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3 Cup-shaped flexible
external gear

A meshing type gear device having improved strength and wear resistance and more particularly improved tooth surface wear
resistance. Inca meshing type gear device (1), spur gears are used for both a rigid internal gear (2) and a flexible external gear (3),
and the number of teeth of the flexible gear (3) iIs made greater by two than that of the rigid internal gear (2). The tooth profile of the
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(57) Abrege(suite)/Abstract(continued):
flexible external gear (3) Is made convex and the shape thereof is that of a curve AC obtained by subjecting a gear tooth portion

(curve portion between A and B), which, at the moving path L that the external gear describes relative to the internal gear, as
determined by rack approximation, is convex relative to the internal gear, to similarity transformation at a reduction ratio A using the
imiting point A of the contact between the two gears on the path as the origin, while the tooth profile of the rigid internal gear Is
made concave and the shape thereof Is that of a curve AD obtained by subjecting the same portion convex relative to the internal
gear at the moving path to similarity transformation at an enlargement ratio (1 + A) using the limiting point A as the origin, whereby
the meshing of the two gears maintains continuous contact and Is of the passing type. With this configuration, it Is possible to
greatly enhance the retention of a lubricating oll film between the tooth surfaces and to markedly improve the permissible delivered

torgue of the flexible meshing type gear device based on tooth surface wear.
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ABSTRACT

A meshing type gear device having 1improved
strength and wear resistance and more particularly 1mproved
tooth surface wear resistance. In' a meshing type gear
device (1), spur gears are used for both a rigid 1internal
gear (2) and a flexible external gear (3), and the number

of teeth of the flexible gear (3) 1s made greater by two

than that of the rigid 1internal gear (2). The tooth

profile of the flexible external gear (3) 1s made convex
"and the shape thereof is that of a curve AC obtalined by
subjecting a gear tooth portion (curve portion between A
and B), which, at the moving path L that the external gear
describes relative to the internal gear, as determined by
rack approximation, is convex relative to the internal
gear, to similarity transformation at a reduction ratio A
using the limiting point A of the contact between the two

gears on the path as the origin, while the tooth profile of

the rigid internal gear 1is made concave and the shape
thereof 1s that of a curve AD obtalned by subjecting the
same portion convex relative to the internal gear at the
moving path to similarity transformation at an enlargement
ratio (1 + A) using the limiting point A as the origin,
whereby the meshing of the two gears maintains continuous
contact and 1s of the passing type. With this

configuration, it 1is possible to greatly enhance the

retention of a 1lubricating o0il film between the tooth
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surfaces and to markedly improve the permissible delivered

torque of the flexible meshing type gear device based on

tooth surface wear.
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DESCRIPTION

FLEXIBLE MESHING TYPE GEAR DEVICE

WITH PASSING TOOTH PROFILE

Technical Field

This invention relates to a flexible meshing type
gear device. More particularly, this invention relates to
the tooth profiles of a rigid internal gear and a flexible

external gear used in a flexible meshing type gear device.

Background Art
A flexible meshing type gear device typically

consists of a rigid circular internal gear, a flexible

external gear which has, for example, 2n (n belng a
positive integer) fewer teeth than the internal gear and

which 1s disposed 1inside the internal gear and flexed into
an elliptical shape so as to mesh with the internal gear at
two places, and a wave generator fitted inside the external
gear for flexing it into an elliptical shape.

Although the basic tooth profile for the gears of
a flexible meshing type gear device 1is linear (see U.S.
Patent No. 2,906,143), flexible meshing type gear devices
using i1nvolute gears have also been developed (see JP-B 45-
411171). In addition, for increasing device load capacity
the present inventor proposed a system using as the tooth

face profile of both gears the curve obtained by similarity
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transforming the moving path, at a reduction ratio of 1/2,
over a prescribed range from the meshing limit point on the
path based on the rack approximation of the tooth of the
external gear relative to the internal gear (JP-A 63~
115943). This is a system for obtaining continuous contact
between the tooth profiles of the tooth faces of both
gears. .

There 1is Xknown a flexible meshing type gear
device of a type fitted with a cup-shaped flexlible external
gear. In this type of device, a three-dimensional
phenomenon called coning occurs in which the insertion of
the elliptical wave generator causes the amount of flexing
(difference between the major ahd minor axes of the
ellipse) to gradually increase from the diaphragm side
toward the opening portion of the cup-shaped flexible
external gear approximately in proportion to the distance
from the diaphragm. The tooth profiles described 1in the

aforementioned publications do not take this coning into

consideration, however. Therefore, while continuous
meshing of the tooth profiles of the two gears can be

realized for tooth traces with specific sections (e.g., a
non-deviated section corresponding to the normal amount of

flexing), tooth interference and other problems arise for

other sections of the tooth trace.

The 1inventor later proposed a flexible meshing

type gear device enabling a wider mesh range, without

interference, over the entire tooth trace of the cup-shaped
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flexible external gear. This device 1is proposed, for
example, in Japanese Patent Applications Hel 3-357036 and

Hel 3-357037.

The performance being demanded of flexible
meshing type gear devices 1s becoming 1increasingly

sophisticated. To respond to this demand, 1t 1s necessary

to further improve device strength and wear resistance.
There is a particular need to improve the wear resistance
of thé tooth surface to the maximum possible.

All of the aforementioned 1inventions enable
continuous meshing along the tooth trace. However, the
meshing is so-called countermovement meshing. Since it is
therefore impossible to avoid disadvantages from the point
of maintaining a lubricating oil film between the tooth
surfaces, a certain 1limit on the permissible delivered
torque 1s present owing to tooth surface wear caused by oil
film rupture. Because of this, a strong need is felt for

an improvement in this respect.

Disclosure of the Invention

For achieving the aforesaid improvement, this
invention undertakes to change the both convex tooth
profiles performing countermovement meshing to convex and
concave tooth profiles performing pass meshing, proposes a
tooth-number reversal method described later, and derives

the tooth profile from a moving path with reverse phase.
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More specifically, 1n accordance with one
embodiment of the present invention, there i1is provided a
flexible meshing type gear device with a pass meshing
tooth profile having a rigid 1internal gear, a flexible
external gear 1nside the 1nternal gear and a wave
generator for flexing the external gear 1nto an
elliptical cross-sectional shape, causing the external
gear to mesh partially with the rigid internal gear and
rotating the mesh position of the two gears 1n the
circumferential direction, rotation of the wave generator
producing relative rotation between the two gears, the
flexible meshing type gear device with a pass meshing
tooth profile being characterized in that

(a) the 1rigid 1nternal gear and the flexible
éxternal gear are both spur gears,

(b) the number of teeth of the flexible external
gear 1s two greater than that of the rigid internal
gear,

(c) the tooth profile of the flexible external gear
1s convex and the shape thereof 1s that of a curve
obtained by subjecting a moving part 'portion which,
at a moving path that the external gear describes
relative to the internal gear, as determined by rack
approximation, 1s convex relative to the internal

gear, to similarity transformation at a reduction

ratio A wusing a limiting point of the contact
between the two gears on the path as an origin, and
(d) the tooth profile of the rigid internal gear is

concave and the shape thereof 1s that of a curve

obtained by subjecting the same portion convex
relative to the 1nternal gear at the moving path to

similarity transformation at an enlargement ratio
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(1+A) wusing the limiting point as the origin,
whereby the meshing of the two gears maintains
continuous contact and is of the passing type.

On the other hand, the 1s also provided in
accordance with the present 1nvention a flexible meshing
type gear device with a pass meshing tooth profile having
a rigid internal gear, a cup-shaped flexible external
gear 1nside the 1nternal gear, and a wave generator for
flexing the external gear 1nto an elliptical cross-

sectional shape such that an amount of deflection

produced 1in a deflected portion of the external gear
increases from a diaphragm side thereof toward an opening
portion thereof approximately 1in proportion to a distance
from the deflected portion to the diaphragm, causing the
external gear to mesh partially with the rigid internal
gear and rotating the mesh position of the two gears in
the circumferential direction, zrotation of the wave
generator producing relative rotation between the two
gears, the flexible meshing type gear device with a pass
meshing tooth profile being characterized in that
(a) the 1rigid 1internal gear and the cup-shaped
flexible external gear are both spur gears,
(b) the number of teeth of the cup-shaped flexible
external gear 1s two greater than that of the rigid
internal gear,
(c) the tooth profile of the cup-shaped flexible
external gear 1s convex and the shape thereof is
that of a curve obtained by subjecting a moving path
portion which, at a moving path that the external
gear describes relative to the internal gear in a
basic section of the tooth trace, as determined by

rack approximation, 1s convex vrelative to the
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internal gear, to similarity transformation at a

reduction ratio A using a 1limiting point of the
contact between the two gears on the path as an
origin,

(d) the tooth profile of the rigid internal gear is
concave and the shape thereof 1s that of a curve
obtained Dby subjecting the same portion convex
relative to the 1internal gear at the moving path to

similarity transformation at an enlargement ratio

(1+A) .using the limiting point as the origin,
whereby the meshing of the two gears maintain
continuous contact and 1s of the passing type, and
(e) relieving 1s applied to teeth of the cup-shaped
flexible external gear toward the opening side frdm
the basic section of the tooth trace.

In order to further expand the meshing region

of the two gears, 1t 1s preferable, 1n addition to the
above feature (e), to apply reverse relieving to teeth of
the cup-shaped flexible eXternal gear toward the

diaphragm side from the basic section of the tooth trace.

Brief Description of the Drawings

Figure 1 1s a perspective view of a flexible
meshing type gear device equipped with a cup-shaped
flexible external gear.

Figure 2 1s a schematic front wview of the
device of Figure 1.

Figure 3 1s a set of diagrams for explaining
how the cup-shaped flexible external gear is flexed by
coning, 1in which (a) is a section through the axis before

deformation, (b) 1s a section through the axis including
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the major axis of the wave generator, and (c) 1s a
section through the axis including the minor axis.
Figure 4 1s the moving path in a basic section

perpendicular to the axis 1n the case of negative

deviation
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of a tooth of the cup-shaped flexible external gear

relative to the rigid internal gear in a flexible meshing
type gear deviceﬂ

Figure 5 is a diagram for explaining the method
of tooth profile derivation of this invention.

Figure 6 is a diagram for explaining the meshing

of conventional countermovement type tooth profiles.
Figure 7 is an explanatory diagram of the meshing
of the tooth profiles of this invention in a basic section

perpendicular to the tooth, drawn relatively with respect

to one tooth space of the rigid internal gear followed over

the passage of time.
Figure 8 is an explanatory diagram of the meshing

of the tooth profiles of this invention in a basic section

perpendicular to the tooth, drawn spatially over half the

teeth of the rigid internal gear.

Figure 9 1s a set of diagrams for explaining

meshing of the tooth profiles of this invention 1in basic
sections other than that perpendicular to the tooth, 1n
which (a) 1s for a section on the opening side of the basic
section perpendicular to the tooth, (b) shows the case of
applying relieving thereto, (c) is for a section on the
diaphragm side of the. basic section perpendicular to the
tooth, and (d) shows the case of applying reverse i‘elieving
thereto.

Figure 10 1is a set of diagrams for explaining

correction applied to the teeth of the cup-shaped flexible
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external gear, in which (a) is a diagram showing relieving
applied on the opening side of a basic section
perpendicular to the tooth and (b) is a diagram showing

reverse relieving further applied on the diaphragm side of

the basic section perpendicular to the tooth.

Best Mode for Carrying out the Invention

Embodiments of the invention will be explailned

with reference to the drawings in the following.

Figures 1 and 2 are perspective and front views
of a prior-art flexible meshing type gear device to which
this invention can be applied. This flexible meshing type

gear device 1 comprises a cylindrical rigid internal gear

2, a cup-shaped flexible external gear 3 disposed 1nsilde

the rigid internal gear 2, and a elliptical wave generator

4 fitted inside the cup-shaped flexlible external gear 3.
The cup-shaped flexible external gear 3 1is 1n a flexed
state produced by the wave generator 4.

Figure 3 shows the flexed state 1n sections
through the axis of the cup-shaped flexible external gear
3 caused so-called coning, namely, by flexing the opening
portion of the flexible external gear. Figure 3(a) shows
the state before deformation, (b) 1s a section through the
axils including the major axis of the wave generator 4, and
(c) is a section through the axis including the minor axis
thereof. As can be seen from these diagrams, the amount of

flexing produced in the cup-shaped flexible external gear
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3 is maximum at the opening portion 3a and gradually
decreases toward the side of a diaphragm 3Db.

The point in which this invention differs
fundamentally from prior-art flexible meshing type gear

devices is that the number of teeth of the flexible

external gear is two greater than that of the rigid
internal gear. Since the difference in number of teeth is

reversed from in prior-art devices in this way, the moving

path of the flexible external gear to which the this

invention is applied becomes as shown in Figure 4.

More specifically, Figure 4 shows the moving path
L, of a tooth of the cup-shaped flexible external gear with
respect to the rigid internal gear in a basic section
perpendicular to the tooth of the flexible external gear (a
section perpendicular to the axis for considering the
moving path used to derive the tooth profile; normally
taken as the section at the center of the tooth trace) 1n
the case where the amount of flexing (difference between
the major and minor axes of the ellipse produced by
deformation of the pitch circle of the flexible external

gear) is x (x < 1) times the normal value 4, 1.e., kd.

This is the so-called negative deflection state. The phase

is inverted vertically from that of the moving path of the

external gear in prior-art devices of this type.

Since a flexible meshing type gear device has

many teeth, the meshing can be approximated as a rack. 1In
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this and the other drawings, therefore, it 1s treated Dby
rack approximation.

Figure 5 is a diagram for explaining the method
of tooth profile derivatibn of this invention. Point A is
the upper (deeper in the tooth space of the rigid internal
gear) 1limiting point of meshing on the moving path L.
Point B is the lower limiting point of the curved portion
of the path which 'is convex with respect to the rigid
internal gear. Curve AC 1is obtained by similarity
transformation of the curve of the path between A and B at
a reduction ratio A using point A as the origin (center of
similarity) and this curve AC 1is adopted as the tooth
profile of the flexible external gear. This tooth profile
is therefore convex.

Next, curve AD 1s obtained by similarity
transformation of curve AB at an enlargement ratio (1 + A)
using point A as the origin and this curve AD is adopted as
the tooth profile of the rigid internal gear. This tooth
profile is therefore concave. Here, point B is defined
beforehand within the range in which intersection with the
tooth profile on the opposite side does not occur.

Since the foregoing alone results in a flexible
external gear tooth that comes to a point at the tip, 1n

actual practice the tooth is somewhat lowered and has a

tooth crest at the top, as shown in the drawing.

That the two gears properly mesh can be

demonstrated as follows.
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Define an arbitrary point on the tooth profile AD
of the rigid internal gear as R and draw straight line AR.
et the points of intersection of straight line AR with the

tooth profile AC of the flexible external gear and the

moving path AB be P and Q. In view of the manner in which
the tooth profile was determined, it then holds that
AP = A + AQ

AR

|

(1 + A) -+ AQ.
Therefore,
OR = AR - AQ = A *« AQ = AP.

From the nature of similarity, moreover, the
tangents to the curves at the three points P, Q and R are
mutually parallel.

From these two facts, 1t can be seeri that when
point A of the convex tooth profile AC is at point Q, the
convex tooth profile AC contacts the concave tooth profilé
AD at point R. In other words, continuous meshing of the
convex tooth profile AC and the concave tooth profile AD 1s
ensured. In addition, the meshing begins from the position
where point C makes contact with point D (state when point
0 is at B) and ends with meshing at point A (state when
point Q is at A). It is therefore so-called pass meshing.

By way of reference, Figure 6 shows a contrasting
example of countermovement meshing in an earlier invention
of the inventor. It is well known that pass meshing is

superior from the viewpoint of retention of lubricating

olil.
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Figure 7 shows the meshing of the tooth profilles

of this invention drawn relatively with respect to one
tooth space of the rigid internal gear followed over the
passage of 'time. Figure 8 shows the meshing drawn
spatially over half the teeth. From Figure 8 1t can
further be seen that the meshing region excludes the
vicinity of the major axis. This, taken in light of the
fact that the bending stress accompanying the elliptical

deformation is greatest at the major axis, indicates that

the present tooth profile is also superior in the aspect of

maintaining rim strength.

Next, the properties of a flexible external gear
with respect to coning will be considered. The tooth
profile of this invention is derived from the moving path
of the basic section and does not apply to other sections
without modification. This is shown in Figure 9. Figure
9 (a) shows the meshing at a section on the opening side of
the basic section and (c) shows the meshing at a section on
the diaphragm side of the basic sectlon.

From these figures it can be seen that in a
section on the diaphragm side of the basic section, there
is no danger interference owing to the occurrence of a gap
between the two tooth profiles. In contrast, 1t can be
seen that 1nterference occurs 'between the teeth 1n a
section on the opening side of the basic section. As shown
in Figure 10(a), therefore, this invention concurrently

uses a method which avoids interference and brings the
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the amount of tooth interference on the openiling side of the
basic section. Figure 9(b) shows the meshing at the
section on the opening side when this relieving 1s applied.

While the situation 1is acceptable without
modification in a section on the diaphragm side of the
pasic section, it is also possible, as shown 1n Figure
10(b), to positively expand the meshing region by further

applyling reverse relieving matched to the amount of tooth

clearance on diaphragm side of the basic section. Figure

9(d) shows the meshing of the section in this case.

An example of the application of this invention
to the tooth profiles of a flexible meshing type gear
device fitted with a cup-shaped flexible external gear was
explained in the foregoing. This invention can, however,
also be applied to the tooth profiles of a flexible meshing

type gear device fitted with a flexible external gear of

so-called flat-type annular shape and not requiring any

consideration regarding coning. Since in this case there

is no need to consider interference or the like of the two

gears because of coning, relieving of the type described

above is unnecessary.

Industrial Applicability

By the present invention, it is possible to
greatly enhance the ability to retain a lubricating oil

film between the tooth surfaces and to markedly i1mprove the
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permissible transmitted torque of the flexible meshing type

gear device based on tooth surface wear. By eliminating
the vicinity of the major axis of the flexible external
gear from the meshing range, moreover, an improvement in

the rim strength of the flexible external gear can be

achieved.

In addition, when this invention is applied to a
device equipped with a cup-shaped flexible external gear,
it can be applied independently of the coning angle of the
flexible external gear. As a result, the invention has the

merit of being applicable without modification to types

having cup-shaped flexible external gears of short body

length.
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CLAIMS

1. A flexible meshing type gear device with a pass
meshing tooth profile having a rigid internal gear, a
flexible external gear 1i1inside the 1nternal gear and a
wave generator for flexing the external gear 1into an
elliptical cross-sectional shape, causing the external
gear to mesh partially with the rigid internal gear and
rotating the mesh position of the two gears 1n the
circumferential direction, rotation of the wave generator
produci'ng relative rotation between the two gears, the
flexible meshing type gear device with a pass meshing

tooth profile being characterized 1n that

(a) the rigid internal gear and the flexible

external gear are both spur gears,

(b) the number of teeth o©f the flexible external

gear 1s two greater than that of the rigid internal

gear,

(c) the tooth profile of the flexible external gear
is convex and the shape thereof is that of a curve
obtalned by subjecting a moving part portion which,
at a moving path that the external gear describes
relatlve to the 1internal gear, as détermined by rack
approximation, 1s convex relative to the internal

gear, to similarity transformation at a reduction

ratio A using a limiting point of the contact

between the two gears on the path as an origin, and

(d) the tooth profile of the rigid internal gear is
concave and the shape thereof 1s that of a curve

obtained by subjecting the same portion convex
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relative to the 1nternal gear at the moving path to

similarity transformation at an enlargement ratio

(1+A) using the 1limiting point as the origin,
whereby the meshing of the two gears mailntains

continuous contact and 1s of the passing type.

2. Flexible meshing type gear device with a pass
meshing tooth profile having a rigid 1nternal gear, a
cup-shaped flexible external gear 1inside the internal

car, and a wave generator for flexing the external gear

g

into an elliptical cross-sectional shape such that an

amount of deflection produced in a deflected portion of

the external gear i1ncreases from a diaphragm side thereof
toward an opening portion thereof approximately in
proportion to a distance from the deflected portion to
the diaphragm, causing the external gear to mesh
partially with the rigid 1internal gear and rotating the
mesh position of the two gears 1n the circumferential
direétion, rotation of the wave generator producing
relative rotation between the two gears, the flexible
meshing type gear device with a pass meshing tooth

profile being characterized 1in that

(a) the 1rigid internal gear and the cup-shaped

flexible external gear are both spur gears,

(b) the number of teeth of the cup-shaped flexible
external gear 1s two greater than that of the rigid

internal gear,

(c) the tooth profile of the cup-shaped flexible
external gear 1s convex and the shape thereof is
that of a curve obtained by subjecting a moving path

portion which, at a moving path that the external



T | BTR T I ™ |

CA 02165571 2004-12-03

_17 -

gear describes relative to the internal gear 1n a
basic section of the tooth trace, as determined by
rack approximation, 1s convex relative to the

internal gear, to similarity transformation at a

reduction ratio A using a limiting point of the

contact between the two gears on the path as an

origin,

(d) the tooth profile of the rigid internal gear is
concave and the shape thereof i1is that of a curve
obtained by subjecting the same portion convex
relative to the internal gear at the moving path to

similarity transformation at an enlargement ratio

(L+A) wusing the 1limiting point as the origin,
whereby the meshing of the two gears maintain

continuous contact and is of the passing type, and

(e) relieving is applied to teeth of the cup-shaped
flexible external gear toward the opening side from

the basic section of the tooth trace.

3. A flexible meshing type gear device with passing
tooth profile according to c¢laim 2, wherein reverse
relieving 1s applied to teeth of the cup-shaped flexible
exterr{al gear toward the diaphragm side from the basic

section of the tooth trace.
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