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[57] ABSTRACT 
In an electronic component mounting apparatus com 
prises a component feeding section including a feeding 
table unit loaded with several types of electronic com 
ponents which feeding table unit is adapted to laterally 
reciprocate on a base, and stopping at a predetermined 
position thereby to feed the components continuously 
to a transfer mechanism, the transfer mechanism for 
absorbing the electronic components and mounting 
them on a board on an X-Y table on the other side, the 
X-Y table fixing and stopping the board to a predeter 
mined position, and a board transport section for trans 
porting the board onto the X-Y table for delivering the 
board having the electronic components mounted 
thereon, a component feeding apparatus wherein the 
component feeding table unit of the component feeding 
section is divided into a plurality of feeding tables each 
adapted to be moved individually on a straight line by a 
drive mechanism, the apparatus further comprising 
means for moving the table to a predetermined position 
in opposed relationship with the transfer mechanism in 
response to a command from the control unit. 

11 Claims, 4 Drawing Sheets 
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COMPONENTS FEEDING APPARATUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a components feed 
ing apparatus for mounting a multiplicity of types of 
small components in position on a board at high speed, 
or more in particularly to a components feeding appara 
tus for a components mounting machine for mounting a 
multiplicity of types of very small electronic compo 
nents stored in a tape reel on a printed board at high 
speed. 
A conventional electronic components mounting 

machine or apparatus for mounting a multiplicity of 
types of very small electronic components on a printed 
board, as disclosed in the US. Pat. No. 4,307,832, is so 
constructed that an electronic components supply unit 
is disposed on a components feeding table which is 
laterally reciprocated and adapted to stop at a predeter 
mined position, and the components feeding table is 
moved each time a transfer head absorbs an electronic 
component from the feeding unit. 
A plan view of this mechanism is shown in FIG. 7. 

The electronic component mounting mechanism com 
prises a body base 1, a component feeding table 2, a 
transfer mechanism using a rotary head or a rectangular 
coordinates type robot (in FIG. 7, the mechanism 3 uses 
a rotary head), and an X-Y table 4. A drive mechanism 
for the components feeding table 2 includes, as shown in 
FIG. 8 which is a sectional view along line VIII-VIII 
of FIG. 7, a linear guide 5 with the components feeding 
table 2 placed thereon, a rack 7, a pinion 8, a reduction 
gear 9, and a motor 10 for driving the components 
feeding table 2 through the reduction gear 9 by the rack 
7 and pinion 8. Another type of drive mechanism in 
cludes a DC motor or stepping motor for driving a ball 
screw. 

Scores to almost a hundred types of tape reel units 
accommodating electronic components therein are dis 
posed in parallel to each other on the components feed 
ing table 2. This table 2 is positioned at high speed to 
place any tape reel accommodation the required elec 
tronic components just under an absorption point 3a of 
the transfer mechanism (example rotary head) 3. In 
synchronism with the absorption of an electronic com 
ponent and rotation by the transfer mechanism 3, the 
X-Y table is positioned so that a predetermined point 
coated with an adhesive of the printed board may come 
just under the transfer point 3b of the rotary head 3. 
Then, the electronic component is transferred to the 
printed board. These steps of operation are performed 
continuously at high speed. 

In this conventional apparatus, the whole apparatus is 
stopped to supplement the components whenever the 
electronic components are depleted on the table. For 
this type of apparatus which transfers as many as sev 
eral components per second at high speed, this suspen 
sion of operation for set-up is a considerable reduction 
in the working ef?ciency. 
To the extent that the components handled are about 

20 to 40 types, the movable units weigh not more than 
several tens of kg and the motor capacity not more than 
1 KW, it is possible to use a controller with a small 
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capacity in this conventional apparatus. However, with 
an increase in the transfer speed of up to 0.3 to 0.4 sec 
onds per component, and with an increase in the types 
of components handled to as many as one thousand, 
with a corresponding increase in the movable units 
weight to at least 100 kg, the resultant necessary in 
crease in the capacity of the motor and controller maker 
this apparatus uneconomical. Further, if driven by a ball 
screw, such an apparatus requires a ball screw as long as 
several meters, thereby rendering a high-speed drive 
very difficult in technical aspects of control and vibra 
tion. 

Furthermore, a heavy item weighing more than 100 
kg and moving at high speed, generates a great vibra 
tion and noise, resulting in various problems of a re 
duced mounting performance and a reduced strength of 
component members for a high-precision mounting 
apparatus. 

SUMMARY OF THE INVENTION 

The object of the present invention is to permit the 
work of supplementing electronic components without 
suspending the drive of the table engaged in transfer of 
electronic components. 

In order to achieve the above-mentioned object, 
there is provided according to the present invention a 
component feeding apparatus comprising a plurality of 
component feeding tables, a drive mechanism including 
a linear motor, a transfer mechanism, and means for 
placing the tables in position in opposed relationship 
with the transfer mechanism, the feeding tables being 
drivable individually along the same straight path. 

In view of the fact that there are provided a plurality 
of component feeding tables each drivable and stoppa 
ble individually on the same straight path as described 
above, a table engaged in the transfer of an electronic 
component is capable of high-speed positioning at high 
precision, and while the electronic components is being 
transferred to a board, the remaining tables are kept 
stationary on both sides of the base, thereby making it 
possible to supplement parts on the stationary tables 
during the operation of the apparatus. As a result, the 
working efficiency can be improved because the appa 
ratus doesn't need to be stopped for refilling the compo 
nents. Also, with the movable components including a 
plurality of component feeding tables, only a table en 
gaged in the transfer work is moved to position while 
the other tables are kept stationary, and therefore it is 
possible to reduce the weight of the movable compo 
nents to less than one fourth that with a single table as 
in the prior art discussed heretofore, thereby reducing 
the capacity of the drive unit and the control unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a component mount 
ing apparatus comprising a component feeding appara 
tus according to an embodiment of the present inven 
tion. 
FIG. 2 is a plan view showing a table and a transfer 

mechanism of the component mounting mechanism of 
FIG. 1. 
FIG. 3 is an enlarged sectional view taken in line 

Ill-III in FIG. 2. 
FIG. 4 is a plan view showing the component feeding 

apparatus in detail. 
FIG. 5 is a diagram showing a con?guration of a 

control unit. 
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FIG. 6 is a diagram for explaining the operation of 
the control unit, of which the diagrams (a), (b), (c) and 
(d) illustrate the sequence of operation. 
FIG. 7 is a plan view showing a component mounting 

apparatus comprising a conventional components sup 
ply apparatus. 
FIG. 8 is an enlarged sectional view taken in line 

VIII-VIII in FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, FIG. 1 is a perspec 
tive view of an electronic component mounting appara 
tus according to the invention comprising a component 
feeding unit 101, a transfer mechanism 102, an X-Y table 
103, a board receiving section 104a, a board delivery 
section 104b. The board 105 is unloaded from the board 
receiving section 104a, fixed on the X-Y table 103, and 
relatively positioned at a point opposed to a mounting 
head 102a of the transfer mechanism 102. 

Electronic component bearing tapes are ?xed on 
tables 15. The tables 15 with the tapes are movable 
laterally so that they can be positioned relative to the 
transfer mechanism 102 at absorption points of the 
transfer mechanism 102. 
The mounting head 102a is lowered and absorbs an 

electronic component by vacuum, and then makes a half 
rotation, and is lowered again. Then, the electronic 
component is mounted in position on the board 105a on 
the X-Y table 103. This series of work is performed at 
high speed repetitively. 
Now, the component feeding table will be explained 

with reference to FIGS. 2 and 3. 
A body base 11, having a length predetermined for 

allowing the component feeding table to run thereon, 
includes rail-like linear guides 12 protruded on both 
sides on the upper surface, and a slot 14 extending sub 
stantially over the whole length of the body base for 
mounting the linear motor 13 at the central part thereof. 
The component feeding table running on the body base 
11 requires a length of about several meters in total if 
about 100 types of electronic components are to be 
supplied. The component feeding table is formed by 
divided tables 15 (15a, 15b, 15c, 15d and 15e). With 
running members 16 provided on both sides of a lower 
surface and engaged with the linear guides 12, each 
table 15 is adapted to run separately on the linear guides 
12. The linear motor 13 making up a running (drive) 
unit includes magnets 17 arranged in opposed relation 
to the motor on both sides of the slot 14 and a magnetic 
circuit 18 formed between the magnets 17. A moving 
part includes a bobbin 19 wound with a coil 19' pro 
truded on the lower surface of the table 15, which bob 
bin 19 is inserted in the space between the magnets in 
such a manner that the coil 19' cuts the lines of magnetic 
force 18. Upon energization of the coil 19', the table 15 
runs on the linear guides 12 by magnetic force. The 
magnets 17 making up the stationary section are ar 
ranged over the entire stroke of the body base 11, while 
the moving parts include a plurality of bobbins 19 of the 
table 15 arranged on a straight line, sharing the use of 
the magnets 17 of the stationary section. 
of all the plurality of tables 15a—15e, only the table 

15b opposed to the transfer mechanism 102 is positioned 
by being driven at high accuracy, while the other tables 
15a, 15c, 15d and 15e are moved and stopped on the 
sides of the body base. 
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4 
As will be seen from the above explanation, the high 

accuracy high-speed positioning operation is required 
only for the part 1 m long designated by L near the 
transfer mechanism 102, and therefore the drive mecha 
nism can be simpli?ed as shown in FIG. 4. Speci?cally, 
in the areas other than part L designated by 20, the 
high-speed, high-accuracy positioning is not required 
and therefore the magnets 17b of the magnets, the coer 
cive forces of which are smaller than that of the center 
portion, are arranged intermittently, so that the drive in 
the areas is partially obtained from inertia. The position 
of detecting mechanism for the positioning work, on the 
other hand, includes a high-resolution linear scale 21 
only in the area associated with the part L designated by 
20, while in the areas other than L, proximity switches 
22 are arranged at intervals, or linear scales having low 
resolutions are arranged to detect the position of each 
table. Numeral 23 designates a linear scale head dis 
posed in opposed relationship with the linear scale on 
the table side. The high resolution linear scale, shown 
schematically at 21 in FIG. 3, can be a conventional 
linear scale such as an optical linear scale or a magnetic 
type linear scale. 
A control unit according to the embodiment under 

consideration will be explained with reference to FIG. 
5. 
At least two sets of a driver 24 and a servo controller 

25 are provided for a plurality of the linear motors 13a, 
13b, 13c, 13d and 13e for a plurality of tables 15a to 15c. 
A system controller 26 is provided above the servo 
controller 25. A switch 29 for switching the drive cir 
cuit 27 and the position detection circuit 28 is inserted 
between the driver 24 and each of the linear motors 13a 
to 13s for the tables. Speci?cally, the drive circuit 27 is 
switched to the connection of the coils 19a to 19c of the 
tables, and the position detection circuit 28 is switched 
to the heads 23 (23a to 23c) of the linear scale. 
The functions of the control unit and the resulting 

operation of the tables will be explained with reference 
to FIGS. 6(a), (b), (c) and (d) in that order. 

FIG. 6(a) shows the case in which the linear motor 
13c loaded with the part as designated by the system 
controller 26 is driven by the driver 24 to reach a point 
just under the transfer mechanism 102 until the devia 
tion of the servo controller 25 becomes zero. In this 
state, the drive circuit 27 and the position detection 
circuit 28 are connected by the switch 29, and the linear 
scale 21 is used for positioning as the high-precision 
positioning operation is involved. The linear motors 
13a, 13b, 13d and 13e for the other tables 15a, 15b, 15d 
and 15e are kept at the ends of the body base, and the 
drive circuit 27 and the position detection circuit 28 
thereof are not connected nor is the driver 24’ used. 
Upon issuance of a command for using the part placed 
on the table 15d from the system controller 26 at the 
next moment, the linear motor 13c of the table 150 that 
has thus far conducted the work of transferring the part 
is moved to the opposite side of the table 15d in re 
sponse to the signal from the system controller 26 as 
shown by FIG. 6(b), and at the same time, the drive 
circuit 27' of the driver 24' of the switch 29 is connected 
to the linear motor 13d. As a result, the linear motor 13d ' 
begins to move toward the transfer head at the center of 
the apparatus and when it passes the proximity switch 
22' nearest to the linear scale 21 or passes the specific 
position of the low resolution linear scale, the command 
is transmitted to the system controller 26, thereby con 
necting the position detection circuit 28' by the switch 
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29 as shown in FIG. 6(c). The linear motor 130 of the 
table 15c, on the other hand, when it passes the proxim 
ity switch 22" or the like on the opposite side of the 
proximity switch 22' or the like, is disconnected with 
the position detection circuit 28, and when it comes to 
a predetermined position, is further disconnected with 
the driver circuit 27. 
Then, as shown in FIG. 6(d), the linear motor 13d of 

the table 15d is driven by the commands of the system 
controller and, stopping at the predetermined position, 
conducts the components transfer work through the 
transfer mechanism. This state is the same as that of the 
linear motor 13c shown in FIG. 6(a). However, the 
driver 24, the drive circuit 27 and the detection circuit 
28 are open, so that the circuits 27 and 28 are used for 
the next switching of the operation of the tables. The 
switching operation is performed in this way, thereby 
making it possible to perform the driving and position 
ing operation with a fewer number of drivers and cir 
cuits than the linear motors. 
Though the switching operation is carried out by 

high-speed and high-accuracy positioning only one 
divided table, as described with reference to FIG. 5, 
two divided tables can be positioned simultaneously by 
using two drivers at high-speed and high-accuracy posi 
tioning. 
Each table is loaded with 20 to 30 types of small 

electronic parts which are transferred at high speed to 
the board. Therefore, the switching is operated not to 
jump to the next table but one or any further table but 
always to the adjacent table for part transfer work. 
Of the plurality of tables, those tables depleted of the 

electronic component are kept stationary on the sides of 
the body base, and in this state, the electronic compo 
nents are supplied to them. Even during this component 
supplementing work, the electronic components con 
tinue to be transferred from the table positioned at the 
center to the printed board through the transfer mecha 
nism. In this way, the apparatus performs the compo 
nents-supplementing work by supplying the electronic 
component to the component feeding tables while the 
apparatus is in operation. 

It will thus be understood from the foregoing descrip 
tion that according to the present invention there is 
provided a component feeding apparatus in which of all 
the plurality of tables, only the table which is engaged 
in the transfer work of the electronic components 
through the transfer mechanism is moved to position at 
high speed while the other tables are kept stationary, 
and therefore the weight of the moving components 
made up of the tables is reduced to less than one fourth 
of the conventional apparatus, thereby reducing the 
force, vibration or noise generated in the components of 
the apparatus for an improved performance and 
strength. 
We claim: 
1. In an electronic component mounting machine 

comprising a component feeding apparatus including a 
feeding table unit loaded with several types of elec 
tronic components which feeding table unit is recipro 
cated laterally on a base, and stopped at a predeter 
mined position for feeding said components continu 
ously to a transfer mechanism, a transfer mechanism for 
conveying said electronic components from said feed 
ing table unit to a board on an X-Y table and mounting 
them on said board, the X-Y table fixing and stopping 
the board at a predetermined position, and a board 
transport apparatus for transporting said board onto the 
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6 
X-Y table, wherein said feeding table unit of said com 
ponent feeding apparatus is divided into a plurality of 
feeding tables each moved individually on a single 
straight line by a drive means, said drive means moving 
and positioning said tables separately to a predeter 
mined position in opposed relationship with the transfer 
mechanism in response to a command from a control 
unit. 

2. A component feeding mechanism according to 
claim 1, wherein said drive means is made up of a linear 
motor including a stationary part having a couple of 
magnets arranged [along a straight line] in spaced 
relationship with each other and a moving part having 
a coil protruded downward from one of said tables and 
inserted in the space between the magnets. 

3. A component feeding machine according to claim 
2, wherein said magnets are arranged closely in proxim 
ity to said transfer mechanism and with greater intervals 
at other positions more remote from said transfer mech 
anism, or magnets having high coercive force are ar 
ranged closely to said transfer mechanism and magnets 
having low coercive force are ‘arranged at other posi 
tions more remote from said transfer mechanism. 

4. A component feeding machine according to claim 
1, wherein said drive means for moving and positioning 
said tables includes a linear scale of high resolution in 
the vicinity of the transfer mechanism and a proximity 
switch or a low resolution linear scale at the other posi 
tions more remote from said transfer mechanism. 

5. A component feeding machine according to claim 
4, wherein said control unit includes a system control 
ler, a plurality of drive circuits, linear scale detection 
circuits, drivers and servo controllers fewer in number 
than said tables, said proximity switch or said low reso 
lution linear scale detecting a table approaching the 
region covered by the high resolution linear scale 
thereby to switch the connections of said drive circuits 
and said linear scale detection circuits to said tables 
simultaneously. 

6. A component feeding machine according to claim 
1, wherein each table includes a component storage unit 
installed thereon for sequentially delivering the compo 
nent[,] thereby forming [a] the component feeding 
apparatus, [including a] said transfer mechanism [for 
conveying] selectively absorbs and holds the compo 
nents [on] from the table and transfers said components 
to the board [and an] on said X-Y table [having said 
board disposed thereon for], said X-Ytable placing said 
board at a predetermined position two-dimensionally. 

7. An electronic component feeding apparatus for an 
electronic component mounting machine, comprising a 
supply table divided into a plurality of tables having 
several types of electronic components mounted 
thereon, a drive means for moving each table on the 
same straight line separately and for placing each table 
at a predetermined position on said line which is op 
posed to a transfer mechanism in response to a com 
mand from a control unit, the tranfer mechanism con 
veying said electronic components from said tables to a 
board placed on an X-Y table and mounting said com 
ponents on said board, the X-Y table ?xing and stopping 
the board at a predetermined position, and a board 
transport section for transporting said board on said 
X-Y table and delivering the board having the elec 
tronic components mounted thereon. 

8. An electronic component mounting machine compris 
ing: 
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a plurality of feeding table means for accommodating 
several typa of electronic components; 

transfer means for transferring said electronic compo 
nents from the feeding table means to a predeter 
mined position and mounting the electronic compo 
nents at a predetermined position on a component 
receiving means; and 

means for individually moving said table means and 
stopping the table means at a predetermined position 
with respect to said transfer means 

9. An electronic component mounting machine compris 
mg: 
a plurality of feeding table means separately movable 

between a feeding position for enabling a feeding of 
the electronic components and a loading position for 
enabling a loading of the electronic components on the 
feeding table means; and 

means for conveying said electronic components from 
said feeding table means in the feeding position to a 
predetermined position and mounting the components 
on a component receiving means. 

10. An electronic component mounting machine com 
prising a component feeding apparatus including a plural 
ity of table means laterally reciprocably mounted on a base 
for accommodating a plurality of types of electronic compo 
nents, said feeding table means being adapted to be stopped 
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8 
at a predetermined position for continuously feeding said 
electronic components, 
a transfer means for conveying said electronic compo 

nents from said feeding table means to a board and 
mounting the electronic components at predetermined 
positions on said board, and 

drive means ?vr separately moving and positioning said 
plurality of table means to a predetermined position in 
an opposed relationship with the transfer means. 

ll. An electronic component mounting machine com 
prising: 

a component feeding apparatus including a plurality of 
feeding table means for accommodating several types 
of electronic components, said feeding table means 
being laterally reciprocably mounted on a base and 
being adapted to be stopped at a predetermined posi 
tion for continuously feeding said electronic compo 
nents, 

a transfer means for conveying said electronic compo 
nents from said feeding table means to a board and 
mounting said electronic components at predeter 
mined positions on said board, and 

drive means for individually and separately moving and 
positioning said table means to a predetermined posi 
tion in an opposed relationship with respect to the 
transfer means in response to a command signal. 

' i ' i i 


