted by the
contact between the teeth mainly in the engagement effect zone a, and the teeth tend not to contact each other in other
zones. As a result, 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 equations 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", it is 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 satisfied 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 similar to these, it is preferable that the value "a" be in the following range:

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 excessively 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 invention will be explained below with reference to FIGS. 4 to 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 casing 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 innerrotor 110 and the internal teeth 121 of the outer rotor 120, and is also delimited
at either side portions 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 rotate, and the volume of each of the cells C cyclically increases
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
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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.

[0060] The outer rotor 120 is mounted so as to be rotatable, in the casing 150, about an axis Oo which is disposed
so as to have an offset (the eccentricity distance 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 without 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-rolling circle Ao, and the diameter of the second inscribed-rolling circle Bo are
assumed to be @Di, gAi, 8Bi, Do, gAo, and @Bo, respectively, the equations which will be discussed below must be
satisfied between the inner rotor 110 and the outer rotor 120. Note that dimensions will be expressed in millimeters.
[0062] First, with regard to the inner rotor 110, because the total of a multiple of the rolling distance of the first circum-
scribed-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 revolution 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-oDi=n-n-(sAi+eBi), i.e.,

gDi=n-(sAi+eBi) - (Ia).

[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 multiplying the sum of the rolling distance per revolution of the second circum-
scribed-rolling circle Ao and the rolling distance of the second inscribed-rolling circle Bo by an integer (i.e., by the number
of teeth of the outer rotor 120),

n-eDo=(n+1)-n-(gAo+eBo), i.e.,

gDo=(n+1)-(sAo+eBo) - (Ib).

[0064] Next, the conditions required for determining tooth profiles of the outer rotor 120 according to this embodiment
will be explained below based on a conventional outer rotor "ro" (specifically, the second circumscribed-rolling circle
"ao" (whose diameter is gao), the second inscribed-rolling circle "bo" (whose diameter is gbo), 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:

gdo=eDi-(n+1)/n --- (II);
gdo=(n+1)-(eao+ebo) - (1II);

gao=gAi+t/2 - (Illa);

and
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gbo=gBi-t/2 - (IIIb).
[0067] The inner rotor 110 engaging the outer rotor "ro" satisfies the following generic equations:
gaitebi=gAiteBi=2¢ - (1);
and

gDi=gdo-2e - (2).

[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 engagement region, the
diameters are set as follows:

gBo=gbi=gBi -+ (IV).

[0069] Based on the above equations (IV) and (1),

pai=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=(eDo-gBo+@A0)-(eDiteAi+eAl)

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

t=(eDo-gdo)+(eAo-@ai) - (V).

[0071] Based on the above equations (Ib), (lll), (IV), and (V),

t=(gAo-gai):(nt2) - (VI);

therefore,

gAo=gaitt/(n+2).

[0072] Next, the diameter gDo of the base circle Do is to be found. Based on the above equations (Ib) and (ll1),

oDo-gdo=(n+1)-(gAo+gBo)-(n+1)-(eao+abo).

[0073] Furthermore, based on the above equations (llla), (IlIb), and (IV),

oDo-gdo=(n+1)-(gAo-gai) - (VII).
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[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 (Il), Do can be expressed as follows:

oDo=(n+1)-eDi/n+(n+1)-t/(n+2) - (A).

[0076] Next, by using the equation (Ib),

gAo=eDo/(n+1)-eBo;

therefore, by using the equation (A),

gAo=gDi/n+t/(n+2)- @Bo,

furthermore, by using the equations (la) and (1V),

pA0=pAiI+/(n+2) - (B).

[0077] Bysummarizingthe above equations, the outerrotor 120is formed such thatthe following equations are satisfied:
oBo=gbi=gBi - (IV);

gDo=(n+1)-eDi/n+(n+1)-t/(n+2) - (A);

and

gAo=pAi+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 Diis 52.00 mm, the diameter gAi of the first circumscribed-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 thereof is 70 mm, the
diameter gDo of the base circle Do is 57.31 mm, the diameter gAo of the second circumscribed-rolling circle Ao is 2.51
mm, and the diameter gBo of the second inscribed-rolling circle Bo is 2.70 mm), and the rotors are combined with the
clearance "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 increasing 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 decreasing the volume thereof.

[0080] Each of the cells C draws fluid as the volume thereof increases when the cell C moves over the suction 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, pressure pulsation is generated in fluid being discharged from the
cell C whose volume is decreasing, which leads to generation of cavitation noise, whereby operation 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
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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 degraded, and performance of the
pump, specifically, the volume efficiency thereof, is degraded. Moreover, because transmission of driving torque in
accurately engaged positions 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 inequalities:

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 engagement 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 perpen-
dicularly 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] In this 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 satisfied:

a<b<c,anda<c.

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

bl <b2.

[0087] Furthermore, 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 whose volume is decreasing during rotation of the inner and outer rotors 110 and 120,
is designated as "d", the following inequalities are satisfied:

as<b<c,a<c,anda<d<c.

[0088] Moreover, 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:

dl >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 incorporating the oil pump rotor assembly according to the present embodiment.
According to the graph, noise from the oil pump incorporating the oil pump rotor assembly according to the present
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embodiment is less than that of the conventional oil pump rotor assembly, i.e., the oil pump rotor assembly of the present
embodiment is quieter.

[0090] Next, a third embodiment of the present invention 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 casing 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 of the innerrotor 210 and the internal teeth 221 of the outer rotor 220, and is also delimited
at either side portions 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 rotate, and the volume of each of the cells C cyclically increases
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 rotatable, in the casing 250, about an axis Oo which is disposed
so as to have an offset (the eccentricity distance 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 outer rotor 220,
the diameter of the second circumscribed-rolling circle Do, and the diameter of the second inscribed-rolling circle "do"
are assumed to be gbi, gDi, adi, sbo, gDo, and ado, respectively, the equations which will be discussed below must be
satisfied between 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, because the total of a multiple of the rolling distance of the first circum-
scribed-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 an integer (i.e., by the number of teeth
of the inner rotor 210),

webi=n'n(eDit+edi), i.e.,

obi=n-(eDit+gadi) - (Ia).
[0097] Similarly, with regard to outer rotor 220, the length of circumference of the base circle "bo" of the outer rotor
220 must be equal to the length obtained by multiplying the sum of the rolling distance per revolution of the second

circumscribed-rolling circle Do and the rolling distance of the second inscribed-rolling circle "do" by an integer (i.e., by
the number of teeth of the outer rotor 220),

n-obo=(n+1)-n-(eDo+tedo), i.e.,

gbo=(n+1)-(eDo+ado) - (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:
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eDo > gDi;

and

odi > gdo,

so that a large backlash which is defined between the tooth surfaces of the rotors during engagement is ensured. 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 engagement, and the tooth surface of the outer rotor.

[0099] Moreover, because the inner rotor and the outer rotor engage each other, one of the following equations must
be satisfied:

eDi+adi=2e; .

and

pDo+ado=2e.

[0100] Furthermore, in this invention, in order to make the inner rotor 210 smoothly rotate in the outer rotor 220 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 engages the outer rotor 220, i.e., the following inequality is satisfied:

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

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

(eDi+adi) < (sDo+tedo).

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 inner rotor 210 and the outer rotor 220 are formed such that the following inequalities are satisfied:

0.005 mm < (eDo+edo)-(eDi+edi) < 0.070 mm

(hereinafter, (sDo+gdo)-(gDi+adi) is simply designated as "A").

[0103] In the embodiment, the inner rotor 210 (the diameter gbi of the base circle is 65.00 mm, the diameter @Di of
the first circumscribed-rolling circle Di is 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 gDo of the second circumscribed-rolling circle Do is 3.9135 mm, and
the diameter gdo of the second 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-rolling circle "di" is set to be 2.60 mm, the diameter gDo of
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the second circumscribed-rolling circle Do is set to be 3.9135 mm, and the diameter ado of the second inscribed-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 which each of
the cells C, which are formed between the rotors 210 and 220, moves while gradually increasing 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 decreasing the volume thereof.

[0105] Each of the cells C draws fluid as the volume thereof increases when the cell C moves over the suction 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 external teeth 211 of the inner
rotor and the width of the internal teeth 221 of the outer rotor cannot be appropriately 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 internal 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 embodiment,
"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 aresult, as shown in FIG 8, the circumferential
clearances "ts" along the base circle are made small while the tip clearance "tt" is maintained as in 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 pressure in the oil pump rotor assembly is low; therefore,
quietness of the oil pump rotor assembly can be ensured. Moreover, because the rotational force is transmitted 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 reduced.

[0110] FIG 9 is a graph showing comparison between a backlash (shown by a broken line in FIG 9) of a conventional
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 embodiment, 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 conventional oil pump
rotorassembly. Accordingly, in the oil pump rotor assembly of the presentembodiment, because 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 10is a graph showing comparison between noise from an oil pump incorporating a conventional 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 conventional 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 embodiments are
merely examples, and various modifications may be made in accordance with design requirements 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 assembly
are so-called cycloid rotors having teeth which are formed using cycloid curves; however, any rotors may be used which
satisfy the above-mentioned clearance 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 invention,
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 decreasing, to a maximum size, backlash at a position at which the
teeth engage each other is minimized, and a sufficient clearance is ensured at a rotational position at which the teeth
do not contribute to engagement.

[0115] According to another internal gear type oil pump rotor assembly of the presentinvention, because the clearance
between the rotors that together form the cell is maximized, and then the clearance is continuously 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 sufficient clearance is ensured at a rotational position at which the teeth do not contribute to en-
gagement.

[0116] Accordingly, 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.
[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 (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,

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 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 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", characterised in that the following inequalities are satisfied:

a £ b < ¢, and a<c,

and

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

bl < b2,

wherein a clearance, which is defined between the teeth of the inner and outer rotors that together form one of
the cells, gradually and continuously 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.

2. 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 decreasing during rotation of the inner and outer rotors, is designated as "d", the
following inequalities are satisfied:
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a<b<c a<c and a < d =< c,

and

wherein 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:

dl > d2.

An oil pump rotor assembly according to claim 1, 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 3, wherein the tooth surfaces of the inner and outer
rotors are respectively formed using cycloid 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 3, 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 claim 1,

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 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 epicycloid curve which is formed by rolling a second circumscribed-
rolling circle Ao along a base circle Do without slip, and the 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 without slip, and

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

oBo=pB1i;

gDo=@Di- (n+1) /n+t-(n+1) / (n+2);

and

pAo=pAi+t/ (n+2),

where gDi is the diameter of the base circle Di of the inner rotor, gAi is the diameter of the first circumscribed-rolling
circle Ao, gBi 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.

An oil pump rotor assembly according to claim 1,

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 circle "di" along the base circle "bi" without slip, and each of the tooth profiles of the outer rotor is formed
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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 inequalities are satisfied:

gbi=n-(eDi+edi) ;

obo=(n+1)- ( eDo+edo) ;

one of @Di+edi=2e and eDo+gdo=2e;

gDo > @Di;

gdi > edo:;

and

(oDi+edi) < (e@Do+gdo),

where gbi is the diameter of the base circle "bi" of the inner rotor, gDi is the diameter of the first circumscribed-
rolling circle Di, adi is the diameter of the first inscribed-rolling circle "di", obo is the diameter 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 inscribed-rolling circle "do", and "e" is an eccentricity distance between the inner and outer rotors.

Patentanspriiche
1. Olpumpen-Rotoreinheit mit:

einem Innenrotor (20) mit "n" duBeren Zahnen ("n" ist einen naturliche Zahl); und

einem AulRenrotor (10) mit (n+1) inneren Zahnen, welche mit den dueren Zahnen in Eingriff gelangen kénnen,
wobei die Olpumpen-Rotoreinheit in einer Olpumpe verwendet wird, welche wahrend der Rotation des Innen-
und Auf3enrotors Fluid durch Volumenanderung von zwischen dem Innenrotor und dem AuRenrotor ausgebil-
deten Zellen ansaugt und abgibt,

wobei ein Freiraum mit "a" bezeichnet ist, welcher zwischen den Zahnen des Innen- und AuRenrotors definiert
ist, die zusammen eine der Zellen ausbilden, die von den Zellen das Minimalvolumen aufweist, ein Freiraum
mit "b" bezeichnet ist, welcher zwischen den Zahnen des Innen- und Auenrotors definiert ist, die zusammen
eine der Zellen ausbilden, deren Volumen wahrend der Rotation des Innen- und Auenrotors ansteigt, und ein
Freiraum mit "c" bezeichnet ist, welcher zwischen den Zahnen des Innen- und Au3enrotors definiert ist, die
zusammen eine der Zellen ausbilden, welche von den Zellen das Maximalvolumen aufweist, dadurch gekenn-
zeichnet, dass die folgenden Ungleichungen erfillt sind:

as<b<oc¢c und a < ¢,

und

wobei, wenn der Freiraum "b" der Zelle, der bei Betrachtung in Rotationsrichtung riickwarts gerichtet angeordnet
ist, ferner mit "b1" bezeichnet ist, und der Freiraum "b" in der Zelle, der bei Betrachtung in Rotationsrichtung
vorwarts gerichtet angeordnet ist, ferner mit "b2"bezeichnet ist, die folgende Ungleichung erfiillt ist:
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bl £ b2,

wobei ein Freiraum, welcher zwischen den Zahnen des Innen- und AuRenrotors definiert ist, welche zusammen
eine der Zellen ausbilden, graduell und kontinuierlich zunimmt, wenn sich die Zelle drehend von einer Position,
an welcher das Volumen der Zelle minimiert ist, zu einer Position bewegt, an welcher das Volumen der Zelle
maximiert ist.

Olpumpen-Rotoreinheit nach Anspruch 1,

wobei, wenn ein Freiraum mit "d" bezeichnet ist, welcher zwischen den Zahnen des Innen- und Au3enrotors definiert
ist, welche zusammen eine der Zellen ausbilden, deren Volumen wahrend der Rotation des Innen- und Auf3enrotors
abnimmt, die folgenden Ungleichungen erfiillt sind:

a<b<cg¢c a<c, und a <d<c,

und

wobei, wenn der Freiraum "d" in der Zelle, der bei Betrachtung in Rotationsrichtung riickwéarts gerichtet angeordnet
ist, ferner mit "d1" bezeichnet ist, und der Freiraum "d" in der Zelle, der bei Betrachtung in Rotationsrichtung vorwarts
gerichtet angeordnet ist, ferner mit "d2" bezeichnet ist, die folgende Ungleichung erfillt ist:

di > dz2.

Olpumpen-Rotoreinheit nach Anspruch 1, wobei der Freiraum, welcher zwischen den Zahnen des Innen- und Au-
Renrotors definiert ist, welche zusammen eine der Zellen ausbilden, graduell abnimmt, wenn sich die Zelle drehend
von einer Position, an welcher das Volumen der Zelle maximiert ist, zu einer Position bewegt, an welcher das
Volumen der Zelle minimiert ist.

Olpumpen-Rotoreinheit nach einem der Anspriiche 1 bis 3, wobei die Zahnfldchen des Innen- und AuRenrotors
jeweils unter Verwendung zykloider Kurven ausgebildet sind, welche durch Abrollen ohne Schlupf entsprechender
Abroll-Kreise entlang entsprechender Basiskreise ausgebildet sind.

Olpumpen-Rotoreinheitnach einem der Anspriiche 1 bis 3, wobei die Zahnflichen des Innenrotors unter Verwendung
einer einhlllenden Trochoiden-Kurve ausgebildet sind, welche durch Bewegen eines Bahnkreises, dessen Mitte
auf einer Trochoiden-Kurve angeordnet ist, entlang der Trochoiden-Kurve ausgebildet ist, und die Zahnspitzen des
AuBenrotors unter Verwendung eines Kreisbogens mit dem gleichen Radius wie der des Bahnkreises ausgebildet
sind.

Olpumpen-Rotoreinheit nach Anspruch 1,

wobei jedes der Zahnprofile des Innenrotors derart ausgebildet ist, dass das Spitzenprofil davon unter Verwendung
einer epizykloid-Kurve ausgebildet ist, welche durch Abrollen ohne Schlupf eines ersten Abroll-Umkreises Ai entlang
eines Basiskreises Diausgebildet ist, und das Zahn-Zwischenraumprofil davon unter Verwendung einer hypozykloid-
Kurve ausgebildet ist, welche durch Abrollen ohne Schlupf eines ersten Abroll-Inkreises Bi entlang des Basiskreises
Di ausgebildet ist, und jedes der Zahnprofile des AuRenrotors derart ausgebildet ist, dass das Spitzenprofil davon
unter Verwendung einer epizykloid-Kurve ausgebildet ist, welche durch Abrollen ohne Schlupf eines zweiten Abroll-
Umkreises Ao entlang eines Basiskreises Do ausgebildet ist, und das Spitzenprofil davon unter Verwendung einer
hypozykloid-Kurve ausgebildet ist, welche durch Abrollen ohne Schlupf eines zweiten Abroll-Inkreises Bo entlang
des Basiskreises Do ausgebildet ist, und

wobei der Innenrotor und der AuRenrotor derart ausgebildet sind, dass die folgenden Gleichungen erfiillt sind:

pBo=pBi ;

gDo=gDi: (n+1) /n+t- (n+1)/ (n+2) ;
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und

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

wobei @Di der Durchmesser des Basiskreises Di des Innenrotors ist, @Ai der Durchmesser des ersten Abroll-Um-
kreises Ao ist, @Bi der Durchmesser des ersten Abroll-Inkreises Bi ist, Do der Durchmesser des Basiskreises Do
des Aulienrotors ist, Ao der Durchmesser des zweiten Abroll-Umkreises Ao ist, 2Bo der Durchmesser des zweiten
Abroll-Inkreises Bo ist, und t (#0) ein Freiraum zwischen der Zahnspitze des Innenrotors und der Zahnspitze des
Aulenrotors ist.

Olpumpen-Rotoreinheit nach Anspruch 1,

wobei jedes der Zahnprofile des Innenrotors derart ausgebildet ist, dass das Spitzenprofil davon unter Verwendung
einer epizykloid-Kurve ausgebildet ist, welche durch Abrollen ohne Schlupf eines ersten Abroll-Umkreises Di entlang
eines Basiskreises "bi" ausgebildet ist, und das Zahn-Zwischenraumprofil davon unter Verwendung einer hypozy-
kloid-Kurve ausgebildet ist, welche durch Abrollen ohne Schlupf eines ersten Abroll-Inkreises "di" entlang des Ba-
siskreises "bi" ausgebildet ist, und jedes der Zahnprofile des Aufenrotors derart ausgebildet ist, dass das Spitzen-
profil davon unter Verwendung einer epizykloid-Kurve ausgebildet ist, welche durch Abrollen ohne Schlupf eines
zweiten Abroll-Umkreises Do entlang einen Basiskreises "bo" ausgebildet ist, und das Spitzenprofil davon unter
Verwendung einer hypozykloid-Kurve ausgebildet ist, welche durch Abrollen ohne Schlupf eines zweiten Abroll-
Inkreises "do" entlang des Basiskreises "bo" ausgebildet ist, und

wobei der Innenrotor und der AuRRenrotor derart ausgebildet sind, dass die folgenden Gleichungen und Ungleichun-
gen erfiillt sind:

obi=n' (eDi+edi) ;

gbo=(n+1) - ( sDo+8do) ;

one of @gDi+edi=2e und eDo+egdo=2e;

oDo > @Di;

ogdi > gdo;

und

(6Di+odi) < (eDo+gdo),

wobei gbi der Durchmesser des Basiskreises "bi" des Innenrotors ist, aDi der Durchmesser des ersten Abroll-
Umkreises Di ist, adi der Durchmesser des ersten Abroll-Inkreises "di" ist, obo der Durchmesser des Basiskreises
"bo" des AuRenrotors ist, Do der Durchmesser des zweiten Abroll-Umkreises Do ist, edo der Durchmesser des
zweiten Abroll-Inkreises "do" ist, und "e" ein exzentrischer Abstand zwischen dem Innen- und Auf3enrotor ist.

Revendications

1.

Ensemble rotor de pompe a huile comprenant :
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un rotor intérieur (20) ayant "n" dents externes ("n" est un entier naturel) ; et

un rotor extérieur (10) ayant (n+1) dents internes pouvant s’engager avec les dents externes,

dans lequel 'ensemble rotor de pompe a huile est utilisé dans une pompe a huile qui, pendant la rotation des
rotors intérieur et extérieur, aspire et décharge un fluide par changement de volume des alvéoles formées entre
le rotor intérieur et le rotor extérieur,

dans lequel un jeu, qui est défini entre les dents des rotors intérieur et extérieur qui forment ensemble I'une des
alvéoles qui a le volume minimal parmi les alvéoles, est nommé "a", un jeu, qui est défini entre les dents des
rotors intérieur et extérieur qui forment ensemble 'une des alvéoles dont le volume augmente pendant la rotation
des rotors intérieur et extérieur, est nommé "b", et un jeu, qui est défini entre les dents des rotors intérieur et
extérieur qui forment ensemble I'une des alvéoles qui a le volume maximal parmi les alvéoles, est nommé "c",
caractérisé en ce que les inégalités suivantes sont satisfaites :

a<b<c¢ etac<ecg,

et

dans lequel, lorsque le jeu "b" " de l'alvéole positionnée vers 'arriére, telle que vue dans la direction de rotation
est en outre nommeé "b1", et le jeu "b" dans 'alvéole positionnée vers I'avant, telle que vue dans la direction de
rotation est en outre nommé "b2", I'inégalité suivante est satisfaite :

bl £ b2,

dans lequel un jeu, qui est défini entre les dents des rotors intérieur et extérieur qui forment ensemble I'une des
alvéoles, augmente progressivement et en continu a mesure que I'alvéole se déplace en rotation d’'une position
a laquelle le volume de l'alvéole est minimisé vers une position a laquelle le volume de I'alvéole est maximisé.

Ensemble rotor de pompe a huile selon la revendication 1,

dans lequel lorsqu’un jeu, qui est défini entre les dents des rotors intérieur et extérieur qui forment ensemble I'une
des alvéoles dont le volume diminue pendant la rotation des rotors intérieur et extérieur, est nommeé "d", les inégalités
suivantes sont satisfaites :

as<b<c¢c a<c etacs<d-*<oec,

et

dans lequel, lorsque le jeu "d" dans l'alvéole positionnée vers I'arriere, telle que vue dans la direction de rotation,
est en outre nommé "d1", et le jeu "d" dans l'alvéole positionnée vers 'avant, telle que vue dans la direction de
rotation, est en outre nommeé "d2", I'inégalité suivante est satisfaite :

dlL 2 d2.

Ensemble rotor de pompe a huile selon la revendication 1, dans lequel le jeu, qui est défini entre les dents des
rotors intérieur et extérieur qui forment ensemble I'une des alvéoles, diminue progressivement a mesure que l'alvéole
se déplace en rotation d’une position a laquelle le volume de I'alvéole est maximisé vers une position a laquelle le
volume de I'alvéole est minimisé.

Ensemble rotor de pompe a huile selon 'une des revendications 1 a 3, dans lequel les surfaces de dents des rotors
intérieur et extérieur sont respectivement formées en utilisant des courbes cycloides qui sont formées en faisant
rouler des cercles de roulement respectifs le long de cercles de base respectifs sans glissement.

Ensemble rotor de pompe a huile selon I'une des revendications 1 a 3, dans lequel les surfaces de dents du rotor
intérieur sont formées en utilisant une courbe enveloppe trochoide qui est formée en déplagant un cercle de trajec-
toire, dont le centre est positionné sur une courbe trochoide, le long de la courbe trochoide, et les pointes des dents
du rotor extérieur sont formées en utilisant un arc ayant le méme rayon que celui du cercle de trajectoire.
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Ensemble rotor de pompe a huile selon la revendication 1,

dans lequel chacun des profils de dents du rotor intérieur est formé de sorte que son profil de pointe soit formé en
utilisant une courbe épicycloide qui est formée en faisant rouler un premier cercle de roulement circonscrit Ai le
long d’un cercle de base Di sans glissement, et son profil d’espace de dent est formé en utilisant une courbe
hypocycloide qui est formée en faisant rouler un premier cercle de roulement inscrit Bi le long du cercle de base Di
sans glissement, et chacun des profils de dents du rotor extérieur est formé de sorte que son profil de pointe soit
formé en utilisant une courbe épicycloide qui est formée enfaisant rouler un deuxiéme cercle de roulement circonscrit
Ao le long d’'un cercle de base Do sans glissement, et son profil de pointe est formé en utilisant une courbe hypo-
cycloide qui est formée en faisant rouler un deuxiéme cercle de roulement inscrit Bo le long du cercle de base Do
sans glissement, et

dans lequel le rotor intérieur et le rotor extérieur sont formés de sorte que les équations suivantes sont satisfaites :

@Bo = @Bi ;

¢Do = @Di.(n+1)/n + t. (n+l)/ (n+2) ;

et

@Aoc = @AL + t/(n+2),

ou ODi est le diameétre du cercle de base Di du rotor intérieur, gAi est le diameétre du premier cercle de roulement
circonscrit Ao, 0Bi est le diamétre du premier cercle de roulement inscrit Bi, gDo est le diamétre du cercle de base
Do du rotor extérieur, Ao est le diamétre du deuxiéme cercle de roulement circonscrit Ao, @Bo est le diamétre du
deuxiéme cercle de roulement inscrit Bo, et t (#0) est un jeu entre la pointe de dent du rotor intérieur et la pointe de
dent du rotor extérieur.

Ensemble rotor de pompe a huile selon la revendication 1,

dans lequel chacun des profils de dents du rotor intérieur est formé de sorte que son profil de pointe soit formé en
utilisant une courbe épicycloide qui est formée en faisant rouler un premier cercle de roulement circonscrit Di le
long d’un cercle de base "bi" sans glissement, et son profil d’espace de dent est formé en utilisant une courbe
hypocycloide qui est formée en faisant rouler un premier cercle de roulement inscrit "di" le long du cercle de base
"bi" sans glissement, et chacun des profils de dents du rotor extérieur est formé de sorte que son profil de pointe
soit formé en utilisant une courbe épicycloide qui est formée en faisant rouler un deuxieme cercle de roulement
circonscrit Do le long d’un cercle de base "bo" sans glissement, et son profil de pointe est formé en utilisant une
courbe hypocycloide qui est formé en faisant rouler un deuxiéme cercle de roulement inscrit "do" le long du cercle
de base "bo" sans glissement, et

dans lequel le rotor intérieur et le rotor extérieur sont formés de sorte que les équations et les inégalités suivantes
soient satisfaites :

@bi = n .(0Di + @di) ;
gbo = (n + 1) . (@Do + @do) ;
1l'une de @Di + @di = 2e et @Do + @do = 2e ;
@ho > @Dhi ;

@di > @do ; et
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(D1 + @di) < (@Do + @do),

ou Obi est le diametre du cercle de base "bi" du rotor intérieur, ODi est le diamétre du premier cercle de roulement
circonscrit Di, 0di est le diamétre du premier cercle de roulement inscrit "di", abo est le diameétre du cercle de base
"bo" du rotor extérieur, gDo est le diamétre du deuxiéme cercle de roulement circonscrit Do, @do est le diamétre
dudeuxiéme cercle de roulementinscrit"do" et "e" est une distance d’excentricité entre les rotors intérieur et extérieur.
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FIG. 1
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FIG. 7
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