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(57) Dispositif permettant de faire pivoter une buse (1) de
pulverisation, disposee sur un bras-robot en vue de la
pulverisation automatique de pemture sur un objet,
autour d’un axe (12) pratiquement perpendiculaire a
I"extension longitudinale du bras. Ledit dispositif
possede un mecanisme permettant de rendre une position
de la buse de pulvérisation dans un plan pratiquement
perpendiculaire a cet axe dépendante d 'un mouvement
de pivotement de ladite buse autour de cet axe de
maniere qu’il en resulte un mouvement de translation
simultane de la buse dans ce plan, tout en compensant au
moins partiellement un mouvement d un point (8) du jet
de pulvérisation situ¢ a une distance déterminée de la
buse dans ce plan lorsque la buse de pulvernisation pivote
sans mouvement de translation.
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(57) In a device for pivoting a spray nozzle (1) arranged
at a robot arm for automatical spray application of paint
on an object, about an axis (12) being substantially
perpendicular to the longitudinal extension of the arm, an
arrangement 1s arranged to make a position of the spray
nozzle 1n a plane substantially perpendicular to said axis
depending on a pivoting of the nozzle about said axis 1n
such a way that such pivoting results 1n a simultaneous
translation movement of the nozzle 1n this plane while at
least partly compensating a movement of a point (8) of
the spray nozzle jet located at a determined distance from
the spray nozzle in this plane when pivoting the spray
nozzle without any translation movement.
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A DEVICE FOR PIVOTING A SPRAY NOZZLE ARRANGED AT A
ROBOT ARM

FIELD OF THE INVENTION AND PRIOR ART

The present invention relates to a device for pivoting a spray
nozzle arranged at a robot arm for automatical spray application
of paint on an object, about an axis being substantially perpen-
dicular to the longitudinal extension of the arm.

In this connection, the word “robot arm” is given a broad sense
and includes an arm even in the form of a beam or the like of
any type of apparatus for automatical spray application of paint
on an object. The word “paint” is also given a broad sense
herein and comprises all types of paints and colours appropriate
for spray application.

Such a device may be designed for a number of different fields
of use, but for illuminating, but not in any way restricting the in-
vention, the use of such a device for spraying on objects in the
form of vehicle bodies will mainly be discussed from now.

In a device of this type already known used in connection with
automatical spray application of paint to pivot the nozzle when
the same is to spray the curved passage between the roof and
the side of the vehicle a problem appears, which is illustrated in
the appended fig 3, which in a very schematic way shows such a
device already known. In the spray application itself it is desir-
able to have substantially the same distance between the spray
nozzle and the object sprayed all the time, to achieve the best
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possible final result with a uniform paint surface on the vehicle
body. In devices of this type already known a problem arises
during said pivoting, which is illustrated in fig 3. When the noz-
zle 1 is pivoted, which takes place by acting thereupon via lever
components and lever arms 2-4, this takes place in relation to a
carrier 5. This carrier 5 is usually arranged displaceable in re-
lation to a robot arm 6 in the horizontal direction (se X in fig 1
and 2), said robot arm being displaceable in the vertical direc-
tion Z in relation to a frame 7 and in the longitudinal direction Y
In relation to the same frame via appropriate driving members
and guides. When the nozzle 1 is pivoted for spraying a passage
mentioned and the carrier 5 itself is not moved in relation to the
robot arm 6 and this is not moved in relation to the frame 7. the
point 8 of the spray nozzle jet, which has the desired distance to
the object, will then be moved both in X- and Z-direction, which
Is illustrated by its new position 8’ in fig 3. This movement of
said point have to be compensating for so as to achieve a good
result of the spraying, which in apparatuses already known is
tried to obtain by moving the carrier itself, which means in
practice Its main axis 9 in X- and Z-direction by displacing the
carrier along the robot arm 6 and the robot arm 6 along the
frame 7, respectively. However, depending on inertial forces
present, when a reasonable high spraying rate is required it is
nearly Impossible to compensate for this effect in this way.
Thus, it is a risk that the result of the spraying will be deficient
or the spraying of these parts will take to long time.

Another disadvantage with such devices already known con-
cerns that in dimensioning of the spraying cabin it must be taken
into consideration that the demand for these additional move-
ments of the carrier of the spray nozzle in the border of the
spraying cabin, in which said passages being sprayed, because
of the necessity of these compensating movements therein,
which make that the spraying cabin have to be given a propor-
tionately large extension therein.
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SUMMARY OF THE INVENTION

The object of the present invention is to provide a device of the
type referred to in the introduction, which to a large extent
solves the problems mentioned above in such devices already
known.

This object is obtained according to the invention by providing
such a device with an arrangement arranged to make a position
of the spray nozzie in a plane substantially perpendicular to said
axis depending on a pivoting of the nozzle about said axis in
such a way that such pivoting results in a simultaneous transla-
tion movement of the nozzle in this plane while at least partly
compensating a movement of a point of the spray nozzle yet lo-
cated at a determined distance, preferably substantially corre-
sponding to the appropriate distance between the spray nozzie
and the object during the spray application, from the spray noz-
zle in this plane when pivoting the spray nozzle without any
translation movement.

By arranging such an arrangement it is possible to compensate
for the movement of said point, illustrated in fig 3, when pivoting
the spray nozzle, so that at least the distance this point is
moving in said plane, while the carrier is stationary, is less and
therefore it will be possible to completely compensate for this
movement, by decreasing the inertial forces mentioned above
considerably, by an appropriate moving of the robot arm and/or
the carrier along the robot arm. Thus, it will be possible to all
the time achieve a substantially perpendicular angle between
the spray nozzle jet and a surface of an object that recently
have been sprayed and a determined'spraying distance together
with a substantially constant reciprocal velocity between the
nozzle and the object.

According to a preferred embodiment of the invention said ar-
rangement comprises members arranged to guide the spray

TT T TR AR ARt L R AT - A s iy R S TR TR ot et T N e T G M AR SR ST R IR 1 T S e 4 S b et A WG A A 4NN L s



10

15

20

25

30

35

CA 02306730 2000-04-20

WO 99/21660 PCT/IB98/01629

nozzle during pivoting thereof to move along a path extending in
two dimensions in said plane, in which said members preferably
are arranged to guide the pivot axis of the spray nozzle to move
along a circular arc and it is especially advantageous if the
members are arranged to guide the pivot axis of the nozzie to
move along a circular arc having said point as the centre point
of the circle. In the latter case the fact is that full compensating
for a movement, occurring in another case, of said point in said
plane will be effected without any movement of the robot arm
itselt or any carrier along the same. This means that without any
problems, i.e. without any requirements to take into account any
Inertial forces, it is achieved that during such pivoting of the
spray nozzle for spraying the passages mentioned above the
paint jet always may be kept substantially perpendicular to the
surface that is sprayed and with the nozzle at a determined dis-
tance from this surface during a constant reciprocal velocity
between the object, in this case the vehicle body, and the spray
nozzle. This means in turn that the spraying cabin may be made
smaller, since the compensating is done within the device itself
without any requirements for movements of any carrier of the
spray nozzie or any robot arm at opposite ends of the spraying
cabin, so that the spraying cabin may be made more narrow with
a factor twice the movement in the horizontal direction (X-direc-
tion according to above) that should be required in a device ac-
cording to prior art.

According to another preferred embodiment of the invention said
arrangement comprises a set of link arms pivotably arranged
about axes being substantially parallel to said axis and arranged
to connect the spray nozzle with a carrier, and the length of
these link arms and the distance between the pivot axes of the
latter's are so dimensioned that said compensating is achieved.
In this way it is possible, with simple means, to achieve a very
reliable function and a path of movement of the spray nozzie

exactly defined when pivoting thereof in a defined dependence
of the pivot motion.
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According to another preferred embodiment of the invention the
device comprises a first quadrangle formed by four link arms
pivotably connected to each other at their ends about axes be-
ing substantially parallel to said axis, said spray nozzle being
attached to a first of these link arms, it comprises an additional
link arm arranged to connect the quadrangle of link arms with a
carrier and which is pivotably connected to the carrier about an
axis substantially paralle!l to said axes, and said first quadrangle
of link arms being carried in relation to the robot arm by said
additional link arm and carrier and being movable in relation to
the carrier by pivoting the additiona! link arm about the axis
connecting it with the carrier to cause pivoting of the first link
arm with the spray nozzle during translation movement of the
same In said plane. In this way it's possible to realise an ar-
rangement for said dependence by simple means. Thus, by piv-
oting said first additional link arm the spray nozzle is brought to
perform a translation movement in relation to said carrier and by
that in said plane when pivoting the nozzle to compensate for a
movement of said point of the paint jet.

According to another preferred embodiment of the invention,
which constitutes a further development of the embodiment last
mentioned, said additional link arm is a part of a second quad-
rangle of link arms with a second additional link arm arranged
opposite to said additional link arm and pivotably connected with
the carrier about an axis substantially paraliel to said axes, and
a third additional link arm of the second quadrangle is formed by
the carrier and a fourth additional link arm of the second
quadrangle is rigidly connected with a third link arm of the first
quadrangle. In this way the compensating movement of the
spray nozzle may be controlled in an exact way without any risk
that the force of gravity or the inertial forces on the different link
arms will affect the movement path of the nozzle.

M A e A i aCe e et . . . Coee el g I TOT CUPHAAIIE AR Aaed s e MRt s ee s smt s e e e e s ey N "HWN_‘.,.W._.,_”, E I TE T T . e it LRI T PESINE Yo SET PRI PPe Prs I' 3t L5 1S e S Ml a s lep o e .



CA 02306730 2000-04-20

WO 99/21660 | PCT/IB98/01629

According to another preferred embodiment of the invention the
link arms of the quadrangles form substantially a parallelogram,
which makes it possible to achieve complete compensation of
above mentioned kind if so is required in an easy way.

Further advantages of and favourable features of the invention

appear from the following description and the other dependent
claims.

10  BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a de-
scription of preferred embodiments of the invention cited as ex-

amples.
15
In the drawings:
Fig 1 lllustrates in a schematic way a possible application of
a device according the invention in connection with
20 spray painting of a vehicle body in a spraying cabin
from the side,
Fig 2 Is a simplificated view of the plant in fig 1 and illus-
trating this from above,
25
Fig 3 Is a very schematic view illustrating the principle of
function for a device according to prior art,
Fig 4 Is a view corresponding to fig 3 of a device according
30 to a first preferred embodiment of the invention as

viewed in the direction of the pivot axis of the spray

nozzle, a base position being shown by unbroken lines

and dashed lines are used to show two of an infinite

number of positions of the nozzle located on both
35 sides of the base position,
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Fig 5 Is a partly cut view of the device according to fig 4 in a
direction substantially perpendicular to said pivot axis
and as viewed from left in fig 4, and

Fig 6 Is a view corresponding to fig 4 of a device according
to a second preferred embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
OF THE INVENTION

A spraying cabin 10 for spray painting of vehicle bodies 11 is
illustrated in a very schematic way in fig 1, said spray painting
regarding at least roof and the passage between roof and sides
being done via a spray nozzle, not shown in fig 1 and 2, ar-
ranged on a carrier 5, thus making the possibilities to movement
that have been described in the introduction feasible, i.e. in X-,
Z- and Y-direction and also a rotation of the arm 6 about an
horizontal axis extending in the longitudinal direction of the arm.
which is illustrated by the arrows R. The possibility to pivot the
spray nozzle is indicated by A. Through these different possibili-
ties to movements of the spray nozzle arbitrary patterns of
movement may be formed by suitably combining, in which the
following examples may be mentioned: Z-R-X, Z-R-X-A, Z-Y-R-X
and Z-Y-R-X-A.

A device according to the invention, which is directed to the
movement A, is achieved by a so-called spray nozzle tip-
ping/wrist mechanism. It is illustrated in fig 4 how such a move-
ment is achieved in an advantageous way. The device shown
therein according to a first preferred embodiment of the inven-
tion will now be described while simultaneously referring to fig 5.

There is illustrated how the spray nozzle 1 is arranged pivotably
about an axis 12, that forms a corner in a quadrangle formed of
four link arms, which constitutes a parallelogram. This quadran-

gle comprises a first short link arm 13, on which the spray noz-
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zle is attached, a second link arm 14 opposite to the first link
arm, a third link arm 15 and a fourth link arm 16 opposite to the
third link arm.

A first additional link arm 17 is rigidly connected to the second
link arm 14, and this additional link arm is pivotably connected
at its second end with a carrier or carriage 5 about an axis 18
substantially parallel to said axis 12, which carrier may be
moved along the robot arm 6, illustrated in fig 1 and 2, for
movement of the device in X-direction. Thus, said first quadran-
gle of link arms is via the first additional link arm 17 connected
to the carrier 5 and movable in relation to the same through piv-
oting of the link arm 17. A power member 19, indicated in fig 5,
Is designed to turn the axis 18 so as to in that way pivot the link
arm 17 and therethrough the spray nozzie 1.

The device further comprises a second quadrangle, more pre-
cisely a parallelogram, of link arms, in which the first additional
link arm 17 is a part of, and this further shows a second addi-
tional link arm 20 arranged opposite thereto, which is pivotably
connected with the carrier 5 about an axis substantially parallel
to the axis 12, a third additional link arm formed by the carrier 5
and a fourth additional link arm 21, which is rigidly connected
with the third link arm 15 of the first parallielogram of link arms.

The arrangement of the link arm 20 in parallel with the link arm
17 will ensure that the third link arm 15 of the first parallelogram
always is in a vertical position.

Preferably, the distance between the pivot axis of the first addi-
tional link arm 18 at the carrier and the pivot axis 22 thereof at
the third link arm of the first quadrangle is substantially equal to
the distance between the pivot axis 12 of the nozzle and said
point 8, at which point it is desired to have the centre point of
the paint jet 23 of the nozzle at an optimal spray distance be-
tween the nozzle and the object during painting. If this is the
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case and said both quadrangles form exact parallelograms, piv-
oting of the spray nozzle 1 by turning the axis 18 and therefore
pivoting of the first additional link arm 17 the pivot axis 12 of the
spray nozzle 1 will move along a circle arc of a circle having
said point 8 as the centre point of the circle, so that this point is
stationary. This means that no compensating movement is re-
quired, either in Z- or X-direction when spraying the vehicle roof
in the passage between roof and side. Thus, the width of the
spraying cabin itself may be decreased with two times the
movement in X-direction otherwise required. The radius of the
circle in occurring cases of vehicle painting may typically be
about 300 mm.

A device according to another preferred embodiment of the in-
vention Is very schematically illustrated in fig 6 and is intended
to work according to the same principle that the device shown in
fig 4, and of which it is intended that a spray nozzle is arranged
on an arm 24, that is movable in a corresponding circle arc path
when pivoting a second arm 26 pivotably connected with a car-
rier in a pivot centre 25. There is a link arm 27 arranged be-
tween the both arms 24 and 26 to transmit the pivot movement
of the arm 26 to a pivot movement of the nozzle arranged on 3
plate 28 indicated, while a link arm 29 is arranged, upon pivot-
ing the second arm 26, to bring the pivot axis of the nozzle ar-
ranged on the first arm 24 to move according to a path of a cir-
cle arc to keep a desired centre point of the paint jet in substan-
tially the same position during pivoting of the spray nozzle.

It Is then possible to dimension the different arms of the em-
bodiment according to fig 6 so that complete or partly compen-
sating according to above is achieved.

The same is also true for the embodiment according to fig 4,
wherein it is in principle possible to not make the distances be-
tween the two pivot centres 18 and 22 and the pivot centre 12
and said point 8 equal in size or not make any or both said

Tt =it <R B eI Ty e """"'"‘“““M“'WW"'““' 8®  ess, s e L T L TR TY p— u-mwmm.‘m,._ - aamerrean e e . . v m ee. aaap ..‘mwdu"m‘“umwﬂ S Pvan e rmes e .. ‘-
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10

quadrangles so that these form completed parallelograms, and
achieve a partial compensating of the movement of said point
otherwise occurring when pivoting the spray nozzle. Such a par-
tial compensating may perhaps, in some cases, be desired or in
any case for different reasons one may be forced to accept this
and complete compensating is still achieved by combining this
partial compensating with a movement of the carrier of the de-

vice in X- and/or Z-direction.

The invention is of course not in any way restricted to the pre-
ferred embodiments described above, but many possibilities to
modifications thereof will be apparent for a man skilled in the
art, without departing from the basic idea of the invention as de-

fined in the claims.
For example the nozzle could be arranged pivotably in relation

to a robot arm arranged in another way than in the figures, and
the field of use could be another than what is described above.
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11

Claims

1. A device for pivoting a spray nozzle (1) arranged at a robot

arm (6) for automatical spray application of paint on an ob-
ject, about an axis (12) being substantially perpendicular to
the longitudinal extension of the arm, characterized in that
the device comprises an arrangement arranged to make a
position of the spray nozzle in a plane substantially perpen-
dicular to said axis depending on a pivoting of the nozzle
about said axis (12) in such a way that such pivoting results
In a simultaneous translation movement of the nozzle in this
plane while at least partly compensating a movement of a
point (8) of the spray nozzle jet located at a determined dis-
tance, preferably substantially corresponding to the appro-
priate distance between the spray nozzle and the object dur-
ing the spray application, from the spray nozzle in this plane
when pivoting the spray nozzle without any translation
movement.

. A device according to claim 1, characterized in that said ar-

rangement comprises members (13-22, 24-29) arranged to
guide the spray nozzle during pivoting thereof to move along
a path extending in two dimensions in said plane.

. A device according to claim 2, characterized in that said

members are arranged to guide the pivot axis (12) of the
spray nozzle to move along a circular arc.

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

bers are arranged to guide the pivot axis (12) of the nozzle to
move along a circular arc having said point (8) as the centre
point of the circle.

5. A device according to any of claims 1-4, characterized in that

sald arrangement comprises a set of link arms pivotably ar-
ranged about axes being substantially parallel to said axis
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12

and arranged to connect the spray nozzle with a carrier, and
that the length of these link arms and the distance between
the pivot axes of the latter’'s are so dimensioned that said
compensating is achieved. |

. A device according to claim 5, characterized in that said di-

mensioning is such that complete compensating is achieved,
so that said point (8) remains stationary when the spray noz-
zle (1) is pivoted about said axis (12).

. A device according to any of claims 1-6, characterized in that

it comprises a first quadrangle formed by four link arms (13-
16) pivotably connected to each other at their ends about
axes being substantially parallel to said axis (12), that the
spray nozzle is attached to a first (13) of these link arms, that
it comprises an additional link arm (17) arranged to connect
the quadrangle of link arms with a carrier (5) and which is
pivotably connected to the carrier about an axis substantially
parallel to said axes, and that said first quadrangle of link
arms Is carried in relation to the robot arm by said additional
link arm and carrier and is movable in relation to the carrier
by pivoting the additional link arm about the axis connecting it
with the carrier to cause pivoting of the first link arm (13) with
the spray nozzle (1) during translation movement of the same
in said plane.

. A device according to claim 7, characterized in that said addi-

tional link arm (17) is through one end rigidly connected to a
link arm (14) of said first quadrangle of link arms.

. A device according to claim 8, characterized in that the addi-

tional link arm (17) is rigidly connected to a second link arm
(14) of said quadrangle, said second link arm being opposite
to the first link arm.
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10.A device according to any of claims 7-9, characterized in that

said additional link arm (17) is a part of a second quadrangle
of link arms with a second additional link arm (20) arranged
opposite to said additional link arm and pivotably connected
with the carrier about an axis substantially paraliel to said
axes, and that a third additional link arm of the second guad-
rangle is formed by the carrier (5) and a fourth additional link
arm (21) of the second quadrangle is rigidly connected with a
third link arm (15) of the first quadrangle.

11.A device according to any of claims 7-10, characterized in
that the link arms of the first quadrangle form substantially a

parallelogram.

12.A device according to claim 10, characterized in that the link
arms of the second quadrangle form substantially a parallelo-

gram.

13.A device according to any of claims 7-12, characterized in
that the distance between the pivot axis (18) of the first addi-
tional link arm (17) at the carrier and the pivot axis (22)
thereof at a link arm of the first quadrangle, is substantially
equal to the distance between the pivot axis (12) of the noz-
zle and said point (8).

14.A device according to claim 13, characterized in that the
pivot axis (12) of the nozzle is arranged at a corner of said
first quadrangle, and that the first additional link arm (17) is
pivotably connected with a third link arm (15) of the first
quadrangle, which connects the second link arm (14) and the
first link arm (13) at the pivot axis of the spray nozzle.

15.A device according to any of claims 1-14, characterized in
that it comprises a link arm (17), pivotably connected with a

carrier (5) about an axis substantially paraliel to said pivot
axis (12) of the nozzie (1) and arranged to cause pivoting of

Tt =M A PR AR b SR R s P T D sa D AN P L U e ol TR0 ACA TR 3 IGRAEER N CMAR R A A ¢ s r s CL = e . en we e eyl g -"'waww%m..w,“mw- B PP TR Nmm,.m‘mm,‘.;m B B I TR I - I Y T FPRPVIRE 10 P RPN L T Cr W PR LR SIPTRE Py g ey LI DI i DU e I LI T
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the spray nozzle about the pivot axis thereof during pivoting
of this link arm about the axis (18) thereof at the carrier, and
that the device comprises a power member (19) arranged to
pivot said link arm about the pivot axis at the carrier for piv-
oting the spray nozzle about the pivoting axis thereof.

16.A device according to any of claims 1-15, characterized in
that it is designed to be arranged at a robot arm of a mecha-
nism for painting vehicle roofs from above by a spray nozzle
moving to and fro. '
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