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Flipping Apparatus, System and Method for Processing Articles

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority of US provisional application US 62/108,660 filed on

January 28" 2015, which is included herein by reference in its entirety.

FIELD OF THE INVENTION

The invention relates to a flipping apparatus for flipping articles, a systemn for processing
articles having such a flipping apparatus, and a corresponding method for processing
articles. The flipping of an article is achievaed by passing the article between two flipping

arms which perform a rotation sach.
BACKGROUND OF THE INVENTION

In systems processing articles it is often necessary to turn an article around, or to flip i,
so that a side of an article facing in one direction before the flip faces into the opposite
direction after the flip. For example, if an article is to be inspected, it may be necessary
to inspect the entire article; one possibility to achieve this is o flip the article between
consecutive inspection steps, so that different sides of the article can be inspected.
Anaiogous statements apply if opposite sides of an article or object need to be worked
on. If articles are to be processed at high throughput, flipping the articles has to be done

at a high rate.

Several types of flipping systems are known. One type is a hand-over flipping system. In
such a system the article or object 1s held by a first handler, for example a vacuum
nozzle, rotated by 90 degrees, handed over to a second handler, which performs a
further rotation by 90 degrees. In this way, a flip of the object or article can be achieved.
in such a type of system, the input position, i.e. the position from where the article is
picked by the first handler, is usually different from the output position. Furthermore, the
hand-over flipping system has to complete the flipping operation for one article, before it

can commence the flipping operation for a further article.
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A further type of flipping system is a rotational flipping system. The article to be flipped is
placed into a bottom nest, which then is covered with a top nest. This assembly is
rotated by 180 degrees. The former bottom nest, now on {op, is removed, and the
flipped article can be removed from the former top nest. Such a system has to complete
the flipping operation for one article, before it can commence the flipping operation for a

further articla.

Yei another type of flipping system is a spoke-wheel flipping system. The articie is
picked up by a handler, for example a vacuum nozzle, from an input location. The
handler, carrying the article, then rotates by 180 degrees, which implies a rotation of the
article by 180 degrees. The article is then picked from the handler by a further handler.
With this approach, the distance between the input position, from where the article is
picked up, and the output position, from where the article is picked after the rotation, is

at least twice the length of the handler.

if a flipping operation for one article has o be completed before a flipping operation for a
further article can be started, this is a limiting factor on the throughput of the flipping
system and may adversely affect the throughput of any processing system using such a
flipping system. If flipping systems are used for which the input position of an article is
different from the oulput position of the article, the workflow in and the configuration of a
processing system have to take this change of position into account. Therefore, if the
articles are {0 be processed without flipping in some occasions, changes to the
configuration of the processing system become necessary, as either the change of
position of the article has to be achieved without a flip of the arlicle, or an alternative

path of the articles through the processing system has (o be established.

SUMMARY OF THE INVENTION

it therefore is an object of the invention to provide a flipping apparatus for articles which
is suitable for high throughput, and which can be integrated into a system and operated
it such a way that articles can also be handled without a flip, without requiring major

reconfigurations of the system. Furthermore, despile the need for high speed
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movements of articles if high throughput is desired, the operation of the flipping

apparatus shall be such that the risk of damage to an article is reduced.
This object is achieved with a flipping apparatus according o claim 1.

it is a further object of the invention to provide a system for procassing articles, which
can be operated at high throughput, and wherein the articles can be flipped if required,
but which can also process the articles without flip, f necessary, without this option
requiring reconfigurations of the system. Articles shall be handled at a reduced risk of

damage, despite high throughput.
This object is achieved with a system according to claim 8.

Yei another object of the invention is o provide a method for processing articles, which
can be performed at high throughput. Articles shall be handled at a reduced risk of
damage, despite high throughput.

This object is achieved with a method according to claim 14.

The flipping apparatus according 1o the invention for flipping articles comprises a first
flipping arm and a second flipping arm, which cooperate 10 achieve the desired flip of an
article. Therein, the article can be provided to the flipping apparatus in any suitable way,
for example, but not limited o, on a conveyor, on a tray, in a regular or irregular stream
of articles, or by a robotic handler. The Tirst flipping arm is configured to pick the
provided article and to perform a rotation between a pick position and a pass position.
The pick position and the pass position here denote two distinct orientations of the first
flipping arm in space. The pick position is the orientation in space the first flipping arm
has when picking an article. The pass position is the orientation in space the first flipping

arm has when passing or handing over the picked article {o the second flipping arm.

The second flipping arm is configured to perform a rotation between a receive position
and a place position and to place the article. The receive position and the place position
here denote two distinct orientations of the second flipping arm in space. The receive
position is the orientation in space the second flipping arm has when receiving an article

from the first flipping arm, i.e. when the first flipping arm, in the pass position, passes the
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article o the second flipping arm. The place position is the orientation in space the

sacond flipping arm has when placing the received article at a destination location.

The first flipping arm moves betweean the pick position and the pass position by rotation
through an angle, the second flipping arm moves between the receive position and the
place position by rotation through an angle. These angles, in non-limiting embodiments,

may be 90 degrees each.

According to the invention the first flipping arm is further configured to perform the
rotation from the pick position to the pass position at a first speed, and the rotation in the
reverse direction, from the pass position to the pick position, at a second speed, which is
higher than the first speed. The second flipping arm, according {o the invention, is
further configured to perform the rotation from the receive position to the place position
at a third speed, and the rotation from the place position to the receive position, L.e. in
the revarse direction, at a fourth speed, which is higher than the third speed. Note that in
ordinary operation, L.e. when the flipping apparatus is handiing articles, the first flipping
arm carries an article when moving from the pick position to the pass position, but does
not carry an article when moving from the pass position to the pick position. Likewise,
the second flipping arm carries an article when moving from the receive position to the
place position, but does not carry an article when moving from the place position to the

receive position.

Therefore it can be seen from the above that the speed of the first flipping arm or of the
second flipping arm, respectively, s lower when carrying an article than whean not
carrying an article. In general, higher speeds, if attained within a defined time, imply
higher accelerations, and therefore higher inertial forces on the articies carried by the
flipping arms. By the above described inventive configuration of the flipping apparatus,
high inertial forces on the articles are avoided, while the higher speeds of the flipping
arms when not carrying articles noneatheless allow the flipping apparatus to operate at
high throughput. Avoiding high inertial forces on the articles reduces the risk of damage

to the articles.

in an embodiment the flipping apparatus is configured to control the first flipping arm to

pick an article from a stream of articles, while the second flipping arm is performing the
4
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rotation from the receive position to the place position. In ordinary operation, the second
flipping arm therein is carrying a further article, previously picked by the first flipping arm
and passed to the second flipping arm. In this embodiment, the flipping apparatus can
commence a flipping operation on an article, by bringing the first flipping arm into the
pick position, while still completing the flipping operation on a previously picked article,
with the second flipping arm. This configuration contributes to achieving high throughput

of the flipping apparatus.

in a further embodiment, the flipping apparatus is configured to control the first flipping
arm and the second flipping arm in such a way that the second flipping arm inserts an
article into a stream of articles at a position relative to the stream of articles from which
the first flipping arm has picked an article. In case of a serial siream of articles supplying
the articles to the flipping apparatus consecutively, this means that by the flipping
operation the articles are shifted back by one article position in the stream only, and the
stream of articles, supplying the articles to the flipping apparatus as an input stream, can
continue as an cutput stream of flipped articles, with the articles delayed by only one
article position. In such a configuration the flipping apparatus will hardly be the limiting
factor on throughput. A flipping apparatus configured to operate in this way is particularly
suitable for integration in a system in which the articles are not always to be flipped. if
articles are {0 be processed without flipping, the flipping apparatus can be left inactive,
and the siream of articles just passes the flipping apparatus, without incurring the delay

of one article position.

The first flipping arm and the second flipping arm can employ various techniqueas 1o pick,
hold or carry an article. In an embodiment, the flipping arms are configured to hold
articles by vacuum. This means that, in a known manner, the flipping arms are equipped
with nozzles that contact the articles, and a pressure lower than the ambient pressure is
generated within the nozzle, so that the article is pressed against the nozzle by the

ambient pressure.

Depending on the precise arrangement of the flipping arms in the flipping apparatus and
on details of design of the latter, the flipping arms, when performing their respective

rotations may aiso perform, before, after, or simultaneously with the respeactive rotation,
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a sliding movement. This, for example, may be necessary to be able to align the first
flipping arm, in the pass position, carrying an article, with the second flipping arm in the
receive position, in order to pass the article from the first flipping arm to the second
flipping arm without any collisions between the flipping arms or between the article and a
flipping arm when the flipping arms move into or cut of the pass position and receive
position, respectively. Such a sliding movement thus is a detail of implementation of the

basic functionality of the flipping apparatus described above.

Distinct from this potential sliding movement, in an embodiment of the flipping apparatus
at least the first flipping arm or at least the second flipping arm is configured to perform a
translation movement. Such a configuration can be empiloyed if a location an article is to
be picked from is spatially distant from a location at which the article is {0 be placed. The
distance between these two locations can be coverad by the translation movement. For
example, the articles may be provided to the flipping apparatus on a fray or in an
rregular arrangement, and the flipping apparatus, or at least the first flioping arm, may
have to perform translations in order to pick the articles. Analogously, if the articles are
to be placed on a tray or in an wregular arrangement, the flipping apparatus or at least
the second flipping arm may have to perform transiations in order {0 place the articles. A
franslation movement could also be employed to transfer articles from an input stream,
for example on an input conveyor, to an oculput stream, for example on an output
conveyor, at a distance from the input conveyor. in such a case, the transiation
movement achieves the transfer, and the flipping apparatus can optionally be operated
to perform a flip of the article, so this is a further example of using a flipping apparatus
according to an embodiment of the invention in a system in such away that a
reconfiguration of the system is not required i flips of articles are not performed.
Generally speaking, the embodiment discussed here can be employed {o pick an article
with the first flipping arm from a first location and to place the article, in a flippead stale, at

a second location with the second flipping arm.

it has already been described that high inertial forces related with accelerations of
articles during rotations of the first flipping arm or the second flipping arm imply a risk of
damage to the articles. The same is true of inertial forces related with accelerations in

translation movement. Therefore, in an embodiment of the flipping apparatus, the first
6
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flipping arm or the second flipping arm, respectively, or both, are configured o perform
the respective transiation movement at two different speeds. Al a speed low enough so
that the reguired accelerations leave the risk of damage to an article below an
acceptable threshold, if the respective arm is carrying an article, and at a higher speed if

the respective arm is not carrying an articie.

A system according to the invention for processing articles comprises a transport means
to provide at least one stream of articles through the system; and at least one flipping
apparatus as described above. Several advantages of empiloying a flipping apparatus
according to the invention in a system for processing articles have already been
mentioned above. The transport means may for example, but not limited to, comprise

one or plural conveyors, carrier wheels, or robotic handlers.

in a specific embodiment, the transport means is a rotating turret having defined carrier
positions, each carrier position having a carrier configured {o hold one article.
Alternatively, at each carrier position a group of plural carriers may be provided, each

carrier configured to hold one article.

in an embodiment, the system is configured to operate the transport means to transport
a further article to the at least one flipping apparatus, while an article is being flipped by
the flipping apparatus. it has already been stated above that the flipping apparatus
according to the invention can commence a flipping operation of an article while still
completing the flipping operation of another article. This embodiment of the system
makes use of this capability of the flipping apparatus by providing a further article to the
flipping apparatus still flipping another article. The configuration of this embodiment

contributes to high throughput of the system.

in an embodiment of the system, operation of the at least one flipping apparatus is
optional. For example, the transport means and the flipping apparatus may be arranged
such that the transport means carries the articles past the flipping apparatus, and if the
articles are to be flipped, the fliopping apparatus flips the articles in place in the stream of
articles or flips them as described above, with the flipped articies being displaced
backwards relative to the stream of articles by one article position in the stream. Also

already described above, an alternative exampile is that of the flipping apparatus
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configured to perform a transiation movement between two distant conveyors carrying

the articles.

in an embodiment of the system, the at least one stream of articles comprisas an input
stream and an output stream. The at least one flipping apparatus is configured o pick
an article from the input stream with the first flipping arm in the pick position and o place
the article, in a flipped state, into the oulput stream with the second flipping arm in the
place position. As a specific feature of this embaodiment, the input stream and the output
stream are in a same plane perpendicular to a plane in which the first flipping arm
performs the rotation from the pick position o the pass position and perpendicular to a
plane in which the second flipping arm performs the rotation from the receive position o
the place position. In particular, the same plane of the input stream and of the output

stream may have a normal which is parailel 1o the direction of gravity.

in the method according to the invention an article is picked from a first location with a
first flipping arm of a flipping apparatus, while the first flipping arm is in a pick position.
Next, a rotation of the first flipping arm, which is now carrying the article, is performed
from the pick position into a pass position at a first speed. After reaching the pass
position, the first flipping arm passes the article (o a second flipping arm. The second
flipping arm therein is in a receive position. Next, the second flipping arm, now carrying
the arlicle, performs a rotation from the receive position into a place position at a third
speed, and then places the article, in a flipped state, at a second location with the
second flipping arm in the place position. In this method according to the invention, prior
to picking the article, the first flipping arm has rotated into the pick position from the pass
position at a second speed, which is higher than the first speed, and, likewise, prior to
the passing of the article from the first flipping arm to the second flipping arm the second
flipping arm has rotated into the receive position from the place position at a fourth

speed, which is higher than the third speed.

This arrangement of the different speeds at which the flipping arms perform their
respactive rotations reduces the risk of damage to the article flipped, while at the same

time allowing the method to be performed at high throughput. Pick position, pass
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position, receive position, and place position have aiready been defined above in the

context of the flipping apparatus.

in an embodiment of the method, while the second flipping arm is carrying the arlicle, a
further article is provided to the flipping apparatus and the first flipping arm is rotating
from the pass position to the pick position at the second speed (o pick the further article.

This manner of performing the method contributes to high throughput of the method.

in a specific embodiment of the method the second location is identical to the first
location, i.e. the article is placed, in a flipped state, ai the location from which it was

picked before. Thus, in this embodiment, the article is flipped in place.

in a different embodiment, the articles are transported to the flipping apparatus in a
stream of articies. The second flipping arm places an article at a location relative to the
stream of articles after the first flipping arm has picked a further article from the same
location. That is, by the flipping operation the articles are moved back oneg article
position only in the stream of articles. In this embodiment, flipping of the further article
cbviously starts before the flipping of the article is complete, as the first flipping arm
picks the Turther article before the second Tlipping arm places the arlicle, previously

picked by the first flipping arm and passed to the second flipping arm.

in a further embodiment at least the first flipping arm or at least the second flipping arm
performs a translation movement in addition to the respective rotation. In a specific
variant of this embodiment, both the first flipping arm and the second flipping arm
perform a translation movement in addition to the respeciive rotation. These transiation
movements have already been discussed above in the context of the flipping apparatus.
in a further specific variant of this embodiment, at least the first flipping arm or at least
the second flipping arm, respectively, if not carrying an article, performs the transiation
movement at a higher speed than if carrying an article. As has been discussed above in
the context of the flipping apparatus, this arrangement of the speeds contributes to

reducing the risk of damage to the articles.
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In an embodiment of the method, the second location, i.e. the localion at which the
article is placed by the second flipping arm, is at a distance from the first location, i.e.

from the location from which the article is picked by the first flipping arm.

it is to be noted that the method according to the invention can be performed using the
flipping apparatus according to the invention or the system according to the invention,

respectively.
BRIEF DESCRIPTION OF THE DRAWINGS

The nature and mode of operation of the present invention will now be more fully
described in the following detailed description of the invention taken with the

accompanying schematic drawing figures.

Figures 1o 7 Hiustrate various phases of the flipping method according to the
invention for an article, schematically showing the flipping apparaius

and a transport means for the articles.

Figure & shows a comparison between a single-head and a multi-head

configuration for a transport means.

Figure 9 shows a specific embodiment of the method according to the

nvention as a timing table.

Figure 10 Hlustrates an embodiment of the method according to the invention
of flipping an article, where an additional translation of the flipping

apparatus is involved.

Figure 11 shows an embodiment of a flipping apparatus according to the

invention.

DETAILED DESCRIPTION OF THE INVENTION

Same reference numerals refer to same elements throughout the various figures.

Furthermore, only reference numerals necessary for the description of the respective

figure are shown in the figures. The shown embodiments represent only examples of
10
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how the invention can be carried out. This should not be regarded as limiting the

invention.

Figures 1 1o 7 illustrate the stages of one exemplary flipping method according to the
invention. The flipping apparatus 1, the articles 2, and further elements are shown only
schematically therein. The articles 2 may for example be semiconductor devices, but
this is not a limitation of the invertion. The flipping apparatus 1 has a first flipping arm 11
and a second flipping arm 12. Articles 2 are provided 1o the flipping apparatus 1 by a
transport means, which here is a turret wheel 3, of which only a part is shown. The turret
wheel 3 and the flipping apparatus 1 form part of a system 100 for processing articles.
For instance, the articles 2 could be inspected or worked on at locations of the system
100 not shown herg, as this invention is concerned with the flipping of articles. Locations
for inspecting or working the articles would be located upstream and / or downstream
from the flipping apparatus 1, i.e. upstream and/ or downstream from the portion shown
in the Figs. of the system 100. The turret wheel 3, or fransport means in general,
provides a stream of articles 2 through the system 100, in a direction 21. The transport
means may move the articles in a continuous fashion, for exampie the turret wheel 3
may rotate at constant speed. Alternatively, the transport means may move the articlas
in a stepped manner, for exampie the turret wheel 3 may rotate through a given angle
after pre-defined time-intervals. On the turret wheel 3, the articles are held by carriers 31

in defined positions.

Fig. 1 shows the first flipping arm 11 in the pick position. The first flipping arm 11 picks
an article 2 to be flipped (indicated by a filled rectangle) by a relative movement belween
the article 2 and at least part of the first flipping arm 11. In the specific embodiment of
the method according to the invention shown, the relative motion is generated by a
motion of the carrier 31 holding the article 2 towards the first flipping arm 11 along a
direction 32. When the article 2 contacts vacuum nozzie 13 of the first flipping arm 11,
the carrier 31 releases the articie 2 and the nozzle 13 holds the article 2, by vacuum.
The carrier 31 then moves in the direction opposite to direction 32, away from the first
flipping arm 11. Alternatively, the flipping arm 11, or only the nozzle 13 may move
towards the article 2 held on the carrier 31, and return {0 their previous position after

seizing the article 2 from the carrier 31.
11
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While this is happening, second flipping arm 12, carrying an article 2 in a flipped staie
(indicated by an unfilled rectangle) on nozzle 14, is performing a rotation 4, and, in this
embodiment, also a shiding motion 6. As has been discussed above, the sliding motion is
a detail of the implementation. The second flipping arm 12 has received the article 2 at a
previcus stage of the process, and in Fig. 1, by rotation 4, is moving from the receive
position into the place position. As has been mentionad above, this rotation 4 is at a
speed lower than a rotation in the opposite direction, without article 2, in order to reduce

the risk of damage io the arlicle 2.

Fig. 2 shows a stage of the flipping process where the second flipping arm 12 with
article 2 has reached the place position, and the first flipping arm 11, still in the pick

position, has picked article 2 from carrier 31, which now is empty.

Fig. 3 shows the stage where, by a relative movement between the turret wheel 3 and
the flipping apparatus 1, the empty carrier 31 is alignad with the second flipping arm 12
in the place position. This alignmert, in the embodiment shown, is achieved by a motion
of the turref wheel 3 in direction 21. As an alternative, the alignment could be achieved

by a motion of the flipping apparatus 1.

Fig. 4 shows a subsequent stage, where the second flipping arm 12 has placed article
2, in aflipped state, on the carrier 31, from which the first flipping arm 11 picked an
article 2 before. This placing of the article 2 on carrier 31 occurs by a relative motion
between the carrier 31 and the second flipping arm 12 or at least a part of the second

flipping arm, for example nozzle 14,

While this is happening, the first flipping arm 11, carrying an article 2, performs a
rotation 5 from the pick position into the pass position, and is also performing a shiding
motion 7. The shiding motion 7, as discussead above, is a detail of the implementation in
the embodiment shown. As has been discussed above, the rotation 5 into the pass

position occurs at a lower speed than the rotation in the reverse direction.

Fig. 5 shows a stage where the first flipping arm 11 has reached the pass position.
Between the stages shown in Fig. 4 and Fig. 5, the second flipping arm 12 has rotated

into the receive position. This rotation, opposite in direction to the rotation 4 shown in
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Fig. 1, occurs without the second flipping arm 12 carrying an article, and is performed at
a higher speed than the rotation 4, as without an article carried, there is no risk of

damage to an article due to inertial forces.

Fig. & shows the fransfer of the article 2 from the first flipping arm 11 to the second
flipping arm 12, Le. it shows the first flipping arm 11, in the pass position, passing the
article 2 to the second flipping arm 12, in the receive position, which is receiving the
article 2. In the embodiment shown, the transfer occurs by the nozzle 13 of the first
flipping arm 11 extending along direction 8, until the article 2 makes contact with the
nozzie 14 of the second flipping arm 12. Alternatively, the nozzie 14 of the second
flipping arm 12 could maove towards the article 2 still on the first flipping arm 11, or the
first flipping arm 11 could move towards the second flipping arm 12, or the second

flipping arm 12 could move towards the first flipping arm 11, or any combination thereof,

Fig. 7 shows a stage where the article 2, now in a flipped state, is carried by the second
flipping arm 12. Next, the first flipping arm rotates from the pass position to the pick
position, i.e. performs a rotation opposite to rotation 5 shown in Fig. 4. This rotation is
performed at a higher speed than the rotation 5, as the first flipping arm 11 is not
carrying an article and therefore there is no risk of damaging an article due 1o high
inertial forces. The second flipping arm 12 staris a rotation from the receive position to

the place position, and this takes the method back o the stage shown in Fig. 1.

An entire cycle of the method, e the steps from Fig. 1 through Fig. 7, and back o Fig.
1, In a prototype of the system takes 180 milliseconds. This should make clear that
inertial forces on the articles could indeed be very high, if this was not prevented by the
choices of speeds for rotation, and in embodiments also for translation, according to the

invention as discussed above.

Fig. 8 shows a part of a turret wheel! 3, which is of a single-head configuration, as also
appeared in the description of the stages of the method in Figs. 1to 7, and for
comparison, a part of a turret wheel 33, which is of a multi-head configuration. In the
single-head configuration of turret wheel 3, individual carriers 31 are arranged in single
file along the turret wheel 3. Note that contrary to the views of Figs. 1 1o 7, inFig. 8 the

carriers 31 extend out of the plane of the drawing. In the multi-head configuration of
13
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turret wheel 33, groups 35 of carriers 31 are arranged along the turret wheel 33, In the

axample shown, each group 35 comprises five carriers 31,

A multi-head turret wheel 33 could also be used in the method according to the
nvention. The method could be performed, for instance, along the lines shown in Figs. 1
to 7, where the flipping arms 11 and 12 operate to consecutively flip all the articles
provided by one group 35 of carriers 31, before the turret whee!l 33 moves the next
carrier group 35 {o the flipping apparatus 1. This embodiment would require the flipping
arms 11 and 12 to perform additional translation movements, in order {0 reach the

individual carriers 31 of each group 35 of carriers.

As an alternative, a flipping apparaius could be provided for each carrier 31 in a carrier
group 35, For the example of transport means 33, this means that five flipping
apparatuses are to be provided. The method could be performed in parallel and

independently on the corresponding carriers 31 of each group 35 of carriers.
The multi-head concept is also applicable to transport means other than a turret wheel.

Fig. 8 shows a specific embodiment of the method according o the invention as a timing
table. A total cycle of the method as shown takes 180 milliseconds (ms). The first
column of the table describes the action taking place. The second column gives the total
time required for the respective action. Columns 3 to 8 represent a time slice of 30 ms
each (as indicated in the first row), and in rows below the first row, an entry of “30°
indicates that in this time slice the action named in the first column for this row takes
place, while no entry indicates that in this time slice the action named in the first column

for this row does not take place.

it can be seen for example that in the first time slice (third column) the first flipping arm
gets loaded with an article from a turret wheel, while the second flipping arm is
completing a “slow swing up”, here meaaning the rotation from the receive position to the
place position, accompanied by a shiding movement. The second flipping arm started
this rotation in slice 6 of the previous cycle. In the second time slice, the first flipping arm

and the second flipping arm perform a shding movement, as discussed above.
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in the third time slice, the second flipping arm places an article on the turret, here by the
turret picking the article from the second flipping arm. Meanwhile, the first flipping arm
starts a “slow swing down”, which here corresponds {0 a rotation from the pick position
to the pass position, accompanied by a sliding motion. In the fourth time slice, the turret
starts a rotation that will last till the end of the cycle. The first flipping arm completes the
“slow swing down” and at the end of the fourth time slice is in the pass position. The
sacond flipping arm performs a “fast swing down’, which here corresponds to a rotation
from the place position into the receive position, also accompanied by a shding

movemeant.

in the fifth time slice, the second flipping arm performs a sliding movement to contact the
article until now held by the first flipping arm, in order {0 effect a transfer of the arlicle
from the first flipping arm to the second flipping arm. In the sixth time siice, the first
flipping arm performs a *fast swing up”, which here means a rotation from the pass
position to the pick position. The second flipping arm starts a “slow swing up”, it will

complete in the first time slice of the next cycle, accompanied by a sliding movement.

Fig. 10 illustrates an embodiment of the method for flipping articles involving an
additional translation in a direction 18. From {op to bottom five consecutive stages of the
flipping of an article 2 are shown. in the first stage, the article 2, provided here for
instance on an input tray 9, is picked by the first flipping arm 11. The first flipping arm 11
here is in the pick position. The second flipping arm 12, in the example shown, is
already in the receive position. Instead of on an input tray 9, the article 2 could aiso be
provided on an input conveyor, or by a robotic handler, on a carrier wheel, or in any
other known suitable way. As soon as the article 2 has been picked by the first flipping
arm 11, the translation motion of the first flipping arm 11 and the second flipping arm 12

along the direction 19 can start.

in the second stage, the first flipping arm, carrying the article 2, is performing a rotation
from the pick position {o the pass position, at a first speed, as discussed ashove. in the
third stage, the first flipping arm 11 has reached the pass position, and the article 2 is
fransferred from the first flipping arm 11 o the second flipping arm 12. In the fourth

stage, the article 2, in a flipped state, is carried by the second flipping arm 12. The
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second flipping arm 12 is performing a rotation from the receive position to the place
position at a third speed, as discussed above. The first flipping arm 11 is shown still in
the pass position, but can now perform a rotation from the pass position to the pick

position at a second speed, higher than the first speed, as discussed above.

in the fifth stage, the first flipping arm 11 is shown in the pick position, the second
flipping arm, still carrying the article 2, has reached the place position. The article 2, in
the flipped state, can now be placed at a destination location, here an output tray 10
instead of an ocutput tray 10, also an output conveyaor, a robotic handler, a carrier wheel,

or any other suitable means of further transport could be used.

After placing the article 2, the first flipping arm 11 and the second flipping arm 12 can
parform a translation in a direction opposite {o the direction 19, in order to retum to the
initial position shown in the first stage, for picking a further articie. During this franslation,
the second flipping arm 12 can perform a rotation from the place position to the receive

position at a fourth speed, higher than the third speed, as discussed above.

it should be noted that the method discussed in the context of Fig. 10 allows for several
modifications. For example, the first flipping arm 11 could start the translation movement
back to the initial position of the first stage as soon as it has passed the article 2 to the
second flipping arm 12, and only the second flipping arm 12 would continue to the
destination location, here oulput tray 10. Also, the second flipping arm 12 need not
move close to the input tray 9, but could be positioned somewhere between the input
tray 9 and the output tray 10, waiting for the first flipping arm 1o bring the article 2 to the

second flipping arm 12

Yet further variants of this embodiment would be 1o have either the first flipping arm 11
remain at the input tray, and have only the second flipping arm 12 perform the
franslation along the direction 19 {o place the article 2 and then return {o the first flipping
arm 11, or {o have the second flipping arm 12 remain at the output tray 10, and have
only the first flipping arm 11 perform the transiation along the direction 19 to pass the

article 2 and then return {o the input tray 9.
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Due to the additional translation movements in direction 19 and in the opposite direction,
in this embodiment of the method there is generally more time for the flipping arms 11,
12 to perform their respective rotations than in the embodiments discussed in previous
Figs. The speeds of the rotations performed by the flipping arms 11, 12 may therefore
be reduced in comparison o embodiments where the flipping of the article 2 ccours

without transiation movements.

in the embodiment of Fig. 10, the first flipping arm 11 and / or the second flipping arm 12
can perform additional sliding movements, as has already been discussed above. These
sliding movements are only to accommodate the flipping arms 11, 12 and article 2
during rotations, Le. {0 avoid collisions between them, and {0 pass the article 2.
Therefore, these sliding movements in general, not just in the embodiment of Fig. 10,
are limited to distances not larger than twice a length 20 of a flipping arm with attached
article 2, whereas transiation movements, as the term is used in this application, such as
the translations along direction 19 discussed in the context of Fig. 10, may cover larger

distances.

Fig. 11 shows a specific embodiment of a flipping apparatus 1 according to the
invenition. The specific design and configuration of the flipping apparatus 1 shown in Fig.
11 serve only as one example of a flipping apparatus according to the invention. 1t is not

to be understood as a limitation of the invention.

The first flipping arm 11, exhibiting nozzle 13, is shown in the pass position. Rotation of
the first flipping arm 11 from the pass position to the pick position and in the reverse
direction is around axis 50, and is driven by flipping motor 15, on which the first flipping
arm 11 is mounted. Via mechanical elements 51 a linear motor 17 drives a sliding

motion of flipping motor 15, and thus of first flipping arm 11.

The second flipping arm 12, exhibiting nozzle 14, is shown in the place position.
Rotation of the second flioping arm 12 from the place position o the receive position is
around g, for reasons of clarity of the drawing, not shown, axis paraliel to axis 50, and is
driven by flipping motor 16, on which the second flipping arm 12 is mounted. Via
mechanical elements 52 a linear motor 18 drives a sliding motion of flipping motor 16,

and thus of the second flipping arm 12.
17
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The invention has been described with reference o specific embodimenis. H is obvious
to a person skilled in the art, however, that alterations and modifications can be made

without leaving the scope of the subsequent claims.
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flipping apparatus

2 article

3 turret wheel

4 rotation

5 rotation

§] shiding movement
7 shiding movement
8 shiding movement

9 input tray

10 output tray

il first flipping arm

12 second flipping arm

13 nozzle

14 nozzle

15 Thipping motor first flipping arm
16 Tipping motor second flipping arm
17 linear motor

18 linear motor

19 direction of translation

20 length

19

21

31

32

33

35

50

51

52
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direction of stream of arlicles
carrier

direction of carrier movement
turret wheel

group of carriers

axis of rotation

mechanical elements
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CLAIMS

1. A flipping apparatus for flipping articles comprising:
a first flipping arm configured to pick an article and to
perform a rotation between a pick position and a pass
position; and,
a second flipping arm configured to receive the article
from the first flipping arm, to perform a rotation
between a receive position and a place position and to
place the article,
wherein
the pass position and the receive position are coexten-
sive and the article is passed from the first flipping
arm to the second flipping arm at the pass and receive
positions;

the first flipping arm is further configured to perform
the rotation from the pick position to the pass posi-
tion at a first rotational speed, and the rotation from
the pass position to the pick position at a second
rotational speed, which is higher than the first rota-
tional speed; and,

the second flipping arm is further configured to perform
the rotation from the receive position to the place
position at a third rotational speed, and the rotation
from the place position to the receive position at a
fourth rotational speed, which is higher than the third
rotational speed.
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2. The flipping apparatus of claim 1, configured to control
the first flipping arm to pick an article from a stream of
articles, while the second flipping arm is performing the
rotation from the receive position to the place position.

3. The flipping apparatus of claim 1, configured to control
the first flipping arm and the second flipping arm in such a
way that the second flipping arm inserts an article into a
stream of articles at a position relative to the stream of
articles from which the first flipping arm has picked an
article.

4. The flipping apparatus of claim 1, wherein the first
flipping arm and the second flipping arm are configured to
hold articles by vacuum.

5. The flipping apparatus of claim 1, wherein at least the
first flipping arm or at least the second flipping arm is
configured to perform a translation movement.

6. The flipping apparatus of claim 5, wherein the first
flipping arm or the second flipping arm is configured to
perform the translation movement at two different rotational
speeds.

7. The flipping apparatus of claim 5, configured to pick an
article with the first flipping arm from a first location and to
place the article, in a flipped state, at a second location with
the second flipping arm.
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8. A system for processing articles, comprising:
a transport means to provide at least one stream of articles
through the system; and
at least one flipping apparatus comprising:
a first flipping arm configured to pick an article and to
perform a rotation between a pick position and a pass
position; and,
a second flipping arm configured to receive the article
from the first flipping arm, to perform a rotation
between a receive position and a place position and
to place the article,
wherein
the pass position and the receive position are coex-
tensive and the article is passed from the first
flipping arm to the second flipping arm at the pass
and receive positions;

the first flipping arm is further configured to perform
the rotation from the pick position to the pass
position at a first rotational speed, and the rotation
from the pass position to the pick position at a
rotational second speed, which is higher than the
first rotational speed; and,

the second flipping arm is further configured to
perform the rotation from the receive position to
the place position at a third rotational speed, and
the rotation from the place position to the receive
position at a fourth rotational speed, which is
higher than the third rotational speed.

22



9. The system of claim 8, configured to operate the
transport means to transport a further article to the at least
one flipping apparatus, while an article is being flipped by
the at least one flipping apparatus.

10. The system of claim 8, wherein the at least one stream
of articles comprises an input stream and an output stream,
wherein the at least one flipping apparatus 1s configured to
pick an article from the input stream with the first flipping
arm in the pick position and to place the article, in a flipped
state, into the output stream with the second flipping arm in
the place position, and wherein the input stream and the
output stream are in a same plane perpendicular to a plane
in which the first flipping arm performs the rotation from the
pick position to the pass position and to a plane in which the
second flipping arm performs the rotation from the receive
position to the place position.

11. The system of claim 8, wherein the transport means is
a rotating turret having carriers at defined positions, each
carrier configured to hold one article.

12. The system of claim 8, wherein the transport means is
a rotating turret having carrier groups at defined positions,
each carrier group comprising a plurality of carriers, each
carrier configured to hold one article.

13. A method for processing articles comprising the
following steps:

picking an article from a first location with a first flipping

arm of a flipping apparatus, while the first flipping arm
is in a pick position;

performing a rotation of the first flipping arm, carrying the

article, from the pick position into a pass position at a
first rotational speed;
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passing the article from the first flipping arm in the pass
position to a second flipping arm of the flipping appa-
ratus, with the second flipping arm in a receive posi-
tion;

performing a rotation of the second flipping arm carrying
the article from the receive position into a place posi-
tion at a third rotational speed; and

placing the article, in a flipped state, at a second location
with the second flipping arm in the place position,

wherein prior to picking the article the first flipping arm
has rotated into the pick position from the pass position
at a second rotational speed, which 1s higher than the
first rotational speed, and

wherein prior to the passing of the article from the first

flipping arm to the second flipping arm the second
flipping arm has rotated into the receive position from
the place position at a fourth rotational speed, which is
higher than the third rotational speed.

14. The method of claim 13, wherein, while the second
flipping arm is carrying the article, a further article is
provided to the flipping apparatus and the first flipping arm
is rotating from the pass position to the pick position at the
second rotational speed to pick the further article.

15. The method of claim 13, wherein the second location
is 1dentical to the first location.
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16. The method of claim 14, wherein the articles are
transported to the flipping apparatus in a stream of articles,
and the second flipping arm places the article at a location
relative to the stream of articles after the first flipping arm
has picked the further article from the same location.

17. The method of claim 13, wherein at least the first
flipping arm or at least the second flipping arm performs a
translation movement in addition to the respective rotation.

18. The method of claim 17, wherein both the first flipping
arm and the second flipping arm perform a translation
movement in addition to the respective rotation.

19. The method of claim 17, wherein at least the first
flipping arm or at least the second flipping arm, if not
carrying an article, performs the translation movement at a
higher speed than if carrying an article.

20. The method of claim 17, wherein the second location
is at a distance from the first location.
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