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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to cup-type strain
wave gearings, and in particular, relates to a small-size,
cup-shaped flexible externally toothed gear for a cup-
type strain wave gearing.

Description of the Related Art

[0002] FIG. 1A is a longitudinal cross sectional view
showing a typical cup-type strain wave gearing, and FIG.
1B is a schematic diagram thereof when cut along a plane
perpendicular to a center axis line of the device. As shown
in these drawings, the strain wave gearing 1 has an an-
nular rigid internally toothed gear 2, a cup-shaped flexible
externally toothed gear 3 arranged inside the rigid inter-
nally toothed gear in a concentric manner, and an ellip-
soidal-contoured wave generator 4 fitted inside the flex-
ible externally toothed gear 3. The flexible externally
toothed gear 3 has a flexible cylindrical body 11, a dia-
phragm 12 extending radially inward from one end of the
cylindrical body in the direction of the center axis line 1a,
and a rigid boss 13 continued to the inner peripheral edge
of the diaphragm 12.
[0003] A portion of the cylindrical body 11 of the flexible
externally toothed gear 3 where external teeth 14 are
formed is flexed by the wave generator 4 into an ellipsoi-
dal shape, whereby the external teeth 14 located on both
ends in the major-axis direction of the ellipsoidal shape
are meshed with internal teeth 15 of the rigid internally
toothed gear 2. Since the difference in number of teeth
between the both gears 2 and 3 is 2n (n is a positive
integer), the meshing positions between the both gears
2 and 3 move circumferentially to generate relative rota-
tion between the gears according to the difference in
number of teeth when the wave generator 4 is rotated by
a motor or another rotational source. Typically, the rigid
internally toothed gear 2 is fixed so as not to rotate, and
a greatly reduced-speed rotation is output from the flex-
ible externally toothed gear 3.
[0004] FIGS. 2A, 2B and 2C are explanatory views
showing longitudinal cross sections of the cup-shaped
flexible externally toothed gear 3 before and after it is
deformed. The cylindrical body 11 of the flexible exter-
nally toothed gear 3 has an original cylindrical shape be-
fore it is deformed as shown in FIG. 2A. After being de-
formed into an ellipsoidal shape by the wave generator
4, the cylindrical body 11 becomes a state in which the
longitudinal cross sectional shape thereof including the
major axis of the ellipsoidal shape is tapered outward
from the side of the diaphragm 12 toward the open end
11a, as shown in FIG. 2B. Whereas, the longitudinal
cross sectional shape of the cylindrical body 11 including
the minor axis of the ellipsoidal shape is tapered inward

from the side of the diaphragm 12 toward the open end
11a, as shown in FIG. 2C.
[0005] The diaphragm 12 is formed between the cylin-
drical body 11 and the rigid boss 13 in order for the portion
of the cylindrical body 11 on the open end 11a side to be
capable of being deformed into an ellipsoidal shape.
When the portion including the open end 11a of the cy-
lindrical body 11 is deformed into an ellipsoidal shape,
the diaphragm 12 is bent backwards as shown by an
arrow in FIG. 2B at a joint portion thereof joining to the
rigid boss 13 in the longitudinal cross section including
the major axis of the ellipsoidal shape. Whereas, the di-
aphragm 12 is bent forward toward the side of the open
end 11a as shown by the arrow in FIG. 2C in the longi-
tudinal cross section including the minor axis of the el-
lipsoidal shape. Thus, during the operation of the gearing
1, the diaphragm 12 is applied with bending stress in the
direction of the center axis line 11b and, at the same time,
is applied with share stress caused by torque transmis-
sion.
[0006] Taking into consideration of these stresses ap-
plied in combination to the diaphragm 12, the longitudinal
cross sectional shape of the diaphragm 12 is designed
so that the open-end side portion of the cylindrical body
11 is capable of being deformed into an ellipsoidal shape
with a smaller force and that the diaphragm 12 is capable
of transferring a larger torque. In particular, the longitu-
dinal cross sectional shape of the diaphragm is designed
so as to avoid stress concentration on the diaphragm in
a state in which the combined stresses are applied.
[0007] Patent document 1 (Japanese Unexamined
Utility Model Application Publication No. 61-173851) dis-
closes a cup-shaped flexible externally toothed gear, in
which the longitudinal cross sectional shape of a dia-
phragm is designed so that the inside end face thereof
is defined by a straight line, and the outside end face
thereof in the joint portion to the boss is defined by a
streamline so as to gradually increase the thickness of
the diaphragm.
[0008] Patent document 2 (US 2014/165758 A1) dis-
closes a flexible externally toothed gear, in which the
diaphragm as a whole is made slightly inclined with re-
spect to a direction perpendicular to the center axis line,
and the outside profile of the joint portion to the boss in
the diaphragm is defined by three circular arcs.
[0009] The streamline, which is superior in dynamic
characteristics, is employed to define the profile of the
boss-side joint portion in the diaphragm of the cup-
shaped flexible externally toothed gear. The streamline
profile is constituted by three or more circular curves hav-
ing different radii as disclosed in Patent Document 1. The
circular curves are arranged so that the radii thereof be-
come smaller toward the boss side.
[0010] The flexible externally toothed gear is usually
manufactured by lathe turning. When small-size flexible
externally toothed gears are concerned, the radii of the
curves for constituting the streamline become smaller
inevitably. It is therefore difficult to generate a profile
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shape of the boss-side joint portion in the diaphragm ac-
cording to the streamline by making use of lathe turning.
[0011] Specifically, in commercially available typical
lathe turning machines, the minimum value of the nose
tip radius is 0.2 mm or larger. It is difficult to generate a
profile shape of the boss-side joint portion of the dia-
phragm in case in which a streamline defined by circular
curves including one having a radius smaller than 0.2
mm is employed. For example, when the flexible exter-
nally toothed gear is small in size and has a pitch circle
diameter of 20 to 40 mm, if the profile shape of the boss-
side joint portion in the diaphragm is defined by a stream-
line, curves that constitute the streamline include curves
having a radius smaller than the minimum value of the
nose tip radius of lathe turning machines.
[0012] Here, as shown in FIG. 3, it is considered to
define the profile shape of the outside end face of the
boss-side joint portion 42a in the diaphragm 42 by a cir-
cular arc 54 in place of the stream line, the circular arc
54 having a radius R3 that is the same as the minimum
nose tip radius and is able to be processed by a com-
mercially available lathe turning machine.
[0013] However, in the diaphragm 42 having the profile
shape defined by the circular arc, the boss-side joint por-
tion 42a may suffer from stress concentration that is
greater than when the streamline profile is employed.
This causes to decrease fatigue strength of the flexible
externally toothed gear 40, and load capacity of the strain
wave gearing cannot be enhanced.

SUMMARY OF INVENTION

[0014] In view of the above, an object of the present
invention is to realize a profile shape of a diaphragm of
a flexible externally toothed gear suited for use in a cup-
shaped flexible externally toothed gear which is so small
in size that it is difficult to generate a profile shape of
streamline by lathe turning.
[0015] Another object of the present invention is to re-
alize a strain wave gearing provided with a cup-shaped
flexible externally toothed gear having a novel profile
shape.
[0016] In order to realize the above and other objects,
according to one aspect of the present invention, there
is provided a cup-shaped externally toothed gear for use
in a cup-type strain wave gearing, in which the externally
toothed gear is deformed by a wave generator into an
ellipsoidal shape and is partially mesh with a rigid inter-
nally toothed gear. The cup-shaped externally toothed
gear includes a flexible cylindrical body having a first end
and a second end in a direction of a center axis line, a
diaphragm extending radially inward from the first end of
the cylindrical body, a rigid boss formed integrally in a
center portion of the diaphragm, and external teeth
formed on an outer peripheral surface portion of the sec-
ond end of the cylindrical body. In the cup-shaped exter-
nally toothed gear, when cut along a plane including the
center axis line, an inside end face profile of the rigid

boss and the diaphragm is defined by an inside straight
line perpendicular to the center axis line, and an outside
end face profile of the diaphragm is defined by a first
concave circular arc having a first radius, a second con-
cave circular arc having a second radius, and an inclined
straight line. The first concave circular arc is smoothly
connected at one end thereof to a parallel straight line
parallel to the center axis line and defines an outer pe-
ripheral surface of the rigid boss, the second concave
circular arc is smoothly connected at one end thereof to
the other end of the first concave circular arc, the inclined
straight line is smoothly connected to the other end of
the second concave circular arc and is inclined toward
the inside straight line, the second radius of the second
concave circular arc is larger than the first radius of the
first concave circular arc, and a thickness of the dia-
phragm is gradually decreased from a side of the rigid
boss to a side of the cylindrical body.
[0017] The inside end face profile of the diaphragm is
defined by the straight line perpendicular to the center
axis line, the outside end face profile is defined by the
first and second concave circular arcs and the inclined
straight line. According to experiments conducted by the
present inventors et.al, it was confirmed that stress con-
centration on a boss-side joint portion of the diaphragm
can be relieved, and fatigue strength of the flexible ex-
ternally toothed gear can be enhanced to the same extent
as a case where the streamline is employed.
[0018] The flexible externally toothed gear according
to the embodiment of the present invention is in particular
suitable for a small-sized flexible externally toothed gear.
Specifically, it is suitable for such a small-sized flexible
externally toothed gear that the pitch diameter of external
teeth thereof is less than 40 mm and the streamline shape
is difficult or unable to be generated by lathe turning. For
such a small-sized flexible externally toothed gear, it is
preferable that the first radius of the first concave circular
arc is equal to or more than 0.2 mm so that lathe turning
can be employed.
[0019] In another aspect of the present invention, there
is provided a cup-type strain wave gearing that has the
cup-shaped flexible externally toothed gear as constitut-
ed above. According to the embodiment of the present
invention, a strain wave gearing having a high load ca-
pacity can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1A is a longitudinal cross sectional view of a
typical cup-type strain wave gearing, and FIG. 1B is
a schematic view cut along a plane perpendicular to
the center axis line thereof;
FIGS. 2A, 2B and 2C are respectively explanatory
views illustrating longitudinal cross sections of a cup-
shaped flexible externally toothed gear;
FIG. 3 is an explanatory view showing a reference
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example of a cross sectional shape of the boss-side
joint portion in the diaphragm of a conventional cup-
shaped flexible externally toothed gear;
FIG. 4 is a half longitudinal cross sectional view of a
cup-shaped flexible externally toothed gear to which
the present invention is applied; and
FIG. 5A is an explanatory view showing positions of
the diaphragm where stress is measured, and
FIG. 5B is a graph showing stress distributions of
the flexible externally toothed gears of Figs. 3 and 4.

DESCRIPTION OF THE EMBODIMENTS

[0021] An embodiment of a cup-shape flexible exter-
nally toothed gear of a cup-type strain wave gearing to
which the present invention is applied will be described
below, making reference to the accompanying drawings.
[0022] FIG. 4 is a longitudinal cross sectional view
showing a cup-shaped flexible externally toothed gear of
the present embodiment. The flexible externally toothed
gear 20 has the same basic configuration as conventional
ones (see FIGS. 1A, 1B, and 2A to 2C), and is of a small
size in which the pitch circle diameter is about 20 to 40
mm.
[0023] The flexible externally toothed gear 20 has a
radially flexible cylindrical body 21, a discoid diaphragm
22 extending radially and inward from one end of the
cylindrical body 21 in the direction of the center axis line
21a, a ring-shaped rigid boss 23 integrally formed on the
center portion of the diaphragm 22 in a concentric man-
ner, and external teeth 24 formed on the outer peripheral
surface portion of the other end of the cylindrical body 21.
[0024] Cross-sectional profile shapes in the respective
portions of the diaphragm 22 will be described. As shown
in FIG. 4, when the cup-shaped flexible externally toothed
gear 20 is cut along a plane including the center axis line
21a, end faces of the diaphragm 22 and the boss 23 that
face the inner side of the cup shape of the gear 20 are
called as inside end faces, and opposite end faces there-
of that face the outer side of the cup shape are called as
outside end faces.
[0025] The profiles of the inside end face of the boss
23 and the inside end face of the diaphragm 22 are de-
fined by an inside straight line 31 perpendicular to the
center axis line 21a. The profile of the outside end face
of the boss 23 is defined by an outside straight line 32
perpendicular to the center axis line 21a. Thus, the boss
23 has a constant-thick ring shape defined by the two
straight lines parallel to each other in the present embod-
iment.
[0026] The outside end face profile for the boss-side
joint portion 22a of the diaphragm 22 is defined by a first
concave circular arc 34 having a first radius R1 centered
on point O1. The first concave circular arc 34 has one
end 34a smoothly connected to a parallel straight line 33
that is parallel to the center axis line 21a. The parallel
straight line 33 defines an outer circumferential profile of
the boss 23.

[0027] The outside end face profile for the portion 22b
of the diaphragm 22 other than the boss-side joint portion
22a, is defined by a second concave circular arc 35 hav-
ing a second radius R2 centered on point O2 and an
inclined straight line 36 smoothly connected to the sec-
ond concave circular arc 35.
[0028] The second concave circular arc 35 is smoothly
connected at one end thereof to the end 34b of the first
concave circular arc 34. An inclined straight line 36 is
smoothly connected to the other end 35b of the second
concave circular arc 35. The inclined straight line 36 is
slightly inclined toward the inside straight line 31 with
respect to the direction perpendicular to the center axis
line 21a.
[0029] The diaphragm 22 is defined by the inside end
face portion formed by the inside straight line 31 and the
outside end face portion formed by the first concave cir-
cular arc 34, the second concave circular arc 35 and the
inclined straight line 36. Therefore, the thickness of the
diaphragm 22 is gradually decreased from the side of the
boss to the side of the cylindrical body 21.
[0030] The second radius R2 of the second concave
circular arc 35 is much larger than the first radius R1 of
the first concave circular arc 34. The first radius R1 of
the first concave circular arc 34 is set to be 0.2 mm, for
example, that is the minimum value of the tip nose radius
of commercially available typical lathe turning machines.
[0031] The outer peripheral edge 22c of the diaphragm
22 is smoothly connected to the inner peripheral edge of
an end part 21b of the cylindrical body 21. The end part
21b is curved in a circular-arc shape. For example, the
cylindrical body 21 has an approximately constant thick-
ness that is the same as the thickness of the outer pe-
ripheral edge 22c of the diaphragm 22.
[0032] The inventors of the present invention et.al con-
ducted experiments to measure stress distributions dur-
ing operation in the flexible externally toothed gear 20 of
FIG. 4 and the conventional flexible externally toothed
gear 40 of FIG. 3. The conventional flexible externally
toothed gear 40 has the same configuration as that of
the flexible externally toothed gear 20, except that the
conventional flexible externally toothed gear 40 has a
profile shape portion 50 indicated by an imaginary line
shown in Fig. 4.
[0033] In FIG. 4, the profile shape portion 50 indicated
by the imaginary line is drawn so that, in the conventional
flexible externally toothed gear 40, the circular arc 54
thereof (see FIG. 3) is set to be the same as the first
concave circular arc 34 and the inclined straight line 36
is extended radially inward so as to be smoothly connect
to the end of the arc 34.
[0034] FIG. 5A shows positions at which stress is
measured, and FIG. 5B is a graph showing obtained
stress distributions. In the graph, a solid line is a curve
showing the stress distribution obtained from the flexible
externally toothed gear 20, while a dotted line is a curve
showing the stress distribution obtained from the con-
ventional flexible externally toothed gear 40. The stress
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measurement point p0 corresponds to the end 34a, the
point p2 to the end 34b, the point p6 to the middle position
of the second concave circular arc 35, the point p8 to the
end 35b of the second concave circular arc 35, and the
point p10 to the outer peripheral end 22c of the dia-
phragm.
[0035] As can be seen from the graph, the stress con-
centration on the boss-side joint portion 22a of the dia-
phragm 22 is greatly relieved, which shows that the fa-
tigue strength of the externally toothed gear 20 can be
increased. The buckling torque of the flexible externally
toothed gear 20 is also increased, which is not shown in
the drawings.
[0036] The cup-shaped flexible externally toothed gear
20 having the above-mentioned structure can be used
for the flexible externally toothed gear 3 shown in Figs.
1 and 2. A cup-type strain wave gearing in which the
flexible externally toothed gear 20 is assembled is capa-
ble of increasing the lord capacity when compared to a
case where the flexible externally toothed gear 40 as
shown in FIG. 3 is assembled.

Claims

1. A cup-shaped flexible externally toothed gear (3; 20)
for use in a cup-type strain wave gearing (1), in which
the cup-shaped flexible externally toothed gear (3;
20) is deformed by a wave generator (4) into an el-
lipsoidal shape and is partially mesh with a rigid in-
ternally toothed gear (2), the cup-shaped flexible ex-
ternally toothed gear (3; 20) comprising:

a flexible cylindrical body (11; 21) having a first
end and a second end (11a) in a direction of a
center axis line (11b; 21a);
a diaphragm (12; 22) extending radially inward
from the first end of the cylindrical body (11; 21);
a rigid boss (13; 23) formed integrally in a center
portion of the diaphragm (12; 22); and
external teeth (14, 24) formed on an outer pe-
ripheral surface portion of the second end of the
cylindrical body (11; 21), wherein
when cut along a plane including the center axis
line (11b; 21a),
an inside end face profile of the rigid boss (13;
23) and the diaphragm (12; 22) is defined by an
inside straight line (31) perpendicular to the
center axis line (11b; 21a), and
an outside end face profile of the diaphragm (12;
22) is defined by a first concave circular arc (34)
having a first radius (R1), a second concave cir-
cular arc (35) having a second radius (R2), and
an inclined straight line (36); wherein
the first concave circular arc (34) is smoothly
connected at one end thereof to a parallel
straight line (33) parallel to the center axis line
(11b; 21a) and defines an outer peripheral sur-

face of the rigid boss (13; 23), the second con-
cave circular arc (35) is smoothly connected at
one end thereof to the other end of the first con-
cave circular arc (34), and the inclined straight
line (36) is smoothly connected to the other end
of the second concave circular arc (35) and is
inclined toward the inside straight line (31), and
wherein
the second radius (R2) of the second concave
circular arc (35) is larger than the first radius
(R1) of the first concave circular arc (34), and a
thickness of the diaphragm (12; 22) is gradually
decreased from a side of the rigid boss (13; 23)
to a side of the cylindrical body (11; 21), char-
acterized by that
a maximum value of a pitch circle diameter of
the external teeth (14, 24) is 40 mm, and
a minimum value of the first radius (R1) of the
first concave circular arc (34) is 0.2 mm.

2. A cup-type strain wave gearing (1) comprising the
cup-shaped flexible externally toothed gear (3; 20)
as set forth in claim 1.

Patentansprüche

1. Ein becherförmiges flexibles außen verzahntes
Zahnrad (3; 20) zur Benutzung in einem becherför-
migen Verformungswellgetriebe (1), in dem das be-
cherförmige flexible außen verzahnte Zahnrad (3;
20) durch einen Wellgenerator (4) in eine elliptische
Form verformt wird und teilweise in Eingriff mit einem
steifen innen verzahnten Zahnrad (2) gebracht wird,
wobei das becherförmige flexible außen verzahnte
Zahnrad (3; 20) aufweist,
einen flexiblen zylindrischen Körper (11, 21), der in
Richtung einer zentralen Achse (11b; 21a) ein erstes
Ende und eine zweites Ende (11a) hat;
eine Membran (12, 22), die sich vom ersten Ende
des zylindrischen Körpers (11, 21) in radialer Rich-
tung nach innen erstreckt;
eine steife Nabe (13, 23), die integral in einem zen-
tralen Bereich der Membran (12, 22) ausgebildet ist;
und
eine Außenverzahnung (14, 24), die auf einem äu-
ßeren Umfangsflächenbereich des zweiten Endes
des zylindrischen Körpers (11, 21) ausgebildet ist,
wobei
in einem Schnitt entlang einer Ebene, welche die
Zentralachse (11b; 21a) enthält,
ein inneres Stirnflächenprofil der steifen Nabe (13,
23) und der Membran (12, 22) durch eine innere ge-
rade Linie (31) definiert ist, die rechtwinklig zur Zen-
tralachse (11b; 21a) ist, und
ein äußeres Stirnflächenprofil der Membran (12, 22)
durch einen ersten konkaven kreisförmigen Bogen
(34), der einen ersten Radius (R1) hat, einen zweiten

7 8 



EP 3 205 905 B1

6

5

10

15

20

25

30

35

40

45

50

55

konkaven kreisförmigen Bogen (35), der einen zwei-
ten Radius (R2) hat, und eine geneigte gerade Linie
(36) definiert ist; wobei
der erste konkave kreisförmige Bogen (34) an einem
seiner Enden glatt mit einer parallelen geraden Linie
(33) verbunden ist, die parallel zur Zentralachse
(11b; 21a) ist, und eine äußere Umfangsfläche der
steifen Nabe (13, 23) definiert, der zweite konkave
kreisförmige Bogen (35) an einem seiner Enden glatt
mit dem anderen Ende des ersten konkaven kreis-
förmigen Bogens (34) verbunden ist, und die geneig-
te gerade Linie (36) glatt mit dem anderen Ende des
zweiten konkaven kreisförmigen Bogens (35) ver-
bunden und in Richtung auf die innere gerade Linie
(31) geneigt ist, und wobei
der zweite Radius (R2) des zweiten konkaven kreis-
förmigen Bogens (35) größer als der erste Radius
(R1) des ersten konkaven kreisförmigen Bogens
(34) ist, und eine Dicke der Membran (12, 22) von
Seiten der steifen Nabe (13, 23) zum zylindrischen
Körper (11, 21) allmählich abnimmt,
dadurch gekennzeichnet, dass
ein Maximalwert eines Wälzkreisdurchmessers der
Außenverzahnung (14, 24) 40 mm beträgt, und
ein Minimalwert des ersten Radius (R1) des ersten
konkaven kreisförmigen Bogens (34) 0,2 mm be-
trägt.

2. Ein becherförmiges Verformungswellgetriebe (1),
das ein becherförmiges flexibles außen verzahntes
Zahnrad (3, 20) gemäß Anspruch 1 aufweist.

Revendications

1. Roue d’engrenage flexible (3 ; 20) du type à denture
externe qui possède une configuration en forme de
coupelle, pour son utilisation dans un engrenage à
onde de déformation (1) du type en forme de cou-
pelle; dans laquelle la roue d’engrenage flexible (3 ;
20) du type à denture externe qui possède une con-
figuration en forme de coupelle est soumise à une
déformation par l’intermédiaire d’un générateur
d’ondes (4) afin de prendre une configuration de for-
me ellipsoïde et entre en partie en engrènement
avec une roue d’engrenage rigide (2) du type à den-
ture interne, la roue d’engrenage flexible (3 ; 20) du
type à denture externe qui possède une configura-
tion en forme de coupelle comprenant :

un corps cylindrique flexible (11 ; 21) possédant
une première extrémité et une deuxième extré-
mité (11a) dans une direction d’une ligne (11b ;
21a) qui s’étend le long de l’axe central ;
un diaphragme (12 ; 22) qui s’étend en direction
radiale vers l’intérieur à partir de la première ex-
trémité du corps cylindrique (11 ; 21) ;
une protubérance rigide (13 ; 23) réalisée en

une seule pièce dans une portion centrale du
diaphragme (12 ; 22) ; et
des dents externes (14 ; 24) formées sur une
portion de surface périphérique externe de la
deuxième extrémité du corps cylindrique (11 ;
21) ; dans laquelle
lorsqu’on prend en considération une coupe
dans un plan qui englobe la ligne (11b ; 21a) qui
s’étend le long de l’axe central,
un profil de la face terminale interne de la pro-
tubérance rigide (13 ; 23) et du diaphragme (12 ;
22) est défini par une ligne droite interne (31)
perpendiculaire à la ligne (11b ; 21a) qui s’étend
le long de l’axe central ; et
un profil de la face terminale externe du
diaphragme (12 ; 22) est défini par un premier
arc de cercle concave (34) possédant un pre-
mier rayon (R1), par un deuxième arc de cercle
concave (35) possédant un deuxième rayon
(R2) et par une ligne droite inclinée (36) ; dans
laquelle
le premier arc de cercle concave (34) est relié
de manière régulière, à une de ses extrémités,
à une ligne droite parallèle (33) qui est parallèle
à la ligne (11b ; 21a) qui s’étend le long de l’axe
central et définit une surface périphérique exter-
ne de la protubérance rigide (13 ; 23) ; le deuxiè-
me arc de cercle concave (35) est relié de ma-
nière régulière, à une de ses extrémités, à l’autre
extrémité du premier arc de cercle concave (34),
et la ligne droite inclinée (36) est reliée de ma-
nière régulière à l’autre extrémité du deuxième
arc de cercle concave (35) et est inclinée dans
la direction de la ligne droite interne (31) ; et
dans laquelle
le deuxième rayon (R2) du deuxième arc de cer-
cle concave (35) est plus grand que le premier
rayon (R1) du premier arc de cercle concave
(34) ; et une épaisseur du diaphragme (12 ; 22)
diminue de manière progressive depuis un côté
de la protubérance rigide (13 ; 23) jusqu’à un
côté du corps cylindrique (11 ; 21) ;
caractérisée
par le fait qu’une valeur maximale d’un diamè-
tre de cercle primitif des dents externes (14 ; 24)
s’élève à 40 mm ; et
par le fait qu’une valeur minimale du premier
rayon (R1) du premier arc de cercle concave
(34) s’élève à 0,2 mm.

2. Engrenage à onde de déformation (1) du type en
forme de coupelle comprenant la roue d’engrenage
flexible (3 ; 20) du type à denture externe qui pos-
sède une configuration en forme de coupelle selon
la revendication 1.
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