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Description

The present invention relates to a workpiece
manipulating and processing system as indicated in the
preamble of claim 1.

When handling and manipulating workpieces
robots are increasingly used in automated processing
lines. One in the field of increasing use of robots is the
handling of molded products, for example, made by
injection molding of synthetic resin or aluminum or other
metals. Thus, it is necessary to remove the runner and
gate areas from the molded product after same has
been ejected from the mold. Usually, to remove the run-
ner the product removed from the mold cavity was
struck with a hammer manually and the shocks from the
blows to the gate zone where the runner is attached to
the final product would cause it to break so that the run-
ner could be removed.

In order to meet the increasing demand for auto-
mated production it has be deliberated to perform the
afore-indicated removal of the runner from a molded
product by machine rather than manually. In conjunction
herewith the use of a robot and of a robot arm to hold
either the product part or the runner part of the molded
product in the condition as it is removed from the mold
cavity and hammering the molding to remove the runner
was considered. However, as the shocks from the ham-
mering in such an arrangement would be transfered to
the robot arm and put an unnecessary vibrating load
thereupon. Moreover, the shock effect absorbing capac-
ities of the arm would cause the removal procedure to
take longer than desired.

Using a shock absorbing material between the
product to be subject to shocks for removing a part of it,
such as a runner, and the arm could be deliberated, but
this would cause shaking betweeen the product and the
arm and would affect the accuracy of positioning the
workpiece (molded product to be further processed) to
its proper position.

Moreover, in view of using an automated vibrator
device having the hammer means for removing the run-
ner it might be possible to use a vibrator device driven
by a pneumatic cylinder, so that air pressure is used to
make the hammer means collide with the molded article
in order to remove the runner, directing the hammer
means to the spot where the runner connects to the
molded product. In such a device the hammer would be
positioned at the end of a piston rod, the associated pis-
ton being moved longitudinally by means of pressurized
air alternately introduced in front and behind the piston,
triggering a reciprocating movement of same so that the
hammer means strikes the molded product repeatedly.
In such cases a valve structure is employed to switch
over the supply of pressurised air from the region in
front of the piston to the region behind the piston and
vice-versa, in order to trigger the reciprocating move-
ment. Problems with such devices are encountered in
that there was no way to determine the position of the
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hammer means when the pressurized air valves shut
off. In other words, there is a possibility that the piston is
stopped in an intermediate position between its fully
advanced and fully retracted position, introducing that
the switching control valve is likely to remain in the neu-
tral position with the negative effect that the resumption
of pressurised air supply will not cause the vibrator
device to restart operating immediately again.

While it could be deliberated to by-pass this draw-
back by establishing a separate pneumatic cylinder to
feed air, for example, to the hammer side of the piston
so that upon stopping the operation of the hammer
means said separate cylinder could be used to provide
the pressure to bring the hammer means into its fully
retracted or advanced position for restarting operation,
this would require an additional structure and would
deteriorate the most efficient operation of the robot,
aside from the additional costs involved.

Accordingly, it is an objective of the present inven-
tion to provide a workpiece manipulating and process-
ing system as indicated above, which allows using a
robot having a manipulating arm for supporting a work-
piece which undergoes shocks or vibrations from
processing such as hammering, or which, the other way
around may support the tool which performs such
shocks' or vibrations' triggering motions wherein the
manipulating arm is protected from the transmission of
shocks or vibrations to it during the processing of a
workpiece, while, on the other hand, assuring precise
positioning of a workpiece or a tool through said manip-
ulating arm during the phase of positioning the work-
piece or the tool.

Moreover, an advantageous development of such a
workpiece manipulating and processing system as
desired comprising a vibrator device should allow a
reciprocable moving member of said vibrator device to
be put in a predetermined rest position when the vibra-
tor device is de-energised in order to assure immediate
restarting of the vibrator device after newly energising
same.

In order to perform the above identified objective
the present invention improves a workpiece manipulat-
ing and processing system as indicated above, in that a
shock absorbing means is disposed between the grip-
ping suport means and the manipulating arm at least
during a period of workpiece processing to prevent
shock or vibrations from being transmitted from the grip-
ping support means to the manipulating arm of the
robot during a workpiece processing operation of the
tool.

In this way the transmission of shocks or vibrations
during the processing of the workpiece to the manipu-
lating arm could be sufficiently suppressed, while the
positioning accuracy during the positioning of the
manipulating arm is maintained rendering the shock
absorbing means to be effective essentially only during
a workpiece position period, while establishing direct
attachment between the gripping support means and
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the manipulating arm during a manipulating arm posi-
tioning phase of the robot.

According to a preferred embodiment of the present
workpiece manipulating and processing system, said
shock absorbing means is adapted to form part of a fas-
tening means affixing the gripping support means to the
manipulating arm of the robot.

According to yet another preferred embodiment of
the present invention, said shock absorbing means is
disposed in parallel to a workpiece positioning means
also provided within the frame work of the fastening
means, said workpiece positioning means rigidely con-
nect the gripping support means directly to the manipu-
lating arm of the robot.

According to a further preferred design of the robot
the manipultaing arm same comprises an arm tip at the
projecting end of the manipulating arm, which is remov-
ably attached to the manipulating arm at right angles,
said arm tip being adapted to rotably support a slide
supporting table which is rotable, preferrably by one
turn, about the centre axis of the arm tip and which sup-
ports a sliding table along that surface which faces away
from the arm tip, said sliding table being movable radi-
ally with respect to the centre axis of the arm tip.

It is preferred that the sliding table supports a box-
shaped bracket via projecting support arm, with a bot-
tom plate of said box-shaped bracket extending sub-
stantially either in parallel or perpendicularly to the
centre axis of the arm tip.

Moreover, it is preferred that the workpiece posi-
tioning means which forms part of the fastening means,
comprises a support plate which is disposed within said
box-shaped bracket and which is connected to the bot-
tom plate thereof through said shock absorbing means.

In order to provide a space saving shock absorbing
arrangement having the capability to absorbe shocks
and vibrations coming from different directions, said
shock absorbing means comprises a plurality of parallel
shock absorbing members made of rubber, preferrably
a plurality of columnar rubber cylinders, the axes of
which substantially extends either perpendicularly or in
parallel to the centre axis depending on the position of
the bottom plate of the box-shaped bracket.

Preferrably said workpiece positioning means pro-
vided in parallel to the shock absorbing means and rig-
idely connecting the support plate to the box-shaped
bracket comprises a plurality of holding working cylin-
ders attached to the side plates of the box-shaped
brackets, said working cylinders comprise piston rods
which are reciprocable between an advanced engaging
position under workpiece positioning conditions, engag-
ing holes provided in the support plate, and a retracted
position under workpiece processing conditions in
which the piston rods remain in a non-engaged rest
position.

Moreover, according to yet another preferred
embodiment of the present invention the support plates
supports a work chuck comprising jaws which are oper-
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ated via a toggle mechanism to be oppositely movable
relative to each other to clamp a clamping area of the
workpiece, preferrably the runner of a molded product,
said jaws being provided with at least one pair of oppo-
sitely disposed outer chuck teeth adapted to clamp the
clamping area of the workpiece.

According to yet another preferred embodiment of
the present invention the arm tip of the manipulating
arm may comprise a rotatably supported sliding table
which, in turn, supports a supporting table which is dis-
posed substantially in parallel to the centre axis of the
arm tip, said supporting table being provided with hold-
ing working cylinders, the piston rods thereof are mova-
ble between first and second position while the working
cylinders are movable when said piston rods assume
their first or second positions, said working cylinders
being provided with axially protruding cylindrical projec-
tions which are slideably received in slide holes of the
supporting table, said projections being engagable with
engagement holes of a mounting bracket of the gripping
support means, while the shock absorbing means are
disposed in parallel to the slideable projections between
the supporting table and the mounting bracket.

According to yet another preferred embodiment of
the present invention in terms of the vibrator device nor-
mally supporting a hammering means for processing
the workpiece, but also conceivable to support the
workpiece, a vibrator is provided supported by a sup-
port pillar rising from the top of a stand.

Preferrably, said vibrator, which can also be used
independently of the robot having a manipulating arm
as described above, comprises a working cylinder unit
and a vibrating piston rod supported on a piston sliding
inside said cylinder unit, the protruding tip portion of
said piston rod supporting a hammer unit having a
tapered tip portion.

Preferrably, said cylinder unit comprises a pneu-
matic cylinder connected to a pressurised air supply via
an automatic switching device disposed at the rear of
the cylinder unit.

Preferrably, either an air volume in front or behind
the piston is vented to atmosphere when the vibrator
device ceases operation dispersing the piston either in
its most advanced or most retracted rest position.

According to yet another preferred embodiment of
the present invention there is an air passages-defining
block provided and disposed between the automatic
switching device and the rear end of the cylinder unit
closing off the pneumatic cylinder.

In order to provide appropriate controlling of the
vibrator device the cylinder unit comprises both piston-
advancing air holes provided in the wall of the cylinder
unit, said piston-advancing air holes extending from a
rear end surface of the cylinder unit axially and opening
on the inner surface of the pneumatic cylinder in proxim-
ity of a rearward end portion of same, and the cylinder
unit comprises piston-retracting air holes provided in the
wall of the cylinder unit as well and extending from the
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rear end surface of the cylinder unit axially to open on
the inner surface of the pneumatic cylinder in proximity
to a forward end portion of the pneumatic cylinder.

According to yet another preferred design of the
vibrator device of the workpiece manipulating and
processing system according to the present invention,
there are exhaust holes which extend in the axial direc-
tion of the pneumatic cylinder, said exhaust holes open
at axially spaced distant spots on the inner surface of
the pneumatic cylinder and allow air to escape.

Moreover, preferrably there is a release valve pro-
vided as a control valve venting either the piston-
advancing air holes or the air exhaust holes to atmos-
phere, said piston advancing air holes remain closed
when the vibrator device is operating and are opened to
atmosphere when the vibrator device is switched off. In
greater detail, preferrably said release valve is a three-
way valve connected to both either the piston advancing
air holes and the piston retracting air holes of the cylin-
der unit on the one hand and is connected to the
exhaust air holes of the other hand, so that during
vibrating operation of the vibrator device the piston
advancing and retracting air holes remain closed while
the exhaust air holes are opened to atmosphere while
during a non operating condition of the vibrator device
the piston advancing and retracting air holes are
opened to atmosphere while the exhaust air holes are
closed.

Thus, the present invention generally provides a
robot having a manipulating robot arm which supports a
support means for holding and disengaging either the
runner or the product part of a molded product that has
been ejected from a mold cavity and a means for attach-
ing and disengaging (in terms of the transmission of
shocks or vibrations) by shock absorbing members this
support means to and from said manipulating robot
arm, wherein means are provided for removably affixing
the above mentioned support means to the manipulat-
ing arm of the robot, and a hammering means is pro-
vided for striking the above mentioned product zone or
runner zone. Thus, when the runner zone is to be sepa-
rated from the molded product first either the product or
the runner is held by the gripping support means and
then it is struck by the hammering means. In this way
the runner can be removed from the product. As, at
least under certain operating conditions, the gripping
support means is attached to the manipulating arm of
the robot by shock absorbing members and this affixing
means allows the attachment between the gripping sup-
port means and the manipulating arm to be disengaged
under other operating conditions vibrations produced by
the hammer striking on the product or the runner are
prevented from being transmitted to the manipulating
arm.

As a result, even when striking the runner zone to
remove it, the arrangement prevents an undue load
from being put on the manipulating robot arm and the
load is concentrated on the connection between the
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product and the runner whereby speedy removal of the
runner is enhanced.

On the other hand, when the manipulating robot
arm is positioning the workpiece such as the molded
product ejected from the mold cavity and is transporting
same, the affixing means rigidely and solidely affixes
the gripping support means to the manipulating arm, so
that the movement of the workpiece precisely follows
the movement of the manipulating arm so that it can be
accurately transported and positioned in the proper
position.

Moreover, it is possible to reliably set the hammer-
ing means in a most advanced or most retracted posi-
tion so that restarting of the hammering means after de-
energising same does not incur an difficulties.

Further preferred embodiments of the present
invention are laid down in the other subclaims.

In the following the present invention is explained in
greater detail by means of several embodiments thereof
in conjunction with the accompanying drawings,
wherein:

Figure 1 is a schematic overall side view of a first
embodiment of the workpiece manipulating and
processing system according to the present inven-
tion,

Figure 2 is a side elevational view, partially in cross-
section, of the arm tip and workpiece gripping unit
of the system shown in Figure 1,

Figure 3 is a plan view of Figure 1 partially sec-
tioned along line 3-3 of Figure 2,

Figure 4 is an enlarged cross-sectional view of the
part of the fastening means and the shock absorber
arrangement according to Figures 2 and 3,

Figure 5 is a side elevational view of the arm tip and
workpiece supporting structure of a second embod-
iment, similar to Figure 2,

Figure 6 is a plan view partially in cross-section
along the line 6-6 of Figure 5,

Figure 7 is an overall side view of a third embodi-
ment of the present workpiece manipulating and
processing system, similar to Figure 1,

Figure 8 is a side elevational view partially in cross-
section of the arm tip of said third embodiment, sim-
ilar to Figures 2 and 5,

Figure 9 is a side elevational view partially in cross-
section of the am tip of a manipulating arm of the
robot according to a fourth embodiment of the
present invention corresponding to the views of Fig-
ures 2, 5and 8,
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Figure 10 is a back view of Figure 9,

Figure 11 a side view of the working unit of a vibra-
tor device of the workpiece manipulating and
processing system,

Figure 12 an enlarged cross-sectional view of back
end of the vibrator device of Figure 11,

Figure 13 an enlarged cross-sectional view of the
front end of the vibrator device according to Figure
11,

Figure 14 a partially sectional elevational view of
the back end of the vibrator device similar to Figure
11,

Figure 15 a view along arrow A in Figure 14,

Figure 16 a cross-sectional view along the line VII-
VIl of Figure 12,

Figure 17 is a cross-sectional view along the line
VII-VIII of Figure 12,

Figure 18 is a cross-section along the line IX-IX of
Figure 17, and

Figure 19 is a control scheme of the vibrator device
according to an embodiment of the present inven-
tion wherein

Figure 19a refers to a condition of moving the pis-
ton towards a fully forward advanced position,

Figure 19b is a diagram referring the moving of the
piston towards the rearward retracted position, and

Figure 19c refers to a resting position of the piston.

Firstly, the basic structure of the workpiece manipu-
lating and processing system as shown in Figure 1 is
explained followed up by the description of the preferred
further embodiments of the design of the robot 50, spe-
cifically of the design of the projecting tip portion of the
manipulating arm 53. The following description refers to
the manipulating and processing of an alumimun cast-
ing such as an engine part for engines used in automo-
biles or motorcylcles.

When, as shown in Figures 1 and 2, a runner 2 is to
be removed from the final product 4 regarding the
molded product 1 as ejected from the mold cavity pre-
ferrably either the zone of the final product 4 or the run-
ner zone 2 is held by a gripping support means 9. In the
embodiments shown in Figures 1 to 6, 9 and 10 respec-
tively the runner 2 which is held by the gripping support
means 9. In the embodiment of Figures 7 and 8 it is the
product area 4 which is grasped. Then, either the zone
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of the finalised product 4 or the runner 2 (which ever is
not being held by the afore-indicated support gripping
means 9) is struck with a hammer unit 115 of a vibrator
160 of a vibrator device 101, said vibrator 160 being
supported by a support pillar 103 rising from the top of
a stand 102.

At that time the runner 2 and the heavier final prod-
uct 4 vibrate at different frequencies and the load from
the hammer unit 115 concentrate around a gate area 3,
where the final product 4 connects to runner 2 and eas-
ily serves this gate 3 to brake. In other words in this way
the final product 4 is released and separated from the
runner 2.

Generally, as explained in detail later on with
respect to the further Figures the product 1 as removed
from the cavity of a mold is grasped by the gripping sup-
port means 9 which, in turn, is disposed via a fastening
means 72 at a arm tip 59 of a manipulating am 53 of a
robot 50. When hammering the workpiece a shock
absorbing means 65 (see Figure 2) is positioned
between the gripping support means 9 and the manipu-
lating arm 53 of the robot. Accordingly, any shocks from
striking the product 4 or runner 2 is absorbed by said
shock absorbing means 65 so that shocks and vibra-
tions are substantially prevented from being transferred
to the manipulating arm 53 of the robot 50.

On the other hand, when the manipulating arm 53
is used to position the workpiece 1 as ejected from a
cavity mold in its processing position and has to trans-
port the workpiece 1, as explained hereinafter in greater
detail, the fastening means 72 causes the gripping sup-
port means 9 and the manipulating arm 53 of the robot
50 to be affixed together rigidely and without the shock
absorbing means 65 being interposed, so that the
molded product 1 held by the gripping support means 9
precisely follows the movements of the manipulating
arm 53.

In the following the first embodiment according to
Figure 1 to 4 is explained in greater detail.

In the Figures, the reference numeral 1 denotes an
intermediate molded product made of aluminum which
was taken from a metal cavity of an injection molding
machine (not shown). Said intermediate molded prod-
uct 1 consists of a product part 4 (final product) and a
runner part 2, which is connected to the product part 4
via a gate 3 which has a small cross-sectional area.

A runner removal arrangement comprising the
robot 50 and the vibrator device 101 is provided to
remove the runner 2 from the final product 4. For con-
venience of the follow up explanations the arrow "Fr" in
Figure 1 and also in any further Figures 2, 3, 5 and 9
indicates the front side direction.

A main part of this workpiece manipulating and
processing system is defined through the robot 50. Said
robot 50 consists of a base 7 subtending a verticle axis
51 about which a robot unit 52 is freely rotatable. A
manipulating arm 53 is positioned at the top of the robot
unit 52. The manipulating arm 53 is free to move up and
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down as well as in the horizontal direction. A gripping
support means 9 is attached to the tip end 59 of the
manipulating arm 53.

As shown in Figure 1, when the afore-indicated
gripping support means 9 (which is explained in greater
detail hereinafter) is holding a clamping zone 14 (see
Figure 2) of the workpiece 1 a runner zone 18 of the
runner 2, extending from the clamping zone 14 to the
afore-indicated gate area 3 is positioned to be exposed
to the hammer unit 115 of the vibrator device 101.
These hammer unit 115 comprises a vibrator 160 com-
posed of a cylinder unit 111 comprising a pneumatic
cylinder 106 and a vibrating piston rod 110a wherein
said cylinder unit 111 is attached to the top of the sup-
port pillar 103.

The afore-indicated pneumatically operated piston
rod 110a projects and can freely slide forward from the
front end of the cylinder unit 111. When pressurised air
is supplied to the cylinder unit 111 the piston rod 110a
together with the hammer unit 115 vibrates reciprocat-
ingly back and forth. Moreover, there is also a conveyor
belt 57 positioned near and below the afore-mentioned
hammer unit 115 and the workpiece 1, specifically the
final product 4.

In the following the arm tip 59 of the manipulating
arm 53 of the robot 50 including the fastening means 72
and gripping support means 9 will explained in greater
detail, specifically refering to Figures 2 and 3.

The arm tip 59 at the projecting end of the manipu-
lating arm 53 of the robot 50 is removably attached at
right angles to the manipulating arm 53. The arm tip 59
supports a slide supporting table 60 which can be fixed
in a desired position. This slide supporting table 60 is
supported rotatably so as it can rotate up to one revolu-
tion around a (vertical) centre axis 61 of the arm tip 59.
Thus, the centre axis 61 is also the axis of rotation of the
slide supporting table 60 which, in turn, supports a slid-
ing table 62 along a surface facing away from the arm tip
59, said sliding table 62 is thus slideable in a radial
direction with respect to the centre axis 61. Said sliding
table 62 can slide up to a designated position with
respect to the slide supporting table 60.

Attached to the sliding table 62 is a box-shape
bracket 63 having a bottom plate 64, which extends
roughly in parallel to the centre axis 61 of the arm tip 59.
Said bottom plate 64 is attached to a support plate 66
by four rubber shock absorbing members 65 (see also
Figures 4 to 6). The shock absorbing members 65 are
columnar and their axes extend roughly perpendicularly
to the centre axis 61 of the arm tip 5.

A work chuck 67 is supported by the box-shaped
bracket 63, more specifically by the support plate 66,
said work chuck 67 being opened and closed by means
of a toggle mechanism 69 operated by a chuck cylinder
68. The work chuck 67 is equipped with outside chuck
teeth 70 and inside chuck teeth 71 with the outside
chuck teeth 70 being adapted to grasp the clamping
zone 14 of the runner 2 of the "intermediate™ molded
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product 1 when the work chuck 67 is closed. Said work
chuck 67 comprises jaws 67a, 67b which are operated
via the toggle mechanism 69. By the way the inside
chuck teeth 71 can support another insertion work
chuck or a sprayer to spray mold parting agents or the
like.

In the embodiment shown in Figures 2, 3 and 4, the
gripping support means 9 and the box-shaped bracket
63 have been releasably affixed by a fastening means
72, so as to allow attachment and removal. Said fasten-
ing means 72 comprises two or four holding working cyl-
inders 74 attached to the outside side plates 73 of the
box-shaped bracket 63. These holding working cylin-
ders 74 are equally distantly disposed around the above
mentioned support plate 66. Each of the piston rods 75
of the holding working cylinders 74 fit through corre-
sponding engaging holes 76 in the support plate 66.

As shown in solid lines in Figure 4, if the piston rod
75 of the holding working cylinders 74 are retracted, the
piston rods 75 are withdrawn from the engaging hole 76
of the support plate 66 and the attachment of the grip-
ping support means 9 to the box-shaped bracket 63 on
the arm side is disengaged.

On the other hand, as shown by the dashed lines in
Figure 4, when the piston rods 75 of the working cylin-
ders 74 are in their extending position, said piston rods
75 pass through said engaging holes 76 and the tips of
the piston rods 75 come into contact against the bottom
surfaces of the engaging holes 76 of the support plate
and this keeps the gripping support means 9 rigidely
and directly affixed to the box-shaped bracket 63 and,
accordingly, to the manipulating arm 53.

In the retracted condition of the piston rods 75 the
gripping support means 9 is connected to the box-
shaped bracket 63 and, accordingly, to the manipulating
arm 53 of the robot 50 exclusively via the shock absorb-
ing rubber cylinders 65.

When the runner part 2 of the molded product 1 is
to be removed from the final product 4, the operation of
the robot 50 positions the runner 2 opposite to the
vibrating piston rod 110a and the hammer unit 115 of
the vibrator 160.

While the robot 50 is operating, ie. under workpiece
positioning, as shown by the solid lines in Figures 2 and
3 and by the dash lines in Figure 4, the piston rods 75 of
the holding working cylinders 74 are advanced and
engage the engaging holes 76 so that the piston rods 75
are pressing against the bottom surfaces of the engag-
ing holes 76 to affix the support plate 66 directly and rig-
idely to the box-shaped bracket 63. As a result, during
the operation of the robot 50, the support plate 66, the
work chuck 67 and the "intermediate” molded 1 being
held by them are supported at the arm tip 59 by the
holding working cylinders 74 rigidely and directly.
Therefore, during the positioning operation of the robot
50, the support plate 66, the work chuck 67 and the
product 1 are supported firmly without any shaking with
respect to the arm tip 59, so that the robot 50 and
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manipulating arm 53 can accurately transport and posi-
tion the workpiece 1 in the desired operating position.

Then, when the runner 2 of the product 1 is posi-
tioned opposite to the vibrating piston 110a supporting
the hammer unit 115 the movement of the robot 50 is
stopped. As shown by the solid lines in Figure 4, the pis-
ton rods 74 of the holding working cylinders 74 are
retracted and disengaged from the support plate 66
which, accordingly, is no longer rigidely and directly
connected to the arm tip 59 of the manipulating arm 53,
but is now supported only by the shock absorbing rub-
ber cylinders 65. Therefore, the support plate 66, the
work chuck 67 and the product 1 are held on the end of
the manipulating arm 53 only by the shock absorbing
members 65. In this condition, the vibration of the piston
rod 110a and the hammer unit 115 causes blows to be
struck near the gate zone 3 of the runner body 18 of the
runner 2 accordingly, the runner 2 is separated from the
product 4, or vice-versa.

The runner 2 which has been separated from the
final product 4 as described above drops into a return
bucket (not shown) and is returned for recasting. The
final product 4 is then transported by the conveyor 57 to
the next processing station.

In the described case the vibrations transmitted
from the molded product 1 to arm tip 59 are absorbed by
the shock absorbing means 65. In other words, the
transmission of vibrations to the arm tip 59 is prevented.
Thus, the vibrations which would otherwise have been
transmitted undesirably have their load effectively con-
centrated on the gate area 3, so that the runner 2 can
be easily removed. Since the shocks and vibrations are
not transmitted to the arm tip 59 of the manipulating arm
53 and the robot 50 protected from them.

In this embodiment the shock absorbing means 65
are made of rubber and columnar and are positioned
such that their axes are roughly in line with the hammer
unit 115 or the vibrating piston rod 110a. Thus, they
absorbe vibrations and shocks by elastic deformations
substantially in their axial direction and prevent them
from being transmitted from the molded product 1 to the
arm tip 59.

In case where the hammer unit 115 applies vibra-
tions and shocks to the runner 2 of the workpiece 1 sup-
ported by the manipulating arm 53 of the robot 50 the
vibrations may also be applied from the left or right side.
Also when the workpiece 1 is held in its clamping zone
14 as shown by the dashed lines in Figures 2 and 3,
vibrations may be applied by the hammer unit 115 in the
left-right direction as shown by the dashed lines in said
Figure. In this, the vibrations from the product would be
effectively absorbed by the shock absorbing members
65 through elastic deformation in the shearing direction
thereby preventing said shocks and vibrations from
being transmitted to the manipulating arm 53.

In the following a second embodiment of the
present invention is described referring to Figures 5 and
6. In this second embodiment the same elements hav-
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ing the same functions as in the first embodiment are
denoted with the reference numerals and description is
so far omitted as this embodiment complies with the
preceding one. Focussing on the differences between
the first and second embodiments it should be noted
that in the second embodiment, different from the first
embodiment, the bottom plate 64 of the box-shaped
bracket 63 extends in a direction perpendicular to the
axis of the arm tip 59.

Accordingly, the axes of the shock absorbing rubber
cylinders 65 are roughly parallel to the centre axis 61.

The work chuck 67 again holds the clamping zone
14 of the "intermediate” molded product 1 and strikes
from the vibrating rod 110a and the hammer unit 115 hit
the runner 2 of the workpiece 1. At this time, since the
hammer unit 115 is vibrating back and forth while the
axes of the shock absorbing members 65 extend verti-
cally so that vibrations which would have been transmit-
ted to the arm tip 59 are effectively absorbed by elastic
deformation of the shock absorbing member 65 in the
shearing direction.

In other words the difference between the two
embodiments of Figures 2 and 3 and that of 5 and 6,
with respect to the supporting of the gripping support
means 9 only refers to the positioning of the holding
box-shaped bracket with respect to the centre axis 61 of
the manipulating arm 53 of the robot 50. In view of the
differences of the clamping structure itself (work chuck
67 and jaws 67a, 67b) the respective explanation is pro-
vided with respect to another embodiment hereinafter
referring to Figure 10.

Figure 7 and 8 refer to a third embodiment of the
invention.

In this embodiment the outside chuck teeth 70
project outwardly from the work chuck 67 and the oper-
ation of the work chuck 67 causes the outside chuck
teeth 70 to press against an inside circumferential sur-
face of a hole 4a in the product 4, so that the product 4
is supported by the work chuck 67.

In addition there is provided a return material
bucket 77 for the removed runners 2. Moreover, there is
a further product bucket 78 provided into which the final
product 4 is placed. Accordingly, after having removed
the runner 2 the robot unit 52 swivels about its vertical
axis 51 to position the final product 4 above of the prod-
uct bucket 78 to drop it into said bucket 78.

As the other structure and operational details are
similar to those of the afore-indicated embodiments fur-
ther explanation is not considered to be required.

Further the descriptions continues with the fourth
embodiment according to Figures 9 and 10, disclosing a
fourth embodiment of the present invention.

A fourth embodiment is shown in Figures 9 and 10.
In this embodiment the fastening means 72 comprises a
support table 80 mounted on a sliding table 62 and this
support table 80 is fitted with holding working cylinders
81, which extend substantially perpendicularly to the
support table 80 and, accordingly, to the centre axis 61.
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Said holding working cylinders 81 comprise a cylin-
der tube 82 accommodating a slideable piston 84,
which is freely slideable in the axial direction thus defin-
ing a pressure chamber 83 while at the back of the pis-
ton 84 a piston rod 85 is respectfully provided which
projects backwards through the rear end of the cylinder
tube 82. The projecting ends of these piston rods 85
pass through holes 86 in the support table 80 and coni-
cal retainers 87 are provided at the projecting ends of
the piston rods 85.

Moreover, there are cylindrical projections 88 which
extend rearwardly from the top and bottom as well as
from the left and right rear end surfaces of the cylinder
tubes 82, said cylindrical projections 88 being affixed to
the respective cylinder tubes 82 by bolts 89.

The afore-indicated cylindrical projections 88 are of
circular cross-section and they are supported such that
they are free to slide back and forth in slide holes 90
front in the support table 80. This allows the support
table 80 to be held in place by the holding cylinders 81.
At their front and back the outside circumferential sur-
faces of the cylindrical projections 88 comprise a front
stop 91 and a back stop 92 respectfully, projecting radi-
ally outwards to abut from both sides against the sup-
port table 80. On the other hand, the support table 80 is
attached to a mounting bracket 66 which, in turn, sup-
ports the gripping support means by shock absorbing
means 65. When viewed from the front, there are four of
these shock absorbing members, preferrably rubber cyl-
inders 65 surrounding the holding working cylinders 81.

The mounting bracket 66 comprises engagement
depressions 94 with a conical surface for the insertion of
the retainers 87 and, moreover, engagement holes 95
are provided at the mounting bracket 66 opposite to the
cylindrical projections, so that the projecting ends of the
cylindrical projections 88 can engage or disengage the
engagement holes 95.

As shown above the horizontal centre line in Figure
9, when compressed air is supplied to the space in front
of the piston 84 in the pressure chamber 83 of the hold-
ing working cylinder 81 then the holding cylinder 81
expands and the engagement projection 87 presses
against the bottom surface of the engagement depres-
sion 94 and the cylinder tube 82 moves in the forward
direction of arrow "Fr". As this happens, there is a corre-
sponding forward movement of the cylindrical projection
88 and its projecting end is disengaged from the
engagement hole 95. This disengages the rigid and
direct attachement between the gripping support means
9 and the manipulating arm 53. At this time, the forward
movement of the cylinder tube 82 causes the rear stop
92 to abut against the support table 80. On the other
hand, as shown below the centre line in Figure 9, when
compressed air supplied to the area behind the piston
84 inside the pressure chamber 83 of the holding work-
ing cylinder 81, then the holding cylinder 81 contracts
(this refers of course to the distance between the
engagement projection 87 and the front side end of the
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cylinder housing). At this time the engagement projec-
tion 87 abuts against the inside circumferential surface
of the engagement depression 94 and the front stop 92
moves rearward by the contraction of the cylinder tube
arrangement 82 with respect to the engagement mem-
ber 87 until said front stop 92 abuts against the support
table 80. At this time the projecting end of the engage-
ment projection 87 is inserted into the engagement hole
95 and, additionally, is in contact with the perimeter of
the opening of engagement hole 95 whereby the grip-
ping support means 9 is rigidely and directly affixed to
the manipulating arm 53 by-passing the shock absorb-
ing means 65.

The other structional and operational details are
similar to those of the above indicated embodiments
and the corresponding parts are denoted with the same
reference numerals, as in the preceding Figures so that
further explanation will be omitted here.

With respect to Figure 10 (and the embodiment of
preceding Figurs 5 and 6) in this case the work chuck 67
clamps the workpiece 1 at a substantially circular
clamping area therof and, accordingly the jaws 67a, 67b
are pivotably supported with respective inner and outer
teeth 70, 71 being designed and provided with clamping
pieces 67¢ to grasp the workpiece 1 at four spots, two of
them being substantially opposite to each other and
arranged diagonally with respect to the workpiece 1.

Summarising the afore-indicated embodiment, they
are characteristic in that either the product 4 or the run-
ner 2 is grasped and disengaged from the rest of the
workpiece and that there are shock absorbing means
65 between the gripping support means 9 and the robot
manipulating arm 53 whereby vibrations from the ham-
mer unit 115 are not transmitted to the robot 50.

Moreover, the robot 50 is used for the removal of
the runner 2 and there is much latitude in setting the
hammering position which can be changed for each
product.

When the product zone 4 is clamped into the work
chuck 67, the runner part 2 can fall into a return bucket
77 while the final product 4 can be placed into a product
bucket 78 for further processing.

When the runner 2 is clamped into the work chuck
67, the final product 4 can be dropped onto the con-
veyor 57 and can be carried to the next processing sta-
tion. The runner 2, on the other hand, can then be put in
the return bucket 77.

By controlling the operational position of the robot
50 it is possible to optimise the direction of effectiveness
of the vibrations having same applied perpendicularly or
angularly without need to adjust the position of the
shock absorbing members 65.

In the afore-indicated embodiments substantially
two or four holding working cylinders 74 were described
to affix or disengage the gripping support means 9 to
and from the manipulating arm 53, but it would also be
possible to use just one of more than two cylinders.

Moreover, modifications might be made as follows:
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1. By changing the length of the support pillar 103
or making it variable, it would be possible to move
the vibrator 160 to up or down as desired. In fact, in
order to prevent strike marks to appear on the final
product 4 this would be an effective way to minimise
the separation between the product 4 and the cov-
eyor belt 57 below it.

2. If two products were connected by one runner
with a divided flow path the runner 2 could be
clamped into the work chuck 67 and two vibrators
160 could be positioned to a strike at the points
where the runners 2 connect to the final product 4
to effectively remove the runners 2.

3. It would also be possible not to vibrate the strik-
ing hammer unit 115 but to move the robot arm 53
such that air vent zones and the overflow zone on
the product would be made to impact the stationary
hammer unit 115 to remove same from the product.

4. The clamping zone 14 on the final product 4
could be held by a seperate clamping device and
the hammer unit 115 could be held in the work
chuck 67 so that it would strike the gate zone 3,
overflow zone and air vents to remove same from
the final product 4.

5. Avibration sensor could be mounted on the work
chuck 67 or the bracket 63 or the support plate
(mounting bracket) 66 to measure the vibrations
and to detect the change in vibration whenever the
air vent zone or other protrusions broke off and to
stop the operation of the hammering means 115 at
that time.

6. The hammering device, i.e. the vibrator 160
could be disposed perpendicularly and strike the
product horizontally. In such a case the products
could be alligned on conveyor 57 below and this
could reduce any impact marks from dropping the
product on the conveyor 57.

In the following the vibrator 160 is explained in
greater detail referring to several embodiments as
shown in the further figures 11 to 19.

It should be noted that such a vibrator 160 could
also be designed and used seperately of the robot 50
and the design and use of its manipulating arm.

The vibrator device 101 used in the framework of
the workpiece manipulating and processing system
according to these embodiments in its essential operat-
ing portion is shown in figure 11.

As is apparent from figures 1 and 7 the vibrator
device 101 comprising the vibrator 160 is supported
upon the fixture support pillar 103 at the top of the stand
2 in the vicinity of the robot 50.

The vibrator device 101 comprises a pneumatic cyl-
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inder 106 and pressurised air supply 107 from an
attached compressor etc. communicating with the rear
of the pneumatic cylinder 106 so that the pressurised air
is supplied via an automatic switching valve 108. When
this happens the pneumatic cylinder 106 which is part of
a cylinder unit 111 operates a piston 110 which is free to
slide inside said pneumatic cylinder 106. At the rear end
of the cylinder unit 111 there is a passages-defining
block 112 that closes off the cylinder unit 111. At the
front end of the cylinder unit 111 there is a pressure-
sealing plug 114 which is threaded onto the front of the
cylinder unit 111 with a cushion 113 between them to
plug the front end of the cylinder unit 111 and, accord-
ingly, the pneumatic cylinder 106.

Affixed to the front end of the aforementioned piston
110 is a piston rod 110a which projects through a hole
in the above mentioned plug 114 to the outside of the
pneumatic cylinder 106. The hammer unit 115 is
attached to the outwardly projecting part of the piston
rod 110a. As shown in figure 12 the cylinder unit 111
has a support flange 116 threaded onto it at the rear
end near its outside circumference so that said support
flange 116 is joined to the passages-defining block 112.

As shown in figures 13 and 14 this junction with the
passages-defining block 112 is implemented by four
bolts 117. These bolts 117 also affix the automatic
switching valve device 108 to the passages-defining
block 112 as described hereinafter in greater detail. The
support flange 116 is attached to the passages-defining
block 112 and the automatic switching device 108 by
means of the bolts 117. The respective materials have
airtight seals therebetween along the adjoining surfaces
and between them and the cylinder unit 111.

There are four connecting rods 118 which extend
toward the front end of the cylinder unit 111 from the
support flange 116 and which are parallel to the cylinder
unit 111.

As shown in figure 13, these connecting rods are
attached to a front-side flange 119 which is attached to
the front end of the cylinder unit 111. Moreover the sup-
port flange 116 and front-side flange 119 are attached
to the support pillar 103 by means of the bracket (not
shown).

There are piston-advancing holes 121 provided in
the wall of the cylinder unit 111 through which com-
pressed air passes to advance the piston 110. Retrac-
tion air holes 122 are similarly provided passing
compressed air to retract the piston 110. Inside the
pneumatic cylinder 106 there are also exhaust holes
123 positioned in axial direction of the pneumatic cylin-
der 106 which allow air to escape. In this embodiment
advancing of the piston 110 describes a piston move-
ment to the right in figure 11 while the piston 110 moves
to the left when it retracts.

The afore-indicated piston advancing air holes 121
are provided at four places in the cylinder wall of the cyl-
inder unit 111. The upstream ends open to the rear end
surface of the cylinder unit 111, while the downstream
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ends, as shown in Figure 12, open into port 121a on the
rear end of the inside surface of the pneumatic cylinder
106. The piston-retracting air holes 122 are provided at
two spots, at the top and bottom of the cylinder unit 111
between the afore-indicated advancing air holes 121 as
shown in Figure 16. Their upstream ends open to the
rear end surface of the cylinder unit 111 and their down-
stream ends, as shown in Figure 13, open into ports
122a provided on the inner surface of the pneumatic
cylinder 106 at the front and side thereof.

The air exhaust holes 123 are located between the
afore-indicated piston-advancing air holes 121 and, as
shown in Figure 16, are provided at two spots on the left
and right hand sides of the cylinder unit 111. The
respective downstream ends of these air exhaust holes
123 open into the rear end surface of the cylinder unit
111 and the other ends, as shown in Figures 12, 13 and
18 have ports 123a, 123b and 123c opening into the
inside circumferential surface of the pneumatic cylinder
106. These ports 121a to 123¢ are present spaced at
intervals as shown in Figure 11. Port 123a, which is the
farthest rearward, is positioned in the area of the rear
end of the cylinder unit 111.

The passages-defining block 112 comprises piston-
advancing air holes 124, piston-retracting air holes 125
and exhaust air holes 126 placed in positions respect-
fully corresponding to the air holes 121, 122 and 123 in
the cylinder unit 111. The advancing air hole 124 and
the retracting air hole 125 pass through the passages-
defining block 112 in parallel to the axial direction of the
pneumatic cylinder 106. As described hereinafter, they
connect to the automatic switching valve 108. Moreover,
also the piston-advancing air holes 124, as shown in
Figure 17, all are interlinked by a interconnecting bore
arrangement 127 which, as shown in Figure 17, is "X"-
shaped. This interconnecting bore arrangement 127
opens on the top of the passages-defining block 112 at
separate spots and nipples 128 are threaded into it. The
broken line B shown in Figure 11 shows the connection
by an air tube with a three way valve 109 described
hereinafter.

The exhaust holes 126, as shown in Figures 17 and
18 are constituted by grooves 126a which extend in the
circumferential direction of the cylinder unit 111 to a
position opposite to the opening of the exhaust holes
123 in the cylinder unit 111, further by axial projections
126b, which extend in the axial direction of the cylinder
unit 111, and radial extensions 126¢ which extend in the
radial direction of the cylinder unit 111. As shown in Fig-
ure 17, they open on the left and right hand sides of the
tube end of the passages-defining block 112. These
exhaust holes 126 are also connected to the three way
valve 109 described hereinafter via nipples 129
threaded into it on the side of the passages-defining
block 112 and through the air tube represented by the
broken line C in Figure 11.

As shown in Figure 12 the automatic switching
valve 8 is attached to the passages-defining block 112
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by means of bolts 117, said automatic switching valve
108 comprising a valve case 131 and a valve body 132
accommodated in a front side recess 131a of the valve
case 131 and covered by the air passage-defining block
112. The upper opening of the pressurised air passage
133 is attached to an air tube represented by the broken
line D in Figure 11 communicated to the pressurised air
supply 107.

The valve body 132 consists of a stack of three
sheets or sheet-like disks 132a, 132b, 132¢ defining air
connecting passage-ways 133a, 133b, 135, 136 and a
switching valve member 134 which is disposed freely
movable axially in response to a pressure difference at
both sides thereof. The valve body 132 defines the
advancing air holes 135 and retracting air holes 136
which connect respectively to the advancing air holes
124 and the retracting air holes 125 in the passages-
defining block 112. Automatically switching the valve
member 134 in response to the pressure difference at
both sides thereof causes these air passages to be
selectively connected to the pressurised air supply pas-
sage 133.

In fact, the space occupied by the valve member
134 is configured such that even when the position of
the valve member 134 is either left or right of that shown
in Figure 12, the air passage 133 remains connected
through the connecting paths 133a or 133b and the
upstream opening of the advancing air holes 135 on the
cylinder-sided wall of this space (sheet 132¢) as well as
the upstream openings of the retracting air holes 136 on
the opposite wall of the cylinder (sheet 132a) are open.

Thereby, as shown in Figure 12, when the valve
member 134 is positioned on the left side (the side of
the sheet 132a), the piston advancing air holes 135 are
connected via a path 133a to air path 133 and, addition-
ally, the piston-retracting air holes 136 are closed by the
valve member 134.

Conversely, when the valve member 134 is in the
opposite position on the right hand side, the piston
retracting air holes 136 are connected to air path 133 by
means of connecting path 133b, while the piston-
advancing air holes 135 are closed by the valve mem-
ber 134. In the following the principles of the switching
operation of the automatic switching valve 108 are
explained in greater detail as well as the total operation
of the pneumatic cylinder 106.

As described above, when the piston advancing air
holes 135 are connected with the air path 133 and if the
bore arrangement 127, which connect to the air tubes B,
are in a closed condition, the air supply 107 for supply-
ing pressurised provides compressed air through air
path 133 to the piston advancing air holes 135, 124, 121
to the rear side of the piston 110 inside of the cylinder
unit 111. The compressed air at the rear end of the pis-
ton 110 propels the piston 110 forward. At this time the
hammer unit 115 advances and, if the workpiece 1 is in
place, it strikes the workpiece 1.

Also, when in course of advancing the piston 110 it



19 EP 0 620 064 B1 20

reaches the end of its advancing course, the piston 110
causes the pressure inside the front end of the cylinder
unit 111 to rise. Since this pressure it transmitted via the
piston retracting air holes 122, 125 and 136 to the space
occupied by the valve body 132 and the valve member
134, when the advancing of the piston 110 has been
completed, the afore-mentioned pressure causes the
valve member 134 to move to the opposite side, ie. to
right side in Figure 12.

When the position of the valve member 134
changes in this way, then the piston-retracting air holes
136 are connected to the air path 133 via a connecting
path 133b and the compressed air supplied through the
air path 133 passes through the piston retracting air
holes 136, 125 and 122 to the area in front of the piston
110. This means that the air pressure in front of the pis-
ton 110 causes the piston 110 to be driven rearward. In
other words, then the piston 110 is retracted by air pres-
sure delivered in front of it. When the piston 110
reaches its final stage of retraction, the compressed air
inside the pneumatic cylinder 106 passes through the
piston advancing air holes 121, 124 and 135 and is
applied to the space occupied by the valve member 134
driving the valve member 134 to the left side.

Also, when pressurised air is delivered to the inside
of the pneumatic cylinder 106 through the above men-
tioned piston-advancing air holes or the piston retract-
ing air holes, when the air tube C is connected with the
exhaust holes 126, the amount of increase in cylinder
volume caused by the movement of the piston 110 is
compensated by venting air to the atomsphere via the
exhaust holes 123, 126 and the air tube C.

Accordingly, the valve member 134 moves left and
right as shown in Figure 13 and pressurised air from the
air supply path 133 is alternately supplied to the piston
advancing air holes 121, 124, 135 and the piston
retracting air holes 122, 125 and 136. As long as pres-
surised air is continuously supplied to the air path 133,
the piston 110 and the hammer unit 115 continue to
move in a reciprocating motion.

It has already been indicated that there is a three-
way control valve 109 in order to additionally control the
pressurisation of the piston 110 under certain condi-
tions. Said three way valve 109 is a manual valve which
selectively connects the air tube B or the air tube C to
atmosphere and there is also a muffler 109a attached at
the opening to the outside atmosphere. In fact, as
shown in Figure 11, when the air tube C is opened to
atmosphere, air tube B is closed. Conversely, when the
air tube B is opened to the atmosphere, air tube C is
closed.

In the following the operation of the vibrator device
101 with the afore-indicated structure will now be
described with reference to Figures 19a to 19¢. In Fig-
ure 19 the piston-advancing air path comprising the pis-
ton-advancing air holes 135, 124 and 121 is indicated
by the reference numeral 141. The piston-retracting air
path comprising piston-retracting air holes 136,125 and
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122 as indicated by the reference numeral 142 and the
exhaust air path comprising the exhaust holes 123 and
126 is indicated by the reference numeral 143.

Firstly, the workpiece 1 is positioned in front of the
vibrator device 101 as shown in Figures 107 and the
workpiece is positioned such as to set it into a strike
position at gate area 3. This strike position is slightly
short of a full stroke position of the pneumatic cylinder
106, corresponding to the full forward position of the
hammer unit 115. In Figure 19a the hammer unit 115 is
shown in its retracted position. Also as shown in said
Figure 19a the three way valve 109 has been set to vent
the air tube C to the atmosphere and close the air tube
B. In this condition pressurised air is supplied to the
automatic switching valve 108.

At this time pressurised air flows through the piston
advancing air path 141 due to the operation of the auto-
matic switching valve 108 and piston 110 advances
from the position shown in Figure 19a. At the final stage
of this advancing movement the hammer unit 115
strikes the workpiece. Part of the pressurised air supply
to the cylinder unit 111, namely, that portion corre-
sponding to the increase in the volume of the cylinder,
moves through the exhaust passage 143 and the air
tube C to the three way valve 109 and muffler 109a
where it is vented to atmosphere.

On the other hand, when the piston 110 has
advanced fully forward, the automatic switching valve
108 changes the flow path of the pressurised air so that
after the striking of the hammer unit 115 the air flows
through the piston-retracting air path 142.

The post hammer strike condition is shown in Fig-
ure 19b. After striking the workpiece by the hammer unit
115 the pressure of the pressurised air begins to drive
the piston 110 rearward. It retracts until it reaches the
fully retracted position and, then the automatic switch-
ing valve 108 once again causes the pressurised air to
flow through the piston-advancing air path 141. Piston
110 advances again and hammer 115 once again
strikes the workpiece 1. This repeated striking of the
workpiece 1 causes the final product 4 just below the
gate part 3 to vibrate and to separate the product 4 from
the runner 2. After the runner 2 has been separated, the
product is dropped onto the conveyor belt (in the exam-
ple of Figure 1) and is taken to a next processing sta-
tion, for example, a finishing station.

After the product 4 has been released, the opera-
tion of the three way valve 109 causes the vibrator
device 101 to stop further operation. When further oper-
ation is stopped, with the pressurised air supply 107
supplying pressurised air to the automatic switching
valve 108, then, by switching the three-way valve 109,
as shown in Figure 19¢, the air tube B is vented to the
atmosphere while the air tube C is closed. By switching
the three valve 109 in this manner the piston-advancing
air path 141 is vented to atmosphere while the exhaust
air path is closed.

When the afore-mentioned action for stopping fur-
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ther operation takes place during the piston-advancing
process, piston 110 decelerates while moving to the
front of the cylinder unit 111. Since the position of the
valve member 134 of the automatic switching valve 108
switches from the position shown in Figure 19a to that
shown in Figure 19b, the piston-retracting air path 142 is
connected to the source of pressurised air and the pis-
ton 110 retracts. At this time the compressed air inside
the pneumatic cylinder 106 is vented from the piston-
advanced air path 141 through the air tube B to atmos-
phere. As aresult there is no pressure supplied from the
piston-advancing air path 141 to the automatic switch-
ing valve 108 so that, when the piston 110 reaches it
fully retracted position, there is no switching of the valve
member 134 back to the position shown in Figure 19a.
In other words, the piston 110 retracts and stops at the
rear end of the cylinder unit 111. When the stopping
procedure takes place while the piston is retracting, the
piston 110 stops at the back of the cylinder unit 111 as
well.

Thus, after the piston 110 has been stopped in the
manner described above, since the exhaust air path 143
is closed, the pressure remains inside the pneumatic
cylinder 106 and the piston 110 is held in this position by
the air pressure.

Accordingly, when the workpiece striking operation
has been completed, the pressure in front of the piston
110 causes the piston 110 to retract bringing the ham-
mer unit 115 to its fully rearward position and it will not
stop midway in a neutral position.

By carefully managing the flow of pressurised air in
this embodiment to retract the hammer unit 115 fully the
weight of the pneumatic cylinder 106 can be decreased
over conventional arrangements there is no need to
have an auxiliary cylinder to retract the hammer unit
115. Consequently, the supporting stand 102 and the
pillar 103 for the pneumatic cylinder 106 can be made
smaller and lighter and need not to be engineered as
extremely strong. In particular, in conventional assem-
blies having a hammer-retracting cylinder positioned at
the front of a vibrator device the weight of the cylinder
became a problem, so that it was necessary to have a
massive support for the hammering pneumatic cylinder
in order to allow hammering in the horizontal direction.
These difficulties are completely eliminated through the
embodiment explained above.

Although an embodiment was described above
where the hammering unit was pushed to its fully
retracted position upon cease of operation the hammer-
ing unit 115 can also be stopped in its fully forward posi-
tion by connecting the three-way valve 109 to the piston-
retracting air path 142 instead of the piston-advancing
air path 141 as shown in Figure 19.

Moreover, although it has been described to con-
nect the exhaust path 143 to the three way valve 109 for
selectively venting to atmosphere, it is not absolutely
necessary to open and close the exhaust path 143.
Even when always venting to atmosphere one can
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obtain the same effects as described above, that is,
either the piston-advancing air path 141 or the piston-
retracting air path 142 may be vented to atmosphere by
a valve (not shown). In this example, the exhaust air
path 143 was closed when the striking operating was
stopped and the air pressure kept the piston 110 in a
stationary position. Therefore, the hammer unit 115 is
always in a constant position when the operations are
stopped.

Accordingly, the vibrator device 101 is structured
such that when either the piston-advancing air path,
which supplies air to behind the piston driving the ham-
mer, or the piston-retracting path which supplies air to
the front of the piston, are vented to atmosphere in a
manner such that the venting valve is closed during
vibrating operations and is open when the operations
are stopped, then the piston and the hammer unit can
be set either in the fully forward or fully rearward posi-
tion by the action of the pressurised air either to the
back or the front of the piston when the operation of the
vibrator device is stopped.

Accordingly, when hammering is completed, the
hammering unit will not remain in a neutral position
between the fully forward or fully backward position.
This assures stability in the resumption of operations.
Hence, stopping the hammering operation takes place
smoothly and with a high degree of efficiency. Moreover,
this structure, including the automatic switching control
valve, which controls the flow of pressurised air, renders
unnecessary the auxiliary pneumatic cylinder required
in the conventional systems to retract the hammer to its
fully rearward position or to advance it completely for-
wardly.

According to a second embodiment of the present
invention a three-way valve was added to the vibrator
device 101 of the first embodiment, which closes either
the piston advancing air path or the piston retracting air
path when the vibrator is operating while the exhaust
path is vented to atmosphere but which vents the afore-
indicated piston advancing or piston retracting air paths
to atmosphere when the vibrator operations are
stopped closing the exhaust path so that the hammer
can be brought to rest in either fully retracted or fully
advanced positions and be held there by pressurised air
acting from one side upon the piston. Thus, there is the
same assurance of smooth resumption of operation as
in the embodiment 1 and a definite control of the posi-
tion of the hammering unit when the operations are
stopped.

Claims

1. Workpiece manipulating and processing system, in
particular device for removing runners from molded
products, comprising a robot (50) having a move-
able manipulating arm (53) terminating at a grip-
ping support means (9) for holding the workpiece or
a processing tool, a shock absorbing means (65),
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which is disposed between the gripping support
means (9) and the manipulating arm (53) to prevent
shocks or vibrations from being transmitted from
the gripping support means (9) to the manipulating
arm (53) during a workpiece processing operation
tool, characterised by a vibrator device for holding
the tool or the workpiece, respectively, said shock
absorbing means (65) at least during a first period
of workpiece processing indirectly connecting the
gripping support means (9) to the manipulating arm
(53) of the robot (50) and said shock absorbing
means (65) is disposed adjacent to a workpiece
positioning means (74,75,76) of the fastening
means (72), said workpiece positioning means
(74,75,76) during a second period of workpiece
processing by-passes said shock absorbing means
and being adapted to rigidly connect the gripping
support means (9) directly to the manipulating arm
(53) of the robot (50).

Workpiece manipulating and processing system as
claimed in claim 1, characterised in that said
shock absorbing means (65) forming part of a fas-
tening means (72) affixing the gripping support
means (9) to the manipulating arm (53) of the robot
(50).

Workpiece manipulating and processing system as
claimed in at least one of the proceeding claims 1 to
2, characterised in that, the manipulating arm (53)
of the robot (50) comprises an arm tip (59) at the
projecting end of the manipulating arm (53), which
is removably attached to the manipulating arm (53)
at right angles, said arm tip (59) rotatably support-
ing a slide supporting table (60) which is rotatable
about the centre axis (61) of the arm tip (59) and
which supports a sliding table (62) along its surface
facing away from the arm tip (59), said sliding table
(62) is moveable radially with respect to the centre
axis (61).

Workpiece manipulating and processing system as
claimed in claim 3, characterised in that, said slid-
ing table (62) supports via a projecting support arm
(62a) a box-shaped bracket (63), a bottom plate
(64) thereof extends substantially in parallel or per-
pendicularly to the centre axis (61) of the arm tip
(59).

Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 2 to
4, characterised in that, said workpiece position-
ing means (74,75,76) forming part of the fastening
means (72) comprising a support plate (66) which
is disposed within said box-shaped bracket (63)
and which is connected to the bottom plate (64)
through said shock absorbing means (65).
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Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 1 to
5, characterised in that, said shock absorbing
means, comprising a plurality of parallel shock
absorbing members (65) made of rubber, preferably
of columnar rubber cylinders (65), the axes of which
substantially extend perpendicularly or in parallel to
the centre axis (61).

Workpiece manipulating and processing system as
claimed in claim 5, characterised in that, said
workpiece positioning means (74,75,76) rigidly
connecting the support plate (66) to the box-
shaped bracket (63) comprising a plurality of hold-
ing working cylinders (74) attached to side plates
(73) of the box-shaped bracket (63), said working
cylinders (74) comprise piston rods (75) which are
reciprocable between advanced engaging position
under workpiece positioning, engaging holes (76) in
the support plate (66), and a retracted position
under workpiece processing in which the piston
rods (75) remain in a non-engaged rest position.

Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 3 to
7, characterised in that, the support plate (66)
supports a work chuck (67) comprising jaws
(67a,67b) operated via a toggle mechanism to be
oppositely moveable relative to each other to clamp
a clamping area of the workpiece, preferably the
runner of a molded product, said jaws (67a,67b)
being provided with at least one pair of oppositely
disposed outer chuck teeth (70) adapted to clamp
the clamping area of the workpiece.

Workpiece manipulating and processing system as
claimed in claim 8, characterised in that, the
clamping jaws (67a,67b) either are moveable line-
arly or pivotably about a pivoting axis, respectively.

Workpiece manipulating and processing system as
claimed in claim 8, characterised in that, the outer
chuck teeth (70) are disposed at the outside of the
jaws (67a,67b) to engage an inside circumferential
surface of a hole (4a) of the product (4).

Workpiece manipulating and processing system as
claimed in claim 3, characterised in that, a sup-
port table (80) which is disposed substantially in
parallel to the centre axis (61) is mounted to the
sliding table (62), said supporting table (80) being
provided with holding working cylinders (81), the
piston rods (85) thereof are moveable between first
and second positions and the working cylinders
(81) are moveable between their first or second
positions, said working cylinders (81) being pro-
vided with axially protruding cylindrical projections
(88) which are slideably received in slide holes (90)
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of the supporting table (80), said projections (88)
being engagable with engagement holes (95) of a
mounting bracket (66) of the gripping support
means (9) while the shock absorbing means (65)
are disposed in parallel to the slideable projections
(88) between the supporting table (80) and the
mounting bracket (66).

Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 1 to
11, characterised in that, the vibrator device (101)
comprises a vibrator (160) supported by a support
pillar (103) rising from the top of a stand (102).

Workpiece manipulating and processing system as
claimed in claim 12, characterised in that, the
vibrator (160) comprises a working cylinder unit
(111) and a vibrating piston rod (110a) supported
by a piston (110) sliding inside said cylinder unit
(111), the protruding tip portion of said piston rod
(110a) supporting a hammer unit (115) having a
tapered tip portion.

Workpiece manipulating and processing system as
claimed in claim 12 or 13, characterised in that,
the cylinder unit (111) comprises a pneumatic cylin-
der (106) connected to a pressurised supply (107)
via an automatic switching device (108) disposed at
the rear of the cylinder unit (111).

Workpiece manipulating device and processing
system as claimed in claim 14, characterised in
that a pressurised air passages-defining block
(112) is disposed between the automatic switching
device (108) and the rear end of the cylinder unit
(111) closing off the pneumatic cylinder (106).

Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 12 to
15, characterised in that, the cylinder unit (111)
comprises both piston-advancing air holes (121)
provided in the wall of the cylinder unit (111)
extending from a rear end surface of the cylinder
unit (111) axially and opening on the inner surface
of the pneumatic cylinder (106) in proximity of a
rearward end portion of the pneumatic cylinder
(106), and piston-retracting air holes (122) provided
in the wall of the cylinder unit (111) extending from
the rear end surface of the cylinder unit (111) axially
and opening on the inner surface of the pneumatic
cylinder (106) in the proximity of a forward end por-
tion of the pneumatic cylinder (106).

Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 12 to
16, characterised in that, exhaust holes (123)
extend in the axial direction of the pneumatic cylin-
der (106) which open at axially spaced distant spots
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on the inner surface of the pneumatic cylinder (106)
and allow air to escape through to the rear end of
the pneumatic cylinder (106).

Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 12 to
17, characterised in that, a release valve (109)
venting either the piston-advancing air holes (121)
or the air exhaust holes (123) to atmosphere is pro-
vided which remains closed when the vibrator
device is operating and which opens to atmosphere
when the vibrator device is switched off.

Workpiece manipulating and processing system as
claimed in claim 18, characterised in that, said
release valve is a three-way valve (109) connected
to both either the piston-advancing air holes (121)
or the piston-retracting holes (122) of the cylinder
unit (111), on the one hand, and connected to the
exhaust air holes (123), on the other hand, so that
during vibrating operation of the vibrator device the
piston-advancing and retracting air holes (121,122)
are closed while the exhaust air holes (123) are
opened to the atmosphere while in the non-operat-
ing condition of the vibrator device the piston-
advancing and retracting air holes (121,122) are
opened to atmosphere while the exhaust air holes
(123) are closed, so that said release valve is
adapted to vent either an air volume in front or
behind the piston (110) to atmosphere and said pis-
ton (110) rests in its most advanced or most
retracted position.

Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 15 to
19, characterised in that, the air passages-defin-
ing block (112) comprises piston-advancing air
holes (124), piston-retracting air holes (125) and
exhaust air holes (126), all in register with the asso-
ciated air holes (121,122,123) opening to the air
passages defining block (112) at the back of the cyl-
inder unit (111) wherein the piston the piston-
advancing air holes (124) and the piston-retracting
air holes (125) pass through the air passages defin-
ing block (112) in parallel to the axial direction of the
cylinder unit (111) thereby connecting to the auto-
matic switching valve (108).

Workpiece manipulating and processing system as
claimed in claim 20, characterised in that, the pis-
ton-advancing air holes (124) of the air passages-
defining block (112) are all connected to each other
by a X-shaped interconnecting bore arrangement
(127) which opens circumferentially spaced on the
top of the air passages-defining block (112) into
nipples (128) adapted to be connected to a pressu-
rised air supply means, specifically air control
means such as a three-way valve (109).
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Workpiece manipulating and processing system as
claimed in claims 20 to 21, characterised in that,
the venting air exhaust holes (126) provided in the
air passages-defining block (112) comprise
grooves (126a) which extend into the circumferen-
tial direction of the pneumatic cylinder (106) to posi-
tions opposite to the rearward opening of the air
exhaust holes (123) of the cylinder unit (111) to
connect thereto, and a radial extension (126c)
opening radially on the left and right side surfaces
of the air passages-defining block (112).

Workpiece manipulating and processing system as
claimed in claim 22, characterised in that the air
exhaust holes (126) open into nipples (129)
adapted to be connected to an air flow controlling
means, in particular the three-way valve (109).

Workpiece manipulating and processing system as
claimed in at least one of the preceding claims 14 to
23, characterised in that, said automatic switching
device comprising an automatic switching valve
(108) attached to the air passages-defining block
(112) by bolts (117), said automatic switching valve
(108) having a valve case (131) and valve body
(132) accommodated in a front-sided recess (131a)
of the valve case (131) covered by the air pas-
sages-defining block (112).

Workpiece manipulating and processing system as
claimed in claim 24, characterised in that the
valve case (131) comprises an air passage (133)
opening at a top portion of the valve case (131) and
extending to a bottom area of the valve body
accommodating recess (131a) to connect to a plu-
rality of air connecting passageways (133a,133b)
provided in the valve body (132) said opening at the
top portion of the valve case (131) being adapted to
be connected to a source of pressurised air (107).

Workpiece manipulating and processing system as
claimed in claim 25, characterised in that, said
valve body (132) comprises a stack of three sheets
of discs (132a,132b,132¢) defining air connecting
passageways (133a,133b,135,136), and a switch-
ing valve member (134) surrounded by said con-
necting passages defining discs (132a,132b,132c)
said switching valve member (134) being freely
moveable axially in response to a pressure differ-
ence of the air pressure acting upon the axially fac-
ing end faces of the switching valve member (134).

Workpiece manipulating and processing system as
claimed in claim 26, characterised in that, said
valve body (132) having a piston-advancing air hole
(135) and piston-retracting air holes (136) which
connect to the corresponding piston advancing air
holes (124) and piston-retracting air holes (125)
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defined in the air passages-defined block (112),
and that the automatically switching valve member
(134) causes these air holes (124,125) to be selec-
tively connected to the pressurised air supply air
passages (133).

Patentanspriiche

1.

Werkstickmanipulations- und -verarbeitungssy-
stem, insbesondere Vorrichtung zur Entfernung von
AnguBverteilern ausgeformter Produkte, mit einem
Roboter (50), der einen bewegbaren Manipulierarm
(53) aufweist, welcher bei einer Greifwerkzeughal-
teeinrichtung (9) endet zum Halten eines Werkstiik-
kes oder eines Verarbeitungswerkzeuges, einer
StoBdampfereinrichtung (65), die zwischen der
Greifwerkzeughalteeinrichtung (9) und dem Mani-
pulierarm (53) angeordnet ist, um zu verhindern,
daB StoBe oder Vibrationen von der Greifwerk-
zeughalteeinrichtung (9) wéhrend einer Werksttick-
bearbeitungsoperation mit einem Werkzeug auf
den Manipulierarm (53) Ubertragen wird, gekenn-
zeichnet durch eine Vibrationseinrichtung zum
Halten des Werkzeugs bzw. des Werkstlckes,
wobei diese StoBdampfereinrichtung (65) zumin-
dest wahrend einer ersten Periode der Werkstick-
verarbeitung indirekt die Greifwerkzeughalte-
einrichtung (9) mit dem Manipulierarm (53) des
Roboters (50) verbindet und diese StoBdamp-
fereinrichtung  (65) angrenzend an einer
Werkstlickpositioniereinrichtung (74, 75, 76) der
Befestigungseinrichtung (62) angeordnet ist, wobei
die Werkstuckpositioniereinrichtung (74, 75, 76)
wahrend einer zweiten Periode der Werkstiickver-
arbeitung diese StoBdampfereinrichtung umgeht
und dazu ausgelegt ist, die Greifwerkzeughalteein-
richtung (9) direkt an den Manipulierarm (53) des
Roboters (50) fest anzuschlieBen.

Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 1, dadurch gekennzeichnet,
daB die StoBdampfereinrichtung (65) einen Teil
einer Befestigungseinrichtung (72) bildet und die
Greifwerkzeughalteeinrichtung (9) an den Manipu-
lierarm (53) des Roboters (50) befestigt.

Werkstickmanipulations- und -verarbeitungssy-
stem nach zumindest einem der vorstehenden
Anspriche 1 bis 2, dadurch gekennzeichnet, daB
der Manipulierarm (53) des Roboters (50) eine
Armspitze (59) an dem vorspringenden Ende des
Manipulierarmes (53) enthalt, die entfernbar an
dem Manipulierarm (53) in rechten Winkeln ange-
schlossen ist, wobei diese Armspitze (59) drehbar
einen Schlittenhaltetisch (60) abstltzt, der drehbar
um die Mittelachse (61) der Armspitze (59) ist und
einen Gleittisch (62) entlang seiner Oberflache
abstiitzt, die von der Armspitze (59) wegweist,
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wobei dieser Gleittisch (62) bezlglich der Mittel-
achse (61) radial bewegbar ist.

Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 3, dadurch gekennzeichnet,
daB der Gleittisch (62) tiber einen vorspringen Hal-
tearm (62a) einen kastenférmigen Trager (63) halt,
wobei eine Bodenplatte (64) davon sich im wesent-
lichen parallel oder senkrecht zu der Mittelachse
(61) der Armspitze (59) erstreckt.

Werkstickmanipulations- und -verarbeitungssy-
stem nach einem der vorstehenden Anspriiche 2
bis 4, dadurch gekennzeichnet, daB3 die Werk-
stuckpositioniereinrichtung (74, 75, 76) einen Teil
der Befestigungseinrichtung (72) bildet, die eine
Halteplatte (66) enthalt, welche innerhalb dieses
kastenférmigen Tragers (63) angeordnet ist und
welche an der Bodenplatte (64) Uber diese StoB-
dampfereinrichtung (65) angeschlossen ist.

Werkstickmanipulations- und -verarbeitungssy-
stem nach zumindest einem der vorstehenden
Anspriiche 1 bis 5, dadurch gekennzeichnet, daf
diese StoBdampfereinrichtung eine Vielzahl von
parallel ausgerichterer StoBdampferelemente (65)
aufweist, die aus Gummi hergestellt sind, bevorzugt
aus saulenférmigen Gummizylindern (65), deren
Achsen sich im wesentlichen senkrecht oder paral-
lel zu der Mittelachse (61) erstrecken.

Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 5, dadurch gekennzeichnet,
daB die Werkstiuckpositioniereinrichtung (74, 75,
76), die die Halteplatte (66) an den kastenférmigen
Trager (63) fest anschlieBt, eine Vielzahl von
Arbeitszylindern (74) zum Halten aufweist, die an
Seitenplatten (73) des kastenférmigen Tragers (63)
angeschlossen sind, wobei diese Arbeitszylinder
(74) Kolbenstangen (75) aufweisen, die hin- und
herbewegbar sind zwischen einer vorgeschobenen
Eingreifposition unter Werksttickausrichtung mittels
Eingreifen in Eingreiflécher (76), die in der Halte-
platte (66) vorhanden sind, und einer zuriickgezo-
genen Position unter Werkstickverarbeitung, in
welcher die Kolbenstangen (75) in ihrer nicht ein-
greifenden Ruheposition verbleiben.

Werkstickmanipulations- und -verarbeitungssy-
stem nach mindestens einem der vorstehenden
Anspriiche 3 bis 7, dadurch gekennzeichnet, daf3
die Halteplatte (66) eine Spannvorrichtung (67)
abstitzt, die Klemmbacken (67a, 67b) aufweist,
welche betatigbar sind Ober einen Kniehebelme-
chanismus, um bezlglich zueinander entgegenge-
setzt bewegbar zu sein zum Festklemmen eines
Klemmbereiches des Werkstlickes, bevorzugt den
AnguBverteiler des ausgeformten Produktes, wobei
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diese Klemmbacken (67a, 67b) mit zumindest
einem Paar entgegengesetzt angeordneter duBe-
rer Spannzahne (70) versehen sind, die dazu aus-
gelegt sind, den Klemmbereich des Werkstlckes
festzuklemmen.

Werkstickmanipulations und -verarbeitungssystem
nach Anspruch 8, dadurch gekennzeichhnet, daB
die Klemmbacken (67a, 67b) beide linear bzw. um
eine Schwenkachse verschwenkbar beweglich
sind.

Werkstickmanipulations und -verarbeitungssystem
nach Anspruch 8, dadurch gekennzeichnet, daB
die auBeren Spannzahne (70) an der AuBenseite
der Klemmbacken (67a, 67b) angeordnet sind, um
eine innere Umfangsoberflache eines Loches (4a)
des Produkts (4) zu ergreifen.

Werkstickmanipulations und -verarbeitungssystem
nach Anspruch 3, dadurch gekennzeichnet, daB
ein Haltetisch (80), der im wesentlichen parallel zur
Mittelachse (61) angeordnet ist, an dem Gleittisch
(62) montiert ist, wobei dieser Haltetisch (80) mit
Arbeitszylindern (81) zumHalten versehen ist,
wobei deren Kolbenstangen (85) zwischen ersten
und zweiten Positionen bewegbar sind und die
Arbeitszylinder (81) zwischen ihren ersten und
zweiten Positionen bewegbar sind, wobei diese
Arbeitszylinder (81) mit axial vorspringenden zylin-
derférmigen Vorspriingen (88) versehen sind, wel-
che gleitend in Gleitldchern (90) des Haltetisches
(80) aufgenommen sind, wobei diese Vorspriinge
(88) mit Eingriffsléchern (95) eines Montiertragers
(66) der Greifwerkzeughaltereinrichtung (9) in Ein-
griff bringbar sind, wahrend die StoBdampferein-
richtungen (65) parallel zu den gleitenden
Vorspriingen (88) zwischen dem Haltetisch (80)
und dem Montagetréger (66) angeordnet sind.

Werkstickmanipulations- und -verarbeitungssy-
stem nach zumindest einem der vorstehenden
Anspriiche 1 bis 11, dadurch gekennzeichnet,
daf die Vibrationseinrichtung (101) einen Vibrator
(160) aufweist, der von einem Stltzstab (103)
gehalten wird, der sich von dem oberen Bereich
eines Standers (102) nach oben erstreckt.

Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 12, dadurch gekenn-
zeichnet, daB der Vibrator (160) eine

Arbeitszylindereinheit (111) und eine vibrierende
Kobenstange (110a) aufweist, die von einem Kol-
ben (110) gehalten wird, der innerhalb dieser Zylin-
dereinheit (111) gleitet, wobei der vorspringende
Spitzenabschnitt der Kolbenstange (110a) eine
Hammereinheit (115) halt, die einen konisch zulau-
fenden spitzen Abschnitt aufweist.
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Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 12 oder 13, dadurch gekenn-
zeichnet, daB die Zylindereinheit (111) einen
Pneumatikzylinder (106) enthalt, der an einer
Druckquelle (107) Uber eine automatische Schalt-
einrichtung (108) angeschlossen ist, die im rick-

wartigen Bereich der Zylindereinheit (111)
angeordnet ist.
Werkstickmanipulations- und -verarbeitungssy-

stem nach Anspruch 14, dadurch gekenn-
zeichnet, daB ein Block (112), der einen Durchlaf
fur druckbeaufschlagte Luft festlegt, zwischen der
automatischen Schalteinrichtung (108) und dem
riickwartigen Ende der Zylindereinheit (111) ange-
ordnet ist und den pneumatischen Zylinder (106)
abschaltet.

Werkstickmanipulations- und -verarbeitungssy-
stem nach zumindest einem der vorstehenden
Anspriiche 12 bis 15, dadurch gekennzeichnet,
daB die Zylindereinheit (111) sowohl Luftlécher
(121) far die Kolbenannéherung, die in der Wan-
dung der Zylindereinheit (111) vorgesehen sind
und sich von einer riickwértigen Endoberflache der
Zylindereinheit (111) axial erstrecken und sich in
einer inneren Oberflache des pneumatischen Zylin-
ders (106) in der Nahe eines rickwartigen Endab-
schnittes des pneumatischen Zylinders (106)
6ffnen, als auch den Kolben zurtickfiihrende Luftl®-
cher (112) aufweist, die in der Wandung der Zylin-
dereinheit (111) sich von der rlickwértigen
Endoberflache der Zylindereinheit (111) axial
erstrecken und in der inneren Oberflache des pneu-
matischen Zylinders (106) in der Nahe eines vorde-
ren Endabschnittes des pneumatischen Zylinders
(106) offnen.

Werkstickmanipulations- und -verarbeitungssy-
stem nach zumindest einem der vorstehenden
Anspriiche 12 bis 16, dadurch gekennzeichnet,
daB sich AuslaBlécher (123) in axialer Richtung des
pneumatischen Zylinders (106) erstrecken, die sich
bei axial weit voneinander entfernten Punkten auf
der inneren Oberflache des pneumatischen Zylin-
ders (106) offnen und es ermdglichen, daB Luft
durch das rickwartige Ende des pneumatischen
Zylinders (106) entweichen kann.

Werkstickmanipulations- und -verarbeitungssy-
stem nach zumindest einem der vorstehenden
Anspriiche 12 bis 17, dadurch gekennzeichnet,
daB ein Freigabeventil (109) vorhanden ist, das ent-
weder die Luftldcher (121) fir die Kolbenannahe-
rung oder die LuftauslaBlécher (123) in die
Atmosphére entlUftet, wobei dieses geschlossen
bleibt, wenn die Vibrationseinrichtung sich im
Betrieb befindet, und welches sich zur Atmosphéare
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hin 6ffnet, wenn die Vibrationseinrichtung ausge-
schaltet ist.

Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 18, dadurch gekenn-
zeichnet, daB das Freigabeventil ein

Dreiwegeventil (109) ist, das sowohl entweder mit
den Luftléchern (121) fir die Kolbenann&herung
oder mit den Léchern (122) far die Kolbenrickfuh-
rung der Zylindereinheit (111) einerseits verbunden
ist, und sowohl andererseits an den AuslaBluftlé-
chern (123) angeschlossen ist, so da wahrend der
Vibrations-Operation der Vibrationseinrichtung die
Luftidcher (121, 122) fir die Kolbenanndherung
und -rackfiihrung geschlossen sind, wéhrend die
AuslaBluftiécher (123) zur Atmosphare hin geéfinet
sind, wahrend bei dem Ruhezustand der Vibrati-
onseinrichtung die Luftiécher (121, 122) fir die Kol-
benanndherung und -riickfihrung zur Atmosphére
gedfinet sind, wahrend die AuslaBluftiécher (123)
geschlossen sind, so daB dieses Freigabeventil
dazu ausgelegt ist, entweder ein Luftvolumen vor
oder hinter dem Kolben (110) zur Atmosphére zu
entltften und dieser Kolben (110) in seiner am wei-
testen angendherten oder in seiner weitestens
zuriickgezogenen Position ruht.

Werkstickmanipulations- und -verarbeitungssy-
stem nach mindestens einem der vorstehenden
Anspriiche 15 bis 19, dadurch gekennzeichnet,
daB der Block (112) zur Festlegung eines Luft-
durchlasses Luftlécher (124) fur die Kolbenannéhe-
rung, Luftldcher (125) fur die Kolbenrlckfiihrung
und AuslaBluftidcher (126) enthalt, die alle mit
zugeordneten Luftldchern (121, 122, 123) passend
ausgerichtet sind und in den Block (112) zur Festle-
gung eines Luftdurchlasses bei dem rlckwartigen
Bereich der Zylindereinheit (111) hinein &ffnen, in
welcher der Kolben, die Luftldcher (124) fir die Kol-
benanndherung und die Luftiécher (125) far die
Kolbenriickfihrung durch diesen Block (112) fir die
Festlegung eines Luftflusses parallel zur axialen
Richtung der Zylindereinheit (111) hindurchtreten,
wodurch das automatische Schaltventil (108) ange-
schlossen wird.

Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 20, dadurch gekenn-
zeichnet, daB die Luftldcher (124) fur die
Kolbenannaherung des Blockes (112) fir die Fest-
legung des Luftdurchlasses alle miteinander ver-
bunden sind mittels  einer  X-férmigen
Verbindungsrohrungsanordnung (127), welche in
Umfangsrichtung voneinander beabstandet auf der
Spitze des Blockes (112) fir die Festlegung des
Luftdurchlasses in Nippel (120) hinein &ffnet, die
dazu ausgelegt sind, mit einer Lufidruckquelle ver-
bunden zu werden, insbesondere Luftsteuerein-
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richtungen, wie z.B. ein Dreiwegeventil (109).

Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 20 bis 21, dadurch gekenn-
zeichnet, daB die entliftenden LuftauslaBlécher
(126), die in dem Block (112) zur Festlegung eines
Luftdurchflusses vorhanden sind, Rinnen (126a)
enthalten, die sich in der Umfangsrichtung des
pneumatischen Zylinders (106) zu Positionen hin
erstrecken, die der rickwértigen Offnung der Luft-
auslaBlécher (123) der Zylindereinheit (111) entge-
gengesetzt sind, um daran angeschlossen zu
werden, sowie mit einer radialen Verlangerung
(126¢) versehen ist, die in radialer Richtung auf den
linken und rechten Seitenoberflachen des Blockes
(112) zur Festlegung eines Luftdurchflusses sich
6ffnen.

Werkstickmanipulations und -verarbeitungssystem
nach Anspruch 22, dadurch gekennzeichnet, daB
die LuftauslaBlécher (126) in Nippel (129) hinein
6ffnen, die dazu ausgelegt sind, um mit einer Luft-
fluBsteuereinrichtung, insbesondere dem Dreiwe-
geventil (109), verbunden zu werden.

Werkstickmanipulations und -verarbeitungssystem
nach zumindest einem der vorstehenden Anspri-
che 14 bis 23, dadurch gekennzeichnet, daB die
automatische Schalteinrichtung ein automatisches
Schaltventil (108) enthélt, das mittels Bolzen (117)
an dem Block (112) zur Festlegung eines Luft-
durchflusses befestigt ist, wobei dieses automati-
sche Schaltventil (108) ein Ventilgehause (131) und
einen Ventilkérper (132) aufweist, der in einer an
der Vorderseite des Ventilgehauses (131) vorhan-
dene Aussparung (131a) aufgenommen ist, und
daB es von dem Block (112) zur Festlegung eines
Luftdurchlasses abgedeckt ist.

Werkstickmanipulations und -verarbeitungssystem
nach Anspruch 24, dadurch gekennzeichnet, daB
das Ventilgeh&use (131) einen Luftkanal (133) auf-
weist, der in einem Spitzenabschnitt des Ventilge-
hauses (131) sich 6ffnet und sich zu einem
Bodenbereich des Ventilkdrpers erstreckt, der die
Aussparung (131) aufnimmt, um eine Vielzahl von
Luftverbindungskanélen (133a, 133b) anzuschlie-
Ben, die in dem Ventilkérper (132) angeordnet sind,
wobei dieses Offnen an dem Spitzenabschnitt des
Ventilgehduses (131) dazu ausgelegt ist, um an
eine Quelle mit druckbeaufschlagter Luft (107)
angeschlossen zu werden.

Werkstickmanipulations- und -verarbeitungssy-
stem nach Anspruch 25, dadurch gekenn-
zeichnet, daB der Ventilkérper (132) einen Stapel
von drei Plattenscheiben (132a, 132b, 132c) auf-
weist, die Luftverbindungskanale (133a, 133b, 135,
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136) festlegen, und ein Schaltventilelement (134)
enthalt, das von diesen verbindenden Kanélen
umgeben ist, die diese Scheiben (132a, 132b,
132¢) festlegen, wobei dieses Schaltventilelement
(134) axial frei bewegbar ist in Abhéngigkeit von
einer Druckdifferenz des Luftdruckes, der auf die in
axialer Richtung weisenden Endflachen des Schalt-
ventilelements (134) wirkt.

Werkstickmanipulations und -verarbeitungssystem
nach Anspruch 26, dadurch gekennzeichnet, daB
dieser Ventilkérper (132) ein Luftloch (135) fir die
Kolbenannaherung und ein Luftloch (136) fiir die
Kolbenrickfihrung aufweist, welche jeweils an die
entsprechenden Luftlécher (124) fir die Kolbenan-
naherung und Luftldcher (125) fur die Kolbenrick-
fuhrung angeschlossen sind, die in dem Block
(112) fur die Festlegung des Luftdurchlasses vor-
handen sind, und dafB das automatisch schaltende
Ventilelement (134) bewirkt, daB diese Luftlécher
(124, 125) selektiv an die druckbeaufschlagte Luft
fuhrenden Luftzufihrungskanale (133) anschlieB-
bar sind.

Revendications

1.

Systéme de manipulation et de traitement de pie-
ces, en particulier dispositif destiné a éliminer des
barbes de produits moulés, comprenant un robot
(50) comportant un bras manipulateur mobile (53)
se terminant par des moyens de support de prise
(9) destinés & maintenir la piéce ou un outil de trai-
tement, des moyens d'amortissement des chocs
(65), qui sont disposés entre les moyens de support
de prise (9) et le bras manipulateur (53) afin
d'empécher la transmission de chocs ou de vibra-
tions des moyens de support de prise (9) vers le
bras manipulateur (53) au cours d'une opération de
traitement de piéce ou d'outil,

caractérisé par

un dispositif vibratoire destiné a maintenir respecti-
vement I'outil ou la piéce, lesdits moyens d'amortis-
sement des chocs (65) au moins au cours d'une
premiére période de traitement de piece reliant indi-
rectement les moyens de support de prise (9) au
bras manipulateur (53) du robot (50) et lesdits
moyens d'amortissement des chocs (65) sont posi-
tionnés de maniere adjacente a des moyens de
positionnement de piéce (74, 75, 76) des moyens
d'assujettissement (72), lesdits moyens de posi-
tionnement de piéce (74, 75, 76) au cours d'une
seconde période de traitement de piéce contour-
nent lesdits moyens d'amortissement des chocs
tout en étant adaptés pour relier fermement les
moyens de support de prise directement au bras
manipulateur (53) du robot (50).

2. Systéme de manipulation et de traitement de pié-
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ces selon la revendication 1, caractérisé en ce que
lesdits moyens d'amortissement des chocs (65)
font partie intégrante des moyens d'assujettisse-
ment (72) fixant les moyens de support de prise (9)
au bras manipulateur (53) du robot (50).

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 1 ou 2, caractérisé en ce que, le bras
manipulateur (53) du robot (50) comprend une
extrémité de bras (59) a I'exirémité en saillie de
I'arbre manipulateur (53), qui est fixée de maniére
amovible a 'arbre manipulateur (53) a angle droit,
ladite extrémité de bras (59) supportant en rotation
un plateau de support coulissant (60) qui peut tour-
ner autour de l'axe central (61) de I'extrémité de
bras (59), ledit plateau coulissant (62) est mobile de
maniére radiale par rapport & l'axe central (61).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 3, caractérisé en ce que
ledit plateau coulissant (62) supporte par lintermé-
diaire d'un bras de support en saillie (62a) un sup-
port en forme de boitier (63), dont une plaque
d'embase (64) s'étend essentiellement de maniére
paralléle ou perpendiculaire a l'axe central (61) de
I'extrémité de bras (59).

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 2 a 4, caractérisé en ce que lesdits moyens
de positionnement de piéce (74, 75, 76) font partie
des moyens d'assujettissement (72) comprenant
une plaque de support (66) qui est positionnée a
l'intérieur du dit support en forme de boitier (63) et
qui est reliée a la plaque d'embase (64) par linter-
médiaire des dits moyens d'amortissement des
chocs (65).

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 1 & 5, caractérisé en ce que lesdits moyens
d'amortissement comprennent une pluralité d'élé-
ments amortisseurs (65) se composant de caout-
chouc, de préférence des cylindres en caoutchouc
en forme de colonne (65), dont les axes s'étendent
essentiellement de maniére perpendiculaire ou
paralléle & I'axe central (61).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 5, caractérisé en ce que,
lesdits moyens de positionnement de piece (74, 75,
76) reliant de maniére rigide la plaque de support
(66) au support en forme de boitier (63) comprend
une pluralité de vérins actifs de maintien (74) fixés
ades plaques latérales (73) du support en forme de
boitier (63), lesdits vérins actifs (74) comprennent
des tiges de piston (75) qui peuvent avoir un mou-
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vement alternatif entre une position d'engagement
avancée lors du positionnement des pieces, en
s'engageant dans des orifices de la plaque de sup-
port (66), et une position rétractée lors du traite-
ment des piéces dans laquelle les tiges de piston
(75) restent dans une position de repos et de non
engagement.

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 3 & 7, caractérisé en ce que ladite plaque de
support (66) supporte un mandrin de travail (67)
comprenant des machoires (67a, 67b) actionnées
par lintermédiaire d'un mécanisme a articulation
pour &tre mobile de maniére opposée I'une par rap-
port a l'autre afin de serrer une zone de serrage de
la piéce, de préférence les barbes d'un produit
moulé, lesdites machoires (67a, 67b) comportant
au moins une paire de dents de maintien extérieu-
res (70) disposées en opposition I'une par rapport &
l'autre adaptée pour serrer la zone de serrage de la
piéce.

Systéme de manipulation et de traitement de pie-
ces selon la revendication 8, caractérisé en ce que
les machoires de serrage (67a, 67b) sont mobiles
respectivement soit de maniére linéaire soit en
pivotement autour d'un axe de pivotement.

Systéme de manipulation et de traitement de pie-
ces selon la revendication 8, caractérisé en ce que
les dents de maintien extérieures (70) sont dispo-
sées sur le coté extérieur des méachoires (67a, 67b)
afin de s'engager sur une surface de circonférence
intérieure d'un orifice (4a) d'un produit (4).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 3, caractérisé en ce
qu'un plateau de support (80) qui est disposé
essentiellement de maniére paralléle a I'axe central
(61) est monté sur le plateau coulissant (62), ledit
plateau de support (80) comportant des vérins de
maintien actifs (81) dont les tiges de piston (85)
sont mobiles entre leurs premiére et seconde posi-
tions, lesdits vérins actifs (81) comportant des
saillies cylindriques (88) en saillie axiale qui sont
regues en coulissement dans des orifices de coulis-
sement (90) du plateau de support (80), lesdites
saillies (88) pouvant s'engager dans des orifices
d'engagement (95) d'un support de montage (66)
des moyens de support de prise (9) alors que les
moyens d'amortissement des chocs (65) sont dis-
posés de maniére paralléle aux saillies coulissan-
tes (88) entre le plateau de support (80) et le
support de montage (66).

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
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dentes 1 & 11, caractérisé en ce que le dispositif
vibratoire (101) comprend un vibreur (160) sup-
porté par une colonne de support (103) s'élevant a
partir du sommet d'un socle (102).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 12, caractérisé en ce que
le vibreur (160) comprend un ensemble de vérin
actif (111) et une tige de piston vibrante (110a) sup-
portée par un piston (110) coulissant a I'intérieur du
dit ensemble de vérin (111), la partie d'extrémité en
saillie de ladite tige de piston (110a) supportant un
ensemble de marteau (115) comportant une partie
d'extrémité conique.

Systéme de manipulation et de traitement de pie-
ces selon la revendication 12 ou la revendication
13, caractérisé en ce que I'ensemble de vérin (111)
comprend un vérin pneumatique (106) relié a une
alimentation sous pression (107) par 'intermédiaire
d'un dispositif de commutation automatique (108)
disposé a l'arriére de I'ensemble de vérin (111).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 14, caractérisé en ce
quun bloc définissant des passages d'air sous
pression (112) est disposé entre le dispositif de
commutation automatique (108) et I'extrémité
arriére de I'ensemble de vérin (111) et met hors cir-
cuit le vérin pneumatique (106).

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 12 3 15, caractérisé en ce que I'ensemble
de vérin (111) comprend a la fois des orifices d'air
destinés a I'avancement du piston (121) aménagés
dans la paroi de I'ensemble de vérin (111) qui
s'étendent de maniére axiale a partir d'une surface
d'extrémité arriére de I'ensemble de vérin (111) et
qui s'ouvrent sur la surface intérieure du vérin
pneumatique (106) a proximité d'une partie d'extré-
mité dirigée vers l'arriére du vérin pneumatique
(106), et des orifices d'air destinés a la rétraction du
piston (122) aménagés dans la paroi de I'ensemble
de vérin (111) qui s'étendent de maniére axiale a
partir de la surface d'extrémité arriére de I'ensem-
ble de vérin (111) et qui s'ouvrent sur la surface
intérieure du vérin pneumatique (106) a proximité
d'une partie d'extrémité avant du vérin pneumati-
que (106).

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 12 a 16, caractérisé en ce que des orifices
d'échappement (123) s'étendent dans le sens axial
du vérin pneumatique (106) et s'ouvrent en des
points espacés axialement sur la surface intérieure
du vérin pneumatique (106), ce qui permet a l'air de
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s'échapper par I'extrémité arriére du vérin pneuma-
tique (106).

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 12 a 17, caractérisé en ce qu'il est fourni
une soupape de slreté (109) déchargeant soit les
orifices d'air destinés a l'avancement du piston
(121), soit les orifices d'échappement d'air (123)
vers le milieu ambiant qui restent fermés lorsque le
dispositif vibratoire est en fonctionnement et qui
s'ouvrent sur le milieu ambiant lorsque le dispositif
vibratoire est arrété.

Systéme de manipulation et de traitement de pie-
ces selon la revendication 18, caractérisé en ce que
la soupape de slreté est une soupape a trois voies
(109) reliée a la fois soit aux orifices d'air destinés a
l'avancement du piston (121) soit aux orifices de
rétraction de piston (122) de I'ensemble de vérin
(111), d'une part, et reliée aux orifices d'échappe-
ment d'air (123), d'autre part, de sorte qu'au cours
de l'opération de vibration du dispositif vibratoire les
orifices d'air destinés a l'avancement et a la rétrac-
tion du piston (121, 122) sont fermés alors que les
orifices d'échappement dair (123) sont ouverts
vers le milieu ambiant, tandis qu'en condition de
non fonctionnement du dispositif vibratoire, les orifi-
ces d'air destinés a l'avancement et a la rétraction
du piston (121, 122) sont ouverts vers le milieu
ambiant alors que les orifices d'échappement d'air
(123) sont fermés, de sorte que ladite soupape de
slreté est adaptée pour décharger un volume d'air
soit a I'avant soit a l'arriére du piston (110) vers le
milieu ambiant et ledit piston repose dans sa posi-
tion la plus avancée ou dans sa position la plus
rétractée.

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 15 a 19, caractérisé en ce que le bloc
définissant des passages d'air (112) comprend des
orifices d'air destinés a l'avancement du piston
(124), des orifices d'air destinés a la rétraction du
piston (125) et des orifices d'échappement d'air
(126), tous en correspondance exacte avec les ori-
fices d'air associés (121, 122, 123) ouvrant sur le
bloc définissant des passages d'air (112) a l'arriére
de I'ensemble de vérin (111) dans lequel les orifi-
ces d'air destinés a I'avancement du piston (124) et
les orifices d'air destinés a la rétraction du piston
(125) passent au travers du bloc définissant des
passages d'air (112) de maniére paralléle au sens
axial de I'ensemble de vérin (111), reliant ainsi la
soupape de commutation automatique (108).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 20, caractérisé en ce que
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les orifices d'air destinés a I'avancement du piston
(124) du bloc définissant des passages d'air (112)
sont tous reliés les uns aux autres au moyen d'un
aménagement d'alésage d'interconnexion en forme
de croix (127) et s'ouvrent en circonférence et de
maniére espacée au sommet du bloc définissant
des passages d'air (112) dans des embouts (128)
adaptés pour étre reliés a des moyens d'alimenta-
tion en air sous pression, en particulier des moyens
de commande d'air comme une soupape a trois
voies (109).

Systéme de manipulation et de traitement de pie-
ces selon les revendications 20 4 21, caractérisé en
ce que les orifices d'échappement d'air (126) amé-
nagés dans le bloc définissant des passages d'air
(112) comprennent des gorges (126a) qui s'éten-
dent dans le sens de la circonférence du vérin
pneumatique (106) a des positions opposées a
l'ouverture arriére des orifices d'échappement d'air
(123) de I'ensemble de vérin (111) pour relier celui-
ci, et une extension radiale (126¢) s'ouvrant de
maniére radiale sur les surfaces latérales gauche et
droite du bloc définissant des passages d'air (112).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 22, caractérisé en ce que
les orifices d'échappement d'air (126) s'ouvrent
dans des embouts (129) adaptés pour étre reliés a
des moyens de commande de débit d'air, en parti-
culier la soupape a trois voies (109).

Systéme de manipulation et de traitement de pie-
ces selon au moins I'une des revendications précé-
dentes 14 & 23, caractérisé en ce que ledit dispositif
de commutation automatique comprend une sou-
pape de commutation automatique (108) fixée au
bloc définissant des passages d'air (112) par des
boulons (117), ladite soupape de commutation
automatique (108) comportant un carter de sou-
pape (131) et un corps de soupape (132) logé dans
un retrait (131a) situé du cété avant du carter de
soupape (131) recouvert par le bloc définissant des
passages d'air (112).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 24, caractérisé en ce que
le carter de soupape (131) comprend un passage
d'air (133) s'ouvrant en une partie supérieure du
carter de soupape (131) et s'étendant vers une
zone inférieure du corps de soupape recevant le
retrait (131a) afin de relier une pluralité des passa-
ges de connexion dair (133a, 133b) aménagés
dans le corps de soupape (132), ladite ouverture
située dans la partie supérieure du carter de sou-
pape (131) étant adaptée pour étre reliée a une
source d'air sous pression (107).

10

15

20

25

30

35

40

45

50

55

21

EP 0 620 064 B1

26.

27.

40

Systéme de manipulation et de traitement de pie-
ces selon la revendication 25, caractérisé en ce que
ledit corps de soupape (132) comprend un empile-
ment de trois plagues de disques (132a, 132b,
132c¢) définissant des passages de connexion d'air
(1334, 133b, 135, 136), et un élément de soupape
de commutation (134) entouré par lesdits disques
définissant des passages de connexion (1323,
132b, 132c), ledit élément de soupape de commu-
tation (134) étant librement mobile de maniére
axiale en réponse a une différence de pression de
la pression d'air agissant sur les faces d'extrémité
en opposition axiale de I'élément de soupape de
commutation (134).

Systéme de manipulation et de traitement de pie-
ces selon la revendication 26, caractérisé en ce que
ledit corps de soupape (132) comporte un orifice
d'air destiné a I'avancement du piston (135) et des
orifices d'air destinés a la rétraction du piston (136)
qui relient les orifices d'air destinés a I'avancement
du piston (124) et les orifices d'air destinés a la
rétraction du piston (125) correspondants définis
dans le bloc définissant des passages d'air (112), et
en ce que I'élément de soupape de commutation
automatique (134) provoque la connexion sélective
de ces orifices d'air (124, 125) avec les passages
d'alimentation en air sous pression (133).
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