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(57) Abrégée/Abstract:
An Industrial robot Includes a continuous internal passage through a robot chain of mutually articulated elements including a robot
wrist, for cables and/or pipes for the power supply and/or fluid supply of a tool. The cables and pipes continue without interruption
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(57) Abrege(suite)/Abstract(continued):

In a passage through the flange of the robot to connections of said tool, whereby the cables and pipes are completely inside the
robot and tool, without separate cables and pipes of the tool connected to the cables and the pipes of the robot at the flange. In the
case that the tool Is an electric spot welding head it Is arranged with an electrical transformer having its output poles arranged

respectively on a front wall of the body of the transformer and on an end wall of the body of the transformer, for connection to the
electrode-holding arms of the head.
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ABSTRACT

An industrial robot includes a continuous internal passage through a robot
chain of mutually articulated elements including a robot wrist, for cables and/or
pipes for the power supply and/or fluid supply of a tool. The cables and pipes
continue without interruption 1n a passage through the flange of the robot to
connections of said tool, whereby the cables and pipes are completely mside the
robot and tool, without separate cables and pipes of the tool connected to the
cables and the pipes of the robot at the flange. In the case that the tool 1s an
electric spot welding head 1t 1s arranged with an electrical transformer having its
output poles arranged respectively on a front wall of the body of the transformer
and on an end wall of the body of the transformer, for connection to the electrode-

holding arms of the head.
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“Multi-axis industrial robot with integrated tool”

o

Field of invention

The present mvention relates to the field of multi-axis industrial robots, of
the type comprising a base structure, an articulated robot wrist and a chain of
mutually articulated robot elements which connect said base structure to said robot
wrist, wherein said robot wrist also ends with a flange, to which a tool 1s rigidly
connected that requires a power supply and/or a fluid supply, and wherein through
said cham of mutually articulated robot elements, and through said robot wrist, a
continuous internal passage 1s defined mm which one or more cables and/or pipes for
said power supply and/or said fluid supply to the tool are received.

Prior art and general technical problem

A robot of the type specified above 1s, for example, described and
illustrated i document US 8,006,586 B2 owned by the same Applicant.

In robots of the type specified above, the harnessing of cables and pipes for
the power supply and the fluid supply to the tool carried by the robot poses several
problems. On the one hand it 1s necessary to prepare systems for retaining and
oulding the cables and pipes that mmimize the risk that they may interfere or
become entangled with foreign bodies during the use of the robot 1in a production
Iime. On the other hand 1t 1s also necessary to guide and protect the cables or pipes
in order to reduce the deformation of bending and torsion as much as possible, to
which they are subject during the movements of the robot, and especially so as to
reduce the deterioration to which the cables are subject to due to exposure to
aggressive external agents (weld splatter, dirt, etc.) that are often found 1n an
industrial production line. Exposure of the cables to these agents often leads to
greater and premature wear of such components, with the result that the harnessing
of cables and pipes must be replaced more frequently (even after just one or two
years from the first use), consequently requiring a greater number of stops and a
lower productivity of the robot. Finally, 1t 1s also important to prepare the
harnessing 1n such a way that its replacement can be carried out m a simple and
rapid manner.

Object of the mvention

The object of the present mvention 1s to solve all the above problems in an
optimum manner, by creating a robot which 1s generally more efficient 1 1ts use

and requires the mmimum number of maintenance operations.
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Synthesis of the invention

In view of achieving this scope, the invention has as its principal object: a
multi-axis industrial robot having all the characteristics, which have been indicated
at the begining of the present description and further characterized by the fact that
the said cables and/or pipes for the power and/or fluid supply to the tool continue
without mterruption in a passage formed through said flange of the robot up to the
said tool, whereby said cables and/or pipes are arranged completely inside the
robot and inside the tool, without the need to lay separate cables and/or pipes for
the tool connected to the cables and pipes of the robot in correspondence of said
flange, which mstead occurs in known solutions.

An essential advantage of the present invention 1s that the total protection
of the cables and supply pipes completely avoids the premature wear of these
components determined 1 the known solutions from contamination by aggressive
external agents (weld splatter, dirt, etc.) present in industrial environments.
Experiments conducted by the applicant have allowed us to predict that the
invention will result 1n an enormous advantage 1in terms of less replacements of the
harnessing of the robot, since the average duration of a harnessing can change from
a mmmmum time of about 1.5-2 years to a mimimum time of about 8-10 years,
almost comparable to the lhife of the robot. The mvention 1s therefore able to
produce a real breakthrough in the practice of robot use.

In a particularly preferred embodiment, the said tool 1s an electric spot
welding head, of the type comprising a support structure rigidly connected to the
robot wrist, a pair of welding clectrodes carried by respective electrode-holding
arms, wherein at least one of said electrode-holding arms 1s movably mounted on
the support structure of the head between an open position and a closed position;
said head further comprising an actuator for the activation of said movable arm and
an clectric transformer for the application of welding voltage to the electrodes. In
this preferred embodiment, the electrical supply cables continue uninterruptedly
through said flange of the robot mside the support structure of the head, up to a
connector mput of said electrical transformer.

In the case of the preferred embodiment, the supporting structure of the
head 1s fixed by screws to the robot flange, preferably with the iterposition of an
intermediate bracket.

In the welding head described above, the body of the electrical transformer

presents a rear wall facing towards the robot flange, a front wall opposite the rear
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wall, two side walls, and two end walls. According to a further particularly
preferred characteristic, the two output poles of the transformer, which are
connected to the two electrode-holding arms, are disposed: one on said front wall
and the other one on said end walls of the body of the transformer. Thanks to this
arrangement, the linking strips connecting the output poles of the electrical
transformer to the respective electrode-holding arm can be arranged according to
configurations that guarantee a more compact size of the welding head, particularly
in the longitudinal direction of the head, 1.¢. m a direction which goes from the
flange of the robot towards the electrodes.

Of course, a compact welding head having the characteristics indicated
above may also be used in a robot of the traditional type and for this reason 1t also
forms the subject, taken by itself, of a co-pending patent application by the same
Applicant.

It should also be noted that, for reasons of casier maintenance, the pipes for
supplying fluid to the tool can still be provided with a separated end portion,
associated with the tool, and connected by means of quick couplings to the
corresponding pipes associated with the robot. In this case, the basic principle of
the mvention 18 still applied to the electrical cables (power and/or signal) associated
with the robot.

Brietf Description of the Figures

The mvention will now be described with reference to the accompanying
drawings, provided purely by way of a non-limiting example, wherein:

- Figure 1 1s a schematic representation of a multi-axis industrial robot
according to the prior art from the document US &,006,586 B2 of the Applicant,

- Figure 2 15 a view on an enlarged scale and 1n section of the robot wrist of
Figure 1,

- Figure 3 1s a side view 1n elevation, schematic, of a first embodiment of
the robot according to the invention,

- Figure 4 18 a schematic perspective view of a second embodiment of the
robot of the mvention,

- Figure 5 1s a perspective view on an enlarged scale of the welding head
used 1n both embodiments of Figures 3, 4,

- Figure 6 18 a schematic side view of the internal structure of the welding
head of Figure 5,

- Figure 7 1s a perspective view of the internal structure of the head of
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Figure 3,

- Figure 8 18 a perspective view of the electrical transformer arranged 1n the
welding head of Figure 3,

- Figures 9-12 are perspective views on an enlarged scale that illustrate
various details of the internal structure shown in Figure 6,

- Figure 13 18 a perspective view of a variant of the welding head which can
be used 1n both the embodiments of Figures 3 and 4,

- Figure 14 18 a schematic side view of the mternal structure of the welding
head of Figure 13,

- Figure 15 15 a perspective view of the internal structure of the welding
head of Figure 13,

- Figure 16 1s a perspective view of the robot of Figure 3, with the welding
head removed,

- Figure 17 1s a further schematic side view, partially sectioned, of the robot
of Figure 3, and

- Figure 18 18 a perspective view on an enlarged scale of the connecting
bracket between the flange of the robot and the supporting structure of the welding
head.

Detailed description of the preferred embodiment

With reference to Figure 1, the preferred embodiment of the present
iInvention makes use of a similar robot to the known robot from U.S. 8,006,586 B2
shown 1n this figure. It 18 clear however that the same teachings of the present
invention are also applicable to robots having a different configuration.

In the case of the example illustrated in Figure 1, the robot 10 comprises a
base structure 12 which supports an upright 13 so as to rotate about a first vertical
axis I. The upright 13 m turn supports a vertical arm 14 so as to rotate about a
second axis II, directed horizontally. The upper end of the vertical arm 14 mn turn
supports a structure 16 supporting an arm 18 so as to rotate around a third axis I1I,
directed horizontally. The arm 18 1s supported by the structure 16 around a fourth
axis IV, which coincides with the main axis of the arm 18. The distal end of the
arm 18 carries an articulated wrist 20 which 1s illustrated on an enlarged scale and
in section m Figure 2. As will be apparent in the following description, the main
feature of the wrist 20 resides in the fact that it 1s a hollow wrist, adapted to define
a continuous passage through 1itself, in which the bundle of supply cables and pipes

of the tool can be guided. It 1s evident, however, that the teachings of the present
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invention are also applicable to a robot having any different configuration and m
particular a hollow wrist of a different configuration from that 1llustrated here by
way of example.

With reference to Figure 2, the wrist 20 comprises a first hollow body 22
essentially elbow-shaped, and including a first and a second end and a through
cavity, leading to such ends. The first end of the first hollow body 22 1s intended to
be rigidly connected by screws 19 to the robot arm 18 rotatable about the axis IV.
The wrist 20 comprises, morcover, a second hollow body 24 essentially elbow-
shaped, and comprising a first and a second end and a passing cavity leading to
these ends. The first end of the second hollow body 24 1s mounted on the second
end of the first hollow body 22, rotatable about a V axis inclined with respect to
the first axis IV. The wrist 20 finally comprises a third hollow body 26 comprising
a first and a second end and a passing cavity leading to these ends. The first end of
the third hollow body 1s mounted on the second end of the second hollow body 24,
rotatable about an axis VI inclined with respect to the second axis V.

As already indicated, the passing cavities of said first, second and third
hollow body 22, 24, 26 form a continuous passage along the axes 1V, V, VI,
through which cables and/or pipes are arranged for the power supply, the fluid
supply and the control of the tool associated with a flange F leaving from the third
hollow body 26. The said passage has a substantial capacity for which there 1s a
considerable number of cables and/or pipes that are able to receive. For example, 1n
the case that the tool 1s an electric spot welding head, the power supply lines that
pass through the internal passage of the robot wrist comprise two dehivery pipes of
a refrigerant fluid, two return pipes of the refrigerant fluid, a cable to the control
the signal of an clectric drive motor of the head, a power cable of this electric
motor, a multi-bus cable, and three power supply cables (or, alternatively, a single
power cord with three wires ) for the electric current welding.

Again with reference to the illustrated example, the axes IV and VI are
inclined with respect to the axis V by an angle between about 50° and 70°.
Preferably, this angle of inclination 1s 60°. This choice of inclination of the axis of
rotation V, relative to the axes IV and VI, allows the obtammment of a wide
working-range of the robot wrist, and at the same time ensures a simple and
continuous passage of cables and/or pipes within the wrist. As can be seen, 1n the
condition wherem the axes 1V, V, VI are coplanar, they define a Z configuration.

Again with reference to the illustrated example, at the connection between
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the arm 18 and the hollow body 22, housing for a first gearmotor group 27 18
provided. According to the size of the first hollow body 22 and of 1ts cylindrical
portion intended to be coupled to the arm 18 of the robot, the housing for the first
gecarmotor 27 can be entirely obtained 1n the first hollow body 22 or even partially
in the arm 18 of the robot , but always 1n such a way that the first gearmotor 27 1s
substantially included within the volumes defined by the geometry of the arm 18
and the first hollow body 22, with particular reference to the dimensions of the
section of this arm. In correspondence to the second hollow body 24 a further
housing for a second gearmotor 29 1s provided. In particular, as visible in Figure 2,
the hollow body 24 presents housing externally on 1ts side wall in which the second
gear motor 29 1s received, essentially orientated parallel to the axis VI. Thanks to
the elbow conformation of the hollow bodies 22 and 24, the gearmotor 29 can be
found distanced from the walls of the hollow body 22 so as to never interfere with
the latter whatever the angular position assumed by the hollow body 24 with
respect to the hollow body 22. The particular arrangement of the gearmotor 29
described above allows mamtaining of the transverse bulk of the wrist within a
Imited threshold. Also, since the gearmotor 29 1s inclined with respect to the axis
V by an angle equal to the angle of inclination of the axis VI respect to the axis V,
in this case equal to about 60°, when 1t 1s brought into rotation by the hollow body
24, the nertia forces opposing the rotary motion of the gearmotor 29 are Imited.

Between the first hollow body 22 and the second hollow body 24 a single
crossed roller bearing 33 of known type 1s arranged, having an mner ring 32 and
rigidly connected to the first hollow body 22, while an outer ring 34 1s rigidly
connected to the second hollow body 24. A single crossed roller bearing 37 1s also
provided between the second hollow body 24 and the third hollow body 26, with
an outer ring 36 rigidly connected to the second hollow body 24 and an inner ring
38 rigidly connected to the third hollow body 26.

Each gearmotor 27, 29 comprises a motor 28, 30, a couplng flange 31, a
gcarbox 40 as already indicated above, and a pinion 42, 46. The gearboxes 40 are
characterized by a high transmission ratio and are preferably of the epicyclic or
harmonic type. Each gearbox 40 1s coupled at its one end to its relative motor 28,
30 through the coupling flange 31. The coupling flange 1s connected by screws 35a
to the motor 28, 30 and to the gearbox by means of other screws 35b.

At the other end, the gearbox 40 carries the pinion 42, 46 for the

transmission of motion, which 1s now fixed by means of a plurality of screws 35c¢.
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The first gearmotor 27 comprising the first motor 28, gearbox 40 and a bevel
pinion 42 1s fixed by screws m abutment with a bottom wall 39 of the respective
housing. Between the bottom wall 39 of the housing and the end of the gearbox
which 1s fixed to the bevel pmion 42, a flange 41 for fixing and adjustment of the
clearance 18 interposed. During assembly of the wrist, the thickness of the bushing
41 1s adapted so as to obtain the correct meshing of the pair of bevel gears. The
bevel pinion 42 meshes with the internal teeth of a ring bevel gear 44, and this,
being fixed by means of screws (not shown) to the outer ring 34 of bearing 33, 18
rigidly connected to the second hollow body 24. The second gearmotor 29
comprising the second motor 30, gearbox 40 and a cylindrical pinion 46 1s mserted
into the slot formed in the second hollow body 24 and 1s secured m abutment with
a bottom wall 43 of said housing by means of screws. The cylindrical pinion 46
meshes with a rmg-shaped cylindrical wheel 48 which 1s fixed to the mner ring 38
of bearing 37.

The motion of rotation from the motor 28 1s transformed through the
gcarbox 40 and transferred to the bevel pinion 42 which rotates the ring bevel gear
44 rigidly connected to the outer ring 34 of bearing 33, m turn fixed to the second
hollow body 24. In this way, the rotation of the second hollow body 24 about the
axis V 18 carried out. When the second motor 30 1s activated, the rotation 1s
transferred through the gearbox 40 to the cylindrical pmion 46. The cylindrical
pmion 46 meshes with the cylindrical wheel 48, which 1s rigidly connected to the
inner ring 38 and the third hollow body 26. In this way the rotation of the third
hollow body 26 around the axis VI 1s carried out.

The mternal cavity of the wrist allows the passage of supply cables and/or
ducts C of the welding head mtended to be associated with the flange F. These
cables and/or ducts C are associated with a bushing 47.

As 1ndicated above, the said known hollow wrist configuration is also used
in the preferred embodiment of the robot according to the mvention, it being
understood, however, that the teachings of the invention are also applicable to
robots with different configurations.

Figure 3 of the accompanying drawings shows a first embodiment of the
robot according to the mvention. In this figure, the parts common to those of
Figure 1 are designated by the same reference number.

Figure 3 shows an embodiment in which the robot has an integrated tool

consisting of an electric spot welding head, of the type m which one of the two
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clectrode-holding arms 1s fixed, while the other arm 1s oscillatingly mounted. In
place of such a welding head with oscillating arm, 1t 1s possible, however, to
provide a welding head of the illustrated type of Figures 13 and 17, in which one of
the two clectrode-holding arms 1s fixed and the other arm 1s lincarly slidable or
other typology of tool.

Figure 17 of the accompanying drawings, which shows a schematic section
of the robot, 1s particularly useful for illustrating a fundamental feature of the
present invention. In this figure, the welding head 1s of the type with a lincarly
movable arm, but 1t 1s evident that what 1s stated here applies to both types of
heads.

As seen 1n Figure 17, the robot according to the invention and the known
robot of Figure 1, have mm common the fact that through the entire chain of the
robot clements and through the robot wrist, a contmmuous internal passage 1s
defined 1 which the bundle C of cables and supply pipes 1s received. In Figure 17
the case in which all the cables and pipes are contamned within a single flexible
sheath 1s 1llustrated, but of course this feature 18 not essential and the bundle of
cables and pipes may simply be provided along its extension of a plurality of
tightening clamps.

In the case of known robots, and also in the specific case of the known
robot 1illustrated in Figures 1 and 2, the bundle of supply cables and pipes 1s
interrupted in correspondence of the connection flange F of the tool associated
with the robot. Typically, such a flange 1s provided with a plurality of fittings for
the connection of cables and pipes arranged on the robot with cables and/or
separate pipes that are associated with the welding head mounted on the robot.

In contrast to this arrangement, mn the robot according to the mvention no
rapid replacement of the tool carried by the robot 1s provided and the tool (in this
specific example the welding head) 1s not provided with cables and separate pipes
that are connected to the cables and pipes of the robot when the tool 18 mounted
on the robot flange. As clearly shown mn Figures 16, 17, in the case of the robot
according to the invention, the cables and pipes that pass through the entire
extension of the robot and the hollow robot wrist continue , without mterruption,
in a passage F1 formed through the flange F (see also Figure 16) up to an input
connector provided on the electrical transformer T arranged within the structure of
the weldig head.

The welding head 1s therefore fully integrated mto the robot, so that
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together, the robot and welding head constitutes a single "welding machine,”
without any distinction between the robot part and the tool part, and without any
possibility of rapid replacement of the tool. This solution, compared to the known
solution from the document US 8,006,586 B2, has the advantage of not providing
any connector of connection between cables and pipes of the robot and separate
cables and pipes arranged on board of the welding head and therefore does not
entail the drawback of the known solution, wherein the cables and pipes associated
with the head, which extend from the flange of the robot towards the head, arc at
least partially exposed to the outside.

As 18 visible m the accompanying drawings and as will be 1illustrated 1n
further detail below, this advantage 1s further enhanced by providing an outer
casing for the welding head that forms a prolongation of the body of the robot and
that completely hides the tract of cables and pipes which extend beyond the flange
of the robot.

In Figure 3, the number 100 indicates the welding head as a whole,
comprising the two electrodes 101, 102 carried by the respective electrode-holding
arms 103, 104. The internal structure of the head i1s hidden by the casing 103,
having a rear opening for connection to the robot wrist and a front opening from
which the electrode arms 103, 104 of the welding head protrude.

Figure 4 shows a second embodiment of the invention in which the robot
10 has a structure essentially identical to that of the robot of Figure 3 but 1s
mounted 1 the inverted position, with the base structure 12 fixed to a "ceiling" 13
(an overhead frame) of an industrial plant.

Figure 5 shows a perspective view on an enlarged scale of the welding head
100, m which 1t 1s clearly visible that the casing 105 1s constituted by two half
shells 105a, 105b coupled together and locked by the locking tie rod 106. Figure 5
also shows the rear wall 107 of a connecting flange 108, best seen 1n Figure 18,
serving to connect the flange F of the robot wrist to the supporting structure of the
welding head. As shown m Figure 18, the bracket 108 includes the rear wall 107
and two wings 109 which are parallel and spaced, projecting orthogonally from the
rear wall 107.

With reference to Figures 6, 7, the welding head 100 comprises a
supporting structure 110, including two steel plates 111 which are parallel and
spaced, rigidly connected to each other. The structure of the electrode-holding arm

104 1s rigidly connected by screws to a pair of brackets 112 (Figure 7) fixed to the
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inner surfaces of the two plates 111. The structure of the electrode-holding arm
103 1s 1nstead connected to an oscillating arm 113 which 1s articulately mounted
between the two plates 111 around an axis of oscillation 114 and which 1s
controlled by the stem 115 of an ¢lectro-mechanical actuator 116, which 1s also
supported by the two plates 111. The actuator 116 1s itself a known type,
comprising an ¢lectric motor, a gearbox and a nut placed 1n rotation by the electric
motor via the gearbox. The rotation of the nut causes a lincar movement of a screw
that 1s screwed mto 1t, this screw being connected to the stem 115.

The components of the actuator 116 are not illustrated herein because, as
said, this actuator 1s realizable according to any known configuration and because
the elimination of these details from the drawings renders them more readily and
casily understood.

The electric current for the welding i1s carried across the electrodes 101,
102 by passing it through the structure of the arms 103, 104, consisting of
aluminum, and having a hollow prism configuration, with side walls bearing
lightening holes 117. The body of the arms 103, 104 1s ¢lectrically connected to the
two output poles 118, 119 of an ¢lectric transformer T arranged between the two
plates 111 of the supporting structure of the welding head.

With reference also to Figure 8, the body of the transformer T has a rear
wall 120 facing towards the flange of the robot, a front wall 121 opposite to it, two
side walls 122, and end walls 123 and 124 (respectively upper and lower 1 the
orientation 1illustrated).

According to a further important feature of the invention, which allows the
relayimng of particular compactness to the welding head, the two output poles 118
and 119 of the transformer T are arranged on different walls of the transformer
body. More precisely, the pole 118 1s provided on the front wall 121, while the
pole 119 1s provided on the lower end wall 124. The poles 118, 119 are also
clectrically connected to the structure of the respective arms 103, 104 by means of
an clastically deformable strip 125 18, having a general U-configuration (Figure 6)
and a strip 126, also clastically deformable, having a general S-configuration. The
arrangement of one of the two output poles of the transformer T (specifically pole
119) on the lower wall 124 of the transformer T allows reduction of the distance 1n
the horizontal direction of Figure 6 between the transformer T and the electrode-
holding arms 103, 104. The size of the head 1s therefore particularly reduced m 1its

longitudinal direction, 1.¢. in a direction that goes from the flange of the robot
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towards the welding electrodes 101, 102.

Both the transformer T and the welding electrodes 101, 102 require fluid-
refrigeration. Therefore, in the bundle of cables and pipes which extends beyond
the flange of the robot (see Figure 16) at least one delivery pipe of refrigerant fluid
1s included, along with at least one return pipe of refrigerant fluid. With reference
to Figures &, 9 and 10 the delivery pipe of the refrigerant fluid sends the refrigerant
fluid above all to the cooling circuit (not shown) provided mside of the transformer
T. From the mternal cooling circuit to the transformer T, the refrigerant fluid flows
through two ducts 127a, 127b formed respectively 1n the cylindrical bodies
constituting the output poles 118,119 of the transformer T. The duct 127a
protrudes radially from the body 118, while the duct 127b coaxially, on the end of
the terminal body 119. At the output end of the ducts 127a, 127b, connection
fittings (not shown) for connection pipes are arranged, which lead the refrigerant
fluid to the arm 103 and the electrode 101 and the arm 104 and electrode 102,
respectively. In particular (see Figure 6) the electrode 101 receives the refrigerant
fluid through a flexible pipe 128 disposed through the inner cavity of the arm 103,
the refrigerant fluid heated by the electrode 101 being then conveyed mto another
flexible pipe 129, also disposed in the internal cavity of the arm 103.

The proximal ends of the pipes 128, 129 are connected via connectors 130
(see Figures 6 and 11). One of the two connectors 130 1s connected by the flexible
tube to the connector arranged on the exit end of the tract 127a (Figure 9) while
the other connector 130 1s connected to a flexible pipe (not shown) which returns
to the mside of the robot, without passing through the transformer T. This tract
carrics the refrigerant return fluid from the electrode 101 to the robot. Even within
the arm 104 there are two flexible pipes 131, 132 provided for sending the
refrigerant fluid to the electrode 102 and for the return of the refrigerant fluid that
has cooled the clectrode 102. The two flexible pipes are indicated with 131, 132
and are connected to two connectors 133 (Figures 6 and 12). One of the two
connectors 133 1s connected through a flexible pipe (not shown) to the connector,
arranged on the outlet end of the tract 127b (Figure 10) while the other connector
133 1s connected to a flexible pipe which 1s returned directly to the mside of the
robot.

Figure 8 of the accompanying drawings also shows that on the rear wall
120 of the transformer T a three-pole electrical connector D1 1s provided, for the

connection of the power cables, with the three poles aligned 1n a direction parallel
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to the transverse direction of the head (1.¢. the direction orthogonal to the general
plane of the two arms). On the wall 120 an electrical connector D2 for electrical
signal cables 1s also arranged.

Figure 13 of the accompanying drawings 1s a perspective view illustrating a
variant of Figure 5 corresponding to the version with the shiding arm of the welding
head. In this figure, the parts common to those of Figure 5 are designated by the
same reference number. Also 1n this case the structure of the welding head 100 1s
completely covered by a casing 105 consisting of two half shells 105a, 105b joined
together by tie rod connecting means 106. The supporting structure of the welding
head of Figure 13 1s visible in Figures 14, 15. It 1s essentially similar to that of the
version already described above except that in this case the fixed arm 104 has an
clbow configuration m such a way such that the electrode 102 1s disposed on the
axi1s of the actuator 116.

The other arm 103 1s constituted of a stem guided in a shdable way m a
prismatic guide 200 carried at the ends by two plates 201 fixed to the plates 111 of
the head structure. The stem 103 1s connected at 1ts end to the stem of the actuator
116 so as to be lincarly displaceable along the axis of the actuator 116 between an
open position, in which the electrodes 101, 102 are spaced apart, and a closed
position, i which these electrodes are in contact with cach other. The arrangement
of the transformer T 1s 1dentical to that described above with the output poles of
the transformer T disposed on the front wall and on the lower wall of the
transformer. In this case, the clastically deformable strip 125 has a U-shaped
configuration orientated horizontally (Figure 14) instead of vertically as in the case
of the Figure 6 version and 1s directly connected to the stem constituting the arm
103. Also 1n this case a cooling circuit of the electrodes 1s of course provided,
analogous to that described above with reference to Figure 6, which in Figure 14 1s
not shown for greater simplification of the drawing. Figure 16 shows the robot
according to the mvention with the welding head disassembled and highlights, as in
the robot according to the mvention, the bundle of cables and pipes C commg out
through a central opening F1 of the flange F of the robot and continues directly up
to the connection fittings R that connect directly to electrical connectors and the
hydraulic couplings provided inside the welding head. The bundle C thus comes
from the base of the robot up to the equipment mside the welding head, remaining
completely hidden within the structure of the robot and 1nside the casing 105 of the
welding head 100 without any exposed part, even in the final stretch between the
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flange F of the robot and the equipment inside the welding head, and without any
interruption or connection of cables or pipes at the flange F of the robot.

This arrangement 1s also clearly wvisible, as already described above, 1n
Figure 17, which refers by way of example to the case of a welding head of the
clectrode shiding type, it being understood that it 1s also immediately applicable to
the case of a welding head with oscillating arm, or to another tool.

Of course, without prejudice to the principle of the invention, the details of
construction and the embodiments may widely vary with respect to those described
and 1llustrated purely by way of example, without departing from the scope of the
present mvention.

In particular, the basic principles of the mmvention are also applicable to a
robot equipped with a tool of any other type, not necessarily an electric spot
welding head. For instance, this tool may be a gripper, which can be used to pick

up, support and/or move and deposit components 1 an industrial plant.
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CLAIMS

1. Multi-axis industrial robot, comprising:

- a base structure,

- an articulated robot wrist, and

- a chain of mutually articulated robot elements connecting said base
structure to said robot wrist,

- wherein said robot wrist ends with a flange to which is rigidly connected
an electric spot welding head that requires a power supply and/or a fluid supply,

- wheremn the welding head comprises a supporting structure rigidly
connected to the robot wrist, and a pair of welding electrodes carried by respective
electrode-holding arms, wherein at least one of said clectrode-holding arms is
movably mounted on the supporting structure of the head between an open
position and a closed position, said head further comprising an actuator for driving
said movable arm and an electrical transformer for the application of a welding
electrical voltage to the electrodes,

- wherein, through said chain of mutually articulated robot elements and
through said robot wrist a continuous internal passage is defined in which one or
more cables and/or pipes for said power supply and/or said fluid supply to the tool
are received,

- wherein the supporting structure of the welding head is completely
covered by a casing consisting of two half-shell sides coupled to each other and
having main walls parallel to the general plane of the two electrode-holding arms,
said casing having a rear opening for the connection of the supporting structure of
the welding head to the flange of the robot and a front opening from which the two
electrode-holding arms of the welding head protrude,

- wherein said supply cables and/or said pipes, which are received through
the continuous internal passage of the robot, continue further without interruption
through a passage formed in said flange and then inside said supporting structure
of the welding head up to a connector input provided on a rear wall of said
transtormer facing towards the flange of the robot, whereby the said cables and
pipes are arranged completely inside the robot and inside the welding head,
wheremn the robot is free of separate cables or pipes for the welding head
connected to the cables and the pipes of the robot in correspondence to said
tlange.
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2. Robot according to claim 1, wherein the supporting structure of the head
1s fixed to the flange of the robot through the interposition of an intermediate
bracket screwed on one side to the flange and on the other side to the supporting
structure of the robot.

3. Robot according to claim 1, wherein the body of the electrical
transtormer presents said rear wall facing towards the flange of the robot, a front
wall opposite to 1t, two side walls and two end walls, wherein two output poles of
the transformer, electrically connected to the two electrode-holding arms, are
arranged one on the front wall and the other on one of the end walls of the body of
the transformer.

4. Robot according to claim 3, wherein said output poles of the electrical
transformer have cylindrical bodies with respective internal passages both
supplying cooling fluid from a cooling circuit inside the transformer towards the
welding electrodes, fluid pipes being provided for returning the fluid which has
cooled the welding electrodes to the robot without passing through the

transtormer.
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