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ROBOT ARM WITH A ROBOT-HAND DRIVE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a national phase application
under 35 U.S.C. §371 of International Patent Application
No. PCT/EP2018/076976, filed Oct. 4, 2018 (pending),
which claims the benefit of priority to German Patent
Application No. DE 10 2017 217 907 4, filed Oct. 9, 2017,
the disclosures of which are incorporated by reference
herein in their entirety.

TECHNICAL FIELD

[0002] The invention relates to a robot arm with a robot-
hand drive device, which has at least three electric motors
arranged in an arm boom for driving a multi-axis robot hand
of the arm boom, each electric motor having an electric
rotor, each of which has a motor shaft.

BACKGROUND

[0003] A robot arm with a robot-hand drive device is
known from EP 2 024 144 B1 which comprises a plurality
of drive motors with drive shafts arranged in an arm boom
of the robot for driving a robot hand of the arm boom,
wherein at least one of the drive motors is arranged for-
wardly offset from at least one other of the drive motors in
the axial direction of the robot hand and wherein the drive
shafts of the drive motors are formed as straight shafts that
run parallel to each other, which end at substantially the
same axial height, wherein three drive shafts are provided
that are arranged so that a distance of the drive shaft of a
middle drive motor from one of the drive shafts of two
lateral drive motors is less than the sum of the radii of the
motor housings of an adjacent pair of the axially offset drive
motors.

SUMMARY

[0004] The object of the invention is to develop a robot
arm with an arm boom that has an especially compact
configuration.

[0005] According to the invention, this object is achieved
by a robot arm with a robot-hand drive device which has at
least three electric motors arranged in an arm boom of the
robot arm for driving a multi-axis robot hand of the arm
boom, each electric motor having an electric rotor with a
motor shaft, wherein the at least three electric motors are
arranged in the interior of a common housing cylinder block
in such a way that each rotor lies in a separate cylinder sector
of the housing cylinder block, more specifically with its
respective motor shaft running parallel to the center axis of
the housing cylinder block, said axis running longitudinally
along the arm boom.

[0006] The robot arm may comprise a base frame, a
carousel rotatably positioned on the base frame around a
vertical axis of rotation and a rocker rotatably positioned on
the carousel around a first horizontal axis of rotation. At a
free end opposite the carousel, the rocker may comprise the
arm boom, which can be rotatably positioned on this free
end of the rocker around a second horizontal axis of rotation.
The base frame, the carousel and the rocker may therefore
form three base members of the robot arm. The vertical axis
of rotation connecting the base frame with the carousel may
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form a first base axis of the robot arm. The first horizontal
axis of rotation connecting the carousel with the rocker may
form a second base axis of the robot arm. The second
horizontal axis of rotation connecting the rocker with the
arm boom may form a third base axis of the robot arm.

[0007] The robot boom may comprise, for example, a
fourth, fifth and sixth robot axis of the robot arm. The arm
boom may comprise a base arm rotatably arranged on the
free end of the rocker on which a front arm of the arm boom
is rotatably arranged around the fourth robot axis. The front
arm may support, for example, a two-axis robot hand. The
fourth robot axis and the two further robot axes of the robot
hand may form three hand axes of the robot arm. The three
hand axes may, together with the three base axes, represent
a six-axis articulated arm robot. The robot arm may, how-
ever, also comprise a different number of base axes and/or
hand axes. Regardless of the number of base axes and/or
hand axes, only two hand axes or four hand axes or more
than four hand axes may be provided instead of three hand
axes. Consequently, the robot arm may comprise a robot-
hand drive device comprising at least two electric motors
arranged in the arm boom of the robot arm for driving the
robot hand of the arm boom, of which at least two electric
motors comprise an electric rotor with a motor shaft and the
at least two electric motors are arranged in the interior of a
common housing cylinder block in such a way that each of
the at least two rotors lies in a separate cylinder sector of the
housing cylinder block, more specifically with its respective
motor shaft running parallel to the center axis of the housing
cylinder block, said axis running longitudinally along the
arm boom.

[0008] The robot-hand drive device may be configured to
move the three hand axes of the robot arm, i.e., the fourth,
fifth and sixth robot axis of the robot arm. To this purpose,
the robot-hand drive device comprises at least three electric
motors arranged in the arm boom of the robot arm for
driving the multi-axis robot hand of the arm boom.

[0009] Each electric motor comprises an electric rotor
with one motor shaft each. Each electric motor furthermore
comprises a stator. Both the rotor and/or the stator may
generally be provided with a winding of electric wires. A
rotor winding and/or a stator winding may be provided, for
example. Depending on the type of the electric motor,
permanent magnets may be provided instead of a rotor
winding or a stator winding as well, which replace either the
rotor winding or the stator winding. All electric motors
arranged in the interior of the housing cylinder block can be
controlled independently from each other in their respective
rotational speeds of the motor shafts.

[0010] Generally, however, synchronous motors, in par-
ticular servomotors, are preferably used for robots, which
comprise both a rotor winding and a stator winding. One
advantage of a synchronous motor is the fixed relationship
of the rotational speed and the angular position with the
operating frequency. Usually, the synchronous motors are
therefore provided with sensors for the determination of the
position, i.e., for the determination of the rotary orientation
of the rotor. The rotary orientation of the motor shaft
determined by the sensors, i.e., the rotary orientation of the
motor shaft is transmitted to an electronic control unit,
which is generally arranged outside of the actual motor, the
so-called servo controller, which controls the movement of
the motor on the basis of one or more adjustable target
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values such as the target angular position or the target
rotational speed of the motor shaft.

[0011] Since the at least three electric motors are arranged
in the interior of a common housing cylinder block so that
each rotor lies in a separate cylinder sector of the housing
cylinder block, more specifically with its respective motor
shaft running parallel to the center axis of the housing
cylinder block, said axis running longitudinally along the
arm boom, the motors can be packed tightly, which makes
it possible to produce a robot arm with an arm boom that has
a particularly compact configuration.

[0012] The housing cylinder block may form a receiving
housing into which the at least three electric motors, each as
a complete single motor and having a rotor, a stator and a
motor housing, are inserted. Alternatively, the housing cyl-
inder block may form a common motor housing in which
only the at least three rotors are rotatably positioned. In the
latter embodiment, the housing cylinder block forming a
common motor housing may preferably also comprise the
laminated stator cores and/or stator windings or stator per-
manent magnets of all the at least three electric motors.

[0013] Due to these configurations, the rotors of the at
least three electric motors with their motor shafts may be
arranged particularly close to each other in the arm boom of
the robot arm. This is particularly possible without having to
connect additional transmission shafts such as drive shafts or
straight shafts to the motor shafts. Since the transmission
shafts are no longer necessary, the at least three electric
motors may also be positioned axially, i.e., in the longitu-
dinal extension of the arm boom and very close to the front
arm of the arm boom. This results in a particularly short
configuration of the robot-hand drive device. The robot-
hand drive device may, in special embodiments, be coupled
directly, i.e., without using transfer shafts, to a gear drive of
the arm boom, in particular to a spur gear drive and/or a
cycloidal gear drive for the transmission of the torque and/or
flanged to be fastened to the spur gear and/or the cycloidal
gear drive.

[0014] Due to the housing cylinder block according to the
invention, electric cables and/or electric plugs may, depend-
ing on the embodiment, be dispensed with as well, or the
electrical cables may be shorter.

[0015] Since each rotor lies in a separate cylinder sector of
the housing cylinder block, the at least three electric motors
may be arranged on the same or at least on approximately
the same height (in the longitudinal extension of the arm
boom). In particular, if the rotors are identical, this may
result in a configuration in which the motor shaft end with
its output-side shaft ends at the same or at least at approxi-
mately the same axial height (in the longitudinal extension
of the arm boom).

[0016] A respective cylinder sector results, for example, in
a plain cylindrical housing cylinder block from a circular
sector of an end wall of the plain cylinder-shaped housing
cylinder block and the longitudinal extension of the housing
cylinder block in the axial direction, i.e., in the longitudinal
extension of the arm boom.

[0017] The housing cylinder block may be formed from
one piece. Alternatively, the housing cylinder block may
also be made up of several pieces or a plurality of individual
pieces. The housing cylinder block may, for example, be
composed of a plurality of stacked metal layers. The stacked
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metal layers may preferably form the laminated stator core
that interacts with the at least three rotors to form the at least
three electric motors.

[0018] The housing cylinder block may comprise an at
least substantially plain cylindrical outer wall, and the rotors
of the at least three electric motors may be arranged with
their motor shafts in the interior of the housing cylinder
block in such a way that they are evenly distributed across
a circumference around the center axis of the housing
cylinder block. The housing cylinder block may preferably
comprise an at least substantially plain cylindrical outer wall
in such a way that the housing cylinder block is inserted at
least substantially flush into a hollow member of the robot
arm, i.e., in the hollow front arm of the arm boom and/or in
the hollow base arm of the arm boom. In a first variant, the
housing cylinder block may be inserted completely into the
base arm of the arm boom. In a second variant, the housing
cylinder block may be inserted completely into the front arm
of the arm boom. In a third variant, the housing cylinder
block may be partially inserted, i.e., by means of a first axial
partial length of the housing cylinder block within the base
arm of the arm boom and partially, i.e., by means of a second
axial partial length of the housing cylinder block of the front
arm of the arm boom. In each variant, the housing cylinder
block may be detachably fastened, for example screwed into
the arm boom in a non-destructive manner by means of
tools. The housing cylinder block may either be fastened to
the hollow base arm or the hollow front arm or alternatively
flanged to a gear drive, in particular on a spur gear drive of
the arm boom and/or a cycloidal gear drive, which, in turn,
is fastened to the hollow base arm or the hollow front arm.

[0019] The housing cylinder block comprising the at least
three electric motors may therefore be arranged within a
hollow arm housing of the arm boom of the robot arm. The
hollow arm housing, in particular the hollow base arm
and/or the hollow front arm may form bearing components,
i.e., members of the robot arm. The hollow arm housing, in
particular the hollow base arm and/or the hollow front arm,
provide a bearing function in this embodiment so as to form
the members of the robot arm and keep these in a specific
configuration, i.e., joint positions. This means that all forces
and momentums that are required to hold and/or move a load
to be supported by the robot arm and to hold and/or move the
weight components of the robot arm itself are transmitted
via the hollow arm housing, in particular the hollow base
arm and/or the hollow front arm.

[0020] The housing cylinder block comprising the at least
three electric motors may be a load-bearing structural ele-
ment of the arm boom of the robot. This means that the
housing cylinder block is formed to transmit all forces and
momentums that are required to hold and/or move a load to
be supported by the robot arm and to hold and/or move the
weight components of the robot arm itself via the housing
cylinder block, either in whole or in part. In a special
embodiment variant, the outer wall of the housing cylinder
block is exposed, i.e., the housing cylinder block is not
arranged in the interior of the front arm or the base arm. The
housing cylinder block may thus form a load-bearing con-
necting piece between the front arm and the base arm. The
housing cylinder block may, in such a case, either be flanged
to the base arm and rotate relative to the front arm, or the
housing cylinder block may be flanged to the front arm and
rotate relative to the base arm.
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[0021] The housing cylinder block may be formed by an
integrally cast piece, in which a respective number of
recesses corresponding to the at least three electric motors
are formed, into which one of the at least three electric
motors is inserted. In this embodiment, the housing cylinder
block may basically be formed similar to a revolver maga-
zine with plain cylindrical, axially extending holes or cyl-
inder pockets into which the at least three electric motors are
inserted like rounds.

[0022] The housing cylinder block may form a common
motor housing of all rotors of the at least three electric
motors. The motor housings of electric motors are often
provided with external cooling fins. In the case of a housing
cylinder block according to the invention, the cooling fins
may, for example, be mounted to the exterior wall of the
housing cylinder block, and the at least three electric motors,
which then individually do not have any cooling fins, may
be inserted into the housing cylinder block so that the
cooling fins of the housing cylinder block jointly form the
cooling ribs of all inserted motors. Alternatively, the housing
cylinder block may be formed without cooling ribs. In that
case the exterior wall of the housing cylinder block would be
smooth.

[0023] The housing cylinder block may comprise a lami-
nated stator core, which forms a common laminated stator
core of all the at least three electric motors. The housing
cylinder block therefore does not have to be formed from
one piece. Rather, the housing cylinder block may be
composed of a plurality of individual parts. The housing
cylinder block may thus be composed of a plurality of
stacked metal layers. At the same time, the stacked metal
layers form a laminated stator core that interacts with the at
least three rotors to form the at least three electric motors.
The recesses which form the receiving pickets for the rotors
in the stacked state of the stator laminations may therefore
be easily produced in the individual stator laminations by
punching the stator laminations.

[0024] The motor shafts of the at least three electric
motors may be arranged on a common pitch circle around
the center axis of the arm boom in the housing cylinder
block in the longitudinal extension of the arm boom. This
means that the axes of the motor shafts all have the same
radial distances from the center axis of the arm boom and of
the housing cylinder block. Preferably, the motor shafts of
the at least three electric motors are arranged on the common
pitch circle at equal distances from each other. This means
that all motor shafts are equally arranged on the pitch circle
across the circumference. The housing cylinder block there-
fore generally extends with its center axis in the direction of
the longitudinal extension of the arm boom, i.e., of the base
arm and the front arm.

[0025] All rotors of the at least three electric motors may,
with respect to the center axis of the arm boom running
along the longitudinal extension of the arm boom, be
arranged on the same axial height in the housing cylinder
block. This means that the electric motors, in particular the
rotors of all the at least three electric motors, are not axially
offset against each other in the housing cylinder block.
Rather, all rotors are positioned laterally, i.e., in the radial
direction, next to each other. The housing cylinder block also
generally extends here with its center axis in the direction of
the longitudinal extension of the arm boom, i.e., of the base
arm and of the front arm.
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[0026] The multi-axis robot may comprise at least one
gear drive with a gear drive housing that is flanged to the
housing cylinder block.

[0027] The at least one gear drive is formed to translate
and/or distribute the torque generated by the electric motors
to the fourth, fifth and sixth axis of the robot arm, i.e., to the
robot hand axes. The arm boom may comprise a base arm
that is rotatably positioned at the free end of the rocker on
which a front arm of the arm boom is rotatably arranged
around the fourth robot axis. The front arm may support, for
example, a two-axis robot hand. The fourth robot axis and
the two further robot axes of the robot hand may form three
hand axes of the robot arm. The three hand axes may,
together with the three base axes, form a six-axis articulated
robot arm.

[0028] The rotors of the at least three electric motors may,
with their motor shafts, each be rotatably positioned in the
housing cylinder block by means of ball bearings.

[0029] Each rotor may be rotatably positioned in the
housing cylinder block by means of at least one front ball
bearing facing away from the output-side end of the respec-
tive motor shaft, and each rotor may be rotatably positioned
in the housing cylinder block by means of at least one rear
ball bearing facing away from the output-side end of the
respective motor shaft. In this embodiment, the rotors are
each completely rotatably positioned in the housing cylinder
block.

[0030] Alternatively, each rotor may be rotatably posi-
tioned on the gear drive housing of the gear drive by means
of at least one front ball bearing facing the output-side end
of the respective motor shaft, and each motor may be
rotatably positioned in the housing cylinder block by means
of at least one rear ball bearing facing away from the
output-side end of the respective motor shaft. In this
embodiment, the rotors are each not completely rotatably
positioned in the housing cylinder block. In this embodi-
ment, the rotors are each rotatably positioned at one side in
the housing cylinder block and on the other side on the gear
drive housing of the gear drive to which the housing cylinder
block is flanged. Thus, the complete positioning of the
individual rotors may be distributed to the housing cylinder
block and the gear drive housing, which can shorten the
overall length of the assembly.

[0031] In a further alternative embodiment, the motor
shaft may also be positioned completely in the housing
cylinder block. In an embodiment variant in which the motor
shaft comprises a spur gear that is supported in the gear
drive, a separate positioning of the motor shaft on this shaft
end may be dispensed with. This is possible, in particular,
when an otherwise provided front motor shaft bearing would
have to be arranged very closely to the spur gear. If the front
motor shaft bearing is dispensed with, the motor shaft is only
positioned by a rear motor shaft bearing, and the front shaft
end of the motor shaft is supported in the gear drive by
means of the spur gear.

[0032] The gear drive may, as a first gear drive, comprise
at least one spur gear arranged on a gear drive shaft, wherein
the at least one gear drive shaft is attached to the output-side
end of the at least one motor shaft, and the arm boom may
comprise a second gear drive, which is flanged to the first
gear drive, wherein the at least one output-side end of the
gear drive shaft is positioned in the gear drive housing of the
second gear drive by means of a ball bearing.
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[0033] The second gear drive may be a cycloidal gear
drive comprising three eccentric shafts evenly arranged
across a circumference, wherein the motor shafts of the at
least three motors rotatably arranged in the housing cylinder
block are arranged on the same circumference in the housing
cylinder block as the eccentric shafts in the cycloidal gear
drive. The cycloidal gear drive may be configured, in
particular, to move the fourth robot axis, i.e., to rotate the
front arm of the arm boom relative to the base arm of the arm
boom.

[0034] The spur gear drive may be formed to transmit the
torque generated, in particular, by the two electric motors to
the two hand axes (fifth and sixth robot axes).

[0035] A specific embodiment of the invention is
explained in the description of the figures below with
reference to the inserted figures. Specific features of this
exemplary embodiment may represent general features of
the invention, regardless in what context they are mentioned,
and, if applicable, even individually or in other combina-
tions of the features.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
exemplary embodiments of the invention and, together with
a general description of the invention given above, and the
detailed description given below, serve to explain the prin-
ciples of the invention.

[0037] FIG. 1 shows a side view of an exemplary indus-
trial robot in the form of a six-axis articulated arm robot
comprising an arm boom according to the invention;
[0038] FIG. 2 shows an exploded perspective view of a
specific exemplary embodiment of an arm boom with a
housing cylinder block according to the invention and three
exemplary motors;

[0039] FIG. 3 shows a section view of the housing cylin-
der block according to the invention in the area of one of the
three electric motors, a spur gear drive and a cycloidal gear
drive of the arm boom; and

[0040] FIG. 4 shows a perspective view of the housing
cylinder block according to the invention with the three
motors installed in it.

DETAILED DESCRIPTION

[0041] FIG. 1 shows a robot 1 in the exemplary configu-
ration of a six-axis articulated arm robot 1a comprising a
robot arm 2 and a robot control device 10. The robot arm 2
comprises, in the case of the present exemplary embodi-
ment, a plurality of members [.1 to L7 which are arranged
consecutively and rotatably connected with each other by
means of joints.

[0042] The robot control device 10 of the robot 1 is formed
and/or configured to execute a robot program by which the
joints (robot axis Al to A6) of the robot arm 2 can be moved
or rotated according to the robot program in an automated or
manual manner. To this purpose, the robot control device 10
is connected to controllable electric motors M1 to M6 of the
robot 1, which are configured to move the joints (robot axis
Al to A6) of the robot 1.

[0043] The members L1 to L7 are, in the case of the
present exemplary embodiment of an industrial robot 1a, a
frame 3 and a carousel 4, which is rotatably positioned
relative to the frame 3 around a vertically running robot axis
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Al. Further members of the robot arm 2 are a rocker 5, an
arm boom 6 and a preferably multi-axis robot hand 7 with
a fastening device configured as a tool flange 8, which is
used to fasten a robot gripper, for example. The rocker 5 is
rotatably positioned at the lower end, i.e., at the joint of the
rocker 5 on the carousel 4 around a preferably horizontal
robot axis A2.

[0044] At the upper end of the rocker 5, the arm boom 6
is rotatably positioned around an also preferably horizontal
axis A3 on the joint of the rocker 5. This arm boom
comprises at its end the robot hand 7 with its preferably three
robot (hand) axes A4, A5, A6. The robot axes Al to A6 are
driven by one of the electric motors M1 to M6, which are
controlled by the program of the robot control device 10.
Generally, a gear drive may be provided between each of the
members [.1 to L7 and the correspondingly assigned electric
motors M1 to Mé.

[0045] The arm boom 6 comprises, in the case of the
present exemplary embodiment, a housing cylinder block
according to the invention with exactly three electric motors
(M4 to M6).

[0046] The arm boom 6 thus comprises, in the case of the
present exemplary embodiment, the fourth robot axis A4, the
fifth robot axis A5 and the sixth robot axis A6 of the robot
arm 2. The arm boom 6 comprises a base arm 6.1 which is
rotatably arranged on the free end of the rocker 5, with a
front arm 6.2 of the arm boom 6 being rotatably positioned
on said base arm around the fourth robot axis A4. The front
arm 6.2 supports the two-axis robot hand 7. The fourth robot
axis A4 and the two further robot axes A5 and A6 of the
robot hand 7 form three hand axes of the robot arm 2. The
three hand axes form, together with the three base axes Al,
A2 and A3, the six-axis articulated arm robot la.

[0047] The robot arm 2 or the arm boom 6 according to
FIG. 2 to FIG. 4 comprises a robot-hand drive device 11. The
robot-hand drive device 11 comprises at least three electric
motors M4, M5, M6 arranged in the arm boom 6 of the robot
arm 2 for driving the multi-axis robot hand 7 of the arm
boom 6. Each of the electric motors M4, M5, M6 comprises
an electric rotor M4.1, M5.1 and M6.1 with one motor shaft
M4.2, M5.2 and M6.2 each.

[0048] According to the invention, the at least three elec-
tric motors M4, M5 M6 are arranged in the interior of a
common housing cylinder block 12 in such a way that each
rotor M4.1, M5.1, M6.1 lies in a separate cylinder sector of
the housing cylinder block 12, more specifically with its
respective motor shaft M4.2, M5.2, M6.2 running parallel to
the center axis Z of the housing cylinder block 12, said axis
running longitudinally along the arm boom 6.

[0049] In the case of the present exemplary embodiment,
the housing cylinder block 12 comprises an at least substan-
tially plain cylindrical outer wall, and the rotors M4.1, M5.1,
MG6.1 of the at least three electric motors M4, M5, M6 are
arranged with their motor shafts M4.2, M5.2 and M6.2 in the
interior of the housing cylinder block 12 in such a way that
they are evenly distributed across a circumference around
the center axis Z of the housing cylinder block 12.

[0050] The housing cylinder block 12 comprising the at
least three electric motors M4, M5, M6 is arranged inside a
hollow arm housing, i.e., in the case of the present exem-
plary embodiment inside the base arm 6.1 of the arm boom
6 of the robot arm 2.



US 2020/0331151 Al

[0051] The housing cylinder block 12 forms a common
motor housing of all rotors M4.1, M5.1 and M6.1 of the
three electric motors M4, M5, M6.

[0052] The motor shafts M4.2, M5.2, M6.2 of the at least
three electric motors M4, M5, M6 are arranged on a com-
mon pitch circle around the center axis Z of the arm boom
6 in the longitudinal extension of the arm boom 6 in the
housing cylinder block 12. This means that in the case of the
three electric motors M4, M5, M6, these are offset from each
other by 120 degrees.

[0053] All rotors M4.1, M5.1, M6.1 of the three electric
motors M4, M5, M6 are, with respect to the center axis Z of
the arm boom 6 in the longitudinal extension of the arm
boom 6, arranged in the housing cylinder block 12 at the
same axial height.

[0054] The multi-axis robot hand 7 or the base arm 6.1
and/or the front arm 6.2 comprises at least one gear drive 13
with a gear drive housing 14 to which the housing cylinder
block 12 is flanged.

[0055] The rotors M4.1, M5.1, M6.1 of the at least three
electric motors M4, M5, M6 are each rotatably positioned
with their motor shafts M4.2, M5.2 and M6.2 in the housing
cylinder block 12 or in the first gear drive housing 14.1 by
means of ball bearings 15, as shown in particular in FIG. 3.
[0056] Each rotor M4.1, M5.1 and M6.1 is rotatably
arranged on the gear drive housing 14.1 of the first gear drive
13.1 in the case of the present exemplary embodiment by
means of at least a front ball bearing 15.1 facing the
output-side end of the respective motor shafts M4.2, M5.2
and M6.2, and each rotor M4.1, M5.1 and M6.1 is rotatably
arranged in the housing cylinder block 12 by means of at
least one rear ball bearing 15.2 facing away from the
output-side end of the respective motor shafts M4.2, M5.2
and M6.2.

[0057] In the case of the present exemplary embodiment
of FIG. 3, the arm boom 6 thus comprises a first gear drive
13.1 that comprises at least one spur gear stage. The spur
gear stage comprises at least one spur gear shaft 13.156
arranged on at least one gear drive shaft 13.1a, and the at
least one gear drive shaft 13.14 is attached to the output-side
end of one of the at least one motor shaft M5.2. In the case
of the present exemplary embodiment of FIG. 3, the arm
boom 6 also comprises a second gear drive 13.2 flanged to
the first gear drive 13.1, wherein an output-side end of the
gear drive shaft 13.14 is positioned in the gear drive housing
14.2 of the second gear drive 13.2 by means of at least one
ball bearing 15.3.

[0058] As specifically shown in FIG. 3, the housing cyl-
inder block 12, the first gear drive 13.1 and the second gear
drive 13.2 are consecutively arranged in the arm boom 6 in
the direction of the center axis Z.

[0059] In the section view of FIG. 3, the electric motor M5
that drives the fifth robot axis A5 is shown in a cross-
sectional view. The two other motors M4 and M6 may be
configured identically, wherein, in that case, the motor shafts
M4.2 and M6.2 are coupled differently to the first gear drive
13.1 or the second gear drive 13.2. Unless specifically
mentioned, however, the features used to describe the elec-
tric motor M5 are present in the two other motors M4 and
M6 as well.

[0060] FIG. 3 shows on the left side the end of the motor
shaft M5.2 that faces away from the first gear drive 13.1 and
the second gear drive 13.2. This end of the motor shaft M5.2
facing away from the first gear drive 13.1 and from the
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second gear drive 13.2 is positioned in the housing cylinder
block 12 by means of the second ball bearing 15.2. A tapered
continuation of this end of the motor shaft M5.2 extends
through the second ball bearing 15.2. A sensor 17 is arranged
on this tapered continuation, which measures the rotational
position of the motor shaft M5.2. The sensor 17 may, for
example, be a resolver or an incremental encoder. By means
of the sensor 17, the motor M5 can be controlled with
respect to its rotational position, rotational speed and/or
rotational acceleration. The electric motor M5 and the sensor
17 thus form a servomotor in the case of the present
exemplary embodiment.

[0061] At another end of the motor shaft M5.2 positioned
opposite the sensor 17, the motor shaft M5.2 is positioned by
means of a first ball bearing 15.1. The first ball bearing 15.1
is thus arranged on another end of the motor shaft M5.2 that
faces the first gear drive 13.1 and the second gear drive 13.2.
The first ball bearing 15.1 and the second ball bearing 15.2
may form a fixed/floating bearing arrangement for the motor
shaft M5.2.

[0062] In the case of the present exemplary embodiment
of FIG. 3, the second ball bearing 15.2 is positioned in the
housing cylinder block 12 and the first ball bearing 15.1 in
the first gear drive 13.1. As shown, the position of the first
ball bearing 15.1 may be arranged on an end wall of the first
gear drive 13.1 facing the housing cylinder block 12.
[0063] A tapered continuation of this end of the motor
shaft M5.2 extends through the first ball bearing 15.1 as
well. A gear drive shaft 13.1a is attached to this tapered
continuation in a rotation-fixed manner, for example by
means of a splined connection. The gear drive shaft 13.1a of
the gear drive 13.1 supports a driving spur gear 13.15 in the
case of the present exemplary embodiment of FIG. 3. The
driving spur gear 13.15 engages with a driven spur gear
13.1¢ of the first gear drive 13.1. The driven spur gear 13.1¢
itself is connected with a quill shaft 18, which drives, i.e.,
moves, the fifth robot axis A5 of the robot hand 7. The quill
shaft 18 is positioned in the second gear drive 13.2 by means
of a separate first ball bearing and is supported by a central
shaft 19 by means of a second ball bearing.

[0064] Inside the quill shaft 18, the central shaft 19 is
rotatably arranged coaxially from the quill shaft. The central
shaft 19 is supported by means of ball bearings by the quill
shaft 18 on the one side and the first gear drive 13.1 on the
other side. Between the two ball bearings, the central shaft
19 comprises a driven spur gear, which engages with a
driving spur gear that is driven in the same manner as in the
motor M5 by the motor M6 via a second drive gear shaft of
the first drive gear 13.1. The central shaft 19 thus drives, in
the case of the present exemplary embodiment, the sixth
robot axis A6 of the robot hand 7.

[0065] The motor M4 drives, i.e., rotates the fourth robot
axis A4 and thus causes the front arm 6.2 to rotate relative
to the base arm 6.1.

[0066] The front arm 6.2 relative to the base arm 6.1 is
caused to rotate by means of the motor M4 via the second
gear drive 13.2.

[0067] The second gear drive 13.2 is, in the case of the
present exemplary embodiment, a cycloidal gear drive, for
example, which comprises three eccentric shafts 13.2q4 that
are evenly arranged across a circumference and wherein the
motor shafts M4.2, M5.2 and M6.2 of the at least three
motors M4, M5 and M6 that are rotatably arranged in the
housing cylinder block 12 are arranged on the same circum-
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ference in the housing cylinder block 12 as the eccentric
shafts 13.2a in the cycloidal gear drive.

[0068] In the case of the present exemplary embodiment,
the motor M4 drives one of the three eccentric shafts 13.2a
of the cycloidal gear drive. Since the motor shaft M4.2 is
directly coupled to the one eccentric shaft 13.24, and in
particularly attached to it in a rotatably fixed manner, at least
the motor M4 must be on the same pitch circle as the
eccentric shaft 13.2q that is directly connected to the motor
shaft M4.2. An outer housing of the cycloidal gear drive may
be firmly attached to the front arm 6.2, and an inner housing
of the cycloidal gear drive that is rotatable relative to the
outer housing of the cycloidal gear drive may thus be firmly
attached to the housing of the first gear drive 13.1 or the base
arm 6.1.

[0069] In addition, the housing cylinder block 12 and the
gear drive housing of the first gear drive 13.1 may be formed
as an integral drive gear housing. Instead of a first gear drive
13.1 with spur gear teeth, the torque may also be transmitted
in the first gear drive by means of drive belts.

[0070] While the present invention has been illustrated by
a description of various embodiments, and while these
embodiments have been described in considerable detail, it
is not intended to restrict or in any way limit the scope of the
appended claims to such detail. The various features shown
and described herein may be used alone or in any combi-
nation. Additional advantages and modifications will readily
appear to those skilled in the art. The invention in its broader
aspects is therefore not limited to the specific details, rep-
resentative apparatus and method, and illustrative example
shown and described. Accordingly, departures may be made
from such details without departing from the spirit and scope
of the general inventive concept.

What is claimed is:

1-15. (canceled)

16. A robot arm with a robot-hand drive device, compris-
ing:

an arm boom of the robot arm;

a multi-axis robot hand operatively coupled with the arm

boom; and

at least three electric motors arranged in the arm boom for

driving the robot hand;

each electric motor comprising an electric rotor, each

electric rotor including a motor shaft;

wherein the at least three electric motors are arranged in

the interior of a common housing cylinder block in
such a way that each rotor lies in a separate cylinder
sector of the housing cylinder block; and

wherein the arm boom comprises an arm housing having

a hollow interior, and the housing cylinder block
including at least three electric motors is arranged
inside the hollow interior of the arm housing.

17. The robot arm of claim 16, wherein the at least three
electric motors are arranged in the interior of the housing
cylinder block such that each motor shaft of the respective
electric motors extends along a direction parallel to a center
axis of the housing cylinder block, wherein the center axis
extends longitudinally along the arm boom.

18. The robot arm of claim 16, wherein the housing
cylinder block comprises an at least substantially circular
cylindrical outer wall, and the rotors of the at least three
electric motors are arranged with their motor shafts in the
interior of the housing cylinder block in such a way that the
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motor shafts are evenly distributed around a circumference
disposed about the center axis of the housing cylinder block.

19. The robot arm of claim 16, wherein the housing
cylinder block comprising the at least three electric motors
forms a structural bearing element of the arm boom.

20. The robot arm of claim 16, wherein the housing
cylinder block forms a common motor housing for all rotors
of the at least three electric motors.

21. The robot arm of claim 16, wherein:

the housing cylinder block comprises a unitary, integrally

cast piece, in which a respective number of recesses
corresponding to the at least three electric motors are
formed; and

each of the at least three electric motors are inserted into

a respective one of the corresponding recesses.
22. The robot arm of claim 16, wherein the housing
cylinder block comprises a laminated stator core, which
forms a common laminated stator core for all the at least
three electric motors.
23. The robot arm of claim 16, wherein the motor shafts
of the at least three electric motors are arranged in the
housing cylinder block on a common pitch circle around a
center axis of the arm boom that extends in the longitudinal
direction of the arm boom.
24. The robot arm of claim 16, wherein all rotors of the
at least three electric motors are arranged in the housing
cylinder block at the same axial height with respect to a
center axis of the arm boom in the direction of the longitu-
dinal extension of the arm boom.
25. The robot arm of claim 16, wherein the multi-axis
robot hand comprises at least one gear drive with a gear
drive housing to which the housing cylinder block is flanged.
26. The robot arm of claim 20, wherein the rotors of the
at least three electric motors are each rotatably positioned
with their motor shafts in the housing cylinder block by ball
bearings.
27. The robot arm of claim 26, wherein:
each rotor is rotatably arranged in the housing cylinder
block by at least one front ball bearing facing an
output-side end of the respective motor shaft; and

each rotor is rotatably arranged in the housing cylinder
block by at least one rear ball bearing facing away from
an output-side end of the respective motor shaft.
28. The robot arm of claim 25, wherein:
each rotor is rotatably arranged on the gear drive housing
of the gear drive by at least one front ball bearing facing
an output-side end of the respective motor shaft; and

each rotor is rotatably arranged in the housing cylinder
block by at least one rear ball bearing facing away from
an output-side end of the respective motor shaft.

29. The robot arm of claim 28, wherein:

the gear drive, as a first gear drive, comprises at least one

spur gear stage;

the at least one spur gear stage comprising at least one

spur gear drive arranged on at least one gear drive shaft
attached to the output-side end of one of the motor
shafts;

the arm boom comprises a second gear drive flanged to

the first gear drive; and

an output-side end of the gear drive shaft is positioned in

the gear drive housing of the second gear drive by at
least one ball bearing.
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30. The robot arm of claim 29, wherein:

the second gear drive is a cycloidal gear drive comprising
three eccentric shafts that are evenly arranged across a
circumference; and

the motor shafts of the at least three motors rotatably
arranged in the housing cylinder block are arranged on
the same circumference in the housing cylinder block
as the eccentric shafts in the cycloidal gear drive.

#* #* #* #* #*
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