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(54) Title: TILT MOTION MODULE

(57) Abstract: The invention proposes a tilt motion module (1) with a lin-
ear cylinder actuator (5) for tilt motion and a linear actuator module (8) for
translational movement, ¢ where by the linear actuator module (8) possess-
es an interface (25) for fastening to a tooling interface (34) of a manipula-
tor module (33) of a manipulator by preference, « where by the linear actua-
tor module (8) possesses a rail (7) for a linear motion compared to interface
(25) and a drive (17) for said translational movement, * where by the linear
cylinder actuator (5) possesses a cylinder (11), a piston rod (12) and a drive
(10) for said tilt motion, * where by this cylinder / piston rod - unit (11/12)
possesses a bearing (16, 20) for fastening to the rail (7) via a link unit (2), ¢
where the cylinder / piston rod - unit (11/12) possesses another bearing
(15, 19) for fastening to a truss (13, 39, 40) which is equipped with a tilt
platform (4) with a flange (6) for fastening to a tool (26) by preference and
» where by the truss (13, 39, 40) further possesses a bearing (14, 18) for
connection with the rail (7) via a link unit (3).

Two degrees of freedom:
»linear motion (z)
>tilt motion (x or y)

tilt motion

~

z-motion
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Tilt motion module

Description

The invention relates to a tilt motion module which is foreseen to be connected with a
tooling interface of a manipulator module (of a tooling device) of a manipulator

respectively industrial robot.

It is known, that industrial production processes, for example in the automotive
industry, are often based on a wide range of different shaped types of workpieces
which have to become mounted together. Due to the increasing plurality of variants
of the final product also the workpieces to be mounted together are characterized by

an increasing variety.

Normally an industrial production is realized by using industrial robots for the
standardized production processes such as gripping platform for a car to be mounted
from a staple and moving it to an assembly area. Industrial robots are manipulators
with for example five to seven degrees of freedom in movement which are able to
perform programmable movements within their working range that enclosures for

example a radius of three meters around a belonging rotary base.

Those industrial robots or other manipulators require a tool mounted thereon for
securely gripping a workpiece. To handle the high variety of different types of
workpieces — such as platforms for cars — it is either possible to handle each type of
workpiece with a dedicated (gripper) tool or to design the tool as flexible as possible.
The required effort for changing the tool is reduced therewith.

CONFIRMATION COPY
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EP 1 839 820 B1 discloses a manipulating device for the handling of workpieces

which is foreseen to be mounted on a robot. It comprises several operating modules

which are stationary mounted on the same carrier unit on their side and which

provide a mounting interface for a gripper tool on their other side. To increase the

flexibility of this manipulating device it is foreseen that each mounting interface is

moveable within the working range of the belonging working module independently of

each other.

In case the workpieces are not flat but shaped as vaulted (convex or concave) planes

there appear problems to handle such workpieces with the known (gripper) tools. It is

expensive to develop and produce several (gripper) tools adapted to different vaulted

planes. Further it is expensive to change these tools in dependence of the workpiece
to be handled.

Therefore it is an object of this invention to provide a tooling with increased flexibility.

The problem is solved by a tilt motion module with a linear cylinder actuator for tilt

motion and a linear actuator module for translational movement,

where by the linear actuator module possesses an interface for fastening to
a tooling interface of a manipulator module of a manipulator by preference,
where by the linear actuator module possesses a rail for a linear motion
compared to interface and a drive for said translational movement,

where by the linear cylinder actuator possesses a cylinder, a piston rod and
a drive for said tilt motion,

where by this cylinder / piston rod — unit possesses a bearing for fastening
to the rail via a link unit,

where the cylinder / piston rod — unit possesses another bearing for
fastening to-a truss which is equipped with a tilt platform with a flange for
fastening to a tool by preference and

where by the truss further possesses a bearing for connection with the rail

via a link unit.
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It is an advantage of the tilt motion module that a high variety of different types of
workpieces — such as a vaulted (convex or concave) plane like vaulted steel plates
for cars — can be handled with the proposed tilt motion module. The motion tilt
module enables an adjustment of the fastened tool not only with respect to
translational movements but with respect to angles of inclination within a great range
too. Because of this flexible designed tilt motion module the required effort for

changing the tool is reduced.

Further advantageous embodiments of the invention are mentioned in the dependent

claims.

The invention will now be further explained by means of an exemplary embodiment

and with reference to the accompanying drawings, in which:

Figure 1 -5 show in side views different possible positions of a tilt motion
module,

Figures 6, 7 show in side views the tilt motion possibilities around the x-axis and
y-axis,

Figures 8, 9,10 show in side views different positions of a tilt motion module with a

curved truss,

Figures 11, 12 show in side views different positions of a tilt motion module with a

multiple curved truss,

Figure 13 shows in a side view a tilt motion module with pantograph like truss
configuration,

Figure 14 shows in a side view a tilt motion module with fastened tool with
gripping tip,

Figure 15 shows a top-view on a tooling device of a manipulator respectively

industrial robot having several tilt motion modules,
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Figures 16, 17 show two examples of application for the tooling device according

Figure 15.

Figures 1 - 5 show in side views different possible positions of a tilt motion module.
The tilt motion module 1 consists of the following main components:

o a linear actuator module 8 with an interface 25 — preferably fastened to a
tooling interface 34 of a manipulator module 33 (see Fig. 15) —, arail 7 for a
linear motion in z-direction compared to interface 25 and a drive 17 (for
instance an electrical motor) for this translational movement in z-direction
(see Fig. 11),

. a linear cylinder actuator 5 with a base plate 9, a cylinder 11, a piston rod
12, so called cylinder / piston-rod — unit 11/12, and a drive 10 (for instance
an electrical motor) for tilt motion,

e whereas a bearing 16 is connected with the free end of the piston rod 12,
e whereas this bearing 16 is connected with a first link unit 2 fastened to the
rail 7,

. a tilt platform 4 with a flange 6, preferably fastened to a tool 26 with gripping
tip (gripper tool, see Fig. 15), whereas a truss 13 of the tilt platform 4 is
connected with two bearings 14, 15 at its opposite sides,

e whereas the bearing 14 is connected with a second link unit 3 fastened to
the rail 7,

e whereas the bearing 15 is connected with the base plate 9.

A reference area A marks an area defined by the x/y-axes and the interface 25. A
reference area B for the flange 6 marks the actual z-position and inclination of the tilt
platform 4 of the tilt motion module 1. The tilt motion module 1 realizes two degrees
of freedom:

. linear motion in z-direction,

J tilt motion around x-axis or y-axis, whereas the bearings 14, 15, 16 according

Fig. 1 — 5 enable a tilt motion around the x-axis.

Figures 2 and 3 show the tilt motion around the x-axis — see the different tilt angles
between the reference areas A und B in Figures 1, 2 and 3. In Fig. 2 the linear
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cylinder actuator 5 becomes shorter compared to Fig. 1, therefore the tilt platform 4
executes an anticlockwise rotation. In Fig. 3 the linear cylinder actuator 5 becomes
longer compared to Fig. 1, therefore the tilt platform 4 executes a clockwise rotation.

In both cases the linear actuator module 8 remains unchanged.

Figures 4 and 5 show the linear motion in z-direction. In both cases the rail 7 with the
two link units 2, 3 moves downwards, see reference area B, which enlarges its
distance to reference area A. Both reference areas A, B remain parallel to each

other. In both cases the linear cylinder actuator 5 remains unchanged.

Figures 6 and 7 show in side views the tilt motion possibilities around the x-axis and
y-axis. Fig. 6 corresponds to Figures 1 — 5 and shows the tilt motion around the x-
axis with the bearings 14, 15 and 16, so that the following two degrees of freedom
are realized:

o tilt motion around the x-axis,

. linear motion in z-direction.

Fig. 7 shows the tilt motion around the y-axis with a bearing 18 for connection
between tilt platform 4 / truss 13 and second link unit 3, with a bearing 19 for
connection between tilt platform 4 / truss 13 and base plate 9 of the linear cylinder
actuator 5 and with a bearing 20 for connection between piston rod 12 of the linear
cylinder actuator 5 and first link unit 2, so that the following two degrees of freedom
are realized:

. tilt motion around the y-axis,

. linear motion in z-direction.

Figures 8, 9, 10 show in side views different positions of a tilt motion module with a
curved truss 39 mounted between second link unit 3 (via bearing 14) and piston rod
12 (via bearing 15). Compared with the structures according to Figures 1 — 7 the
cylinder / piston-rod — unit 11/12, i. e. the arrangement of the linear cylinder actuator
5 is opposite, that means, cylinder 11 and piston rod 12 exchange their positions.
Such a curved truss 39 enables different tilt angles between the position of the linear
cylinder actuator 5 (with cylinder 11 and piston rod 12) and the tilt platform 4 (with
flange 6) compared with a straight truss 13. In dependence of the intended tilt angles
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such a curved truss 13 is advantageous with regard to the required space caused by
movements of the cylinder 11 because of the reduced lateral deflections of the linear
cylinder actuator 5. Figures 9 and 10 show the tilt motion around the x-axis, see the
different tilt angles between the reference areas A und B in Figures 8, 9 and 10. In
Fig. 9 the linear cylinder actuator 5 becomes longer compared to Fig. 8, therefore the
tilt platform 4 executes a clockwise rotation around bearing 14. In Fig. 10 the linear
cylinder actuator 5 becomes shorter compared to Fig. 8, therefore the tilt platform 4
executes an anticlockwise rotation around bearing 14. In both cases the linear

actuator module 8 remains unchanged.

Figures 11, 12 show in side views different positions of a tilt motion module with a
multiple curved truss 40 mounted between second link unit 3 (via bearing 14) and
piston rod 12 (via bearing 15). Again — like explained to the Figures 8, 9, 10 —such a
multiple curved truss 40 is advantageous with regard to the required space because
of the reduced lateral deflections of the linear cylinder actuator 5, but this depends on
the intended tilt angles of the tilt motion module 1. Further the Figures 11 and 12
show the drive 17 of linear actuator module 8 for translational movement in z-

direction and the drive 10 for tilt motion.

Figure 13 shows in a side view a tilt motion module with pantograph like truss
configuration. Compared to the structure according Fig. 1 the version according Fig.
13 comprises two additional bearings 21, 22 and two additional trusses 23, 24, so
that bearing 15 is connected with the two trusses 23, 24, where by truss 23 is
connected with truss 13 via bearing 22 and truss 24 is connected with the second link
unit 3 via bearing 21. Further the second link 3 is connected with the truss 13 via
bearing 14. This pantograph like truss configuration leads to a very compact tilt
motion module 1 because the movements of the linear cylinder actuator 5 are
parallels to the rail 7 without any lateral deflections. In addition to the first degree of
freedom “linear motion in z-direction” the second degree of freedom alternatively can

be “tilt motion around x-axis” or “tilt motion around y-axis”.

Figure 14 shows in a side view a tilt motion module with fastened tool with gripping
tip. This tool with gripping tip 26 (gripper tool) is connected to the flange 6 of the tilt
platform 4.



WO 2010/108520 PCT/EP2009/002277

Fig. 15 shows a top-view on a tooling device of a manipulator respectively industrial
robot having four tilt motion modules 1.1, 1.2, 1.3, 1.4 in all. Two parallel and
opposed guide rails 31, 32 are attached to a base unit 29 which is foreseen to be
connected to an industrial robot with a connection interface 30. On each guide rail 31
respectively 32 two movable manipulator modules 33.1, 33.2 respectively 33.3, 33.4
are mounted, which can linearly become moved along those rails, what is marked
with an arrow with reference sign 37. Actuators 36.1, 36.2, 36.3, 36.4 are attached to
the base unit 29 to drive this linear movement individually for each manipulator
module 33.1, 33.2, 33.3, 33.4, whereas a not shown spindle drive is foreseen as
movement transmission interface between each actuator 36.1, 36.2, 36.3, 36.4 and
each related manipulator module 33.1, 33.2, 33.3, 33.4.

Each manipulator module 33.1, 33.2, 33.3, 33.4 comprises on its first end a movable
flat skid 35 and on its second end a flat tooling interface 34, which is foreseen to
attach a tilt motion module 1.1, 1.2, 1.3, 1.4 thereon (by using interface 25 of the tilt
motion module). The tooling interface 34 is movable along a circular path around the
related skid 35. Since the degree of freedom in movement of the manipulator module
33.1, 33.2, 33.3, 33.4 is realized by a truss structure in the shape of a tiltable
parallelogram, the tooling interface 34 is always in parallel to the belonging skid 35.

The circular movement of each tooling interface 34 is driven by an actuator 38, for
instance an electric motor. The tool 26.1, 26.2, 26.3, 26.4 with gripping tip provides a
first degree of freedom in movement in the same direction than the axis of rotation of
the circular movement (circular path around the related skid 35, z-axis). So it is
possible — when also including the linear movement of the manipulator module 33.1,
33.2, 33.3, 33.4 itself — to position the tool interface 34 in any coordinate within a flat
virtual movement plane and to adjust the tool 26.1, 26.2, 26.3, 26.4 with gripping tip
upright this plane (workpiece). In addition because of the tilt motion possibility of the
tilt motion module 1.1, 1.2, 1.3, 1.4 around the x-axis or the y-axis it is possible to
adjust the tool 26 with gripping tip upright a vaulted (convex or concave) plane

(workpiece).

Summing up the key ideas of the tilt motion module 1 are as follows:
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. The tilt motion module 1 will be attached to the linear actuator module 8 and
uses the bases structure stiffness of this linear actuator module 8.

. The tilt motion module 1 consists of very few main parts only, a first link unit 2, a
second link unit 3, a tilt platform 4 and a linear cylinder actuator 5. The first link
unit 2 and the second link unit 3 are attached to interfaces of the linear actuator
module 8. The tilt platform 4 is attached to the second link unit 3 and the linear
cylinder actuator 5. The linear cylinder actuator 5 connects also to the first link
unit 2 and actuates the tilt motion module 1.

° The tilt motion module 1 can be attached in different configurations in order to
allow for tilt motion around different axes and/or fulfil packaging and space
requirements, preferred are rotations around x- and y-axis.

. Tilt motion of the tilt motion module 1 can be used to adapt to workpiece contact
surfaces with different curvature or alternatively to change between different
tools. Each tool is sitting on a different angle on the endeffector platform (= tilt
platform 4) which can be tilted.

. The interface plate of the tilt motion module 1 is linked directly to the linear
actuator module 8 and decouples partially occurring loads from the linear
cylinder actuator 5.

° Two different axes of rotation can be configured with the same components by
a) providing different mounting positions of the whole tilt motion module 1 on
the linear actuator module 8 rotated assembly of first link unit 2 and second
link unit 3 by 90°,

b) two different assembly configurations of the tilt motion module 1 itself
whereas the first link unit 2 and the second link unit 3 provide two different
joint positions where the tilt platform 4 and the linear cylinder actuator 5 can
be mounted.

o For increased stiffness
a) an optional two bar mechanism can be attached between tilt platform 4
and linear cylinder actuator 5 and second link unit 3,

b) an optional structural element can be attached to the linear actuator
module 8 to increase the stiffness and distribute the loads homogenously.
Alternatively the structural element can also integrate the first link unit 2 and
second link unit 3.

o The design is scalable in the relation / performance / cost:
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a) For the joint units either roller bearing or friction bearing can be used.
b) The preferred embodiments used friction sleeve / flange bearings in order
to allow for a high overload capacity as well as a compact design.

. The main linkage elements comprise curved or multiple curved truss, beam or
space frame structure with light-weighted design features, made from sheet
metal, composite plastics, castings.

. The modular design of a tilt motion module can use the stiffness of an already
existing linear actuator module base structure which can be optionally equipped
with additional stiffeners if needed for certain applications.

. The tilt motion module can be attached to the linear actuator in different angular
configurations, rotated by e. g. 90 degrees, around the axis of the linear
actuator in order to enable for different rotation axes depending on application
needs.

. For a configuration with a tilt motion module which is attached to the linear
actuator module the linear actuator module can be mounted via its interface in
different angular configurations, rotated by e. g. 90 degrees, around an axis
parallel to the axis of the linear actuator module in order to enable for different
rotation axes depending on application needs. For this the interface 25 provides
a universal mounting flange pattern or alternatively a corresponding adaptor

bracket is used.

Figures 16, 17 show two examples of application for the tooling device 28 according
Figure 15, schematically showing side views of different shaped vaulted steel planes
41, 42 which have cut outs to insert tools 26.1, 26.2 with gripping tips which are
connected with the tilt motion modules 1.1, 1.2 (see Figure 14) in order to move them
within a working area. These examples of application show that by means of these tilt
modules 1.1, 1.2 the tools 26.1, 26.2 with gripping tip can be adjusted in a very exact
manner not only for the tilt motion (around x-axis or y-axis) but for the linear motion
(z-axis) too in order to adapt to the existing shape of the workpiece, here the vaulted
steel planes 41, 42.

Summing up the ideas expressed in the Figures 15 — 17 other preferred

embodiments of the described invention are:
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° At least one tilt motion module is part of stationary mounted flexible tooling
device comprising different motion modules for different degree of freedom.
o At least one tilt motion module is part of mobile mounted flexible tooling

device comprising different motion modules for different degree of freedom.

Then the mobility is provided by a single or multiple degree(s) of freedom positioning

device such as single axis servo positioners or industrial robot.
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List of reference signs

1.1, 1.2, 1.3, 1.4 tilt motion module

first link unit

second link unit

tilt platform

linear cylinder actuator

flange for tool with gripping tip

rail

linear actuator module

base plate

drive for tilt motion

cylinder

piston rod

truss

bearing (tilt motion around x)

bearing (tilt motion around x)

bearing (tilt motion around x)

drive of linear actuator module for translational movement (z-
direction)

bearing (tilt motion around y)

bearing (tilt motion around y)

bearing (tilt motion around y)

additional bearing

additional bearing

truss

truss

interface of linear actuator module

26.1, 26.2, 26.3, 26.4 tool with gripping tip
tooling device of a manipulator respectively industrial robot
base unit

connection interface



WO 2010/108520

31
32
33
34
35
36
37
38
39
40
41
42
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first guide rail of tooling device

second guide rail of tooling device

33.1, 33.2, 33.3, 33.4 manipulator module of tooling device
tooling interface of manipulator module
movable skid of manipulator module
36.1, 36.2, 36.3, 36.4 actuator

moving direction of manipulator modules
actuator

curved truss

multiple curved truss

vaulted steel plane

vaulted steel plane

reference area

reference area for flange of tilt platform
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Claims

1. Tilt motion module (1, 1.1, 1.2, 1.3, 1.4) with a linear cylinder actuator

(5) for tilt motion and a linear actuator module (8) for translational movement,

where by the linear actuator module (8) possesses an interface (25) for
fastening to a tooling interface (34) of a manipulator module (33, 33.1, 33.2,
33.3, 33.4) of a manipulator by preference,

where by the linear actuator module (8) possesses a rail (7) for a linear
motion compared to interface (25) and a drive (17) for said translational
movement,

where by the linear cylinder actuator (5) possesses a cylinder (11), a piston
rod (12) and a drive (10) for said tilt motion,

where by this cylinder / piston rod — unit (11/12) possesses a bearing (16,
20) for fastening to the rail (7) via a link unit (2.),

where the cylinder / piston rod — unit (11/12) possesses another bearing
(15, 19) for fastening to a truss (13, 39, 40) which is equipped with a tilt
platform (4) with a flange (6) for fastening to a tool (26, 26.1, 26.2, 26.3,
26.4) by preference and

where by the truss (13, 39, 40) further possesses a bearing (14, 18) for

connection with the rail (7) via a link unit (3).

2. Tilt motion module according to claim 1, characterized in that the truss

is designed as a curved truss (39) or as a multiple curved truss (40).

3. Tilt motion module according to claim 1 or 2, characterized in that main

linkage elements comprise curved or multiple curved truss, beam or space frame

structure with light-weighted design features.

4. Tilt motion module according claim 3, characterized in that the main

linkage elements are made from sheet metal.
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5. Tilt motion module according claim 3, characterized in that the main

linkage elements are made from composite plastics.

6. Tilt motion module according claim 3, characterized in that the main

linkage elements are made as castings.

7. Tilt motion module according to any of the proceeding claims,
characterized in that the truss is designed as a pantograph like truss configuration
with two additional bearings (21, 22) and two additional trusses (23, 24) so that the
movements of the linear cylinder actuator (5) are parallels to the rail (7).

8. Tilt motion module according to any of the proceeding claims,
characterized in that cylinder (11) and drive (10) of the linear cylinder actuator (5) are
fastened to a base plate (9) which is equipped with bearing (15, 19) for fastening to
the truss (13).

9. Tilt motion module according to any of the proceeding claims,
characterized in that its modular design uses the stiffness of an already existing
linear actuator module base structure which can be optionally equipped with

additional stiffeners if needed for certain applications.

10. Tilt motion module according to any of the proceeding claims,
characterized in that it can be attached to the linear actuator module (8) in different
angular configurations around the axis of the linear actuator module in order to

enable for different rotation axes depending on application needs.

11. Tilt motion module according to claim 10, characterized in that the

different angular configurations are rotated by 90 degrees.

12. Tilt motion module according to any of the proceeding claims, which is
attached to the linear actuator module (8), characterized in that the linear actuator
module (8) can be mounted via its interface (25) in different angular configurations
around an axis parallel to the axis of the linear actuator module (8) in order to enable

for different rotation axes depending on application needs.
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13. Tilt motion module according to claim 12, characterized in that the
interface (25) of the linear actuator module (8) provides a universal mounting flange

pattern.

14. Tilt motion module according to any of the proceeding claims,
characterized in that the tool (26, 26.1, 26.2, 26.3, 26.4) is designed as a tool with

gripping tip.

15. Device with tilt motion module according to any of the proceeding
claims, characterized in that at least one tilt motion module is part of stationary
mounted flexible tooling device comprising different motion modules for different

degree of freedom.

16. Device with tilt motion module according to any of the proceeding
claims, characterized in that at least one tilt motion module is part of mobile mounted
flexible tooling device comprising different motion modules for different degree of

freedom.

17. Device with tilt motion module according to claim 16, characterized in
that the mobility is provided by a single or multiple degree(s) of freedom positioning

device such as single axis servo positioners or industrial robot.
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