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ELEMENTS

(57) L imvention concerne un dispositif permettant le
déplacement relatif de deux €léments (1, 2). Ce dispositif
comprend deux systemes de liaison (5, 6) couplés en
serie par un systeme de connexion (4). Le premier
systeme de haison (5) comprend au moins trois
entretoises (9, 14) sensiblement paralleles et de longueur
sensiblement ¢€gale. Vues dans leur direction
longitudinale, ces entretoises (9, 14) sont placees entre le
systeme de connexion (4) et I'¢lement (2) dans une
relation sensiblement triangulaire. Le second systeme de
liaison (6) comprend au moins un parallelogramme
agissant entre le systeme de connexion (4) et 1’¢lement
(1). Des premier et deuxieme systemes (17, 18)
appliquant une force sont cong¢us pour faire pivoter le
premier systeme de liaison (5) tandis qu'un troisieme
systeme (33) appliquant une force est conc¢u pour faire
pivoter le second systeme de liaison (6).

l*l Industrie Canada  Industry Canada

(57) A device for relative movement of two elements
(1, 2) comprises two link arrangements (5, 6) coupled 1n
series by means of a connection arrangement (4). A first
link arrangement (5) comprises at least three links
(9, 14), which have substantially equal length and which
are substantially parallel, said links (9, 14) being
orientated 1n a substantially triangular relation, viewed
along the longitudinal direction of the links, between the
connection arrangement (4) and the element (2). The
second link arrangement (6) comprises at least one
parallelogram  acting between the connection
arrangement (4) and the element (1). First and second
force-applying arrangements (17, 18) are adapted to
cause the first link arrangement (5) to pivot. A third
force-applying arrangement (33) 1s adapted to cause the
second link arrangement (6) to pivot.
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(§7) Abstract

:

| A device for relative movement of two elements
(1. 2) comprises two link arrangements (5, 6) coupied
in series by mcans of a connection arrangement
(4). A first link arrangement (5) comprises at least
three links (9, 14), which have substantially equal
length and which are substantially parallel, said links
(9, 14) being orientated in a substantially triangular
relation, viewed along the longitudinal direction of
the links, between the connection arrangement (4) and
the element (2). The second link arrangement (6)
comprises at least one parallelogram acting between
the connection arrangement (4) and the element (1).
First and second force-applying arrangements (17, 18)
are adapted to cause the first link arrangement (J5) to
pivot. A third force-applying arrangement (33) 1s
adapted to cause the second link arrangement (6) to
pivot.
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Applicant: Asea Brown Boveri AB

A device for relative displacement of two elements

FIELD OF THE INVENTION

This invention is related to a device for relative movement
of two elements comprising an arrangement for forming a con-
nection between a first link arrangement and a movement ar-
rangement, the movement arrangement being provided between
the connection arrangement and one of the elements whereas
the first link arrangement is provided between the connec-
tion arrangement and a second of the elements.

The relative movement of the two elements has the purpose to
position them mutually in a manner aimed at by means of the
force-applying arrangements. More specifically, the device
according to the invention is intended to form a manipulator
or robot. The second of the elements is intended to carry,
directly or indirectly via a carrying arrangement, Or con-
stitute a working member to execute the function aimed at,
for instance picking, placing, packing and palletising. How-
ever, it is remarked that the working member may be adapted
to carry out also other work operations than those just men-
tioned. The first element may according to a first embodi-
ment form & base member secured in space but could according
tOo & second embodiment form at least a part of a carrier
movable resiaztive to & base member. A force-applying arrange-

ment then serves for adjusting the position of the carrier
relative to the base member.
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PRIOR_ART

A robot of the kind defined by way of introduction is de-
scribed in US patent 4 976 582. For the positioning of the
second element, the robot comprises three force-applying ar-
rangements, which in unison comprise three force-exerting
members arranged in a triangular distribution on the first
element. Each of the.force members is connected to the mov-
able second element via its own connection comprising two
link arrangements and an intermediate connection arrange-
ment. These three connections coupled in parallel are like-
wise arranged in a triangular distribution. Each of these
connections comprises a first link arrangement including two
first links pivotably connected to the second element and a
second link, which is rigidly connected to a movable portion
of the force-exerting member and which by means of a connec-
tion arrangement is connected to the two first links. The
second link is movable with regard to one single degree of
freedom relative to the stationary portion of the power-ex-
erting member. The connection arrangement connects the first
and second links in a hinged manner with two but not more
than two degrees of freedom. The link arrangement formed by
the first links is connected to the second element so that
two but not more than two degrees of freedom occur. In real-
ity, the first 1link arrangements form parallelogram-shaped
four-links systems. A disadvantage with this known type of
robot is that it becomes comparatively bulky as a conse-
quence of the triangular distribution discussed herein
above. The angle between planes of pivoting of two adjacent
second links must, namely, always be less than 180°. Thus,
1t is very difficult to arrange two or more of those robots
closely to each other without collision. A further disadvan-
tage 1is that it is structurally difficult to design the
Known robot with the required stiffness and strength since
the movable portions of the <*hree power-exerting members

project in a star-like fashion from the first element, which
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with regard to the space requirement should be formed as
small as possible but which on the other hand must be able
to receive the power-exerting members. Thus, this means that
it becomes difficult to design arms rigidly connected to the
movable portions of the power-exerting members with a suffi-
cient width as far as the arms themselves are concerned as
well as their bearings at the first element.

A further disadvantage is that all arm lengths must be
equal. This means that it is not possible to optimize the
robot to the pattern of movement in question. Performance

will always be symmetrically distributed in a symmetrical
working area, which is not cost efficient.

Furthermore, the known robot cannot execute a tilt movement

of the second element to fetch objects located sidewardly of
or above the robot.

In addition, 3 further motors are required in order to
change the inclination of the second element. It would be
desirable to manage this with only 1 extra motor in order toO

achieve a cost-efficient concept.

As 3 consequence of the equilateral triangular construction
of the known robot it is also difficult to arrange to work
horizontally above conveyors, loading pallets etc. Further-
more, it should be mentioned that if a working member on the
second element is to be driven by means of a motor on the
first element, an axle extending between the first and sec-
ond elements must comprise a torque-transmitting coupling
allowing variation of the length of the axle. In practice,
the axle 1i1is suitably designed as consisting ©of two axle
parts, which are displacable telescopically relative to each
other and the torque transmission o0f which 1s ensured by

splines, wedge grooves or similar. This compiicates the em-

bodiment and makes the same more costly.
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This invention aims at devising routes to develop the device
of the kind defined by way of introduction so as to elimi-
nate or at least reduce one or more of the disadvantages
mentioned herein above. According to a sub aspect, the aim
is to provide a greater flexibility as to the design of the
device so that two or more devices may be placed to work

comparatively close to each other. According to another sub

aspect, an improved mobility of the robot is aimed at.

MIMARY O v NY SN L L O

The object of the invention is achieved in that the first
link arrangement comprises 1links pivotably connected rela-
tive to the connection arrangement and the associated of the
elements via joints, that the movement arrangement is
adapted to allow a relative movement between the connection
arrangement and the associated of the elements, and that the
device comprises force-applying arrangements to actuate the
link arrangement and the movement arrangement so as to

change the relative position between the elements.

Thus, the link arrangement forms an interconnection between
the connection arrangement and the associated of the ele-
ments by means of at least two and preferably three links.
This creates possibilities for an asymmetrical design of the
device according to the invention and, accordingly, an ad-
justment of the working area thereof to its purpose. For in-
stance, this asymmetrical character of the device according
tO the invention provides possibilities for = very dense
packing of a plurality of robots. This differentiates the
device according to the invention from the device according
to US 4 976 582, where &z triangular structure with equal

sides 1is aimed at and where in any case the angle between
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the planes of pivoting of two adjacent second links always
must be less than 180°.

It is according to an embodiment possible to design the dis-
placement arrangement as a second four-links system. In such
cases the first and second four-links systems will, accord-
ingly, be coupled in series to each other via the connection
arrangement. This provides the device with very favourable
operational qualities. A particularly advantageous option
resides in the second four-links system being possible to
use for achieving tilting of the working member by means of

a force-applying arrangement comprising one single force-ex-
erting member.

The use of two four-links systems coupled in series via the
connection arrangement involves, in addition, in case the
four-links systems are designed as parallelograms, that it
is made possible to achieve force transmission via axles
provided in the four-links systems and with assistance of
cardan joints, angular gears and the like without having to
introduce, in the axle sequence, any sliding couplings Or

similar intended to operate axle length compensating.

According to a preferable embodiment of the invention, the

movement arrangement is designed as a pivot arm.

Several preferable developments of the invention are defined
in the dependent claims. These developments and advantages
in connection with the invention are dealt with more spe-

cifically in the following description.

With reference to the enclosed drawings, a more close de-

scription of embodiment examples of the invention follows
hereunder:
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In the drawings;

Fig 1

Fig 2

Figs 3

Fig

Fig

Fig

Fig

Fig

III
.
{0

Fig

10

11

is a side view of the robot according to the in-
vention in a diagrammatical form:

is a, still, diagrammatical view of the robot in
perspective;

and 4 are views similar to Fig 1 of the robot in

different positions;

1s a diagrammatical and perspective view illus-
trating a transmission for incorporation into a

robot of the basic structure appearing from Figs
1-4;

is a detailed view illustrating an alternative em-
bodiment of the first link arrangement;

ls a perspective view of a robot, which in its ba-
sic features corresponds to the one illustrated in

Figs 1-4 but having its four-links system formu-

lated in a different manner:

1s a partly cut perspective view of a detail ap-
pearing from Fig 7;

1s a perspective view of an alternative robot de-
sign;

1s a perspective view 0f a2 further zlternative:

1s a further perspective view of &z robot alterna-
tive:



CA 02277846 1999-07-08

WO 98/30366 PCT/SE9I8/00046

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

Fig 13 is a view similar to Fig 12 but illustrating the
robot in a different position;

5
Fig 14 is a perspective view illustrating a driving de-
vice intended for use in a robot of the basic type
according to e.g. Figs 12-13;

10 Fig 15 is a diagrammatical and perspective view illus-
trating how the double power transmission may be
realised in a joint having two degrees of freedom,
more specifically freedom to pivot about two axes
extending at an angle relative to each other; and

15

Fig 16 is a perspective view similar to the one in Fig 14

but illustrating a somewhat modified embodiment.
» A ) 1 < ] } N U - 1 aSed NP visl®)BARI
20

In order to simplify the understanding, like reference char-
acters have been used in the following in different embodi-
ments for similar or corresponding components but with addi-
tion of letters specific to embodiments.

25

The robot illustrated in Figs 1-4 is intended for relative
displacement of two elements 1, 2. The element 1 is in this
example intended to form a base member, relative to which
the element 2 is intended to be positioned in space. The
30 element 2 is intended to carry, either directly as indicated
in Fig 1, cr, as will be dealt with later, indirectly via a

carrving arrangement, a working member 3.

The robot comprises an arrangement 4 for forming a connec-
33 tion between a link arrangement 5 and a movement arrangement

6. The link arrangement 5 i1s provided between the connection
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arrangement 4 and the second element 2 whereas the movement
arrangement 6 is provided between the connection arrangement
4 and first element 1. The link arrangement 5 comprises at
least two first links 9 pivotably connected relative to the
connection arrangement 4 and the element 2 via joints 7 and
8 respectively, said first links forming, together with the
connection arrangement 4 and the element 2, a first four-
links system FS1l. The joints 7, 8 of each of those links 9
are designed such that the link in question becomes pivota-

ble in all directions relative to both the connection ar-
rangement 4 and the element 2.

The movement arrangement 6 is adapted to allow relative

movement between the connection arrangement 4 and the first
element 1. More specifically, the movement arrangement 6 is
intended to be used for movement of the connection arrange-
ment 4 relative to element 1. It is then preferred that the
movement arrangement 6 is adapted to maintain, on such rela-
tive displacement between the element 1 and connection ar-
rangement 4, a substantially constant relation between them-
selves as far as inclination is concerned. Expressed in
other words, the connection arrangement 4 is intended to be
moved, on operation of the movement arrangement 6, relative
to the element 1 without changing the orientation of the
connection arrangement 4 in space. As an example of movement
arrangements 6, those capable of achieving linear movements,
for instance piston cylinder mechanisms, ball screw arrange-
ments and rack driving devices may be mentioned. By such
linear displacement the constant orientation of the connec-
tion arrangement 4 is ensured. However, it is pointed out

that alsc types of movement arrangements may be in gquestion.

According to a particularly preferred embodiment of the in-

vention, the movement arrangement 6 is designed as a second

link arrangement comprising at least one second link 10 piv-

otable relative to the connection arrangement 4 and the
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first element 1. It is then particularly preferred that the
link arrangement 6 comprises at least two second links 10,
11 pivotable relative to the connection arrangement 4 and
the first element 1. The link arrangement 6 forms with its
link 10, 11 and together with the connection arrangement 4
and the element 1 a second four-links system FS2Z. The joints
of the links 10, 11 relative to element 1 are denoted 12

whereas the joints relative to the connection arrangement 4
are denoted 13 (see Fig 1).

It is preferred that the joints 12, 13 in the four-links
system FS2 allow one single degree of freedom, i.e. a pure
pivoting movement about pivoting axes parallel to each

other. Thus, the four-links system FS2 will pivot in paral-
lel planes.

The link arrangement 5 comprises at least one third link 14
pivotably connected relative to the connection arrangement 4
and the element 2 via joints 15 and 16 respectively. The
joints 7, 15; 8, 16 of the first and third links 9, 14 are
disposed in a triangular configuration. A right-angled tri-
angulaf configuration is 1illustrated in Figs 1-4 but the an-
gles thereof could also be smaller or larger than a right
angle. The minimum criterium in this respect is that the
joints form said triangular configuration, i.e. that the
joints are not located in one and the same plane. The trian-

gular configuration means that the links 9, 14 will carry
the element 2 in at least three points.

The link 14 forms with each of the links 9, the connection
arrangement 4 and the element 2 & third four-links system
FS3. Accordinglyv, two four-links systems FS2 srs involved in
the example. It is pointed out that of course ‘more than one
link 14 may occur. More four-links systems FS53 are then oI
course formed. Besides, more than two links T may occur SO

that, accordingly, more four-links systems FS.i are formed.
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10

The links 9 are substantially equal in length. In addition,

they are substantially parallel. Thus, the four-links system
FS1 forms a parallelogram.

The links 10, 1l are substantially equal in length. They are

also preferably substantially parallel. Thus, also the four-
links system FS2 forms a parallelogram.

The link 14 is substantially equal in length to the links 9.
Besides, the link 14 is preferably substantially parallel to
the links 9. Each of the two four-links systems FS3 occur-
ring in the example forms, accordingly, parallelograms. It
is pointed out that in case several 1links 14 occur, they
should be substantially equal in length to the links 9 and
substantially parallel thereto. It is pointed out that the
link arrangements 5 and 6 in the example are connected by
means Of the connection arrangement 4 such that an angle q,
more specifically, a substantially right angle, is present
between a plane Pl through the joints 7 and 15 and a plane
P2 (see Fig 3) intersecting the joints 13 and extending per-
pendicularly to the plane of pivoting of the links 10, 11.
As will appear in the following, said angle may, however, be
arbitrary within the interval 0-360°. In the embodiment il-
lustrated and having an angle of about 90°, the connection
arrangement 4 will, viewed from the side according to Figs 1
and 3-4, comprise a substantially L-like shape. In the ori-
entation according to the figures the connection arrangement
4 comprises, viewed from the side, a substantially wvertical
shank and a substantially horizontal shank. The vertical
shank is coupled to the links 10, 11 whereas the horizontal
1s coupled to the links 9 and 14. The horizontal shank mav
have, as viewed from above, an angled shape with two legs,

one of which extends along FS1 whereas the other extends
along one of FS3.
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The links 9, 14 of the first link arrangement 5 and the
joints 7, 8 and 15, 16 respectively belonging thereto form
in this case between the connection arrangement 4 and the
second element 2 connections, which all allow relative rota-
+ion about axes substantially parallel to the links. Such an
embodiment presupposes that the links 7, 8, 15, 16 give
three degrees of freedom, namely the previously discussed
pivoting about two real or virtual axes at an angle to each
other plus said rotation about axes parallel to the links 9,
14. Such a design has the advantage that the links 9, 14 and
their joints do not have to be dimensioned in order to adopt
rotational strains. An example of design of the joints for
this purpose is as ball joints. However, it is pointed out
that the minimum criterion for functionality according toO
the invention as far as the joints 7, 8 and 15, 16 are con-
cerned is that they should provide freedom for the links 9,
14 to pivot in all directions in relation to the connection
arrangement 4 and the second element 2, i.e. that two de-
grees of freedom in the form of pivoting about two axes
forming an angle between themselves must occur. When not
more than two degrees of freedom in this way are present,
the links and their joints are capable of transferring rota-
tional strains about axes parallel to the links. In such a
case the joints could consist of cardan joints or other

joints having double, non-parallel pivot axes.

First 17 and second 18 force-applying arrangements are
adapted to cause the links 9, 14 in the link arrangement 5
to pivot relative to the connection arrangement 4. The ar-
rangements 17, 18 comprise each a power-exerting member 19
and 20 respectively having a stationary portich rigidly con-
nected relative to the element 1 and a movzsle portion 21
and 22 respectively having one single degree of freedom
relative to the stationary portion and being connected tO
the element 2 wvia a respective link arm arrangement 23, 24.

The force-applying arrangements 17, 18 are adapted to actu-
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ate the element 2 in mutually different directions to adjust
the same in space.

The link arm arrangement 23 in one of the force-applying ar-
rangements, namely the one denoted 17, comprises at least
two link arms 26, which are hingedly connected to the ele-
ment 2 via joints 27 and to the movable portion 21 via
joints 29. Each of these joints 27, 29 should be designed so
as to allow pivoting of the individual link arm 26 in all
directions relative to the second element 2 and movable por-
tion 21, i.e. that at least two degrees of freedom should be
present, namely possibility for pivoting about double, non-
parallel pivoting axes. The joints may, thus, in this case
consist of cardan joints or other two axes joints. In addi-
tion, it is included within the scope of the invention that
each of the joints 27, 29 may comprise a further degree of
freedom relative to the element 2 or the movable portion 21,
namely rotation about an axis substantially parallel to the

link arm 26 in question. In such a case the joints may for
instance be formed by ball joints.

The link arm arrangement 23 comprises in the example a third
link arm 28, which is connected to the link arms 26 via the
joints 29. On the other hand, the link arm 28 is rigidly
connected to the movable portion 21 or alternatively con-
nected to the portion 21 wvia a joint 30 comprising one sin-

gle degree of freedom, i.e. in practice pure rotation.

The link arms 26 form, together with the associated joints
27, 29, a four-links system. It is preferred that this sys-

tem is designed as a parallelogram.

Since the movable portion 21 presents only one degree of
freedom relative to element 1, the link arm 28 will maintain
its orientation in space. The parallelogram structure formed

by said link arm and the 1link arms 26 in combination with
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the element 2 involves, accordingly, that the force-applying
arrangement 23 in its entirety will lock the second element
2 against pivoting relative to the connection arrangement 4
about axes substantially perpendicular to planes, in which
joints 7, 15; 8, 16 present at the ends of the links 9, 14
reside. This characteristic of the link arm arrangement 23
involves, accordingly, that the element 2 will be locked in
space, provided that.FS2 is lockable, as far all degrees of
freedom are concerned, except for one further, which accord-

ingly must be provided by the second force-applying arrange-
ment 18.

The only remaining degree of freedom may be locked in case
the link arm arrangement 24 comprises one single link arm
31, which is connected to the movable portion 22 and the
second element 2 via joints 32. These joints should be de-
signed so that the link arm 31 is pivotable in all direc-
tions relative to the movable portion 22 as well as to ele-
ment 2. In addition, the joint 32 could allow one further
degree of freedom in the form of rotation about an axis par-
allel to the link arm 31 relative to the movable portion 22
and the element 2. In the latter case, three degrees of
freedom would be at hand. Thus, the joints: 32 could consist
of cardan joints, other joints allowing pivoting about dou-
ble, non-parallel axes, universal joints, ball joints etc.
An alternative to design of the link arm arrangement 24 as
consisting of one single link arm 31 is to design the same
analogous to the link arm arrangement 23. This is not neces-
sary in order to achieve locking of all degrees of freedom
but may be desirable in certain cases due tc the extra sta-
pility achieved with double link arms.

It 1s pointed out that hereinafter joints allowing one sin-
gle degree of freedom at times will be indicated by means of

an oval (see the joint 30) in perspective views whereas
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joints with two or more degrees of freedom are indicated
with a circle.

The power-exerting member 19 and/or 20 is, in the example,
formed by a rotary means, the stator of which forms the sta-
tionary portion and the rotor of which forms or 1s included
in the movable portion 21 and 22 respectively. In the exam-
ple the movable portion 21, 22 has the character of an arm
pivotable with one degree of freedom. However, it is pointed
out that the movable portion 21 and 22 respectively also
could be movable as far as one single other degree of free-
dom is concerned, for instance translation. Such portion 21,
22 movable in translation would then in an analogous manner

be connected, by means of its extreme end, to the link arm
arrangement 23 and 24 respectively.

A third force-applying arrangement 33 is adapted to cause
the second links 10, 11 to pivot relative to the element 1.
The arrangement 33 comprises a power-exerting member having
a8 statlionary portion rigidly connected relative to the first
element 1 and a movable portion which is connected to one of
the links, namely the one denoted 10. The power-exerting
member 33 is suitably formed by a rotary means, the stator

of which forms the stationary portion and the rotor of which
is rigidly connected to the link 10.

As far as the robot has been described until now and based
on Fig 1, pivoting of the links 10, 11 by means of the force
member 33 causes the connection arrangement 4 to be moved in
Space 1n a parallel manner while maintaining its orientation

and the corresponding is relevant as to the eiement 2 by in-

)1

termediary of the link arrangement

-— -

However, the robot comprises a design, by means of which the
element 2 may be changed as far as its orientation is con-

cerned, i.e. tilted, and this more specificaily as a conse-
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quence of a change of form of the link arrangement 6. For
this purpose the first element 1 is formed by two parts 1A
and 1B, which are hingedly connected to each other about an
axis coinciding with the hinge axis 12 of the link 10. A
fourth force-applying arrangement 34 is adapted to pivot the
second part 1B relative to a first 1A of the parts. This
second part 1B forms a link in the four-links system FS2 in
that it is hingedly .connected to the two link 11. The ar-
rangement 34 comprises a power-exerting member having a sta-
tionary portion rigidly connected to the element part 1A and
a movable portion rigidly connected to the part 1B. More
specifically, the power member 34 is formed by a rotary

means, the stator being connected to the part 1A and the ro-
tor of which is connected to the part 1B.

When the force member 33 is immobilised, the link 10 assumes
one and the same position in space. When the force member 34
is driven, the part/link 1B will be pivoted in space and
then also relative to the link 10. This gives rise to a de-
formation of the parallelogram FS2 such that the connection
arrangement 4 and, accordingly, also the element 2 will be
inclined as appears from Figs 3 and 4. Such inclination in-
volves a further degree of freedom for a working member pro-
vided on the element 2. When the force member 34 is immobi-
lised, the link/part 1B assumes, always, one and the same
position relative to the part 1A, which means that then no
tilting of the element 2 may occur but instead pivoting of
the 1link 10 involves movement in the space of element 2

while maintaining a constant orientation.

It appears from Fig 2 that the element 2 mayv bde moved in the
plans XY by pivoting of the 1links %, 14 zv means of <the

force-applying arrangements 17, 18. By pivoting the links
10, 11 the element 2 may be displaced in the XZ-plane.
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However, i1t is pointed out that it is well within the scope
of the invention that the parallelogram FS2 works more or

10

15

20

25

30

less obliquely relative to the XZ~plane.

The transmission 80 illustrated in Fig 5 is adapted to

transmit driving force , in a robot of the basic type il-

lustrated in Figs 1-4, from a force-exerting arrangement
81 provided on the first element lo to the working member
30 in order to turn the same relative to the second ele-
ment 20. The four-links system FS2 is illustrated in Fig 5
but not the link arrangement 5 and neither any connection
arrangement 4 for mutually connecting the four-links sys-
tem FSZ2 and the link arrangement. The force member 330 in-

tended for pivoting the link 10o is, however, illustrated
in Fig 5.

The <transmission 80 comprises first force transmitting
members extending along the four-links system FSZ2. More
specifically, these force transmitting members comprise a
traction force transmitting element 82 laid around divert-
ing wheels 83, B84. These diverting wheels 83, 84 have
their axes of rotation coinciding with joints 120 and 130
in the four-links system FS2. The force member 81 in the
torm of a rotary motor has its stator fixed to the first
element lo and its rotor drivingly connected to the di-
verting wheel 83. The second diverting wheel 84 is driv-
ingly connected to an axle 85, which carries a gear wheel

86, which in connection with a further gear wheel 87,

forms an angular gear.

~ link 88 is diagrammatically illustratec¢ in *ig 5. This
-ink may be formed bv some 257 the links comprised in the

first link arrangement 5 (compare with Figs 1-4) but could

Sl

also consist of a further 1link arranged in 2 parallel rela-

“ion To the 1links in the 1ink arrangement =. -ndependently

of the individual case, the gear wheel 87 is connected to an
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axle B89, on which a further diverting wheel 90 is placed.
Around this diverting wheel 90 and a diverting wheel 91 ar-
rangéd at the opposite end of the link 88, a second traction
force transmitting element 92 is laid. The diverting wheel
91 1s arranged on an axle 93, on which also a bevel gear
wheel 94 is arranged. This gear wheel 94 is in engagement
with a further bevel gear wheel 95, the axis of rotation of
which is perpendicular to the axle 93. This gear wheel 95 is
in its turn in angular engagement with a further gear wheel
96, the axis of rotation of which is perpendicular to the
axis of rotation of the gear wheel 95. Thus, the gear wheel
95 has teeth shaped such, suitably on both sides, that it
may be in engagement with both gear wheels 94 and 86. The
working member 30 is in the example connected to the gear
wheel 96 via the common axle 97 so as to be secured against
rotation relative to the gear wheel 96. The gear wheel 95

and its axle is rotatably journalled on a part comprised in
the second element 20 as indicated in Fig 5.

The angular gears described and formed by means of the gear
wheels 86, 87 and 94 and 95 respectively form joints allow-
ing the desired adjustment of the four-links system FSZ2 and
also the four-links systems FS1 and FS3 contained in the
link arrangement 5 without the force transmission illus-

trated in Fig 5 involving any limitation on the full mobil-
ity of the four-links systems.

A somewhat modified design of the link arrangement 5p is 1il-
lustrated in Fig 6. The link arrangement 5p Zorms, still.
the four-links systems FS1 and FS3 in a mannsr previously
described with assistance of Figs 1-4. However., the differ-
ence 1s tnat tThe zfour-links system FS1 is ZZIormed by TWO
traction force transmitting, but not compression-force
transmitting, first links 9pA and, besides, & Iurther first
link 9pE, which, however, 1S compression-force

transmitting, i.e. defines the distance. 1= should be
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pointed out already now that the links 9p, 14p of the first
link arrangement 5p and the joints associated thereto form
connections between the connection arrangement 4p and the
second element 2p, at least one of these connections being
rigid against rotation, i.e. capable of transferring torque
about an axis parallel to the connection. In the example,

both links 9p and 1l4p form such connections rigid to rota-
tion.

The first links 9pA and 9pB are formed by traction force
transmitting elements arranged to maintain the orientation
in space of the associated second element 2p on movement of
the link arrangement 5p. The two traction force transmitting
elements form parts of a loop laid around diverting members
98, 99 connected to the connection arrangement 4p and the
second element 2p respectively. The loop is secured against
displacement relative to the diverting members 98, 99. The
latter ones form substantially arc-shaped diverting paths
for the parts of the loop. At a suitable place along these
diverting paths, the loop is secured relative to the divert-
ing members 98, 99 by means of suitable securing elements.
In the example it appears that the diverting members 98, 99
are formed by wheels having a peripherical groove, in which
the loop is received. These wheels are connected to connect-
ing parts 43 so as to be secured against relative rotation
thereto, said connection parts 43 being hingedly connected
to the connection arrangement 4p and the second element 2p
respectively about axles 74. The first link 9pB capable of
compression-force transmission has its end porzions hingedly
connected to the connection parts 43, and mors specifically

sucn that the hinge axles 7p are concentrical =- the axes of
~he diverting members 9§, gQ.

In other words, the first link 9pB is pivotable about its
joints 7p in planes parallel to the joint axlesz 74 connect-

ing the connection parts 43 and the connectior arrangement
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4p and the second element 2p respectively. Thus, this means
that the links 9pA and 9pB may be described as being con-
nected to the connection arrangement 4p and the second ele-
ment 2p so as to be pivotable in all directions. In such
pivoting about the joint axles 7p, the traction force trans-
mitting elements or 1links 9pA will, at different places
along the periphery of the diverting members 98, 99, exit
and enter respectively the peripherical grooves of the di-

verting members while executing a parallel controlling func-

tion between the connection arrangement 4p and the second
element 2p.

As far as the link 1l4p is concerned, it may be established
that 1t forms third four-links systems FS3 with each of the
links 9pA and 9pB. Also the link l4p may be carried out with
diverting members according to 9pA, 9pB, 7p, 47.

It is illustrated in Figs 7 and 8 how a robot similar to the
one discussed in Figs 1-4 may be achieved by means of paral-
lel controlling link systems of the kind described with as-
sistance of Fig 6, and more specifically such that these
parallel controlling 1link systems consisting of diverting
members, traction force transmitting element loops and cen-
tral further links form the various four-links systems FS1,
FS2 and FS3, the parallel link system 26 in addition being
provided with such a parallel controlling link system as de-
scribed with the assistance of Fig 6.

Under normal conditions, it is preferable to form the four-
links systems FS1, FS2 and FS3 with their links in the man-
ner described with the assistance of Figs -z but designs
such as those illustrated in rigs 6-8 &arsz ZIZunctionally
equivalent and are included within the scope 2% the inven-
tion as far as the actual definitions of the _inks 9. 14;

10, 11 and the four-links systems formed =z<nhsreby are con-
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Fig 9 illustrates a robot variant corresponding to the one
described with assistance of Figs 1-4 as far as the link ar-

rangement 5q and the force-applying first and second ar-
rangements 17q and 1l8g are concerned. The difference con-
sists in the movement arrangement 6g here not being designed
as four-links system FS2 but instead as a pivot arm 100 piv-
otably arranged relative to the first element 1gq, which is
shaped as a base member, about an axis 1l01. This pivot arm
100 will at the same time fulfil the function of the connec-
tion arrangement 4 in the previously described embodiment
since the first and third links 9q, 1l4g are connected to the
pivot arm 100 via joints. It is in this connection pointed
out that the length of the pivot arm 100 illustrated in Fig
9 may be adjusted to the desired working area of the robot.
The force-exerting arrangement 33g executing pivoting of the
pivot arm 100 about the axis 100 comprises a force-exerting
member, the stator of which is connected to the first eleme-
nt 1g whereas the rotor thereof is connected to the pivot
arm 100. Besides, it is pointed out that the force-exerting
member 19g comprised in the force-applying arrangement 179
is also connected to the rotor of the force-exerting member
33 sO as to accompany the rotor in its rotation. The force-
exerting member 19g has its weight centered relative to the
pivot axis 101 so as to minimize inertia occurring on pivot-
ing of the pivot arm 100.

In the example the pivot arm 100 is illustrated as orien-
tated substantially perpendicularly to the pivot axis 101.

This is, however, not a necessity.

It 1s preferable, although not necessary. Tnz=- the axis 0O:

the force-exerting member 20g is co-axial to tne axis of the

force-exerting member 33qQ.
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It is pointed out that since the movement arrangement, which
corresponds to the one denoted 6 in Figs 1-4 and which is
formed as a pivot arm 100, will carry out a pivoting move-
ment about the axis 101 and the working member 3q as a con-
sequence thereof will be pivoted depending upon the pivoting
movement, compensating turning of the working member 3qg is,
depending on the circumstances, necessary to avoid the piv-
oting movement of the pivot arm 100 to locate the working
member 3g in orientations (rotational positions) which are
not desired. Thus, a pivot arm embodiment of the movement
arrangement 6 according to Figs 1-4 is normally only cost
efficient when an operating device for turning the working
member 3q relative to the second element 2q is required for
other reasons. This disadvantage is in applications compen-
sated by the fact that the pivot arm solution enables the
entire robot to be pivoted around in a large angle (up to
360°) and in certain embodiments more than one revolution
(even several revolutions), which gives a large working area
and a possibility to always resort to the most direct route

independently of on which revolution the pivot arm is pre-
sent.

The variant of the embodiment in Fig 9 illustrated in Fig 10
involves differences a.o. as far as the design of the driv-
ing arrangement 1is concerned. As before, the device com-
prises first and second force-applying arrangements 17r, 18rx
for causing the second element 2r to move relative to the
pivot arm 1l00r (movement arrangement 6r). The third force-
applying arrangement 33r serves for pivoting the pivot arm
100r relative to the first element 1lr. These different
force-applying arrangements comprise force-exerting members
16r, 20r ancd 33r respectivelyv consisting of drive means with
stators and rotors. The drive means 19r, 20r and 33r have
their stators secured relative to the first element 1lr. i.e.
in the example some Kind of base, which in itself may be mo-

pile. The rotors of the rotary means are arranged with their
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axes of rotation substantially parallel and preferably coin-
ciding, as is indicated in Fig 10, with the axis 101.

The rotor of the rotary means 19r is adapted to actuate, via
an angular gear 112, 113, the second element 2r via the 1link
arm arrangement 17r. A first gear wheel 112 included in the
angular gear is secured to the rotor of the rotary means 19r
whereas a second gear wheel 113 included in the angular gear
is rotatably supported by a carrier 110, which is adapted to
be put into a rotational movement on pivoting of the pivot
arm l00r by means of the rotary means 33r. In other words,
the rotor of the rotary means 33r is connected to the car-

rier 110 so as to be secured against relative rotation

thereto. The axis of rotation of the gear wheel 113 is de-
noted 111.

A link arm 148 comprised in the link arm arrangement 17r is
rigidly connected to the gear wheel 113 to be put in a piv-

oting motion on rotation of the gear wheel.

The embodiment described according to Fig 10 has the advan-
tage that the stators of the rotary means do not have to be
put in movement when the device is to be moved but it is
only the rotors of the rotary means that execute what is re-
quired. This gives rise to an embodiment having a minimum of
mass inertia. It is pointed out that the carrier 110 and the
angular gear 112, 113 may be realised with substantially
less mass than the stator of a rotary means. In the embodi-
ment according to Fig 9. there is the disadvantage that the

entire rotary means 19g must be put in rotation by means of

the rotary msans 33q.

In addition, the variant illustrated in Fig :0 differs from
the embodiment according to Fig 9 in that & four-links SYyS-

tem rF54 designed as 2 parallelogram is preser- instead of a

{}

link arm 2l1g i'see Fig 9) connected to the r=tor of the ro-
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tary means 19q so as to be secured against relative rotation
thereto. The rotor of the rotary means 1l9r is connected to

one of the links 148, 150, namely the one denoted 148, in
FS4.

The four-links system FS4 is coupled to the link system 23r
at its end turned away from the rotary means 19r. The links
148 and 150 are movable relative to the carrier 110 with one
degree of freedom, namely pivoting about parallel axes. The
carrier 110 may be said to form a link in FS4. The remaining

1link 152 thereof is connected to one of the links in the

link arm arrangement 23r.

Thus, the rotary means 1l9r is capable of causing the four-
links system FS4 to pivot.

It is pointed out that the solution with an axle and an arm

21g according to Fig 9, i.e. without parallelogram, also may

be obtained with a stationary rotor of 19r and an angular
gear 112, 113.

Fig 11 illustrates an embodiment reminding about the one 1in
Fig 9 and 10 in the sense that also here the movement ar-
rangement 6s is realised as a pivot arm 100s. The link ar-
rangement 5s has its 1links hingedly connected with one of
the its ends to the base-~like first element ls. The second
end of the links in the 1link arrangement 5s are hingedly
connected to a connection arrangement 4s. The links in the
link arrangement 5s are pivotable in all directions relative
to the first element ls as well as the connection arrange-
ment 4s. The pivot arm 100s is pivotably connected to the
connection arrangement 4s about an axle dersted 14G. This
axle may have an arbitrary direction relative to the longi-
tudinal extent of the links contained in the link arrange-

ment 3s. As is the case. which will be descrinsed later, ac-

cording to Figs 12 and 13, a force-applying zrrangement 33s

RS U R FTT 1S A G b 48 e temt e e T e g e e GRS BRI TEEE O B 4 (4 WLRALLHAETS o L SR Nt i «TRARN ] Gt I R BN MM A ataatea et n o T T e N gy o et el MRS i IR RN AL AL AR U ot SRR H M R B danbra gt et T os ’

dbdafandicianreacy



10

15

20

25

30

W
(1

CA 02277846 1999-07-08

WO 98/30366 PCT/SE98/00046

24

acts upon the pivot arm 100s via a 1link arm arrangement
106s, 107s of a similar nature as the one in the embodiment
according to Figs 12 and 13. A working member 3s may be ar-

ranged at that end of the pivot arm 100s which is remote
from the connection arrangement 4s.

Fig 12 illustrates an embodiment where the movement arrange-
ment 6t is arranged- between the connection arrangement 4t
and the second 2t of the elements. The first 1link arrange-
ment 5t is provided between the connection arrangement 4t
and the first 1t of the elements. The second 2t of the ele-
ments is formed by or intended to carry a working member 3t.
The movement arrangement 6t 1s formed by an arm pivotable
relative to the connection arrangement 4t. The links 9t of
the first four-links system FS1 are pivotable in all direc-
tions relative to the first element 1t and the connection
arrangement 4t for the following reason: A force-applying
arrangement 18t has a movable portion connected to the links
9i: via the link 43t so that FS1 may be pivoted in the XY-
plane. The power-exerting arrangement 19t has a stationary
portion rigidly connected to a movable portion 21t of the
further force-applying arrangement 18t, which has a station-
ary portion secured relative to the first element 1t. A link
43t is rigidly connected to the movable portion 21t of the
force-applying arrangement 18t and the stationary portion of
the force-applying arrangement 19t. The arrangements 18t and
19t are suitably formed by rotary means. The links 9+t may
now be pivoted in planes parallel to planes in which they
reside themselves by means of the arrangement 19t. By means
of the arrangement 18t, the links 9t may be rotated about an
axis at an angle, suitably & right angle, <o the just de-
sCribed pivot axis. Thus, the links %t may be operatec about
twO axes directed at an angle to each other. It is pointed
out that the links 9t have only one degree of freedom, i.e.
pure pivoting, relative to the link 43t, which together with

the rotary means 19t interconnects the links 9t in the area
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of the pivot axis. Thus, the arrangement 19t causing pivot-
ing of the links 9t will be moved along by the arrangement
18t on rotation thereof. The ends of the links 9t turned
away from the arrangements 18t and 19t are hingedly con-
nected to a connection part 43t via hinges 44t having only
one degree of freedom, i.e. pivoting about a single axis.
The connection arrangement 4t comprises a first element 10t,
which 1is pivoted relative to the connection part 43t with
one degree of freedom, i.e. pure pivoting about the longitu-
dinal direction of the connection part 43t, while forming a
joint 104. The connection element 10t is pivoted about a
further connection element 103 included in the connection
arrangement 4t with one degree of freedom, i.e. a pure piv-
oting movement about an axis parallel to the pivoting of the
connection element 10t about the connection part 43t while
forming a joint 105. The connection element 103 is connected
to the first element lt via a link arm arrangement 14t. This

link arm arrangement 14t comprises a link arm which is con-

nected to the connection element 103 and the first element
1t respectively via joints 15t and 16t respectively with at
least two degrees of freedom concerning pivotability. Thus,
these joints 13t, 16t should allow pivoting about two axes
placed at an angle to each other. A further degree of free-
dom in the form of rotation could also be allowed, in which
case ball joints could be used for the joints 15t, 16t in
addition to cardan joints etc. It is suitable, although not
necessary, that the link arm 14t forms a four-links system
FS3 with each of the 1links 9t. It is preferred that the
four-links system FS1 and FS3 are given the form of paral-
lelograms so that the orientation of the connection element
10t always is maintained on pivoting of the links 9t and
14t.

The joints 44t and 104 provide the links 9t with pivotabil-

ity in all directions relative to the connecIion arrangement
4t (its part 10t).
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In order to pivot the pivot arm 6t relative to the connec-
tion element 103 included in the connection arrangement 4t,
there is provided a force-applying arrangement generally de-
noted 33t. This comprises a force-exerting member having a
portion stationary relative to the first element 1t and a
movable portion having one degree of freedom relative to the
stationary portion. In the example an arm 106 is connected
to the movable portion of the force-exerting member, said
arm 106 being connected to the pivot arm 6t via a link arm
107. The joints 108 and 109 respectively of the link arm 107
relative to the arm 106 and the pivot arm 6t comprise at
least two degrees of freedom, namely pivotability about non-

parallel axes, but may also be designed to allow rotation,

l1.e. have the character of ball joints.

The embodiment according to Figs 12 and 13 may be used so
that the four-links systems FS1 and FS3 may be pivoted in
all directions relative to the first element 1t in order to
vary the position of the connection arrangement 4t by oper-
ating the force-exerting arrangements 18t and 19t. The pivot
arm 6t may be caused to pivot relative to the connection ar-
rangement 4t so that the working member 3t can be operated

in space by operating the "force-exerting arrangement 33t.

As appears from Fig 12, the second element 2t can be said to
form the extreme end of the pivot arm 6t in this example. It
would also be possible to express oneself such that the sec-

ond element 2t is formed by the working member 3t itself.

It is point=2d out that in a wvariant. not iliustrated, of the
embodiment zccording to Figs 12 and 13, the angular gear sO-
lution shown in Fig 10 could be used in order to reduce mass
inertia.
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Fig 14 illustrates an embodiment suitable for achieving
turning of the working member 3u starting from the first
element lu so that an adeqguate turning position of the work-
ing member may be adjusted. Such an adjustment of turning
position may be caused by various manipulative tasks to be
carried out by the working member but is as a rule also de-
sirable in that the pivoting embodiment of the robot means
that the working member 3u on such pivoting will change its
turning position in space. It is illustrated in Fig 14 that
a power-exerting member 33u has a stationary portion secured
to the first element lu and a movable portion connected to
an arm 106u. The pivot arm is denoted 6u and the link arm
107u analogous to the previously described link arm having
the same numbering interconnects between the arm 106u and
the pivot arm 6u. By suitable driving of the force-exerting
member 33u the pivot arm 6u may be pivoted relative to the
connection arrangement 4u (not illustrated in Fig 14) by in-
termediary of the arm 106u and the link arm 107u.

On the first element lu there is a driving motor 114 for ex-
erting energy for turning the working member 3u. The drive
motor 114 has a stationary portion connected to the element
lu and a movable portion, here in the form of a drive axle,
adapted to put a drive wheel 115 in rotation. On the extreme
end of the arm 106u, a further wheel 116 is rotatably jour-
nalled and about these two wheels 115, 116 there is laid a
traction force transmitting element 117 formed as a 1loop.
The wheel 116 is connected to an axle 118, on which a bevel
gear wheel 119 is secured. The axle 118 is rotatable rela-
tive to the extreme end of the arm 106u. About the axle 118
there is siso journalled a support element 1207, which may be
moved aboutr the axle 118 with one degree 0 Ireedom, i.e.
pure pivoting. This support member 120 1is pivotably con-
nected to an axle 121 with one degree of freedom, said axle
121 also being rotatable relative to the 1link arm 107u. A

bevel gear wheel 122 and a wheel 123 are connected to the
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axle 121 so as to be secured against rotation relative
thereto, a traction force transmitting element 124 formed as
a loop being laid about the wheel 123, said element 124 also
being laid about a further wheel 125, which is rigidly con-
nected to an axle 126 so as to be secured against relative
rotation thereto, said axle 126 being journalled in the link

arm 107u at the extreme end thereof.

The gear wheels 119 and 122 form in unison an angular gear
in that the axles 118 and 121 extend substantially perpen-
dicularly to each other. The axle 126 is rigidly connected
to a bevel gear wheel 127, which is in engagement, while
forming a further angular gear, with a bevel gear wheel 128
rigidly connected to the working member 3u. The gear wheel
128 is rigidly secured to an axle 129. This axle extends
perpendicularly to the axle 126. A further support element
130 is journalled relative to the two axles 126 and 129 with

one single degree of freedom, i.e. pure pivoting.

The embodiment according to Fig 14 operates in the following
manner: On actuation of the force-exerting member 33u, the
arm 106u may be pivoted and the pivot arm 6u be put in piv-
oting with intermediary of the link arm 107u. The connec-
tions/force transmissions via the angular gears and the sup-
port elements 120 and 130 pivotably connected to the gear
wheel axles means that there will occur possibility for
movement in two degrees of freedom, namely pivoting about
two axes perpendicular to each other, in the transition be-
tween on one hand the arm 1]06u and the link arm 107u and on
the other nand between the link arm 107u and the pivot arm
bu. This means that the arm 106u pivotable :ir. one plane is
capable c©I operating tnhe pivot arm b6u also when the lilatter
1s displaced away from the pivoting plane of the arm 106u as
also is indicated in Fig 14. On driving of the drive motor
114, <The drive wheel 115 will be put into rotation. This

drive wneel drives the TtTraction force transmitting element
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117 in the form of a belt, line, wire or chain so that also
the wheel 116 is put into rotation. The axle 121 is put in
rotation via the angular gear 119/122 and this also causes
rotation of the wheel 123, which will drive the wheel 125
via the element 124 such that the axle 126 is put into rota-

tion. This will cause turning of the working member 3u via
the angular gear 127/128.

Fig 15 illustrates in principle a solution for achieving
double force transmission between two parts of the device,
said parts being pivotable relative to each other about dou-
ble non-parallel axes. Compared to the force transmission
between the arm 106u and the link arm 107u illustrated in
Fig 14, force transmission would be possible in double re-
gard with assistance of the embodiment according to Fig 15.
The explanation thereto is that double sets of traction
force transmitting elements 131, 132 are arranged in Fig 195,
sald sets of elements being driven by separate drive motors
and laid over a respective driven wheel 133, 134. The axle
135 of the wheel 134 is designed as a tubular axle whereas
the axle 136 of the second wheel 133 protrudes through the
tubular axle 135. The tube axle 135 is provided with a first
bevel gear wheel 137 whereas the axle 136 is provided with a
second bevel gear wheel 138 on its end having projected
through the tube axle 135. The gear wheel 137 connected to
the tube axle 135 is in engagement with a bevel gear wheel
139 arranged on a tube axle 140 while forming an angular

gear. A wheel 141 is rigidly connected to the tube axle 140,
the traction force transmitting element 142 driven by the
wheel 141 being laid over the same.

2 further pevel gear wheel 143 engages with the gear wheel
138 and is secured to an axle 144, which projects through

the tube axle 140 and is connected to a wheel 145 driving &

traction force *transmitting element 146, which runs further
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to a wheel (not illustrated) driven thereby, a fact which
also is valid for the element 142.

The transmission described in Fig 15 allows, accordingly, a
double force transmission and at the same time a joint hav-
ing two degrees of freedom, i.e. a joint allowing pivoting
about two axes placed at an angle to each other. The trans-—
mission may be used in order to provide the associated robot
structure with two degrees of freedom. For instance, the
components 131, 133, 136, 138, 143, 144, 145 and 146 may be
used for turning the working member 3 whereas the other com-
ponents are used for a different degree of freedom of the

robot, e.g. movement of a part which in turns carries the

working member.

Fig 16 illustrates an alternative to the embodiment dis-
cussed with assistance of Fig 14. Instead of force transmis-

sion by means of traction force transmitting elements and

wheels driving these elements and being driven thereby re-
spectively, axle transmissions 146, 147 arranged along the
arm 106v and the link arm 107v are used herein. This means
that in the joint transitions further angular gear functions

must be introduced as is immediately visible in the figure.

Common to all described embodiments is that a suitable con-
trol unit, particularly in the form of a computer, is ar-
ranged to control the force-exerting members of the various
robot embodiments for the purpose of causing the second ele-

ment 2 or members coupled directly or indirectly thereto to
move 1in intended paths.

1T 1s poirted out that the expressions 'forcs-exerting mem-
bers” and "drive means" respectively should be interpreted
in an extremely extensive sense, unless otherwise is ex-
pressly stated. When these members and means respectively

are stated to comprise stators and rotors, =This includes
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that between said stators and rotors are coupled suitable
gears for the purpose of achieving a desired gear ratio.

POSSIBLE MODIFICATIONS

It is evident that the invention is not only limited to the
embodiments discussed above. Thus, detailed adaptations of
the embodiments may be carried out depending upon the cir-

cumstances without leaving the scope of invention appearing
10 from claim 1.
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Claims

1. A device for relative movement of two elements, charac-

terized in that it comprises an arrangement (4, 4p, 4q, 4r,
5 4s, 4t) forming a connection between a first link arrange-
ment (5, Sp, 5q, 5r, 5s, 5t) and a movement arrangement (6
etc), the movement arrangement (6 etc) being provided be-
tween the connection.arrangement (4 etc) and one (1; 2 etc)

of the elements whereas the first link arrangement (5 etc)

10 is provided between the connection arrangement and another
(2; 1 etc) of the elements, the first 1link arrangement (5

etc) comprising links (9, 14 etc) pivotably connected via
joints (7, 8, 15, 16 etc) relative to the connection ar-
rangement (4 etc) and the associated (2; 1 etc) of the ele-

15 ments, the movement arrangement (6 etc) being adapted to al-
low relative movement between the connection arrangement (4

etc) and the associated (1; 2 etc) of the elements, the de-
vice comprising force-applying arrangements to actuate the

link arrangement (5 etc) and the movement arrangement (6

20 etc) to change the relative position between the elements
(1; 2 etc).

2. A device according to claim 1, characterized in that
first links (9, 9q, 9r, 9s, 9t) in the link arrangement form
25 at least one first four-links system (FS1).

3. A device according to claim 2, characterized in that at
least two (9pA) of the first links are formed by traction

force transmitting elements arranged to maintain the orien-

30 tation in space of the associated (2p) of the elements upon

movement of the link arrangement (3p).

4. A device according toO claim 3, characterized in that the
two traction force transmitting elements (9pA) form part o=

Y
{1

2 loop laid about diverting members (98, 9% connectea <tTC

the connection arrangement (4p) and to the slement (Z2p) De-
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longing to the link arrangement (5p) respectively, the loop

being fixed against displacement relative to the diverting
members.

5. A device according to claim 4, characterized in that the
diverting members (98, 99) form substantially arc-shaped di-
verting paths.

6. A device according to claim 5, cgharacterized in that a
compression force transmitting first link (9pB) has its op-

posite ends (7p) located substantially centrically relative
to the diverting paths (98, 99).

7. A device according to claim 1, characterized in that the
movement arrangement (6g, 6r) is provided between the con-

nection arrangement and a first (lqg, 1lr) of the elements,
that the link arrangement (5q, 5r) is provided between the
connection arrangement and a second (2q, 2r) of the ele-
ments, that the second element is formed by or intended to
carry a working member (3gq, 3r) and that the movement ar-

rangement (6g, 6r) is shaped as a pivot arm (100).

8. A device according to claim 7, characterized in that it
comprises first and second force-applying arrangements (17q,

17r, 18qg, 18r) for causing the second element to move rela-
tive to the pivot arm and a third force-applying arrangement
(33g, 33r) for pivoting the pivot arm relative to a first of
the elements, and that the force-applying arrangements com-

prise respective force-applying members consisting of rotary

means.

9. & device according to claim &. characterized :n that the
second and third force-applying members (20q, z0r, 33q, 33r)
have their stators secured relative to the ZIirst element
tlg. lr) and their rotors arranged with their axes of rota-

tion substantially parallel, preferably coincizing.
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10. A device according to claim 9, characterized in that the
first force-applying member (19q) is adapted to accompany
the pivot arm (100) when the third force-applying member
(33g) puts the pivot arm into pivoting.

l1l1. A device according to claim 9, cgharacterized in that the
first force-applying member (19r) has its stator secured to
the first element (lr) and its rotor adapted to actuate the

second element (2r) via an angular gear (112, 113).

12. A device according to claim 11, characterized in that a
first gear (1ll2) comprised in the angular gear is secured to

the rotor of the first force-applying member (19r) whereas a
second gear (1ll3) comprised in the angular gear is rotatably
supported by a carrier, which is adapted to be put in a ro-
tational movement on pivoting of the pivot arm (100r) by

means of a third force-applying member (33r).

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

movement arrangement (6t) is provided between the connection
arrangement (4t) and a second (2t) of the elements, that the
link arrangement (5t) is provided between the connection ar-
rangement (4t) and the first (1lt) of the elements, that the
second of the elements is formed by or is intended to carry
a working member (3t) and that the movement arrangement com-
prises a pivot arm (6t).

14. A device according to claim 13, characterized in that
the links (9t) of the first four-links syster ‘FS1l) are ar-

ranged to pe pivotable about axis (44t) directzZ at an angle

TO the pivot axis (103 of the pivot arm.

15. A device according to claim 14, characterized in that
The pivot arm (6t) is pivotably supported bw =Thne connection

arrangement (4t), that the connection arrangement (9t) in
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its turn is pivotably connected to the first links (9t) and,
besides, connected to the first element via a link (14t),

the joints (15t, 16t) of which allow pivoting in all direc-
tions.

16. A device according to claim 15, characterized in that a
force-applying arrangement (33t) for pivoting the pivot arm
(6t) comprises a force-applying member (33t) arranged on the
first element (1t) and a link arrangement (106, 107) between

a movable portion of the force-applying member and the pivot
arm (6t).

17. A device according to claim 1 or 2 and 7, characterized
in that a transmission, which is driven by means of a drive

motor (114) on the first element (lu), for turning the work-
ing member (3u) provided on the second element comprises
force transmitting members extending along the link arrange-
ment (5), the connection arrangement (4), the movement ar-
réngement (6) and/or other link arm arrangements (17, 18)
comprised in the device, said force transmitting members be-
ing in the form of axles (146, 147) and/or traction force
transmitting elements (117, 124) laid around diverting
wheels and angular gear members (119, 122, 127, 128) pro-
vided between these axles/diverting wheels for force trans-

mission without interfering with the mobility of the device.

18. A device according to any preceding claim, characterized
in that for the purpose of double force transmission between
two such parts of the device, which are pivotable relative
to each other about double non-parallel ax.2s. there are
provided double sets of traction force transmiziing elements
(132, 132, 142, 14¢) laid about diverting whssls {133, 134,
141, 145) rotatable about axles, said sets of zTraction force
transmitting elements being driven by separate drive motors,
that the axle 0f one of the diverting wheelsz -s designed as

a tubular axle (135, 140) whereas the axle o =-ne second di-
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verting wheel projects through the tubular axle, that the
axle and the tubular axle respectively are provided with an-
gular gear wheels (137, 138, 139, 143) which together with
corresponding gear wheels of a further set of axles support-
ing rotatable diverting wheels for traction force transmit-
ting elements are capable of forming a joint pivotable about
double non-parallel axles, the angular gear wheels engaging
with each other being capable of functioning force transmit-
ting as a consequence of the formation of an intermediate

angular gear by said gear wheels.

19. A device according to any preceding claim, characterized

in that it is formed by an industrial robot, the second ele-

ment (2) of which is intended to carry, directly or indi-

rectly, at least one working member (3).
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