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Apparatus for feeding parts from a reservoir position to a delivery position (12) comprising a base (13), a carrier

(14), which is connected to a base by means of a vibratory mechanism (15, 41, 16, 17), a first feeding track (18, 31) provided
with a number of sorting and orienting means clamped to the carrier (14). Along said track parts are transported by means
of a vibratory motion towards said delivery position (12). A second feeding track (11, 47, 105, 106) is arranged so that parts
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for subsequent feeding towards said reservoir position. An elevator is arranged to transport the parts between the reservoir
position and said first feeding track (18, 31).
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VIBRATORY FEEDING AND ORIENTING APPARATUS

Technical Field

This invention relates to vibratory feeding and
orienting apparatuses and more particularly to the

straight line or linear type of such feeders.

Background Art

In connection with automatic assembly systems in which
for instance a robot assembles a product from
different separate units, there is a need for feeding
the robot with parts like screws, nuts, washers ad so
on. These parts must be made accessible to the robot
within its working area and moreover in such a way
that each particular part is delivered to the robot

at predetermined coordinates within the working area.
Each part must also have a predetermined orientation
and be delivered to said coordinates with a certain

lowest frequency.

A work station for robotic assembly, according to the
above, may thus need several feeding apparatuses for
delivering details from a respective reservoir to the

corresponding coordinates.

For this kind of application, heretofore vibratory
feeders of the bowl type have to a great extent been
used. This type of feeder is adapted to serially
delivered articles up an inclined spiral shelf-track
on the inner surface of a bowl from a reservoir at the
bottom of the bowl to a delivery position at the edge
of the bowl.

Linear vibratory feeding and orienting apparatuses are
also previously known. US-A-3224 553 discloses such an
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apparatus, in which two feeding tracks are arranged to
feed the parts in opposite directions. One of the
feeding tracks has at a first end portion a delivery
position, e.g. for a robot. At this position correct
parts are delivered having the correct orientation. To
this effect a number of sorting and orienting
mechanisms aré'arranged along the track. Incorrect or
not correctly oriented parts are sorted out and such
parts fall down, through the influence of gravitation,

on the other feeding track which is arranged below the

first one. The latter is designed as a ramp, the lower
portion of which receives the parts which are sorted
out. The vibratory motion of the feedingrtraék causes
the transport of the parts along the track up the
fémpsrtowards the upper end portion where the parts

‘are transferred to the second end portion of the first

mentioned track.

The transport capacity of the second track, in the
form of a ramp, is obviously dependent on the slope of.
the ramp, the characteristics of the vibration as well

as the form of the parts, their size, weight and so

on. In order to guarantee that the feeding apparatus

could handle all parts of interest, the slope of the
ramp must be made small. This means that the entire
feeding apparatus must be made more extensive in the
horizontal plane than would have been necessary in
respect of other functions. The floor surface required
by a work station in which a robot is surrounded by

several feeding apparatuses according to the above is

 consequently dependent on the length of the feeding

tracks.

Disclosure of the invention

One object of the presént invention is to provide a
compact linear vibratory feeder by means of which

robotic assembly work stations requiring a

w!
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considerably reduced floor surface could be designed.

Another object of the invention is to provide means

for efficient control of the flow of parts sorted out
5 from the horizontal feed track back to the initial

position on this track, thereby minimising the wear on

the tracks and the parts.

A further object of the invention is to provide a

10 vibratory feeder which in a very short time could be
converted to feeding another type of parts. This
feature requires that the apparatus could be cleared
quickly from parts currently processed and that the

horizontal sorting and orienting tracks could be

15 easily changed.

A further object of the invention is to provide a
feeding apparatus for which the feeding speed on the
forward feeding track is stable and not influenced by

20 the working conditiong e.g. the present number of,
i.e. the weight of, parts in the reservoir. This means

that the combined return track-reservoir could be

designed having a considerable volume.

25 Another object is to provide a feeding apparatus by
which the feeding speed on the forward and return

tracks could be independently controlled.

A still further object is to provide a feeder
30 apparatus having adjustable sorting and orienting
mechanisms making it possible to use the same forward

feeding track for different types and sizes of

objects.

35
Brief description of the figures

Other objects and advantages of the invention will be

appearent from the following description and claims
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taken in conjunction with the acéompanying drawing in

which

Figure 1 shows a side view of a feeding apparatus

5 - according to the invention,

Figure 2 shows a perspective view of part of the

apparatus without the return tracks,

10 Figuré 3 shows a rear view of the apparatus according

to figure 1,

Figure 4 is a part view corresponding to figure 1 on

a larger scale and partly in section,

15
Figure 5 is a part view correéponding to figure 3 on
a larger scale and partly in section,
Figure 6 shows the clamping of a feeding track of
20 the apparatus, '

Figure 7 1is a front view according to 6-6 in figure
6, '

25 Figure 8 1is a schematic illustration showing the
' operation of one embodiment of the feeding

and orienting apparatus,

~Figure 9 shows'thfee alternative feeding tracks,
30
' Figure 10 shows a perspective view of a part of the
apparatus without tﬁe forward feeding

tracks and their suspension,
35 Figure 11 shows a perspective view of one embodiment
of the invention having forward and return -

feeding tracks,

Figure 12 shows the arrangement of a number of
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parallel feeding apparatuses which supply a
robot with different objects,

Figure 13 shows a portion of a forward feeding track

having adjustable sorting means.

Detailed description of the invention

The inventive concept will be described below by means
of especially compact embodiments having two symmetric
feeding devices arranged side by side on the same

base.

one and the same vibratory mechanism is in one of
embodiments used for all four feeding tracks of the
two halves of the apparatus. It would be possible to
use one and the same base for even three or more

feeding devices according to the invention.

The feeding apparatus which is shown in figure 1 thus
comprises a common base and a carrier 14. This carrier
is connected to the base by means of a vibratory
mechanism comprising two springs 16, 17, an
electromagnetic driver 15 arranged on the base 13 and
an armature 41 arranged on the carrier. Two horizontal
feeding tracks 18, 31 for the feeding direction to the
left in figure 1, and two feeding tracks in the form
of ramps 11, 47 for the opposite feeding direction are
arranged, clamped and mounted on the carrier 14,

respectively.

The amplitude of the vibratory movement of the
armature 41 can be adapted to, for instance, the
weight of the parts to be fed and to the friction
between the parts and the feeder tracks. This feature
will, however, not be shown more in detail. The
apparatus is provided with two elevators 44, 45, one
for each functional half of the same. These elevators
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are arranged for lifting parts from the lowest portion
Vof the return tracks 11, 47 on to the forward. feeding
tracks 18 and 31 respectively. The said lowest portion
close to the respective elevator constitutes a
reservoir for unsorted parts. After having been
subjected to sorting and orienting procedures carried
out on the tracks 18, 13 the parts are delivered at
the forward end 12 of those tracks. From the reservoir
the parts fall into a compartment of the elevator when
this is in its lower position, as shown by elevator 45
in figure 3. The elevators are raised and lowered by
means of pneumatic cylinders 42, 43. It would of
course be possible to use other fluid powered
cylinders or,,e.g; electric motors. The two elevators
are raised and lowered independently with frequencies
adapted to the relative needs of parts to be fed by
the two feeder tracks 18, 31. In this way unnecessary
wear of the tracks and the objects fed is avoided. The
control of the cylindérs is now shown in detail, but
could be of any usual type. The feeder tracks 18, 31
are clamped to the carrier 14 by means of handles 22,
46, as described below.

‘When the parts have come onto the feeder tracks 18, 31

they are moved by means of the vibrations along the
respective track towards the forward end of the tracks
where they are held accessible, e.g. for a robot. In
the embodiment shown in figure 1 the transport of the
parts on the return track 11, 47, formed as a ramp, is
caused by gravitation and forces created by the

vibratory movement of the track.

As shown in figure 4, the elevator 44 comprises a
shell to which plates 49, 50 are secured. The plates
49, 50 are interconnected by rods 51, 52 which are
guided by elements 53, 54 secured to the base 13. The
piston rod 48 of cylinder 42 is connected to plate 49
for the upward-downward movements of the elevator. The

elevator is'provided with an inclined plate 56, cE£.

PCT/SES7/00144

-
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figqures 2 and 5, which normally hangs on the upper
edge of the shell 44. when the elevator is in its
lower position, parts fall from the reservoir onto
plate 56. When the elevator is raised to the position
5 shown in figure 5, the parts fall from plate 56 onto
the feeder track 18. When it is desirable to use the
feeding apparatus for feeding other types of parts,

the reservoir can be cleared quickly.

10 In order to clear the apparatus, the plate 56 is
removed. When the elevator thereafter reaches its
lower position, the parts from the reservoir fall onto
plate 55 and out of the elevator through the opening
60 where they can be collected in a suitable

15 container.

As an alternative, the apparatus can be arranged for
automatic clearance. This could be achieved by the
provision of a third position for the elevator. In
20 this third clearance position, which would suitably be

the uppermost, a tunnel through the elevator shell
will be brought to the level of the reservoir. As in
the case above, the reservoir will be emptied into a
suitable container while an operator changes the

25 forward feeding track.

As shown in figures 6 and 7, the feeder track 18 is
provided with a projection 20 which is inclined in the
longitudinal direction of the feeder track. This

30 projection is situated at a distance from the clamping
end 19 of the track. The distance between the
projection 20 and the clamping end 19 is irrelevant as
long as the track 18 becomes firmly secured to the
carrier 14. The carrier is provided with a recess 21

35 having a surface 10 which is inclined for cooperation
with the projection 20. In order to guide the track
laterally, the track 18 is provided with a pin 25
which is guided by a slot 24 in the carrier 14. It

would, of course, be possible to use the inversion of




WO 88/07015 PCT/SE87/00144
| 8

this arrangement, i.e. having a cut-out in the feeder
track which cooperates with a jut on the carrier. In
such a case it is also suitable to arrange the slot in
the track and the pin on the carrier. The carrier is

5 »provided with a bracket 26 to which a pair of mounting
plates 27 has been secured. A handle 22 is journalled

" on these plates for rotation about an axis 28. A screw

30 is journalled in handle 22 at 29. A conical nut 23,
for cooperatioh with an inclined surface 35 at the

10 clamping end 19, is mounted on the screw 30, and is
possible to adjust. The feeder track 31 of the other
half of the apparatus is provided with a pin 33 for
cooperation with slot 32 in carrier 14. This latter
feeder track is mounted in parallel with track 18 in

15 the same way.

In order to clamp a feedef track to the carrier the
track is laid on the carrier in such a way that the
projection 20 enters the recess 21 and pin 25 enters

20 slot 24. The screw 30 with the conical nut 23,
suitable adjusted, is moved through a slot in the
carrier approximately to the shown position. Handle
22, which'together with nut 23 forms a clamping means,
is actuated by moving it to the shown position. When

25 the handle is operated the projection 20 is forced in
contact with surface 10 and the feeder track is
clamped to the carrier at the corresponding end of the
track. At the same time, the track is also clamped to
the carrier at its other end because the nut 19

30 presses this end of the track downwards. In the shown
position the centre line of screw 30 is situated to
the left of the axis 28.

As can be understood from the above and in connection
35 with figure 12, which shows a robotic work station, it
will be poséible for an operator to clear a feeder
apparatus according to the invention and change the
feeding track without intérfering with the robot, due
to the fact that every measure which has to be taken
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will be carried out from the remote end of the feeding

apparatus seen from the robot.

In the above part of the description the feeder track

5 has been shown schematically only. In order to orient
an object into a correct position for further use, the
forward feeder track must be adapted to the type of
object to be fed. This is the reason why it should be
possible to change the forward feeding track in a

10 quick and easy way. The schematic perspective view of
figure 8 shows how the feeding of a screw 66 is
obtained. The movement of screws are indicated by
arrows. Elevator 44 is lowered to position 62. Screws
from the vibrating reservoir fall into the elevator

15 which is then raised to position 61, at which they
move onto track 18. The vibratory movements of the
track moves the screws towards the slot 65 at the
forward end of said track. In order to reach the slot
65, the screws must lie along the vertical wall of the

20 feeding track. Screws in other positions are sorted
out either because the centre of gravity is in such a
position that the respective screw moves down the
slope 63 or because the screw is pushed down by the
projection 64. When a screw manages to pass the

25 obstacles it reaches the slot 65. The narrow end of
the screw swings down so that the screw takes the
position shown in the figure, ready to be picked up by

the robot.

30 Figure 9 shows three examples of forward feeding
tracks. The left one corresponds to the one shown in
figure 8. The middle one is provided with a slope 72,
a projection 73 and a channel 74. This track is
adapted to feeding objects 75 having two cylindrical

35 parts. The right feeding track 81 is provided with a
slope 82, a projection 83 and a channel 84. This track
is adapted to the feeding of rings, e.g. O-rings or
washers. The three tracks work principally in'the same
way. They require that the centre of gravity is in a
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correct position and that no parts of the object
rextendrbeyond a certain'limit. As a matter of fact, it
is possible by means of a limited number of specific
types of segments along the track to handle a great
variety of different parts to be fed. The exact
dimensions of a particular segment is of course

dependent on the envisaged object. Once the object is

~defined by means of certain parameters, as well as the

final position of the object, it is even possible by
means of a CAD-program to design a suitable feeding
track. '

One way to reduce the number of forward feeding tracks
would be'to,prbvide the different segments of the
track with adjustable means. An example of such a
track is shown in figure 13. A unit 99 provided with a
slope is adjustably mounted as part of the track.
According to the above, the width of the niche 104 is
critical and has to be carefully adjusted to give the

-envisaged function. For this purpose, an index and a

scale 102 could be arranged on the track. The same
goes for the positioning of the units, 100, 101 and
103. Alternatively, it is possible to carry out the
adjustments automatically on an universal track

~according to the above e.g. by means of a robot to

obtain a suitable operation for a specified object.

Figure 10 shows a perspective view of a further
embodiment of the invention. Two feeding apparatuses
are, as above, arranged on the same base. In this
embodiment the forward feeding tracks have a common
vibration meéhanism, as shown in figure 2. Moreover,
the return tracks 105, 106 are provided with a
separate, common vibratibn mechanism 107, 108 of fhe
same type as for the forward tracks. Two side walls
109, 110 of the return tracks are mounted together by
means of brackets 111, 112, 113 so that the return
tracks and brackets form a unit. This unit is, by

means of rubber springs 114, mounted on the base. For
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the sake of clarity, the return track 106 has been
illustrated transparent. When the rest of the
apparatus, i.e. the carrier 14 and the forward feeding
tracks 18} 31 with the associated vibratioh mechanisms

5 have been mounted the apparatus looks like in figure

11.

In this embodiment the return track is not designed as
a ramp, but has a horizontal bottom portion. This

10 means on the one hand that this track must be provided
with a separate vibration mechanism, otherwise the
parts in the reservoir would pile up at the left hand
portion of the track, according to figure 10. One the
other hand, a horizontal bottom portion gives the

15 reservoir a considerable larger volume, which in this
embodiment is favourable because the weight on the
return track does not influence the feeding speed on
the forward track. The separate vibration mechanisms
raise the flexibility of the apparatus because it is

20 possible by means of separate frequency and/or
amplitude control to find, in combination with the
control of the delivery rate of the elevator optimum

operation conditions.

25 Another feature of the return track, illustrated in
figures 10 and 11, is the rounded profile of the
bottom portion of track 105, 47. When the apparatus
processes elongated objects there is a tendency with a
flat bottom portion and certain lengths of the objects

30 that the objects pile up somewhere on the track, which
means that the flow to the elevator will be cut off.
By means of the rounded profile, the objects closest
to the bottom will be oriented along the track, which
eliminates the said problem. Other profiles, as for

35 instance a V-profile, also shows similar effects.
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In order to increase the feeding capacity of the
tracks, the surfaces could be provided with a rubber
coating or a mohair-type of coating having oriented

surface fibres.
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CLAIMS

. Apparatus for feeding parts from a reservoir

position to a delivery position (12) comprising a
base (13), a carrier (14), which is connected to
the base by means of a vibratory mechanism (15, 41,
16, 17), a first feeding track (18, 31) provided
with a number of sorting and orienting means
clamped to the carrier (14) and along which track
parts by means of a vibratory motion are
transported towards said delivery position (12), a
second feeding track (11, 47, 105, 106) arranged so
that parts sorted out from said first track (18,
31) by means of gravitation are caused to fall onto
said second track (11, 47, 105, 106) for subsequent

feeding towards said reservoir position.

characterised in that

an elevator means is arranged to transport the
parts between the reservoir position and said first

feeding track (18, 31).

. Apparatus according to claim 1,

characterised in that

said second feeding track (11, 47) is mounted on

the carrier (14).

. Apparatﬁs according to claim 1,

SUBSTITUTE SHEET
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characterised in that

said second féeding track (105, 106) is mounted on
the base by means of a second vibration mechanism
5 (107, 108, 111, 112, 113, 114).

4, Apparatus accordingrto any of the preceding claims

characterised in that

10

said elevator means operates in a vertical plane.

5. Apparatus according to anyone of the claims 2 and
4.
15

characterised in that

at least one additional pair of feeding tracks (31,
47) is mounted on the same carrier (14) in the same

20 way as the tracks (18, 11) and that at least one
additional elevator means (45) is arranged on the
base (13) in the same way as the elevator means
(44).

25 6. Apparatus according to anyone of the claims 3 and 4

characterised in that

at least one additional feeding track (31) is
30 mounted on the same carried (14) in the same way as
track (18), that at least one additional track
(105) is mounted on the base (13) by means of the
second vibration mechanism (107, 108, 111, 112,
113, 114) and that at least one additiohal elevator
35 means (45) is arranged on the base (13) in the same

way as the elevator means (44).

7. Bpparatus according to anyone of the claims 5 and 6

:  SUBSTITUTE SHEET
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characterised in that

csaid elevator means (44, 45) are arranged to

operate independently.

. Apparatus according to any of the preceding claims

characterised in that

said feeding track (18, 31) is provided with a
projection (20) or a cut-out, inclined in a
longitudinal direction of the feeding track,
situated at a distance from the clamping end (19),
said carrier (14) is provided with a recess (21) or
a jut, having a surface(10) which is inclined for
cooperation with said projection or cut-out and
that a clamping means (22, 23) is arranged at the
clamping end (19) for clamping the track (18, 31)
to the carrier (14), whereby actuation of said
clamping means forces said projection (20) or
cut-out into cooperation with said surface (10) to
clamp the feeding track (18) to the carrier (14)
both a distance from the clamping end (19} and at

the clamping end.

. Apparatus according to claim 8

characterised in that

the feeding track (18) at a distance from the
clamping end (19) is laterally guided on the

carrier (14) by means of a pin (25) and a slot
(24).

Bpparatus according to claim 8 or 9

characterised in that

the feeding track (18) at the clamping end (19) is

SUBSTITUTE SHEET
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provided with an inclined surface (35) for

cooperation with a nut (23) of the clamping means.

- SUBSTITUTE SHEET
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