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(46) of the automatic machine for producing cylindrical cans (1).

(57) Abstract: An apparatus whereby cylindrical
cans (1) formed of a ferromagnetic material
and transported at high speed along a carrying
conveyor (2) in such a contiguous way as having
no gaps between adjoining cylindrical cans (1)
are separated so as to provide a spacing there
between to eliminate interference between the
adjoining cylindrical cans (1), thereby supplying
a plurality of cylindrical cans (1) with reliability
to a main wheel index (46) of an automatic
machine for producing cylindrical cans (1). The
apparatus includes a carrying conveyor (2), star
index wheel (3), supply index wheel (4a) and
main index wheel (4b). The supply index wheel
(4a) has permanent magnets (7), each holding
an individual cylindrical can (1) by suction. The
transport speed of a plurality of cylindrical cans
(1) wansported along a conveyor at high speed
is reduced for a moment by the star index wheel
(3). Then, each respective cylindrical can (1) is
held by suction caused by magnetic force from
permanent magnets (7) disposed around the
outer edge of the disc-shaped supply index wheel
(4a) and spaced uniformly to provide a spacing
between adjoining cylindrical cans (1). While
maintaining the foregoing spacing, the cylindrical
cans (1) are supplied to the main index wheel
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DESCRIPTION

APPARATUS FOR SEPARATING AND SUPPLYING CYLINDRICAL CANS AND METHOD THEREFORE

Technical Field

The present invention relates to an apparatus and method for sepa-
rating and supplying a plurality of cylindrical cans, and more specifically relates
to an apparatus for separating individually a plurality of cylindrical cans that are
received in a contiguous fashion and sending out with stability such cans as re-

ceived and also relates to a method for separating and supplying such a plurality
of cylindrical cans.

Background Art

Apparatuses for separating and supplying cylindrical battery cans that
are received in succession have been long known. An example from such con-
ventional apparatuses is disclosed in UPS 5,695,041. The exemplified conven-
tional apparatus for separating and supplying cylindrical battery cans is de-
scribed below with reference to Fig. 4. Suppose a situation, in which cylindrical
battery cans move along a high-speed running belt conveyor in a contiguous
fashion without any gaps between the cylindrical battery cans. In Fig. 4, a
carrying conveyor 32 runs in the direction indicated by an arrow. Cylindrical

battery cans 31 are transported on the carrying conveyor 32. The cylindrical
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battery cans 31 are formed of a ferromagnetic material. A star index wheel 33,
a supply index wheel 34a of an automatic machine and a main index wheel 34b of
the automatic machine are disposed at a side of the carrying conveyor 32. A
plurality of first semi-circular notches 38 are formed around the outer edge of the
star index wheel 33 and spaced uniformly, with the radius of each respective
semi-circular notch 8 made nearly

equal to the radius of the battery can 31. The first semi-circular notches 38 in
plurality receive the transported battery cans 31. A plurality of second semi-
circular notches 41 are formed around the outer edge of the supply index wheel
34a of the automatic machine and spaced uniformly. A plurality of third semi-
circular notches 39 are formed around the outer edge of the main index wheel
34b of the automatic machine and spaced uniformly.

Each semi-circular notch of the first semi-circular notches 38, second semi-
circular notches 41 and third semi-circular notches 39 receives the transported
battery cans 31, respectively. The star index wheel 33 rotates around its center
that acts as the rotational center and the center of each respective first semi-
circular notch 38 traces a first circular locus. The supply index wheel 34a of the
automatic machine rotates around its center that acts as the rotational center
and the center of eéch respective second semi-circular notch 41 traces a second
circular locus. The main index wheel 34b of the automatic machine rotates
around its center that acts as the rotational center and the center of each respec-
tive third semi-circular notch 39 traces a third circular locus. The first locus
and second locus are overlapped at the center line of the carrying conveyor 32.
The second locus and third locus circumscribe each other. The carrying con-

veyor 32 is located between the supply index wheel 34a and the main index
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wheel 34b. The carrying conveyor 32, star index wheel 33, supply index wheel
34a and main index wheel 34b rotate in the directions indicated by arrows at a
synchronizing speed, respectively, thereby allowing the battery cans to be trans-
ported without a hitch.

The battery can carrying conveyor 32 has a flat belt and a conveyor

frame. A permanent magnet 43 is fixed on the conveyor frame, directly below
the flat belt at a position between the star index wheel 33 and the supply index
wheel 34a, where passing of the battery cans takes place.
In order to prevent the battery cans from being ejected out of the first semi-
circular notches 38, second semi-circular notches 41 and third semi-circular
notches 39 due to centrifugal force produced by a high-speed revolution of the
index wheels, a first guide 35, second guide 42 and third guide 52 are put in place.
More specifically, the third guide 52 is disposed near the rim of the supply index
wheel 34a.

The peripheral shifting speed of the center of the first semi-circular
notch 38 is set to a speed slower than the running speed of the belt of the carry-
ing conveyor 3. The shifting speed of the battery cans 31 located on the carry-
ing conveyor in a contiguous way is suppressed momentarily by protrusions 40
formed between semi-circular notches in the star index wheel 33.

Then, gaps are created between the outer side surfaces of the adjoining battery
cans transported along the carrying conveyor 32 upon having the battery cans 31
released from the protrusions 40. During the period immediately after a bat-
tery can 31 is released from a protrusions 40 until the battery can 31 is carried to
the second semi-circular notch 41 for being grabbed, the battery can 31 is being

sucked by the strong force of magnetic attraction of the permanent magnet 43.
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The bottom of each respective battery can 31 is pressed onto the belt surface of
the carrying conveyor 32 by a combined force produced by the own weight of the
battery can 31 and the force of magnetic attraction of the permanent magnet 43.
This pressing force multiplies the friction between the belt of the carrying con-
veyor 32 and the battery case 31, thereby reducing the slippage between the bat-
tery can 31 and the belt surface. As a result, shifting of the battery can 31 in
position is made smaller. Thus, supplying of the battery cans 31 to the second
semi-circular notches 41 of the supply index wheel 34a is carried out.

With the conventional structure as described above, although the trav-
eling path of the battery cans 31 after released from the protrusions 40 in the
star index wheel 33 till reaching the second semi-circular notches 41 is small in
distance, it is in this traveling path that such a trouble as biting of battery cans
and the like is most likely to occur. This kind of trouble results in lowering the
availability factor of production lines of batteries and makes one of the serious
causes to produce defective part pieces.

Further, an index wheel for separating battery cans by orientation is
disclosed in the Published Unexamined Japanese Patent Application No. H3-
156850. According to this prior art embodiment, a conventional star index
wheel and a circular disc with a built-in permanent magnet are combined by
being stacked together along the same axis. However, this prior art technology
does not teach an apparatus for separating battery cans and supplying the sepa-
rated battery cans to the next manufacturing step by having gaps provided be-
tween the side surfaces of adjoining cylindrical battery cans.

The present invention provides an apparatus for separating and sup-

plying cylindrical cans, which allows a plurality of cylindrical cans transported
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along a carrying conveyor in a contiguous way without any gaps between ad-
joining cylindrical cans to be supplied with stability one by one from the carrying

conveyor to a supply index wheel.

Summary of the Invention
An apparatus for separating and supplying cylindrical cans of the pre-
sent invention comprises:
(a) a carrying conveyor transporting a plurality of cylindrical cans,
wherein the cylindrical cans in plurality are transported in a contiguous way
without any gaps between ’adjoining side surfaces of respective cylindrical
cans, and
wherein each respective cylindrical can of above is cylindrical-shaped and
formed of a ferromagnetic material;
(b) a star index wheel having a plurality of first semi-circular notches,
wherein the star index wheel is located at a side of the carrying conveyor and
rotatable,
wherein the first semi-circular notches in plurality are formed around the
outer edge of the star index wheel and spaced uniformly, and
wherein each respective first semi-circular notch of above receives the cylin-
drical cans individually;
(c) a supply index wheel having a plurality of cylindrical can holders,
wherein the supply index wheel is disc-shaped and rotatable, and
wherein each respective cylindrical can holder of above is provided with a
permanent magnet individually and the respective permanent magnets are

disposed around the outer edge of the supply index wheel so as to have the
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axis direction of the cylindrical can aligned in parallel to the axis direction of
the supply index wheel and to have a first spacing created as a gap between
side surfaces of adjoining cylindrical cans of above, thereby allowing the re-
spective cylindrical cans to be held by suction caused by magnetic force from
each respective permanent magnet of above; and
(d) a main index wheel having a plurality of transport holders,
wherein the main index wheel is provided with a peripheral edge surface
and rotatable, and
wherein the respective transport holders of the transport holders in plu-
rality are disposed on the peripheral edge surface of the main index wheel
and spaced uniformly, thereby allowing each respective transport holder
to hold cylindrical cans individually.
The star index wheel, supply index wheel and main index wheel are synchro-
nized with one another in rotational speed, the carrying conveyor, star index
wheel and supply index wheel are located so as to have the center locus of the
first semi-circular notches of the star index wheel and the center locus of the cyl-
indrical cans held by suction on the respective holders of the supply index wheel
circumscribed with each other and overlapped on the center line of the cylindrical
cans located on the carrying conveyor, and the cylindrical cans held by suction
caused by magnetic force to a predetermined position on the supply index wheel

are sent out to the main index wheel one by one.

A method for separating and supplying a plurality of cylindrical cans of

the present invention comprises the steps of:

(a) transporting a plurality of cylindrical cans along a carrying conveyor,
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wherein the cylindrical cans in plurality are transported in a contiguous way

without any gaps between adjoining side surfaces of respective cylindrical

cans, and

wherein each respective cylindrical can of above is cylindrical-shaped and
5 formed of a ferromagnetic material;

(b) holding the respective cylindrical cans transported along the carrying convey-
or around the outer edge of a rotating receiving index wheel with a predeter-
mined spacing pprovided between adjoining cylindrical cans after having re-
ceived the cylindrical cans;

10 (c) holding the respective cylindrical cans held by the receiving index wheel onto
a plurality of holders formed on a supply index wheel,
wherein the supply index wheel is disc-shaped and rotatable,
wherein each respective holder of a plurality of the holders is provided
with a permanent magnet, and the respective permanent magnets are

15 disposed around the outer edge of the supply index wheel so as to have
the axis direction of the cylindrical can aligned in parallel to the axis
direction of the supply index wheel and to have a first spacing created as
a gap between side surfaces of adjoining cylindrical cans of above, thereby
allowing respective cylindrical cans to be held by suction caused by

20 magnetic force from each respective permanent magnet of above; and

(d) holding the respective cylindrical cans held by the supply index wheel
onto each respective transport holder of the transport holders in plurality

disposed on a main index wheel,
wherein the main index wheel is provided with a peripheral edge surface

25 and rotatable, and
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wherein the respective transport holders of a plurality of the transport
holders are disposed on the peripheral edge surface of the main index
wheel and spaced uniformly, thereby allowing the cylindrical cans held by
suction caused by magnetic force at predetermined positions of the supply

index wheel to be sent out to the main index wheel one by one.

According to the structure as described in the above, cylindrical cans
transported at high speed along a carrying conveyor in a contiguous way without
any gaps between adjooining cylindrical cans are provided with a spacing be-
tween the side surfaces of adjoining cylindrical cans, thereby preventing the cyl-
indrical cans from becoming unstable due to the interference occurring between
adjoining cylindrical cans and feeding the cylindrical cans with reliability to an
automatic production machine of cylindrical cans, which is responsible for the
production steps that follow. In addition, such a trouble as biting of cylindrical
cans that occurs in a supply index wheel is prevented. As a result, the avail-
ability factor of the production facilities is enhanced and also product defects are
decreased. Furthermore, a simple and less costly apparatus for separating and
supplying cyhndncal cans having high reliability and a high availability is pro-
vided. Moreover, the level of noise made by the apparatus for separating and

supplying cylindrical cans is remarkably lowered.

Brief Description of Drawings
Fig. 1is a plan view to illustrate an apparatus for separating and sup-
plying battery cans in an exemplary embodiment of the present invention.

Fig. 2(a) is a plan view to illustrate a typical supply index wheel for an



10

15

WO 01/04026 PCT/JP00/04273

apparatus for separating and supplying battery cans in an exemplary embodi-
ment of the present invention and Fig. 2(b) is a cross-sectional view of the supply
index wheel of Fig.2(a) cut along a dash and dotted line 2b — 2b.

Fig. 3(a) is a plan view to illustrate the structure of a supply index
wheel with permanent magnets buried uniformly along the hperipheral edge of
the upper surface of the supply index wheel used in an apparatus for separating
and supplying battery cans in an exemplary embodiment of the present inven-
tion, and Fig. 3(b) is a cross-sectional view of the supply index wheel of Fig. 3(a)
cut along a dash and dotted line 3b - 3b.

Fig. 4 is a plan view of a conventional apparatus for separating and

supplying battery cans.

Best Mode for Carrying Out the Invention

According to an apparatus and method for separating and supplying a
plurality of cylindrical cans in an exemplary embodiment of the present inven-
tion, cylindrical cans formed of a ferromagnetic material and transported at high
speed along a carrying conveyor in a contiguous way without any gaps between
adjoining cylindrical cans are separated from one another with a spacing provid-
ed between side surfaces of adjoining cylindrical cans, thereby preventing the
interference occurring between adjoining cylindrical cans and feeding the cylin-
drical cans with reliability to the main index wheel of an automatic production
machine of cylindrical cans. The apparatus for separating and supplying a plu-
rality of cylindrical cans comprises a carrying conveyor, receiving index wheel,
supply index wheel and main index wheel.

The supply index wheel is provided with permanent magnets for holding re-
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spective cylindrical cans by suction. The transporting speed of the cylindrical
cans transported in plurality along the conveyor at high speed is once reduced by
means of the receiving index wheel. Then, the respective cylindrical cans are
held by suction onto the permanent magnets disposed and spaced uniformly
around the outer edge of the disc-shaped supply index wheel, and a spacing is
formed between adjoining cylindrical cans, thereby allowing the cylindrical cans
to be fed to the main index wheel of an automatic machine of can production fa-
cilities while the spacing between adjoining cylindrical cans being maintained.

In other words, the apparatus for separating and supplying cylindrical
cans according to the present invention is provided with a structure to expand
the spacing between adjoining cylindrical cans transported in a contiguous way
without any gaps between adjoining cylindrical cans on the carrying conveyor
running at high speed along a guide while the side surfaces of reépective adjoin-
ing cylindrical cans being brought into contact with each other. The respective
cylindrical cans are formed of a ferromagnetic material. The apparatus for
separating and supplying cylindrical cans according to the present invention is
provided with a receiving index wheel disposed at a side of the carrying conveyor.
The receiving index wheel is a star index wheel which has a plurality of first
semi-circular notches to receive cylindrical cans, each respective first semi-
circular notch having a dimension generally equal to the diameter of the battery
can, disposed and uniformly spaced around the outer edge of the star index wheel.
The centers of the respective semi-circular notches formed on the star index
wheel rotate at a peripheral shifting speed that is somewhat slower than the
running speed of the carrying conveyor.

A protrusions is formed between adjoining first semi-circular notches.
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The shifting distance of a running carrying conveyor’s belt is set so as to be larger
than the cylindrical can’s diameter. Cylindrical can holders are disposed
around the outer edge of the supply index wheel and have a permanent magnet,
respectively. Accordingly, the spacing between the cylindrical cans is allowed to
be expanded.

The shiftihg speed of the cylindrical cans placed on the carrying con-
veyor in a contiguous way is suppressed momentarily by the protrusions formed
on the star index wheel, and thereafter the shifting speed is released from the
speed suppression, thereby allowing the cylindrical cans to pick up speed gradu-
ally and to start running again at the same speed as the carrying conveyor.
However, during the time period, in which adjoining cylindrical cans are released
from the star index wheel in succession, a spacing is created between adjoining
cylindrical cans since the shifting distance of the running carrying conveyor’s belt
is so set as to be larger than the cylindrical can’s diameter. The spacing thus
created between adjoining cylindrical cans is adjusted to become equal to the
spacing between the cylindrical can holders disposed around the outer edge of the
disc-shaped supply index wheel in the succeeding step that follows. With this
spacing maintained for the cylindrical cans that are held by suction onto the cyl-
indrical can holders disposed around the outer edge of the supply index wheel,
the cylindrical cans are supplied to the main index wheel of an automatic machi-
ne from the supply index wheel.

The star index wheel rotates in synchronization with the rotation of the
supply index wheel and main index wheel, thereby preventing the side surfaces
of adjoining cylindrical cans from being brought into contact with each other.

Therefore, an adverse effect caused by mutual interference between cylindrical
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cans can be prevented from occurring. Further, an irregular supply of cylindri-
cal cans can also be prevented, resulting in a smooth supply of cylindrical cans
with stability.

The cylindrical cans formed of a ferromagnetic material and aligned on
the carrying conveyor with the side surfaces of adjoining cylindrical cans being
brought into contact with each other are supplied in a contiguous way without
any gaps between the adjoining cylindrical cans. The spacing between the ad-
joining cylindrical cans supplied in such a fashion as above is expandable, there-
by eliminating the danger of interference arising between adjoining cylindrical
cans and allowing the cylindrical cans to be supplied one by one to the main in-
dex wheel of the automatic machine with stability.

The supply index wheel is provided with permanent magnets disposed and
spaced uniformly around the vicinity of the outer edge of the disc of the supply
index wheel. Each respective permanent magnet can suck a cylindrical can
located within 2 to 3 mm in distance therefrom. Therefore, even when a cylin-
drical can is supplied with its position displaced a little from the place where the
cylindrical can should be located, the displaced cylindrical can is sucked by the
permanent magnet and is allowed to be held by suction with its

position corrected onto the predetermined position of the supply index wheel.
Thus, the supply index wheel is provided with a positional self-correcting mecha-
nism. Therefore, a substantial expansion becomes possible for the tolerance of
variation in timing of the transportation of battery cans, the variation being
caused by the slippage between the belt conveyor’s surface and the cylindrical
cans during the time period after the cylindrical cans have been released from

the protrusions to prevent the cylindrical cans disposed on the carrying conveyor
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in a contiguous fashion from shifting in position till the cylindrical cans are
transported to the supply index wheel. In addition, since the supply index
wheel has no longer an outer guide as used to be with the prior art, such a prob-
lem as biting of the cylindrical cans in the supply index wheel is eliminated,

thereby enabling the reliability of the apparatus to be enhanced greatly.

Exemplary Embodiment 1

A description is given to an apparatus for separating and supplying
cylindrical cans in an exemplary embodiment of the present invention with refer-
ence to drawings. Fig. 11s a plan view of the apparatus for separating and sup-
plying cylindrical cans as disclosed by the present invention.

An apparatus for separating and supplying cylindrical cans in an ex-
emplary embodiment of the present invention comprises a carrying conveyor 2,
star index wheel 3, supply index wheel 4a of an automatic machine and main
index wheel 4b of the automatic machine. As a cylindrical can 1 is used a cylin-
drical-shaped battery can 1. The battery can 1 is formed of a ferromagnetic
material and can be attracted by suction to a magnet.
The carrying conveyor 2 transports the battery cans in the direction indicated by
an arrow in a contiguous way without any gaps between adjoining battery cans.
The star index wheel 3 controls the speed of the battery cans 1 that are trans-
ported at high speed along the carrying conveyor 2, thereby performing a func-
tion to expand the spacing between adjoining battery cans 1. The star index
wheel 3 has first semi-circular notches formed around the outer edge thereof.
The star index wheel 3 is rotatable and the peripheral speed of the center of each

respective first semi-circular notch 8 of the star index wheel 3 is set to a speed a
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little slower than the transport speed of the carrying conveyor 2. Each of the
first semi-circular notches 8 performs a function of receiving and transporting
the cylindrical cans 1 one after another. The star index wheel 3 has a protru-
sion 10 formed between the first semi-circular notches 8 adjoining each other.
A supply index wheel 4a is provided with a peripheral edge surface and rotatable,
and cylindrical can holders 7 are formed and spaced uniformly on the peripheral
edge surface of the supply index wheel 4a. Each respective cylindrical can
holder 7 has a permanent magnet 7 buried therein. The permanent magnet 7
is strong enough magnetically to allow a battery can 1 to be attracted by suction.
A main index wheel 4b is provided with a peripheral edge surface and rotatable,
and cylindrical can transport holders 9 are formed and spaced uniformly on the
peripheral edge surface of the main index wheel 4b. Each respective transport
holder 9 has a second semi-circular notch 9. A first guide 5 is disposed in the
vicinity of the carrying conveyor 2. A second guide 6 is disposed near the rim of
the main index wheel 4b.

The carrying conveyor 2 and star index wheel 3 are located in such a
way that the locus of the center of a battery can 1 transported along the carrying
conveyor 2 is brought into contact with the locus of the center of a battery can 1
held and transported by the star index wheel 3 and supply index wheel 4a.
Further, the supply index wheel 4a and main index wheel 4b are located in such
a way that the locus of a battery can 1 transported by the supply index wheel 4a
and the locus of a battery can 1 transported by the main index wheel 4b circum-
scribe each other. In addition, the star index wheel 3, supply index wheel 4a
and main index wheel 4b rotate in synchronization with one another, thereby

allowing the battery cans 1 to be transported without a hitch. Also, after a bat-
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tery can 1 has been transferred from a transport holder 9 of the supply index
wheel 4a to a semi-circular notch 9 of the main index wheel 4b, the magnetic
attracting force extended from the permanent magnet 7 to battery cans disap-
pears due to the existence of the second guide 6 and the rotation of the supply
index wheel 4b.  As a result, the respective battery cans 1 transported along the
carrying conveyor 2 at high speed are protected from an application of impact,
thereby allowing a plurality of battery cans being supplied in a contiguous way to
be separated individually from one another and supplied to the main index wheel

of the automatic machine smoothly and reliably.

Exemplary Embodiment 2

Next, a description is given to an apparatus for separating and sup-
plying cylindrical cans in another exemplary embodiment of the present inven-
tion with reference to Fig. 2(a) and Fig. 2(b). With the present exemplary em-
bodiment, an alkaline-manganese AA battery is used as the cylindrical can. A
typical structure of the supply index wheel of an automatic machine used in the
apparatus for separating and supplying cylindrical cans is illustrated in Fig. 2(a)
and Fig. 2(b). Fig. 2(a) is a plan view of the supply index wheel and Fig. 2(b) is a
cross-sectional view of the same cut along the line 2b — 2b.
In Fig. 2(a) and Fig. 2(b), how thé battery can 1 is held on the supply index wheel
4a of the automatic machine is illustrated.. Each respective battery can 1 out of
a plurality of the AA battery cans is held onto a cylindrical can holder 7 by suc-
tion. The supply index wheel 4a is formed of a non-magnetic SUS 304 material
and shaped like a disc‘ measuring 106 mm in outer diameter and 48 mm in

thickness. The cylindrical can holders 7 are formed on the rim of the disc-
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shaped supply index wheel 4a. More specifically, each respective cylindrical
can holder 7 is located at a position formed by dividing the rim of the disc into
twelve equal sections and holds a battery can 1. Each respective cylindrical can
holder 7 has two permanent magnets of a first permanent magnet 7a and second
permanent magnet 7b buried therein. Each of the two permanent magnets 7a
and 7b is formed of a cobalt-containing magnet measuring 3 mm in diameter and
5 mm in length, respectively, and the pair of the permanent magnets 7a and 7b
are aligned in parallel with each other in the axis direction of the supply index
wheel 4a with a 40 mm spacing provided therebetween. These permanent
magnets 7a and 7b are fixed onto the supply index wheel 4a according to a
swaging method with the surface of the respective permanent magnets 7a and 7b
situated a little below the surface of the peripheral edge.

Since the two permanent magnets 7a and 7b are arranged in position

with 40 mm apart from each other in the axis direction of the disc-shaped supply
index wheel 4a, each respective battery can 1 is held onto the cylindrical can
holder 7 with stability so as to have the axis of each respective battery can 1 held
onto the cylindrical can holder 7 by suction made parallel to the axis of the supply
index wheel 4a. With the diameter of the permanent magnet decreasing, the
accuracy in positioning the battery can is enhanced.
When the diameter of the permanent magnet 7 is 3 mm, a variation in the posi-
tion of the battery cans ranges between about = 1 mm, thereby allowing the bat-
tery cans 1 to be supplied with stability. The permanent magnet 7 is also
formed of a ferrite magnet, a rare-earth magnet or the like. The magnetic force
of a rare-earth magnet is stronger than that of a ferrite magnet.

According to the required accuracy in positioning, required strength in magnetic
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force and the like, the kind, shape and size and the like of the permanent magnet
7 are determined on an as needed basis. In general, a rare-earth magnet is
more expensive than a ferrite magnet.

The supply index wheel 4a has a first recessed area 14 formed on the peripheral
edge surface thereof and a second recessed area 15 formed on the upper and low-
er surfaces thereof, respectively. Due to the provision of the first recessed area
14 and second recessed areas 15, a reduction in the thickness of the supply index
wheel 4a is realized with an accompanying reduction in weight. These recessed
areas 14 and 15 are formed according to a cutting method. It is not necessarily
required of the supply index wheel 4a to have these recessed areas 14 and 15.
When the supply index wheel 4a is formed of a relatively light material such as

aluminum and the like, for example, the recessed areas 14 and 15 are not neces-

sary.

Exemplary Embodiment 3

Next, a description is given to an apparatus for separating and sup-
plying cylindrical cans in still another exemplary embodiment of the present in-
vention with reference to Fig. 3(a) and Fig. 3(b). A typical structure of a supply
index wheel of an automatic machine used in an apparatus for separating and
supplying cylindrical cans is illustrated in Fig. 3(a) and Fig. 3(b). Fig. 3(a)is a
plan view of the supply index wheel and Fig. 3(b) is a cross-sectional view of the
supply index wheel cut along the line 3b — 3b. As the cylindrical can 1 is used
an AA batterycan 1. In Fig. 3(a) and Fig. 3(b), the battery can 1 is held onto the
supply index wheel 4a of the automatic machine. A plurality of the AA batteri-

es are held by cylindrical can holders 7 by suction. The supply index wheel 4a is
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formed of a non-magnetic SUS304 material and shaped like a disc measuring
106 mm in outer diameter and 10 mm in thickness. On the surface of the disc-
shaped supply index wheel 4a are formed the cylindrical can holders 7. More
specifically, the cylindrical can holders 7 are located near the edge of the disc
surface at the uniformly spaced positions on a concentric circle with the center
thereof coinciding with the axis of the disc, the uniformly spaced positions being
derived by dividing the concentric circle into twelve equal sections. Each re-
spective cylindrical can holder 7 has a permanent magnet 7c, which is 12 mm in
diameter and 3 mm in length, formed of a cobalt-containing permanent magnet
and disposed on the disc with the axis thereof aligned in parallel to the axis direc-
tion of the supply index wheel 4a. Each respective permanent magnet 7c is
fixed onto the supply index wheel 4a according to a swaging method with the

surface thereof situated a little below the surface of the peripheral edge.

Exemplary Embodiment 4

An apparatus for separating and supplying cylindrical cans in still
another exemplary embodiment of the present invention employs a disc having a
plurality of fourth permanent magnets in place of the star index wheel of the
exemplary embodiments 1, 2 and 3 as described in the above. The foregoing
disc has a rim of a flat cylindrical-shape and a plurality of the fourth permanent
magnets are buried in the rim with a predetermined spacing provided between
the adjoining fourth permanent magnets. Each of the fourth permanent mag-
nets disposed on the rim of the disc holds a cylindrical battery can by picking up
one by one from a series of the cylindrical battery cans that are transported for a

supply to the disc. The structure and operation of the present exemplary em-
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bodiment are the same as the structure and operation of each of the foregoing
exemplary embodiments except for the above specific point of having a disc

provided with permanent magnets.

Exemplary Embodiment 5

The apparatuses for separating and supplying cylindrical cans in the
exemplary embodiments 1, 2, 3 and 4 as described in the above have been intro-
duced into a production line for AA dry batteries. A plurality of the dry batteri- |
es are transported and supplied at a rate of ranging from about 1,000 units per
minute to about 1,500 units per minute along a carrying conveyor 2.
Even with these cylindrical battery cans transported at high speed, each respec-
tive cylindrical can holder 7 has been holding a battery can 1 with reliability.
The respective battery cans 1 are transported by a transport holder 9 for trans-
porting with reliability. Thus, a plurality of battery cans are allowed to be
separated and supplied accurately, thereby enhancing the availability of the pro-
duction facilities and further reducing remarkably the number of defective pro-

ducts caused by malfunctioning of the apparatus for separating and supplying
cylindrical cans.

As described in the above, the present invention allows a spacing to be
provided between adjoining side surfaces of the respective cylindrical cans that
are transported along a carrying conveyor at high speed in a contiguous way
without any gaps between adjoining cylindrical cans, thereby eliminating the
instability of transportation due to interference occurring between adjoining cyl-

indrical cans and supplying cylindrical cans with reliability to an automatic ma-
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chine for the production of cylindrical cans that deals with the production steps to
follow thereafter. The automatic machine has an apparatus for separating and
supplying cylindrical cans of the present invention, in which permanent magnets,
each acting as a cylindrical can holder, are buried on the rim of a disc-shaped
supply index wheel and spaced uniformly, thereby enabling the speed and timing
of a star index wheel, carrying conveyor, supply index wheel and the like to be
adjusted very easily. In addition, the provision of holders utilizing magnetic
force is in place on the supply index wheel

makes it possible for a small amount of variations in positioning and timing of
the cylindrical cans transported along the carrying conveyor to be automatically
corrected, thereby having each respective cylindrical can held to a predetermined
position and having the interference among the ¢ylindrical cans in plurality that
are being supplied prevented from taking place. Even when some of the cylin-
drical cans happen to be shifted in position or in timing due to slippage caused on
the belt of the carrying conveyor, the positions of the cylindrical cans in plurality
are automatically corrected, thereby enabling the assured supply of the cylindri-
cal cans to a main index wheel of the automatic machine with reliability. Asa
result, availability of the production facilities is enhanced. Moreover, the num-
ber of defective products is reduced.

Further, with the apparatus for separating and supplying cylindrical
cans of the present invention, the supply index wheel 4a does not require an
outer guide that was needed with a conventional apparatus for separating and
supplying cylindrical cans. The structure requiring no outer guide prevents the
biting of cylindrical cans on the supply index wheel 4a from occurring.

In addition, since cylindrical cans are transported while being held by
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suction of magnetic force onto the rim of the supply index wheel, a simple
mechanism allows the cylindrical cans to be separated and transported with a
high degree of accuracy. More specifically, a torque limiter for preventing slip-
page of cylindrical cans on the rim of the supply index wheel when an excessive
load is imposed is no longer required. Thus, an apparatus for separating and
supplying cylindrical cans with enhanced reliability and high availability of pro-
duction facilities, yet with a simple and inexpensive mechanism, is realized.
Furthermore, the level of noises produced at the time of operating the apparatus

for separating and supplying cylindrical cans has been reduced to a great extent.

Industrial Applicability

An apparatus for separating and supplying cylindrical cans disclosed
by the present invention allows cylindrical cans transported along a carrying
conveyor at high speed in such a contiguous way as having no gaps between the
cylindrical cans to be spaced between the outer surfaces of adjoining cylindrical
cans, thereby eliminating the instability of transportation due to interference
between adjoining cylindrical cans and supplying the cylindrical cans with reli-
ability to an automatic machine for producing cylindrical cans that handles the
production steps that follow thereafter. More specifically, biting of cylindrical
cans on a supply index wheel can be prevented. As a result, availability of pro-
duction facilities is enhanced and further the number of defective products is
reduced. Thus, an apparatus for separating and supplying cylindrical cans
with enhanced reliability and high availability of production facilities, yet with a
simple and inexpensive mechanism, is realized. Furthermore, the level of nois-

es produced at the time of operating the apparatus for separating and supplying
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cylindrical cans has been reduced to a great extent.
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CLAIMS

1. An apparatus for separating cylindrical cans and for supplying said

cylindrical cans, said apparatus comprising:

(a)

(b)

©

a carrying conveyor transporting a plurality of cylindrical cans,
said plurality of cylindrical cans being transported in a
contiguous way without any gaps between adjoining side surfaces of
respective cylindrical cans, and
said respective cylindrical cans being cylindrical-shaped and
formed of a ferromagnetic material;
a star index wheel having a plurality of first semi-circular notches,
said star index wheel being located at a side of said carrying
conveyor and rotatable,
said plurality of first semi-circular notches being formed around
an outer edge of said star index wheel and spaced uniformly, and
said respective first semi-circular notches of said plurality of first
semi-circular notcheé receiving said respective cylindrical cans
individually;
a supply index wheel having a plurality of cylindrical can holders,
said supply index wheel being disc-shaped and rotatable,
each cylindrical can holder of said plurality of cylindrical can
holders including a permanent magnet individually,
said each permanent magnet being disposed around an outer

edge of said supply index wheel so as to have an axis direction of said
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respective cylindrical cans aligned in parallel to an axis direction of
said supply index wheel and to have a first spacing created as a gap
between side surfaces of adjoining cylindrical cans of above,
thereby allowing said respective cylindrical cans to be held by
suction caused by magnetic force from said each respective
permanent magnet; and
(d) - a main index wheel having a plurality of transport holders,
said main index wheel being provided with a peripheral edge
surface and rotatable, and
each transport holder of said plurality of transport holders being
disposed on said peripheral edged surface of said main index wheel
and spaced uniformly,
thereby allowing said each respective transport holder to
hold cylindrical cans individually,
wherein said star index wheel, said supply index wheel and said main
index wheel are synchronized with one another in rotational speed,
wherein said carrying conveyor, star index wheel and supply index
wheel are located so as to have a center locus of said first semi-circular notches
of said star index wheel and a center locus of said cylindrical cans held by
s.uction in said respective holders of said supply index wheel circumscribed
with each other and overlapped on a center line of said cylindrical cans located
on said carrying conveyor, and
wherein said cylindrical cans held by suction caused by said
magnetic force at a predetermined position on said supply index wheel are sent

out to said main index wheel one by one.
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2.  The apparatus according to Claim 1, wherein said permanent magnets

are buried on said outer edge of said supply index wheel.

3. The apparatus according to Claim 1,

wherein said star index wheel has a protrusion disposed between said
respective adjoining first semi-circular notches,

a peripheral speed of centers of said respective semi-circular
notches of said star index wheel is set at slower speed than transport
speed of said carrying conveyor, and

~ said respective cylindrical cans are separated from one another

between adjoining cylindrical cans by a predetermined spacing by means of

said protrusions.

4. The apparatus according to any of Claim 1 to Claim 3,

wherein a disc having a plurality of fourth permanent magnets is used
in place of said star index wheel having said first semi-circular notches in

plurality, and

said fourth permanent magnets in plurality are buried on a

peripheral edge surface of said disc.

5. The apparatus according to any of Claim 1 to Claim 4,

wherein said each respective permanent magnet disposed on said

supply index wheel has at least two permanent magnets,

said at least two permanent magnets are disposed on said supply index
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wheel in parallel to an axis of said supply index wheel with a second spacing
provided between said two permanent magnets, said second spacing being
determined according to a length of said cylindrical can, and

said at least two permanent magnets hold an upper area and lower
area of the side surface of said each respective cylindrical can by suction
caused by magnetic force,

thereby maintaining stability of cylindrical cans held and transported

on a peripheral edge surface of said supply index wheel in an axial direction of

said each respective cylindrical can.

6. The apparatus according to Claim 5, wherein said supply index wheel
has a plurality of first semi-circular notches formed between said at least two

permanent magnets.

7.  The apparatus according to Claim 5, wherein said supply index wheel
has second semi-circular notches formed on at least one surface of upper and

lower surfaces of said supply index wheel.

| 8. The apparatus according to any of Claim1 to Claim 4, wherein said
each respective permanent magnet is disposed on an upper surface of
said supply index wheel concentrically around an axis of said supply index
wheel and spaced uniformly, and holds a bottom surface of said each

respective cylindrical can by suction caused by magnetic force.

9.  The apparatus according to Claim 8, wherein said each respective
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permanent magnet has approximately the same diameter as said cylindrical
can and holds a bottom surface of said each respective cylindrical can by

suction caused by magnetic force.

10. The apparatus according to Claim 1, wherein said cylindrical can is

a battery can.

11. A method for separating a plurality of cylindrical cans and supplying
said plurality of cylindrical cans, said method comprising the steps of:

(a) transporting said plurality of cylindrical cans along a carrying conveyor,
wherein said plurality of cylindrical cans are transported in a contiguous way
without any gaps between adjoining side surfaces of said respective
cylindrical cans, and ‘
said respective cylindrical cans are cylindrical-shaped and formed of a
ferromagnetic material;

(b) holding said respective cylindrical cans transported along said carrying
conveyor around an outer edge of a rotating receiving index wheel at a
predetermined spacing after having received said respective cylindrical cans;

(c) holding said respective cylindrical cans held on said receiving index wheel in
a plurality of holders formed on a supply index wheel,
wherein said supply index wheel is disc-shaped and rotatable,
each holder of said plurality of holders is provided with a permanent magnet
individually, and

said respective perm'anent magnets are disposed around an outer edge of

said supply index wheel so as to have an axis direction of said cylindrical can
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aligned in parallel to an axis direction of said supply index wheel and to have
a first spacing created as a gap between side surfaces of said adjoining
cylindrical cans,
thereby allowing said respective cylindrical cans to be held by suction
caused by magnetic force from said each respective permanent magnet;
and

(d) holding said respective cylindrical cans held on said supply index wheel
in each respective transport holder of a plurality of transport holders
provided in a main index wheel,
wherein said main index wheel is provided with a peripheral edge surface
and rotatable, and
said respective transport holders of said transport holders in
plurality are disposed on a peripheral edge surface of said main index wheel
and spaced uniformly,
thereby allowing said cylindrical cans held by suction caused by said
magnetic force at predetermined positions of said supply index wheel to be

sent out to said main index wheel one by one.

12. The method according to Claim 11, wherein said receiving index
wheel, supply index wheel and main index wheel are synchronized with one

another in rotational speed,

13. The method according to Claim 11,
wherein said receiving index wheel has a star index wheel having a

plurality of first semi-circular notches formed thereon,
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said star index wheel is locate at a side of said carrying conveyor and
rotatable,
each respective first semi-circulai’ notch of said plurality of first
semi-circular notches is disposed uniformly around an outer edge of said star
index wheel, and

said respective first semi-circular notches receive said respective

cylindrical cans individually.

14.  The method according to Claim 11, wherein said permanent

magnets are buried on said outer edge of said supply index wheel.

15. The method according to Claim 11,

wherein said each respective permanent magnet disposed on said supply
index wheel has at least two permanent magnets,

said at least two permanent magnets are disposed on said supply index

wheel in parallel to an axis of said supply index wheel with a second spacing
provided between said two permanent magnets, said second spacing being de-
termined according to a length of said cylindrical can, and

said at least two permanent magnets hold an upper area and lower area of
the side surface of said each respective cylindrical can by suction caused by mag-
netic force,

thereby maintaining stability of cylindrical cans held and transported on a
peripheral edge surface of said supply index wheel in an axial direction of said

each respective cylindrical can.
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16. The method according to Claim 15, wherein said supply index wheel
has a plurality of first semi-circular notches formed between said at least two

permanent magnets.

17.  The method according to Claim 16, wherein said supply index wheel
has second semi-circular notches formed on at least one surface of upper and

lower surfaces of said supply index wheel.

18. The method according to Claim 11, wherein said each respective
permanent magnet is disposed on an upper surface of said supply index wheel
concentrically around an axis of said supply index wheel and spaced uniformly,
and holds a bottom surface of said each respective cylindrical can by suction

caused by magnetic force.

19. The method according to Claim 11, wherein said each respective
permanent magnet has approximately the same diameter as said cylindrical can
and holds a bottom surface of said each respective cylindrical can by suction

caused by magnetic force.

20. The method according to Claim 11, wherein said cylindrical can is a

battery can.
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Key to Reference Symbols
1 Battery Can
2 Carrying Conveyor
3 Star Index Wheel (Receiving Index Wheel)
4a Supply Index Wheel of Automatic Machine
4b Main Index Wheel of Automatic Machine
5 First Guide
6 Second guide
7 Cylindrical Can Holder (Permanent Magnet)
Ta First Permanent Magnet
Tb Second Permanent Magnet
Tc Third Permanent Magnet
8 First Semi-Circular Notch
9 Second Semi-Circular Notch, Transport Holder
10 Protrusion
14 First Recessed Area

15 Second Recessed Area
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