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COMPONENT HANDLING APPARATUS
AND METHOD OF HANDLING THE SAME

This application is related and claims pnonty under 35 U S.C.§119to
Japanese Patent Application No. 2000-004413 the entire contents of which are

incorporated by reference herein. : o -

BACKGROUND OF THE INVEN_TION '
1. Field of the Invention
The present invention relates to a component handling apparatus and a

‘method of handling the same. More specifically, the present invention relates to a

component handling apparatus for handling devices such as electronic components,
for visual inspection, charactensuc measurement screening, markmg, and tapmg,
while transporting the same.

2. Description of the Related Art

Eleetronic components, such as monolithic ceramic capacitors, undergo
various processes including: visual inspection, characteristic measurement,
screening based on e. pass/fail criteria, as well as marking, for example, of a
prbduei mark, or taping, after manufacturing and prior to shipment.

For example, when carrying out a visual inspection, a plurality of
electronic components are successively fed to the station for undergoing evisual
inspection, one by one, and then screened based on the result of the visual
inspection at the scree_ﬁing station. When carrying out a characteristic
measurement, a plurality of electronic components are successively fed to the
station for the charaeteristic measurement, one by one, and screened based on the
result of the characteristic measurement at the screening station. Likewise, when
carrying out a taping, a 'plurality. of electronic components are successively fed to
the taping station one by one, and individually inserted into the cavities provided _
on the tape. ) o |
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When carrying out the respectlve prmses for a visual mspectxon
characteristic measurement, screemng and tapmg, a handhng techmque to handle
more than one electronic component ‘while transpomng the same, is requn'ed

In order to proceed with each process, i.e., visual inspection, characteristic
measurement, screening, marking, or taping efﬁciently_, it is desired to increase
both the transport speed of the electronic components and the rumhber of
components that can be handled in a unit of time. | ”

As the transportation speed is increased, the impact applied to the
electronic components inoreasés, which may cause damage to the electronic
components. Likewise, electronic components may jump out from the
predetermined path due to a rebound thereof. Therefore, it is desired to prevent
damage or jumping out of the electronic components during the high-speed
transportation. | |

It is also desired that the processes for visual inspection, characteristic
measurement, screening, marking, or taping, as described above, be carried out
success1vely and, preferably, automatlcally

In the characteristic measurement process, for example sufficient time to
carry out a chara_cterlstxc measurement precisely can be provided for each

individual electronic component while increasing the speed as described above.

SUMMARY OF THE INVENTION

Accordingly, it is an object of tho present invention to provide a
component handling. apparatus and a method for handling the components which
satisfy the requirements described above.

The first aspect of the present ‘invention is a component handling apparatus _'
for transporting components, including a component transportmg _device. .Tl.le
transporting device is defined by a hollow transportation path for transporting the _
components, having a component intake port on one end and a discharging porton.
the other end. | o
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The component transporting device described above includes a gas intake
port for the admission of a flow of gas in the vicinity of the component intake -
port. - The flow of gas taken through the gas intake port proVides'the compoﬂent
intake port with a negative pressure for feeding components from the outside into
the component intake port, and provides a driving force for transporting the
components through the transpdrtation path toward the compoifeﬁt discharging
port. - o

In addition, the component transporting device comprises a gas discharging |
port for discharging the gas in the transportation path. Discharging the gas
through the gas discharging port decreases the transport speed of the components.

Preferably, in such a component handling apparatus, the transportation
path is tapered from the component intake port toward the component discharging |
port. . _ ' .
Preferably, the gas discharging port includes means for controlling the gas
discharging pressure: The gas discharging port may be opened toward the

- atmosphere for simplifying the structure of the component transporting device.

The component handling means described below is advantageously used
while handling electronic components. In such a case, the component handling
apparatus includes an index table that can be used for measuring the characteristic
of the electronic cdmponents and, more specifically, having a plurality of holding
recesses along the periphery thereof for receiving the electronic components
discharged from the component discharging port. Holding recesses, adjacent one |
another, are providéd in the index table. As the index table rotates, it transports
the components in a circumferential direction, towards a characteristic measuring
section for measuring the characteristic of the electronic components located at a
predetermined position on the transportation path. The electronic components are
transported along with the rotation of the index table.

When applied to the characteristic measurement of the eleci:tonic
components described above, preferably, there is also provided a characteristically
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- defective components dlschargmg sectlon, downstream of the characteristic

measuring section, and on the transportanon path of the rotation of the index table
for discharging the charactensncally defective electronic components A
characteristically satisfactory components discharging section provided
downstream of the characteristically defective components discharging section for
discharging the characteristically satisfactory electronic componefts may also be
provided. |

The characteristically satxsfactory components discharging section is
provided with, for example, a taping device for taping the electronic components,
or a device for packing them in bulk. . _

There may be provided a marking section, for applymg marks on the
electronic components, at a predetermmed position on the transportation path.

This will allow the electronic components to be transported, along with the
rotation of the index table.

The component handling apparatus as described above may be provided
with a component feeding device for feedmg the components to the component
intake port of the component transporting device, and a visual inspection section
for viewing the image of the component.

In this case, the component feeding device mcludes a components
delivering section positioned so as to face toward the component intake port. The
components delivered from the component delivering secuon are sent to the
component intake port, while maintaining the state of being s_nspended in the air
based on the negative pressure applied to the component intake port. The visual '
inspection section picks up the image of the component while it is suspended in
the air, but prior to the component entering into the component intake port.

Preferably, the component feedmg device described above mcludes a c
vibration feeder. The component delivering section is, however, mamtamed to be __ | :'
free from vibrations. o
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Preferably, the componént deliverihg section described above includes a
aligning groove defined by two 51de surfaces arranged ina V-shaped Cross

' sectlon which comes into contact thh the sxde surfaces of the components. This

arrangement facilitates alignment of the components respective to one another.
The side surfaces of the aligning grooves are inclined at an angie of 10 to 80

According to a second -aspeét of the present invepﬁon, a component
handling apparatus for handling components, and while transport'ing'th'é-same is
prov1ded and includes a component feeding device, a component transportmg
device, and an index table

The component feeding device includes a vibration feeder- for feedmg a
plurality of components, and a component delivering section for individually
delivering the components fed by the vibration feeder. _

The component transporting device includes a hollow transportation path
for transporting the components, having a component intake port on one end and a
component discharging port on the other end. The component intake port is
positioned so as to face toward the component delivering section and is provided
with a gas intake port for the admission of a flow of gas in the vicinity of he
component intake port. The flow of gas taken through the gas intake port
provides the component intake port with a negative pressure for feéding
components from the component delivery 'secﬁon to the componént intake port.
The admitted gas flow also provides a driving force for transporting the
component with the airflow through the transportation path and towards the
component discharging port.

The index table is provided with a plurality of holding recesses along the
periphery thereof for individually _i'eceiving the electronic components 'transpbrt'ed_
by the airflow. e _

In the component handling apparatus accordmg to the second aspect of the '
present mventlon, the components delivered from the component delivering
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section are sent to the component Iintake'port This is accomplished while the
component mamtams the state of bemg suspended in the air based on the negative
pressure applied to the component intake- port There-may be- further provxded a
visual inspection section for plckmg up the image of the component while it is
suspended in the air, and prior to bemg fed into the component intake port.

As described above, when the component handling apparatus is provided =~
with a visual inspection device, there may be further provided a visunlly defective
components discharging section. This section discharges the visually defective
components at a predetermined position on the 'transportation path, while the
components are transported, along with the rotation of the index table.

When the components are electronic components, a characteristic
measuring section is provided for measuring the characteristic of the electronic
components at a predetermined position on the transportation path, while the
electronic components are transported, along with the rotation of the index table.

The component handling apparatus may be provided with a taping device
for taping the components at a predetermined position on the transportation path,
while the components are transported along with the rotation of the index table.

The component handling apparatus, according to the third aspect of the
present invention, is an apparatus for handling the electronic components, more
specifically, for handling these components while transporting the same. '

The present invention also inclndes the method for handling the
components, wherein the components are handled by the use of the component

handling apparatus as descnbed above.

BRIEF DESCRIPTION OF THE DRAWINGS _
Fig. 1 is a plan view showing a general dlagrammatlc structure ofthe
component handling apparatus 1 according to an embodiment of the present :

invention;
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Fig. 2 is a plan view showmg a detalled structure of the principal part of _
the component handling apparatus 1 shown in Flg lin conjunctlon with a block
dtagram showing the structure of the control system; -

Fig. 3 is an illustrative front view showing an example of the scparatmg
mechanism for the electronic components that can be employed at the component
dehvery section 10 shown in Flg 2 as needed T

Fig. 4 is an end view of the component dehvery section 10 shown in Fig.

2;

Fig.Sisa drawmg corresponding to Fig. 4 1llustratmg an alternative
embodiment relating to the angle 6 formed between the side walls 19 and 20 of the
aligning groove 18;

Fig. 6 is a drawing showing the arrangement of the cameras 11 to be
provided at the visual inspection section 3 shown in Fig. 2;

Fig. 7 is a cross sectional view showing the component transporting

apparatus 4 shown in Fig. 2 in detail in conjunction with the component delivery

* section 10 and the index table 5;

Fig. 8 is a transverse cross section showing the component transporting
device 4 shown in Fig. 7 in conjunction with the electronic component 9;

Fig. 9 is a vertical cross sectton showing the structure of the component
transporting device 4 shown in F1g 7 more in detail;

Fig. 10 is a transverse cross section taken along the line X-X of Flg 9;
and . .

Fig. 11 is a drawing corresponding to Fig. 7 showing the_component _
transporting device 4a according to another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 is a diagrammatic structure showing the components of the

electronic component handling apparatus lin gcneral acc0rdmg to an emb 5 cnt I

of the present invention.
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The handling apparaius 1 comprises a c%n'nponent feeding device 2, a visual
inspection section 3, a componeni transporting device 4 and an index table 5. .

The component feeding device 2 cbmprises a eompoﬁent feeder portion 6,
a iine feeder portion 7, and a vibration feeder 8. The electronic component 9 fed
from the component feeder portion 6 via the line feeder portion 7 is fed to the .
component delivery section 10. The componeﬁt delivery section ‘10 is free from
vibration. The detailed description about the component delivery section 10 will
be given later. ' |

The visﬁal inspection section 3 picks up the image of the electronic
component 9 in the section between the component delivery section 10 and the
component transporting device 4, and comprises a camera 11 cbmposed .of, for
example, a CCD camera. The detailed description about the visual inspection
section 3 will be given later as well.

The component transporting device 4, to put it briefly, transports the
electronic component 9 using supplied airflow. The detailed description of this
component will be given later.

The index table 5, as shown in Fig. 1 diagrammatically, has a plurality of
holding recesses 12 along the periphery thereof. The index table 5 is rotated

intermittently in the direction shown by the arrow 13, and the electronic

~ components discharged from the component transporting device 4 are received'in

the respective holding recesses 12, one-by one, and transported in the
circumferential direction along with the rotation of the index table 5. |

Though it is not shown in Fig. 1, there is provided a station for carrying
out each process, such as a characteristic measurement or a screening process,
along the transportation path through which the electronic component 9 is
transported along with the rotation of the index table 5. The eiect_ronic
components 9 are eventually determined to be visually .ahd characteristically
satisfactory and then sﬁbjected to tapings so as to be stored in the cavity. (not
shown) of the tape 14. . -
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Fig. 2 shows the principal portion 6f the handling apparatus shown in Fig.

1 further in detail. Fig. 3 through Fig 11 contain explanatory drawings showing

the details of each section included in the handlmg apparatus 1. Refemng to Fig.
2 and from Fig. 3 on, the detail of the handling apparatus 1 w1ll now be -
described.

The electronic components 9 delivered from the component dehvery
section 10 in the component feeding device 2 are, as wlll be described below, _fed
to the component transporting device 4 while maintaining the state of being
suspended in the air based on the negative pressure or vacuum applied t;y the
component transporting d;:vice 4. In this case, only the front-most electronic
component 9 on the component delivery section 10 is éeparated from the -foﬂowing
electronic components 9 and fed to the component traﬁsporting device 4 based on
the negative pressure described above. | ' S

In order to ensure the separation between the front-most electronic
component 9 and the following eleétroﬁic components 9 on the component
delivery section 10, the structure as shown in Fig. 3 may be employed.

Referring now to Fig. 3, there is provided a bolding pin 15 that acts upon
the electronic components 9(B) found in the front-most position in the group of
electronic components 9 that follows the front-most electronic ébmpdnent 9(A).
The holding pin 15 is movable upward and downward as shown by the arrow 16
and registers the electronic component 9(B) by holding it according tothe |
downward movement. The holding pin 15 is moved, for example, by a solenoid,
and is constructed so as to move upward and downward in a predetermined
timing. |

It is also possible to use a wedge pin 17 shown in a phantom line in Fig. 3

| instead of the holding pin 15 described above, and allow it to wedge between the

front-most electronic component 9(A) and the following electronic component '
9(B).
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The visual inspection section 3 is constructed so0 that the image of the
front-most electronic component fed to the componcnt transporting device 4 is .
picked up in the state of being suspended in the air. Therefore, it is désired that
the posture and the orbit of the electronic component 9 in the state of being
suspended in the air is stable. In order to stabilize the posture and orbit,
prefernbly the structure of the component deliw}éry seéction 10 as shown in Fig. 4
and Fig. 5 is employed. | _ '

Referring now to Fig. 4, the component de_li_very _section 10 is formed with
an aligning groove 18. The aligning groove 18 is defined by two side surfaces 19
and 20 arranged in V-shaoe. These side sﬁﬁws 19 and 20 are inclined at an
angle O with respect to the vertical plane 21, and typically, 45° is selected as the
angle 0. |

Therefore, the electronic oomponent 9 is always aligned in its fixed
position by contact between the side surface of the electronic coinponent 9 and the
side surfaces 19 and 20 of the aligning groove 18 and, consequently, the electronic
component 9 delivered from the component delivery section 10 can easily fly
along a fixed orbit in a fixed posture. Flight in which the side surface of the |
electronic component 9 is inclined contributes to the stabilization of the flying
posture. |

The V-shaped groove of the aligning groove 18 described above is
preferably provided at the line feeder portion 7 as well.

In the structure shown in Fig. 4, although the angle 0 defined by the side
surfaces 19 and 20 of the aligning groove 18 and the vertical plane 21 is selected
to be 45°, a similar effect is achieved even when the angle 0 is vaﬁod between 10°
to 80°. - I

In Fig. 4 and Fig. 5, the shape of the electronic component 9 is shown to- -
be a square prism, and the electronic component 9 may be ahgned ina ﬁxed place |
by the aligning groove 18 even when- the electronic component 9 i is a rectangular o
shape.
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In the visual inspection section 3, since the i image of the electronic
component 9 is picked up from four dxrectlons respectwely, it is preferable to
provide four cameras 11 as shown in Flg. 6. When the electronic component 9 is
a squa_re prism in shape, the cameras 11 are jnstalled corresponding to the
respective side surfaces. The electronic component 9 is transported with the side
surfaces inclined as described before, and the four cameras 11 are placed so as to
be diagonally opposed with respect to each other. '

By arranging the cameras 11 as described above, the images of almost all
of the four side surfaces of the electronic component 9 can be picked up
simultaneously, thereby mcreasmg the speed of visual inspection. By arranging

the cameras 11 so as to be diagonally opposed with respect to each other, the

space required for the arrangement of the cameras 11 may be reduced in
comparison with the case where the cameras 11 are arranged so as to be opposed
in the horizontal and vertical directions. In addition, the cameras located at the
lower positions may not suffer too much from dust being accumulated on their
lenses. Therefore, it is not necessary to provide a specific mechanism for
cleaning, and a correct image can be picked up for a relatively long term.

It.is not neeessory to arrange the four cameras 11 at the same position on
the orbit. In other words, it is not necessary to arrange the four cameras 11 s0 as
to pick up the image simultaneously. Therefore, the four cameras 11 may be
positioned at a plurality of positions on the orbit separately.

For example, in Fig. 6, the upper two cameras 11 and the lower two
cameras 11 are arranged at the different positions with respect to each other so
that the two cameras 11 being diagohally opposed are 'nOt arranged in the same
position, a back-lighted state caused by the light sources 22 provided in
association with the cameras 11 (See Fig. 2) can be prevented.

It is also possible to pick up the images of the two side surfaces out of four |
side surfaces of the electronic component 9 on the component delivery section 10,
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andoftheremammgtwo surfaces mthestateofbemgsuspendedmthearrafter :
delivered from the component dehvery section 10. . _

When picking up the image ¢ of the electromc component 9 on the
component delivery section 10, it may be performed either from above the
component delivery section 10 or from below through the component delrvery
section 10. ST ST

In the latter case where the image is picked up from below through the
component delivery section 10, the component delivery se_ction 10 may be made of
a transparent material. However, when there are scratches on the aligning groove
18 of the component deliv.ery section 10, for example, these scratches are also
picked up as an image, which may lead to misjudgments in the visual inspection of
the electronic component 9. In order to prevent such misjudgments, the
component delivery section 10 may be formed of a scratch proof transparent
material so that the aligning groove 18 resists scratches. In order to achieve this
object, the component delivery section 10 may be advantageously made, for
example, of acrylic resin or sapphire glass

When prekmg up the image of the electronic component 9 on the
component delivery section 10 as described above, since vibrations from the
vibration feeder 8 are not transmitted to the component dehvery section 10, and
thus the component delivery section 10 if free from vibration, the i 1mage of the
electronic component 9 can be plcked up. wrth stablllty o

The image pick-up of the electronic component 9 for the vrsual inspection
may be carried out only on the component delivery sectron 10

Fig. 7 is a cross section of the component transporting device 4. As shown :f

in Fig. 7, the component transporting device 4 defines a hollow transportation
path 24 for transporting the electronic components 9 having a compone'nt intake
port on one end and a component discharging port on the other end |
The component transporting device 4 is provrded in the vrcrmty of the : :
component intake port, with a gas intake port 27 for the admission of the flow of -
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gas, such as air, into the transportation path 25 as shown by the arrow 26. The
gas intake port 27 is connected to the _prwsuﬁzed air source 29 via the control
valve 28. The gas flown through the gas intake port 27 generates an airflow in the
trénsportation path 25 as shown by the afrdvy 30, which applies a negative
pressure for urging the electronic component 9 from outside into the component
intake port 23 as shown by the arrow 31. The electronic components 9 delivered
from the component .delivery section 10 described above are thus transported into
the component intake port 23 while suspended in the air, based on the negative
pressure applied to the component intake port 23.

As described abové, the airflow generated bj the gas flown through the air
intake port 27 generates a drive force to transport the electronic components 9
with the airflow through the transportation path 25 toward the component
discharging port 24. | _ _

Fig. 8 is a cross sectional view of the component transporting device 4
showing a state in which the electronic component is being transported with the
airflow. As shown in Fig. 8, it is ideal that the electronic component 9 being
transported with the airflow is kept in the state of being suspended in the air
without coming mto contact with the wall surface defining the transportation path
25.

Referring ‘again to Fig. 7, the component transporting device 4 further
comprises a gas discharging port 33 in the vicinity of the component discﬁarging
port 24 for discharging the gas in the transportation path 25 as shown by the
arrow 32. The air discharging port 33 is connected with a vacuum source 35, via
a control valve 34, thereby forcing tl_le gas to be discharged through the gas

discharging port 33. Air ventilation walls 36 separate the transportation path 25 -

and the gas discharging port 33 so that the electronic components 9 are prevented
from being deviated out of course and proceeding to the gas discharging port 33
involuntarily. | | '
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The gas drscharged through the air drschargmg port 33 descrrbed above
acts upon the electronic components”9 in the transporting path 25in such a mar_xner '
that the speed of the electronic component 9 beir'tg transported is reduced. Though
the electronic component 9 discharged from the component dtscharging port 24 of
the component transporting device 4 is received in the respective holding recesses
12 formed on the index table 5 one by one, a redtrction in speed-of the electronic
component 9 as described above prevents the electronic component 9 from coming
into collision with the wall surface of the holding recess 12 with an impactive
force, and thereby preventing the resultant damage of the electronic component 9.

Vacuum from the vacuum source is also applied to each holding recess 12
formed on the index table via the control valve, which serves to locate the
electronic component 9 in each holding recess 12 by adsorption.

As is clearly shown in Fig. 7, the transportation path 25 is preferhhly
tapered from the component intake port 23 toward the component discharging port
24. Owing to such a tapered path, the electronic component 9 can be stablely
sucked by the negative pressure at the component intake port 23 and easily fed to
an accurate position in the holding recess 12 on the index table in a stable posture
at the component discharging port 24.

Referring now to Fig. 9 and Fig. 10, more specific structure of the
component transporting device 4 described above is shown. Fig. 9 is a vertical
cross section of the component transporting glevice 4, and Fig. 10 is a horizontal
cross section taken along the line X-X of Fig. 9. In Fig. 9 and Fig. 10, the -
identical numerals are designated to the elements identical to the elements shown -
in Fig. 7, and overlapped descnptlons are omitted. -

Fig. 9 and Fig. 10 show the preferred structure of the component

transporting device 4, particularly on the side of the gas dlschargmg port 33. In Y

other words, a number of through holes 38 of small diameters are formed in a '
vicinity of the component discharging port 24 of the transportation path 25 for a
relatively long range for defining an air ventilating wall 36 shown in Fig. 7, and
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~ an exhaust hood 39 is provxded around the transportatlon path 25soasto

communicate with the space in the transpo_rtanon path 25 through the through
holes 38. Therefore, the air in the transportmg path 25is dischafged through the
through holes 38, the exhaust hood, and the gas discharging port 33.

By prov1dmg an exhaust hood 39 and a number of through holes 38
between the exhaust hood 39 and the transportatlon path 25, so-as to discharge the
gas in the transporting path 25, the state of an exhaust through the respective
through holes may be stable and a braking force may be applied to the electronic
component 9 (See Fig. 8) transported with the alrﬂow shown by the arrow 30
across a relatively wide range with stablhty

Referring again to Fig. 2, the structure relatiné the index table 5 will be
described. Each one of the pluralities of holding recesses 12 formed along the
periphery of the index table 5 is applied with vacuum from the vacuum source 35,
which locates the electronic component in each holding recess by suction force
generated by the vacuum. Each holding recess 12 is prov1ded with a vacuum
through a conduit 40. The conduit 40 is provided with a valve 41. The valve 41
is controlled by the controlling device 42 and thereby being switched between a
state in which a vacuum is supplied and a state in which a vacuum is not supplied.

When the valve is switched to a non-vacuum state, there may be a case
where the pressurized air is supplied from the bressurized air source 29 and the
control device 42 conirols the electronic component 9 so that it is forced out from
the holding recess 12. |

At the first position on the transportation path through which the electronic
components 9 are transported along:with the rotation of the index ta_hle, there is
provided a visually defective components discharging section 43. The visually
defective components discharging section 43 discharges the electronic compohe_nts

9 determined to be visually defective at the visual inspection section 3. In such a

manner, when the electronic components 9 is determined to be visually defe_étiye - B
at the visual inspection section 3, the valve 41 is actuated by a visually defective
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slgnal 44 from the control dev1ce 42 and then a supply of vacuum from the
vacuum source 35 is stopped and the pressunzed air from the pressurized air
source 29 is applied to the conduit 40 so that the electromc component 9 is forced
out and into the visually defective component dlschargmg section 43.

At the second position following the visually defective component _
discharging section 43 on the transportation paih through which the elect;onic
component 9 is transported along with the rotation of the index table, there is
provided a characteristic measuring section 45. The charncteristic measuring
section 45 measures characteristics of the electronic coxnponents 9 such as the
values of electrostatic canacitance, resistance or inductance. Therefore, there is
provided a measuring terminal that comes into contact with the terminal of the
electronic component 9. Though there are shown characteristic measuring
sections 45 at two positions in Fig. 2, the number of the characteristic measuring
section 45 may be changed according to the number of the required items to be
measured.

At the third position following the characteristic measuring section 45
described above on the transportation path through which the elec&onic
component 9 is transported along with the rotation of the index table 5, there is
provided the characteristically defective component discharging section 46. The |
characteristically defective component discharging section 46 discharges the

electronic components 9 determined to be chara'cteristicnlly defective at the

characteristic measuring section 45. The reason there are shown characteristically

defective component discharging sections 46 at two positions. in Fig. 2 is that they

are provided in association with the characteristic measuring sections 45 provided

at two positions for discharging the characteristically defective components for |

each items to be measured. _ |
The measured data 47 obtained at the characteristic measuring se&ion 45

described above is fed to the control de\}ice 42, and when the measured data 47 is

" determined to be defective at the control device 42, a characteristically defecﬁne o
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sngnal 48 is supplled from the control dev1ce 42 and the charactensncally
defective signal 48 actuates the valve 41 relatmg to the charactenstlcally defective
component discharging section 46. The actuation of the valve 41 stops the supply
of a vacuum and the pressurized air from the pressunzed air source 29 is
introduced into the holding recess 12 through the conduit 40 to force the electronic

_.component that is characterlstxcally defective out info the charactenstlcally

defective component discharging section 46.
At the fourth position, following the characteristically defective component

‘discharging section 46 descrlbed above, on the transportation path through which

the electronic component 9 is transported along with the rotation of the index table
5, there is provided a characteristically satisfactory component discharging section
49. The characteristically satisfactory component discharging section 49
discharges the electronic component 9 determined to be characteristically
satisfactory'at the characteristic measuring section 45. In this embodiment, a
taping device for taping the electronic component 9 is provided at the
characteristically satisfactory component dlschargmg section 49. Therefore, there
is shown a tape 14 provided with a plurality of cavities for recelvmg the electronic
component 9 so that they are distributed along the length of the tape 14.

The measured data 47 obtained at the characteristic measurmg sechon 45
is, as described above, supplied to the control device 42, and when the
characteristic of the electronic component— 9 is determined to be satisfactory at the
characteristic measuring section 45, a characteristically satisfactory signal 51is |
supplied from the control device 42. - The characteristically satisfactory signal 51

~ actuates the valve 41 relating to the characteristically satisfactory component

discharging section 49 and stops the supply of a vacuum to the holding recess 12.

The electronic component 9 is then held by the pickup device, and inserted into

the corresponding cavity 50 on the tape 14. .
The characteristically satlsfactory component dlschargmg section 49 may

not necessarily include a taping devrce, but may have a structure in which the
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electronic components 9 determined to be charécteristicélly satisfactory are just
discharged in the unpackaged state. In other words, it may be prov1ded justasa
devxce for discharging the components inbulk. .-

Though it is not shown in Fig. 2, there may be further prov1ded a marking
section for applying marks to the electronic components 9 at the predetermined
position on the transportation path through which the electronic ‘component 9
moves along with the rotation of the index table 5. This marking can be placed,
for example, between the characteristically defective component discharging
section 46 and the characteristically satisfactory component discharging section
49. ' __ |

Referring now to Figs. 2 and 7, the operation of the handling apparatus 1
will be described in general. The electronic component 9 delivered from the
component delivery section 10 in the component feeding device is traosported into
the component intake port 23 while maintaining the state of being suspended in the
air based on the negative pressure app_lied to the component intake port 23 of the
component transporting device 4.

The sensor 52 detects that the electronic component 9 described above is
passed by, and a component-passed .signal 53 is supplied to the control device 42.
The control device 42 turns the light source 22 on at a predetermined timing upon
receipt of a component-passed signal 53. The control device 42 controls the
image processing device 54, and the i 1mage processing dev1ce 54 processes a
image signal 55 based on the image picked up by the camera 11, and the processed
signal is supplied to the control device 42. The control device 42 determines the

- quality of the appearance of the electronic component, and when it is determined

to be visually non-satisfactory, a visually defective signal 44 is supplied as _
described above. S
Subsequently, as described abowfe, the electronic component 9 supplied to
the component intake port 23 of the component transporting dev.ice 4is |
transported with the airflow through the transportation passage 25, and the speed |
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- of transportation is reduced in the v1c1mty of the oomponent discharging port 24

and then received in each holdmg recess 12 formed on the index table 5.
The electronic component 9 is ‘then transported along with the rotation of

the index table 5. While the electronic component 9 moves from upstream to
' downstream along the transportation path, the electronic component 9 determined

to be visually defective is discharged at the visually defective component
discharging section 43. If the electronic component 9 is visually satisfactory, the
characteristic of the electronic component is then measured at the measuring
section 45. If it is determined to be defective, it is removed at the
characteristically defective component oischarging_secﬁon 46. If, however, the
electronic component 9 is determined to be ch'arncteristically satisfactory at the
characteristically satisfactory component discharging section 49, it is subjected to
taping at section 49. | o |
According to the handling apparatus 1 as is described thus far a series of
processes such as a visual inspection, a discharge of the visually defective
component, a characteristic measurement, a discharge of the characteristically
defective component, and a discharge of the characteristically satisfactory
component may be carned out successively. |
Fig. 11 is a drawing corresponding to Fig. 7 described above showing an
alternative embodiment of the component transporting device 4. The identical
numerals are designated to the elements corresponding to those shown in;Fig. 7, o o
and the overlai)ped description will be omitted. | _ _ T
While the component transporting device 4 shown in Fig. 7 compnses |
means for controlling the discharge pressure of the gas at the gas. dischatge port . -
33, the component transporting device 4a shown in Fig. 11 is characterized in that
the gas discharge port 33 is open to the atmosphere. . R
Accordingly, the component transporting device 4a shown in Flg 11 has
an advantage in that the structure of the device can be simplified. Inthis ' i
component transporting device 4a, control of the quantity of the gas passing B
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through the air ventilation wall 36 and control of the air pressure flown into the
gas intake component 27 are carned out for controllmg the extent of reduction in
transport speed of the electronic component 9 transported w1th the atrﬂow through
the transportation path 25. .

Though the embodiments of the present mventlon have been described thus
far, a variety of alternative embodiments are poss1ble within the scope of the
present invention. - |

For example, while the electronic component 9 is disclosed as the
component to be handled in the embodiment shown in the figure, the present
invention may be applied'to the components other than the electronic component.

According to the present invention, a component can be handled effectively
while transporting it at high speed. In the component handling apparatus, when
the component transporting apparatus is constructed in such a manner that the
transport speed of the component with the airflow is reduced in the vicinity of the
component discharging port, the component discharged from the componént
discharging port is prevented from coming into collision with the wall surface for
receiving the component with an impactive force, thereby preventing the
component from being damaged or jnmping out due to the rebound thereof. Since
the component can be transported until it reaches the vicinity of the component |
discharging port, the number of the components handled in a unit time may be
easily increased. . |

In the transportatlon path described above, a tapered shape from the
component intake port toward the component discharging port ensures that the
component is reliably transported to the component intake port and dxscharged

.from the component discharging port at an accurate position.

When means for controlling the gas dlschargmg pressure is proVided atthe
gas discharging port for discharging a gas in order to reduce the speed of the
component being transported, the extent of the reduction in speed of the
component being transported can easﬂy be controlled.
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When the gas discharging pott is open toward the eﬁnOSpherc, the structure
of the component transporting dev1ce may be s1mp11ﬁed _ _

The present invention is apphed to the handling of electromc components h
and provided is an index table havmg a plurality of holding recesses for receiving
the electronic component dischargtad ﬁ;om'the component discharging port. The
respective holding recesses on the index table ""catch". each component, one by
one, as the table rotates and a characteristic mwsurmg section is provided at a
predetermined position on the transportation path. The electronic components are

. transported along with the rotation of the index table, in order to measure the

characteristic of the electronic components during a series of processes while
transporting the components. This facilitates proviSion of a period of time for
accurately measuring the characteristic of the electronic components.

By providing a characteristically defective component discharging section
for discharging the defective electronic components downstream of the
characteristic measuring section, or providing a characteristically satisfactory
component discharging section for discltarging a characteristically satisfactory
electronic component downstream, the effective screening of the electronic

- component based upon the characteristic measurement can be made following the

characteristic measurement process described above. This, of course, facilitates
automatization of such a screening process. A taping device for taping the |
electronic components at the characteristically satisfactory component dischatging
section is provided to form of a final product of the electronic component for

' further processing.

In the present invention, the component handling apparatus delivers the -

component from the component delivery section of the component feeding device
to the component intake port. The component is suspended in the air due to the
negative pressure applied to the component intake port of the component '
transporting device. The image of the component is vxewed_wh_ﬂe bemg AR |
suspended in the air, and prior to being fed into the component intake port. - As |
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such, the image of the component can be plcked up from many directions. For
example, four directions can be viewed s1multaneously, thereby increasing the
efﬁclency of the visual mspectlon of the. component -

When the component feeding device described above is prov1ded with a
vibration feeder, the orbit of the component m the state of bemg suspended in the
air may be stabilized by mamtammg the component delivery section free from
vibration, thereby enabling more accurate viewing 1mage

The present invention employs a construction in which the component |
delivery section is provided with an aligning groove defined by two side surfaces__"

arranged in a V-shape. The side sugfaces of the aligning groove are inclined at an

angle of between 10° and 80° with respect to the vertical plane. This arrangement ,
allows the components to be kept at predetermined_ positions in the aligning groove
at all times. Furthermore, the side surfaces may be kept in an inclined position
when the component is a square prism in shape. Thie facilitates stabilized flight
orbit of the component. ' o | |

Therefore, when the component handling dev1ce according to the present
invention is provxded with 1) a component transporting device, 2) a component
feeding device, 3) a vxsual mspectlon section, 4) an mdex table, and 5)a
characterxstxc measuring section (for example, a visual mspectlon), a charactenstlc
measurement of the electronic component can be performed midway a contlnuous S
transportation path. The visual inspection and the charactenstlc measurement can =~ |
be carried out efﬁc1ently and sucoesswely under hlgh-speed transportatlon, and the
automatization of the process may easily be realized.
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WHAT IS CLAIMED IS:

1. A handling apparatus for handling a component while transporting the
same comprising; "

a component trahsporting device deﬁniiig a hollow transportation path for
transporting the components having a component intake part on one end and a
component discharging port on the other end; | o

wherein said component transporting device comprises a gas intake port for
admission of the flow of gas in the vicinity of the component intake port, and the
flow of gas taken through said gas intake port providing the component intake port
with a negative pressure for feeding compdnents from the outside into the

_component intake port and provides a driving force for transporting the

components with the airflow through the transportation path toward the componént
discharging port; and

wherein said component transporting device comprises a gas discharging
port for discharging the gas in the transportation path in the vicinity of the
component dischafging port; so that discharging the gas through the gas -
discharging port decreases the transport speed of the components.

2. A component handling apparatus as set forth in Claim 1, wherein said
transportation path is tapered from the component intake port toward the
component discharging port.

3. A component handling apparatus as set forth in Claim 1, wherein said |
gas discharging port comprises means for controlling the gas discharging pressure.-

4. A component handling apparatus as set forth m Claim 1, wherein said
gas discharging port is opened to the étmosphete.

_—

LT
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5. A component handlmg apparams as set forth in Claim 1,

further comprising said component wherem said component isan
electromc component; and R LT

said component handling apparatus further compnsmg

a rotatable index table having plurality of holding recesses along the -
periphery thereof for receiving the electronic components discharged from the
component discharging port in the respective holding recesses one by one as it
rotates and for transporting the same in the circumferential direction; and

a characteristic measuring section for measuring the characteristic of the

electronic components located at the predetermined position on the transportation

path through which the electronic components are transported along with the
rotation of the index table. ' '

6. A component. handling apparatus as set forth in Claim 5, further

| comprising a characteristically defective component discharging section provided

downstream of the characteristic measuring section on the transportation path
through which the electronic components are transported along with the rotation of
the index table for discharging the characteristically defective electronic
components.

7. A component handling apparatus.as set forthm Claim 6, further |
compnsmg a characteristically satisfactory component dlschargmg section
provided downstream of the characteristically defective components dlschargmg :
section on the transportation path through which the electronic components are. . -
transported along with the rotation of the index table for discharging the .=~
characteristically satisfactory electronic components. -

8. A component handling apparatus as set forth in Claim 7, wherein the _ ._
characteristically satisfactory component discharging section comprises Cdevice

TR R RO O
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selected from the group consisting of a taping device for taping the electronic
components and a device for packing the electroxiic components in bulk.

9. A component handling apparatus as set forth in Claim 5, further
comprising a marking section for applying marks on the electronic components |
provided at a predetermined position on the tréhsportation path througﬁ which the
electronic components are transported along with the rotation of the index téble.

10. A component handling apparafus -as set forth in Claim 1, further
comprising: | _ i

a component feeding device for feeding the component to be fed into said
component intake port of said component transporting device; and

a visual inspection section for picking up the image of the component;

wherein said component feeding device includes a component delivering
section positioned so as to face toward the component intake port;

said component transporting device delivering a component from said
component delivering section to the component intake port while maintaining the
component suspended in the air based on the negative pressure applied to thé
component intake port;

said visual inspection section picks up the image of the component in the
state of being suspended in the air prior.to be fed into the component intake port.

11. A component bandling apparatus as set forth in Claim 10, wherein

said part feeding device comprises a vibration feeder, and wherein said component

delivering section is isolated from vibrations. .

12. A component handling apparatus as set forth in Claim, wherein said
component delivering section includes two side surfaces arranged in a V-shaped
cross section which define an aligning. groove, the aligning groove coming into

* [ L M s *
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contact with the side surfaces of the compbnenis in order to align said
components, and the side surfaces of the aligning groove are inclined at an angle
of between 10 and 80 degrees with respect to a vertical plane.

13. A handling apparatus for handling a component while transporting,
comprising: SR e
' a component feeding device;

a component transporting device; and

an index table; _

wherein said part feeding device comprises a vibration feeder for feeding a
plurality of components, and a component delivering section for delivering the
components fed by the vibration feeder one by one; -

wherein said part transporting device defines a hollow transportation path
for transporting the components having a component intake port oﬁ one end and a
component discharging port on the other énd, the compdnent intake port is
positioned so as to face toward the component delivering section, and provided
with a gas intake port for the admission of the flow of gas in the vicinity of he
component intake pbrt, and the flow of gas taken through the gas mtake port
provides the component intake port with a negative ﬁressure for feeding
components from the component delivery section to the component intake port,
and provides a driving force for transporting the component with the airflow
through the transportation path toward the component discharging port;

wherein said index table is provided with a plurality of holding recesses
along the periphery thereof for receiving the electronic components transported
with the airflow through the transportation path and discharged from the
component discharging port one by one. |

| . 1
* c L M S *
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14. A handling apparatus as set forth in Claim 13:
wherein a component dehvered from the oomponent dellvermg section is
sent to the component intake port while bemg suspended in the air based on the
négative pressure applied to the component jntake port, and
~ a visual inspection section for picking up the image of the component
suspended in the air prior to be fed into the cornponent intake port. |

15. A component handling apparatus as set forth in Claim 14, wherein the
index table is rotatable, and further compnsmg a visually defective components
discharging section for dxschargmg the vxsually defecnve components at the
predetermined position in the transportatlon path through which the components
are transported along with the rhtation of the index table.

16. A component handling apparatus as set forth in Claim 13,

further comprising said components, and wherein said components are |
electronic components, and - |

whereih said component handling apparatus further comprises a
characteristic measuring section for measuring the characteristic of the electronic
components provided at a predetermined position on the transportatibn path
through which the electronic components are transported along with the-rotation of
the index table. | |

17. A component handling apparatus as set forth in Claim 13, wherein the
index table is rotatable, and further comprising a taping device for taping the
components at a predetermined position on the transportation path- through which |
the components are transported along with the rotation of the index table. '

18. A component handling apparams for handling the electromc

component while transporting, compnsmg

(L
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a component transportation device defining a hollow transportation path for
transporting electronic components, the device having a component intake port on
one end and a component discharging port on the other eﬁd; and

' a gas intake port for the admission of the flow- of gas in the vicinity of the
component intake port, and the flow of gas taken through the gas intake port
provides the component intake port with a negative pressure for feeding
components from the outside into the component intake port, and provides a |
driving force for transporting the components with the airflow through the
transportation path toward the component discharging port;

wherein said wmponéﬁ transporting device comprises a gas discharging port
for discharg-ing the gas in the transportation path in the vicinity of the component
discharging port, so that discharging the gas through the gas discharging port
decreases the transport speed of the components;

a component feeding device for feeding the component to be fed into said
component intake port of said component transporting device;

a visual inspection section for picking up the image of the component;

wherein said component feeding device includes a component delivering
section positioned éo as to face toward the component intake port;

a component delivered from said component delivering section being sent to
the component intake port while being suspended in the air based on the negative
pressure applied to the component intake. port; -

said visual inspection section Operéble to pick ﬁp the image of the compoﬁént
suspended in the air prior to be fed into the component intake port; |

a rotatable index table having a plurality of holding recesses along the
periphery thereof for receiving the electronic componénts discharged from the
component discharging port in the respective holding recesses one by one as it
rotates and for transporting the same.in the circumferential directibn; and

a characteristic measuring section for measuring the characteristic of the -

electronic components located at the predetermined position on the transportatioﬁ IR

[T T .
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path through which the "eiecn'onic components are transported along with the
rotation of the index table. ' '
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