1 H G+ SPEED A PARALLEL ROBOT W TH FOUR DEGREES OF FREEDOM OBJECT OF THE

| NVENTI ON 5 The robot of the invention has the object of noving a platform
carrying the corresponding tool, with four degrees of freedom (three

transl ations and one rotation about the vertical axis), with very high
accel erations and speeds in any direction., 10 Anot her object of the
invention is that the actuators of the robot are arranged symetrically,
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BACKGROUND OF THE FRWAERRECH = St 1= P =Pt a fixed
support or base plate on mhlch there aFREexxmmbled actuators mhlch t hr ough
articulated arms or kinematic chains, are linked to a nobile platforntmhich
the corresponding 20 tool is anchored to. A robot of this type with three
degrees of fredBIECT QESKHEBNVENTION exanple in US patent 4, 976, 582,

wher eag patent EP 1 084 802 describes a parallel robot with four degrees of
freedom (three translations and one rotation). 25 Parallel robots with four
degrees of freedom dhe fPbOY okfie iB¥entierchas the pbject Phowing » efatfasanearying

paral el T oboL S o e G L e e e ey

gl mplicity, pr ione r&tﬁt?%g@%ﬁwe a%ﬁg With ¥efy '6‘9 @%!%EHO%?%@P@@%4
802 is a paral I.@bnym@btmm whi ch 30 al | the | i nkages of the nobile platform
hi gh Peeds and acelnaagh ORct ohas maRIPTdS bR BesarBatois: et obol ALF na-
oper at ed by rreemsartgledfs;amnmetrtaadiy,oafﬁordmg Itcd)rnagencbms<pelrfatmamree ahd thirgh rigiditgls
and with a Spe%ftﬁieﬂﬁr‘ee\%ﬁédﬁ%lhﬁheth base plate, and at their other end

to the kinematic 35 kinematic chains are linked to the
mobi | e pl at f or m car rijiisEphaids espgcialnadicatethfairipick&lacs taskei ng made up of
two parts or bars which are |inked at their

15 BACKGROUND OF THE INVENTION

Parallel robots are generally made up of a fixed support or base plate
on which there are assembled actuators which, through articulated arms or
kinematic chains, are linked to a mobile platform which the corresponding

20 tool is anchored to.

A robot of this type with three degrees of freedom is described, for
example in US patent 4,976,582, whereas patent EP 1 084 802 describes a
parallel robot with four degrees of freedom (three translations and one
rotation).

25 Parallel robots with four degrees of freedom are very appropriate for
carrying out part handling tasks, packaging and assembly, and they have
advantages over more complex parallei robots, for example with 6 degrees
of freedom, in reference to simplicity, price and movement speed.

The object of European patent 1 084 802 is a parallel robot in which

30 all the linkages of the mobile platform are articulation-type linkages, this
being a favorable factor for reaching high speeds and accelerations. This
robot comprises four kinematic chains operated by means of four actuators
which are fixed at one of their ends and with a specific orientation to the
base plate, and at their other end to the kinematic chain. In turn, the

35 kinematic chains are linked to the mobile platform carrying the tool, the



ends to the four kinematic chains and a third bar which is assenbl ed

between the first two, through two articulated |inkages, this bar being the
one carrying the tool. 5 The nobile platformallows a rotation of 45 which
can be anplified by neans of using gear rings. The specific design of the
nobile platformand the use of articulated,|inkages | eads to obtaining an
isostatic configuration and forces a non- ﬁ%nngenous arrangenent of the
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The configuration described in this article seeks to compensate the
main limitation of patent EP 1 084 802, i.e. the non-homogenous

20 performance and low rigidity that the configuration has in the entire working
volume.

This new configuration is essentially based on a new mobile platform
design, which must solve the aforementioned problems, replacing articulated
linkages with prismatic joints and the gear rings with pinions-rack. These

25 changes imply, firstly, a considerable reduction of the risk of collision
between the different parts of the mobile platform.

Specifically, the mobile platform is formed by three parts, two side
parts and a central part, the side parts being linked at their ends to the four
kinematic chains through ball joints, as in patent EP 1 084 802, whereas the

30 central part is linked to the side parts by means of a prismatic joint. The four
kinematic chains are in turn fixed to the fixed platform through the four
corresponding actuators.

In this configuration, as in European patent 1 084 802, the rotational
motors can be replaced with linear motors and the articulated linkages with

35 universal joints. In the specific case of the new configuration described in the



mentioned article, four linear notors arranged in the sane plane and aligned
in the sanme direction are used. Another configuration is described in the
following article: "A High- Speed Parallel Robot for Scara Mdtions"
Proceeding of the 2004 IEEE 5 International Conference on Robotics &

Aut onoti on, New Ol eans, LA, USA, April 26-May 1, 2004. This robot is
formed by four kinematic chains, linked to*the nobile platform operated by
four rotational actuators, linked to the fixed base. The main differences
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planar parallelogragiaving pogpdeR o' 1kt $RECB P Aiche® dBL&ibel is the
limitation to reach high accelerations and speeds, the main requirement for
pick & place applications. This limitation is due to the use of prismatic guides

20 and more specifically to the recirculation of the balls of the rolling guides.

DESCRIPTION OF THE INVENTION

The robot object of the invention has the advantages of the mentioned
robots with four degrees of freedom, eliminating their drawbacks.

25 Specifically, the main advantages of the robot of the invention are high
rigidity, high precision, homogenous performance in the entire working
volume, good dynamic performance and very high speeds and accelerations
in any direction.

These properties are achieved as a result of the symmetrical

30 arrangement of its actuators, of the use of articulated linkages in the mobile
platform and a new mobile platform design.

Specifically, the mobile platform of the robot of the invention is made
up of four parts linked together by means of revolving joints, at least two of
the parts being parallel to each other, forming an articulated mobile platform

35 called a planar parallelogram having one degree of freedom in said plane.



The working tool is integral with any of the four parts making up the
nobil e platform The kinematic chains are forned by a spatial parall el ogram
made up of four bars, parallel in pairs, |inked by nmeans of ball joints. 5
These kinematic chains are |inked at one of their ends to one of the
articulated |inkages of the nobile platforqpand at their other end, through
a rotational or translational joint, to respective actuators assenbled in
the base plate |ocated in the upper part of the robot, with the
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degrees of freedom, three translations and one rotation in relation to the
vertical axis.

The degree of freedom associated to the planar parallelogram is one

rotation in relation to the vertical axis affording the working tool one rotation
20 between -45° and +45°.

An additional mechanical mechanism by means of belt, pulleys or
gears can be included to increase the rotation range of the working tool. In
this case, the working tool will be integral with any of the additional
mechanical parts needed.

25
DESCRIPTION OF THE DRAWINGS

To complement the description being given and for the purpose of
aiding to better understand the features of the invention, a set of drawings is

30 attached as an integral part of said description which shows the following
with and illustrative and non-limiting character:

Figure 1 shows a perspective view of the robot object of the invention.

35 Figure 2 shows a plan view of a detail of the mobile platform and of its



Figure 4 shows a plan view of the nobile platformand of a preferred

enbodi nent in terns of positioning of the actuators. 5 Figure 5 shows a
perspective view of the nmobile platform including an anplification
mechani sm made up of two pulleys and a belt. Figure 6 shows a perspective
view of the nobile platform i ncluding thq%anplification mechani sm made up
of a notched section and a gear wheel. igure 7 shows a perspective view
of the nobile platform including an internediate nenber and an

anplification neghani de .of w0 | 1 and a belt. Figure 8 shows a
per spective vi g‘ﬁﬁ%eﬁ ehﬁgﬂ??@ ?QP?&S‘FrﬂfR'iL‘]%ﬁ’e‘@i ng an internedi ate nenber
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an alternative'e ment our linear notors arranged in the sanme plane
and aligned in the féﬁ#!ecﬂ paews @rpelprectiveiewns tm)mqtélemlatf@mnmew}imgsamade
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two intermediate members and an amplification mechanism made up of a
gearbox.

20 PREFERRED EMBODIMENT OF THE INVENTION
The robot object of the inventiocn, as can be observed in Figure 1,
comprises four kinematic chains (1), linked at one of their ends by means of
rotational joints (2), to actuators fixed to the base plate (3), and at their other
end to a mobile platform (4) which the working tool (5) is assembled on.
25 Each of the kinematic chains is made up of four bars (6), (6'), (7), (7'),
parallel in pairs, and linked together by means of ball joints (8). In an
alternative embodiment, the kinematic chains are formed by means of a
single bar with two cardan or universal joints at their ends.
Each of the four actuators is made up of a fixing support (9) for fixing it
30 to the base plate (3), a rotational motor (10) linked to the support (9), and an
arm integral with the shaft of the motor causing the rotation of the rotational
joint (2). In an alternative embodiment, four linear motors arranged in the
same plane and aligned in the same direction are used.
The mobile platform (4) is made up of four members (11), (11°), (12),
35 (12'), linked together by means of revolving joints (13), at least two of the



nobil e platformand, nore specially, one rotation in relation to an axis
perpendi cul ar to the plane of the nentioned nobile platform (4). This
rotation 5 affords the working tool one rotation between -45 and +45, which
can increase by neans of additional anplification mechanisnms, which will be
descri bed below. The tool (5) is integral wth any of the nenbers (11),
(11'), (12), (12'). In an enbodinent shown in the attached figures, two of
the nmenbers 10 (11) and (11') are fornmed by arns having at their ends
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plate (3), which allows obtaining high rigidity, high positioning precision and
homogenous performance in the entire working volume.

20 The best arrangement of the actuators, and therefore of the bars (7’)
of the kinematic chains and of the extensions (14) of the mobile platform (4),
are 45°, 135°, 225° and 315°, as can be observed in Figure 4, although there
are infinite possibilities for the arrangement of the actuators.

The mobile platform can incarporate an amplification mechanism for

25 the rotation of the tool to increase its range of rotation. The assembly of
these mechanisms in the mobile platform many times requires additional
parts.

Different embodiments of the rotation amplification mechanisms are
described below as they are shown in Figures 5 to 9.

30 In a first embodiment shown in Figure 5, the mobile platform (4) is
made up of four members (11), (11"), (12), (12’), linked by means of
revolving joints (13). At least two of the four members are parallel to each
other. The amplification mechanism is made up of two pulleys (15), one
assembled on the member (11°), and the other one (16) assembled on the



In a second enbodi mrent shown in Figure 6, the nmenber (11) has a gear ring
section (18) and the nenber (11') has a gear wheel (19) neshing 5 with the
gear ring sector (18). In this case, the working tool (5) is linked to the
gear ring and al so has four degrees of freedom Figures 7 and 8 show
alternative enbodiments in which the nobilg platform (4) incorporates an
addi tional nenber or arm (20). In an enbodi nent according to Figure 7, the
nobile platform(4) is 10 formed by five nenbers (11), (11'), (12), (12")
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members (11), (11’) and the other one on the addltuonal member (20), and

the corresponding belt (23). The working tool (5) is assembled on the pulley
(22).

20 In Figure 8, the mobile platform (4) is made up of the same five
members (11), (11", (12), (12’) and (20) of the embodiment shown in Figure
7, the amplification of the rotation of the working member being obtained by
means of a gear ring sector (24) provided in one of the members (11), (11°)
and a gear wheel (25) assembled in the additional member (20), the working

25 tool (5) being assembled in the gear ring (25).

In Figure 9, the mobile platform (4) is formed by six parts (11), (11’),

(12), (12’), (20) and (26) linked together by means of revolving joints. The
mobile platform (4) is made up of the same members as those shown in
Figures (7) and (8) but comprises a sixth member (26) which is placed

30 parallel to the pair of members (11), (11’), such that the six parts are parallel
in threes. The two additional members (20) and (26) are linked at a middle
point in which the working tool (5) is placed. The rotation amplification is
obtained using a gearbox (28) and placing it in the intersection of the two
additional parts (20) and (26).
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1.- A high-speed parallel robot with four degrees of freedom conprising
four kinematic chains (1) linked at one of their ends to a nobile 5
platform (4) carrying the tool (5) and at their other end, through a
rotational joint (2), to an actuator integral with a base plate (3),
characterized in that the nobile platformg(4) is nmade up of four nenbers
(11), (11'), (12), (12'), linked together by neans of articul ated |inkages
(13). 2.- A high-speed parallel robot with four degrees of freedom according
10 to claim 1, characterized in that theyr rs (11), (11'), (12), (12")
are linked together at their ends, at | wo of the nmenbers being
parallel to each other, formng an articulated nobile platformw th one
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to claim 1, characterized in that the actuators, which include rotational

motors, are positioned in the base plate (3) in any direction.

20 5.- A high-speed parallel robot with four degrees of freedom according
to claim 4, characterized in that the actuators are positioned in the base plate
(3) symmetrically.

6.- A high-speed parallel robot with four degrees of freedom according
to claim 5, characterized in that the actuators are positioned in the base plate

25 (3) at 45°, 135°, 225° and 315°.

7- A high-speed parallel robot with four degrees of freedom according
to claim 1, characterized in that the actuators include linear motors arranged
in the same plane and aligned in the same direction.

8.- A high-speed parallel robot with four degrees of freedom according

30 to claim 1, characterized in that each of the kinematic chains (1) are made
up of four bars (6), (6'), (7), (7’), parallel in pairs, which are linked together by
means of ball joints, being linked to the mobile platform (4) and to the
actuators (2), such that the linking bar (7’) to the mobile platform (4) has the
same orientation as the corresponding actuator.

35 9.- A high-speed parallel robot with four degrees of freedom according



to claim1, characterized in that scne or all of its kinematic chains (1)
are forned by neans of a single bar with two cardan or universal joints at
its ends, being linked to the nobile platform (4) and to the actuators (2).
10.- A high-speed parallel robot with four degrees of freedom 5 according
to claim1, characterized in that the nobilge platform (4) incorporates an
anplification nechanismfor the rotation of the working tool (5). 11.- A

hi gh-speed parallel robot wth four degrees of freedom according to claim
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claim 13, char anothelrmé mfrthehaemblem ofatheemsbﬂe)ptatfmgnm Iaedra)belt ¢17)pérmﬁgndn (4)
Sssendl o par aPpLyeqth bbth, Bt (83 (16F s EITRS ) 5 TBRE mpeaistin ey
mobi | e pl at f or shafi@f the pulleyedB)o t he ot her tvvo members (11,11') inits
centrgb part. 15 -44_ h'Agfhlglﬁ’% @eBaE@HII’é\ 0Bt w HhthJrO'&'é?F’é‘éH &S flekbdbredom

according to claim 14, ch { rize hat |t |ncorpora

anplification apeRiNg ivrlin 1heChasasierizad dn thafet hgormPrticatian mefbanlsm is

made up of notched section (18) provided in one of the members of the

mobile platform (4), a gear wheel (19) provided in another one of the

members of the mobile platform, the working tool (5) being linked to the gear
20 wheel (19).

13.- A high-speed parallel robot with four degrees of freedom
according to claim 1, characterized in that the mobile platform additionally
comprises an intermediate member (20) arranged between two of the
members of the mobile platform (4), by means of articulated linkages, the

25 working tool (5) being assembled on the intermediate member (20).

14.- A high-speed parallel robot with four degrees of freedom
according to claim 13, characterized in that the members forming the mobile
platform (4) are arranged parallel in pairs and the intermediate member (20)
is assembled parallel to one of the pairs of arms (12,12') making up the

30 mobile platform and is linked to the other two members (11,11’) in its central
part.

15.- A high-speed parallel robot with four degrees of freedom
according to claim 14, characterized in that it incorporates an amplification
mechanism for the rotation of the working tool.



16.- A high-speed parallel robot with four degrees of freedom according to
claim15, characterized in that the anplification nechanismis nade up of
two pulleys (21) (22), one of them (21) assenbled on one of the four
menbers of the nobile platform (4) and the other one (22) linked to the 5

i nternmedi ate nenber (20), and a belt (23) 40ranged between both pull eys
(21) (22), the working tool (5) being assenbled on the shaft of the pulley
(22). 17.- A high-speed parallel robot with four degrees of freedom
accorgi ng tof cl ai m 18,- ohahightspeede paralle] hedbdt havitampbif ideafrees of Fhsstiosm i s
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19.- A high-speed parallel rohot with four degrees of freedom
according to claim 18, characterized in that the members forming the mobile
platform (4) are arranged parallel in threes, with one of the intermediate

20 members (20) assembled parallel to one of the pairs of arms (12,12’) forming
the mobile platform (4) and linked to the other two members (11,11’) in its
central part, whereas the second intermediate member (26) is assembled
parallel to the second pair of arms (11,11’) of the mobile platform (4) and
linked to the other two members (12,12’) at its central part, the two

25 intermediate members (20) and (26) being linked together at a point (27)
where the working tool (5) is placed.

20.- A high-speed parallel robot with four degrees of freedom
according to claim 19, characterized in that the mobile platform includes an
amplification member for the rotation of the tool.

30 21.- A high-speed parallel robot with four degrees of freedom
according to claim 20, characterized in that the amplification member
comprises a gearbox (28), assembled in the linking point (27) of the
intermediate members (20) and (26].





