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54) DISPOSITIF PERMETTANT LE MOUVEMENT RELATIF DE

DEUX ELEMENTS

54y A DEVICE FOR RELATIVE MOVEMENT OF TWO ELEMENTS

(57) Robot permettant le mouvement d’un ¢lément
mobile (2) par rapport a un ¢lément de base (1) et
comprenant au moins deux dispositifs de liaison (4, 5, 6)
accouples entre les €lements. Ces dispositifs de liaison
comprennent chacun au moins deux unités de liaison
articulees (7, 8, 9, 10; 11,12) et des organes (13, 14, 15)
exercant une force, congus pour faire pivoter les
dispositifs de liaison et modifier la position relative des
¢léments. Un premier (4) des €léments de liaison est reli€
a 1’¢lément mobile (2) a 1’aide d’un raccord articule (16),
de sorte qu’au moins deux degres de liberte, s1 on prend
le robot dans son tegralit¢, se traduisant par une
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(57) A robot for movement of a moveable element (2)
relative to a base element (1) comprises at least two link
devices (4, 5, 6) coupleed between the elements. These
lmk devices comprise each at least two mutually
articulated link units (7, 8; 9, 10; 11, 12) and power
exerting arrangements (13, 14, 15) adapted to pivot the
link devices for changing the relative position of the
elements. A first (4) of the link devices 1s connected with
the moveable element (2) via a hinge connection (16) so
that there are, on consideration of the robot 1n 1ts entirety,
at least two degrees of freedom 1n the form of relative
pivotability about two pivot axes, real or mmagmary,
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aptitude a pivoter autour de deux axes de pivot, reels ou
imaginaires, s ¢tendant en formant un certain angle 1'un
par rapport a I’autre, entre le premier dispositif de liaison
(4) et ledit ¢lément (2). Un autre des dispositifs de liaison
est raccorde a 1’¢lément de base (1), par I'intermediaire
d’un raccord articule (32, 33, 28) qui, s1 on prend le robot
dans son intégralit¢, permet un degre de liberte entre ledit
dispositif de liaison (5) et 1'¢lément de base (1) par
rapport a au moins deux degreés de liberte se traduisant
par une pivotabilit¢ autour de deux axes de pivot
différents, réels ou 1imaginaires.
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extending at an angle relative to each other between the
first link device (4) and said element (2). A further (5) of
the link devices 1s connected to the base element (1) via
a hinge connection (32, 33, 28) which on consideration
of the robot 1 1ts entirety provide for freedom of
movement between the further link device (5) and the
base element (1) with respect to at least two degrees of
freedom consisting of pivotability about two different
p1vot axes, real or imaginary.
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(54) Title: A DEVICE FOR RELATIVE MOVEMENT OF TWO ELEMENTS

(87) Abstract

A robot for movement of a moveable element (2) relative
to a base element (1) comprises at least two link devices (4, 5, 6)
coupleed between the elements. These link devices comprise each
at least two mutually articulated link units (7, 8; 9, 10; 11, 12) and
| power exerting arrangements (13, 14, 15) adapted to pivot the link
devices for changing the relative position of the elements. A first
(4) of the link devices is connected with the moveable element (2)
via a hinge connection (16) so that there are, on consideration of
the robot in its entirety, at least two degrees of freedom in the form
of relative pivotability about two pivot axes, real or imaginary,
extending at an angle relative to each cther between the first link
device (4) and said element (2). A further (5) of the link devices is
connected to the base element (1) via a hinge connection (32, 33,
28) which on consideration of the robot in its entirety provide for
freedom of movement between the further link device (5) and the
base element (1) with respect to at least two degrees of freedom
consisting of pivotability about two different pivot axes, real or

imaginary.
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A device for relative movement of two elements

FIELD OF THE INVENTION

This invention is related to a device for relative movement of two
elements, one of which forms a base element whereas a second
is moveable relative to the base element, comprising at least
two link devices coupled between the elements, said link de-
vices each comprising at least two mutually articulated link
units, and power exerting arrangements adapted to cause the
link devices to pivot for changing the relative position of the
elements, a first of the link devices being connected to one of
the elements via a hinge connection so that there are, on con-
sideration of the device in its entirety, at least two degrees of
freedom between said first link device and said element in the
form of relative pivotability about two pivot axes, real or imagi-
nary, placed at an angle relative to each other.

The relative movement of the two elements has the purpose to
position them mutually in a manner aimed at by means of the
power exerting arrangements. More specifically, the device ac-
cording to the invention is intended to form a manipulator or ro-
bot. The moveable of the elements is intended to carry, directly
or indirectly via a carrying arrangement, a working member {0
execute the function aimed at.

PRIOR ART

A robot according to the precharacterising part of the enclosed
claim 1 is described in US patent 4 976 582. For the positioning
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of the second element, the known robot comprises three power
exerting arrangements, which comprise three power exerting
members arranged in a triangular distribution on the first ele-
ment. Each of the power members is connected to the moveable
second element via its own connection comprising a link device
each comprising at least two mutually articulated link units. First
link units hingedly connected to the first element comprise one
single degree of freedom of movement relative to the first ele-
ment. The second link units on the other hand are connected to
the first link unit and to the second element respectively via

connections providing, on consideration of the device in its en-
tirety, two degrees of freedom.

A disadvantage with this known type of robot is that it becomes
comparatively bulky as a consequence of the triangular distribu-
tion discussed herein above. Furthermore, it is structurally diffi-
cult to design the known robot with the required flexibility con-
cerning working area and movement area since the first link
units project in a star shaped manner from the first element.

OBJECT OF THE INVENTION

The invention primarily aims at devising routes to develop the
device of the kind defined by way of introduction so as to
eliminate or at least reduce one or more of the disadvantages
mentioned herein above, a particular aim being to provide a
great flexibility as to the design of the device and an optimum of
working area for the device. It is secondarily aimed at to devise
routes to realise, in a rational and uncomplicated manner,
transmission of movements from the base element to the
moveable element.

SUMMARY OF THE INVENTION

As far as the primary aspect of the invention is concerned, the
object presented is achieved by a further of the link devices be-
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ing connected to another of the elements via a hinge connection
which, on consideration of the device in its entirety, provide for
freedom of movement between said further link device and said
another of the elements in respect of at least two degrees of

freedom consisting of pivotability about two different pivot axes,
real or imaginary.

In this way conditions are created for a more flexible working
area adaptation of the device. Furthermore, the solution defined
creates possibilities to construct the device so that one of the
link devices could be connected to, in the first instance, the
base element via said hinge connection so that the movement of
the link device at least in part becomes dependent on the
movement of at least one other link device. This Involves a
difference relative to the device according to the US patent 4

076 582 where the three link devices are functionally
independent of each other.

A number of advantageous developments of the invention are
defined in the dependent claims. These developments and
advantages in connection with the invention are dealt with more
specifically in the following description.

SHORT DESCRIPTION OF THE DRAWINGS

With reference to the enclosed drawings a more close descrip-

tion of embodiment examples of the invention follows here un-
der:

In the drawings:

Fig 1 is a perspective view of a robot according to the inven-
~ tion in a diagrammatical form;
Fig 2 is a view similar to Fig 1 but showing an alternative

embodiment;
Fig 3 is a further variant with respect to design;
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4

Fig4 is a detail view showing how, in the embodiment ac-
cording to Fig 3, the device for providing pivoting of a
link device may be designed;

Fig S is a partially cut, diagrammatical side view illustrating
that a tfransmission for putting a working member on the
moveable element in movement, here in rotation, may
be incorporated into a link device extending between
the two elements;

Fig 6 is a detail view according to the section VI-V| in Fig 5;

Fig 7 is a section along the line VI1I-VIl in Fig 5;

Fig 8 is a view of a further variant with respect to the basic
design of the robot;

Fig 9 shows a driving arrangement forming an alternative to
the one illustrated in Fig 8;

Fig 10 shows, in perspective, a further robot alternative;

Fig 11 shows, in a view similar to the one in Fig 10, a robot
embodiment of a somewhat more complex nature then
the one in Fig 10;

Fig 12 is a perspective view of a further design variant;

Fig 13 is a perspective view of a further robot alternative;

Fig 14 is a view illustrating another design with regard to the

connection of the link devices to the moveable element;
and

Fig 15 is a perspective view illustrating an embodiment ac-
cording to the invention having only two link devices.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In order to simplify the understanding, like reference characters
have been used in the following in different embodiments for
similar or corresponding components but with addition of letters
specific to embodiments.

The robot illustrated in Fig 1 is intended for relative displace-
ment of two elements 1, 2. The element 1 is in this example in-
tended to form a base element, relative to which the element 2
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is intended to be positioned in space. The element 2 is intended

to carry, either directly as indicated in Fig 1, or indirectly via a

carrying arrangement, a working member 3.

Link devices generally denoted 4, 5 and 6 respectively are cou-

pled between the elements 1 and 2. Each of these link devices
comprises at least two mutually articulated link units. With re-

spect to the link device 4, these link units are denoted 7 and 8

respectively. With respect to the link device 5, they are denoted

9 and 10 respectively. Finally, with respect to the link device 0,

they are denoted 11 and 12 respectively.

Power exerting arrangements 13, 14, 15 are adapted to impart
the respective link devices 4, 5, 6 pivoting movements for the

purpose of changing the relative position between the elements
1, 2.

A first 4 of the link devices is connected to the element 2 via a
hinge connection generally denoted 16 so that there are, on
consideration of the device in its entirety, at least two degrees
of freedom in the form of relative pivotability about two pivot
axes, real or imaginary, placed at an angle relative to each other
hetween said first link device 4 and the element 2.

A further of the link devices, in the example the one denoted 9,
is connected to the element 1 via a hinge connection generally
denoted 17, said hinge connection providing for, on considera-
tion of the device in its entirety, freedom of movement between
said link device 5 and the element 1 as concerns at least two
degrees of freedom consisting of pivotability about two different
pivot axes.

With respect to the first of the link devices, namely the one de-
noted 4. the first link unit thereof has the character of a
movement arrangement. Its second link unit 8 has, as will be
explained in the following, the character of a more complex link
arrangement. Between the movement arrangement 7 and the
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link arrangement 8 there is a connection arrangement 18 inter-
connecting themn. The movement arrangement 7 is provided
between the connection arrangement 18 and the base element 1

whereas the link arrangement 8 is provided between the con-
5 nection arrangement 18 and the moveable element 2.

The link arrangement 8 comprises at least two first links 19 con-
nected relative to the connection arrangement 18 and the move-
able element 2 via joints 20, 21 to be pivotable in all directions,

10 said first links forming, together with the connection arrange-
ment 18 and the moveable element 21, at least one first four-
links system FS1. The movement arrangement 7 is adapted to
allow relative movement between the connection arrangement
18 and the base element 1.

15
The link arrangement 8 comprises at least one third link 22 con-
nected relative to the connection arrangement 18 and the move-
able element 2 via joints 23, 24 to be pivotable in all directions.
The joints 20, 21, 23, 24 of the first and third links 19, 22 are

20 disposed in a triangular configuration. This means, accordingly,
that the joints of the links 19, 22 at a respective end of the links
may not be present on a straight line.

The third link 22, each of the first links 19, the connection ar-
25 rangement 18 and the moveable element 2 form a third four-
links system FS3.

The first links 19 are substantially equal in length. In addition,
they are substantially parallel. The first and third links 19, 22 in

30 the link arrangement 8 are substantially equal in length. Be-
sides, they are substantially parallel.

The movement arrangement 7 is formed by a second link ar-
rangement comprising at least one second link 25 pivotable
35 relative to the connection arrangement 8 and base element 1.
More specifically, the link arrangement 7/ comprises at least two
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second links 25, 26, which together with the connection ar-
rangement 18 and the base element 1 form a second four-links
system FS2. The links 25, 26 are substantially equal in length
and substantially parallel. Thus, they form a parallelogram. This
is pivotable in its own plane by means of the power exerting ar-
rangement 13. This arrangement comprises a power exerting
member 27 adapted to put the link 25 in a pivoting movement
about an axis denoted 28. On pivoting of the link 25 about the
axis 28. the link 26 will pivot about the axis 29 and furthermore,
relative pivoting of the links 25, 26 and the connection arrange-
ment 18 will occur via the axes 30, 31. In this case the joints

denoted 28-30 form only one degree of freedom, i.e. a pure piv-
oting movement.

The link unit 9 of the second link device 5 is pivotably connected
to a link contained in the second four-links system FS2 via a

joint 33 forming a pivot axis 32 with one degree of pivoting, i.e.

pure pivotability, relative to said link. Thus, the joint 33 will be
moved together with the link on pivoting of said link. Although
the joint 33 may be provided on each of the moveable links 295,
26 and the link in the four-links system FS2 formed by the
connection arrangement 18 to be moved on movement of the
four-link system, it is illustrated in the example that the joint 33
is arranged on the link denoted 25 and, more specifically, be-
tween the pivot axes 28, 30 thereof. The joint 33 should always
be placed at a distance from the pivotable connections of the
links 25, 26 to the base element 1 via the axes 28, 29. The pivot
axis 32 of the joint 33 is substantially parallel to the pivot axes
in the four-links system FS2.

Thus, the hinge connection 16 is formed by the joints 21 and 24.
These individual joints each provide for at least two degrees of
freedom in the form of pivotability about two different pivot axes.
The joints 21 and 24 could be formed by ball joints, In which
case also a third degree of freedom in the form of rotation could
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be present, or cardan joints. Corresponding considerations are
valid with respect to the joints 20 and 23.

The link device 5 comprises the first link unit 9, which will be
5 moveable relative to the base element 1 with two degrees of

freedom, namely pivoting movements about the separated axes

28 and 32. This means the desirable consequence that a change

in form of the four-links system FS2 will cause the link unit 9

and, accordingly, the link device 5 to accompany, a fact which
10 simplifies control of the robot and increases the working area.

Besides, the link device 5 comprises a further link unit 10. This
is connected to the moveable element via a hinge connection
34 which on consideration of the device in its entirety provides
15 for freedom of movement between the link device 5 and the
moveable element 2 with respect to at least two degrees of
freedom consisting of pivotability about two different pivot axes.
Also here, the hinge connection 34 may be formed by joints 35
in the form of ball joints, cardan joints etc providing for two or
20 possibly three degrees of freedom. In the example, the link unit
10 is formed by two links 36, which via the joints 35 are con-
nected to the moveable element 2 and via joints 37 are con-
nected to the link unit 9. This link unit 9 is in the example
formed by one single link, which at its end turned away from the
25 joint 33 is connected to the link unit 10 via a connection provid-
ing, as viewed in the assembled state of the device, at least two
degrees of freedom in the form of pivotability about two different
pivot axes, real or imaginary. For instance, the joints 37 could
consist of ball joints or cardan joints. In case the links 36 are
30 connected to a cross piece 38, which in its turn is rotatably con-
nected with one degree of freedom to the link 9, the joints 37
could consist of simple joints having a single degree of freedom
involving pivotability about axes forming an angle to the axis of
rotation of the cross piece 38 relative to the link 9.

35
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The links 36 are substantially parallel and substantially equal in
length and form, accordingly, a forth four-links system FS4.
From that stated it appears that the link @ in the exampie will
pivot in paraliel with the links 25, 26. Thereby the link devices 4
and 5 will be able to hold the moveable element 2 in one and the

same orientation, i.e. in parallelism with the connection ar-
rangement 18 in the entire working area.

To achieve pivoting of the link 9, a power exerting member 39 of
the power exerting arrangement 14 acts on the link Q9 via a
transmission 40 extending from the power exerting member 39
on the base element 1 to the link 9 in the link device 5. More
specifically, the transmission 40 comprises in the example a
flexible traction force transmitting element 41 laid about divert-
ing members, a first 42 of which is connected to an output axle
of the power exerting member 39 formed as a rotary means so
as to be prevented from rotation relative to the output axle and a
second 43 of which is connected to the link 9 so as to be pre-
vented from rotation relative thereto. Thus, by driving the rotary

means 39 in opposite directions, the link 9 may be pivoted In a
desired direction relative to the link 25.

The further link device 6 has in the embodiment according to Fig
1 only the function to cause the second element 2 to move in Y-

direction. i.e. in a direction substantially transversely to the
plane of pivoting of the four-links system FS2.

The variant illustrated in Fig 2 differs from the one in Fig 1 by
the link 9a here being adapted to be pivoted relative to the link
254 via a transmission 40a, which is not based upon traction
force transmitting elements of a flexible type but instead com-
orises two links 44 articulated relative 1o each other, one of said
links being connected to the rotor of the rotary means 39 so as
to be prevented from rotation relative thereto whereas the sec-
ond is pivotably connected to the link 9a. It is preferred, in both
Figs 1 and 2, that the output axie of the rotary means 39a is
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concentric to the pivot axis 28 of the power exerting member 13.
Otherwise the link 9a is as before pivotably articulated relative

to the link 25a so that the link 9a will be moveable relative to the
base element 1a with two degrees of freedom.

In the variant according to Fig 3, the link 9b of the link device 5b
is no longer moveable relative to the base element 1D with two
degrees of freedom but only with a single one as a consequence
of the power exerting member 39b being, with a stationary por-
10  tion, rigidly connected to the base element 1b and, with a move-
able portion, rigidly connected to the link 9b so that the latter
will move relative to the base element 1b with one single degree
of freedom, which in the proceeding embodiment is formed by a
pivoting movement since the power exerting member 39b here is

15 illustrated as a rotary means, with the rotor of which the link Ob
is rigidly connected.

n the embodiment according to Fig 1, the link unit 11 of the link
device 6 is moveable with one single degree of freedom in the

20 form of a pure pivoting movement relative to the base element 1
as a consequence of the design of the power exerting arrange-
ment 15 as a rotary means having a stator connected to the
hase element 1 and a rotor rigidly connected to the link unit 11
formed as one single link. The link unit 12 according to Fig 1

75 has likewise the character of a single link and is with the ends
thereof rigidly connected to the link 11 and to the moveabie
element 2 via hinge connections 45 and 46 respectively allowing
at least two degrees of freedom in the form of pivoting about
axes placed at an angle relative 1o each other, which may be

30 realised by the joints 45, 46 being formed as ball joints, in which
case three degrees of freedom are present as a consequence of
the additional possibilities to rotation, or cardan joints.

in the variant according to Fig 3, there is the difference that the

35 links 11b and 12b are mutually connected via a hinge connec-
tion 47 allowing one single degree of freedom in the form of
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pivoting between the links. On the contrary, the link 11b is
moveable, via a hinge connection generally denoted 48, with two
degrees of freedom relative to the base element 1b in contrast
to the preceding embodiment. As concerns the link 12b, the
same iIs, however, connected to the moveable element 2b via a
joint 46b which here must present three degrees of freedom,
namely two degrees of freedom in the form of pivoting about

axes placed at an angle to each other and a further degree of

freedom in the form of rotation about the longitudinal axis of the
link 12b.

Fig 4 illustrates more specifically in a detail view from above of
the hinge connection 48 per se that the link 11b is rigidly con-
nected to a gear wheel 49 comprised in an angular gear. The
link 11b is pivotably supported relative to the base element 1b
about a first axis 50. The gear wheel 49 is in engagement with a
second gear wheel 51, which is connected to a rotor of the
power exerting arrangement 15b so as to be prevented from ro-
tation relative to said rotor, the power exerting arrangement be-
ing formed as a rotary means having a stator connected to the
base element 1b and a rotor connected to the gear wheel 51.
Said rotor has the character of an output axle. The link 11b is
pivotable relative to the base element 1b about a second axis 52
extending at an angle, in particular a substantially right angle, to
the first mentioned axis 50. Said pivotability about the axis 52 is
formed by a yoke 53 being rotatably supported about the output
axis of the rotary means 15b and this yoke 53 carries in its turn
the axis, around which the link 11b is pivotable.

The embodiment according to Figs 3 and 4 has the advantage
that when the moveable element 2b is moved in the direction x
by the link device 5b, the link device 6b will accompany while
being inclined as a consequence of rotation about the axis 52.
This means that the link device 6b always will have a favourable

orientation for executing control forces on the moveable element
2b.
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Figs 5-7 illustrate a link device 6¢c corresponding to the one
denoted 6b in Fig 3. As in the preceding embodiment, this link
device comprises links 11c, 12c. Along this link device there is
provided a transmission generally designated 54 for transmitting

driving power between a power exerting member 35 arranged on
the base element 1¢c and a working member 3c arranged on the
moveable element 2c. More specifically, the transmission 54 is
adapted to rotate the working member 3c, e.g. about its own
axis. The transmission 54 comprises traction force transmitting
elements 56, 57 laid around diverting members 58, 59, 60 dis-
posed at the articulated connection 47c of the links 11c and 12c
and at the ends of the links 11c and 12c turned away from the
connection 47c. The diverting member 59 on the link 11c is
drivingly connected, via an angular gear 61, to an output drive
axle 62 from the power exerting member 55. Around this drive
axle 62 there is arranged a tubular axle 63, with which gear
wheels 64 and 65 respectively are rigidly connected. The gear
wheel 64 is in driving engagement with a gear wheel 66 placed
on an output axle from the power exerting member 15¢C In the
form of a rotary means. The gear wheel 65 is included in an an-
gular gear together with a further gear wheel 67, which is con-
nected to the link 11¢ so as to be prevented from rotation rela-
tive thereto. When the rotary means 15c is operated, the tubular
axle 63 will, via the gear wheels 66 and 64, rotate about the
axle 62 and this puts, via the gear wheel 65, the gear wheel 67
rigidly connected to the link 11c in rotation about an axle 68.
This axle is arranged in an attachment 69 which is rotatably
supported about an axis parallel to the axle 62 and the tubular
axle 63, more specifically by the attachment 69 being rotatably
supported about a portion of the tubular axle 63. This means
that the link 11¢c will be able to pivot relative to the base element
1c about the axle 68 and an axle perpendicular in relation to this
axle 68 and concentric to the axle 62. Thus, there are two de-
grees of freedom for the link 11c in accordance with the pre-
ceding embodiment.
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At that end of the link 12¢c which is closest to the moveable ele-

ment 2¢, a gear wheel 70 is connected to the diverting member
60 so as to be prevented from rotation relative thereto, said gear
wheel 70 being included in an angular gear since it is in en-
gagement with a further gear wheel 71, which is rigidly con-
nected to an axle 72, to which also a further gear wheel 73 is
connected. This gear wheel 73 is contained in a further angular
gear since it is in engagement with the gear wheel 74, which is

connected to the working member 3c so as to be prevented from
rotation relative thereto.

It appears from Fig 7 that a yoke like attachment 75 operates as
a carrier for an axle 76, around which the link 12c is pivotabie
relative to the moveable element 2c¢. This attachment 75 is in its
turn pivotably arranged around an axis extending at an angle,
preferably a substantially right angle, to the axle 76, in the ex-
ample the axle denoted 72 and carrying the gear wheels 71 and
73. Thus, there are between the link 12¢c and the moveable ele-
ment 2c two degrees of freedom in the form of pivotability
around double pivoting axes relative to the moveable element
2c, said pivoting axes extending at an angle to each other. On
operation of the rotary means 55, the axle 62 and the gear
wheel 77 placed thereon and comprised in the angular gear 61
will be put into rotation and this causes rotation of the gear
wheel 78 rigidly connected to the diverting member 59. Thus,
this causes the traction force transmitting element 56 to be
driven around, a fact which puts the diverting member 58 in ro-
tation. This is in engagement with the traction force transmitting
element 57, which means that also the diverting member 60 and
the gear wheel 70 rigidly connected thereto are put into rotation.
This rotation is, via the angular gears 70/71 and 73/74, trans-
ferred into rotation of the working member 3c.

The embodiment according to Figs 5-7 has the advantage that
both power members 55 and 15c for pivoting the working mem-
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ber and pivoting the link device 6¢ may be disposed on the base
element 1¢c so that a minimum of mass inertia is achieved.

Fig 8 illustrates a variant where the link device 5d as in the em-
5 bodiment according to Fig 3 has a link 9d, which is put into mo-
tion, by means of the power exerting member 39d, in a move-
ment with only one degree of freedom, namely a pure pivoting
movement. A power exerting member 15d serves for putting the
link 11d of the link device 6d into a pivoting movement about an
10 axle 77. The movement of the link 11d relative to the power ex-
erting member 15d occurs with one single degree of freedom.
However, the power exerting member 15d is in this case
adapted to be put into a rotational movement of the power ex-
erting member 39d belonging to the link device 5d in that a base
15 of the power exerting member 15d is connected to the output
axle of the power member 39d. Said output axle from the power
member 39d extends substantially perpendicularly relative to the
axis 77. Thus, the link 11d will be moveable relative to the base
element 1d with two degrees of freedom, i.e. pivoting move-
20 ments around double pivot axes inclined relative to each other.
This means that when the link 9d is pivoted by means of the
power member 39d, the power member 15d and then also the
link 11d will accompany. The joint 45d between the links 11d
and 12d as well as the joint 46d between the link 12d and the
25 moveable element 2d are designed to allow at least two degrees
of freedom in the form of pivoting around axes placed at an an-
gle to each other. The embodiment according to Fig 8 makes it
possible to rationally provide a transmission extending along the
links 11d and 12d to cause the working member 3d to rotate.
30 This transmission may for instance be based on use of axles
and cardan joints.

Fig 9 illustrates a variant of the embodiment according to Fig 8.
According to this variant, both of the power exerting members
35 15e and 39e will be capable of being arranged on the base ele-
ment 1e so that the mass inertia becomes minimal. More spe-
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cifically, the power exerting member 39e acts on the link 9e by
an output axle from the power member comprising a gear wheel
78 in engagement with a gear wheel 79 rigidly connected to an
axle 80, to which also the link 9e is rigidly connected. The axle
80 is designed as a tubular axle and receives an axle 81, which
is in driving connection with the power exerting member 15e. A
gear wheel 82 is connected to the axle 81 so as to be prevented
from rotation relative thereto and this gear wheel 82 as well as a

further gear wheel 83 rigidly connected to the link 11e forming

an angular gear to subject the link 11e to pivoting movement
around an axle 68e. An attachment 84 carries the axle 68e and
is connected to the tubular axle 80 so as to be prevented from
rotation relative thereto in order to be put into a rotation about
the axle 81 together with the tubular axle 80 by means of the
power exerting member 39e. As in the embodiment according to
Fig 8, link 11e will accompany on pivoting of the link 9e.

Fig 10 illustrates a variant deviating from the one in Fig 8 by the
power member 39h here having a stationary portion secured to
the base element 1h without any direct connection to the power
exerting member 39h for the link device 6h. Instead, the power
member 15h is here rotatably supported with a base portion
relative to the base element 1h about an axie 92. A moveable
portion of the power member 15h is rigidly connected to the link
11h. Accordingly, the link 11h will be moveable relative to the
stationary portion of the power member 15h with one singie de-
gree of freedom, namely pure pivoting, whereas the power
member 15h will be moveable relative to the base element 1h
with a further degree of freedom, namely pure pivoting, and this
more specifically about an axis extending at an angle to the
pivot axis of the link 11h relative to the base portion of the
power member 15h. The effect of this is that the link 11h will be
moveable relative to the base element 1h with two degrees of
freedom. When the link device 5h is pivoted with assistance of
the power member 39h, the link device 6h will be able to ac-
company by the base portion of the power member 15h rotating
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about the axle 92. The interconnection between the link device
5h and 6h in this regard occurs by means of a connection link
93, which connects, by means of hinge connections having at
least two degrees of freedom, i.e. pivoting about axles angled

relative to each other, the link devices. For the rest, the
embodiment is as previously described.

Fig 11 illustrates a variant of the embodiment according to Fig
10. The difference is a.o. that the four-links system FS2 has
been arranged pivotable about an axle 94 relative to the base
element 1i. Between the four-links system FS2 and the connec-
tion arrangement 181 there is also rotatability about an axie 95.
The axles 94, 95 are substantially parallel to each other. In or-
der to maintain the orientation of the connection arrangement
18i relative to the base element 1i, there is between the base
element and the connection arrangement 18i a further link 96,
which forms, with the four-links system FS2, a further four-links
system, which on pivoting of the four-links system FS2 will
maintain the orientation of the connection arrangement 18i rela-
tive to the base element 1i. The further link 96 must be con-
nected to the base element 11 and the connection arrangement
18i, via joints having at least two degrees of freedom. In con-
trast to the preceding embodiment, the power exerting member
15i is here arranged directly on the base element 11 so that the
link 11i will describe a movement having only one degree of
freedom relative to the base element 1i, namely in the example
pure pivoting. |n the embodiment according to Fig 11, the indi-
vidual link 9 in the preceding embodiment has been replaced
with a link unit 9i forming a four-links system. This four-links
system is, by means of the power member 39i, pivotable relative
to the base element 1i in a plane of pivoting orientated
substantially perpendicularly to planes, in which the four-links
system 9i is possible to change as to form. The four-links
system 9i is then connected to the link unit 10i which also is
designed as a four-links system. In this case there are between
the link 11i in the link device 6i and the connection arrangement
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18i and the four-links system 8i links 97 and 98 respectively,
which cause the connection arrangement 18i and the four-links

system 9i to be able to accompany when the link 11i is pivoted
by means of the power member 15i.

The variant according to Fig 12 is in reality equivalent to the one
in Fig 10. However, the link 93j is here coupled between the
links 9j and 11j respectively whereas the power member 15j is
provided on the base element 1. A moveable portion of the
power member 15) is connected to the link 11j to pivot the same.
This moveable portion denoted 99 is, however, rotatably co-or-
dinated with the link 11j so that when the link 9j is pivoted by
means of the power member 39}, the link 11j will be able to ac-
company freely in pivoting movements substantially parallel to
the pivot axis for the moveable portion 99 but when the power
member 15 is activated, the moveable portion 99 thereof will,
on rotation, force the link 11} to accompany. However, there is
also here as appears from the description, a freedom of move-
ment between the link 11] and the base element 1) having re-
gard to two degrees of freedom, namely pivotability about dou-
ble pivot axes angled relative to each other.

The variant according to Fig 13 differs mainly from the one in
Fig 11 by FS2 and the further link 96 being operated in altitude
by means of a further link device 100, which operates as a
power intermediary between a power exerting member 101 and
the connection arrangement 18k. The link device 100 comprises
a link arm 102 which is moveable with one single degree of
freedom, in the example pure pivoting, relative to the base ele-
ment 1k and which via a four-links system 103 similar to the one
previously denoted 10 is connected to the connection arrange-
ment 18k. The four-links system 103 could also engage on links
forming a connection between the base element 1k and the con-
nection arrangement 18k. Between the connection arrangement
18k and the link 11k in the link device 6k there is a connection
104 connecting together the pivoting movement of the link 11k
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with the connection arrangement 18k so that the later is dis-
placed when the link 11k is pivoted.
The variant in Fig 14 corresponds substantially to what has been
described earlier with the exception that the links 191 and 221
5 here are connected to sleeves 105 and 106 respectively via
joints having one single degree of freedom, namely in the em-
bodiment freedom to pivot about one single axis. These sleeves
105, 106 are in their turn rotatably journalled about axles 107
and 108 respectively. The axle 108 is conceived to form a con-
10 stituent of the moveable member 11, at which the working mem-
ber 31 is arranged. The moveable member 11 is rotatably jour-
nalled around the axle 107. The link device 61 acts on the axle
107 in a manner which in principle already has been described.
The purpose of the embodiment according to Fig 14 is most
15 closely to demonstrate that many variants are possible when it
comes to realise the hinge connection between the links and
other constituents contained in the robot structures. The appli-
cations in question are, accordingly, only restricted by the defi-
nitions appearing from the appendant patent claims.
20
Fig 15 illustrates a variant deviating from the one in Fig 1 in the
sense that here the link devices 5 and 6 present in Fig 1 have
been replaced by one single link device 5m. This is coupled,
with a first link unit 10m, to the moveable element 2m via a con-
25 nection 109 comprising one single degree of freedom, namely
pivoting about one single axis. In the example it Is illustrated
that the link unit 10m comprises only one singie link. It should
be understood that two or more links may be arranged in parallel
to improve stability if this would be desired.
30
The link device 5m comprises, furthermore, a link unit 9m which
is connected to the link unit 10m with two degrees of freedom,
i.e. in the example pivoting about double axes placed at an an-
gle relative to each other. Although said two degrees of freedom
35 may be realised with cardan joints or similar, a cross piece 38m
as in Fig 15 may also be moveable with one degree of freedom
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relative to the link 10m, i.e. by pure rotation whereas this cross
piece then is connected to the two links 110 comprised in the
link unit 9m via joints 111 also comprising one single degree of
freedom, i.e. pure pivotability but this about axes which are an-

5 gled relative to the axis, around which the cross piece 38 is piv-
otable relative to the link 10m.

The links 110 are then also connected to the base element 1m
via two degrees of freedom. More specifically, a cross piece 112

10 is in the example rotatably supported relative to the base ele-
ment 1m with one single degree of freedom and then the links
110 are hingedly connected to this cross piece 112 also with
one single degree of freedom, namely pure pivoting. The pivot-
ing of the links 110 relative to the cross piece 112 occurs

15 around axles placed at an angle relative to the axis of rotation of
the cross piece 112 relative to the base element 1m.

1t should be observed that it is essential in the embodiment ac-
cording to Fig 15 that the parallelogram formed by the links 110

20 and the cross pieces 38m and 112 is rigid to rotation, i.e. that
the cross pieces 112 and 38m comprised in the parallelograms
are maintained substantial parallel, the link 10m between the
moveable element 2m and the cross piece 38m also being al-
lowed to have one single degree of freedom in the form of pure

25 pivotability in order to achieve stabilisation of the moveable
element 2m.

Furthermore, it is pointed out that the four-links system FS2 also
must be secured against rotation, i.e. adapted to be able to
30 change its form in substantially one and the same plane.

in order to operate FS2, there is as before a power exerting ar-
rangement 13m. In order to execute required control via the link
device 5m, a power exerting member 39m is adapted to pivot
35 the cross piece 112 and in this way pivot the links 110 relative
to the base element 1m whereas a further power exerting mem-
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ber 15m is adapted to pivot the links 110 relative to the cross
piece 112 in planes substantially parallel to the axis of rotation
of the cross piece 112. It is illustrated in the example that the
power exerting member 39m has a stationary portion connected
to the base element 1m and a moveable portion connected to |
the cross piece 112. The power exerting member 15m is, in the
example, illustrated as comprising a stationary portion rigidly
connected to the cross piece 112 whereas a moveable portion of
the power exerting member is connected to one of the links 110.
Expressed in other words, the links 110 may be operated in two
planes substantially perpendicular to each other by means of the
power members 39m and 1om.

Common to all described embodiments is that a suitable control
unit, particularly in the form of a computer, is adapted to control
the power exerting members of the various robot embodiments
for the purpose of causing the second element 2 or members
coupled thereto directly or indirectly to move in desired paths.

POSSIBLE MODIFICATIONS

It is evident that the invention is not only restricted to the em-
bodiments discussed herein above. Thus, detail adaptations of
the embodiments may be carried out depending on the circum-
stances without leaving the inventive concept appearing from

claim 1.
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CLAIMS:;

1. A device for relative movement of two elements (1, 2), one of
said elements forming a base element whereas a second is

5 movable restive to the first, comprising at least two link de-
vices (4, 5, 6) coupled between the elements, each of said

e e awd B

link devices comprising at least two mutually articulated link
units, and a power exerting arrangements (13, 14, 15) pro-
vided to impart the link devices pivoting movements for the
10 purpose of changing the relative position of the elements, a
first (4, 5 or 6) of the link devices being connected to one (2
or 1) of the elements via a hinge connection so that when
considering the device in its entirety there are, between said
first link device and said element, at least two degrees of
15 freedom in the form of relative pivotability about two pivot
axes, real or imaginary, forming an angle relative to each
other, whereas said first link device (4, 5 or 6) is movable
relative to another (1 or 2) of the elements with one single
degree of freedom, characterized in that a further (4, 5 or 6)
20 of the link devices is connected to said another (1 or 2) of
the elements via a hinge connection which provide for, when
the device is considered in its entirety, freedom of movement
between said further link device and said another of the ele-
ments as concerns at least two degrees of freedom consist-
25 ing of pivotability about two different pivot axes, real or
imaginary.

2. A device according to claim 1, characterized in that the first

(4) of the link devices comprises a link arrangement (8), a

30 movement arrangement (7) and a connection arrangement
(18) interconnecting the link arrangement and the movement
arrangement, the movement arrangement being provided
between the connection arrangement and one (1) of the ele-

ments whereas the link arrangement (8) is arranged between

35 the connection arrangement (18) and another (2) of the ele-

ments.
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3. A device according to claim 2, characterized in that the link

arrangement (8) comprises at least two first links (19) con-
nected via joints relative to the connection arrangement and
the associated of the elements to be pivotable in all direc-
tions, said first links forming, together with the connection ar-
rangement and the associated of the elements, at least one
first four-links system (FS1), the movement arrangement
being adapted to allow relative movement between the con-

nection arrangement and the associated of the elements.

. A device according to claim 3, characterized in that the

power exerting arrangements (13, 15, 39) comprise ar-
rangements to actuate the link arrangement and the move-
ment arrangement so as to change the relative position of
the elements.

. A device according to claim 3, characterized in that the link

arrangement (8) comprises at least one third link (22) con-
nected via joints relative to the connection arrangement and
the associated of the elements to be pivotable in all direc-
tions and that the joints (20, 21, 23, 24) of the first and third
links are disposed in a triangular configuration.

6. A device according to claim 5, characterized in that the third

link (22), each of the first links (19), the connection arrange-
ment (18) and the associated (2) of the elements form a third
four-links system (FS3) '

. A device according to claims 3 and 6, characterized in that

the first links (19) in the link arrangement are substantially
equal in length.

. A device according to claims 3 and 6, characterized in that

the first links (19) in the link arrangement are substantially
parallel.

AMENDED SHEET



10

15

20

25

30

35

9.

10.A device accord

11.

12.

13.

14.

15.

CA 02303774 2000-03-09_ .

_ PCI/ 598/ 01026

14 -10- 1985

23

A device according to any of claims 2-8, characterized in
that the movement arrangement (7) is formed by a second
link arrangement comprising at least one second link (25, 26)
pivotable relative to the connection arrangement and the as-
sociated of the elements.

/ice accor 3ii'i'g to claim 9, characterized in that the sec-

ond link arrangement (7) comprises at least two second links
(25, 26), which together with the connection arrangement

(18) and associated (1) of the elements form a second four-
links system (FS2).

A device according to claim 10, characterized in that the
second links (25, 26) in the second link arrangement (7) are
substantially equal in length.

A device according to claim 11, characterized in that the
second links (25, 26) in the second link arrangement are
substantially paraliel.

A device according to claim 3 and 6, characterized in that
the first and third links (19, 22) in the first link arrangement
are substantially equal in length.

A device according to claim 13, characterized in that the
first and third links (19, 22) in the first link arrangement are
substantially parallel.

A device according to any preceding claim, characterized in
that the further link device (5 or 6) is connected to another (4
and 5) respectively of the link devices by connection means
(33, 33a, 80, 84, 93, 97, 98, 93j, 104,113) to accompany said
another of the link devices in its movement resuliting of its
associated power exerting arrangement (15 and 13)
respectively.
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16.A device according to claim 15, characterized in that the
further link device (5 or 6) is hingely connected to a move-
able part (25, 9d, 9e, 5h, 9i, 9j, 18k) comprised in said
another (4 and 5) respectively of the link devices.

17.A device according to claim 16, characterized in that the
moveable part is pivotable.

18.A device according to any of claims 16-17, characterized In
that the power exerting arrangement (14) belonging to the
further link device (5) is adapted to cause a link unit (9)
comprised in the further link device (5) to pivot relative to the
moveable part (25).

19.A device according to any of claims 10-12, characterized in
that the further link device (5) is pivotably connected, at one
of its ends, to a moveable link (25) comprised in the second
four-links system.

20.A device according to claim 19, characterized in that the
further link device (5) is pivotably connected to the link (25)
of the second four-links system about a pivot axis (32) which
is substantially parallel to a pivot axis (28) of this link relative
to the associated of the elements.

21.A device according to claim 17, characterized in that the
further link device (5) comprises at least one first link (9)
pivotably connected to said link (25) of the second four-links
system and at least one second link (36) connected to the
second (2) of the elements in a pivotable manner.

22.A device according to claim 21, characterized in that a
power exerting arrangement (39) to cause the first link (9) in
the second link device (5) to pivot relative to the link (25) of
the second four-links system (FS2) comprises a power ex-
erting member (39) arranged on that (1) of the elements to
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which the link (25) of the second four-links system is pivot-
ably connected.

23.A device according to claim 22, characterized in that said
power exerting member (39) acts on the first link of the fur-
ther link d_ev‘ic%myia a transmission (40) comprising power
transmission meémbers (41) extending along the link (25) of

the second four-links system.

24.A device according to claim 22, characterized in that the
power exerting member (39a) acts on the first link (25a) of
the further link device via a link arm system (40a) comprising
at least two articulated links (44).

25.A device according to claim 1, characterized in that the fur-
ther link device (4, 5, 6) is connected to both of the elements
via hinge connections, which on consideration of the device
in its entirety allow relative movements with two degrees of
freedom between said further link device and each of the
elements.

26.A device according to claim 25, characterized in that links
(11b, 12b) comprised in the further link device (6b) are
hingedly connected to each other via a hinge connection (47)
allowing one single degree of freedom of movement in the
form of pivofing between the links.

27.A device according to claim 25 or 26, characterized in that a
power exerting arrangement (15, 6, 15c) to cause the further
link device (6b, 6¢) to pivot relative to the elements com-
prises a power exerting member (15b, 15c) arranged on one
of the elements in the form of a rotary means, which via an
angular gear (49, 51; 65, 67) comprising a gear wheel (49,
67) rigidly connected to one of the links (11b, 11c) In the
second link device is capable of transmitting drive power to
said link, and that this link is freely pivotable about an axis
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(52, 62) substantially parallel to the axis of rotation of the
rotary means.

A device according to any of claims 25-27, characterized in
that a transmission for driving power transmission between a
power exerting_member (55) arranged on one of the ele-
'm""eﬁ"ts“é”ﬁ’dwa'"{nfo'rgf("lrlg member (3c) arranged on the second of
the elements is provided along the further link device (6c¢).

29.A device according to claim 28, characterized in that the

30.

transmission comprises traction force transmitting elements
(56, 57) laid about diverting members (59, 58, 60) rotatably
provided at the articulated connection of the links of the fur-
ther link device and at that end of at least one of the links
which is turned away from the articulated connection, and
that the diverting member present at at least one of the ends,
which are turned away from each other, of the links com-
prised in the further link device is drivingly coupled, via an
angular gear, to the power exerting member or working
member (3cC).

A device according to claim 29, characterized in that the
power exerting member (55) to cause one of the diverting
members (59) to rotate is formed by a rotary means (595)
having an axle (62), on which there is arranged a gear wheel
(77) drivingly engaged with a gear wheel (78) connected to
the diverting member, said two gear wheels forming an an-
gular gear, and that a tubular axle (63) is arranged about
said axle and provided with means for driving via the power
exerting member (15c) arranged for pivoting the second link
device and a gear wheel in engagement with a gear wheel
(67) rigidly connected to the adjacent link (11c) of the further
link device, the two last mentioned gear wheels (65, 67)
forming, in unison, the previously mentioned angular gear.
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31.A device according to claim 23, characterized in that the
power transmission members (40) comprise at least one
flexible traction force transmitting element-(41) and diverting
members (42, 43), about which the element is laid, and that

5 the power exerting member (39) is adapted to put one of the
diverting m.embezf__s in rotation whereas a second (43) of the
diverting membeérs is rigidly connected to the second link (9)

of the further link device (5).

10 32.A device according to any preceding claim, characterized in
that the further link device (4, 5, 6) is connected to the first

of the elements with at least three degrees of freedom of
movement.

15 33.A device according to any preceding claim, characterized in
that two further link devices (5d, 6d) are present, that these
further link devices each comprise a moveable first link
capable of being put into movement by a power exerting ar-
rangement and that the moveable link (11d) of one (6d) of

20 the further link devices is arranged to be caused to accom-
pany the moveable first link (9d) of the remaining (5d) of the
further link devices in a movement involving one further de-
gree of freedom.

25 34.A device according to claim 2, characterized in that the
movement arrangement (FS2, 96) is connected to the base
element with connections providing two degrees of freedom.

35.A device according to claim 3 and 34, characterized in that
30 the first four-links system (FS1) is rotatably connected to the
base element about an axis (94) substantially parallel to a
pivoting plane of the four-links system and that a further link
(96) of the movement arrangement forms a further four-links
system operating parallel controlling on the connection ar-

35 rangement (18i).
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36.A device according to claims 1-4, characterized in that the
first link unit (9m) of the further link device (5m) is connected
to the base element (1m) via a connection providing two de-
grees of freedom whereas the second link unit (10m) is con-

5 nected to the moveable element (2m) via a connection (10q)

having one degree of freedom only and that the two link units

(9m, 10m)'é7é'im”erconnected via a connection providing two
degrees of freedom.

10 37.A device according to any preceding claim, characterized in
that it is formed by an industrial robot, the second element

(2) of which is intended to carry, directly or indirectly, at
least one working member (3).
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