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(57) ABSTRACT

A gear reduction assembly for industrial robotics arms with
an anti-backlash mechanism for precise positioning of the
robotic arm. The gear reduction assembly includes two
transfer gears and two internal gears. The two internal gears
include a fixed gear that is fixedly coupled to a gear housing
and an output gear that is coupled to an output shaft. The
gear reduction assembly further includes a drive plate that is
integral to the input shaft and is of an elongated profile. The
two transfer gears are mounted to the drive plate, spaced
apart from each other, and can freely rotate relative to the
drive plate. The two transfer gears mesh with the fixed gear
and the output gear, wherein the input shaft passes through
the center of the fixed gear. The number of teeth in the fixed
gear and the output gear are different which results in gear
reduction.

17 Claims, 11 Drawing Sheets
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1
GEAR REDUCTION UNIT WITH
ANTI-BACKLASH MECHANISM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from a U.S. Provisional
Patent Appl. No. 63/567,341, filed on Mar. 19, 2024, which
is incorporated herein by reference in its entirety.

FIELD OF INVENTION

The present invention relates to a gear reduction unit with
an anti-backlash mechanism, and more particularly, the
present invention relates to a gear reduction unit with an
anti-backlash mechanism for robotic arms.

BACKGROUND

Precision positioning in industrial robotic arms is critical
for proper functioning. Precision typically refers to the
ability of an industrial robotic arm to repeatedly and con-
sistently reach a predefined point in three-dimensional
space. In industrial robotic arms, gear reduction units are
critical in precision positioning between the arm and a
motor.

The concept of gear reduction is well-known and typically
includes a driver gear and a driven gear, the two having
different numbers of teeth. This difference in the number of
teeth in the two gears is referred to as gear ratio and is used
to calculate speed and torque. Space or clearance between
the teeth of two meshing gears results in a backlash. The
right amount of backlash is critical for proper functioning
and minimizing the noise and wear & tear.

In industrial robotic arms, the backlash in gear transfer
trains from the motor to the arm results in inaccuracy.
Anti-backlash mechanisms are used in the gear trains to
control the backlash and improve precision and accuracy.
However, the present anti-backlash systems have several
drawbacks that limit the amount of precision achievable in
the positioning of robotic arms, and the known machinery
for the backlash mechanism is bulky.

An industrial need therefore exists for a gear reduction
unit with an anti-backlash mechanism that overcomes the
above drawbacks.

SUMMARY OF THE INVENTION

The following presents a simplified summary of one or
more embodiments of the present invention in order to
provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated
embodiments and is intended to neither identify key or
critical elements of all embodiments nor delineate the scope
of any or all embodiments. Its sole purpose is to present
some concepts of one or more embodiments in a simplified
form as a prelude to the more detailed description that is
presented later.

The principal object of the present invention is therefore
directed to a gear reduction unit with an anti-backlash
mechanism for use in industrial robotic arms.

Another object of the present invention is that the gear
reduction unit is compact.

Still, another object of the present invention is that the
precision positioning of the robotic industrial arm from the
motor to the arm is significantly improved.
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In one aspect, disclosed is a gear reduction assembly
comprising a fixed gear; an output gear coupled to an output
shaft, wherein a number of teeth in the fixed gear and the
output gear are different; and two transfer gears mesh with
the fixed gear and the output gear, wherein the two transfer
gears are coupled to an input shaft. The gear reduction
assembly further comprises a drive plate of an elongated
profile, the drive plate is integral with the input shaft, so that
the drive plate rotates with the input shaft, and the two
transfer gears are mounted spaced apart from each other to
the drive plate, the two transfer gears are freely rotatable
relative to the drive plate.

In one aspect, the difference in the number of teeth is two.
The difference in the number of teeth between the output
gear and the fixed gear results in gear reduction. Also, spring
forces between the two transfer gears and the output and
input gears result in the reduction of backlash. The two
transfer gears exert the spring forces on the output gear.
Alternatively, the fixed and output gears exert the spring
forces on the two transfer gears.

In one aspect, disclosed is an industrial robotic arm
comprising a gear reduction assembly. The gear reduction
assembly includes a fixed gear; an output gear coupled to an
output shaft, wherein a number of teeth in the fixed gear and
the output gear are different; and two transfer gears mesh
with the fixed gear and the output gear, wherein the two
transfer gears are coupled to an input shaft. The gear
reduction assembly further comprises a drive plate of an
elongated profile, the drive plate is integral with the input
shaft, so that the drive plate rotates with the input shaft, and
the two transfer gears are mounted spaced apart from each
other to the drive plate, the two transfer gears are freely
rotatable relative to the drive plate.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying figures, which are incorporated
herein, form part of the specification and illustrate embodi-
ments of the present invention. Together with the descrip-
tion, the figures further explain the principles of the present
invention and enable a person skilled in the relevant arts to
make and use the invention.

FIG. 1 is a perspective view of the gear reduction unit,
according to an exemplary embodiment of the present
invention.

FIG. 2 is another perspective view of the gear reduction
unit, according to an exemplary embodiment of the present
invention.

FIG. 3 is a side view of the gear reduction unit, according
to an exemplary embodiment of the present invention.

FIG. 4 shows an exploded view of the gear reduction unit,
according to an exemplary embodiment of the present
invention.

FIG. 5 is a perspective view of another embodiment of the
gear reduction unit, according to the present invention.

FIG. 6 is an enlarged view of the gear reduction unit
shown in FIG. 5, according to an exemplary embodiment of
the present invention.

FIG. 7 is a front view of the gear reduction unit shown in
FIG. 5, according to an exemplary embodiment of the
present invention.

FIG. 8 shows a side view of the gear reduction unit shown
in FIG. 5, according to an exemplary embodiment of the
present invention.

FIG. 9 shows an exploded view of the gear reduction unit
shown in FIG. 5, according to an exemplary embodiment of
the present invention.
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FIG. 10 illustrates the meshing of transfer gears for
backlash reduction, according to an exemplary embodiment
of the present invention.

FIG. 11 illustrates the meshing of transfer gears for
backlash reduction, according to an exemplary embodiment
of the present invention.

DETAILED DESCRIPTION

Subject matter will now be described more fully herein-
after with reference to the accompanying drawings, which
form a part hereof, and which show, by way of illustration,
specific exemplary embodiments. Subject matter may, how-
ever, be embodied in a variety of different forms and,
therefore, covered or claimed subject matter is intended to
be construed as not being limited to any exemplary embodi-
ments set forth herein; exemplary embodiments are provided
merely to be illustrative. Likewise, a reasonably broad scope
for claimed or covered subject matter is intended. Among
other things, for example, the subject matter may be embod-
ied as methods, devices, components, or systems. The fol-
lowing detailed description is, therefore, not intended to be
taken in a limiting sense.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any embodiment
described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other embodi-
ments. Likewise, the term “embodiments of the present
invention” does not require that all embodiments of the
invention include the discussed feature, advantage or mode
of operation.

The terminology used herein is to describe particular
embodiments only and is not intended to be limiting to
embodiments of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”,
“comprising,”, “includes” and/or “including” when used
herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

The following detailed description includes the best cur-
rently contemplated mode or modes of carrying out exem-
plary embodiments of the invention. The description is not
to be taken in a limiting sense but is made merely to illustrate
the general principles of the invention since the scope of the
invention will be best defined by the allowed claims of any
resulting patent.

The invention described pertains to a gear reduction unit
with an anti-backlash mechanism for use in industrial
robotic arms. The disclosed gear reduction unit can signifi-
cantly reduce the backlash resulting in precision and accu-
racy in positioning of the arm of the industrial robotic arm.
It is to be noted that embodiments herein describe the use of
the gear reduction unit with an anti-backlash mechanism for
use in industrial robotic arms, however, the disclosed gear
reduction unit can be used with any other suitable device or
machinery and any such use is within the scope of the
present invention. Thus, the disclosed gear reduction unit is
not limited to robotic arms.

In certain implementations, disclosed is a gear reduction
unit that includes at least two internal gears that can be used
in combination side-by-side, and the teeth of the two internal
gears can engage with other gears including transfer gears or
external gears. The teeth of the two internal gears may be
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aligned to combine the two internal gears. Preferably, each
internal gear may have an even number of teeth. Preferably,
the number of teeth in the first internal gear may be different
from the number of teeth in the second gear of the two
internal gears. Preferably, the difference in the number of
teeth in the two internal gears may be two. It is to be
understood that it may be preferable that the internal gears
have an even number of teeth, however, the number of teeth
may be odd, and the odd number of teeth is within the scope
of the present invention. Also, it is to be understood that it
may be preferable that the difference in the number of teeth
may be two, however, the difference may be one or more,
and such difference in the number of teeth is within the
scope of the present invention. When the difference in the
number of teeth is two and the two internal gears are aligned,
the teeth of the first internal gear may lie substantially
between two adjacent teeth of the second internal gear. Also,
the internal gears according to the present invention can be
implemented in the forms of flexible rings, internal, face,
and bevel gears.

One of the two internal gears may be referred to herein as
a fixed gear and the other internal gear may be referred to as
an output gear. For example, the fixed gear may have 52
teeth, and the output gear may have 50 teeth. The fixed gear
and the output gear may mesh with transfer gears causing a
gear reduction. The transfer gear may be pinion gear. When
the transfer gears are rotated relative to the fixed and output
gears, it may cause the output gear to move a distance of a
two-tooth difference of the fixed gear for each revolution of
the input shaft. It is to be noted that the number of teeth
mentioned is for illustration only, and the number of teeth
may vary without departing from the scope of the present
invention. For example, when the number of teeth in the two
internal gears is in a ratio of 50:52, the reduction may be V%s.

Referring to FIGS. 1-3 which show an embodiment of the
gear reduction unit 100 and FIG. 4 which shows an exploded
view of the gear reduction unit 100. The gear reduction unit
100 includes a fixed gear 110, an output gear 120, a pair of
transfer gears 130, and a drive plate 140 to which the two
transfer gears 130 are mounted. The drive plate has an
elongated profile and may include a proximal end and a
distal end. The two transfer gears are mounted spaced apart
from each other near the proximal end and the distal end
respectively. The transfer gears may be pinion gears and also
referred to herein as the drive gears and the output gear is
also referred to herein as the driven gear.

The transfer gears may have an integral input shaft 170,
a first housing 150 that has a bracket for mounting the input
shaft 170, and a second housing 160 to which the fixed gear
110 is coupled. The output gear 120 has an integral output
shaft 180 which passes through a casing in the fixed gear 110
and the second housing 160. The fixed gear 110 may have 52
teeth while the output gear may have 50 teeth. The two
transfer gears 130 may be freely and rotatably mounted to
the respective shafts of the drive plate 140. The rotation of
the drive plate may move the two transfer gears in a circle,
while the transfer gears themselves can freely rotate on their
rotational axis. The two transfer gears 130 may mesh with
both the fixed gear 110 and the output gear 120.

The input shaft 170 may be rotated, which in turn may
rotate the drive plate 140. The drive plate 140 may circle the
two transfer gears 130. The transfer gears 130 may freely
rotate over their respective shafts of the drive plate 140. The
circling of the two transfer gears 130 may transfer the
motion to the output gear 120 which in turn can rotate the
output shaft 180. There may be no actual transfer of motion,
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the difference in the number of teeth between the output and
the fixed gears results in the gear reduction.

Referring to FIG. 5 which shows another embodiment of
the gear reduction unit 200 which has two internal gears in
the form of ring gears. FIG. 6 shows an enlarged view of the
two internal gears meshed with two transfer gears. FIG. 7
shows the front view of the gear reduction unit 200 and FIG.
8 shows a side view of the gear reduction unit 200. FIG. 9
shows the exploded view of the gear reduction unit 200. The
gear reduction unit 200 includes a fixed ring gear 210 and an
output ring gear 220. The fixed ring gear 210 and the output
ring gear 220 may have different numbers of teeth. For
example, the output ring gear 220 may have 52 teeth while
the fixed ring gear 210 may have 50 teeth.

The fixed ring gear 210 may be attached to the first gear
housing member 230. The output ring gear 220 may be
integral with a housing member 240. A drive plate 250
having an integral input shaft 260 (shown in FIG. 8) may be
mounted to the first gear housing member 230. The two
transfer gears 270 are freely and rotatably mounted to the
drive plate 250. As shown in FIG. 7, the two transfer gears
may be spaced apart from each other, move in a circle with
the drive plate, and can freely rotate on their rotational axis
relative to the drive plate. The two transfer gears 270 may
mesh with the output ring gear 220 and the fixed ring gear
210.

In order to achieve accurate pulsation-free deceleration
using the two internal gears with a difference in the number
of teeth and meshed with two opposing transfer gears at 180
degrees for driving them as explained above, it is preferable
to set the difference in the number of teeth between the
internal gears having even-numbered teeth with an involute
tooth profile to be two because of the nature of the involute
gear. This is due to the dislocation that makes the meshing
pitch circles of the two internal gears the same. However, if
some degree of inaccurate angle transmission is acceptable,
it may be possible to adopt a non-involute tooth profile.

In certain implementations, additional output gears may
also be stacked to facilitate different gear ratios. The flex-
ibility of the output gears may result in gear clearance
reduction and in turn, eliminates backlash by the spring
force of the flexibility. The flexibility of the fixed and output
gears is accomplished either via a solid or relieved portion,
allowing the ring, internal, or face to apply a spring pressure
to the fixed and output gears, reducing the clearance between
meshing surfaces while eliminating backlash. The fixed gear
creates the alignment of the transfer gears to the output gear
when the rotating transfer gears mesh with the output gear.
Input power goes into the drive plate and moves the transfer
gears aligning the output gear teeth 180 degrees apart.

An advantage of the present invention is that the reducer
can be compacted significantly. Also, it was observed that in
order for two pinion gears (transfer gears) to mesh with the
internal gears at a position facing each other at 180°, it is
most reasonable to set the difference in the number of teeth
between the two gears to two, and if the difference in the
number of teeth is one, the pinion and two gears facing each
other at 180° did not mesh. Also, generally, it is more
desirable for the reduction ratio to be an integer, so it is
better to increase the number of teeth on the fixed gear to
obtain a cleaner reduction ratio. However, the number of
teeth on the fixed gear relative to the output gear can be
increased or decreased, and both aspects are within the scope
of the present invention. Also, the design of two internal
gears may be such that the mesh pitch circle diameter of the
two gears that mesh with the pinion gear is the same. The
material, heat treatment, hardness, surface treatment, etc. of
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each of the two internal gears may be the same. However,
any variations in the material, heat treatment, hardness,
surface treatment, etc. are within the scope of the present
invention.

In certain implementations, the output gear may also
minimize the backlash by applying spring forces on the
transfer gears. Similarly, the transfer gears may minimize
the backlash by applying spring forces on the fixed gear and
output gear. Either set can apply spring force upon others,
provided at least one set needs to be solid. The set being the
transfer/drive gears or fixed/output gears. Also, both mating
gears, between the transfer and fixed and the transfer and
output, may have independent spring force to remove back-
lash. If one of the sets requires more spring movement, it
may not be restrained by the other set. As shown in the
drawings, the flexible gears are independent but connected
at the base diameter to allow the spring force. In FIG. 5, the
fixed and output ring gears may be flexible and apply the
spring force to the transfer/drive gears. This additional
feature may improve uneven wear between the sets.

In certain implementations, the difference in the teeth
between the fixed and output gears provides a reduction. So,
each revolution of the input shaft may cause the output gear
to rotate 2 teeth less. The number of teeth on the transfer/
drive gears may be such that to allow aligning the teeth on
the fixed and output gears. So, if the input shaft rotates once
the output shaft may only rotate the amount of one tooth
advancement of the fixed gear.

Referring to FIGS. 10 and 11, which illustrate the spring
forces between the transfer gear and the output gear. FIG. 10
shows the assembly 300 having a gear housing 305, an
output ring gear 310, a drive plate 315, a shaft 320 for
mounting the transfer gear in a freely rotatable manner, and
a transfer gear 325. FIG. 11 shows the assembly 400 having
a gear housing 405, an output ring gear 410, a drive plate
415, a shaft 420 for mounting the transfer gear in a freely
rotatable manner, and a transfer gear 425.

While the foregoing written description of the invention
enables one of ordinary skill to make and use what is
considered presently to be the best mode thereof, those of
ordinary skill will understand and appreciate the existence of
variations, combinations, and equivalents of the specific
embodiment, method, and examples herein. The invention
should therefore not be limited by the above-described
embodiment, method, and examples, but by all embodi-
ments and methods within the scope and spirit of the
invention as claimed.

What is claimed is:

1. A gear reduction assembly comprising:

a fixed gear;

an output gear coupled to an output shaft, wherein a
number of teeth in the fixed gear and the output gear are
different, wherein the fixed gear and the output gear are
flexible and disposed in combination side-by-side;

two transfer gears mesh with the fixed gear and the output
gear, wherein the two transfer gears are coupled to an
input shaft,

a drive plate of an elongated profile, the drive plate is
integral with the input shaft, so that the drive plate
rotates with the input shaft, and the two transfer gears
are mounted to two shafts of the drive plate, the two
shafts of the drive plate are spaced apart from each
other, extends parallel to each other and perpendicular
to the drive plate, the two transfer gears are freely
rotatable relative to the drive plate and wherein transfer
gears or the output/fixed gears are flexible, and that the
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output/fixed gears exert a spring force on the transfer
gears or the transfer gears exert a spring force on the
output/fixed gears.

2. The gear reduction assembly of claim 1, wherein the
difference in the number of teeth is two.

3. The gear reduction assembly of claim 2, wherein the
difference in the number of teeth between the output gear
and the fixed gear results in gear reduction.

4. The gear reduction assembly of claim 3, wherein spring
forces acting only between the two transfer gears and the
output and input gears, results in a reduction of backlash.

5. The gear reduction assembly of claim 4, wherein the
two transfer gears exert the spring forces on the output gear.

6. The gear reduction assembly of claim 4, wherein the
fixed and output gears exert the spring forces on the two
transfer gears.

7. A method for gear reduction, the method comprising:

providing a gear reduction assembly comprising:

a fixed gear;

an output gear coupled to an output shaft, wherein a
number of teeth in the fixed gear and the output gear
are different, wherein the fixed gear and the output
gear are disposed in combination side-by-side;

two transfer gears mesh with the fixed gear and the
output gear, wherein the two transfer gears are
coupled to an input shaft; and

a drive plate of an elongated profile, the drive plate is
integral with the input shaft, so that the drive plate
rotates with the input shaft, and the two transfer
gears are mounted to two shafts of the drive plate, the
two shafts of the drive plate are spaced apart from
each other, extends parallel to each other and per-
pendicular to the drive plate, the two transfer gears
are freely rotatable relative to the drive plate; and

rotating the input shaft.

8. The method of claim 7, wherein the difference in the
number of teeth is two.

9. The method of claim 8, wherein the difference in the
number of teeth between the output gear and the fixed gear
results in gear reduction.
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10. The method of claim 9, wherein spring forces acting
only between the two transfer gears and the output and input
gears, results in a reduction of-backlash.

11. The method of claim 10, wherein the two transfer
gears exert the spring forces on the output gear.

12. The method of claim 10, wherein the fixed and output
gears exert the spring forces on the two transfer gears.

13. An industrial robotic arm comprising:

a gear reduction assembly comprising:

a fixed gear;

an output gear coupled to an output shaft, wherein a
number of teeth in the fixed gear and the output gear
are different, wherein the fixed gear and the output
gear are disposed in combination side-by-side;

two transfer gears mesh with the fixed gear and the
output gear, wherein the two transfer gears are
coupled to an input shaft,

a drive plate of an elongated profile, the drive plate is
integral with the input shaft, so that the drive plate
rotates with the input shaft, and the two transfer
gears are mounted to two shafts of the drive plate, the
two shafts of the drive plate are spaced apart from
each other, extends parallel to each other and per-
pendicular to the drive plate, the two transfer gears
are freely rotatable relative to the drive plate.

14. The industrial robotic arm of claim 13, wherein the
difference in the number of teeth is two.

15. The industrial robotic arm of claim 14, wherein the
difference in the number of teeth between the output gear
and the fixed gear results in gear reduction.

16. The industrial robotic arm of claim 15, wherein spring
forces acting only between the two transfer gears and the
output and input gears, results in a reduction of backlash.

17. The industrial robotic arm of claim 16, wherein the
two transfer gears exert the spring forces on the fixed and
output gears, or the fixed and output gears exert the spring
forces on the two transfer gears.
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