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Pitch and roll robot joint and industrial robot

TECHNICAL FIELD
This invention relates to a pitch and roll robot joint including a differential gear.

The invention also relates to an industrial robot having such a robot joint.

BACKGROUND

From US 4,608,884 is previously known a joint of a hand element or wrist of a
robot. The housing of the hand element is pivoted around a first axis while resting be-
tween two fork arms on the end of the boom connected to the robot arm. Two reduc-
tion gears, which can be separately driven, are provided in the housing and are ar-
ranged coaxially to the first axis. The reduction gears are arranged to drive coaxial
bevel gears which, in their turn, are engaged with additional bevel gears supported
by the housing and extended at right angle to the previous bevel gears. The shaft of
one of the bevel gears supports a flange which rotates around a secondary rotary
axis running at a right angle to the first axis. In such a robot wrist joint the drive shafts
are capable of commonly driving both the pitch and roll movements, thus getting the
advantage of an even distribution of the load torque to the motors. The prior art em-
bodiments of this type of robot wrist joint, however, need extensive gearing that adds
to weight and complexity.

DISCLOSURE OF THE INVENTION

An object of the invention is to further develop a robot joint of the kind de-
scribed above that has fewer components in order to be more lightweight and less
complicated.

According to one aspect of the invention, is defined a pitch and roll robot joint
including a differential gear, comprising a base structure, a pitch housing rotationally
supported in the base structure, a roll shaft rotationally supported in the pitch housing
and including a planet gear wheel of said differential gear, left and right transversally
oriented drive shafts rotationally supported in the pitch housing, each drive shaft in-
cluding a side gear wheel of said differential gear in engagement with the planet gear
wheel for providing pitch movement to the pitch housing and roll movement to the roll
shaft, characterized by the robot joint having left and right drive transmissions, each
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transmission being in operative engagement between a respective pair of a motor
shaft and one of said drive shafts. Thereby both transmissions may be of identical
and simple design and located laterally away from the joint, providing space for inte-
rior cabling in the joint. This may be suitable when the joint is a wrist joint. The inven-
tion is, however, not restricted to wrist joints but may also be applied to other joints in
a robot structure.

Another advantage is the symmetric arrangement allowing extensive use of
components common to both sides and minimizing out-of balance loads about the roll
axis.

While the motor shafts may be oriented for example perpendicularly to the
drive shafts, in an embodiment of the invention, the motor shafts are transversely ori-
ented, i.e. with motor shafts in parallel with the drive shafts. Thereby, the drive trans-
missions may be further simplified by not needing any angled gear connections.

While the motors may be located rearwardly away from the joint, for example
in a robot boom structure supporting a wrist joint, or in a corresponding connection
part when the joint is used elsewhere in a robot, in one embodiment of the invention
the joint has a pair of motors, each having one of said transversally oriented motor
shafts.

According to another embodiment of the invention the roll shaft is provided
with a through-going axial cavity. As thereby also both ends of the joints are free from
internal components, sufficient space will be provided for arranging axially internal
cabling all the way through the joint, for example, up to an end effector, in case the
joint is a wrist joint.

Each drive transmission can be a belt transmission.

Alternatively, each drive transmission can be a gear transmission.

By using any of such transmissions, the motors may be located at a desired
distance away from the pitch housing — in the base structure or in a rearward struc-
ture such as a robot boom supporting a wrist, in case the joint is a wrist joint, or a cor-
responding connection part when the joint is used elsewhere in a robot.

The motors can further be arranged in a spaced lateral side-by-side configura-
tion. Thereby the internal cabling may extend in the space between the motors.

In another embodiment the planet gear is a crown gear and the side gear is a
crown gear pinion gear wheel. As thereby the necessary gear engagement force in
the planet gear will be oriented substantially in the forward direction of the joint only,
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this force will be fully absorbed by the radial bearings of the drive shafts of the side
gears with little or no need of further axial and radial support, for example by shims or
counteracting gear wheels as common in other types of differential gears. Accord-
ingly, the necessary components of the planet gear may thereby be minimized, sav-
ing weight and leaving space for internal cabling in the joint.

As indicated above, the robot joint may suitably be wrist joint.

The invention is also concerned with an industrial robot having at least one ro-
bot joint according to the invention.

Other features and advantages of the invention will be apparent from the ap-

pended claims and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail by way of embodi-
ments, given as examples only, and with reference to the enclosed drawings, in
which:

FIG. 1 is a rearward side view of a robot joint according to the invention having
belt drive transmissions;

FIG. 2 is a is a sectional side view of the robot joint shown in FIG. 1;

FIG. 3 is a rear end perspective view of the robot joint shown in FIG. 1;

FIG. 4 is a diagrammatic side view with parts broken away of a robot joint ac-
cording to the invention having gear drive transmissions;

FIGS. 5A and 5B are rearward respective side and sectional views of a pitch
housing according to the invention; and

FIG 6 is a schematic illustration of a six-axis industrial robot.

In the drawing, corresponding components are throughout designated by the

same numerals.

DETAILED DESCRIPTION OF EMBODIMENTS
In FIG. 6 is schematically illustrated a conventional six-axis industrial robot 14.
However, it is apparent that the invention is not limited to such a robot, but may be
used also in robots with more or less axes. The illustrated robot has a stand 1 that is
rotatably mounted on a base 2, which enables it to rotate about a vertical axis A. A
lower robot arm 3 is connected to the stand and is pivotably mounted about an axis
4. The lower robot arm 3 supports the robot’s upper arm 5. The lower and upper ro-
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bot arms are pivoted about an axis 6. The upper arm 5 is rotatable about an axis B
that coincides with the longitudinal axis of the upper arm. The upper arm supports a
wrist part 7 at its outer end, said wrist part comprising a tilt part 8 that is rotatable
about an axis C and a turning disc 9 that is rotatable about an axis D. An end effector
such as a robot tool or other desired attachment is mountable on the rotatable turn
disc 9. In order to drive the connected parts in rotation about the respective axes A,
B, C, D, 4, 6, motors and the necessary gearing are provided.

The axes A, B and D are axes where a roll movement is obtained and the
axes 4, 6 and C are axes where a pivoting movement or pitch is obtained. Accord-
ingly, the robot has three pitch and roll modules where a pitch and roll joint according
to the present invention may be used, namely the joint between the base 2 and the
lower arm 3 which is located in the stand 1 and includes the axes A and 4, the joint
between the lower arm 3 and the upper arm 5 which includes the axes B and 6, and
the joint between the upper arm 5 and the wrist part 7 which includes the axes C and
D. In FIG. 6 the robot is illustrated as having a wrist joint designed as a pitch and roll
joint 10 according to the invention, as an example.

The details of the inventive pitch and roll joint 10 are described in relation to an
embodiment of the invention in a robot wrist. The pitch and roll wrist embodiment of a
robot joint 10 shown in the drawings is adapted for connection to a boom 12 or corre-
sponding connection part of a diagrammatically depicted industrial robot 14 (FIG.1).
In the embodiment shown, the wrist joint 10 has a base structure 20 that may be con-
sidered to have a U-shaped forward portion 30, a box-shaped intermediate portion 40
and a rearward boom-connecting portion 50 comprising a hollow pipe 52.

As apparent for example from FIG. 3, the base structure 20 is further formed
with a hollow axial interior or a through-going axial passage to allow unobstructed
passage through the wrist joint 10 of flexible cabling 120 (FIG. 1) capable of supply-
ing power and control signals to a diagrammatically depicted end effector 122 (FIG.
1, 2) attached to the wrist joint 10.

The U-shaped forward portion 30 of base structure 20 has a pair of lateral
flanges 32 defining a space therebetween for a generally T-shaped pitch housing 60,
which in the case of a wrist joint is a tilt housing. The pitch housing 60 is rotationally
supported by the lateral flanges 32 about a transverse pitch axis 62. In the embodi-
ment shown, pitch housing 60 is supported by roller bearings 38 (FIG. 2). Each roller
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bearing 38 is retained in a circular recess defined by the corresponding flange 32 and
an end piece 34 that clamps the bearing 38 in place by means of screw joints 36.

Retaining means such as one or more washers 124 (FIG. 1) may be provided
for example in the pitch housing 60 to keep the cabling 120 clear from the gear
wheels supported in the pitch housing 60. As indicated in FIG. 1 cabling 120 may
also have a slack for allowing the rotational movement of pitch housing 60. The slack
may, however, alternatively be present in robot components (not shown) rearward of
the wrist joint 10.

As best seen in FIGS. 2 and 5B, a roll shaft 70 having an axial bore 74 is rota-
tionally supported by roller bearings 64 in the pitch housing 60 about a roll axis 72
extending in a radial plane to the pitch axis 62 in the pitch housing 60. A hollow front
end flange 78 of roll shaft 70 is adapted for attachment to the end effector 122, in the
case of a wrist joint. When the joint is used elsewhere in a robot the front end is
adapted for connection to another corresponding robot part. A rear end of roll shaft
70 is provided with a planet gear wheel 76 forming part of a differential gear yet to be
described in more detail.

Left and right drive shafts 80 are rotationally supported about the pitch axis 62
in the pitch housing 60 via respective pairs of roller bearings 66. An inner end of each
drive shaft 80 is provided with a side gear wheel 82 meshing with the planet gear
wheel 76 to complete the resulting differential gear. While other combinations of gear
wheels may be used in embodiments of the invention, such as two pairs of opposing
angled gear wheels, e.g. bevel gears, as in a conventional differential gear, in the
shown embodiment, the single planet gear wheel 76 is a crown gear wheel and the
two side gear wheels 82 are crown gear pinion wheels. This arrangement does not
need any close alignment of the drive shafts 80 in the axial direction thereof in order
to secure sufficient gear engagement as compared to a traditional differential gear
having an angled gear engagement.

In the FIG. 1-3 embodiment, each drive shaft 80 is driven by a respective
electric motor 90 via a belt transmission 100 comprising a belt 102, a drive shaft pul-
ley 104 and a motor shaft pulley 106. In an alternative embodiment diagrammatically
shown in FIG. 4, each transmission 100 may alternatively comprise a gear transmis-
sion 80 having, for example, four serially meshing gear wheels, i.e. a gear wheel 108
connected to the drive shaft 80, intermediate gear wheels 110, 112 freely journalled
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to the base structure 20, and a gear wheel 114 connected to the motor shaft 92. The
transmission may also be a sprocket chain transmission (not shown).

The motors 90 have transversally oriented motor shafts 92 and are, in the
shown embodiment, located in the intermediate box-shaped portion 40 of the base
structure 20, supported to lateral walls 42 of portion 40. As apparent from FIG. 3, the
motors 90 are also spaced from each other not to obstruct the internal axial passage
of wrist joint 10. As indicated above, motors 90 may also be located away (not
shown) from the base structure 20.

The joint functions as follows. When the two motors are simultaneously driven
in the same direction at the same speed, the pitch part of the joint will rotate and the
roll will not. When the two motors are simultaneously driven at the same speed in op-
posite directions, the roll part of the joint will rotate and the pitch will not. Any other
combination of motor movements will make both pitch and roll move simultaneously.

The foregoing detailed description is given primarily for clearness of under-
standing and no unnecessary limitations are to be understood therefrom. Modifica-
tions will become obvious to those skilled in the art upon reading this disclosure and
may be made without departing from the spirit of the invention or the scope of the
appended claims.
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Claims

1. A pitch and roll robot joint (10) including a differential gear, comprising:

a base structure (20);

a pitch housing (60) rotationally supported in the base structure (20);

a roll shaft (70) rotationally supported in the pitch housing (60),and including a
planet gear wheel (76) of said differential gear;

left and right transversally oriented drive shafts (80) rotationally supported in
the pitch housing (60), each drive shaft including a side gear wheel (82) of said dif-
ferential gear in engagement with the planet gear wheel (76) for providing pitch
movement to the pitch housing (60) and roll movement to the roll shaft (70);

characterized by

left and right drive transmissions (100), each transmission being in operative
engagement between a respective pair of a motor shaft (92) and one of said drive
shafts (80).

2. The robot joint according to claim 1, wherein it comprises a pair of motors (90),

each motor having a transversally oriented motor shaft (92).

3. The robot joint according to claim 1 or 2, wherein said roll shaft (70) is pro-

vided with a through-going axial cavity (74).

4. The robot joint according to any of the previous claims, wherein said drive

transmission comprises a belt transmission (100).

5. The robot joint according to any of the previous claims, wherein said drive

transmission comprises a gear transmission (100).

6. The robot joint according to any of the previous claims, wherein the motors

(90) are arranged in a spaced lateral side-by-side configuration.

7. The robot joint according to any of the previous claims, wherein said planet
gear (64) is a crown gear and said side gear wheel is a crown gear pinion gear wheel
(82).
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8. The robot joint according to any of the previous claims, wherein the joint is a
wrist joint (10).
9. An industrial robot (14) having at least one robot joint (10) according to any

one of the previous claims.
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