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(57) Abstract

A device for robot manipulators having a
multiply articulated manipulator arm (7, 8, 10) ro-
tatably mounted in a swivelling socket (1), wherein
all the servo-cylinders (46) are placed in the base
(1) and wherein a mechanical power transmission
mechanism is disposed beétween the tool holder
(11) and each of the parts of the manipulator arm
(7, 8, 10) respectively and the associated servo-cyl-
inder (46). The linear movement of the individual
servo-cylinders (46) is converted into a substantial-
ly proportional rotary movement over the whole
working range of the servo-cylinder (46). Said
power transmission mechanisms are so designed
that when one or more of them is in action and the
portions of the manipulator arm (7, 8, 10) are
moved in relation to one another, the other power
transmission mechanisms are not influenced as a
result of these movements. All the servo-cylinders
(46) have a piston rod (47), the diameter of which
is reduced to below the bending limit for a conven-
tional freely mounted piston rod, since the piston
rod (47) is rigidly connected, at one end, to the pis-
ton (48) of the servo-cylinder (46) and is rigidly
connected, at the other end, to a guide (50) adapt-
ed to slide or roll (51) in fixed guides (52), as a re-
sult of which the contact area and hence the fric-
tion between the piston rod (47) and piston rod
packing (59) is reduced to a minimum.




FOR THE PURPOSES OF INFORMATION ONLY

plications under the PCT.
AT Austria
. AU Australia
BE Belgium
BR Brazil
CF Central African Republic
CG Congo
CH Switzerland
CM Cameroon
DE Germany, Federal Republic of
DK Denmark
1 Finland
FR France
GA Gabon .
GB United Kingdom
HU Hungary
JP Japan .
KP Democratic People’s Republic of Korea

LI

LU
MC
MG

MW

NO
RO
SE

SN
SuU

TG
Us

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international ap-

Liechtenstein
Sri Lanka
Luxembourg
Monaco
Madagascar
Mauritania
Malawi
Netherlands
Norway
Romania
Sweden
Senegal

" Soviet Union

Chad
Togo
United States of America

&

B



10

15

20

25

WO 83/01222 PCT/US82/01353

-1-
DEVICE FOR ROBOT MANIPULATOR

The present invention relates to a device for
robot manipulators of the kind which has a multiple
articulated manipulator arm rotatably mounted in a
swivelling base, and wherein a front portion of the
manipulator arm is rotatably connected, via a
three~-point connection, to a portion of the manipulator
arm situated at the back so that the front portion of
the manipulator arm can be turned, up to a certain
angle, in all possible directions in relation to the
rear portion of the manipulator arm by means of tﬁo
longitudinally displaceable, substantially parallel
stays, one end of which is rotatably secured to the
front portion of the manipulator arm and form two of the
points in said three-point connection, the third point
consisting of a universal joiht, and wherein the
manipulator arm with a tool holder is controlled by a
system with hydraulic servo-cylinders. Such robot
manipulators have their movement pattern: programmed in
that a person takes hold of the manipulator arm and
guides it in the required movement pattern which the
robot‘manipulator arm can then repeat automatically.

One great disadvantage of the known robot
manipulators of Fhis kind is that it is difficult for a
person to move the manipulator arm by hand with the
required precision during the programming. This is due
partly to the fact that the manipulator arm is
comparatively heavy because hydraulic servo-cylinders
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. for movements of the manipulator arm are mounted in its
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various arm portions and it is due partly to a
comparatively great friction between the piston rods and N
the piston rod packing in the hydraulic servo-cylinders

of the robot manipulator.

An attempt has previously been made to remedy
the above-mentioned disadvantage by a separate passive
programming arm with little mass and friction. Since
the movements of the programmiﬁg arm are stored on a
so-called disc or corresponding magnetic storage medium,
the robot manipulator can execute the same movements

when it is controlled by the same disc.

A disadvantage of the separate programming arm, however,
is the increased cost of the robot manipulator which the
separate prbgramming arm involves. Another disadvantage
of the separate programming arm is that it necessarily
requires like placing of the tool on the manipulator arm
and the programming arm and this has proved to involve

difficulties in practice.

Another disadvantage of the known robot
manipulators of this kind is that the decomposition of
the position measuring systeﬁ in the wvarious servo
systems which control the rotary movements of the robot
manipulator cannot be transmitted proportionally to the
working range of the manipulator arm because the linear
movements of the hydraulic servo-cylinders have to be &

converted into rotary movements, which leads to a less

it

precise repetition of the programmed movement pattern.

Yet another disadvantage of the known robot
manipulators of this kind is that the connections
between the front portion of the manipulétor arm and the
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piston rods of the hydraulic servo-cylinders which move

the front portion in relation to the rear portion of the

manipulator arm, are ball-and-socket joint connections
which are expensive and difficult to make sufficiently
accurate for this purpose, while at the same time the
movement amplitudes in a ball-and-socket joint are

limited.

Another disadvantage of the known robot
manipulators of this kind is a less effective means to
prevent the above-mentioned -piston rods from twisting in
relation to one another_during displacement.

A disadvantage which follows from the fact that
hydraulic servo-cylinders are placed in the manipulator
arm in the known robot manipulators of this kind is that
drops of o0il from the hydraulic system can be most
undesirable in individual cases, for example when

handling edible material.

The object of the invention is to provide a
robot manipulator of the above-mentioned kind without a
separate programming arm and wherein the other
above-mentioned disadvantages are eliminated, so that a
person can'easily move the manipulator arm by hand with
the required precision during programming of the

movement pattern.of the robot manipulator.

A further object for the invention is to
provide a robot manipulator wherein the servo-mechanisms
of the robot manipulator have substantially the same
decomposition in the position measuring system over the
whole range of movement of the robot manipulator so that
the programmed movements can be repeated by the robot

manipulator with very great precision.
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These objects are achieved according to the
invention by the features which are given in the

following Patent Claims.

One example of embodiment of the invention is

shown in the drawings, in which:

Figure 1 shows diagrammatically, a perspective
basic drawing of a robot manipulator with a device

according to the invention,

Figure 2 shows, diagrammatically and seen from
the side, the mechanical arrangement for transmitting
movements from a hydraulic servo-cylinder mounted fixed
in the base of the robot manipulator to a longitudinally
displaceable stay in the manipulator arm of the robot
manipulator, which stay participates in controlling
movements of the manipulator arm in its front arm

portion.

Figure 3 shows, partially in section and seen
from the side, the front portion of the manipulator arm
with a device according to the invention,

Figure 4 shows, seen from above, the same part
of the manipulator arm as is shown in Figure 3,

Figure 5 shows diagrammatically and partially
in section, any one of the hydraulic servo-cylinders of
the robot manipulator with the associated arrangement up
to the rotatable shaft which is acted upon by the

servo-cylinder,

Figure 6 is a graphic representation of the

transmission of movement from the hydraulic

Z
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-servo-cylinder.to the rotatable shaft which is shown in

Figure 5.

In Figure 1 of the drawing, the reference
numeral 1 designates the base of the robot manipulator

'which is rotatably mounted on a footplate 2 and can be

turned by means of a first hydraulic servo-cylinder 3
placed in the base 1, in that the servo-cylinder 3 acts,
via a first link 4, on a first crank arm 5 secured to
the fixed shaft 6 of the base 1. The one end of the
back portion 7 of the manipulator arm is rotatably
mounted on the base 1, while the other end of the back
portion 7 of the manipulator arm is rotatably mounted on
one end of an intermediate portion 8, the other end of
which is mounted, via a universal joint 9, (see Figure
3) on a front portion 10 of the manipulator arm. The
front portion 10 of the manipulator arm 7, 8, 10, is
equipped with a rotatable tool holder 11.

The back portion 7 of the manipulator arm 7,.8,
10 can be rotated in relation to the base 1 by means of
a second hydraulic servo-cylinder 12 placed in the base
1, in that the servo-cylinder 12 acts, via a second link
13, on a second crank arm 14 secured to the piyot shaft

15 of the back portion 7.

The intermediate portion 8 of the manipulator
arm 7, 8, 10 can be rotated in relation to the back
portion 7 by means of a third hydraulic servo-cylinder
16 placed in the base 1, in that the servo-cylinder 16
acts, via a third link 17 on a third crank arm 18
through a projection 19 secured to this, while the third
crank arm 18 is rotatably connected to one end of a
parallel stay 20, the other end of which is pivotally

connected to the intermediate portion 8 of manipulator

arm 7, 8, 10.
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By means of three like power transmission

‘mechanisms from three hydraulic servo-cylinders placed

-

in the base 1, the front portion 10 of the manipulator
arm 7, 8, 10 can be turned, up to a certain angle, in

all possible directions in relation to the intermediate
portion 8, and the tool holder 11 can rotate about its

longitudinal axis.

For the sake of clarity, only one of the three
above-mentioned like power transmitting mechanisms with

the associated hydraulic servo-cylinder is. shown in the

drawing. The last-mentioned hydraulic servo-cylinder is
designated by the reference numeral 21 and hereinafter
is called the fourth hydraulic servo-cylinder.

Movements of the front portion 10 are caused by
two longitudinally displaceable control rods placed'in
the intermediate portion 8 of the manipulator arm 7, 8,
10, only one of which, with the reference numeral 22, is
shown in Fiqure- 1 for the sake of clarity. The other of
said two control rods is shown in Figures 3 and 4 and

designated by the reference numeral 23.

The rotation of the tool holder 11 about its
longitudinal axis is brought about by means of action on
a longitudinally displaceable control rod by a device
which acts on the same known principle'as a pump
impeller. The 1ast-mentioned control rod, which is
shown in Figures 3 and 4 and is designated by the
reference numeral 24, is also placed in the intermediate
portion 8 of the manipulator arm 7, 8, 10, but is not
shown in Figure 1 for the sake of clarity.

The longitudinally displaceable control rod 22
can be displaced by means of the fourth hydraulic

#
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.servo-cylinder 21 and a power transmission mechanism

which is described in its broad features below.

The piston rod of the servo-cylinder 21 is
pivotally connected - via a guide which will be
discussed in more detail below - to one end of a fourth
link 25, the other end of which is pivotally connected
to a projection 26 on a wire attachment pulley 27 which
is pivotally mounted in the base 1 and which also acts
as a Crank arm. Secured to the wire attachment pulley
27 is a first wire 28 which is taken round the front of
the wire attachment pulley 27 and which, via the back of
a first rotatable wire guide pulley 29 mounted in the
base 1 and via a second rotatable wire guide pulley 30
mounted on the back portion 7 of the manipulator arm 7,
8, 10 and under the pivotable connection of this to the
intermediate portion 8, is taken back and secured to the

back end of a rail 31. By its front end, this is

pivotally mounted on a rocker arm 32 which is pivotally
mounted on the intermediate portion 8 of the manipulator
arm 7, 8, 10. The back end of the longitudinally

displaceable control rod 22 is also pivotally mounted on

the rocker arm 32.

Secured to the wire attachment pulley 27 are a
second and a third wire 33 and 34 which are taken round
the back of the wire attachment pulley 27, that is to
say at the opposite side to the wire 28, and which, via
the front of a third rotatable wire quide pulley 35
mounted in the base 1 and via a second wire guide pulley
30 are taken forwards and secured to the front end of
the rail 31. Thus the two wires 33 and 34 have a
parallel course over the whole path. The first wire 28
has a course over the whole path which lies in a plane

perpendicular to the axes of rotation of the wire
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.attachment pulley 27 and the wire guide pulleys 29, 30,

35 and between the wires 33 and 34 extending parallel.
As a result of the fact that the first wire 28 crosses
between the second and third wires 33 and 34 at the top
of the second wire guide pulley 30, the wire tension on
the rail 31 is not oblique. The rail 31 is also
provided with turnbuckles, not shown on the drawing, for
the wires 28, 33 and 34.

The power transmission mechanism described
above from the fourth hydraulic servo-cylinder 21 in the
base 1 to the longitudinally displaceable control rod 22
in the intermediate portion 8 of the manipulator arm 7,
8, 10 is designed in such a manner that the back portion
7 of the manipulator arm 7, 8, 10 can be turned in
relation to the base 1 and the intermediate portion 8
can be turned in relation to the back portion 7 without
the wires 28, 33 and 34 being acted upon so that the
control rod 22 in the intermediate portion 8 is
displaced longitudinally. According to the invention,
this is achieved in that the first and third wire guide
pulleys 29, 35 are mounted in the base 1 at the same or
substantially the same distance from the mounting of the
associated wire securing pulley 27 in the base 1, and in
that the back portion 7 is mounted in the base 1 so that
the axis of rotation of the back portion 7 preferably
lies near to the common center line of the first and
third wire guide pulleys, 29, 35, for example I/36th of
the diameter of the wire guide pulleys 29, 35 below, and
so that the axis of rotation of the back portion 7 lies
equally far away from the axes of rotation of the first
and third wire guide pulleys 29, 35, while at the samer
time the diameter of the first and third wire guide
pulleys 29, 35 is selected so that so much wire 28 or
33, 34 respectively is wound on the wire'guide pulleys
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.29, 35 respectively where the center spacing between the

wire guide pulley 29, 35 respectively and the second
wire guide pulley 30 is shortened as a result*gf‘the
movement of the back portion 7, that the wire tension is
kept constant, and that so much wire 33, 34 or 28
respectively is unwound from the-wire. guide pulley 35 or
29 respectively where the éggzé;“gggainQ“BEEﬁeen the
wire guide pulley 30 is lengthened as a result of
movement of the back portion 7, that the wire tension is
kept constant, which altogether means that the second
wire guide pulley 30 is not rotated and that the rail 31
is not displaced longitudinally as a result of movements
of the back portion 7 in relation to the base 1. The
second wire guide pulley 30 is further mounted in the
back portion 7 at a distance from the axis of rotation
between the back portion 7 and the intermediate portion
8 which is equal to or substantially equal to the radius
of the second wire guide pulley 30, and on a point on
the straight line connecting said axis of rotation and

the axis of rotation of the back portion 7 in the base

1, while at the same time the diameter of the second

wire guide pulley 30 is selected so and the axis of
rotation of the rocker arm 32 is placed so in relation
to the axis of rotation between the back portion 7 and
the intermediate portion 8, that, on a movement of the
intermediate portion 8 in relation to the back portion
7, so much wire 28, 33, 34 is wound and unwound ~
respectively in relation to the second wire guide pulley
30 that the wire tension is kept constant when the
spacing between the axis of rotation of the second wire
guide pulley 30 and the connection point between the
rocker arm 32 and the rail 31 is altered as a result of
movement of the intermediate portion 8 in relation to
the back portion 7, which means that the rails 31 is not
displaced longitudinally as a result of movements of the

intermediate portion 8 in relation to the back portion 7.
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It has proved advisable for the diameter of the
first and third wire guide pulleys 29, 35 to be 4/5ths
of the diameter of the second wire guide pulley 30 and
for the distance between the axis of rotation of the
back portion 7 in the base 1 and the axis of rotation of

--the second wire guide pulley 30 to be at least five

times the diameter of the second wire guide pulley 30.
The wire attachment pulley 27 must be so large that the
wires 28, 33 and 34 respectively never lose contact with
the first and third wire guide pulleys 29 and 35
respectively when the back portion 7 of the manipulator
arm 7, 8, 10 is moved in relation to the base 1 within a

desired range of movement.

It will now be explained in more detail, with
reference to Figures 3 and 4 of the drawings, how the
front portion 10 of the manipulator arm 7, 8, 10 of the
robot manipulétor and its tool holder 11 are connectéd
to and moved by the three longitudinally displaceable
control rods 22, 23 and 24 mounted in the intermediate

portion 8 of the manipulator arm 7, 8, 10.

The front portion 10 of the manipulator arm 7,
8, 10 is adapted to be able to be turned in relation to
the intermediate portion 8 about the axes A-A and B-B in
Figures 3 and 4 of the drawings by means of its
universal joint connection 9 to the intermediate portion
8 situated behind via a spindle 36 which is rotatably
mounted in the intermediate portion 8 and the front
portion of which is formed as a part of the universal
joint 9.

The tool holder 11 is connected to the
rotatable spindle 36 via the universal joint 9. Screwed

to the free end of the spindle 36 is a screw 37, the
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.free end of which is received in a so-called ball nut 38

(not self-locking) secured to the free end of the

longitudinally displaceable control rod 24. When the
control rod 24 and hence the ball nut 38 is displaced

longitudinally in that the associated hydraulic

servo-cylinder in the base 1 is activated, the screw 37
will be turned on the same principle as the spindle in a
pump impeller, whereupon the tool holder 11 is turned

correspondingly.

The front portion 10 of the manipulator arm 7,

8, 10 is formed with a bearing housing 39 set
transversely in which a journal 40 is rotatably
mounted. The journal 40 cannot be displaced

longitudinally in the bearing housing 39. The free ends
of the longitudinally displaceable control rods 22 and

23 are pivotally mounted, each at its own end of the

journal 40.

. Two pivotable connections between the journal
40 and the guide rods 22 and 23 constitute two of three

points in a three-point connection between the front
portion 10 of the manipulator arm 7, 8, 10 and the

intermediate portion 8 situated behind. The third point

of the three-point connection consists of the universal

joint 9.

When the front portion 10 of the manipulator

arm 7, 8, 10 is to be turned in relation to the

intermediate portion 8 of the manipulator arm 7, 8, 10,
situated behind, about the axis B-B, the control rods 22
and 23 are displaced equally. When the front portion 10

of the manipulator arm 7, 8, 10 is to be turned in
relation to. the intermediate portion 8 of the
manipulator arm 7, 8, 10, situated behind, about the

axis A-A, the control rods 22 and 23 are displaced in
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-relation to one another. It will easily be understood

- 12 -.

that the front portion 10 of the manipulator arm 7, 8,
10 can be adjusted, up to a certain angle, in all -
possible directions in relation to the intermediate
portion 8 of the manipulator arm 7, 8, 10, situated
behind, by different displacement ofigggmpgzgyoi'rodsﬁzzw
and 23.

-

In order to prevent the control rods 22 and 23
from twisting in relation to one another during the
displacement of the control rods 22 and 23, there is
disposed in the vicinity of the connections of the
control rods 22 and 23 to the journal 40 a transverse
member 41, one end of which is pivotally connected to
the control rod 22 and the other end of which is
pivotally connected to the control rod 23. The
transverse member 41 is formed in the middle with a
groove 42 in the longitudinal direction of the control
rods 22, 23. Received for sliding 'in the groove 42 is
the free end of a pin 43 which is rigidly connected to
the intermediate portion 8 of the manipulator arm 7, 8,
10 in such a manner than an extension of the center line
44 of the pin 43 passes through the center line 45 of
the spindle 36. 7 -

It is clear from the above that in connection
with the invention all the hydraulic servo-cylinders of
the robot manipulator are placed in the base 1 of the
robot manipulator and that linear movements from all the
hydraulic servo-cylinders are converted into rotary
movements by means of a crank device. In order that the
servo-systems of the robot manipulator may be
satisfactory, it is important that their position
measuring systems should be closely connepted to the

hydraulic servo-cylinders, and that the servo-mechanisms
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~should have substantially the same dissolution in the
position measuring system over the whole range of
movement of the tool holder 1l. According to the
invention, this is achieved in that all the
servo-systems of the robot manipulator have an
arrangement which is explained below with reference to
Figure 5 and 6. 1In Figure 5, the reference numeral 46
designates any one of the hydraulic servo-cylinders of
the robot manipulator. The servo-cylinder 46 is rigidly
mounted in the base 1 of the robot manipulator, which
base is not shown in Figure 5. The piston rod 47 of the
servo-cylinder 46 is rigidly connected to the piston 48
of the servo-cylinder 46, which piston is formed with
sealing grooves 49 (pressure-distribution grooves). At
the other end, the piston rod 47 of the servo-cylinder
46 is rigidly connected to a guide 50 adapted to slide
with rolling friction 51 in fixed guides 52. Pivotally
mounted on the guide 50 is one end of a link 53, the
other end of which is pivotally mounted on the end of a
crank arm 54 rigidly connected to a rotatable shaft 55
mounted in the base 1 of the robot manipulator. The
measuring system of the servo-cylinder 46, which is not
shown in the drawing, is connected by means of a steel
wire 56 to a projection 57 on the guide 50.

As a result of the fact that the length a of
the crank arm 54 and the length b of the link 53 and the
distance ¢ between the axis of rotation of the shaft 55
and the center line of the piston rod 47 are in the
ratio of a to 1.80a to 1.33a in relation to one another
and that the distance d between the pivotal axis of the
link 53 on the guide 50 when this is in the outer
position, and the point of intersection between the
center line of the piston rod 47 and a center line
perpendicular to this through the axis of rotation of
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the shaft 55 is 0.39a, and that the stroke length of the
servo-cylinder 46 is 1.66a, the effect is achieved that
the linear piston movement of the servo-cylinder is
converted into rotary movement of the shaft 55 so that
the relationship between the angular rotation of the
shaft 55 and the corresponding changes in position of
the piston 48 of the servo-cylinder 46 is substantially
constant over the whole working range of the
servo-cylinder 46.

The substantially linear transmission of
movement described above from the servo-cylinder 46 to
the rotatable shaft 55 is shown graphically in Figure 6
where the curve in the coordinate system shown indicates
the angle V as a function of the distance of the guide
50 from the normal down from the center line of the
shaft 55 when the stroke length e of the 'servo-cylinder
46 is set at 200 millimeters. The two actual dimensions
d and e are marked out on the abs¢issa.

According to the invention, the friction
between the piston rod 47 and the piston rod packing 59
in all the hydraulic servo-cylinders 46 of the robot
manipulator is reduced to a minimum by a special
arrangement whereby the diameter of the piston rod 47 is
reduced to below the bending limit for a piston rod
freely mounted in conventional manner. The arrangement
is shown in Figure 5 and will be explaine& in more
detail below. It was explained above that the piston
rod 47 is rigidly connected to the piston 48 of the
servo-cylinder 46 and that, at the other end, the piston
rod 47 is rigidly connected to a guide 50 adapted to
slide with rolling friction 51 in fixed guides 52. At
the piston rod side, the servo-cylinder 46 is equipped
with an end member 58 in which, in addition to a piston
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"rod packing 59, there is mounted a roller bush 60

through which the piston rod 47 is taken. The roller
bush 60 is so long that the portion of the piston rod 47
which is inside the roller bush 60 at any time acts as
if it were fixed. As a result of the fact that the
piston rod 47 according to the invention is fixed at
both ends, it has been possible to reduce the diameter
of the piston rod very considerably in relation to the
diameter of piston rod which, in view of the bending
circumstances, would have been necessary if the piston
rod 47 had been freely mounted at both ends in the usual
manner. In this manner, it has been possible for
example, to reduce a piston rod diameter from 20
millimeters to 8 millimeters. This means that the
circumference of the piston rod is reduced from 62.8
millimeteres to 25.1 millimeters. Since the friction
between the piston rod and the packing is proportional
to the pressure of the packing per unit area, the
friction is reduced correspondingly.
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Patent Claims

- A device for robot manipulators of the kind which i,

have a multiply articulated manipulator arm (7, 8,
10) rotatably mounted in a swivelling base (1) and
wherein a front portion (10) of the manipulator arm
(7, 8, 10) is rotatabiy connected, via a three-point
connection, to a portion (8) of the manipulator arm
(7, 8, 10) situated behind so that the front portion
(10) of the manipulator arm (7, 8, 10) can be
turned, up to a certain angle, in all possible
directions in relation to the portion (8) of the
manipulator arm (7, 8,710) situated behind, by means
of two longitudinally displaceable, substantially
parallel rods (22, 23) one end of which is pivotally
secured to the front portion (10) of the manipulator
arm (7, 8, 10) and form two of the points in said
three-point connection, the third point consisting
of a universal joint connection (9) and wherein the
manipulator arm (7, 8, 10) with a tool holder (11)
is controlled by a system with hydraulic
servo-cylinders (46), characterized in that all the
servo-cylinders (46) are placed in the base (1) of
the robot manipulator and that mechanical power
transmission means are disposed between the tool
holder (11) or each of the parts of the manipulator
arm (7, 8, 10) respectively and the associated
servo-cylinder (46) or servo-cylinders (46).

A device as claimed in Claim 1, characterized in
that the front portion (10) of the manipulator arm
(7, 8, 10) is formed with a bearing housing (39)
which is set transversely and in which a journal
(40) is mounted for rotation but not for
displacement, and where, mounted on éach end of the
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journal (40) for pivoting is the one end of a
control rod (22 or 23 respectively) which is mounted
for longitudinal displacement in the portion (8) of
the manipulator arm (7, 8, 10) situated behind.

A device as claimed in Claim 1 or 2, characterized
in that disposed in the vicinity of the connection
of the control rods (22, 23) to the journal (40) is
a transverse member (41) which is pivotally
connected to each control rod (22, 23) and which is
formed with a groove (42) in the longitudinal
direction of the control rods (22,23), and wherein
received for sliding in the groove (42) is the free
end of a pin (43) which is rigidly connected to the
intermediate portion (8) of the manipulator arm (7,
8, 10) in such a manner that an extension of the
center line (44) of the pin (43) passes through the
center line (45) of a spindle (36) which is mounted
in the intermediate portion (8) and which is
connected to the universal joint (9).

A device as claimed in one or more of the preceding
Claims, characterized in that linear movements of
the servo-cylinders (46) are converted into a
substantially proportional rotary movement over the
whole working range of the servo-cylinders (46) by
means of a crank arm (54), one end of which is
rigidly connected to a rotatable shaft (55) and the
other end of which is pivotally connected to the one
end of a link (53) the other end of which is
pivotally connected to a guide (50) which runs in a
fixed guide (52) and which is connected to the
piston rod (47) of the servo-cylinder (46).
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A device as claimed in one or more of the preceding
Claims, characterized in that the length (a) of the
crank arm (54) and the length (b) of the 1link (53)
and the distance (c) between the axis of rotation of
the spindle (55) and the center line of the piston
rod (47) are in the ration of a to 1.80a to 1.33a to
one another, and that the distance (d) between the

- pivotal axis of the link (53) in the guide (50) when

this is in an outer position and the point of
intersection between the center line of the piston
rod (47) and a center line perpendicular to this
through the axis of rotation of the spindle (55) is
0.3%9a, and that the stroke length (e) of the
servo-cylinder (46) is 1.66a, whereby the effect is
achieved that the linear piston movement of the
servo-cylinder is converted into rotary movement of
the spindle (55) so that the relationship between
the angle of rotation of the spindle (55) and
corresponding changes in position of the piston (48)
of the servo-cylinder (46) is substantially constant
over the whole working range of the servo-cylinder
(46).

A device as claimed in one or more of the preceding
Claims, characterized in that the back end of each
of the two longitudinally displaceable control rods
(22, 23) in the intermediate portion (8) of the
manipulator arm (7, 8, 10) and the back end of a
longitudinally displaceable control rod (24)
extending substantially parallel to said control
rods (22, 23) and adapted to be able to rotate the
tool holder (11) about its longitudinal axis via a
ball nut device (38) and a universal joint (9), are
each pivotally mounted on a rocker arm (32) which is

pivotally mounted on the intermediate portion (8),




10

15

20

25

30

WO 83/01222 PCT/US82/01353

- 19 -

and each of the rocker arms (32) is pivotally
connected to and adapted to be turned by a
longitudinally displaceable rail (31) to the back
gnd front ends of which respectively there are .
secured a first wire (28) and a second and third
wire (33, 34) respectively, which are taken back or
forwards respectively over a second rotatable wire
guide pulley (30) mounted on the back portion (7) so
far under its rotatable connection to the
intermediate portion (8) that it approximately
corresponds to the radius of the second wire guide
pulley (30), the first wire (28) being taken further
round the back of a first wire guide pulley (29)
rotatably mounted in the base (1) and round the
front of a wire attachment pulley (27) rotatably
mounted in the base (1) to which pulley (27) the
first wire (28) is secured, while at the same time
the second and third wires (33,34) are taken further
round the front of a third wire guide pulley (35)
rotatably mounted in the base (1) and round the back
of the wire attachment pulley (27) to which the
second and third wires (33, 34) are secured, each of
the three wire attachment pulleys (27) of the robot
manipulator being adapted to be able to be rotated
by a servo-cylinder (21) mounted in the base (1).

A device as claimed in one or more of the preceding
Claims, characterized in that rotary movements are
converted by means of wires (28, 33, 34) steel band,
chains or the like from the wire attachment pulley
(27) mounted in the base (1) via the first and third
wire guide pulleys (29, 35) mounted in the base (1)
and the second wire guide pulley (30) which is
mounted at the upper end of the back portion (7) of
the manipulator arm (7, 8, 10) into linear movements
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of the rail (31) in such a manner that movements of
the back portion (7) in relation to the base (1) do
not influence the transmission, since the first and
third wire guide pulleys (29, 35) are mounted in the
base (1) at the same or substantially the same
distance from the mounting of the associated wire
attachment pulley (27) in the base (1), and the back
portion (7) is mounted in the base (1) so that the
axis of rotation of the back portion (7) preferably
lies close to the common center line of the first
and third wire guide pulleys (29, 35), for example
1/36th of the diameter of the wire guide pulleys
(29, 35) below, and so that the axis of rotation of
the back portion (7) lies equally far away from the
axes of rotation of the first and third wire guide
pulleys (29, 35), while at the same time the
diameter of the first and third wire guide'pulleys
(29, 35) is selected so that so much wire (28 or 33,
34 respectively) is wound on the wire guide pulley
(29 or 35 respectively) where the center distance
between the wire guide pulley (29 or 35
respectively) and the second wire guide pulley (30)
is shortened as a result of movement of the back
portion (7) that the wire tension is kept constant,
and that so much wire (33, 34 or 28 respectively) is
unwound from the wire guide pulley (35 or 29
respectively) where the center distance between the
wire guide pulley (35 or 29) respectively and the
second wire guide pulley (30) is lengthened as a
result of movement of the back bortion (7) that the
wire tension is kept constant, which altogether
means.that the second wire gquide pulley (30) is not
turned and that the rail (31) is not displaced
longitudinally as a result of movements of the back
portion (7) in relation to the base (1).
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A device as claimed in one or more of the preceding
Claims, characterized in that the diameter of the
first and third wire guide pulleys (29, 35) is
4/5ths of the diameter of the second wire pulley
(30) and that the distance between the axis of
rotation of the back portion (7) in the base (1) and
the axis of rotation of the second wire guide pulley
(30) is at least five times the diameter of the
second wire guide pulley (30), while at the same
time the wire attachment pulley (27) is so large
that the wires (28 and 33, 34 respectively) never
lose contact.with the first and third wire guide
pulleys respectively (29 and 35 respectively) when
the back portion (7) of the manipulator arm (7, 8,
10) is moved in relation to the base (1) within a

desired range of movement.

A device as claimed in one or more of the preceding

"Claims, characterized in that rotary movements are

converted by means of wires (28, 33, 34) steel band,
chains or the like, from the wire attachment pulley
(27) mounted in the base (1) via the first and third

wire guide pulleys (29, 35) mounted in the base (1)

and the second wire guide pulley (30) which is
mounted at the upper end of the back portion (7) of
the manipulator arm (7, 8, 10) into linear movements
of the rail (31) in such a manner that movements of
the intermediate portion (8) in relation to the back
portion (7) do not influence the transmission, since
the second wire guide pulley (30) is mounted in the
back portion (7) at a distance from the pivotal axis
between the back portion (7) and the intermediate
portion (8) which is equal to or substantially equal
to the radius of the second wire guide . pulley (30),
and preferably on a straight line between said
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pivotal axis and the axis of rotation of the back
portion (7) in the base (1), while at the same time
the diameter of the second wire guide pulley (30) is
selected so, and the pivotal axis of the rocker arm
(32) is placed so in relation to the pivotal axis
between the back portion (7) and the intermediate
portion (8) that, on a movement of the intermediate
portion (8) in relation to the back portion (7), so
much wire (28, 33, 54) is wound and unwound
respectively in relation to the second wire guide
pulley (30) that the wire tension is kept constant
when the distance between the axis of rotation of
the second wire guide pulley (30) and the connecting
point between the rocker arm (32) and the rail (31)
is altered as a result of movement of the

- intermediate portion (8) in relation to the back

10.

portion (7), which means that the rails (31) is not
displaced longitudinally as a result of movements of
the intermediate portion (8) in relation to the back

" portion (7).

A device as claimed in one or more of the preceding
Claims, characterized in that all the
servo-cylinders (46) of the robot manipulator have a
piston rod (47) the diameter of which is reduced to
below the bending limit for a conventional freely
mounted piston rod, since the piston rod (47) is
rigidly connected, at one end, to the piston (48) of
the servo-cylinder (46) and is rigidly connected at
the other end, to a guide (50) adapted to slide or
roll (51) in fixed quides (52), as a result of which
the contact area and hence the friction between

~piston rod (47) and piston rod packing (59) is
reduced to a minimum.

T TR
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.11. A device as claimed in Claim 10, characterized in
that disposed between the fixed gripping of the
piston rod (47) at both ends is a roller bush (60)
through which the piston rod (47) is taken, and that

the roller bush (60) is so iong thaf the portion of
the piston rod (47) which is inside the roller bush
(60) at any time acts as if it were firmly gripped.
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