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Robotic system and housing part for such robotic system

The invention relates to a robotic system and furthermore to a
housing part and robot housing segment, resgpectively, which
shall be used in connection with a robot arm or manipulator

for such a robotic system.

Robotic systems having different mechanical configurations are
able to reach with their miscellaneous effectors a defined
position and orientation, respectively, within their
environments or to move along defined trajectories in a three-
dimensional space. For that purpose robot arms or manipulators
are employed for guiding the effectors, which robot arms are
composed of a plurality of arm elements, limbs or members,
which are connected with each other by means of motion axes
and Jjoints, respectively, so that thereby a plurality of
degrees of freedom is realized. Furthermore, for that purpose
driving units are provided in the area of the joints between
members being adjacent to each other, mainly electro- or
hydraulic motors together with, where appropriate, gear
mechanisms, so as to enable rotatory and/or translational
relative movements between adjacent members, such as rotations
around a longitudinal axis (rolling Jjoint) or around a

traverse axis (knee joint).

In general, as housing parts for robot arms two different
configurations come into question, namely skeletal segments or
tube segments. With respect to skeletal segments a skeleton-
type support/carrying structure, e.g. in the form of a lever,
is provided inside, which transmits all occurring forces and
torques. The support structure may be encased by an outer

housing to protect the signal and power supply lines. This


TayAnnNaa
Rectangle


10

15

20

25

30

35

configuration, however, is relatively easy to mount, but
proves to be heavy since the torque-transmitting components
comprise a small geometrical moment of inertia. Further, the
protection of the signal and power supply lines is limited by

the durability and stability of the outer housing.

In an alternative configuration, in which the housing parts
for the robot arm are formed as one-piece-type, radially
completely closed tube segments, the outer tube exclusively
transmits the forces and torques, in which the signal and
power supply lines can be guided in the tube interiors in a
protective way. This configuration has advantages with respect
to weight, since the material/wall thickness can be made
smaller thereby still allowing the same requirements as
regards rigidity. However, such design with tube segments 1is
accompanied by the disadvantage that the assembly of the
entire robotic system is relatively complex, since the signal
and power supply lines have to be mounted and fixed inside of
the tube and the flange-mounting of the driving units can be
only performed within a correspondingly restricted assembly
space. For that purpose, a strict sequence during assembly and
disassembly has to be followed. The spatial narrowness in the
tube bodies hinders a simple assembly and disassembly of the
components, by which in part also additional tools become
necessary. Therefore, also an automated ©process during

manufacturing of such robotic system is hardly to be achieved.

Moreover, a further problem associated with such one-piece
tube segments as housing parts 1s that maintenance/repair
works and perhaps fault finding lbecomes elaborate and
difficult, since the interior of the tube segments Jjust
becomes accessible when the single members, if necessary again
sequentially, have been dismounted, 1in order to expose all
mechanic, mechatronic and/or electronic components. Although,

in the prior art, such problem is encountered to a certain
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extent in that single tube segments in the area of two joint
positions or at the joint position directly are provided with
detachable housing covers, which allow a more easy access to
the interior, however, such covers are not aimed for
transmitting forces and/or torques. Accordingly, the remaining
segment and housing body, respectively, has to be configured

more elaborate with respect to shape and strength.

Considering that it is an objective of the invention to avoid
the afore-mentioned disadvantages and to provide a robotic
system which is characterized by a simple way of assembly and
at the same time by a minimal weight and by a better force and

torque transmitting ability.

Such objective is solved by a robotic system with the features
of claim 1 on the one hand and by a housing part for a robot

arm or manipulator with the features of claim 10 on the other.

The invention relates to a robotic system having at least one
robot arm which consists of a plurality of members or limbs,
which are connected with each other by joints and which each
comprise a housing for the reception of mechanical,
mechatronic and/or electronic components, in which the housing
is configured to transmit the torques and forces, which are
introduced into the member, onto a member being adjacent
thereto, and in which the housing is composed of at least two
housing parts being complementary in shape, which housing
parts are connected to each other in a manner allowing the

transmission of torgues and forces.

The at least two housing parts are preferably made as shell-
like bodies, for example casted, and thereby enable an easy
access to the interior of the member during assembly or
maintenance works. Pre-mounted assembly modules, in particular

joint units, can be simply inserted into an open shell part or
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can be separately assembled and tested in such open shell part
at first. Wires can be easily placed in the shell-type housing
part as well as sensors, electronic PCBs etc. can be mounted
at positions provided for that, without that further
components of the mechanism or the housing as such would

hamper the accessibility.

If all components are mounted inside the first housing part,
the member will be closed by the second housing part, in which
according to the invention both housing parts are configured
and positioned such that, after assembly, these are able to
transmit forces and torques between each other and thereby

also onto the respective adjacent member of the robot arm.

According to the invention the separation and connecting line,
respectively, between the housing parts preferably runs

substantially along the axial extensions of the member.

The transmission of the torgues and the forces between the
housing parts is realized according to the invention either in
a load-carrying manner by surface contact and/or by means of

form-fit and interlocking elements, respectively.

Several <connecting elements are utilized for fixing the
housing parts together, which are configured such that these
allow a detachable connection between the housing parts at any
time on the one hand and which take into account the
mechanical and kinematic requirements of the robot arm on the

other.

According to a preferred embodiment of the invention it 1is
provided that at least one of said connecting elements 1is
configured in such a way and arranged inside a housing part
such that the torques and forces, which are introduced into

the member by means of the driving units, are transmitted into
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and onto the housing of the member, respectively. In other
words, that connecting element, which together with other
connecting elements serves to fix both housing parts which
each other, in addition provides the function to introduce
torques and forces into the housing parts, which then are

assembled together.

For example, the housing of the member may comprise at least
at one of its ends a fixation element for fixing a driving
unit, by means of which driving unit the member is connected
to a member being adjacent thereto or to a further component
of the robotic system 1in a manner so as to be moveable
relative to each other, in which the fixation element 1is

encased and enclosed by both housing parts.

In particular thereby the fixation element shall cooperate
with at least one connecting element in the housing of the
member in such a way that the fixation element can be fixed
and mounted in the housing in a torgque- and force-transmitting

manner by means of said connecting element itself.

I.e., according to the invention, a torque- and force-
transmitting connection between the fixation element for the
driving unit, which is then being enclosed by the housing
parts, and the housing structure shall be enabled when the
housing parts are put together and connected by means of such
connecting elements thereby forming such housing structure for

the member.

Therefore, at least one of the preferably shell-like housing
parts comprises at least one bearing/support element, which is
arranged inside of and in the area of one end of the housing
part and which cooperates with the fixation element in such a

way that said fixation element 1is uniguely positioned both


TayAnnNaa
Rectangle


10

15

20

25

30

35

with respect to the radial and the axial direction and that it

can be fixed in this position within the housing part.

According to a preferred embodiment the fixation element is
made as a flange ring, in which according to the invention it
then may be provided that the support element(s) come(s) into
engagement with corresponding recesses or openings which are
formed in the area of the radial circumferential surface of

the flange ring.

According to an advantageous configuration recesses are
provided between the support elements circumferentially in
sections, which recesses enable a better ventilation of the
housing for the purpose of heat dissipation. The
bearing/support elements may over their circumference be
formed as grooves, channels or walls and in particular may
comprise a trapezoidal cross-section and inclined sides and
flanks, respectively. In a corresponding way the flange ring
may be provided with a complementary shape in the area of its
radial circumference, at least with respect to the recesses
being correspondingly provided for the support elements.
Preferably, however, the flange ring 1is provided with a
circumferential radial groove which 1is able to receive the
support elements circumferentially in a load-carrying and/or
form-fit/interlocking manner. Such  connection is formed
between the flange ring and the support elements so that then
the transmission of forces and/or torques from the driving
units into the housing parts can be achieved, which housing

parts are connected to the driving units.

Support elements being configured in such a way, which support
elements do engage 1in a radially surrounding groove of the
flange ring, show the advantage that any shifting or tilting
of the driving units during the assembly or during later

operation will be prevented. For that purpose the angle of the
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inclined flanks is directed towards the radial direction
preferably by 20 to 60 degrees. The wall-type support elements
and the housing parts can be manufactured preferably from cast
aluminum. In this connection cast material 1is less ductile
when compared e.g. with aluminum bars, from which e.g. the
flange rings for the driving units can be made. Thereby it is
achieved that radial forces would more likely lead to an axial
expansion of the flange legs rather than to a radial
deformation of the inner flange, which speaks for greater

tolerances during the manufacturing.

Also, a radial engagement is preferred with respect to the at
least one connecting element, which also serves to connect the
flange ring with at least one housing part in a torque- and

force-transmitting manner.

In a preferred way such connecting element is formed as some
kind of dinsert block which is arranged integrally at the
housing part. The Jjoining housing parts then can be connected
by means of at least one insert block. This is advantageous in
that a transmission of the torque can be mainly achieved also
via the insert block, beside wvia the supporting surfaces

between the flange ring and the housing parts.

According to a preferred configuration the connecting surfaces
of adjacent housing parts are formed in the shape of tongue-
groove-mechanisms. Such configuration 1leads to an increased
rigidity of the components to be connected together; moreover
no separating gap remains between the housing parts and
manufacturing tolerances can be compensated in an easy way.
Furthermore, thereby electro-magnetic interferences can be
largely blocked and an optimum protection of the inside
arranged components against the intrusion of dust, dirt and

molsture is realized.
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The tongue-groove-like connecting surfaces each may comprise a
rectangular, trapezoidal or V-formed cross-section.
Alternatively or in addition the <connecting surfaces of
adjacent housing parts comprise pin- and/or web-1like
connections fitting with each other. Both configurations do
increase the »rigidity of +the housing and facilitate the

assembly.

According to an alternative, preferred configuration both
shell-type housing parts are bolted together. For this
embodiment even connecting surfaces of the shell components
are provided with holes for receiving insertable connecting
elements. Even connecting surfaces can be easily milled, which
particularly is of advantage in connection with spatially
complex housing parts, such as shell components, in which the
separating lines do not run straight and in one common plane,

respectively.

Thereby the bolting can be achieved by the insertion of
feather sleeves or feather keys into holes being provided in
the housing structure for that purpose, in which a screw can
be guided through the feather sleeve by means of which screw

the housing part can be bolted together.

Alternatively it is also possible to form connecting surfaces
of adjacent shell parts in a tongue-groove like manner and to
connect them in addition by means of bolts, in order to
realize particularly stable connections for the transmissions
of the torques and the forces. Also it is possible to realize
screw connections in that in one shell part inner bores are
provided into which inner bores screws are screwed which

screws are passing the adjacent shell part.

Inasmuch as the members of the robot arm are simple in that at

least axial sections are formed substantially in a rotational
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symmetric way, only two form-complementary shell parts are
sufficient, which enables an easy assembly. For more complex
member structures the utilization of three or even gseveral

shell-type housing parts is possible.

The invention as described can be applied to single or all
members of a robot arm or manipulator, in which the robot arm
can be part of a more complex robotic system, such as a mobile
platform with an arm or such as a humanoid. Basically, however
not exclusively, the invention is directed to robotic systems

having a structure of the light-weight type.

As material for the shell-type housing parts cast components
from metal, such as aluminum, plastics or carbon can be used,
in which the rigidity <can be increased by appropriately
selecting the wall thickness of the housing parts depending on
the operation purpose of the robotic system. Moreover, the
design of a housing segment also may be suited for leg, knee
or gimilar limb connections and may for example be utilized

also in the field of robotic-supported prosthetics.

It Dbecomes apparent that the configuration of the housing
structure for a member of a robot arm according to the
invention thus enables a more guick assembly and maintenance
due to the more easy accessibility to all inner components of
a member, which reduces the manufacturing and operating costs
for a robotic system containing such robot arm. Moreover, by a
multi-part configuration of the housing of the members the
latter can be better adapted to the geometric circumstances,
which result from the inner components and from the intended
motion trajectories of the robotic system, in which always a
sufficient rigidity for the purpose of transmission of torques

and forces is guaranteed.
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Further advantages, features and characteristics become
apparent from the following description of the embodiments as

shown in connection with the accompanying drawings, in which

Fig. 1 is a perspective view of a robotic system with a
robot arm, which comprises a ©plurality of
members;

Fig. 2 is a perspective view of an assembled housing of
a member, which is utilized in connection with a
robot arm;

Fig. 3 is a perspective view of a shell-type housing
part according to the invention;

Fig. 4 is a first perspective detailed view of the
housing part;

Fig. 5 is a second perspective detailed view of the
housing part;

Fig. 6 is a cross-section along B - B of Fig. 4;

Fig. 7 is a ©perspective detailed view of another
embodiment of a housing part; and

Fig. 8 is a perspective detailed view of the embodiment

according to Fig.7.

As an example, in fig. 1 a robotic system 1 according to the
invention is shown, which preferably is a robotic system of

the light-weight type.

The robotic system 1 comprises a robot arm which is composed
of several arm segments or members 10 which are connected to
each other in a hinged way. Between a base 2 and an end
effector 3 altogether six members 10 are connected by means of
corresponding joint mechanisms, which comprise driving units,
in order to enable a guidance of the end effector 3 in space
by means of the transmission of rotatory and/or translational
forces, 1in the present case under the provision of seven

degrees of freedom.

10
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According to the invention the housings of the members 10 are
connected by two half-shell-type housing parts 12a and 12b,
which are configured in a form-complementary manner, so that
these are in contact with each other by connecting surfaces

14a, 14b.

The connecting surfaces 1l4a, 14b, which are preferably even,
thereby are arranged in the area of connecting and separating
lines 13, respectively, which substantially run along the
axial extensions of the single members 10, as can be seen from
fig. 1, which for example shows the connecting lines 13 in

dotted lines.

In the assembled state, as shown in fig. 2, both housing parts
12a and 12b form a closed tube-like housing. Depending on the
configuration and the operation purpose of the robotic system
1 the housing parts 12a and 12b may be made from different
material, however, for the purpose of rigidity are preferably

made from aluminum.

Both housing parts 12a and 12b are connected with each other
by means of a plurality of connecting elements in a detachable
way, 1in which the connecting elements can differ depending to

their functionality

Fig. 3 shows an open housing part 12b.

A certain number of feather sleeves 16 are inserted into
corresponding bores of the cast body of said housing part 12b,
which each comprise an inner thread for the reception of
connecting screws 18, which are inserted and thereby passing
corresponding bores 20 in the other shell part 12a and are

easily accessible for an assembly tool.

11
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In order to realize a better positioning of both housing parts
12, 12b, which housing parts shall be connected along the
connecting surfaces 14a,14b, longitudinal protrusions 22 are
formed in sections in the connecting surfaces 14a,14b of the
housing part 12b, which in the assembled state of the housing
do engage with corresponding, not shown recesses. By that the
rigidity of the tube body being formed from both housing parts
12a, 12b is increased, as well as a relative movement between
the housing parts during the assembly in relation to each

other is prevented.

According to the i1nvention Dbearing/support elements 24 are
provided at or on the inner surface of both housing parts 12a

and 12b, which serve for the reception of a flange ring 26.

The flange ring 26 in turn serves for the fixation of a not-
shown driving unit, by means of which driving unit the member
10 can be moved relative to another member 12 being adjacent
thereto or relative to a further component of the robotic

system.

The driving wunit introduces rotatory and/or translational
forces into the member 10, which will be then transmitted from
the member 10 to the adjacent member 10. The torques and
forces being generated thereby thus have to be transmitted
from the driving unit into the housing of the member 10 as

well.

Recesses 25 are provided between radially, in sections
surrounding support elements 24, by which an enhanced
ventilation of the housing is enabled. Alternatively it 1is
also possible to provide a continuous, radially surrounding

support element 24.

12
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The housing part 12b as shown in Fig. 3 comprises such support
elements 24 at both of its ends, in which no flange ring 26 is

shown to the left of Fig. 3 for clarity reasons.

According to the invention, the housing part 12b close to the
connecting surfaces 14a, 14b comprises two connecting elements
in the form of insert Dblocks 28, which face each other and
which are formed integrally with the body of the housing part
12b.

Fig. 4 shows an enlarged view of the flange ring 26 and one
insert block 28 in a direction as shown in Fig. 3 by A. Fig. 5
shows a perspective inner view of the support elements 24 with
the insert block 28 and both housing parts 12a, 12b, however,
without the flange ring 26. In the assembled state of the
housing of the member 10, as shown in Fig. 5, the insert block
28 overlaps the connecting and separating line 13,

respectively, between both housing parts 12a and 12b.

In Fig. 6 a preferred embodiment according to the invention is

shown in a detailed cross-section along B - B from Fig. 4.

The insert block 28 comprises a through hole 30, which may
comprise a corresponding inner thread (not shown), so that the
insert block 28 can be passed from both sides by a fixation
screw (not shown), respectively, for the purpose of connecting
and fixing of both housing parts 12a and 12b, in which the
fixation screw is guided by the corresponding bores 20a and

20b in the housing.

According to a preferred embodiment both housing parts 12a and
12b may be connected by means of two pairs of screws only,
which cooperate with the insert block 28, namely with two
screws from opposite sides, respectively. Alternatively the

insert block 28 may comprise a through hole 30 without having

13
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a thread so that a screw connecting both housing parts 12a and
12b is simply passing through it and which screw then engages

into the inner threads of the bores 20a and 20b, respectively.

In both cases a rigid fixation of both housing parts 12a and
12b is mainly realized by means of the connecting screws,
which engage into the through bore 30 (with or without inner
thread) and thereby push the support elements 24 against the
flange ring 26 or into a surrounding radial groove 27 by
pressing the housing parts 12a, 12b together. For that purpose
the circumferential groove or channel 27 of the flange ring 26
comprises a trapezoidal cross-section and the support elements
24 comprise corresponding inclined connecting surfaces, by
which during assembly and fixation of the housing parts 12a
and 12b a load-carrying connection 1s formed between the
flange ring 26 and the support elements 24, which is further

supported by the insert blocks 28 in a form-complementary way.

In this embodiment of the invention thus a load-carrying
connection between the flange ring 26 and the support elements
24 is not realized before the housing parts 12a and 12b are
fixed together by way of assembly, which connection supports
the transmission of torques and forces being introduced into

the member 10.

The insert block 28 thereby engages into a corresponding

radial recess in the flange ring 26, as shown in Fig. 4.

In Figs. 7 and 8 a second embodiment according to the
invention is shown, which differs from the embodiment as shown
by Figs. 2 to 6 in that the connecting edge 1l4c of the housing
part 12c¢ comprises a continuous V-shaped groove 32. For that
purpose a not-shown, complementary second shell-type housing

part comprises a complementary V-shaped wall, which together

14
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Claims

1. Housing part (12b) for a housing of a member (10) for a robot
arm of a robotic system, in which the housing part (12b)
comprises a plurality of connecting elements
(14a,14b;16;18;20;22;24,26,;28,30;32) for connecting with at
least a further housing part (12a) in a detachable manner thereby
forming said housing of said member (10),

said housing part (12b) 1is configured with respect to the other
housing part (l12a) in a shape-complementary manner and that at
least one of the connecting elements (24,26;28) is configured to
allow a torque- and force-transmitting connection between said
housing parts (12a,12b),

characterized in that

the connecting element (28) is configured to directly cooperate
with a fixation element (26) for the fixation of a driving unit,
by means of which driving unit the member (10) can be connected
to a member (10) of the robot arm being adjacent thereto or to
a further component of the robotic system 1in a relatively
moveable manner, in such a way that the fixation element (26)
can be fixed and mounted in the housing in a torque- and force-
transmitting manner by means of the said connecting element (28)

itself.

2. Housing part (12b) of claim 1, in which the housing part (12b)
has a shell-like structure and comprises at least one support
element (24), which is arranged inside and in the area of one
end of the housing part (12b) and which is configured to
cooperate with the fixation element (26) in a form-fit and/or

load-carrying manner.
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3. Housing part (12b) of claim 1 or 2, in which the connecting

element (28) is formed integrally with the housing part (12b).

4. Housing part (12b) of one of claims 1 to 3, in which the
connecting elements are formed by surfaces (l4a,14b) to be
connected to the other housing part (12a), the surfaces (14a,
14b) having at least in sections tongue- and/or groove-elements

(32) .

5. Housing part (12b) of claim 2, in which the support element
(24) cooperates with the fixation element (26) in such a way
that said fixation element (26) is uniquely positioned both with

respect to the radial and the axial direction.

6. Housing part (12b) of claim 5, in which several support
elements (24) are circumferentially arranged in sections forming

recesses (25) between them.

7. Housing part (12b) of claim 5 or 6, in which the support
element (24) is integral with the housing part (12b).

8. Housing part (12b) of claim 7, in which the support element
(24) is formed as a wall element having a trapezoidal cross-

section.

9. Member (10) of a robot arm of a robotic system comprising a
housing for the reception of mechanical, mechatronic and/or
electronic components, the housing being composed of at least
two housing parts (l2a,12b) according to one of the claims 1 to

8 and being complementary in shape.

10. Member (10) of claim 9, in which the two housing parts
(12,12b) being configured to encase a fixation element in the

form of a flange ring (26) for the fixation of a driving unit.

17



11. Robotic system having at least one robot arm which consists
of a plurality of members (10) according to one of claims 9 or

10.

18





