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Description

TECHNICAL FIELD

[0001] The present invention relates to a face gear and
a gear device.

BACKGROUND ART

[0002] In a face gear, which has annularly arranged
gear teeth, lubrication of the gear teeth, which contact
an associated gear meshing with the face gear, is an
Important task. For example, document JP 2002-233276
A discloses a structure in which the surface of each tooth
have steps for retaining lubricant. Document JP
2010-75075 A discloses a structure in which a groove
for retaining lubricant is formed in the tooth bottom.
[0003] Document JP 2009-74666 A discloses a struc-
ture in which a lubricant retaining portion is formed in a
radially outer portion of each gear tooth.
[0004] Document JP 2009-74663 A discloses a struc-
ture of a gear with gear teeth. An associated gear moves
along a part of the tooth surface of each gear tooth while
making rolling contact. A recess for retaining lubricant is
formed in the part contacting the associated gear. That
is, when the face gear rotates, the parts contacting the
associated gear moves diagonally along each tooth sur-
face of the face gear. Since the lubricant retaining por-
tions are formed at parts of the tooth surfaces that cor-
respond to the paths of the contacting portions, which
are moving, each gear tooth can be effectively lubricated.
[0005] Document JP H10-203436 A discloses a sun
gear of a planetary gear train having plural oil grooves
provided in a reverse side of a tooth profile.

SUMMARY OF THE INVENTION

Problems that the Invention is to Solve

[0006] However, in a configuration of a face gear that
has steps or recesses in parts that contact an associated
gear, the meshing state with the associated gear may be
unstable. To avoid the drawback, a lubricant retaining
portion may be formed at a part that is away from the
parts that directly contact the associated gear, for exam-
ple, at the tooth bottom. However, such a structure may
lead to shortage of supply of lubricant.
[0007] Accordingly, it is the object of the present inven-
tion to provide a face gear and a gear device that are
capable of effectively lubricating gear teeth while sup-
pressing instability of the meshing state.

Means for Solving the Problem

[0008] The object of the invention is achieved by a face
gear according to claim 1.
[0009] Advantageous embodiments are carried out ac-
cording to the dependent claims.

[0010] Since, according to claim 1, a single recess for
retaining lubricant is formed in each of the concave tooth
surface and the convex tooth surface, each tooth is ef-
fectively lubricated. This reduces the frictional resistance
of the respective tooth surface, so that the gear efficiency
and the quietness are improved. However, to stabilize
the meshing state of gears, the part of the respective
tooth surface that is located between the tooth tip and
the pitch point is preferably flat and smooth. In this regard,
the face gear according to claim 1 has no recesses in
the part of the respective tooth surface that is located
between the tooth tip and the pitch point. It is thus possible
to effectively lubricate the gear teeth while suppressing
instability of the meshing state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a plan view illustrating a gear device accord-
ing to one embodiment of the present invention;
Fig. 2 is a perspective view illustrating a meshing
portion between the face gear and the input gear of
the gear device shown in Fig. 1;
Fig. 3 is a plan view of a gear tooth of the face gear
shown in Fig. 2;
Fig. 4 is a perspective view of the gear tooth shown
in Fig. 3;
Fig. 5 is an explanatory diagram showing a recess
formed in the tooth surface of the gear tooth shown
in Fig. 3; and
Fig. 6 is a cross-sectional view taken along line VI-
VI of Fig. 5.

MODES FOR CARRYING OUT THE INVENTION

[0012] Hereinafter, a preferred embodiment of the
present invention will be described with reference to
drawings.
[0013] As shown in Fig. 1, a gear device 1 includes an
input gear 3 formed on an input shaft 2 and a face gear
4 meshing with the input gear 3.
[0014] The face gear 4 includes a disk portion 6, which
has a rotary shaft 5 at the center, and gear teeth 8, which
are annularly arranged on a face 7 of the disk portion 6.
In the present embodiment, the face gear 4 is arranged
such that the rotary shaft 5 is at a skewed position with
respect to the input shaft 2. The input gear 3, which is an
associated gear, is a pinion gear having a diameter small-
er than that of the face gear 4.
[0015] As shown in Fig. 2, the gear teeth 8 of the face
gear 4 are formed at the periphery of the disk portion 6
such that tooth tips 8a protrude in a direction parallel with
the rotary shaft 5 (refer to Fig. 1, in the direction perpen-
dicular to the sheet of the drawing). The input gear 3 is
a helical gear with a small number of teeth. Specifically,
the input gear 3 has two-thread gear teeth 3a, which are
twisted in a screw-like manner. Each gear tooth 8 of the
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face gear 4 extends from the radially inner end to the
radially outer end and is diagonal relative to the radial
direction. The gear teeth 8 are twisted to make rolling
contact with the gear teeth 3a of the input gear 3. As
shown in Fig. 3, the radially inner end of each gear tooth
8 will be referred to as a first end E1, and the radially
outer end will be referred to as a second end E2. The
first end E1 and the second end E2 are ends E in the
widthwise direction of the gear tooth 8.
[0016] As illustrated in Fig. 3, each gear tooth 8 of the
face gear 4 has two curved tooth surfaces 9. One of the
tooth surfaces 9 is a concave tooth surface 9a and the
other tooth surface 9 is a convex tooth surface 9b. Each
tooth surface 9 has a recess 10 for retaining non-illus-
trated lubricant (for example, grease). Each recess 10 Is
formed at a part of the corresponding tooth surface 9 that
is close to the tooth bottom 8b, and close to the end E in
the tooth widthwise direction, where the tooth surface 9
starts meshing with the input gear 3.
[0017] As illustrated in Figs. 3 and 4, parts of the face
gear 4 of the present embodiment that contact the asso-
ciated gear (the input gear 3), or the meshing parts, move
diagonally on the tooth surfaces 9 of the gear tooth 8.
Specifically, on the concave tooth surface 9a, the part
that contacts the Input gear 3 diagonally moves from a
position close to the tooth bottom 8b of the first end E1
at the radially inner end to a position close to the tooth
tip 8a of the second end E2 at the radially outer end. On
the convex tooth surface 9b, the part that contacts the
input gear 3 diagonally moves from a position close to
the tooth bottom 8b of the second end E2 at the radially
outer end to a position close to the tooth tip 8a of the first
end E1 at the radially inner end. That is, the part of each
gear tooth 8 that starts meshing with the gear teeth 3a
of the input gear 3 is shifted In the tooth widthwise direc-
tion according to the rotational direction of the face gear
4. Each recess 10 is formed at the meshing starting po-
sition in the corresponding tooth surface 9. That is, in the
concave tooth surface 9a, the recess 10 is located In the
vicinity of the tooth bottom 8b of the first end E1 at the
radially inner end. In the convex tooth surface 9b, the
recess 10 is located In the vicinity of the tooth bottom 8b
of the second end E2 at the radially outer end.
[0018] More specifically, in the face gear 4 of the
present embodiment, a recess forming area α, in which
the recess 10 is formed, is set at a position between the
tooth bottom 8b and the pitch point P of the gear tooth 8
(a point on the path indicated by a long dash alternating
with a short dash in the drawing) as shown in Fig. 5.
[0019] In the present embodiment, the size of the gear
tooth 8 is set to be substantially 2.25 modules, and the
pitch point P is set at the position separated from the
tooth tip 8a by 1 module (1.25 modules from the tooth
bottoms 8b). The module (M) is a known value that is
obtained by dividing the diameter (R) of the pitch circle
by the number (T) of the gear teeth (M = R/T). The recess
forming area α is formed between the tooth bottom 8b
and a position separated away from the pitch point P

toward the tooth bottoms 8b by a distance of 0.5 modules
(position indicated by a broken line in Fig. 5). In other
words, the recess forming area α is separated away to-
ward the tooth bottom 8b from the pitch point P by a
distance greater than 0.5 modules. More specifically, the
recess forming area α is located in a range between the
tooth bottom 8b and the position separated away from
the pitch point P toward the tooth bottom 8b by a distance
of 0.5 modules.
[0020] When the width of the gear tooth 8 (the lateral
length in Fig. 5) is represented by L, the recess forming
area α is located in the range between the end E in the
tooth widthwise direction, where the tooth surface 9 starts
meshing with the input gear 3, and a position separated
away from the end E by a distance of 0.25 L to 0.5 L, that
is, between the end E and a position separated from the
end E by a quarter to half the tooth width L.
[0021] Since the recess 10 is formed only on the side
of the pitch point P corresponding to the tooth bottom 8b,
the meshing state of the gear teeth 3a, 8 is stabilized.
Further, since the recess 10 retaining lubricant exists at
the position where meshing with the input gear 3 starts,
the lubricant on the gear teeth 3a of the input gear 3 at
the position corresponding to the recess 10 is applied to
the tooth surfaces 9 of the gear tooth 8 as the contacting
portions of the gear teeth 3a, 8 move. In the present em-
bodiment, it is thus possible to effectively lubricate the
gear teeth 8 while suppressing instability of the meshing
state.
[0022] The recess 10 has a shape that narrows toward
the tooth tip 8a. Specifically, the recess 10 is shaped
such that the opening width W in the tooth widthwise
direction becomes narrower as the distance from the
tooth tip 8a decreases. As shown in Fig. 6, the recess 10
is shaped such that the depth D from the tooth surface
9 becomes shallower as the distance from the tooth tip
8a decreases. That is, the recess 10 of the present em-
bodiment is designed such that, as the distance from the
tooth tip 8a decreases, the volume (or the cross-sectional
area) of the recess 10 decreases.
[0023] The present embodiment has the following ad-
vantages.

(1) The tooth surface 9 of the gear tooth 8 has the
recess 10 for retaining lubricant (such as grease).
The recess forming area α, in which the recess 10
is formed, is located between the tooth bottom 8b
and the pitch point P of the gear tooth 8.
Since the recess 10 for retaining lubricant is formed
in the tooth surface 9, each tooth 8 is effectively lu-
bricated. This reduces the frictional resistance of the
tooth surface 9, so that the gear efficiency and the
quietness are improved. However, to stabilize the
meshing state of gears, the part of the tooth surface
9 that is located between the tooth tip 8a and the
pitch point P is preferably flat and smooth. In this
regard, the present embodiment has no recesses 10
in the part of the tooth surface 9 that is located be-
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tween the tooth tip 8a and the pitch point P. It is thus
possible to effectively lubricate the gear teeth 8 while
suppressing instability of the meshing state.
(2) The recess forming area α is separated from the
pitch point P toward the tooth bottom 8b by a distance
greater than half the module. That is, regarding the
stability of the meshing state, an area about the pitch
point P has a great influence. Thus, by not providing
the recess forming area α in the vicinity of the pitch
point P, the meshing state between the gears can
be further stabilized.
(3) A position of each gear tooth 8 of the face gear
4 at which the gear tooth 8 starts meshing with the
input gear 3 is located in the vicinity of the tooth bot-
tom 8b and at the end E in the tooth widthwise di-
rection. Since the recess 10 retaining lubricant exists
at the position where meshing with the input gear 3
starts, the lubricant on the gear teeth 3a of the input
gear 3 at the position corresponding to the recess
10 is applied to the tooth surfaces 9 of the gear tooth
8 as the contacting portions of the gear teeth 3a, 8
move. As a result, the gear teeth 8 are effectively
lubricated without forming the recess 10 at a position
between the tooth tip 8a and the pitch point P.
(4) The recess forming area α is located in the range
between the end E in the tooth widthwise direction,
at which meshing with the input gear 3 starts, and a
position separated from the end E by a quarter to
half the tooth width L. It is thus possible to effectively
lubricate the gear teeth 8 while suppressing instabil-
ity of the meshing state.
(5) The recess 10 has a shape that narrows toward
the tooth tip 8a. Such a shape of the recess 10 im-
proves the lubricant retaining performance. This al-
lows the gear teeth 8 to be lubricated for an extended
period of time.
(6) A greater volume of the recess 10 is advanta-
geous for the lubricant retaining performance. In the
present embodiment, since the single recess 10 is
formed in the recess forming area α, the volume of
the recess 10 can be maximized to improve the lu-
bricant retaining performance. In addition, the recess
10 can be formed easily.
(7) The input gear 3, which meshes with the face
gear 4, is a helical gear, which is twisted in a screw-
like manner. Helical gears are suitable for achieving
a higher reduction ratio. In the gear device 1, which
has such a helical gear, it is particularly advanta-
geous to effectively perform lubrication while stabi-
lizing the meshing state between gears.

[0024] The above described embodiment may be mod-
ified as follows.
[0025] In the above embodiment, the gear teeth 8 of
the face gear 4 are formed to be twisted like the gear
teeth 3a of the input gear 3, so that the gear teeth 3a, 8
make rolling contact. However, the gear teeth 8 of the
face gear 4 and the gear teeth 3a of the input gear 3 may

be teeth of spur gears.
[0026] In the above illustrated embodiment, the input
gear 3 is a helical gear with a small number of teeth.
Specifically, the input gear 3 has two-thread gear teeth
3a, which are twisted in a screw-like manner. However,
the number of threads of the input gear 3 may be three
or more, and alternatively one if possible.
[0027] In the above illustrated embodiment, the recess
is separated from the pitch point P toward the tooth bot-
tom 8b by a distance greater than half the module. How-
ever, the position of the recess is not limited to this as
long as the recess is closer to the tooth bottom 8b than
the pitch point P.
[0028] In the above illustrated embodiment, the recess
is located in the range between the end E in the tooth
widthwise direction, at which meshing starts, and a po-
sition separated from the end E by a quarter to half the
tooth width L. The present invention is not limited to this,
but the size of the recess in the tooth widthwise direction
may be changed. For example, a part of the gear tooth
8 between the tooth bottom 8b and the pitch point P may
be defined as a recess forming area α over the entire
tooth width.
[0029] In the above illustrated embodiment, grease (a
typical lubricant that has viscosity and fluidity) is used as
the lubricant. However, any type of lubricant may be
used.
[0030] The shape of the recess 10 may be changed
as necessary in accordance with, for example, a required
lubrication performance and a required period of reten-
tion of lubricant.

Claims

1. A face gear (4) comprising a plurality of annularly
arranged gear teeth (8), wherein
each gear tooth (8) has two curved tooth surfaces
(9), a tooth bottom (8b), and a tooth tip (8a),
characterized in that
the two curved tooth surfaces (9) including a concave
tooth surface (9a) and a convex tooth surface (9b),
each gear tooth (8) has a radially inner end (E1) and
a radially outer end (E2) in a tooth widthwise direc-
tion,
each of the concave and convex tooth surfaces (9a,
9b) has a single recess (10) for retaining lubricant,
the single recess (10) is formed in each of the con-
cave and convex tooth surfaces (9a, 9b) only be-
tween the tooth bottom (8b) and a pitch point (P) of
the gear tooth (8), and
the single recess (10) in the concave tooth surface
(9a) is located in the vicinity of the tooth bottom (8b)
of the radially inner end (E1), and the single recess
(10) in the convex tooth surface (9b) is located in the
vicinity of the tooth bottom (8b) of the radially outer
end (E2).
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2. The face gear (4) according to claim 1, wherein the
recess (10) is separated from the pitch point (P) to-
ward the tooth bottom (8b) by a distance greater than
half a module.

3. The face gear (4) according to claim 1 or 2, wherein,
in each gear tooth (8), a position on the concave
tooth surface (9a) at which meshing with an associ-
ated gear (3) starts is located in the vicinity of the
tooth bottom (8b) of the radially inner end (E1), and
a position on the convex tooth surface (9b) at which
meshing with the associated gear (3) starts is located
in the vicinity of the tooth bottom (8b) of the radially
outer end (E2).

4. The face gear (4) according to claim 3, wherein the
recess (10) is located in a range between the end
(E) in the tooth widthwise direction, at which the
meshing starts, and a position separated from the
end (E) by a quarter to half a tooth width.

5. The face gear (4) according to any one of claims 1
to 4, wherein the recess (10) has a shape that nar-
rows toward the tooth tip (8a).

6. A gear device comprising the face gear (4) according
to any one of claims 1 to 5.

7. The gear device according to claim 6, further com-
prising an associated gear (3) that meshes with the
face gear (4),
wherein the associated gear (3) is a helical gear that
is twisted in a screw-like manner.

Patentansprüche

1. Stirnrad (4) mit einer Mehrzahl von ringförmig ange-
ordneten Zahnradzähnen (8), wobei
jeder Zahnradzahn (8) zwei gekrümmte Zahnober-
flächen (9), einen Zahnfuß (8b) und einen Zahnkopf
(8a) aufweist,
dadurch gekennzeichnet, dass
die zwei gekrümmten Zahnoberflächen (9) eine kon-
kave Zahnoberfläche (9a) und eine konvexe Zahno-
berfläche (9b) haben,
jeder Zahnradzahn (8) ein radial innenliegendes En-
de (E1) und ein radial außenliegendes Ende (E2) in
einer Richtung des Zahns der Breite nach aufweist,
jede aus den konkaven und konvexen Zahnoberflä-
chen (9a, 9b) eine einzelne Aussparung (10) zum
Halten eines Schmiermittels aufweist,
die einzelne Aussparung (10) in jeder aus den kon-
kaven und konvexen Zahnoberflächen (9a, 9b) le-
diglich zwischen dem Zahnfuß (8b) und einem Wälz-
punkt (P) des Zahnradzahns (8) ausgebildet, und
die einzelne Aussparung (10) in der konkaven
Zahnoberfläche (9a) in der Nähe des Zahnfußes (8b)

des radial innenliegenden Endes (E1) angeordnet
ist, und die einzelne Aussparung (10) in der konve-
xen Zahnoberfläche (9b) in der Nähe des Zahnfußes
(8b) des radial außenliegenden Endes (E2) ange-
ordnet ist.

2. Stirnrad (4) nach Anspruch 1, wobei die Aussparung
(10) von dem Wälzpunkt (P) zu dem Zahnfuß (8b)
um einen Abstand getrennt ist, der größer als ein
halber Modul ist.

3. Stirnrad (4) nach Anspruch 1 oder 2, wobei in jedem
Zahnradzahn (8) eine Position auf der konkaven
Zahnoberfläche (9a), an der er mit einem zugeord-
neten Zahnrad (3) zu kämmen beginnt, in der Nähe
des Zahnfußes (8b) des radial innenliegenden En-
des (E1) angeordnet ist, und eine Position auf der
konvexen Zahnoberfläche (9b), von der er das Käm-
men mit dem zugeordneten Zahnrad (3) beginnt, in
der Nähe des Zahnfußes (8b) des radial außenlie-
genden Endes (E2) angeordnet ist.

4. Stirnrad (4) nach Anspruch 3, wobei die Aussparung
(10) in einem Bereich zwischen dem Ende (E) in
Richtung des Zahns der Breite nach angeordnet ist,
an dem das Kämmen beginnt, und einer Position,
die von dem Ende (E) um ein Viertel bis zu einer
Hälfte einer Breite des Zahns getrennt ist.

5. Stirnrad (4) nach einem der Ansprüche 1 bis 4, wobei
die Aussparung (10) eine Form aufweist, die sich zu
dem Zahnkopf (8a) hin verengt.

6. Getriebevorrichtung mit dem Stirnrad (4) nach einem
der Ansprüche 1 bis 5.

7. Getriebevorrichtung nach Anspruch 6, außerdem
mit einem zugeordneten Zahnrad (3), das mit dem
Stirnrad (4) kämmt,
wobei das zugeordnete Zahnrad (3) ein Schnecken-
rad ist, das in einer schraubenartigen Weise verdreht
ist.

Revendications

1. Engrenage à denture frontale (4) comprenant une
pluralité de dents d’engrenage (8) agencées de ma-
nière annulaire, dans lequel
chaque dent d’engrenage (8) a deux surfaces de
dents courbes (9), un fond de dent (8b), et une pointe
de dent (8a),
caractérisé en ce que
les deux surfaces de dents courbes (9) comportent
une surface de dent concave (9a) et une surface de
dent convexe (9b),
chaque dent d’engrenage (8) a une extrémité radia-
lement intérieure (E1) et une extrémité radialement
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extérieure (E2) dans une direction de largeur de
dent,
chacune des surfaces de dent concave et convexe
(9a, 9b) a un évidement unique (10) pour retenir un
lubrifiant,
l’évidement unique (10) est formé dans chacune des
surfaces de dent concave et convexe (9a, 9b) uni-
quement entre le fond de dent (8b) et un point primitif
(P) de la dent d’engrenage (8), et
l’évidement unique (10) dans la surface de dent con-
cave (9a) est situé au voisinage du fond de dent (8b)
de l’extrémité radialement intérieure (E1), et l’évide-
ment unique (10) dans la surface de dent convexe
(9b) est situé au voisinage du fond de dent (8b) de
l’extrémité radialement extérieure (E2).

2. Engrenage à denture frontale (4) selon la revendi-
cation 1, dans lequel l’évidement (10) est séparé du
point primitif (P) vers le fond de dent (8b) d’une dis-
tance supérieure à la moitié d’un module.

3. Engrenage à denture frontale (4) selon la revendi-
cation 1 ou 2, dans lequel, dans chaque dent d’en-
grenage (8), une position sur la surface de dent con-
cave (9a) à laquelle l’engrènement avec un engre-
nage associé (3) commence est située au voisinage
du fond de dent (8b) de l’extrémité radialement inté-
rieure (E1), et une position sur la surface de dent
convexe (9b) à laquelle l’engrènement avec l’engre-
nage associé (3) commence est située au voisinage
du fond de dent (8b) de l’extrémité radialement ex-
térieure (E2).

4. Engrenage à denture frontale (4) selon la revendi-
cation 3, dans lequel l’évidement (10) est situé dans
une plage entre l’extrémité (E) dans la direction de
la largeur de dent, à laquelle l’engrènement com-
mence, et une position séparée de l’extrémité (E)
par un quart à la moitié d’une largeur de dent.

5. Engrenage à denture frontale (4) selon l’une quel-
conque des revendications 1 à 4, dans lequel l’évi-
dement (10) a une forme qui se rétrécit vers la pointe
de dent (8a).

6. Dispositif d’engrenage comprenant l’engrenage à
denture frontale (4) selon l’une quelconque des re-
vendications 1 à 5.

7. Dispositif d’engrenage selon la revendication 6,
comprenant en outre un engrenage associé (3) qui
s’engrène avec l’engrenage à denture frontale (4),
dans lequel l’engrenage associé (3) est un engrena-
ge hélicoïdal qui est torsadé à la façon d’une vis.
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