
;e3e^b\6Te5 June 2002  *, ~~, ~~* AUTOMATIC ELECTRONIC PARTS MOUNTING
APPARATUS BACKGROUND OF THE INVENTION 1 Technical Field 5 The present
invention relates generally to an automatic electronic parts mounting
apparatus, and more particularly to a compact and high-speed electronic
parts mounting apparatus designed to mount chip components on a printed
circuit board. 2 Background of Related Art 1 0 Japanese Patent First
Publication No. 6-85492 teaches a robot-operated mounting apparatus, as
shown in Fig. 26) which is in widespread use. This mounting apparatus
includes an electronic parts feeder 70) a board holder 79 for holding a
printed board 75, a mounting head 72, a first drive shaft 73, and a second
drive shaft 1 6 74. The electronic parts feeder 70 has disposed thereon
cassettes 77 for supplying taped electronic parts in sequence. The mounting
head 72 supports a pick-up nozzle 71 rotatably and slidably for picking up
the electronic parts and mounting them on the printed board 75. The first
drive shaft 73 has disposed thereon the 2 0 mounting head 72. The second
drive shaft 74 moves the first drive shaft 73 in a direction perpendicular
to the first drive shaft 73 for allowing the mounting head 72 to be
displaced in X- and Ycoordinate directions. Japanese Patent First
Publication No. 7-202491 teaches a 2 5 high-speed rotary mounting
apparatus, as shown in Fig. 27, which includes a rotary head 81, a parts
feeder 80, an electronic parts    5 June 2002 -2 monitor 86, and an XY
table 83. The rotary head 81 has pick-up nozzles 82 disposed on a
circumferential portion thereof which are rotated intermittently. The parts
feeder 80 is moved to a location where one of the pick-up nozzles 82 is
stopped. The XY table 83 5 holds a printed board on which electronic parts
are to be mounted and moves in two directions perpendicular to each other.
The picking up, monitoring, and mounting the electronic parts are achieved
in synchronization with rotation of the rotary head 81. The above prior art
mounting apparatuses) however, have the 1 0 following drawbacks. The
robot-operated mounting apparatus is simple and compact in structure, but
it is difficult to perform a high-speed operation because the electronic
parts are picked up and mounted) one by one, on the printed board 75. The
high-speed rotary mounting apparatus can install the electronic parts on
the 1 5 printed board at high speeds, but its structure is bulky) and the
cost of equipment is high. An compact and high-speed mounting machine
combining the advantages of the above two conventional apparatuses is thus
sought. SUMMARY OF THE INVENTION 2 0 It is therefore a principal object of
the present invention to avoid the disadvantages of the prior art. It is
another object of the present invention to provide a compact and high-speed
electronic parts mounting apparatus.   5 June 2002 -3 According to one
aspect of the present invention, there is provided an electronic parts
mounting apparatus comprising: a first parts feeder including a plurality
of cassettes each of which stores therein electronic parts and has a
pick-up station; S a second parts feeder including a plurality .of
cassettes each of which stores therein electronic parts and has a pick-up
station, said second parts feeder being arranged at a preselected interval
away from said first parts feeder in a first direction; a table for holding
thereon a printed board on which the electronic parts are to be mounted,
said table being disposed within the preselected interval between said
first and second 10 parts feeders; 



a first mounting head including a plurality of pick-up nozzles moveable in
a vertical direction for picking up the electronic parts from the pick-up
stations; a second mounting head including a plurality of pick-up nozzles
moveable in the vertical direction for picking up the electronic parts from
the pick-up stations; 15 a first moving mechanism moving said table along a
second direction perpendicular to the first direction; a second moving
mechanism moving said first and second mounting heads across the table,
along the first direction only; and a controller for controlling movement
of said table and said first and second mounting 20 heads in a first and a
second control mode, in the first control mode, said controller moving one
of said first and second mounting heads along only the first direction
through said second moving mechanism to pick up the electronic parts from
the pick-up stations and, in the second control mode, said controller
moving one of said first and second mounting heads along only the first
direction through said second moving mechanism, in combination with
movement of 25 sail table in the second direction, through said first
moving mechanism, in order to mount the picked up electronic parts at given
places located in spaced relation in the second direction, on the printed
board held on said table. In the preferred mode of the invention, the
cassettes of each of the first and second parts feeders are disposed
adjacent to each other at first pitches in the first direction. The pick-up
30 nozzles of each of the first and second mounting heads are disposed
adjacent to each other at second pitches equal to the first pitches.   5
June 2002 -4 The controller controls the movement of the first and second
mounting heads in the first and second operation modes such that the, first
mounting head picks up the electronic parts from the pick-up stations of
the first parts feeder through the pick-up nozzles in the first operation
mode, while the second mounting head mounts the 5 electronic parts which
have already been picked up the by the pick-up nozzles thereof on the
printed board held on the table. The second operation mode is such that the
second mounting head picks up the electronic parts from the pick-up
stations of the 1 0 second parts feeder through the pick-up nozzles, while
the first mounting head mounts the electronic parts which have already been
picked up by the pick-up nozzles thereof on the printed board held on the
table. The controller controls vertical movement of the pick-up 1 5 nozzles
of each of the first and second mounting heads so that the pick-up nozzles
of each of the first and second mounting heads pick up the electronic parts
simultaneously. The controller may alternatively control the first and
second mounting heads so that a first group consisting of a first number of
2 0 the pick-up nozzles and a second group consisting of a second number of
the pick-up nozzles of each of the first and second mounting heads are
moved with different timings for picking up the electronic parts. Each of
the pick-up nozzles of the first group of each of the 2 5 first and second
mounting heads picks up one of the electronic parts from selected one of
the pick-up stations of the cassettes in a 



5 June 2002 -5 first pick-up operation, while each of the pick-up nozzles
of the second group of each of the first and second mounting heads picks up
one of the electronic parts from selected one of the pick-up stations of
the cassettes in a second pick-up operation following the 5 first pick-up
operation. The controller may control the vertical movement of the pick up
nozzles of each of the first and second mounting heads so that at least one
of the pick-up nozzles of each of the first and second mounting heads is
moved to pick up one of the electronic parts ~ 0 from selected one of the
pick-up stations of the cassettes. The controller may control the movement
of each of the first and second mounting heads in the first direction and
the vertical movement of the pick-up nozzles of each of the first and
second mounting heads so that each of a given number of the pick-up 1 5
nozzles of each of the first and second mounting heads picks up one of the
electronic parts from selected one of the pick-up stations of the
cassettes. Each of the first and second mounting heads includes a
nozzle-moving mechanism having an elevation member for elevating 2 0 the
pick-up nozzles upward simultaneously and dropping means for dropping the
pick-up nozzles independently of each other. A first and a second sensor
are disposed in the first and second parts feeders) respectively, for
monitoring the presence and orientation of the electronic parts picked up
by the pick-up nozzles 2 5 and providing signals indicative thereof. A
turning means is further provided which turns each of the   5 June 2002 -6
pick-up nozzles about the center thereof. Each of the pick-up nozzles has a
length extending in the vertical direction. The turning means turns each of
the pick-up nozzles about a center line thereof extending in a lengthwise 



5 direction of each of the pick-up nozzles. A position monitor and a
positional shift correcting mechanism are further provided. The position
monitor monitors the position of each of the electronic parts held by the
pick-up nozzles to determine a positional shift from a given correct
position. 1 0 The positional shift correcting mechanism adjusts a relative
position between the table and one of the electronic parts having the
positional shift so as to compensate for' the positional shift. The
positional shift correcting mechanism includes the turning means and a
moving mechanism designed to move the table 1 5 in the second direction.
The positional shift correcting mechanism also includes a second moving
mechanism designed to move the first and second mounting heads in the first
direction. BRIEF DESCRIPTION OF THE DRAWINGS 2 0 The present invention will
be understood more fully from the detailed description given hereinbelow
and from the accompanying drawings of the preferred embodiment of the
invention) which) however, should not be taken to limit the invention to
the specific embodiment but are for explanation and understanding only. 2 5
In the drawings: Fig. 1 is a perspective view which shows an electronic
parts   5 June 2002  mounting apparatus according to the first embodiment
of the invention; Fig. 2 is a plan view of Fig. 1; Fig. 3 is a partially
perspective view which shows a mounting 5 head; Fig. 4 is a side view which
shows one of pick-up nozzles disposed on the mounting head shown in Fig. 3;
Fig. 5 is a perspective view which shows one of cassettes storing therein
electronic parts; 1 0 Fig. 6 is a partially perspective view which shows an
electronic parts positioning mechanism of the cassette shown in Fig. 5;
Fig. 7 is a plan view of Fig. 6; 



Figs. 8(a) and 8(b) are plan views which show pick-up and mounting
operations of an electronic parts mounting apparatus; 1 5 Figs. 9(a) and
9(b) are plan views which show pick-up and mounting operations of an
electronic parts mounting apparatus; Figs. 10(a) and 10(b) axe side views
which show a sequence of pick-up operations of a pick-up nozzle; Fig. 11 is
a side view which shows an operation of arresting a 2 0 pick-up operation
of a pick-up nozzle; Figs. 12(a), 12(b)) and 13 are front views which show
operations of mounting heads and pick-up nozzles when picking up electronic
parts; Fig. 14(a), 14(b), 15(a), 15(b), and 16 are front views which 2 5
show a sequence of operations of mounting heads when picking up electronic
parts according to the second embodiment of the   5 June 2002 _g_
invention; Figs. 17(a), 17(b)) 18(a), 18(b), 19(a), and 19(b) are front
views which show a sequence of operations of mounting heads when picking up
electronic parts according to the third embodiment of 5 the invention; Fig.
20(a) is a plan view which shows a circuit pattern of a printed board used
in the fourth embodiment of the invention; Fig. 20(b) is a plan view which
shows another circuit pattern of a printed board used in the fourth
embodiment of the invention; 1 0 Figs. 21 and 22 are partially perspective
views which show sequential operations of a mounting head according to the
fourth embodiment; Figs. 23 and 24 are illustrations for explaining the
advantages of arrangement of a line sensor of in an electronic parts
mounting 1 5 apparatus of the invention; Figs. 25(a) and 25(b) are side
views which show a pick-up nozzle-dropping mechanism according to the fifth
embodiment of the invention; 



Fig. 26 is a partially perspective view which shows a mounting 2 0 head
according to the sixth embodiment of the invention; Fig. 27 is a plan view
of an electronic parts mounting apparatus according to the sixth embodiment
of the invention; Fig. 28 is a perspective view which shows a conventional
electronic parts mounting apparatus; and 2 5 Fig. 29 is a perspective view
which shows another conventional electronic parts mounting apparatus.   5
June 2002 _g_ DESCRIPTION OF THE PREFERRED EMBODIMENT Referring now to the
drawings, particularly to Fig. 1, there is shown an electronic parts
mounting apparatus according to the first embodiment of the invention. 5
The electronic parts mounting apparatus includes generally a base frame 1,
first and second parts feeders 2 and 3, a table 6) first and second
mounting heads 10 and 11, and a controller 38 controlling all operations of
the apparatus. Each of the first and second parts feeders 2 and 3 has 1 0
disposed thereon two sets of cassettes 4 each storing therein electronic
parts. The first and second parts feeders 2 and 3 are installed on the base
frame 1 at a given interval. The table 6 is disposed within the interval
between the first and second parts feeders 2 and 3 and is designed to be
moved) as shown in Fig. 2, by 1 5 an electric motor 14 through a ball screw
5 along guide rails 7 in the same direction (i. e. , Y-direction) as that
of supply of the electronic parts from the cassettes 4 while holding a
printed board 19. Each of the first and second mounting heads 10 and 11 2 0
retains a plurality of pick-up nozzles (vacuum nozzles) 18 for drawings and
holding the electronic parts and are moved by a guide rail assembly 8
having disposed therein a known drive mechanism, installed on an lower
surface of an upper frame 9 connected to the base frame 1 in a direction
(i.e.) X-direction) perpendicular to the 2 5 direction of supply of the
electronic parts (i. e. , Y-direction) . The pick-up nozzles 18 are
arranged adjacent to one another in the X   5 June 2002 -10 direction at
given pitches identical with those at which the cassettes 4 are disposed on
the first and second parts feeders 2 and 3 so that each of the pick-up
nozzles 18 may be aligned with corresponding one of the cassettes 4 when
picking up the 5 electronic parts. The electronic parts mounting apparatus
also includes, as shown in Fig. 2, a loader 15) an unloader 16, and first
and second line sensors 12 and 13. The loader 15 transports the printed
board 19 to the table 6. The unloader 16 transports the printed board 19 1
0 out of the table 6. Each of the first and second line sensors 12 and 13
is disposed between the two sets of the cassettes 4, that is, at the center
of one of the first and second feeders 2 and 3 and measures heights of the
electronic parts held by the pick-up nozzles 18. The first and second line
sensors 12 and 13 have formed 1 5 therein grooves for allowing the pick-up
nozzles 18 holding the electronic parts to move therethrough in the
X-direction. Fig. 3 shows the structure of each of the first and second
mounting heads 10 and 11. The pick-up nozzles 18 are installed within
shafts 17 which are supported by a bearing block 37 movably 2 0 in a
vertical direction and rotatably and have disposed on their upper ends
positioning holders 25. Each of the positioning holders 25 has, as clearly
shown in Fig. 4, formed in its circumferential surface a plurality of
vertical grooves 25a one of which engages corresponding one of positioning
pins 27 secured on a plate 94 



2 5 attached to the front surface of the bearing block 37 when the shaft 17
reaches a lower dead center.   5 June 2002  On the bearing block 37) a
rotation drive motor 20 and a vertical slide drive motor 28 are mounted.
The rotation drive motor 20 has mounted thereon a drive gear (i.e., a
pinion) 21 meshing with a rack 23 slidably supported by guide rollers 36.
The rack 23 5 meshes with a set of driven gears 22 installed on the shafts
17. A crank 29 is installed eccentrically on the vertical slide drive motor
28 and supported rotatably by a pin 24 mounted on the crank 29, a plate 30
slidably mounted on a slider 31 in a vertical direction, and a bearing. The
plate 30 has a first pawl 32 engaging second 1 0 pawls 39, as clearly shown
in Fig. 4, secured on bottoms of cylinders 34 slidably supported in
electromagnets 33. Each of the second pawls 39 of the cylinders 34 engages
a flange 98 mounted rotatably on an upper end of corresponding one of the
shafts 17. Disposed between each of the flanges 98 and a 1 5 block 93 is a
coil spring 26 urging the shaft 17 downward. Each of the electromagnets 33
is connected to a power source 91 through a switch 90 and a wire 92. Figs.
5 to 7 show one of the cassettes 4 mounted on the first and second parts
feeders 2 and 3 which has the same structure as 2 0 taught in Japanese
Patent First Publication No. 7-28159, disclosure of which is incorporated
herein by reference. The cassette 4 includes, as shown in Fig. 5, a casing
4I) a lid 44 for loading electronic parts, and an acrylic plate 42. A
partition plate 47 is disposed within the casing 41 to define first and
second 2 5 storage chambers 45 and 46 so that the electronic parts are
transported gradually from the first storage chamber 45 into the   5 June
2002 -12 



second storage chamber 46. An elevator block 49 is inserted into the second
storage chamber 46 through the bottom of the casing 41. A shoot 4 3 is
formed in the casing 41 for transporting the electronic parts 50 in 5
alignment. The acrylic plate 42 which is protected against static
electricity covers the front of the casing 41 so that the electronic parts
50 can be viewed therethrough. A shutter 51, a guide pin 52) and a lever 53
are provided at an outlet (i.e., a pick-up station) of the shoot 43. The
shutter 51 is moved to be opened and closed by 1 0 the lever 53 through the
guide pin 52 only when the electronic parts 50 are supplied. The lever 53
is, as can be seen from Figs. 6 and 7) provided near the outlet of the
shoot 43 to open and close the shutter 51 for exposing a leading one of the
electronic parts 50 and to control 1 5 linear movement of the stopper 63.
The shutter 51 has formed therein a first vacuum groove 59 connected to a
vacuum source (not shown), a first vacuum hole 58) a second vacuum groove
62 connected to the vacuum source, and a second vacuum hole 61. The first
vacuum groove 59 communicates between the first vacuum hole 2 0 58 and the
outlet of the shoot 43 for positioning the electronic parts 50. The second
vacuum groove 62 communicates between the second vacuum hole 61 and a side
portion of the shoot 43 for separating a leading one of the electronic
parts 50 from the following ones to facilitate sequential transportation of
the 2 5 electronic parts 50 to the outlet of the shoot 43. The operations
of the mounting heads 10 and 11 will be    5 June 2002 -13 discussed below.
First, the first mounting head 10 is moved, as shown in Fig. 8(a), to a
location on the first feeder 2 specified by a program of the controller 38
and picks up the electronic parts 50 through the 5 pick-up nozzles 18.
Subsequently) the first mounting head 10 travels, as shown in Fig. 8(b), to
the first line sensor 12. The first line sensor 12 detects the presence,
orientation, and height of each of the electronic parts 50 held by the
pick-up nozzles 18 to provide a signal indicative 1 0 thereof to the
controller 38. At this time, the second mounting head 11 mounts the
electronic parts 50 which have been already picked up from the second
feeder 3 on the print; d board 19 held on the table 6. Upon completion of
the mounting operation of the second '1 5 mounting head 11, the first
mounting head 10 is moved, as shown in Fig. 9(a)) over the printed board 19
on the table 6 and mounts the picked up electronic parts 50 on the printed
board 19. The second mounting head 11 is moved to a location on the second
feeder 3 specified by the controller 38 to pick up the electronic 2 0 parts
50 and then, as shown in Fig. 9(b), to the second line sensor 13. The
second line sensor 13 detects the presence, orientation, 



and height of each of the electronic parts 50 held by the pick-up nozzles
18 to provide a signal indicative thereof to the controller 38. The above
sequential operations are repeated several times to 2 5 mount a required
number of the electronic parts 50 on the printed board 19.     5 June 2002
-14 The positioning of the electronic parts 50 at the pick-up station of
each of the cassettes 4 will be discussed below. A sequence of the
electronic parts 50 transported along the shoot 43 are stopped by the
stopper 63 as shown in Figs. 6 and 7. A 5 negative pressure is applied to
the second vacuum hole 61 and the second vacuum groove 62 to draw, as
clearly shown in Fig. 7) the second and third electronic parts 50 and hold
them on the positioning side wall 65 of the second vacuum groove 62. The
lever 53 then swings to move the stopper 63 a distance a_) as shown in 1 0
Fig. 7, in the same direction as flow of the electronic parts 50 so that a
leading one of the electronic parts 50 is set free. A negative pressure is
then applied to the first vacuum hole 58 and the first vacuum groove 59 to
draw the leading one of the electronic parts 50 so that it is positioned by
the positioning end wall 64 and the 1 5 positioning side wall 65. The
operation of picking up the thus positioned leading one of the electronic
parts 50 will be discussed with reference to Figs. 3, 4, 10(a), 10(b), and
11. When the switch 90, as shown in Fig. 10(a), is in an off 2 0 position)
the cylinder 34 is held on the pawl 32 without being attracted by the
electromagnet 33. When the vertical slide drive motor 28 is turn on, it
will cause the pin 24, as shown in Fig. 3, installed on the crank 29 to be
moved downward, thereby moving the plate 30 and the pawl 32 downward along
the slider 31. This 2 5 causes the flanges 98 mounted on the upper ends of
the shafts 17 to be moved downward with aid of the spring force of the
springs 26.   5 June 2002 -15 The positioning pins 27 then engage the
vertical grooves 25a of the positioning holders 25, respectively, to hold
angular positions of the pick-up nozzles 18. When it is required for the
pick-up nozzles 18 to be moved 5 downward into contact with the electronic
parts 50 positioned at the pick-up stations of the cassettes 4, the
vertical slide drive motor 28 is turned off. The pick-up nozzles 18 are
then evacuated through solenoid valves (not shown) to draw the electronic
parts 50. The vertical slide drive motor 28 is reversed to elevate the
pick-up 1 0 nozzles 18. Upon reaching an upper dead center, the pick-up
nozzles are brought to a standstill. When the switch 90 is turned on as
shown in Fig. 11 the electromagnets 33 are energized to attract the
cylinders 34 upward. 



This prevents the cylinders 34, the flanges 98, the shafts 17, and 1 5 the
pick-up nozzles 18 from moving downward against downward movement of the
pawl 32 by the vertical slide drive motor 28. Thus, the electronic parts 50
are not picked up by the pick-up nozzles 18. The operation of mounting the
electronic parts 50 picked up 2 0 by the pick-up nozzles 18 will be
discussed below. First, the pin 24 installed on the crank 29 is moved
downward by rotation of the vertical slide drive motor 28, thereby moving
the plate 30 and the pawl 32 downward, as shown in Fig. 10(b), along the
slider 31. This causes the flange 98 of each of the 2 5 shafts 17 to be
moved downward with aid of the spring force of the spring 26. The
positioning pins 27 then engage the vertical grooves   5 June 2002 -16 25a
of the positioning holders 25 to hold angular positions of the pick-up
nozzles 18) respectively. When the pick-up nozzles 18 are moved downward
until the electronic parts 50 are brought into contact with the printed
board 5 19, the vertical slide drive motor 28 is turned off. The pressure
in the pick-up nozzles 18 is then switched to a positive level through the
solenoid valves (not shown) to release the electronic parts 50 onto the
printed board 19. The vertical slide drive motor 28 is reversed to elevate
the pick-up nozzles 18. Upon reaching the 1 0 upper dead center, the
pick-up nozzles are brought to a standstill. When the switch 90 is turned
on as shown in Fig. 11, the electromagnets 33 are energized to attract the
cylinders 34 upward. This prevents the cylinders 34, the flanges 98, the
shafts 17) and the pick-up nozzles 18 from moving downward regardless of 1
5 downward movement of the pawl 32 by the vertical slide drive motor 28.
Thus, the electronic parts 50 are not mounted on the printed board 19. The
orientation of the electronic parts 50 when mounted on the printed board 19
is accomplished by turning on the rotation 2 0 drive motor 20 to rotate the
driven gears 22 through the pinion 21 and the rack 23 to adjust angular
positions of the pick-up nozzles 



18. Figs. 12(a)) 12(b), and 13 show sequential operations of the first
mounting head 10 when picking up the electronic parts 50. 2 5 The
operations of the second mounting head 11 are identical, and explanation
thereof in detail will be omitted here.   5 June 2002 -17 First) the first
mounting head 10 is) as shown in Fig. 12(a), moved to a given location on
the first feeder 2 for picking up the electronic parts 50. The switches 90
of the ten pick-up nozzles 18 are then a11 turned off to release the
holding of the pawl 32 by the 5 electromagnets 33 so that the pawl 32 is
moved downward. This causes the pick-up nozzles 18 to be moved downward, as
shown in Fig. 12(b), with aid of the spring force of the springs 26 so that
each of the pick-up nozzles 18 faces corresponding one of the ten
electronic parts 50 positioned at the pick-up stations of the 1 0 cassettes
4 and picks it up. Next) the pawl 32 is, as shown in Fig. 13, moved upward)
and at the same time, the pick-up nozzles 18 are a11 lifted up and stopped
at the upper dead center. The first mounting head 10 then travels to the
first line sensor 12 for monitoring whether the ten 1 5 electronic parts 50
are all held by the pick-up nozzles 18 in a correct orientation or not. If
the ten electronic parts are a11 held by the pick-up nozzles 18) then the
first mounting head 10 moves toward the printed board 19 as discussed
above. During a time when the first mounting head 10 picks up the 2 0
electronic parts 50 from the first parts feeder 2, the second mounting head
11 engages in mounting on the printed board 19 the electronic parts 50
picked up from the second feeder 3. Conversely, during a time when the
second mounting head 11 picks up the electronic parts 50 from the second
parts feeder 3) the first 2 5 mounting head 10 engages in mounting on the
printed board 19 the electronic parts 50 picked up from the first parts
feeder 2. This   5 June 2002 - 1 8 achieves a high-speed mounting
operation. The second embodiment of the electronic parts mounting apparatus
will be discussed below which is designed for mounting different types of
electronic parts on a printed board in a one-time 5 mounting operation
using the pick-up nozzles 18 divided into a plurality of groups. Figs.
14(a) to 1B show sequential operations of the first mounting head 10 for
picking up different types of electronic parts 50a and 50b which are
different in thickness for example. The 1 0 operations of the second
mounting head 11 are identical, and explanation thereof in detail will be
omitted here. First, the first mounting head 10 is, as shown in Fig. 14(a),



moved toward a given location on the first parts feeder 2 so that each of
the pick-up nozzles 18 is aligned with corresponding one of 1 5 the
electronic parts 50a and 50b. The switches 90 of a first group (five in
this embodiment) of the pick-up nozzles 18 required to pick up the
electronic parts 50a are turned off) thereby causing the first group of the
pick-up nozzles 18 to be moved downward a first distance according to
downward movement of the pawl 32 to pick 2 0 up the electronic parts 50a
from the cassettes 4. Next, the pawl 32 is, as shown in Fig. 15(a), moved
upward, lifting up the first group of the pick-up nozzles 18 holding the
electronic parts 50a. Upon reaching the upper dead center, the pick-up
nozzles 18 are stopped. 2 5 The switches 90 of the first group of the
pick-up nozzles 18 are then turned on, while the switches 90 of a second
group of the   5 June 2002 _ ~ g_ pick-up nozzles 18 (i.e., the remaining
five of the pick-up nozzles 18 in this embodiment) are turned off, causing
the second group of the pick-up nozzles 18 to be, as shown in Fig. 15(b),
moved downward a second distance shorter than the first distance to pick up
the 5 electronic parts 50b which are greater in thickness than the
electronic parts 50a, after which they are lifted up and stopped at the
upper dead center as shown in Fig. 16. After the above sequential
operations are completed, the first mounting head 10 travels to the line
sensor 12 for monitoring 1 0 whether all the pick-up nozzles 18 hold the
electronic parts 50a and 50b or not. The following operations are the same
as those discussed in the first embodiment, and explanation thereof in
detail will be omitted here. As apparent from the above discussion, the
electronic parts 1 5 mounting apparatus of the second embodiment is useful
when it is required to control strokes of the pick-up nozzles 18
independently in the case where various types of electronic parts different
in thickness for example need to be picked up and mounted on the printed
board 19. 2 0 The third embodiment of the electronic parts mounting
apparatus will be discussed below which is designed for picking up the
electronic parts 50 from desired some of the cassettes 4 using selected
some of the pick-up nozzles 18. Figs. 17(a) to 19(b) show sequential
pick-up operations of the 2 5 first mounting head 10. The operations of the
second mounting head 11 are identical, and explanation thereof in detail
will be   5 June 2002 -20 omitted here. First) the first mounting head 10
is, as shown in Fig. 17(a) moved toward a given location on the first
feeder 2 so that each of the pick-up nozzles 18 is aligned with
corresponding one of the 5 electronic parts 50. The switches 90 of selected
some of the pick up nozzles 18 (two of the pick-up nozzles 18 in this
embodiment) required to pick up the electronic parts 50 are turned off)
thereby causing the selected pick-up nozzles 18 to be moved downward) as
shown in Fig. 17(b)) with aid of the spring force of the springs 26 1 0
according to downward movement of the pawl 32 so that selected some of the
electronic parts 50 are lifted up from the cassettes 4. Next) the pawl 32
is moved upward) lifting up the pick-up nozzles 18 holding the electronic
parts 50 as shown in Fig. 18(a). Upon reaching the upper dead center, the
pick-up nozzles 18 are 15 stopped. Subsequently, the first mounting head 10
is shifted to the left as viewed in Fig. 18(b) to place second selected
some of the pick-up nozzles 18 different from those having already picked
up the electronic parts 50 in the above first pick-up operation above the 2
0 electronic parts 50 required to be picked up next, respectively. 



The switches 90 of the first selected pick-up nozzles 18 holding the
electronic parts 50 are turned on, while the switches 90 of the second
selected pick-up nozzles 18 are turned off to move the second selected
pick-up nozzles 18 downward, as shown in Fig. 2 5 19(a), to pick up the
desired some of the electronic parts 50, after which they are lifted up and
stopped at the upper dead center as   5 June 2002 -21 s h own in Fig. 19 (b
) . After the above sequential operations are completed) the first mounting
head 10 travels to the line sensor 12 for monitoring whether the selected
some of the pick-up nozzles 18 a11 hold the 5 electronic parts 50 correctly
or not. The following operations are the same as those discussed in the
first embodiment, and explanation thereof in detail will be omitted here.
The electronic parts mounting apparatus of the fourth embodiment will be
discussed below with reference to Figs. 20(a) 1 0 and 20(b). Fig. 20(a)
shows the printed board 19 having two same circuit patterns: first and
second printed circuits 95 and 96. An interval A at which the same type of
electronic parts 50 are mounted on the first and second printed circuits 95
and 96 is set to an integral 1 5 multiple of the pitch of the pick-up
nozzles 18 arranged adjacent one another. Fig. 20(a) shows another modified
form of the printed board 19 formed with a 4x4 matrix consisting of 16 same
printed circuits. An interval B at which the same type of electronic parts
50 are 2 0 mounted on adjacent two of the printed circuits is set to an
integral multiple of the pitch of the pick-up nozzles 18 arranged adjacent
one another. The fourth embodiment, as discussed below, uses the above two
types of the printed board 19. 2 5 Fig. 21 shows the first mounting head 10
placed above the printed board I9 positioned by the guide rail 97. The
operation of   5 June 2002 



-22 the second mounting head 11 is identical with that of the first
mounting head 10) and explanation thereof in detail will be omitted here.
When the same type of electronic parts 5o are mounted on 5 the first and
second printed circuits 95 and 96 of the printed board 19 shown in Fig.
20(a), respectively,. the pick-up nozzles, as indicated by numerals 18a and
18b in Fig. 21) arranged at the interval A away from each other pick up the
electronic parts 5 0 and mount them) as shown in Fig. 22, on the first and
second printed 1 0 circuits 95 and 96 simultaneously. When the same type of
electronic parts 50 are mounted on the printed board 19 shown in Fig.
20(b), the pick-up nozzles 18 arranged at the interval B away from each
other pick up the electronic parts 5 o and mount them on adjacent two of
the printed 1 5 circuits of the printed board 19 simultaneously. Therefore,
the fourth embodiment decreases the number of operations of moving the
first and second mounting heads 10 and 11 to achieve a higher-speed
mounting operation as compared with a conventional system which transports,
one by one, the same type 2 0 of electronic parts to a printed board. The
benefits offered by the arrangement of the line sensors 12 and 13) as shown
in Fig. 2, will be described below with reference to Figs. 23 and 24. If
the line sensor 12 is, as shown in Fig. 24, disposed between 2 5 the table
6 and the first parts feeder 2) an interval D between the table 6 and the
first line sensor 12 needs to be increased in order to   5 June 2002 -23
avoid interference of the first mounting head 10 with the second mounting
head 11 when the first mounting head 10 is at rest until completion of the
parts-mounting operation of the second mounting head I1 after the first
mounting head 10 takes up the electronic 5 parts 50 from the cassettes 4,
and the electronic parts 50 are detected by the first line sensor 12.
However, the arrangement of the first line sensor I2, as shown in Fig. 23,
in a gap formed in the central portion of the first parts feeder 2) that
is, between the two sets of the cassettes 4 of the first parts feeder 2
allows the interval 1 0 between the table 6 and the first parts feeder 2 to
be shortened) as indicated by C thereby resulting in a decrease in size of
the entire structure of the apparatus. Further) if a failure of the first
mounting head 10 in picking up the electronic parts 50 is detected by the
first line sensor 12, the 1 5 above arrangement of the first line sensor 12
decreases a displacement of the first mounting head 10 required for
resuming the operation of the apparatus, thereby resulting in decreased
time for the resumption. The electronic parts mounting apparatus of the
fifth 



2 0 embodiment will be discussed below with reference to Figs. 25(a) and
25(b) which is different from the above first embodiment in that a pick-up
nozzle-dropping mechanism 100 is provided for each of the pick-up nozzles
18 instead of the electromagnets 33 and the cylinders 34. Other
arrangements are the same as those of the first 2 5 embodiment) and
explanation thereof in detail will be omitted here. The pick-up
nozzle-dropping mechanism 100 includes an L   5 June 2002 -24 shaped lock
lever 99, a spring 110) and an air-activated piston 120. The lock lever 99
is pivotably supported and urged by the spring 110 clockwise as viewed in
the drawings. When the piston 120 projects, as shown in Fig. 25(a), to the
outside against a spring force 5 of the spring 110, the lock lever 99
engages at its end with the flange 98 to hold the pick-up nozzle 18 at a
given level. When the piston 120 is, as shown in Fig. 25(b), withdrawn, it
will cause the lock lever 99 to be turned clockwise with aid of the spring
force of the spring 110) thereby releasing the engagement with the flange 1
0 98. The pick-up nozzle 18 is then moved downward with aid of the spring
force of the spring 26 according to downward movement of the pawl 32. Figs.
26 and 27 show the sixth embodiment of the electronic parts mounting
apparatus which is designed to correct shifts of the 1 5 electronic parts
50 caused when picked up by the pick-up nozzles 18 for mounting them in
place on the printed board 19. The same reference numbers as employed in
the above embodiments refer to the same parts, and explanation thereof in
detail will be omitted here. 2 0 The electronic parts mounting apparatus of
this embodiment, as clearly shown in Fig. 26, does not have the positioning
holders 25 and the plate 94) as used in the above embodiments) on which the
positioning pins 27 are secured and is designed so as to rotate the pick-up
holders 18 in an angular direction 8 through the motor 20) 2 5 the rack 23,
and the driven gears 22 mounted on the shaft 17 for correcting angular
shifts of the electronic parts 50. The rack 23   5 June 2002 -25 may
alternatively be placed with a belt. The electronic parts mounting
apparatus also includes parts position monitors 121 and 122, as shown in
Fig. 27, instead of the line sensors 12 and 13 disposed within the central
gaps of the first 5 and second parts feeders 2 and 3. Each of the parts
position monitors 121 and 122 includes, for example, a CCd image sensor
which monitors the position of each of the electronic parts 50 during
movement of each of the first and second parts feeders 2 and 3 in the
X-direction and provides a signal indicative thereof to the 1 0 controller
38. The controller 38 determines shifts of each of the electronic parts 50
in the X-, Y-, and 6-directions and provides, if they exceed allowable
ranges) shift-correcting signals to the motor 14 for the table 6, the guide
rail assembly 8, and the motors 20 for the first and second mounting heads
l0 and 11, respectively. 1 5 In shift-correcting operation, the shift in
the Y-direction is corrected by moving the table 6 through the motor 14.
The shift in the X-direction is corrected by moving the first or second
mounting heads 10 and 11 along the guide rail assembly 8. The shift in the
angular direction 8 is corrected by rotating the pick-up nozzles 18 2 0
about longitudinal center lines thereof through the motor 20. In the
mounting operation, if all the electronic parts 50 held by the pick-up
nozzles 18 are shifted in position, they are subjected to the
shift-correcting operation and then mounted on the printed board 19 in
sequence. If only some of the electronic parts 50 held 2 5 by the pick-up
nozzles 18 are shifted in position, they are subjected to the
shift-correcting operation and mounted on the printed board   5 June 2002
-26 



19 in sequence) after which the other electronic parts 50 are mounted
simultaneously or sequentially. While the present invention has been
disclosed in terms of the preferred embodiment in order to facilitate a
better 5 understanding thereof) it should be appreciated that the invention
can be embodied in various ways without departing from the principle of the
invention. Therefore, the invention should be understood to include a11
possible embodiments and modification to the shown embodiments which can be
embodied without departing 1 0 from the principle of the invention as set
forth in the appended claims. For example, the sliding mechanism for the
table 6 including the electric motor 14 and the ball screw 5 may be
replaced with a sliding mechanism consisting of a linear servomotor, a rack
and pinion) and a wire. The nozzle-turning 1 5 mechanism for each of the
first and second mounting heads 10 and 11 includes the rotation drive motor
20, the pinion 21, and the rack 23, but a pulley and a belt may be used
instead. Further, the vertical movement of each of the first and second
mounting heads 10 and 11 may be achieved by using a cylinder actuator, a
linear 2 0 servomotor, and a ball screw instead of the vertical slide drive
motor 20, the slider 31) and the crank 29.   5 June 2002 -27 WHAT ' IS
CLAIMED IS: 1. An electronic parts mounting apparatus comprising: a first
parts feeder including a plurality of cassettes each of which stores
therein 5 electronic parts and has a pick-up station; a second parts feeder
including a plurality of cassettes each of which stores therein electronic
parts and has a pick-up station, said second parts feeder being arranged at
a preselected interval away from said first parts feeder in a first
direction; a table for holding thereon a printed board on which the
electronic parts are to be 10 mounted, said table being disposed within the
preselected interval between said first and second parts feeders; a first
mounting head including a plurality of pick-up nozzles moveable in a
vertical direction for picking up the electronic parts from the pick-up
stations; a second mounting head including a plurality of pick-up nozzles
moveable in the vertical 15 direction for picking up the electronic parts
from the pick-up stations; a first moving mechanism moving said table along
a second direction perpendicular to the first direction; a second moving
mechanism moving said first and second mounting heads across the table,
along the first direction only; and 20 a controller for controlling
movement of said table and said first and second mounting heads in a first
and a second control mode, in the first control mode, said controller
moving one of said first and second mounting heads along only the first
direction through said second moving mechanism to pick up the electronic
pares from the pick-up stations and, in the second control mode, said
controller moving one of said first and second mounting heads along only 25
the first direction through said second moving mechanism, in combination
with movement of said cable in the second direction, through said first
moving mechanism, in order to mount the 



picked up electronic parts at given places located in spaced relation in
the second direction, on the printed board held on said table. 30 2. An
electronic pans mounting apparatus as set forth in claim 1, wherein the
cassettes of each of said first and second parts feeders are disposed
adjacent to each other at first pitches in   5 June 2002 _ ?g  the first
direction, the pick-up nozzles of each of the first and second mounting
heads being disposed adjacent to each other at second pitches equal to said
first pitches. 3. An electronic parts mounting apparatus as set forth in
claim 1, wherein said controller 5 controls the movement of said first and
second mounting heads in the first and second operation modes, such that
said first mounting head picks up the electronic parts for the pick-up
stations of said first parts feeder through the pick-up nozzles in the
first operation mode, while the second mounting head mounts the electronic
parts which have already been picked up by the pick-up nozzles thereof on
the printed board held on said table, the second operation mode being 10
SLICK that said second mounting head picks up the electronic parts from the
pick-up stations of said second parts feeder through the pick-up nozzles,
while the first mounting head mounts the electronic parts which have
already been picked up by the pick-up nozzles thereof on the printed board
held on said table. I S 4. An electronic parts mounting apparatus as set
forth in claim I, wherein said controller controls vertical movement of the
pick-lip   5 June 2002  -29 nozzles of each of said first and second
mounting heads so that the pick-up nozzles of each of said first and second
mounting heads pick up the electronic parts simultaneously. 5 5. An
electronic parts mounting apparatus as set forth in claim 1) wherein said
controller controls said first and second mounting heads so that a first
group consisting of a first number of the pickup nozzles and a second group
consisting of a second number of the pick-up nozzles of each of said first
and second mounting heads are '1 0 moved with different timings for picking
up the electronic parts. 6. An electronic parts mounting apparatus as set
forth in claim 5) wherein each of the pick-up nozzles of the first group of
each of said first and second mounting heads picks up one of the electronic
'1 5 parts from selected one of the pick-up stations of the cassettes in a
first pick-up operation, while each of the pick-up nozzles of the second
group of each of said first and second mounting heads picks up one of the
electronic parts from selected one of the pick-up stations of the cassettes
in a second pick-up operation following said 2 0 first pick-up operation.
7. .An electronic parts mounting apparatus as set forth in claim 1, wherein
said controller controls vertical movement of the pick-up nozzles of each
of said first and second mounting heads so that at 2 5 least one of the
pick-up nozzles of each of said first and second mounting heads is moved to
pick up one of the electronic parts   5 June 2002 -30 from selected one of
the pick-up stations of the cassettes. 8. An electronic parts mounting
apparatus as set forth in claim 1, 



wherein said controller controls movement of each of said first and 5
second mounting heads in the first direction and vertical movement of the
pick-up nozzles of each of said first and second mounting heads so that
each of a given number of the pick-up nozzles of each of said first and
second mounting heads picks up one of the electronic parts from selected
one of the pick-up stations of the 10 cassettes. 9. An electronic parts
mounting apparatus as set forth in claim 1, wherein each of said first and
second mounting heads includes a nozzle-moving mechanism having an
elevation member for elevating 1 5 the pick-up nozzles upward
simultaneously and dropping means for dropping the pick-up nozzles
independently of each other. 10. .An electronic parts mounting apparatus as
set forth in claim 1, further comprising a first and a second sensor
disposed in said first 2 0 and second parts feeders, respectively) for
monitoring the presence and orientation of the electronic parts picked up
by the pick-up nozzles and providing signals indicative thereof. 11. An
electronic parts mounting apparatus as set forth in claim 1, 2 5 further
comprising turning means for turning each of the pick-up nozzles about the
center thereof.   5 June 2002 -31 12. An electronic parts mounting
apparatus as set forth in claim l I ) wherein each of the pick-up nozzles
has a length extending in the vertical direction, and wherein said turning
means turns each of 5 the pick-up nozzles about a center line thereof
extending in a lengthwise direction of each of the pick-up nozzles. 13. An
electronic parts mounting apparatus as set forth in claim 1) further
comprising a position monitor and a positional shift 1 0 correcting
mechanism, said position monitor monitoring a position of each of the
electronic parts held by the pick-up nozzles to determine a positional
shift from a given correct position, said positional shift correcting
mechanism adjusting a relative position between the table and one of the
electronic parts having the 1 5 positional shift so as to compensate for
the positional shift. 14. An electronic parts mounting apparatus as set
forth in claim 13) wherein said positional shift correcting mechanism
includes a turning mechanism designed to turn each of the pick-up nozzles 2
0 about the center thereof. 



15. An electronic parts mounting apparatus as set forth in claim 14,
wherein said positional shift correcting mechanism also includes a moving
mechanism designed to move said table in the 2 5 second direction.   5 June
2002 -32 16. An electronic parts mounting apparatus as set forth in claim
15, wherein said positional shift correcting mechanism further incudes a
second moving mechanism designed to move said first and second mounting
heads in the first direction.
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