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BACKGROUND OF THE | NVENTI ON Field of the Invention Thi s

i nvention relates to an apparatus for automatically nD jﬁﬁg

el ectronic parts on a printed circuit board. Descrlptlon of the
Rel'ated Art Japanese published unexam ned patent application

6- 85492 di scl oses an el ectroni c-parts -nounting apparatus whi ch handl es
1 0 electronic parts (electronic conponents) carried on a tape. The

appar atus of Japanese application 6-85492 includes an el ectronic-

parts feeder having a cassette Qi kepph Ea onic parts one

by one. The apparatus of Japane | so I ncl udes a

nmount i ng head provi ded VELECQ‘}&DNYCIMSZNRDFJMW@@W@U@ el ectronic
parts (electronic conponents) fromthe
BACKGROUND OF THE INVENTION
Field of the Invention
5 This invention relates to an apparatus for automatically
mounting electronic parts on a printed circuit board.
Description of the Related Art
Japanese published unexamined patent application 6-85492
discloses an electronic-parts mounting apparatus which handles
10 electronic parts. (electronic components) carried on a tape. The
apparatus of Japanese application 6-85492 includes an electronic-
parts feeder having a cassette for feeding taped electronic parts one
by one. The apparatus of Japanese application 6-85492 also
includes a mountiné head provided with a sucking nozzle for
15 picking up electronic parts (electronic components) from the
carrier tape one by one. The sucking nozzle holds the picked-up
electronic component. The mounting head is movably supported by
a first drive shaft. The first drive shaft is movably connected with a
second drive shaft. The first drive shaft and the second drive shaft
20 are perpendicular to each other. The mounting head can move
along an X direction and a Y direction perpendicular to each other.
. =~ The sucking nozzle and the mounting head cooperate to receive
e electronic components from the electronic-parts feeder one by one,
. and to carry each of the electronic components to a specified
25 position relative to a printed circuit board. The electronic

components are mounted on the printed circuit board one by one.



carrier tape one by one. The sucking nozzle holds the picked-up

el ectroni ¢ conponent. The nounting head is novably supported by a
first drive shaft. The first drive shaft is novably connected with a
second drive shaft. The first drive shaft and the second drive shaft 2 0

are perpendicular to each other. The nounting head can nove al ong an
X direction and a Y direction perpendicul ar-20 each ot her. The
sucki ng nozzl e and the nounting head cooperate to receive el ectronic
conponents fromthe el ectronic-parts feeder one by one, and to carry
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conditions of an electronic component held by the sucking nozzle.
Specifically, the electronic-parts recognizing section detects a
5 positional error between the electronic component and the sucking
nozzle. The detected positional error is used in correcting the
positioning of the electronic component relative to the printed
circuit board by the mounting head.
The apparatus of Japanese application 6-85492 mounts

10 electronic parts (electronic components) on a printed circuit board
one by one. Accordingly, the speed or rate of mounting one
electronic component tends to be low.

Japanese published unexamined patent application 7-202491
discloses an electronic-parts mounting apparatus which includes a

15 mounting head having a plurality of sucking nozzles arranged along a
circle. The mounting head is intermittently rotated. The sucking
nozzles pick up electronic parts (eléctronic components} supplied
by an electronic-parts feeder. The sucking nozzles hold the picked-
up electronic parts. The apparatus of Japanese application 7-

20 202491 also includes an XY table supporting a printed circuit board.
The XY table can move an X direction and a Y direction
perpendicular to each other. The printed circuit board moves
together with the XY table. As the mounting head is rotated, each of
the electronic parts held by the sucking nozzles is carried to a

25 specified position relative to the printed circuit board. The

electronic parts are mounted on the printed circuit board. The



I ncl udes an el ectronic-parts recogni zi ng section which detects

conditions of an electronic conponent held by the sucking nozzle.
Specifically, the electronic-parts recognizing section detects a 5
positional error between the el ectronic conponent and the sucking

nozzl e. The detected positional error is used in correcting the

positioning of the electronic conponent relajive to the printed

circuit board by the nounting head. : The apparatus of Japanese
application 6-85492 mounts 1 O electronic parts (el ectronic conponents) on
a printed circuit boar

d one by gne., Acc inaly, the speed or rate of
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el ectronic-parts feeder. The sucki ng nozzles hold the picked- up
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It is an object of this invention to provide an improved
electronic-parts mounting apparatus.
A first aspect of this invention provides an electronic-parts
10 mounting apparatus comprising cassettes containing electronic
parts; first and second feeders for feeding the electronic parts from
the cassettes; a first mounting head having sucking nozzles for
picking up the electronic parts fed by the first feeder; a second
mounting head having sucking nozzles for picking up the electronic
15 parts fed by the second feeder; a table arrangement for holding a
printed circuit board; first means for alternately moving the first
and second mounting heads along a -first direction to a region
corresponding to a position of the printed circuit board on the table
arrangement; second means contained in the table arrangement for
20 moving the printed circuit board on the table arrangement in a
second direction perpendicular to the first direction; third means
contained in the table arrangement for rotating the printed circuit
board on the table arrangement about an axis perpendicular to both
the first and second directions; fourth means for allowing the
25 sucking nozzles of the first mounting head to place the electronic

parts on the printed circuit board on the table arrangement when



per pendi cul ar to each other. The printed circuit board noves t oget her
with the XY table. As the nounting head is rotated, each of t he

el ectronic parts held by the sucking nozzles is carried toa 25
specified position relative to the printed circuit board. The

el ectronic parts are nounted on the printed circuit board. The

- 3- appar atus of Japanese applicatiany7-202491 further includes an
el ectroni c-parts recogni zi ng section which detects conditions of an

el ectroni c conponent held by each sucki ng nozzl e. The appar at us
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an el ectroni c- pgfeetronic parts on the printed circuit board on the table
arrangement when the second mounting head is in the region.

5 A second aspect of this invention is based on the first aspect
thereof, and provides an electronic-parts mounting apparatus
further comprising sixth means for detecting whether or not the
sucking nozzles of the first mounting head fail to pick up the
electronic parts, for detecting postures of the electronic parts held

10 Dby the sucking nozzles of the first mounting head, and for detecting
heights of the electronic parts held by the sucking nozzles of the
first mounting head; and seventh means for detecting whether or
not the sucking nozzles of the second mounting head fail to pick up
the electronic parts, for detecting postures of the electronic parts

15 held by the sucking nozzles of the second mounting head, and for
detecting heights of the electronic parts held by the sucking nozzles
of the second mounting head. |

A third aspect of this invention is based on the first aspect
thereof, and provides an electronic-parts mounting apparatus

20 wherein the table arrangement comprises a motor, a speed-
reduction device connected to an output shaft of the motor, a table
connected to the speed-reduction device and rotating as the output
shaft of the motor rotates, and a holding member connected to the
table for holding the printed circuit board.

25 - A fourth aspect of this invention is based on the third aspect

thereof, and provides an electronic-parts mounting apparatus



1 0 nounting apparatus conprising cassettes containing electronic
parts; first and second feeders for feeding the electronic parts from
the cassettes; a first nmounting head havi ng sucki ng nozzl es for

pi cking up the electronic parts fed by the first feeder; a second
mounti ng head havi ng sucking nozzles for picking up the electronic 1 5
parts fed by the second feeder; a table arrggenent for holding a
printed circuit board; first neans for alternately noving the first
and second nmounting heads along a first direction to a region

et angonont | seTBREREHE Wl abidb i fuhES Lol pikhA fol 50
movi ng the pri néﬁégﬁ:}%fﬁita ?M&rddcﬁeuwsoaﬁ?ks Ald lefzg@% hbliiflg memigeond

di rection perpendi the first direction; means cont ai ned

in the table argaggesans fopnodaing ithe phigtdd cittad Boakloh the hobdiagd on the
tabl e arrangenent about an axis perpendicular to both the first and

second directi omembenrth means for allowing the 2 5 sucking nozzles of
the first mpunting head to place the el ectronic parts on the printed

circuit boafd on theAtHEr @speehnfthisninvgnsien is based on the first aspect
~4 thereof, and provides an electronic-parts mounting apparatus
further comprising a printed-circuit-board feeder for feeding the
printed circuit board to the table arrangement, and a printed-
circuit-board carrier for carrying the printed circuit from the table
10 arrangement.

A sixth aspect of this invention is based on the first aspect
thereof, and provides an electronic-parts mounting apparatus
further comprising a motor, and a power transmission mechanism
connected between the motor and the printed-circuit-board feeder.

15 A seventh aspect of this invention is based on the fifth aspect
thereof, and provides an electronic-parts mounting apparatus
wherein the printed-circuit-board féeder comprises guide members
for guiding opposite sides of the printed circuit board, respectively.

An eighth aspect of this invention is based on the fourth

20 aspect thereof, and provides an electronic-parts mounting apparatus
further comprising a motor, and a power transmission mechanism
connected between the motor and the locating means in the table
arrangement.

A ninth aspect of this invention is based on the fifth aspect

25 thereof, and provides an electronic-parts mounting apparatus

further comprising a stopper for stopping the printed circuit board

This Sheet Has Been Replaced THIS SHEET HAS BEEN

AR REPLAGD




the first nounting head is in the region; and fifth neans for allow ng
t he- sucki ng nozzl es of the second nounting head to place the

el ectronic parts on the printed circuit board on the table ar r angenent
when the second nmounting head is in the region. 5 A second aspect
of this invention is based on the first aspect t hereof, and provides
an el ectronic-parts nounting apparatus -gfurther conprising sixth neans
for detecting whether or not the sucki ng nozzles of the first nounting
head fail to pick up t he el ectronic parts, for detecting postures of

the electronic t.he suck n | es _of .t I .mpuntin
head. and for dBf @ ﬁmfﬁetgmne%%a ?’h«re@‘&'%ﬁ?&?%n%%ﬁ‘?éﬁ%ﬁ Bl o
SUCkI ng nozzl esfég &hﬁm pnnteti'a%?éuﬁn(?- 5}1111 and seventh neans for

detecting whether o e sucki ng nozz?es of the second nounting

head fail to pick upa tenth 4@%@'&%{@&1&&% & bho¢d def a6 finst Repés es of
the electronic parts 1 5 held by the sucking nozzles of the second

mount i ng head, #mekebfirand provitiiseatieglgetrentipartsf micuntihg apparatupart s hel d
by the sucklng nozzl es of the second nounting head. A
third aspectd of whersin fheeiserttes dompdsor bullctypecagspdetcontaininger eof

and provi des an gl ectronlc arts unt ap aratus 2 0 wherein th table
arrangement conflecEdig Rt t?%‘lgg@&ﬂia apl éﬂﬁ%%ﬁeﬁé\ﬁ%’éagﬁﬁge@i@d to

an out put shaft of t not.or onnect d o} eed-reducti on
devi ce and rota gcgt{q{gc&{ﬁrgﬁa%pac%ed to atapea at givendn erva£

An eleventh aspect of this invention is based on the first
aspect thereof, and provides an electronic-parts mounting apparatus
10 wherein the sucking nozzles of the second mounting head places
the electronic parts on the printed circuit board on the table
arrangement while the sucking nozzles of the first mounting head
pick up the electronic parts fed by the first feeder, and wherein the
sucking nozzles of the first mounting head places the electronic
15 parts on the printed circuit board on the table arrangement while
the sucking nozzles of the second mounting head pick up the
electronic parts fed by the second féeder.
A twelfth aspect of this invention is based on the first aspect
thereof, and provides an electronic-parts mounting apparatus
20 wherein the sucking nozzles of the first and second mounting heads
are arranged at a pitch corresponding to a pitch between paths of
feed of electronic parts from the cassettes.
A thirteenth aspect of this invention is based on the first
aspect thereof, and provides an electronic-parts mounting apparatus
25 wherein each of the first and second mounting heads comprises a

motor, a cam member connected to an output shaft of the motor, a



shaft of the notor rotat es, and a hol di ng nmenber connected to the

table for holding the printed circuit board. 2 5 A fourth aspect of
this invention is based on the third aspect t hereof, and provi des an
el ectroni c-parts nounting apparat us

-5- wherein the table arrangenent further conprises neans for

carrying the printed circuit board to and frpmthe hol di ng menber,
and nmeans for locating the printed circuit board on the hol ding
menber . 5 A fifth aspect of this invention is based on the first

aspect e fondner RhgYEmE e cant Hhédbel, Biplhte Tonnechih 30RAL" IS

cam follower and holding the sucking nozzles, the sucking nozzles
being elevated and lowered as the output shaft of the motor rotates.
A fourteenth aspect of this invention is based on the

5 thirteenth aspect thereof, and provides an electronic-parts
mbunting apparatus further comprising means for varying lower
limit positions of the sucking nozzles by controlling a range of
rotation of the output shaft of the motor with respect to the cam
member.

10 A fifteenth aspect of this invention is based on the thirteenth
aspect thereof, and provides an electronic-parts mounting apparatus
wherein a speed of movement of the sucking nozzles is low when
the sucking nozzles are positionally close to their upper limit
positions and their lower limit positions.

15 A sixteenth aspect of this invention is based on the thirteenth
aspect thereof, and provides an electronic-parts mounting apparatus
further comprising means for controlling a speed of rotatidn of the
output shaft of the motor.

A seventeenth aspect of this invention is based on the first

20 aspect thereof, and provides an electronic-parts mounting apparatus
further comprising means for simultaneously elevating and lowering
the sucking nozzles of the first mounting head, and means for
simultaneously elevating and lowering the sucking nozzles of the
second mounting heads.

25 An eighteenth aspect of this invention is based on the first

aspect thereof, and provides an electronic-parts mounting apparatus



further conprising a printed-circuit-board feeder for feeding the
printed circuit board to the table arrangenent, and a printed-
circuit-board carrier for carrying the printed circuit fromthe table 10

arrangenent . A sixth aspect of this invention is based on the
fifth aspect t hereof, and provides an el ectronic-parts nounting
appar at us further conprising a notor,gnd a power transm ssion
mechani sm connected between the notor and the printed-circuit-board
feeder. 15 A seventh aspect of this invention is based on the
fifth aspect hereof . .and_provides an el ectroni c-.nart untijn
appar at us f‘iﬁﬁ%%‘é?ﬂgi%s‘ﬁgi%% 5 c@?cstﬁqtu-e&g]ﬁﬁfg ?5@%&8&%&%%@’5? | de
menber s f@le QUERIHMINGRARS idrqne! A&} AbuifPRERISH Gifferbl
respectively. © rﬂégnﬁn eléght aspect (‘)1?1 tﬁ}ﬁos ?nvent#gn%guggg{e%'on

the fourth 2 Oandsheghs f6ekeghentally BlOxitdgs aad Rwasin®ihe stkisg mounting

appar at us further conprising a notor, and a power transm ssion
mechani sm nozzles of the second mounting heads at different timings.
5 A nineteenth aspect of this invention is based on the first

aspect thereof, and provides an electronic-parts mounting apparatus
further comprising sixth means for selecting at least one sucking
nozzle from among the sucking nozzles of the first mounting head;
seventh means for elevating and lowering the selected sucking

10 nozzle of the first mounting head; eighth means for selecting at least
one sucking nozzle from among the sucking nozzles of the second
mounting head; and ninth means for elevating and lowering the
selected sucking nozzle of the second mounting head.

A twentieth aspect of this invention is based on the

15 nineteenth aspect thereof, and provides an electronic-parts
mounting apparatus further comprising tenth means for inhibiting
sucking nozzles of the first mounting head which are not selected by
the sixth means from being elevated and lowered by the seventh
means; and eleventh means for inhibiting sucking nozzles of the

20 second mounting head which are not selected by the eighth means
from being elevated and lowered by the ninth means.

A twenty-first aspect of this invention is based on the
thirteenth aspect thereof, and provides an electronic-parts
mounting apparatus further comprising springs connected to the

25 sucking nozzles of the first and second mounting heads for urging

the sucking nozzles downward.



connected between the notor and the |locating neans in the table

ar rangenent . A ninth aspect of this invention is based on the
fifth aspect 2 5 thereof, and provides an el ectronic-parts nounting

appar at us further conprising a stopper for stopping the printed
circuit board - 6- at
a predeternined position above the table arr@ngenent which is fed by
the printed-circuit-board feeder. A tenth aspect of this

i nvention is based on the first aspect t hereof, and provi des an

el ectroni c- parts MOURLAh 3R/ Sspett IEHS InbBAHGATS Bdded 67 e st
bul k-type cassette containfng
aspect thereof, and provides an electronic-parts mounting apparatus
further comprising sixth means for detecting whether or not each
of the electronic parts is normally held by the related sucking
5 nozzle of the first mounting head; seventh means for removing the
electronic parts from the related sucking nozzles which are
detected by the sixth means to be not normally held by the related
sucking nozzles; eighth means for detecting whether or not each of
the electronic parts is normally held by the related sucking nozzle
10 of the second mounting head; and ninth means for removing the
electronic parts from the related sucking nozzles which are
detected by the eighth means to be not normally held by the related
sucking nozzles.
BRIEF DESCRIPTION OF THE DRAWIN
15 Fig. 1 is a perspective view of an electronic-parts mounting
apparatus according to a first embodiment of this invention.
Fig. 2 is a front view of the ele-ctronic-parts mounting
apparatus in Fig. 1.
Fig. 3 is a top view of the electronic-parts mounting apparatus
20 in Fig. 1.
Fig. 4 is a front view of an electronic-parts recognizing section
in the electronic-parts mounting apparatus of Fig. 1.
Fig. 5 is a side view of the electronic-parts recognizing section
in Fig. 4.
25 - Fig. 6 is a perspective view of a table arrangement in the

electronic-parts mounting apparatus of Fig. 1.



el ectronic parts in bul k, and a taping-type cassette containing chip-

type electronic parts attached to a tape at given intervals. An
el eventh aspect of this invention is based on the first aspect

t hereof, and provides an el ectronic-parts nounting apparatus 1 0 wherein

t he sucki ng nozzles of the second nounting head pl aces the electronic
parts on the printed circuit board on the talg<e arrangenent while the
sucki ng nozzles of the first nounting head pick up the electronic
parts fed by the first feeder, and wherein the sucki ng nozzl es of the

first nounting head ggo/e% :fer\%h?f%ei{}g%eq”]ofsa ngt(ri;é(i r?gq%%t}%bz inted circuit

board on the tabl e arr@ngene the of the

second nount i ngaﬂ%@%&ﬁ&'ﬁt HPFid%6 with rﬁEﬁHie‘i‘Q’Hx%kQﬁré@af}?gr Bie SA&eSGCON

f eeder. twel fth aspect of this invention Is based on the first
aspect t heeraity. and provides an el ectronic-parts nounting apparatus 2
0 wherein the sucking nozzles of the first and second nounting heads

are arranged at a piFigh &z adspohvienyof the tablecdrrbogement jntFig. 6

feed of electronic parts fromthe cassettes, . A thirteenth aspect
of this invehtion isFHashis antopneep pkan unloagepdpithendeesPnicrparts ovi des
an el ectronic-parts npounting a tu 2 5 wherein each of the first and
second mount i ng%@@%ﬁ%@ggﬁgi' notor, a cam nenber connected to an

output shaft of the ?‘E %0 ifa front view of a first portion of a drive mechanism
in the electronic-parts mounting apparatus of Fig. 1.
Fig. 11 is a front view of a second portion of the drive
10 mechanism in Fig. 10.
Fig. 12 is a side view of carrier rails and related members in
the electronic-parts mounting apparatus of Fig. 1.
Fig. 13 is a view similar to Fig. 10, showing the drive
mechanism in a state different from the state shown in Fig. 10.
15 Fig. 14 is a perspective view of a mounting head in the
electronic-parts mounting apparatus of Fig. 1.
Figs. 15 and 16 are front viewé of the mounting head in Fig. 14
which are in different states respectively.
Figs. 17, 18, and 19 are side views of the mounting head in
20 Fig. 14 which are in different states respectively.
Fig. 20 is a front view of the mounting head in Fig. 14.
Fig. 21 is a time-domain diagram of vertical displacement of a
sliding shaft in the mounting head of Fig. 14.
Figs. 22, 23, 24, and 25 are front views of the electronic-parts
25 mounting apparatus in Fig. 1 which are in different states

respectively.



-7- cam fol | oner engagi ng the cam nenber, a plate connected to the
cam fol | ower and hol di ng the sucki ng nozzles, the sucking nozzles

bei ng el evated and | owered as the output shaft of the notor rotates.

A fourteenth aspect of this invention is based on the 5 thirteenth aspect

t hereof, and provides an el ectronic-parts nount i ng apparatus further
conprising nmeans for varying | ower | i pit1 positions of the sucking
nozzl es by controlling a range of rotation of the output shaft of the
notor with respect to the cam menber. 1 0 A fifteenth aspect of

this invention is bagge 035152, bBI LheP8bMare front W%ttﬂ@régétroﬁﬂggagtfs

provi des an el ectroniczparts nounting apparat us erein a spee
nmovenent of thensowkting djaiaess iis Rigwl Wikith are ir deffereelistatesozzl es are

positionally close to their upper limt positions and their | ower
limt positionsredpéctively. A sixteenth aspect of this invention is based
on the thirteenth aspect thereof, and provides an el ectronic-parts

mounting apparatus Fig. 3Q/isieetor 8y iofithg eleelienicupasisnmoynting a speed of
rotation of é he appara&% ity t}“iés.hfuhi%{'x itsqxel a State different from the state shown
in Fig. 3.

Fig. 31 is a top view of the electronic-parts mounting
apparatus in Fig. 1 which is in a state different from the state shown
in Fig. 3. '

10 Fig. 32 is a sectional view of a sucking nozzle and a sliding
shaft in a mounting head in an electronic-parts mounting apparatus
according to a second embodiment of this invention. '

Fig. 33 is a view similar to Fig. 32, showing the sucking nozzle
and the sliding shaft in a state different from the state shown in Fig.

15 32.

Figs. 34, 35, 36, 37, and 38 are diagrammatic views of the
mounting head and electronic parts in the second embodiment of
this invention which are in different states respectively.

Figs. 39, 40, 41, and 42 are diagrammatic views of a mounting

20 head and electronic parts in a third embodiment of this invention

which are in different states respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
First Embodiment
With reference to Figs. 1, 2, and 3, an electronic-parts
25 mounting apparatus in a first embodiment of this invention includes

a housing-like base frame 1 on which electronic-pars feeders 2 and



A seventeenth aspect of this invention is based on the first 2 0 aspect

t hereof, and provides an el ectronic-parts nounti ng apparatus further
conprising nmeans for sinultaneously elevating and | oweri ng t he sucking
nozzl es of the first nounting head, and neans for si mul t aneously

el evating and | owering the sucking nozzles of the second nounti ng
heads. 2 5 An ei ghteenth aspect of thps invention is based on the
first aspect thereof, and provides an el ectronic-parts nounting

appar at us - 8- further

conpri sing nea ti QWehin sucki ng
nozzl es of then$| rst m)un c?]nﬁéeé{?%tf\fg fé%l’tgg‘lg %r\r,\r?r%'bassga set Oft ﬁ?\gfﬁ?s for
sequential ly e'@\@%hﬂge@@i’dé Qs idRg fﬂﬁ% SieetoRge-parts ep b?qédacond
nmounting heads at different tim ngs. A Ni net eent asp ct this

invention is bagitth an déiadenieit pomomwemxbhencﬁaé theneagiettdsdgsnan
el ectroni c-parts nounting apparat us further conprising sixth nmeans for
sel ecting at | emsitableepssitibnsgespectively. Each of the cassettes 4 in the
5 electronic-parts feeder 2 is designed to sequentially feed electronic
parts (electronic components) with the aid of a suitable drive
mechanism associated with the electronic-parts feeder 2. Similarly,
the electronic-parts feeder 3 has a set of cassettes 4 arranged side
by side. The electronic-parts feeder 3 is provided with an
10 engagement portion 3A which holds the cassettes 4 in suitable
positions respectively. Each of the cassettes 4 in the electronic-
parts feeder 3 is designed to sequentially feed electronic parts
(electronic components) with the aid of a suitable drive mechanism
associated with the electronic-parts feeder 3. The electronic-parts
15 feeders 2 and 3 are separated from each other by a predetermined
interval. The paths of the feed of electronic parts by the electronic-
parts feeders 2 and 3 extend along 5 Y direction in a horizontal
plane.
The cassettes 4 in the electronic-parts feeders 2 and 3 are of
20 the bulk type or the taping type. The bulk-type cassettes 4 contain
electronic parts in bulk. The taping-type cassettes 4 contain chip-
type electronic parts detachably bonded to a tape at given intervals.
A controller 23 supported on the base frame 1 controls
various actuators in response to the output signals of various sensors.
25 The controller 23 includes a microcomputer or a similar device

which has a combination of an input/output port, a CPU, a ROM, and



nozzl e from anong the sucking nozzles of the first nounting head,

seventh neans for elevating and |owering the selected sucking 1 0 nozzle of
the first nounting head; eighth neans for selecting at |east one
sucki ng nozzl e from anong the sucking nozzles of the second nount i ng
head; and ninth neans for elevating and | owering the sel ect ed sucking
nozzl e of the second nounting head. -13- Atwentieth aspect of this
invention is based on the 1 5 nineteenth aspect thereof, and provi des an

el ectronic-parts nount i ng apparatus further conprising tenth neans for

I nhi bi ti | ft fl ti head L ch t

olected by AN CRRRERuERoRmi e ondrater B8 RichRuniey sith Aiefleie

te | t & . f

The 2.0 second onee ng Read uh Togr 7 st BM 28 oY B9 atPRdted
A

from bei ng el evwitgdtiagprograhed by the ninth neans.

twenty-first aspect of this invention is based on the thirteenth
aspect thereof, and jrebladesrangesiatt 6 mippqraed on the basedtamg hembéemadsis
further conprising springs_connected to the 2 5 sucking nozzles of the

first and s@condetren the elestaenicopattsgiesders 2 andnd. stbkelagtreniopests

downwar d. recognizing section 12 is located between the electronic-parts

feeder 2 and the table arrangement 6. The electronic-parts
recognizing section 12 serves to detect conditions of electronic
parts (electronic components) held by sucking nozzles. The

10 electronic-parts.recognizing section 12 outputs an electric signal to
the controller 23 which represents the detected conditions of the
electronic parts held by the sucking nozzles. The electronic-parts
recognizing section 12 includes a camera taking an image of each of
the electronic parts held by the sucking nozzles as viewed in an

15 upward direcﬁon, and also a camera (or a line sensor) taking an
image of each of the electronic parts held by the sucking nozzles as
viewed in a horizontal direction. Th.e controller 23 responds to the
output signal of the electronic-parts recognizing section 12, thereby
recognizing the electronic parts and also deciding whether or not

20 the electronic parts are normally held by the sucking nozzles. Thus,
the controller 23 decides whether or not the sucking nozzles fail to
pick up the electronic parts.

An electronic-parts recognizing section 13 is located between

the electronic-parts feeder 3 and the table arrangement 6. The

25 electronic-parts recognizing section 13 serves to detect conditions

of electronic parts (electronic components) held by sucking nozzles.



-9- A twenty-second aspect of this invention is based on the

first aspect thereof, and provides an el ectronic-parts nmounting

appar at us further conprising sixth means for detecting whether or not
each of the electronic parts is normally held by the rel ated sucking
5 'nozzle of the first nmounting head; seventh neans for renoving the

el ectronic parts fromthe rel ated sucking nqzgl es which are det ect ed
by the sixth nmeans to be not normally held by the rel ated sucki ng
nozzl es; eighth neans for detecting whether or not each of the

Second mount | ng THEGLECHIF RAIFE TESUERPONE RERBOrn ot DUt 58 Gefiti ¢
parts from the gehajied, sekig ﬁe;rlzgggvy%kg}sgfﬁen&s tfieligflctga by the

ei ghth nmeans to norrra sucking nozzl es.

BRI EF DESCRI PTI %%Jﬁ@oplﬁﬁw&éﬁrénﬁ parts hefd By the SudkiPRf 882AES.VerHye ew

of an el ectronic-parts nounting appar at us accordl ng to a first
enbodi nent of t Blextionienpards.recognizing secfiog. 12 melui:lefg antameewtakirigian
el ectroni c-parts nounting apparatus in Fig Fig. 3is a

top view of d heimiagetafoeaah phthe einnﬂmmngmﬁpah@ldmy the sucking giozzles as
Fig. 4 is a front VI ew of an el ectronic-parts recognizing section
the el ectronic- Bigyed i @n Pwa&ﬂp@lfﬁ‘t’tﬁ%no?‘nﬁl%‘}s‘)? Camera (or a hpf:gser@or)s a

o1 de wiew of UGk PAR PR bick SR AbIRRRCLLAR notg oy e bt 2 S
nozzles as viewed in a horizontal direction. The controller 23
responds to the output signal of the electronic-parts recognizing

10 section 13, thereby recognizing the electronic parts and also
deciding whether or not the electronic parts are normally held by
the sucking nozzles. Thus, the controller 23 decides whether or
not the sucking nozzles fail to pick up the electronic parts.

A defective-parts removing section 17 is located between the

15 table arrangement 6 and the electronic-parts recognizing section
12. The defective-parts removing section 17 is used in removing
electronic components from a normél feed path which are decided
or founded to be not normally held by the sucking nozzles. A
defective-parts removing section 18 is located between the table

20 arrangement 6 and the electronic-parts recognizing section 13.
The defective-parts removing section 18 is used in removing
electronic components from a normal feed path which are decided
or founded to be not normally held by the sucking nozzles.

The table arrangement 6 serves to hold a printed circuit board

25 19 on upper surfaces thereof. The table arrangement 6 is slidably
supported on a pair of guide rails 7. The output shaft of a drive



el ectroni c-parts nmounting apparatus of Fig. 1.

- 10- Fig. 7 is a perspective view of a portion of the table
arrangenent in Fig. 6 with nenbers broken away for the sake of

clarity. Fig. 8is a front view of the table arrangenent in

Fig. 6. 5 Fig. 9 is a top view of an unl oader in the

el ectronic-parts nounti ng apparatus of skig. 1. Fig. 10 is
a front viewof a first portion of a drive nechanism in the

el ectroni c-parts nounting apparatus of Fig. 1. Fig. 11 is a

front view of AmotéP 19 &Oééﬁ&@doﬂ(o h{]eetacglieva?rrangement 6 via a ball screw 5.
As the output shaft of the drive motor 14 rotates, the table
arrangement 6 slides along the guide rails 7 and moves along the Y
direction in the horizontal plane, that is, the direction of the feed of

5 electronic parts by the electronic-parts feeders 2 and 3. The drive
motor 14 is controlled in response to the controller 23. Thus, the
table arrangement 6 can be controlled by the controller 23.

Mounting heads 10 and 11 are slidably supported by a guide

rail or guide rails 8 provided on a lower surface of an upper member

10 (an upper beam) 9 fixedly connected to the base frame 1. Each of
the mounting heads 10 and 11 holds a plurality of movable sucking
nozzles (movable vacuum nozzles or movable pick-up nozzles) 20.
The sucking nozzles 20 can be elevated or lowered relative to the
bodies of the mounting heads 10 and 11 by suitable actuators which

15 are controlled in response to output signals of the controller 23.
The mounting heads 10 and 11 can slide along the guide rail 8 and
move in an X direction in a horizontél plane. The X direction is
perpendicular to the Y direction, that is, the direction of the feed of
electronic parts by the electronic-parts feeders 2 and 3. The

20 mounting heads 10 and 11 are driven by suitable actuators which
are controlled in response to output signals of the controller 23.
Thus, the mounting heads 10 and 11 can be controlled by the
controller 23. The mounting heads 10 and 11 can move
independently of each other.

25 The mounting head 10 is controlled by the controller 23,

being reciprocated between first and second positions along the X



1 0 nechanismin Fig. 10. Fig. 12 is a side view of carrier
raits and rel ated nenbers in the el ectronic-parts nounting apparatus
of Fig. 1. Fig. 13 is aviewsimlar to Fig. 10, showi ng the
drive mechanismin a state different fromthe state shown in Fig. 10.
15 Fig. 14 is a perspective view of a nounting head in the

el ectroni c-parts nounting apparatus of Fig.-16- Figs. 15 and 16
are front views of the nounting head in Fig. 14 which are in
different states respectively. Figs. 17, 18, and 19 are side

views of the m%}é&%ﬁ]eaﬁp:eg a'lfgml Sdrgcu?égiﬁ?ﬁ{“fa iQriﬁ #ﬁ st Osftion Stifd s

respectively. ew o e nouanting head in

Fig. 14. suckifigthozZled 20%0m ithe-shetRitthg haghaard Yick aip let&dtronic
di spl acenent of a sliding shaft in the mounting head of Fig. 14.

Figs. 22, 23, 24{ansdrém the eleaindinicipantsdeetdee 2el atier seacand posstion df
nmounti ng apparatus in Fig. 1 which are in different states
respectively. the mounting head 10 corresponds to the position of a printed

5 circuit board 19 on the table arrangement 6.

The sucking nozzles 20 on the mounting head 10 are arranged
at a pitch corresponding to a pitch between the paths of the feed of
electronic parts from the cassettes 4 in the electronic-parts feeder
2. Specifically, the pitch between the sucking nozzles 20 on the

10 mounting head 10 is equal to the pitch between the paths of the
feed of electronic parts from the cassettes 4 in the electronic-parts
feeder 2. The pitch between the sucking nozzles 20 on the
mounting head 10 may be equal to an integral multiple of the pitch
between the paths of the feed of electronic parts from the cassettes

15 4 in the electronic-parts feeder 2. _

The mounting head 11 is controlled by the controller 23,
being reciprocated between first and second positions along the X
direction. When the mounting head 11 is in its first position, the
sucking nozzles 20 on the mounting head 11 pick up electronic

20 parts from the electronic-parts feeder 3. The second position of
the mounting head 11 corresponds to the position of a printed
circuit board 19 on the table arrangement 6.

The sucking nozzles 20 on the mounting head 11 are arranged
at a pitch corresponding to a pitch between the paths of the feed of

25 electronic parts from the cassettes 4 in the electronic-parts feeder

3. Specifically, the pitch between the sucking nozzles 20 on the



Figs. 26, 27, 28, and 29 are front views of the electronic-parts
nounti ng apparatus in Fig. 1 which are in different states

respectively. Fig. 30 is a top view of the electronic-parts
mounting 5 apparatus in Fig. 1 which is in a state different fromthe
state shown in Fig. 3. Fig. 31 is a top view of the

el ectroni c-parts nounting apparatus in1fg. 1 which is in a state
different fromthe state shown in Fig. 3. 10 Fig. 32 is a
sectional view of a sucking nozzle and a sliding shaft in a nounting

SRR ST N A TR T 5 M S
SO, P AR AR ots B0 GO T LBkl
36, 37, and 38 pgRied ROrPmeBiich BEBWEer® the Micking nozzles 20 on the
mounting head 11 may be equal to an integral multiple of the pitch
5 between the paths of the feed of electronic parts from the cassettes
4 in the electronic-parts feeder 3.
A loader 15 is controlled by the controller 23 to carry a
printed circuit board 19 to the table arrangement 6. An unloader
16 is controlled by the controller 23 to carry the printed circuit
10 board 19 from the table arrangement 6. The cassettes 4 in the
electronic-parts feeder 2 are driven by a feeding device 21. The
cassettes 4 in the electronic-parts feeder 3 are driven by a feeding
device 22. |
The electronic-parts recognizing sections 12 and 13 have
15 similar structures. Therefore, only the electronic-parts recognizing
section 12 and related members will be explained in detail. As
shown in Figs. 4 and 5, the electrorﬁc—parts recognizing section 12
includes a camera 27 supported on the base frame 1. Specifically,
the camera 27 is attached to a side surface of an I-shaped bracket
20 25 fixed to an upper surface of the base frame 1. The camera 27
faces upward. The camera 27 has a lens barrel 26. Shafts 24
supported on a body of the mounting head 10 extend downward
from the body of the mounting head 10. Sucking nozzles 20 are
connected to the shafts 24, respectively. The sucking nozzles 20
25 extend downward from lower ends of the shafts 24, respectively.

The camera 27 takes images of electronic parts 150 held by the



nounting head and el ectronic parts in the second enbodi nent of this

I nvention which are in different states respectively. Figs. 39,
40, 41, and 42 are diagrammatic views of a nounting 2 0 head and

el ectronic parts in a third enbodi nent of this invention which are in
different states respectively. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS -H 8st Enbodi nent Wth
reference to Figs. 1, 2, and 3, an electronic-parts 2 5 nounting apparatus
in a first enbodi ment of this invention includes a housing-1ike base

frame 1 on whi C@ﬁl&ﬁé{;ﬁ%@%’s%%xf e&ﬂ?xt SoptRY The camera 37 outputs an .

-1 2- 3 are pr e electronrc-parts feeder has

cassettes L1EEERNS Y SR cOhBRllelhE3 Qb fipiesBatd $hé qugﬁeesgog S

provi ded wi th an engagenent portion 2A which holds the cas
sui tabl e positi ahge ¢lespenic pakts 15acheldf by hhecassenf aroztldsn20heA 1ne

el ectronic-parts feeder 2 is designed to sequentially feed electronic
sensor 28 is attached to an upper surface of the I-shaped bracket
5 25. The line sensor 28 has a casing or a body formed with a slit 28A
for accommodating the sucking nozzles 20. The slit 28A extends in
a direction which agrees with the direction of movement of the
sucking nozzles 20. Accordingly, the sucking nozzles 20 can be
moved along the slit 28A. The line sensor 28 detects the heights of
10 electronic parts.150 held by the sucking nozzles 20 one after
another. The line sensor 28 outputs an electric signal to the
controller 23 which represents the heights of the electronic parts
150 held by the sucking nozzles 20.
With reference to Figs. 6, 7, and 8, the table arrangement 6
15 includes a Y table 29 which is slidably supported by linear guides 31
fixed to a table base 30. The linear guides 31 correspond to the
guide rails 7 in Fig. 1. The table basé 30 is attached to the base
frame 1 (see Fig. 2). The output shaft of a Y-axis motor 32 is
coupled to the Y table 29 via a ball screw 33. The Y-axis motor 32
20 corresponds to the drive motor 14 in Fig. 3. The ball screw 33
corresponds to the ball screw 5 in Fig. 3. As the output shaft of the
Y-axis motor 32 rotates, the Y table 29 moves along the Y direction.
The Y table 29 can move back and fourth along the Y direction. The
Y-axis motor 32 is controlled by an output signal of the controller 23
25 (see Fig. 1). Thus, the Y table 29 can be controlled by the controller
23.



parts (electronic conponents) with the aid of a suitable drive

mechani sm associ ated with the electronic-parts feeder 2. Simlarly,

the electronic-parts feeder 3 has a set of cassettes 4 arranged side

by side. The electronic-parts feeder 3 is provided with an 1 0 engagenent

portion 3A which holds the cassettes 4 in suitable posi tions
respectively. Each of the cassettes 4 in thetglectronic- parts feeder
3 is designed to sequentially feed electronic parts (el ectronic
conponents) with the aid of a suitable drive nechanism associated with

are separ at od 11 om odbREHRHe PO o BrERRiBR G buSe 80 adhGRETES % B o
of [Lhe feed of SWR!F@peet RAIthe Psikibf & Gfd YORSe 29 relatPthtHCEARES 2
and 3 extend along a Y'direction 1n a horizonta pl ane. T

cassettes 4 in theseeBOctTROIRIgMdehisbe BIEbatPuEn 2l8¢Ric0sighal totthe bul k
type or the taping type. The bul k-type cassettes 4 contain el ectronic

parts in bul k. Tontrelemg3t (gpe Rigs dptwltishdcamiains infdrinpation of theyYeorigin
el ectronic parts detachably bonded to a tape at given intervals.
A control | er 523 withpsspeat ¢ tharasbeniofahe Y t@bﬁ@ 28 xelative toathieotable

Coni roll or 23 | HANREQ" AN CFEULREIRTLPISe Ol AEARAA® the ¥ hiEtas o
combi nation of apy } SN BitedtRiing t57He # . Mfhen the ¥ origin

detection plate 40 moves into alignment with the origin sensor 39

he

and is sensed by the origin sensor 39, the output signal of the origin
10 sensor 39 assumes a state indicating that the position of the Y table
29 relative to the table base 29 agrees with the Y origin.

The table arrangement 6 includes a 6 frame or a 6 table 34
fixed to the output shaft of a speed-reduction device 35. The speed-
reduction device 35 has a casing fixed to the Y table 29. An example

15 of the speed-reduction device 35 is a speed-reduction gear box.
The input shaft of the speed-reduction device 35 is coupled to the
output shaft of a 6-axis motor 36 Whilch has a casing attached to the
Y table 29. Thus, the 6 frame 34 is connected via the speed-
reduction device 35 to the 8-axis motor 36. As the output shaft of

20 the 6-axis motor 36 rotates, the 8 frame 34 rotates relative to the Y
table 29 in a horizontal plane (that is, the 6 frame 34 moves in a 6
direction). Specifically, the 6 frame 34 is able to rotate about an axis
perpendicular to both the X direction and the Y direction. The 8-
axis motor 36 is controlled by an output signal of the controller 23

25 (see Fig. 1). Thus, the 6 frame 34 can be controlled by the
controller 23 (see Fig. 1). The 6 frame 34 can move in the Y



- 13- a RAM The m croconputer operates in accordance with a program

stored in the ROM Thus, the controller 23 operates in accordance wth
t he program A tabl e arrangenent 6 supported on the base frane 1
extends 5 between the electronic-parts feeders 2 and 3. An

el ectronic-parts recogni zi ng section 12 is | ocated between the

el ectronic-parts feeder 2 and the tablR®arrangenent 6. The

el ectronic-parts recogni zi ng section 12 serves to detect conditions of
el ectronic parts (electronic conponents) held by sucking nozzles. The

the controller I C esent s ected conditions of the

el ectronic parts hel d Bynédie3?uatddied'0F thes tdbR 2 _mteordl P8 drigin
recogni zing section 12 includes a canera taking an i mage of each o

the el ectroni c mathsebpect ty théergudki positionz lof $hash ¥iaane B84 nelative to the
Y table 29. When the 08 frame 34 rotates relative to the Y table 29,

1 0 electroni c-ﬂ?gﬁ%ﬁ)r{]% E;iﬁ%%ﬁty&gﬁgz@n puts an electric signal to
repr t’he de

5 the origin sensor 37 remains stationary with respect to the Y table

29. The origin sensor 37 outputs an electric signal to the controller
23 (see Fig. 1) which contains information of the 6 origin with
respect to the angular position of the 8 frame 34 relative to the Y
table. A @ origin detection plate 38 is attached to the 6 frame 34 at

10 a position corresponding to the 6 origin. The 8 origin detection
plate 38 rotates together with the 8 frame 34. When the 6 origin
detection plate 38 moves into alignment or register with the origin
sensor 37 and is sensed by the origin sensor 37, the output signal of
the origin sensor 37 assumes a state indicating that the angular

15 position of the 6 frame 34 relative to the Y table 29 agrees with the
8 origin.

A rail frame 41 can move vertfcally while being guided by
vertically-extending guides 42 fixed to the 6 frame 34. The rail
frame 41 is driven by an actuator or a cylinder 43 having a casing

20 fixed to the table base 30. The rail frame 41 can move upward and
downward at a position corresponding to the origin of the Y axis.
The cylinder 43 is controlled in response to an output signal of the
controller 23 (see Fig. 1). Thus, the rail frame 41 can be controlled
by the controller 43 (see Fig. 1). For example, the cylinder 43 is of

25 a pneumatic type, being connected to a solenoid valve controlled by

the controller 23 (see Fig. 1).



1 5 upward direction, and also a canera (or a line sensor) taking an

I mge of each of the electronic parts held by the sucking nozzles as

viewed in a horizontal direction. The controller 23 responds to the

out put signal of the electronic-parts recognizing section 12, thereby
recogni zing the electronic parts and al so deci ding whether or not 2 0 the
el ectronic parts are normally held by the sf8dki ng nozzl es. Thus, t he
controller 23 decides whet her or not the sucking nozzles fail to pi ck
up the electronic parts. An electronic parts recogni zi ng section

13 is | ocat ed betveegerycany EOREHERUAN G BIAL 9l RP9SE, RS L ige D! ©

arrangenent 6. The troni ogn| Zi Ng "sec Sérves to

detect conditi Ofgme 34.0%ne S&éﬁn?ﬁ'b@né’&w §uﬁ>ﬁbﬁcé ihfederRaRak el d by

sucki ng nozzl es.
The el ectroni c- fdiers thie eaf framegs b anbvren dddmeetnadit Thanbedies tafi beanngs disgnal

to the controller 23 which represents the detected conditions of the
el ectroni ¢ partartifixedbip theraildkamg 4bz A Sxedagrier rail 47 is provided on
5 each of the bearings 45. A belt guiding pulley 48 is supported on
the fixed carrier rail 47. The belt guiding pulley 48 engages a
carrier belt 46 which can be driven by an externally-applied power
for carrying the printed circuit board 19. The carrier belt 46 is
guided by the fixed carrier rail 47 when being driven.

10 A movable carrier rail 49 extends in parallel with the fixed
carrier rail 47. The movable carrier rail 49 guides a carrier belt 50
which is in engagement with a belt guiding pulley 48. The belt
guiding pulley 48 is supported on the movable carrier rail 49. The
carrier belt 50 can be driven by an externally-applied power for

15 carrying the printed circuit board 19. The movable carrier rail 49 is
attached to nuts 52 engaging ball screws 51 provided on the rail
frame 41. As the ball screws 51 roté.te, the movable carrier rail 49
moves toward or away from the the fixed carrier rail 47. Generally,
the position of the movable carrier rail 49 is adjusted in accordance

20 with the size or the width of a printed circuit board 19. The
printed circuit board 19 can be carried by the carrier belts 46 and
50 while opposite sides of the printed circuit board 19 are
supported thereby.

A belt-driven rotating members supported on levers 69 (only

25 one of which is shown in Fig. 6) can couple with and uncouple from

the belt guiding pulleys 48 in accordance with vertical movement of



el ectroni c-parts recogni zing section 13 includes a canmera taking an 5

I mge of each of the electronic parts held by the sucking nozzles as
viewed in an upward direction, and also a canera (or a |line sensor)

taki ng an i mage of each of the electronic parts held by the sucking
nozzles as viewed in a horizontal direction. The controller 23

responds to the output signal of the electr@B<c-parts recognizing 1 0
~section 13, thereby recognizing the electronic parts and al so

deci di ng whether or not the electronic parts are nornmally held by t he

SucKi NG NOZZ' €S thd Thied EARGORI A7 £haZheORVEBR BARICTaP0. WhER'thkne

sucki ng nozzles to pick up the electronic parts.

def ecti ve- part s rbEiTYE RGemdets Oh He ilévdraoEd RAupss VALK theebélt%maﬁbge
arrangenent 6 and the el ectroni c-parts recogni zing section

def ecti ve- part s pudlaysi 48, er rotmtinld membeedrotate ¢he\vbely gu1d1ngepaﬁEy9ma:
conponents froma normal feed path which are decided or founded to be
not nornal |y hels@ attthe mrr@elﬁﬁ)éﬁl ard 50 move. d‘@ﬂum itherpmﬂusgr enovi ng
section 18 i Ioca dbet en the table 2 0 rran ndthe

el ectronic- p"ilrtén? \Aﬁbe e l‘@couple gl Hé&PéﬂkéfﬁDw ng

Feed pat %Smjfcﬁﬁ??ethﬁ E%éﬁ&ﬂlg pulless 35 BEE rEIsHRER R S B RREG Dy (e
sucki ng nozzl es 0. I
printed circuit f%lgaefd ?%refg§%1%3€%gﬁg ﬁggggefﬂeggéo\fﬁ%ﬁg ?lggl g]@

arrangenent 6 i eapHefl@delts 46 andBPPSioped on a pair of guide rails 7. The
out put shaft of a drive

The ball screws 51 are perpendicular to the fixed carrier rail

10 47 and the movable carrier rail 49. Pulleys 53 are attached to ends
of the ball screws 51, respectively. The pulleys 53 are connected by
a timing belt 54. Thus, the ball screws 51 are connected to each
other by the combination of the pulleys 53 and the timing belt 54.
As one of the ball screws 51 is rotated, the other ball screw 51 is

15 also rotated. _

As previously explained, the bodies of the bearings 45 are
fixed to the rail frame 41. A shaft 55 is rotatably supported by the
bearings 45. Locating levers 57, 58, and 59 are supported on the
shaft 55. The locating levers 57, 58, and 59 have pins 56 for

20 locating the printed circuit board 19. The locating levers 57 and 58
are fixed to the shaft 55. The locating levers 57 and 58 provide
references for locating the printed circuit board 19. The position of
the locating lever 59 relative to the shaft 55 is adjustable. The
position of the locating lever 59 is set in accordance with the size of

25 the printed circuit board 19.
A control lever 60 is fixed to a right-hand end of the shaft 55.



-1 5- notor 14 is coupled to the table arrangenent 6 via a bal
screw 5. As the output shaft of the drive notor 14 rotates, the table
arrangenent 6 slides along the guide rails 7 and noves along the Y
direction in the horizontal plane, that is, the direction of the feed of

5 electronic parts by the electronic-parts feeders 2 and 3. The drive
notor 14 is controlled in response to the €B@t-roller 23. Thus, the

tabl e arrangenent 6 can be controlled by the controller 23.

Mounting heads 10 and 11 are slidably supported by a guide rail or

guide rails 8 pyxAydfiede ilafrbﬁ&flési'érﬁ)raﬁﬁ @Evﬂag;ﬁgcﬁsq{ipﬁemgr ojnn ol fe% upper

beam) 9 fixedly connecte ase frane 1 & NOURL I ng
heads 10 and 1lgbaiaisba diivérdlorinotfed By 3l extedpkl %Wer tranSfassien (nmovabl e
vacuum nozzl es or novabl e pi ck-up nozzles) 20. he sucki ng nozzl es 20
can be el evat edmeEmbemérled Thel external potes transm1bsmnemeiﬁbéh(ﬁlrmdﬂhbm
heads 10 and 11 suitable actuators which 1 5 are controlled in response
to output si gna%ébﬂnt aetuader osla eylinder (no reference numeral) which is

5 controlled in response to an output signal of the controller 23 (see
Fig. 1). Thus, the control lever 60 and the external power
transmission member 61 can be controlled by the controller 23 (see
Fig. 1). As the control lever 60 is rotated by the external power
transmission member 61, the locaiting pins 57, 58, and 59 also

10 rotate and hence release the printed circuit board 19. A tension
spring 62 is connected to the control lever 60. When the control
lever 60 separates from the external power transmission member
61, the tension spring 62 returns the control lever 60 to its original
position. At the same time, the locating levers 57, 58, and 59 are

15 returned to their original positions where the locating levers 57,
58, and 59 support the printed circuit board 19.

A detection plate 63 is attachéd to the control lever 60. The
detection plate 63 can be detected by a sensor (not shown)
provided on another unit. This sensor outputs a signal to the

20 controller 23 (see Fig. 1) which contains information of the position
of the control lever 60, that is, information of the positions of the
locating levers 57, 58, and 59. This information indicates whether
the printed circuit board 19 is held by or released from the locating
levers 57, 58, and 59.

25 A stopper 64 is rotatably provided on a support frame 67 fixed
to the base frame 1 (see Fig. 1). The stopper 64 can be driven by an



The nounting he
nove in an X di
per pendi cul ar t
el ectroni c part
nount i ng heads

controlled inr
t he nounting he
The nounting he
5 The no

ads 10 and 11 can slide along the guide rail 8 and
rection in a horizontal plane. The X direction is

othe Y direction, that is, the direction of the feed of
s by the electronic-parts feeders 2 and 3. The 2 0

10 and 11 are driven by suitable actuators which are

esponse to output signals of2#4he controller 23. Thus,
ads 10 and 11 can be controlled by the controller 23.

ads 10 and 11 can nove i ndependent|y of each other.

bei ng reciproc a? g@%g{ \r/\be% c& glrilg ? d ?r%’ghég%{ &ﬁ% c%égls é] ?8%‘21%{6(%{@06% lﬁé:%{lpp ort
fieihO'57 WieR ﬁiﬂeﬁﬁpuﬁﬁé e%%éﬁgé%ﬁ rbtate if &ﬂrf&&oﬂ@si tion,

-16- dir
t he sucki n
parts fromthe

10

15

20

25

g nozzles 20 'on the nounti 10 pick up electronic
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response to an output signal of the controller 23 (see Fig. 1). Thus,
the stopper 64 can be controlled by the controller 23 (see Fig. 1).
For example, the cylinder 65 is of a pneumatic type, being
connected to a solenoid valve controlled by the controller 23 (see
Fig. 1). As previously explained, the printed circuit board 19 is
carried by the carrier belts 46 and 50. The stopper 64 serves to
stop the printed circuit board 19 at a prescribed position. A sensor
68 attached to the support frame 67 serves to detect whether or
not a printed circuit board 19 is present in the prescribed position.
An output signal of the sensor 68 is fed to the controller 23 (see Fig.
1).

As previously indicated, the controller 23 (see Fig. 1) operates
in accordance with the program. The program has an NC
(numerical control) segment for plaéing or mounting electronic
parts on a printed circuit board 19 on the table arrangement 6.
Also, the program has a segment for controlling the table
arrangement 6. According to the table control segment of the
program, the table arrangement 6 operates as follows. After
electronic parts are placed or mounted on a printed circuit board
19, the controller 23 controls the Y-axis motor 32 and the 8-axis
motor 36 in response to the output signals of the sensors 37 and 39
so that the Y table 29 and the 6 frame 34 return to their origin-

corresponding positions respectively. Subsequently, the controller

2



the nounting head 10 corresponds to the position of a printed 5 circuit

board 19 on the table arrangenent 6. The sucki ng nozzles 20 on
t he nounting head 10 are arranged at a pitch corresponding to a pitch
bet ween the paths of the feed of el ectronic parts fromthe cassettes

4 in the electronic-parts feeder 2. Specifically, the pitch between

t he sucking nozzles 20 on the 1 0O nountingbead 10 is equal to the pitch

bet ween the paths of the feed of electronic parts fromthe cassettes 4
in the electronic-parts feeder 2. The pitch between the sucking

nozzles 20 on t guat i N

multiple of t heh%?tcgﬁltml %e@aglgdr‘]&? %]Sg)aﬁéslt g’& ?%%Izﬂf%%g %T 1%:%%%%%; C
parts fromthe cpreRifbRS theSupfer ButfiRe§! ACHLBAMARDERs (484 B0 guided
The nounting head 11 is controlled by the controller 23, bei hg

reci procat ed betwpeheffixesl canterseaiddd anditheonvabbngattier ¥ail 49 move
direction. Wen the nounting head 11 is in its first position, the

sucki ng nozzl es @pwandtthepemitions raguaddn haighitdk effectivecplameiscof2tiee lqaaders

fromthe electronic-parts feeder 3. The second position of t he

mounti ng hea® 111e¥tkiperddorder AE (568 Figenl of. angr Shiarga printedceirguitt

board 19 on the lggat.)xl'cfa 18" P&eanxeenioc%ted at left-hand and right-hand sides of the
table arrangement 6. Then, the controller 23 controls the external
power transmission member 61 so that the control lever 60 is
rotated by the external power transmission member 61. As a result,

10 the printed circuit board 19 is released from the locating levers 57,

58, and 59.

As the rail frame 41 is elevated, the belt guiding pulleys 48
couple with the rotating members on the levers 69 so that the belt
guiding pulleys 48 rotate in accordance with rotation of the rotating

15 members on the levers 69. Thus, the carrier belts 46 and 50 move
so that the printed circuit board 19 is carried from the prescribed
position. When the sensor 68 inforfns the controller 23 that the
printed circuit board 19 is absent from the prescribed position, the
controller 23 controls the cylinder 65 so that the stopper 64 enters

20 a path of the feed of a printed circuit board 19.

Then, the carrier belts 46 and 50 are loaded with a new
printed circuit board 19 by the loader 15 (see Figs. 1, 2, and 3). As
the new printed circuit board 19 is moved by the carrier belts 46
and 50, the new printed circuit board 19 encounters the stopper 64

25 and hence stops at the prescribed position. When the new printed

circuit board 19 reaches the prescribed position, the sensor 68



The sucking nozzles 20 on the nounting head 11 are arranged at a pitch
corresponding to a pitch between the paths of the feed of 2 5 electronic

parts fromthe cassettes 4 in the electronic-parts feeder 3.
Specifically, the pitch between the sucking nozzles 20 on the

-17- mounting head 11 is equal to the pitch between the paths of the
feed of electronic parts fromthe cassettes28-in the electronic-parts

feeder 3. The pitch between the sucking nozzles 20 on the nmount i ng

head 11 may be equal to an integral multiple of the pitch 5 between the

paths of ‘the fegdiOhsehafiheMdw Rdthted LRI 60535 18! {Chresent intthd the
g. A ?oac}er %@F ﬁfr(ﬁq egj1 Bﬁ

el ectroni c-parts Teeder I'S Co y the

controller 23 tBr&stirie positior! I THE GofitFdllért 29 rrdi} 1 tPBnkaP!43 in
arrangenment 6. An unl oader 16 is controlled by the controller 23 to

carry the printssbpoirrseutot thel oQtpipaigthal 9f ftherseriser téihke that ahganginfratne The
cassettes 4 in the
41 is lowered. As the rail frame 41 is lowered, the belt guiding
5 pulleys 48 uncouple from the rotating members on the levers 69.

Thus, the carrier belts 46 and 50 stop. At the same time, the
controller 23 controls the external power transmission lever 61 in
response to the output signal of the sensor 68 so that the external
power transmission lever 61 separates from the control lever 60.

10 Thus, the tension spring 62 forces the locating levers 57, 58, and
59 to hold the new printed circuit board 19. In this way, the new
printed circuit board 19 is located at the suitable position. The
sensor cooperating with the detection plate 63 informs the
controller 23 that the new printed circuit board 19 is suitably

15 located. Then, the controller 23 controls the cylinder 65 so that
the stopper 64 returns to its inoperative position or its rest
position. Subsequently, the controllér 23 controls the cylinder 43
so that the rail frame 41 is lowered to a given position.

When the printed circuit board 19 has been replaced by a new

20 one in this way, electronic parts are placed or mounted on the new
printed circuit board 19 according to the NC segment of the
program. During the electronic-parts mounting process, the
controller 23 decides the postures of electronic parts held by the
sucking nozzles 20 in response to the output signals of the

25 electronic-parts recognizing sections 12 and 13. In addition, the

controller 23 calculates a corrective quantity of the position of the



el ectronic-parts feeder 2 are driven by a feeding device 21. The
cassettes 4 in the electronic-parts feeder 3 are driven by a feeding

devi ce 22. The el ectronic-parts recogni zi ng sections 12 and 13
have 1 5 simlar structures. Therefore, only the electronic-parts
recogni zi ng section 12 and related nenbers will be explained in
detail. As shown in Figs. 4 and 5, th@&®iectronic-parts recogni zi ng
section 12 i ncludes a canera 27 supported on the base frane 1.

Speci fically, the canera 27 is attached to a side surface of an

| - shaped braCketx}egvgnrir?édféﬁggifttS’o% %Q%gfsah‘é'if af’?ﬁngelé 0 gsﬁagsaigal' The

canera 27 ces upward. The canera as a lens barr fts 24

supported on a hegyofée tHAHEPIEdiHBE pethrd RnR¥esmd FQ¥¥EhEre, the fromthe

body of the nounting head 10. Sucking nozzles 20 are connected to the
shafts 24, respeohiwsiler. 23heorsectsi adinsozddsted Position ofttedndevpriated f r om

| oner ends of the shafts 24, respectively. The canera 27 takes i mges
of el ectronic paitenit boand| kP byta asecond desired position for each of the
5 electronic parts according to the calculated corrective quantity.
During the electronic-parts mounting process, the controller 23
controls the Y-axis motor 32 and the 6-axis motor 36 so that the
new printed circuit board. 19 is moved to a position corresponding
to the second desired position for each of the electronic parts.

10 During the electronic-parts mounting process, the sucking nozzles
20 on the mounting heads 10 and 11 place or mount electronic
parts on the new printed circuit board 19. After the electronic
parts have been placed or mounted on the new printed circuit board
19, the controller 23 returns the Y table 29 and the 6 frame 34 to

15 their origin-corresponding positions respectively. A sequence of
these processes is periodically reiterated.

The movements of the sucking nozzles 20 relative to the
bodies of the mounting heads 10 and 11 are limited to those in the
upward and downward directions. The sucking nozzles 20 are

20 inhibited from rotating. This design of the sucking nozzles 20
enables a good durability of bearings for the sucking nozzles 20.

With reference to Fig. 9, the unloader 16 for carrying a
printed circuit board 19 from the table arrangement 6 includes an
unloader base 70 fixed to the base frame 1 (see Fig. 1). The

25 unloader 16 also includes a fixed carrier rail 71 and a movable

carrier rail 72 for carrying a printed circuit board 19. The fixed



- 18- sucki ng nozzles 20 one after another. The canera 27 outputs an
electric signal to the controller 23 which represents the i mages of

the el ectronic parts 150 held by the sucking nozzles 20. A line

sensor 28 is attached to an upper surface of the |I-shaped bracket 5 25.
The line sensor 28 has a casing or a body formed with a slit 28A for
accomodati ng t he sucki ng nozzles 20. The sl2i8- 28A extends in a
direction which agrees with the direction of novenent of the sucki ng
nozzl es 20. Accordingly, the sucking nozzles 20 can be noved al ong

the sIit 28A TRerbPesionpan 2 Bl ke CAenBPLalitF2 Qe ofled®b sy ON ©

parts 150 held by the sucking nozz one after e line

sensor 28 out pufifprt Sgsés of thé Altdbalér bhge 70. TEHRNik& kafrigdriafli7thand
represents the heights of the electronic parts 150 held by the

sucki ng nozzl es tR6.movable carrier (il A2rafecparaieltto dzdds otlfer. 7Thentho8ablehe
table arrangenent 6 1 5 includes a Y table 29 which is slidably supported
by linear gui desaguier rail 72 gan slisieqon @bpairiefsguige. rafise? 8 itnward pridiewayl
correspond tg ' rgreom the fixed carrier rail 71. The position of the movable carrier
rail 72 is adjusted in accordance with the size or the width of the
printed circuit board 19. The guide rails 73 are parallel to each
other. The output shaft of a drive motor 74 connects with a pulley
75. A pulley 76 is rotatably provided on the unloader base 70. The
10 pulleys 75 and 76 are connected by a belt 77. The movable carrier
rail 72 is attached to the belt 77 by a connection member 78. As
the pulley 75 is rotated by the drive motor 74, the belt 77 moves
and also the movable carrier rail 72 moves relative to the fixed
carrier rail 71.
15 The fixed carrier rail 71 serves to guide a carrier belt 80. The
carrier belt 80 is driven by a motor 79 via a drive mechanism 81. In
addition, the carrier belt 46 associated with the fixed carrier rail 47
of the table arrangement 6 can be driven by the motor 79 via the
drive mechanism 81.
20 The movable carrier rail 72 serves to guide a carrier belt 83.
The carrier belt 83 is driven by a motor 82 via a drive mechanism
84. In addition, the carrier belt 50 associated with the movable
carrier rail 49 of the table arrangement 6 can be driven by the
motor 82 via the drive mechanism 84.
25 The drive mechanisms 81 and 84 have similar structures.

Therefore, only the drive mechanism 81 and related members will



guide rails 7 in Fig. 1. The table base 30 is attached to the base

frame 1 (see Fig. 2). The output shaft of a Y-axis notor 32 is coupl ed
to the Y table 29 via a ball screw 33. The Y-axis notor 32 2 0 corresponds
to the drive notor 14 in Fig. 3. The ball screw 33 corresponds to the
ball screw5 in Fig. 3. As the output shaft of the Y-axis notor 32
rotates, the Y table 29 noves along the Y dRiecti on. The Y table 29
can nove back and fourth along the Y direction. The Y-axis nmotor 32 is

controlled by an output signal of the controller 23 2 5 (see Fig. 1). Thus,
e ¥ tabl e 20 o iaana kDhleth DXelASos PlY 30, e ardEmmeshanie )
LT gt SEiola sR00sidd g0uRt gl sl o B st 3, Lo, e
controller 23 (The ditige m¢chdniem Sdniionidlulies matélder 8% ddimetteditg the
roller 85 by a belt 86. As the roller 85 is driven by the motor 79,
5 the belt 86 moves and the roller 87 rotates. The belt guiding pulley
48 in the table arrangement 6 can move into and out of engagement
with the roller 87. When the belt guiding pulley 48 moves into
engagement with the roller 87, the belt guiding pulley 48 rotates in
accordance with rotation of the roller 87. When the belt guiding
10 pulley 48 moves out of engagement with the roller 87, the belt
guiding pulley 48 is released from the rotational force. The roller
87 is supported on the lever 69. The belt guiding pulley 48 moves
toward and away from the roller 87 in accordance with the x}ertical
movement of the roller 87, that is, the vertical movement of the rail
15 frame 41. When the roller 87 is in engagement with the belt
guiding pulley 48, a tension spring 88 connected to the lever 69
urges the roller 87 against the belt guiding pulley 48.
As shown in Fig. 11, the drive mechanism 81 includes a gear
89 attached to the output shaft of the motor 79. The drive
20 mechanism 81 also includes a gear 90 and a pulley 91. The gear 90
meshes with the gear 89. The gear 89 and the pulley 91 are
attached to a common shaft. The carrier belt 80 is supported by the
pulley 91 and also pulleys 92. The pulleys 92 are supported on
opposite ends of the fixed carrier rail 71 (see Fig. 9), respectively.

25 As the gear 89 is driven in a direction "E" by the motor 79, the gear
90 and also the pulley 91 rotate in a direction "G". An upper portion
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55 bR Ry 1)l il e
kBE "dpper portion of the belt 77 via the connection member 79,
moves away from the fixed carrier rail 71 along the guide rails 73 in
accordance with the movement of the upper portion of the belt 77
in the direction "C". For a printed circuit board 19 having a small
width, the pulley 75 is rotated by the drive motor 74 in a direction
"B" so that the upper portion of the belt 77 moves in a direction "D".
The movable carrier rail 72 moves toward the fixed carrier rail 71
along the guide rails 73 in accordance with the movement of the
upper portion of the belt 77 in the direction "D".

During a time interval for the carry of a printed circuit board
19, the rail frame 41 and the belt gﬁiding pulleys 48 are in their
elevated positions as shown in Fig. 13. During other time intervals,
the rail frame 41 and the belt guiding pulleys 48 are in their
lowered positions as shown in Fig. 10. With reference to Figs. 10
and 13, the belt guiding pulley 48 encounters the roller 87 of the
drive mechanism 81 when moving upward. The tension spring 88
connected to the roller 87 via the lever 69 absorbs a shock on the
roller 87 when a contact portion 48a of the belt guiding pulley 48
meets a contact portion 87a of the roller 87. As the motor 79

rotates the roller 85 in a direction "E", the belt 86 moves and hence



axis notor 36 is controlled by an output signal of the controller 23 2 5
(see Fig. 1). Thus, the [err] frame 34 can be controlled by the
controller 23 (see Fig. 1). The [err] frame 34 can nove in the Y

- 20- direction together with the Y table 29. A sensor 37
attached to the Y table 29 detects the [err] origin Wi th respect to
the angul ar position of the [err] franme 34 +3t1ative to the Y tabl e 29.
When the [err] frame 34 rotates relative to the Y table 29, 5 the origin
sensor 37 renmains stationary with respect to the Y table 29. The

origin sensor 34Ul il SgANEIRE! M el H@lohPadtNFolfiPsH '8%dl 6f the roér g5€€
ttlono e T ofrgin W th r éspect

Fig. 1) which contains infornma err

to the angul ar &eﬁiatihgmrpéngﬁlgexheﬁf lwith e &thtagt PorMBntH84 HF the belt table.
A [err] origin detection plate 38 is attached to the [err] franme 34 at 1 0O

a position correafdiid pailley 4BetHebelt puidang pulley 48 mblatesi g aceridagiceon
plate 38 rotates together with the [err] frame 34. Wien the [err] origin
det ecti on pl at e w8hrmoiationnefotlet rojlere8¥. oThe agirsieerbali 46 irthéhetallen
sensor 37 ang ! Sarigrqggr%eg 6:[ Plfov%rsiagsi ?heS ebg?toéu%Zhgtpmelle?ruztlg urtotg.ge%r]al of

The mounting heads 10 and 11 have similar structures.
Therefore, only the mounting head 10 will be explained in detail.

As shown in Fig. 14, the mounting head 10 includes a plurality of
sliding shafts 94 holding the sucking nozzles 20 respectively. The

10 sliding shafts 94 are arranged in a line. The sliding shafts 94 are
movably connected to a holder 96 fixed to a mounting-head frame
95. The sliding shafts 94 can move upward and downward relative
to the holder 96 along axial directions thereof. The sucking nozzles
20 move vertically together with the sliding shafts 94. Pins 97 fixed

15 to the holder 96 engage the sliding shafts 94 respectively. The pins
97 inhibit the sliding shafts 94 from rotating circumferentially.

The mounting head 10 includeé a motor 98 having a casing
fixed to the mounting-head frame 95. The motor 98 is controlled in
response to an output signal of the controller 23 (see Fig. 1). A cam

20 99 is attached to the output shaft of the motor 98. Cam followers
100 engage the cam 99. The cam followers 100 are connected to a
plate 102 movably supported on the mounting-head frame 95 via a
slider 101. The plate 102 can move upward and downward relative
to the mounting-head frame 95. An engagement member 103 fixed

25 to the plate 102 has grooves into which upper ends of the sliding
shafts 94 fit respectively. Compression springs 104 urge the sliding



the origin sensor 37 assunes a state indicating that the angular 1 5

position of the [err] frane 34 relative to the Y table 29 agrees with the
[err] origin. A rail franme 41 can nove vertically while being
gui ded by vertical |l y-extendi ng guides 42 fixed to the [err] franme 34.
The rail frame 41 is driven by an actuator or a cylinder 43 having a
casing 2 0 fixed to the table base 30. The32i| franme 41 can nove upward
and downward at a position corresponding to the origin of the Y axis.
The cylinder 43 is controlled in response to an out put signal of the

by the cont ol | 515 (e, rdlctitly, ARG eMERBRIEINE G » o

a pneumati c typeonkeictkd @@rmeqh%leﬁ@n@s %@Itﬁeosmhﬁglstwgwu BockY 106
the controller 23 (see Fig. 1)

-21- respictivelpl I’]S)heesbmmdmd@ 1oacaryp cpntroliéd by outptio sighals ofn t he
[err] frame 34. The backup pins 44 support a printed circuit board 19
when the rail fthaecortrolderg3desnvidigd.1)The bodi es of bearings 45

5 With reference to Figs. 14, 15, and 16, as the cam 99 is

rotated by the motor 98, the cam followers 100 move downward
and also the plate 102 moves downward. As shown in Fig. 17, the
sliding shafts 94 are in their uppermost positions when the plate
102 is in its uppermost position. The solenoids 105 hold the

10 sliding shafts 94 at their uppermost positions when the solenoids
105 are in their on states. When the solenoids 105 are in their off
states, the sliding shafts 94 can move upward and downward. With
reference to Fig. 18, under conditions where the solenoids 105 are
in their off states, as the plate 102 and the engagement member

15 103 move downward, the engagement member 103 presses the
compression springs 104 downward and hence the sliding shafts 94
move downward. With reference to Fig. 19, under conditions where
the solenoids 105 are in their on states, as the plate 102 and the
engagement member 103 move downward, the engagement

20 member 103 presses the compression springs 104 downward but
the sliding shafts 94 remain in their uppermost positions.
Accordingly, downward movement (vertical movement) of each of
the sliding shaft 94 is selectively permitted and inhibited when the
related solenoid 105 is in its off state and its on state respectively.

25 In other words, each of the sliding shafts 94 can be changed

between a drivable state and a rest state by controlling the related



are fixed to the rail frame 41. A fixed carrier rail 47 is provi ded on 5

each of the bearings 45. A belt guiding pulley 48 is supported on t he
fixed carrier rail 47. The belt guiding pulley 48 engages a carrier
belt 46 which can be driven by an externally-applied power for
carrying the printed circuit board 19. The carrier belt 46 is gui ded
by the fixed carrier rail 47 when being drigg. 1 0 A novabl e
carrier rail 49 extends in parallel with the fixed carrier rail 47.
The novable carrier rail 49 guides a carrier belt 50 which is in

o atpport ed onSCIECHIE A S AR 28 SAiL droitrary off B8 e o
be driven by ansﬁéﬂﬁr%khﬁb@mwﬂ BGWRel by Subtably CEhRbIAS tRel Nt &

circuit board 19. e nova carrier rai attac to nuts 52
engagi ng ball sgsr¥®idd 1@;Vvi ded on the rail frame 41. As the ball
screws 51 rotate, the novable carrier rail 49 noves toward or away
fromthe the fixed cAsrpreviously indicatedetlat Isyicking noehlesp2B irnovm vertically
novabl e carrier rail 49 is adjusted in accordance 2 0 wth the size or the

wi dth of a printegetBer sith @@aﬁf’]éldlm strpfiés 94. The eseetrodier 2 seoHigt 19 can
or i nted i oy t PRSI HaHctHRn o vﬁ%?e%ﬁemewr?x%e%@' o8 ie Sulldgy © 1"
bel t-driven rot ?ﬁ)kﬂgs %*B?réorﬁi‘&?%rgt g Elaﬂge ot ¥ 8{5&(?1'? o??ﬂeyoutput shaft of
the motor 98 with respect to the cam 99.
In the case where the solenoids 105 are in their off states, the
10 sliding shafts 94 move downward as the cam 99 rotates. With
reference to Fig. 21, under conditions where the cam 99 rotates at a
constant speed, the downward displacement of each of the sliding
shafts 94 increases at a varying rate as time goes by. The shape or
profile of the cam 99 is designed so that the vertical speed of the
15 sliding shaft 94 will be low when the sliding shaft 94 is close to its
uppermost position or its lowermost position. This design enables
electronic parts 150 to be gently or éoftly mounted on a printed
circuit board 19. The shape or profile of the cam 99 is preferably
designed to provide a great mean of the vertical speed of the sliding
20 shaft 94.

The lower limit position of each of the sliding shafts 94
depends on the thickness of electronic parts 150. The electronic-
parts recognizing sections 12 and 13 inform the controller 23 of
the thickness of the electronic parts 150. It is preferable that the

25 controller 23 controls the rotational speed of the motor 98 in

response to the thickness of the electronic parts 150 to adjust the



2 5 one of which is shown in Fig. 6) can couple with and uncouple from
the belt guiding pulleys 48 in accordance with vertical novenent of
the fixed carrier rail 47 and the novable carrier rail 49. Wen

- 22_
t he

rotating nenbers on the levers 69 couple with the belt guiding

pul l eys 48, the rotating nenbers rotate the belt guiding pulleys 48
that the carrier belts 46 and 50 nove. Wien3z#4he rotating 5 nenbers on the
| evers 69 uncouple fromthe belt guiding pulleys 48, the belt guiding
pul l eys 48 are rel eased fromthe rotational forces. Therefore, the
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Overall operation of the electronic-parts mounting apparatus
will be explained hereinafter. The overall operation of the
electronic-parts mounting apparatus is controlled by the controller
23 (see Fig. 1). As shown in Fig. 22, while the mounting head 11
places electronic parts 150 on a printed circuit board 19 on the
table arrangement 6, the mounting head 10 is controlled by the
controller 23 so-that the mounting head 10 is moved along the X
direction to a predetermined position related to the cassettes 4 in
the electronic-parts feeder 2. The feeding device 21 actuates levers
(not shown) of the cassettes 4, and hence opens shutters thereof.
The mounting head 10 is controlled by the controller 23 so that the
sucking nozzles 20 thereon move downward and access electronic
parts 150 in the cassettes 4 via the opened shutters. The sucking
nozzles 20 on the mounting head 10 pick up the electronic parts
150, and then move upward.

Subsequently, as shown in Fig. 23, the mounting head 10 is
controlled by the controller 23 so that the mounting head 10 moves
along the X direction to the electronic-parts recognizing section 12.
It should be noted that the sucking nozzles 20 on the mounting
head 10 hold the electronic parts 150. The electronic-parts
recognizing section 12 detects conditions of the electronic parts
150 held by the sucking nozzles 20 on the mounting head 10. The

detected conditions of the electronic parts 150 include heights and



As one of the ball screws 51 is rotated, the other ball screw 51 is 15
al so rotat ed. As previously explained, the bodies of the
beari ngs 45 are fixed to the rail franme 41. A shaft 55 is rotatably
supported by the beari ngs 45. Locating levers 57, 58, and 59 are
supported on the shaft 55. The locating | evers 57, 58, and 59 have .
pins 56 for 2 0 locating the printed circuBt-oard 19. The locating |evers
57 and 58 are fixed to the shaft 55. The locating | evers 57 and 58
provi de references for locating the printed circuit board 19. The

posi tion of poggﬁésogpm@mé‘?ilﬁifﬁa&@ POV eTho etlgkgcréﬂ?cf-g??%ni s

adj ust abl e. The position o ocating | ever IS'S accordance

Wi th the size ofechbgnizirieseétionh eIl ghicid theasdhtiller 23 of the déteefitf 1 Ol
| ever 60 is fixed to a right-hand end of the shaft 55.

-23- Whenondiiors bf thardeditonic partsnl 80 avelticbly theisuckingtriezzient r ol
| ever 60 can be driven or rotated by an external power transm ssion
nmenber 61. The 2%temrithe powating headi ki Fhereantroller 2pralsarlates an agren an
actuator or g C%le. ngeerrl a(rlla?'e(rig{eer;nei?l%g Pe ererr?cle) p\grsﬂticohn iasnd the detected
position of each of the electronic parts 150. The controller 23
stores data representative of the calculated positional error in the
internal RAM.
As shown in Fig. 24, after the mounting head 11 completes
10 the electronic-parts mounting process, the mounting head 11 is
controlled by the controller 23 so that the mounting head 11 moves
from the position above the table arrangement 6. Simultaneously,
the mounting head 10 is controlled by the controller 23 so that the
mounting head 10 moves along the X direction to a position above
15 the table arrangement 6. For each of the electronic parts 150, the
controller 23 controls the position of the mounting head 10 above
the table arfangement 6 in response. to the calculated positional
error. Then, the sucking nozzles 20 on the mounting head 10 are
controlled by the controller 23 so that the sucking nozzles 20 move
20 downward by distances depending on the detected heights of the
electronic parts 150. The sucking nozzles 20 on the mounting head
10 place or mount the electronic parts 150 on the printed circuit
board 19. While the mounting head 10 implements the electronic-
parts mounting process, the mounting head 11 is controlled by the

25 controller 23 so that the mounting head 11 is moved along the X

direction to a predetermined position related to the cassettes 4 in



5 controlled in response to an output signal of the controller 23 (see
Fig. 1). Thus, the control |ever 60 and the external power

transm ssion nmenber 61 can be controlled by the controller 23 (see

Fig. 1). As the control lever 60 is rotated by the external power

transm ssion nmenber 61, the locating pins 57, 58, and 59 also 1 0O rotate

and hence release the printed circuit board369. A tension spring 62
is connected to the control |ever 60. Wen the control | ever 60
separates fromthe external power transm ssion nenber 61, the tension

spring 62 retur Et&wﬂkﬁﬂ %@(‘iexﬁg.t?‘hietf%gﬁgrié@id&kf 22 actra%%ééi&tfbgs”

the. same t! me, t e [ pcatl n evers 57, 58, an are returne
their original Eetidhens) shene chbSettesd hid h&v&s dperls shutterstherdbfl 59

support the printed circuit board 19. A detection plate 63 is
attached to t heThenmhouhtingvheadd 1 #heontrolledebpdheorortralier 83 sanhhe the
detected by a sensor (not shown) provi ded on another unit. This sensor
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A stopper 64 is)50! ghabiherPhvedeswania support frame 67 fixed to the
base frame 1 (see Fig. 1). The stopper 64 can be driven by an

Subsequently, as shown in Fig. 25, the mounting head 11 is
controlled by the controller 23 so that the mounting head 11 moves
10 along the X direction to the electronic-parts recognizing section 13.
It should be noted that the sucking nozzles 20 on the mounting
head 11 hold the electronic parts 150. The electronic-parts
recognizing section 13 detects conditions of the electronic parts
150 held by the sucking nozzles 20 on the mounting head 11. The
15 detected conditions of the electronic parts 150 include heights and
postures of the electronic parts 150. The electronic-parts
recognizing section 13 informs the controller 23 of the detected
conditions of the electronic parts 150 held by the sucking nozzles
20 on the mounting head 11. The controller 23 calculates an error
20 Dbetween a predetermined reference position and the detected
position of each of the electronic parts 150. The controller 23
stores data representative of the calculated positional error in the
internal RAM.
A sequence of these processes is periodically reiterated so
25 that the electronic parts 150 are successively mounted on the

printed circuit board 19 by the mounting heads 10 and 11. The



- 24- actuator or a cylinder 65 having a casing connected to the
support frame 67 via a pin 66. The stopper 64 can rotate in directions
denoted by the arrows "A" in Fig. 6. The cylinder 65 is controlled in
response to an output signal of the controller 23 (see Fig. 1). Thus, 5

t he stopper 64 can be controlled by the controller 23 (see Fig. 1).

For exanple, the cylinder 65 is of a pneunet3€-type, being connect ed
to a solenoid valve controlled by the controller 23 (see Fig. 1). As
previ ously explained, the printed circuit board 19 is carried by the

carrier belts 4 S 4 t .0t ed
circuit board 1311299% (Ial-sggralsbfe(?:l)%gl?s}?l %}r%i;@ﬁx&gle};n;&giﬂ&neﬁi ggeaét’ltg%%hggé-t o the

support frame 67pHes\asuhingeprsdesvbet her or not a printed circuit
board 19 is present in the prescribed position. An out put signal of

the sensor 68 is fedAs preeoosty indicated 3elestrfic components 150 5 As
previously indicated, the controller 23 (see Fi ? 1) operates I n
accordance wi t h WpRceapiablnielthby ﬁh@gﬂ%’ﬁghégl%ﬁ a8c20 on the mounting heads

5 10 and 11 are removed from normal feed paths via the defective-
parts removing sections 17 and 18. The defective-parts removing
processes related to the defective-parts removing sections 17 and
18 are similar to each other. Therefore, only the defective-parts
removing process related to the defective-parts removing section

10 17 will be explained hereinafter.

As shown in Fig. 26, while the mounting head 11 places
electronic parts 150 on a printed circuit board 19 on the table
arrangement 6, the mounting head 10 is controlled by the
controller 23 so that the mounting head 10 is moved along the X

15 direction to the predetermined position related to the cassettes 4
in the electronic-parts feeder 2. The feeding device 21 actuates the
levers of the cassettes 4, and hence opens the shutters thereof. The
mounting head 10 is controlled by the controller 23 so that the
sucking nozzles 20 thereon move downward and access electronic

20 parts 150 in the cassettes 4 via the opened shutters. The sucking
nozzles 20 on the mounting head 10 pick up the electronic parts
150, and then move upward.

Subsequently, as shown in Fig. 27, the mounting head 10 is
controlled by the controller 23 so that the mounting head 10 moves

25 along the X direction to the electronic-parts recognizing section 12.

It should be noted that the sucking nozzles 20 on the mounting



(nunerical control) segnent for placing or nmounting el ectronic parts

on a printed circuit board 19 on the table arrangenent 6. Al so, the
program has a segnment for controlling the table 2 0 arrangenent 6.
According to the table control segment of the program the table
arrangenment 6 operates as follows. After el ectronic parts are placed
or mounted on a printed circuit board -3%-the controller 23 controls
the Y-axis nmotor 32 and the [err]-axis notor 36 in response to the

out put signals of the sensors 37 and 39 2 5 so that the Y table 29 and

e LT el AT PO Erd ARk Sis 150. Bt SRR RS8R 101
oimes 2 SO SEcol e o Mo 1B SER b o
gui ded by 160ehéldXByl tharsudding dhdzzfes 20%bH fBe RYARLRLCRELA 90" e 49
ove detected conditions of the electronic parts 150 include heights and
5 postures of the electronic parts 150. The electronic-parts
recognizing section 12 informs the controller 23 of the detected
conditions of the electronic parts 150 held by the sucking nozzles
20 on the mounting head 10. The controller 23 decides whether or
not the sucking nozzles 20 on the mounting head 10 fail to hold the
10 electronic parts- 150 in response to the detected conditions of the
electronic parts 150. When it is decided that the sucking nozzles
20 on the mounting head 10 fail to hold the electronic parts 150,
the mounting head 10 is controlled by the controller 23 so that the
mounting head 10 returns from the electronic-parts recognizing
15 section 12 to the predetermined position related to the cassettes 4
in the electronic-parts feeder 2. Then, the mounting head 10 is
controlled by the controller 23 so thét the mounting head 10
repeats a process of picking up electronic components 150 from
the cassettes 4 in the electronic-parts feeder 2. Subsequently, the
20 mounting head 10 is controlled by the controller 23 so that the
mounting head 10 moves to the electronic-parts recognizing section
12 again. The electronic-parts recognizing section 12 detects
conditions of the electronic parts 150 held by the sucking nozzles
20 on the mounting head 10. As long as the sucking nozzles 20 on

25 the mounting head 10 fail to hold the electronic parts 150, a

sequence of these processes is periodically repeated and the



upward to positions equal in height to effective planes of the |oader 5 15
and the unl oader 16 (see Figs. 1, 2, and 3) for a printed circuit

board 19 which are located at |eft-hand and right-hand sides of the

tabl e arrangenent 6. Then, the controller 23 controls the external

power transm ssion nenber 61 so that the control |ever 60 is rot at ed
by the external power transm ssion nmenber 6B9As a result, 1 0 the
printed circuit board 19 is released fromthe |ocating | evers 57, 58,
and 59. As the rail frame 41 is elevated, the belt guiding

pul I'eys 48 cﬁg:ﬁaﬂglfeg‘%? rboy}ﬁgr@lteaﬁhﬂ‘goé?e@ﬁﬁér ﬁéﬁgnl WA @?eso t hat

the belt gul ey rotate 1n accordance wth rotation of the
rotating 1 5 nelaber &T ﬂ'ﬁer%%tﬁi&u §8acrésis E?é&téﬁh’iﬁ_@d h@hnberiéhand 50
nove so that the printed circuit board 19 is carried fromthe

prescri bed consrdllern23 \thditat e asrressagé dni 1ts alisplayneThenmessags 23 t hat
t he printed circuit board 19 is absent fromthe prescribed position,

t he cont r oimeans thap glecsranic marty | iSbave beco exhausted. st opper 64

enters 2 0 path of .the feed of a pripted circuit board 19.
Then, the cafrier beltrtbs? Qf%mé'ﬁgeg@sard@*‘%éd‘éﬂd'e\f@?%oé nedyeach of the ni eg

o1roul board 1,0t e LAALClod S GRSE IRt i ind Plefla bicng g "2
e T 8L 0 bl hAEAEHETD EIR AN, B bR
19 reaches the pfaperdlbedoRes pht@dnN1s5ohewsRmSRANist¥ecided that at least one of
the electronic parts 150 is not normally held by the related sucking
10 nozzle 20 on the mounting head 10, the mounting head 10 is
controlled by the controller 23 so that the mounting head 10 moves
to the defective-parts removing section 17 as shown in Fig. 28.
Then, the mounting head 10 is controlled by the controller 23 so
that the mounting head 10 discharges the abnormally-held
15 electronic parts 150 to the defective-parts removing section 17.
Subsequently, the mounting head 10 is controlled by the controller
23 so that the mounting head 10 refurns to the predetermined
position related to the cassettes 4 in the electronic-parts feeder 2
as shown in Fig. 29. In addition, the mounting head 10 is controlled
20 Dby the controller 23 so that the unloaded sucking nozzle or nozzles
20 on the mounting head 10 repeat a process of picking up
electronic parts 150 from the cassettes 4 in the electronic-parts
feeder 2. Then, the mounting head 10 is controlled by the
controller 23 so that the mounting head 10 moves to the electronic-
25 parts recognizing section 12 again. The electronic-parts

recognizing section 12 detects conditions of the electronic parts



- 26- detects that the new printed circuit board 19 is present in the
prescribed position. The controller 23 controls the cylinder 43 in

response to the output signal of the sensor 68 so that the rail frane

41 is lowered. As the rail franme 41 is |owered, the belt guiding 5 pulleys

48 uncouple fromthe rotating nenbers on the | evers 69. Thus, the
carrier belts 46 and 50 stop. At the sane t#iPe, the controller 23
controls the external power transm ssion |ever 61 in response to the
out put signal of the sensor 68 so that the external power transni ssion

| ever 61 separa qug:t;ﬁﬂ : . | on spring
62 forces the | t%??t%@”}%@g?s ) gé{oezégé'g 58 or}.gtge f%%é%kﬁ%écggvvpri nt ed
circuit board 19. |npiftisSg WAY, elbO@@oAMparts m&fﬂtﬁhﬁ%?r@bé%!ﬁhé’?@l&@iv@ I's

| ocated at the suitable position. The sensor operating wth the

detection pl at ep6sitior betwetémeach of elrtronit gar?s 1590abnt fife AtvPtingtischd
circuit board 19 is suitably 1 5 |ocated. Then, the controller 23 controls
the cylinder 6518caméa printed idiecuit boped 14 onethe table arrangémopértais ve
position or 5I t Sfi;qeef)} controlled or adjusted as follows. With reference to Fig. 30,

the electronic-parts recognizing section 12 detects conditions of

electronic parts 150 held by the sucking nozzles 20 on the

mounting head 10. The detected conditions of the electronic parts

150 include heights and postures of the electronic parts 150. The

10 electronic-parts. recognizing section 12 informs the controller 23 of
the detected conditions of the electronic parts 150 held by the
sucking nozzles 20 on the mounting head 10. The controller 23
calculates an error between a predetermined reference position and
the detected position of each of the electronic parts 150. The -

15 calculated positional error has components related to the X
direction, the Y direction, and the 6 direction, respectively. The
controller 23 stores data representaﬁve of the calculated positional
error in the internal RAM. As shown in Fig. 31, the mounting head
10 is controlled by the controller 23 so that the mounting head 10

20 moves to a position above the table arrangement 6. For each of the
electronic parts 150, the controller 23 finely controls the position
of the mounting head 10 above the table arrangement 6 in response
to the X-direction component of the calculated positional error. In
addition, the controller 23 finely controls the position of the Y table

25 29 of the table arrangement 6 in response to the Y-direction

component of the calculated positional error. Furthermore, the



position. Subsequently, the controller 23 controls the cylinder 43 SO
that the rail franme 41 is lowered to a given position. When t he
printed circuit board 19 has been replaced by a new 2 0 one in this way,
el ectronic parts are placed or nmounted on the new printed circuit
board 19 according to the NC segment of the program During the

el ectroni c-parts nounting process, the -4cpntrol l er 23 decides the
postures of electronic parts held by the sucki ng nozzles 20 in
response to the output signals of the 2 5 electronic-parts recogni zing

et e ANl e ok o
-27- “eWtQBlené tISbl‘l)xa{:&IﬁE%steotro lB- QifreﬁﬁSne(l: E:Bﬁi@h? drarts

in response to t eC| d posture there Furt hernore,
control l er 23 CQhéQﬁléuﬁtédi [isitieRal &4opOAS laoftsQlflt tthe Iﬂwfn@hameeﬁbr of
C 0

circuit board 19 into a second desired position for ea t he
el ectroni ¢ part saabcol theglectrartie paaits 1150 bdld byr et suekipganozilygs 20 on
5 the mounting head 10 is corrected. Similarly, a positional error of
each of electronic parts 150 held by the sucking nozzles 20 on the
mounting head 11 is corrected.
Second Embodiment
A second embodiment of this invention is similar to the first
10 embodiment thereof except for design changes indicated
hereinafter.

With reference to Fig. 32, the second embodiment of this
invention includes a sucking nozzle 20 which is movably connected
to a sliding shaft 94. Normally, the sucking nozzle 20 moves

15  together with the sliding shaft 94. The sucking nozzle 20 can move
axially or vertically relative to the sliding shaft 94. A compression
spring 107 disposed in a space in thé sliding shaft 94 urges the
sucking nozzle 20 downward relative to the sliding shaft 94.

As shown in Fig. 33, the sucking nozzle 20 can move relative

20 to the sliding shaft 94 against the force of the compression spring
107. This design is advantageous in absorbing a shock when the
sucking nozzle 20 meets an electronic component 150.

As shown in Fig. 34, the upper surfaces of electronic
components (electronic parts} 150A, 150B, and 150C of different

25 types are in different height positions. Specifically, the upper

surface of the electronic component 150A is in the highest position.



During the electronic-parts nmounting process, the controller 23

controls the Y-axis notor 32 and the [err]-axis notor 36 so that the

new printed circuit board 19 is noved to a position correspondi ng to
t he second desired position for each of the electronic parts. 1 0 During
the el ectronic-parts nounting process, the sucking nozzles 20 on the
nounti ng heads 10 and 11 place or nount el edtZ-onic parts on the new
printed circuit board 19. After the electronic parts have been pl aced
or nounted on the new printed circuit board 19, the controller 23

returns the Y tqﬂeeuﬁge@%ﬁrfa{},% bEHd eld 1%4%§rﬂgoﬁeﬁt ﬁ@ isinthe

ori gi n-correspondi ng positions respectively quence o

processes is pe&b@&h&&h?heéte bsitidred The upper surfd@€ofPMe ¢ oRic t he
sucki ng nozzles 20 rel ative o t he i es of the mounting heads 10 and

11 are limted tontgoemti h50@Gds in thepowest positibownward directions. The
sucking nozzles 20 are 2 0 inhibited fromrotatin Thi s design of the
sucki ng nozzl es 20 The caaplles 23 (resdFifur Hoseparptes theasleatyonior the
sucki ng noz nce.to Fi 9, the unl oader 16

for carryi n§ n gglpW?e]os%*r &%&3 oel §5§§ intg 4 Eé?SIgFOé‘PISangerrent 6
nol e an | astkARHY MERI GO RBE % Lol BERELY o)
carrier rail 72nbntCAb&ING 8F Bhé Qfﬁércéﬁﬁﬁbés 13?%@ tectrdffe Ebififbnents
in each group corresponds to less than the possible vertical
displacement of the sucking nozzles 204, 20B, and 20C relative to
10 the sliding shafts 94. The electronic components 150A and 150B
are in a first group while the electronic component 150C is in a
second group. |
Firstly, the controller 23 (see Fig. 1) sets the lower limit
position of the sucking nozzles 20A and 20B in accordance with the
15 lowest position among the height positions of the upper surfaces of
the electronic components 150A and 150B in the first group.
Specifically, the lower limit position of the sucking nozzles 20A and
20B is set in accordance with the height position of the upper
surface of the electronic component 150B. The controller 23 (see
20 Fig. 1) controls the sliding shafts 94 so that the sucking nozzles 20A
and 20B related to the electronic components 150A and 150B in
the first group move downward while the sucking nozzle 20C
related to the electronic component 150C remains at its uppermost
position as shown in Fig. 35. The sucking nozzle 20A meets the
25 electronic component 150A before the sucking nozzle 20B reaches

the lower limit position. When the sucking nozzle 20A meets the



- 28- carrier rail 71 and the novable carrier rail 72 are |ocated on

an ' upper surface of the unloader base 70. The fixed carrier rail 71
and the novable carrier rail 72 are parallel to each other. The

novabl e carrier rail 72 can slide on a pair of guide rails 73 toward
and away 5 fromthe fixed carrier rail 71. The position of the novable
carrier rail 72 is adjusted in accordadde- with the size or the width
of the printed circuit board 19. The guide rails 73 are parallel to
each ot her. The output shaft of a drive notor 74 connects with a

ulle 75 l.e | | t 70.
ghe 1y0 puIIeyse¥§i§%gcf%n§?8hggﬁgg§%23&%§Bge%gﬂfﬂ9%aef%§A#%%g%fgg5§§§?er
rail 72 is attagBRdivieotd fige belated bliling stamnN9at 4 inBETREforck of'the spririd®
pulley 75 is rotated by the drive notor 74, the Dbelt 77 noves and al so
t he novabl e car 10§ Thik, @5horkesn thkatuckeng mdzak: 20AKathn be absrbedr rai l
71. 15 The fixed carrier rail 71 serves to guide a carrier belt 80.
The car r i edhsa, rasgshewndn; Kign 36y the rmicking rozzlesa2@A i and 20Eh picle ipa 1.

I n addition, the carrier belt 46 ociated with the_ fixed carrier
rail 47 S of t%lﬁeeqF%Fspgmanﬁ A lgvﬂ%ﬁswtw@/mﬂa? 79 via
t he

controller 23 (see Fig. 1) controls the sliding shafts 94 so that the
sucking nozzles 20A and 20B with the electronic components 150A
and 150B move upward to the upper limit position.
Subsequently, the controller 23 (see Fig. 1) sets the lower
10 limit position of the sucking nozzle 20C in accordance with the
height position of the upper surface of the electronic component
150C. The controller 23 (see Fig. 1) controls the sliding shaft 94
related to the sucking nozzle 20C so that the sucking nozzle 20C
moves downward to the lower limit position as shown in Fig. 37.
15 Then, as shown in Fig. 38, the sucking nozzle 20C picks up the
electronic component 150C. The controller 23 (see Fig. 1) controls
the sliding shaft 94 so that the sucki'ng nozzle 20C with the
electronic component 150C moves upward to the upper limit
position. In this way, the electronic components 150A, 150B, and
20 150C are picked up and held by the sucking nozzles 20A, 20B, and
20C respectively.
Third Embodiment
A third embodiment of this invention is similar to the second
embodiment thereof except for design changes indicated later.
25 - As shown in Fig. 39, the upper surfaces of electronic
components (electronic parts) 1504, 150B, and 150C of different



drive nmechanism81. 2 0 The novable carrier rail 72 serves to guide

a carrier belt 83. The carrier belt 83 is driven by a notor 82 via a
drive mechani sm 84. In addition, the carrier belt 50 associated with

t he novabl e carrier rail 49 of the table arrangenent 6 can be driven
by the notor 82 via the drive mechanism84. 2 5 The drive
mechani sns 81 and 84 have sinilar structure¢4- Therefore, only the
drive nmechanism 81 and rel ated nmenbers wil |

- 29- be explained in detail. As shown in Fig. 10, the drive

mechani sm 81 ed Bpt YHSSiffRréY h@fgglrﬁ%@éﬁi_%ﬁeedsgeci?itlﬁugUHI%% ft of the
not or 79. e drive nechani sm al so I ncludes a rofler 87 connected
to the r oshefac8Sofoyhe eleetiori6. coAfpbhent AISI0A i8hn ithedhighest posttien.

not or 79, 5 the belt 86 noves and the roller 87 rotates. The belt guiding
pul | ey 48 Tinet hppenisiefaner ohtleeretectfoniancompenent d 50R! inun tdfe
engagenent with the roller 87. Wen the belt guiding pulley 48 noves
into second highest position. The upper surface of the electronic

5 component 150C is in the lowest position.

The controller 23 (see Fig. 1) separates the electronic
components 1504, 150B, and 150C into a group or groups
according to the height positions thereof. It is preferable that a
difference between the height positions of the upper surfaces of the

10 electronic components in each group corresponds to less than the
possible vertical displacement of the sucking nozzles 204, 20B, and
20C relative to the sliding shafts 94. The electronic components
150A and 150B are in a first group while the electronic component
150C is in a second group.

15 Firstly, the controller 23 (see Fig. 1) sets the lower limit
position of the sucking nozzles 20A and 20B in accordance with the
lowest position among the height poéitions of the upper surfaces of
the electronic components 150A and 150B in the first group.
Specifically, the lower limit position of the sucking nozzles 20A and

20 20B is set in accordance with the height position of the upper
surface of the electronic component 150B. The controller 23 (see
Fig. 1) controls the sliding shafts 94 so that all the sucking nozzles
20A, 20B, and 20C related to the electronic components 150A,
150B, and 150C move downward as shown in Fig. 40. The sucking

25 nozzle 20A meets the electronic component 150A before the

sucking nozzle 20B reaches the lower limit position. When the



engagenent with the roller 87, the belt guiding pulley 48 rotates in
accordance with rotation of the roller 87. Wiwen the belt guiding 1 0

pul l ey 48 noves out of engagenent with the roller 87,  the belt gui di ng
pulley 48 is released fromthe rotational force. The roller 87 is
supported on the lever 69. The belt guiding pulley 48 noves toward
and away fromthe roller 87 in accordance wd4tg-the verti cal novenment
of the roller 87, that is, the vertical novenent of the rail 1 5 frane 41.
When the roller 87 is in engagenent with the belt gui ding pul |l ey 48,

a tension spring, 88,eoMNG61eG 0ot Ngs | REehe8fonyg colidSRedls0R e &7
agai nst the bel " gui'd?ng puﬁ gy ! A& %G § i"g. 11 the
drive mechani sms3lidfgiHeeR 208SRarts to @f&élﬁﬁ%% thd Raatitl Bﬂgng%gf; of

the notor 79. The drive 2 0 nechanism so I ncludes a gear 9
pul ley 91. The gbaft 82 againstrisd ésreei dfithiehepaaari@R. Thiss, geshod9 oanthd he

pulley 91 are attached to a common shaft. The carrier belt 80 is
supported by theucking mozzley20A camdbelabsopbiéd.cyEhegucKing patdle\20®2 are
supported on opposite ends of the fixed carrier rail 71 (see Fig. 9),

respectivel yo 2remedngutyabeoptagtswith the, electeonicreampenrentl39L t he not or
19 e geal  ate g T SRS R H0 o0 o rth S e Shisl™
position.
Subsequently, the controller 23 (see Fig. 1) sets the lower

limit position of the sucking nozzle 20C in accordance with the

10 height position -of the upper surface of the electronic component
150C. The controller 23 (see Fig. 1) controls the sliding shafts 94
related to the sucking nozzles 20A, 20B, and 20C so that the
sucking nozzle 20C moves downward to the lower limit position
while the sucking nozzles 20A and 20B remain in contact with the

15 electronic components 150A and 150B as shown in Fig. 41. During
this period, the sucking nozzles 20A and 20B move relative to the
related sliding shafts 94 against the forces of the springs 107 while
remaining in contact with the electronic components 150A and
150B. Then, as shown in Fig. 42, the sucking nozzles 20A, 20B, and

20 20C pick up the electronic components 150A, 150B, and 150C.
The controller 23 (see Fig. 1) controls the sliding shafts 94 so that
the sucking nozzles 20A, 20B, and 20C with the electronic
components 1504, 150B, and 150C move upward to the upper limit
position. In this way, the electronic components 150A, 150B, and

25 150C are picked up and held by the sucking nozzles 20A, 20B, and
20C respectively.



- 30- of the carrier belt 80 noves along a direction "F" in

accordance with rotation of the pulley 91. Wth reference
to Figs. 9 and 12, for a printed circuit board 19 having a great
width, the pulley 75 is rotated by the drive motor 5 74 in a direction
"A" so that an upper portion of the belt 77 noves in a direction "C'.
The novable carrier rail 72, which is attacHdl-to t he upper portion of
the belt 77 via the connection nmenber 79, noves away fromthe fixed
carrier rail 71 along the guide rails 73 in accordance with the
movenent of the wpper 19etAimepfig:-he belt 77 1 0 in the direction "C'. For
a printed circui oar aving a small width, the pulley 75 is
rotated by the drive notor 74 in a direction "B" so that the upper
portion of the belt 77 noves in a direction "D". The novabl e carrier

rail 72 noves tdwar dArheldatratcezants enounting7dpparatusatamprisheg:gui de rail s
73 in accordance with the novenent of the 1 5 upper portion of the belt 77
in the direction "D'cassettes containipggjeatronis pagtsrval for the carry of a

printed cir cgi t boar (i{irst and second feeders for feeding the electronic parts from
the cassettes;
a first mounting head having sucking nozzles for picking up
the electronic parts fed by the first feeder;
a second mounting head having sucking nozzles for picking up
10 the electronic parts fed by the second feeder;
a table arrangement for holding a printed circuit board;
first means for alternately moving the first and second
mounting heads along a first direction to a region corresponding to
a position of the printed circuit board on the table arrangement;
15 second means contained in the table arrangement for moving
the printed circuit board on the table arrangement in a second
direction perpendicular to the first .direction;
third means contained in the table arrangement for rotating
the printed circuit board on the table arrangement about an axis
20 perpendicular to both the first and second directions;
fourth means for allowing the sucking nozzles of the first
mounting head to place the electronic parts on the printed circuit
board on the table arrangement when the first mounting head is in
the region; and
25 fifth means for allowing the sucking nozzles of the second

mounting head to place the electronic parts on the printed circuit

) O



19, the rail frame 41 and the belt guiding pulleys 48 are in their
el evated positions as shown in Fig. 13. During other time intervals,
the rail frame 41 and the belt guiding pulleys 48 are in their 2 0

| owered positions as shown in Fig. 10. Wth reference to Figs. 10 and
13, the belt guiding pulley 48 encounters the roller 87 of the drive
mechani sm 81 when novi ng upward. The tensi ed7spring 88 connected to

the roller 87 via the |lever 69 absorbs a shock on the roll er 87 when

a contact portion 48a of the belt guiding pulley 48 2 5 neets a contact

portion 87a of EB?E% Q%Jeﬁ.tie S%blepérrtan ﬁxg}%%xg[]vglégn the sdc@nd ﬁ?o&rﬁ?né 91|e|a(<:ir 1s5° in

a direction "E", noves
- 31- t hejr @hkefeglon.rotates. Wien the contact portion 87a of the
roller 87 remai ns in engagenent with the contact portion 48a of the
bel t

2. An electronic-parts mounting apparatus as recited in claim 1,

5 further comprising:
sixth means for detecting whether or not the sucking nozzles
of the first mounting head fail to pick up the electronic parts, for
detecting postures of the electronic parts held by the sucking
nozzles of the first mounting head, and for detecting heights of the
10 electronic parts.held by the sucking nozzles of the first mounting
head; and
seventh means for detecting whether or not the sucking
nozzles of the second mounting head fail to pick up the electronic
parts, for detecting postures of the electronic parts held by the
15  sucking nozzles of the second mounting head, and for detecting
heights of the electronic parts held by the sucking nozzles of the

second mounting head.

3. An electronic-parts mounting apparatus as recited in claim 1,
20 wherein the table arrangement comprises a motor, a speed-
reduction device connected to an output shaft of the motor, a table
connected to the speed-reduction device and rotating as the output
shaft of the motor rotates, and a holding member connected to the
table for holding the printed circuit board.
25

4. An electronic-parts mounting apparatus as recited in claim 3,

T



guiding pulley 48, the belt guiding pulley 48 rotates in accordance
Wi th rotation of the roller 87. The carrier belt 46 in the table
arrangenent 6 noves as the belt guiding pulley 48 rotates.

nounting heads 10 and 11 have simlar structures. TherS heetHaSBe éd

nmounting head 10 will be explained in detail. As shown

nmounting head 10 includes a plurality of -48-sliding shaft

t he sucki ng nozzles 20 respectively. The 1 0 sliding shafts 94 are

arranged in a line. The slidi ng shafts 94 are novably connected to a

hol der 96 fi xed t 5 fts 94 can
v Wn\/\X/Ial;*tﬂr?'}’il Bliaide at | ve éérﬁgﬁ% fuft%xe? quggﬁsgl% rﬂk&ﬁs %?

nove upward and ong “axi al
directions ther eatryi ?etrﬁ:u iﬁhlﬂéid € Doard to 2RdRYH ﬂ%&io@&iﬂg’rﬁé}ﬂﬁwef
with the sliding shaf s 94. Pins 97 fixed 1 5 to the hol der engage t he
sliding shafts @fid esyest forclogatifigethe painted cifthit bioabd tori ke Hdldinyy shafts

94 fromrotating circunferentially. The nmounting head 10

i ncl udes a not oMER®DEIVi ng a casi ng fixed to the nmounting-head frane
95. The notor 98 is controlled in response to an output signal of the
controller (see Fig. 1). Acam 2 0 99 is attached to the output shaft

f th 85 Camyby 100 h 99., Th
190I T O\?\B:’ns)t g(r)ogar e cgqnng%:ftegéi% é’ms m"p‘r’éﬁ@g%g'@ef%ﬁg‘ﬁ%? ’éel?btﬁgr%}eﬁiiadw tlhe
mount i ng- head ff@f@le?%d’rh?ri%mg a pritltbd&ird@t-bodia ekt f%?%e&&ihé*@(@

upward and downward rel at
printed circuit board to the table arrangement, and a printed-
circuit-board carrier for carrying the printed circuit from the table

10 arrangement.

6. An electronic-parts mounting apparatus as recited in claim 1,

further comprising a motor, and a power transmission mechanism

connected between the motor and the printed-circuit-board feeder.
15

7. An electronic-parts mounting apparatus as recited in claim 5,

wherein the printed-circuit-board féeder comprises guide members

for guiding opposite sides of the printed circuit board, respectively.

20 8. An electronic-parts mounting apparatus as recited in claim 4,
further comprising a motor, and a power transmission mechanism
connected between the motor and the locating means in the table

arrangement.

25 9. An electronic-parts mounting apparatus as recited in claim 5,

further comprising a stopper for stopping the printed circuit board

0T



to the nounting-head frame 95. An engagenent nenber 103 fixed 2 5 to the

pl ate 102 has grooves into which upper ends of the sliding shafts 94
fit respectively. Conpression springs 104 urge the sliding

- 32- shafts 94 downward, respectively. Actuators or sol enoids 105
are connected to the upper ends of the sliding shafts 94 via bl ocks
106 respectively. The sol enoids 105 ardSontrol |l ed by output signals
of the controller 23 (see Fig. 1). 5 Wth reference to Figs.
14, 15, and 16, as the cam99 is rotated by the notor 98, the cam

foll owers 100 Y2 A ad?ﬁ t d. As
shown in Fig. ﬁyeat ﬁ? f—ﬁju ?d 31) Or?gtggﬁ 8769@1%a§%ﬁ% ﬁd%%agg%éggﬁm%%
positions when fdie g e printedl&Zchit-bohrd feddper most position. The
sol enoids 105 hold the 1 0 sliding shafts 94 at their uppernost positions
when the sol enoi ds 105 are in their on states. Wen the sol enoids 105
are in their off

10. An electronic-parts mounting apparatus as recited in claim 1,

5 wherein the cassettes comprise a bulk-type cassette containing
electronic parts in bulk, and a taping-type cassette containing chip-

type electronic parts attached to a tape at given intervals.

11. An electronic-parts mounting apparatus as recited in claim 1,

10 wherein the sucking nozzles of the second mounting head places
the electronic parts on the printed circuit board on the table
arrangement while the sucking nozzles of the first mounting head
pick up the electronic parts fed by the first feeder, and wherein the
sucking nozzles of the first mounting head places the electronic

15 parts on the printed circuit board on the table arrangement while
the sucking nozzles of the second mounting head pick up the

electronic parts fed by the second féeder.

12. An electronic-parts mounting apparatus as recited in claim 1,
20 wherein the sucking nozzles of the first and second mounting heads
are arranged at a pitch corresponding to a pitch between paths of

feed of electronic parts from the cassettes.
13. An electronic-parts mounting apparatus as recited in claim 1,

25 wherein each of the first and second mounting heads comprises a

motor, a cam member connected to an output shaft of the motor, a

A



states, the sliding shafts 94 can nove upward and downward. Wth

reference to Fig. 18, under conditions where the sol enoids 105 are I n
their off states, as the plate 102 and the engagenent nenber 1 5 103 nove
downwar d, the engagenment nenber 103 presses the conpressi on springs
104 downward and hence the sliding shafts 94 nove downward. Wth ,
reference to Fig. 19, under conditions wheré&0- the solenoids 105 are in
their on states, as the plate 102 and 't he engagenent menber 103 nove
downward, the engagenment 2 0 nenber 103 presses the conpression springs

104 downwar d buteam follé®er %gﬁ%&%}aﬂ@f&% %eﬁ?@?&/ (%r txl?:ltE %ﬂnéﬁ?@&[t)gotg*e each

posi tions. Accor di ngl rd novene I cal novenen

of the sli dang feheker %d Boklihgathevehykipgr AbiAles ﬂﬁdsuﬂﬁi hegdzieken
t he related solenoid 105 is inits off state and its on ate
respectively. Deing lelevattbd anblageredaas thé autpusIshaiftngf SHnafrnstoaélratatESbe
changed between a drivable state and a rest state by controlling the
rel at ed :

5 14. An electronic-parts mounting apparatus as recited in claim
18, further comprising means for varying lower limit positions of
the sucking nozzles by controlling a range of rotation of the output

shaft of the motor with respect to the cam member.

10 15. An electronic-parts mounting apparatus as recited in claim
13, wherein a speed of movement of the sucking nozzles is low
when the sucking nozzles are positionally close to their upper limit

positions and their lower limit positions.

15 16. An electronic-parts mounting apparatus as recited in claim
13, further comprising means for controlling a speed of rotation of

the output shaft of the motor.

17. An electronic-parts mounting apparatus as recited in claim 1,
20 further comprising means for simultaneously elevating and lowering

the sucking nozzles of the first mounting head, and means for

simultaneously elevating and lowering the sucking nozzles of the

second mounting heads.

25 18. An electronic-parts mounting apparatus as recited in claim 1,

further comprising means for sequentially elevating and lowering

A



- 33- sol enoid 105. As shown in Fig. 20, only arbitrary one of the

sliding shafts 94 can be noved downward by suitably controlling the
sol enoi ds 105. As previously indicated, the sucking nozzles 20
nove vertically 5 together with the sliding shafts 94. The controller 23
(see Fig. 1) has the function of varying lower limt positions of the
sucki ng nozzles 20 by controlling a rdhte of rotation of the output
shaft of the notor 98 with respect to the cam 99. In the

case where the solenoids 105 are in their off states, the 1 0 sliding

shafts 94 nove d@l Vﬂngsné}ﬁ.ge E:tgg gt %Sﬁntl%qlgt ﬂead at diff%h?ﬁteﬁﬁgig dFi 9.

21, under condltlons rotates const an

the downward di sidese@id fof sepsdnt@dlly keevakirth 88d lowe {He sBekidler eases

at a varying rate as tine goes by. The shape or protile of the cam 99
i s designed so trna#zleshef tke tsecahd speadtinig hbadd 2 differelitntinsingst 94 will be
| ow when the sliding shaft 94 is close to its upper nost position or

its | owernost position. This design enables el ectronic parts 150 to be

gently or so circuit board 19, The e or

profiie of tﬁméaé;oum F eIt ré‘rﬁ;ﬁ'e??lgﬁs mounging %RB%IractHSpﬁ‘%y?‘HEﬁdalﬁﬁi&?Bﬁean
of the vertical ﬁ?ﬁ%’r % J‘nmﬁl |_d| ng

sixth means for selecting at least one sﬁcking nozzle from
among the sucking nozzles of the first mounting head;
seventh means for elevating and lowering the selected sucking
10 nozzle of the first mounting head;
eighth means for selecting at least one sucking nozzle from
among the sucking nozzles of the second mounting head; and
ninth means for elevating and lowering the selected sucking
nozzle of the second mounting head.
15 _
20. An electronic-parts mounting apparatus as recited in claim
19, further comprising: |
tenth means for inhibiting sucking nozzles of the first
mounting head which are not selected by the sixth means from
20 Dbeing elevated and lowered by the seventh means; and
eleventh means for inhibiting sucking nozzles of the second
mounting head which are not selected by the eighth means from

being elevated and lowered by the ninth means.

25 21. An electronic-parts mounting apparatus as recited in claim

13, further comprising springs connected to the sucking nozzles of

) O A



2 0 shaft 94. The lower limt position of each of the sliding

shafts 94 depends on the thickness of electronic parts 150. The
el ectronic- parts recogni zing sections 12 and 13 informthe controller
23 of the thickness of the electronic parts 150. It is preferable that

the 2 5 controller 23 controls the rotational speed of the notor 98 in
response to the thickness of the electronieb@arts 150 to adjust the

- 34- vertical speed of the sliding shaft 94. According to the

adj ust nent of the vertical speed of the sliding shaft 94, the

el ectroni c part S : t : ' @1?&:' LI .CU oard
19. Zi(r}glf anpserat |d8§w§%;tﬁ% H(E&elac%t@gn‘%%}lg%%g munﬁgﬂ%&ﬁé’

apparatus 5 wgblrieaXp! ai ned hereinafter. The overall operation of the
el ectroni c-parts nmounting apparatus is controlled by the controller

22. An electronic-parts mounting apparatus as recited in claim 1,
5 further comprising:
sixth means for detecting whether or not each of the
electronic parts is normally held by the related sucking nozzle of
the first mounﬁng head;
seventh means for removing the electronic parts from the
10 related sucking.nozzles which are detected by the sixth means to be
not normally held by the related sucking nozzles;
eighth means for detecting whether or not each of the
electronic parts is normally held by the related sucking nozzle of
the second mounting head; and
15 ninth means for removing the electronic parts from the
related sucking nozzles which are detected by the eighth means to

be not normally held by the related éucking nozzles.

T



23 (see Fig. 1). As shown in Fig. 22, while the nmounting head 11

pl aces electronic parts 150 on a printed circuit board 19 on the tabl e
arrangenent 6, the nounting head 10 is controlled by the 1 O controller

23 so that the nounting head 10 is noved along the X direction to a
predeterm ned position related to the cassettes 4 in t he ,
el ectronic-parts feeder 2. The feeding devic§&fl actuates |l evers (not
shown) of the cassettes 4, and hence opens s ters thereof. The

mounting head 10 is controlled by the controller 23 so that the 1 5
sucking nozzles 20 thereon nove domnmard and access electronlc parts
150 in the cassettes 4 via theAdpphe 3 IBCSLOGURE nozzl es
20 on the mounting head 10 pick up the electronlc parts 150, and then
move upwar d. SEbEéHL‘Ié@NlIgZ rPABRTSHMODUNTING . APBARATUISDUNt | Ng

head 10 is 2 0 tralled. b |l er 23 hat _t head
10 moves ©  along. t RESKUR GonTaR FisCHRSIEIREHS o S paP SSREO AR

ti 12.
?n?ﬁnltﬁgg headé %@%EQ‘%Q{ lgfe elg' r%{r%?&cle%g&%t@&l%w{%%z#&ztrom Cc- pa%s
recogni zi ng sect kgt i‘r?oxﬁ%ﬁgtrfea‘éioﬁﬂsts'&% fndzE&seﬂo??hERﬁi§u®aﬂi§ 2 5 150

hel d by the sucking nozzl es 20 on the noun |ng head det ect ed
condi tions of5 t heleztemticoparnts fed ttsy e firsc Fesdizrhed glcondnthounting head has

sucking nozzles for picking up the electronic parts fed by the
second feeder. A table arrangement is operative for holding a
printed circuit board. The first and second mounting heads are
alternately moved along a first direction to a region above the

10 printed circuit board on the table arrangement. The table
arrangement includes a mechanism for moving the printed circuit
board on the table arrangement in a second direction perpendicular
to the first direction. Also, the table arrangement includes a
mechanisms for rotating the printed circuit board on the table

15 arrangement about an axis perpendicular to both the first and
second directions. The sucking nozzles of the first mounting head
ﬁlace the electronic parts on the printed circuit board on the table
arrangement when the first mounting head is in the region above
the printed circuit board. The sucking nozzles of the second

20 mounting head place the electronic parts on the printed circuit
board on the table arrangement when the second mounting head is

in the region above the printed circuit board.
(FIG. 1)
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-35- . postures of the electronic parts 150. The el ectronic-parts
recogni zing section 12 infornms the controller 23 of the detected

conditions of the electronic parts 150 held by the sucking nozzles 20
on the mounting head 10. The controller 23 calculates an error 5 between
a predeterm ned reference position and the detected position of each
of the electronic parts 150. The controller 23 stores data
representative of the cal cul ated positional error in the i nternal RAM
As shown in Fig. 24, after the nounting head 11 conpletes 1 0 the

el ectroni c-parts nmounting process, the nmounting head 11 is controlled
by the controller 23 so that the nounting head 11 noves fromthe
position above the table arrangenent 6. Sinultaneously, t he nounting
head 10 is controlled by the controller 23 so that the nount i ng head
10 noves along the X direction to a position above 1 5 the table
arrangenent 6. For each of the electronic parts 150, the - controller 23
controls the position of the nmounting head 10 ahove the table
arrangenment 6 in response to the cullat Rosiit i onal error. Then,

t he sucking nozzles 20 on the nmounting head 10 are
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controlled by the controller 23 so that the sucking nozzles 20 nove 2 0
downwar d by di stances dependi ng on the detected heights of the

el ectronic parts 150. The sucking nozzles 20 on the nounting head 10
pl ace or nount the electronic parts 150 on the printed circuit board
19. Wile the nounting head 10 inplement;s the el ectronic- parts
nmounti ng process, the nmounting head 11 is controlled by the 2 5 controller
23 so that the nmounting head 11 is noved al ong the X direction to a
predeterm ned position related to the cassettes 4 in

- 36- the electronic-parts feeder 3. The feeding device 22 actuates
| evers (not shown) of the cassettes 4 and hence opens shutters

t her eof . The mounting head 11 is controlled by the controller 23 so
t hat the sucki ng nozzles 20 thereon nove downward and access
electronic 5 parts 150 in the dassettes 4 via the opened shutters. The

sucki ng nozzl es 20 on«fhe unting\peadtélkgigg up the el ectrionic
parts 150, and then nmo¥g u l rdN- S T / / /
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the nounting head 11 is controlled

Subsequently, as shown in Fig. 25,
1 0 along the X

by the controller 23 so that the nounting head 11 noves
direction to the electronic-parts recogni zing section 13. It should
be noted that the sucking nozzles 20 on the nounting head 11 hold the
el ectronic parts 150. The el ectronic-pagts recogni zi ng section 13
detects conditions of the electronic parts 150 hel d by the sucking
nozzles 20 on the nounting head 11. The 1 5 detected conditions of the

el ectronic parts 150 include hei ghts and postures of the electronic

parts 150. The el ectronic-parts

controll er

23 of the detected

hel d by the sucking nozzl es
23 calculates an error 2 0 between a predeterm ned reference position and

posi tion of each @f the electrggic parts 150. The

t he detected
controll er

error

is periodically reitera
successi vel y nounted on
heads 10 and 11. The

stores data repre

i nternal RA

£

-

recogni zi ng section 13 inforns the
conditions of the electronic parts 150

M

+ ot

al
CUu oS

t he

2
-

J

uTrrat

pri nt eq

ntativ
’ Al seqpiery

of <L h

cal cul

20 on the nmounting head 11. The controller

at ed positional

e of these processes

Lt

150 are

cir#uit board 19 b

e e,

|

looenogogn

HHIIMGQEI

t- mount i ng
PN

//4

9

FIG.3

3
L,

jaoneodnnn

Il
//IJMXHMM
/
34 ’

|

!
l

—
_

/6>
3]
18



-37- . nounting heads 10 and 11 alternately inplenent the el ectronic-
parts nmounting processes. As previously indicated, electronic
conponents 150 unacceptably held by the sucking nozzles 20 on the
mounting heads 5 10 and 11 are renoved fromnormal feed paths via the
defective- parts renoving sectionsg4l7 and 18. The defective-parts
renmovi ng processes related to the defective-parts renoving sections 17
and 18 are simlar to each other. Therefore, only the defective-parts
removi ng process related to the defective-parts renoving section 1 0 17
wi || be explained hereinafter. As shown in Fig. 26, while the
nmounti ng head 11 pl aces el ectronic parts 150 on a printed circuit
board 19 on the table arrgngeggn , e nmounting head 10 is
controll ed by the control | ér 23 so~THat the mounting head 10 is noved
along the X 1 5 direction to the predeterm ned position related to the

cassettes 4
|5
24




in the electronic-parts feeder 2. The feeding device 21 actuates the

| evers of the cassettes 4, and hence opens the shutters thereof. The
nounting head 10 is controlled by the controller 23 so that the

sucki ng nozzl es 20 thereon nove downward and access electronic 2 0 parts

150 in the cassettes 4 via the opened sigutters. The sucking nozzl es 20
on the nounting head 10 pick up the electronic parts 150, and then
nove upward. Subsequently, as shown in Fig. 27, the nounting
head 10 is controlled by the controller 23 so that the nounting head
10 noves 2 5 along the X direction to the electronic-parts recogni zi ng
section 12. It should be nqted iﬁat he cking nozzles 20 on the
mount i ng j:% (:;. - 38- head 10
hold the electronic parts 150. The el ectronic-parts recogni zi ng
section 12 detects conditions of the electronic parts 150 held by the

sucki ng nozzles 20 on the nounting head 10. The
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detected conditions of the electronic parts 150 include heights and 5

postures of the electronic parts 150. The el ectronic-parts recogni zi ng
section 12 infornms the controller 23 of the detected condi.ti ons of
the electronic parts 150 held by the sucking nozzles 20 on the
mounting head 10. The controller 23 decgdes whether or not the sucking
nozzl es 20 on the nounting head 10 fail to hold the 1 0 electronic parts '
150 in response to the detected conditions of the el ectronic parts
150. When it is decided that the sucking nozzles 20 on the nounting
head 10 fail to hold the electronic parts 150, t he nounting head 10
is controlled by the controller 23 so that the nmounti ng head 10
returns fromthe electronic-parts recognizing 1 5 section 12 to the
predeterm ned position related to the cassettes 4 in the

el ectronic-parts feeder 2. Then, the nounting head 10 is controll ed by
the controller 23 so that the nol iﬁ?‘gﬁfd é? repeats a process of

pi cki ng up el ectronic conponents 150 from* the cassettes 4 in the

el ectronic-parts feeder 2. Subsequently, the 2 0 nounting head 10 is
controlled by the controller 23 so that the mounting head 10 noves to
the el ectronic-parts recogni zi ng section 12 again. The

el ectroni c-parts recogni zi ng secti 12 detects conditions of the

el ectroni c part

150 held by the su ELng nozzl es 20 on the nmounting

head 10. As | ondgs, the Sycki By ngzzPes520 on 2 5 the nounting head 10
fail to hol d K= o q‘;\Qa ts 5& a 64 gequence of these processes
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- 39- controller 23 counts the nunber of the repetition. Wen the
nunber of the repetition reaches a predeterm ned nunber, the

controller 23 indicates a nessage on its display. The nessage nmeans
that electronic parts 150 have been exhausted. 5 The controller 23
deci des whet her or not each of the 7 electronic parts 150 is normally
hel d by the rel ated sucki ng nozzle 20 on the nounting head 10 in
response to the detected conditions of the electronic parts 150. Wen
it is decided that at |east one of the electronic parts 150 i s not
normal Iy held by the related sucking 1 0 nozzle 20 on the nounting head 10,
the nmounting head 10 is controlled by the controller 23 so that the
nount i ng head 10 noves to the defective-parts renoving section 17 as

shown in Fig. 28.

FIl1g. 7




Then, the nounting head 10 is controlled by the controller 23 so t hat
the nmounting head 10 di scharges the abnornmally-held 1 5 electronic parts

150 to the defective-parts renoving section 17. Subsequently, the
mounting head 10 is controlled by the controller 23 so that the
mounting head 10 returns to the predetergr ned position related to the
cassettes 4 in the electronic-parts feeder 2 as shown in Fig. 29. In
addition, the nounting head 10 is controlled 2 0 by the controller 23 so

t hat the unl oaded sucki ng nozzle or nozzles 20 on the nounting head
10 repeat a process of picking up el ectronic parts 150 fromthe
cassettes 4 in the electronic-parts feeder 2. Then, the nounting head
10 is controlled by the controller 23 so that the nmounting head 10
noves to the electronic- 2 5 parts recognizing section 12 again. The

el ectronic-parts recogni zing section 12 detects conditions of the

el ectronic parts - 40-
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150 held by the sucking nozzles 20 on the nounting head 10.

During the el ectronic-parts nounting process, the relative position
bet ween each of electronic parts 150 on the nounting head 10 and a
printed circuit board 19 on the table arrangenent 6 is 5 finely controlled
or adjusted as follows. Wth reference tp Fig. 30, t he

el ectronic-parts recogni zi ng section 12 detects conditions of
el ectronic parts 150 held by the sucking nozzles 20 on the nount i ng
head 10. The detected conditions of the electronic parts 150 i ncl ude
hei ghts and postures of the electronic parts 150. The 1 0 electronic-parts
recogni zing section 12 inforns the controller 23 of the detected
conditions of the electronic parts 150 held by the sucki ng nozzles 20
on the mounting head 10. The controller 23 cal cul ates an error

bet ween a predeterm ned ret%re e position and the d e§$ed position
of each of the electronic rt 50. The 1 5 cal cul at egHppSiti onal error
has conponents related to g@ direction, the Y d|r Eﬁn, and the
[err] direction, respectively. e controller 23 s s data

i
representative of the c&<ﬁ3 tEegrjpoositi onal ergorfin thg i nterna
RAM As' shown in Fig. 31, th% g head 10%5\% 8Pl ed by the
controller 23 so that the noun g head 10 2 0 noves tp (@ pos&iion above

t he tabl e arrangenent 6.&For . of the ~ EQ f on
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el ectronic parts 150, the controller 23 finely controls the position

of the nounting head 10 above the table arrangenent 6 in response to
the X-direction conponent of the cal cul ated positional error. In

addition, the controller 23 finely controls the position of the Y table 2 5

29 of the table arrangenent 6 in respongg to the Y-direction conponent
of the calculated positional error. Furthernore, the

-41- controller 23 finely controls the position of the [err] frane
34 of the tabl e arrangenent 6 in response to the [err]-direction
conponent of the cal cul ated positional error. As a result, the
positional error of each of the electronic parts 150yhel d by the
sucki ng nozzles 20 on 5 the nounting head 10 is coryectedy Simlarly, a
posi tional error of each of electronic parts 15D hel di\by t he sucking
nozzl es 20 on the nounting head 11 is cprrected

Second Enbodi nent A second enbodi ention is

simlar to the first 1 0 enbodi nent thereof

xcept fpr desifgn changes
i ndi cat ed




herei nafter. Wth reference to Fig. 32, the second enbodi nent of

this i nvention includes a sucking nozzle 20 which is novably connected
to a sliding shaft 94. Normally, the sucking nozzle 20 noves 1 5 together
with the sliding shaft 94. The sucki ng nozzle 20 can nove axially or
vertically relative to the sliding shaf{194. A conpression spring 107

di sposed in a space in the sliding shaft 94 urges the sucki ng nozzl e
20 downward relative to the sliding shaft 94. As shown in Fig.
33, the sucking nozzle 20 can nove relative 2 0 to the sliding shaft 94
agai nst the force of the conpression spring 107. This design is

advant ageous i n absorbing a shock when t he sucki ng nozzle 20 neets an
el ectroni c conponent 150. shiown in Fig. 34, the upper
surfaces of electronic conmponent s (elfectronic parts) 150A, 150B, and
150C of different 2 5 types are in dififergnt height positions.

Specifically, the upper surface fci¢e el ectroni c conponent 150A is in
t he hi ghest position. K < -42-
The upper surface of the electronlc‘EEmB ent 1I50B Ts]]n the second

hi ghest position. The upper surfaQ§yQ4 b@“electronlc
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conponent 150C is in the | owest position. The controller 23 (see
Fig. 1) separates the electronic 5 conponents 150A, 150B, and 150C into a
group or groups according to the height positions thereof. A

di fference between the hei ght positions of the upper surfaces of the
el ectroni c conponents in each gr?gp corresponds to less than the
possi bl e verti cal di spl acenent of the sucking nozzles 20A, 20B, and
20C relative to 1 0 the sliding shafts 94. The el ectroni c conmponents 150A
and 150B are in a first group while the electronic conponent 150C is
in a second group. Firstly, the controller 23 (see Fig. 1)
sets the lower limt position of the sucking nozzles 20A and 20B in
accordance with the 1 5 |owest position anong the height positions of the
upper surfaces of the el ectronic conponents 150A and 150B in the first
group. Specifically, the lower Iimt position of the sucking nozzles
20A and 20B is set in accordance with the height position of the upper
surface of the el ectronic conpo tI}S Tme ontroller 23 (see 2 0 Fig.
1) controls the sliding shafts 94 so that® t he“Sucki ng nozzl es 20A and
20B related to the el ectronic conponents 150A and 150B in the first
group nove downward whil e the sucking nozzle 20C related to the

el ectroni c conponent 150C remains at its uppernost position as shown
in Fig. 35. The sucking nozzle 20A neets-the
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2 5 electronic conponent 150A before the sucking nozzle 20B reaches
the lower Iimt position. Wien the sucking nozzle 20A neets the

- 43- el ectroni c conponent 150A, the sucking nozzle 20A starts to
nove relative to the related sliding shaft 94 against the force of

t he spring 107. Thus, a shock on jje sucking nozzle 20A can be
absor bed. Then, as shown in Fig. 36, the sucking nozzles 20A and 20B

pi ck up 5 the electronic conmponents 150A and 150B respectively. The
controller 23 (see Fig. 1) controls the sliding shafts 94 so that the
sucki ng nozzles 20A and 20B with the el ectronic ¢onponents 150A and
150B nove upward to the upper |imtjipositionp. Subsequently, the
controller 23 (see Fig. 1) sets thelllower 1{0 liyit position of the
sucki ng nozzl e 20C i n accordance quh t he
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hei ght position of the upper surface of the el ectronic conponent

150C. The controller 23 (see Fig. 1) controls the sliding shaft 94

related to the sucking nozzle 20C so that the sucking nozzle 20C noves
downward to the lower limt position as shown in Fig. 37. 1 5 Then, as
shown in Fig. 38, the sucking nozzle 20{4pi cks up the el ectronic
conponent 150C. The controller 23 (see Fig. 1) controls the sliding
shaft 94 so that the sucking nozzle 20C with the el ectroni c conponent
150C noves upward to the upper limt position. In this way, the

el ectroni c conponents 150A, 150B, and 2 0 150C are picked up and held by

t he sucki ng nozzl es 20A, 20B, and 20C respectively.

Thi rd Enmbodi nent A third enmbodiment of this invention is simlar
to the second enbodinent&ﬁﬁer f cepq Q%L desi gn changes i ndi cated
|later. 2 5 As shown i igs3 theluppér surfaces of electronic
conponents (electronic parts) 150A, 150B, and 150C of different




-44- types are in different height positions. Specifically, the

upper surface of the electronic conponent 150A is in the highest

posi tion. The upper surface of the electronic conmponent 150B is in the
second hi ghest position. The upper surface of the electronic 5 conponent
150C is in the | owest position. 15 The controller 23 (see Fig. 1)
separates the electronic conponents 150A, 150B, and 150C into a group
or groups according to the height positions thereof. It is preferable
that a di fference between the hei ght positions of the upper surfaces
of the 1 0 electronic conponents in each group corresponds to | ess than

t he possi bl e vertical displacenent of the sucking nozzles 20A, 20B,
and 20C relative to the sliding shafts ; oni ¢ conponent s
150A and 150B are in a first group wale the electr nent 150C
isin a second group. 15 the conttoller 23n(see Fig. 1)
sets the lower limt position o /suc and 20B in
accordance with the g, §§ opwrar Sy N S \
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| owest position anmong the height positions of the upper surfaces of
the el ectronic conponents 150A and 150B in the first group.
Specifically, the lower Iimt position of the sucking nozzles 20A and 2 0O

20B.is set in accordance with the height position of the upper surface
of the el ectronic conponent 150B. The cegtroller 23 (see Fig. 1)
controls the sliding shafts 94 so that all the sucking nozzles 20A, '
20B, and 20C related to the el ectronic conponents 150A, 150B, and 150C
nove downward as shown in Fig. 40. The sucking 2 5 nozzle 20A neets the

el ectroni ¢ conponent 150A before the sucki ng nozzle 20B reaches the
lower limt position. Wen they_ A

- 45- sucking nozzle 20Ayeets the el &tronic conponent 150A, the

sucki ng nozzl e 20A starts to nove relative fo the related sliding
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shaft 94 against the force of the spring 107. Thus, a shock on the
sucki ng nozzl e 20A can be absorbed. The sucking nozzle 20C 5 renmins out

of contact with the el ectronic conmponent 150C al t hough t he sucki ng
nozzl e 20C noves downward to the lower limt posi tion.
Subsequently, the controller 23 (see Figy 1) sets the |ower limt
position of the sucking nozzle 20C in accordance with the 1 0 height
position of the upper surface of the el ectroni c conmponent 150C. The
controller 23 (see Fig. 1) co qi<€§b sI%b g shafts 94 related to
t he sucking nozzles 20A, 20B, 'and 20C'so that the sucki ng nozzle 20C
noves downward to the lower limt position whi | e the sucki ng nozzl es
20A and 20B remain in contact with the 1 5 electronic conponents 150A and
150B as shown in Fig. 41. During this period, the sucking nozzles 20A
and 20B nove relative to the related sliding shafts 94 against the
forces of the springs 10H whifl e
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remaining in contact with the el ectronic conponents 150A and 150B.
Then, as shown in Fig. 42, the sucking nozzles 20A, 20B, and 2 0 20C pick

up the electronic conponents 150A, 150B, and 150C. The controller 23
(see Fig. 1) controls the sliding shafts 94 so that t he sucking
nozzl es 20A, 20B, and 20C with the elquronic conponents 150A, 1508,
and 150C nove upward to the upper limt position. In this way, the
el ectroni c conponents 150A, 150B, and 2 5 150C are picked up and hel d by
t he sucki ng nozzles 20A, 20B, and 20C respectively.

- 46- VWHAT |S CLAIMED | S:
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1. An el ectronic-parts nounting apparatus conprising:

cassettes containing electronic parts; 5 first and second feeders
for feeding the electronic parts from t he cassettes; a
first nmounting head havi ng sucking nozzles for picking up t he
el ectronic parts fed by the first feedejg a second nounting head
havi ng sucki ng nozzles for picking up 1 % the electronic parts fed by the
second feeder; a table arrangenent for holding a printed circuit
boar d; first neans for alternately noving the first and second
nmounting heads along a first direction to a region corresponding to a
position of the printed circuit board on the table arrangenent; 1 5
second nmeans contained in the table arrangenent for noving the printed
circuit board on the table arrangenent in a second di rection
perpendicular to the first direction; /9 t hi r/d means contained in
the tabl e arrangenent for rotati-hg— t+-he erinted/éireaéz beard—on t he
tabl e arrangenent about an axfsi2<a- er-pendietta oty ' | and
second directions; 22 | f ans far W ng th g|nedzl es
of the first mount i ng he ace the jeljectlronic part he
printed circuit board anit | e _arranggnent wh : ﬁfing
head is in E:’I_ eZZégion; ‘ ' he
sucki ng nozzl e§” 0t *t he second :ﬂ 1C
parts on the printed circuit —— V4
S
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-47- board on the table arrangenent when the second nounting head is

I n the region. 2. An el ectronic-parts nounting apparatus as
recited in claiml, 5 further conprising: si xth means for
detecting whether or not the sucking nozzles of the first nounting
head fail to pick up the electronic partgg for detecting postures of
the electronic parts held by the sucking nozzles of the first
nounting head, and for detecting heights of the 1 O electronic parts held
by the sucking nozzles of the first nounting head; and

seventh neans for detecting whether or not the sucking nozzl es of the
second nounting head fail to pick up the electronic parts, for

detecting postures of the electronic parts held by the 1 5 sucking nozzl es
of the second nmounting head, and for detecting

v/
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hei ghts of the electronic parts held by the sucking nozzles of the

second nounting head. 3. An el ectronic-parts nounting apparatus as
recited in claiml, 2 0 wherein the table arrangenent conprises a notor, a
speed- reducti on device connected to an output shaft of the notor, a
tabl e connected to the speed-reducpgon device and rotating as the
out put shaft of the notor rotates, and a hol ding nenber connected to
t he table for holding the printed circuit board. 2 5 4, An
el ectronic-parts nmounting apparatus as recited in claimS3,
- 48- wherein the table arrangenent further conprises neans for
carrying the printed circuit board to and fromthe hol di ng nenber, and
means for locating the printed circuit board on the hol ding
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5 5. An el ectronic-parts nounting apparatus as recited in

menber .

claim1l, further conprising a printed-circuit-board feeder for

feeding the printed circuit board to the table arrangenent, and a

pri nt ed- circuit-board carrier for carrying the printed circuit from

the table 1 0 arrangenent. 6. oAn electronic-parts nounting

apparatus as recited in claimb5, further conprising a notor, and a
connected between the notor and the

power transm ssion mechani sm
printed-circuit-board feeder. 1 5 7. An el ectronic-parts nounting

apparatus as recited in claimb5, wherein the printed-circuit-board
feeder conprises gui de nenbers for guiding opposite sides of the

printed circuit board, respectively. 2 0 8. An el ectronic-parts
nounting apparatus as recited in claimd4, further conprising a notor,
and a power transm ssion nechanism connected between the notor and the
| ocating neans in the table [ arrangengent .
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25 9. An el ectronic-parts nounting apparatus as recited in claimb5,
further conprising a stopper for stopping the printed circuit board

- 49- at a predeterm ned position above the table arrangenent which
is . fed by the printed-circuit-board feeder. 10. An

el ectroni c-parts nmounting apparatus as pgcited in claiml, 5 wherein the
cassettes conprise a bul k-type cassette containing el ectronic parts in
bul k, and a taping-type cassette containing chip- type el ectronic
parts attached to a tape at given intervals. 11. An electronic-parts
nmounting apparatus as recited in claiml1l, 1 0 wherein the sucking nozzles
of the second nounting head pl aces the electronic parts on the printed

circuit board on the table
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arrangenment while the sucking nozzles of the first nounting head
up t-he electronic parts fed by the first feeder,

pi ck
and wherein the

sucki ng nozzles of the first nmounting head places the electronic 1 5 parts

on the printed circuit board on the table arrangement while
sucki ng nozzles of the second nounting

parts fed by the second feeder.

t he
?%ad pi ck up the el ectronic
. An el ectronic-parts nounting

apparatus as recited in claiml, 2 0 wherein the sucking nozzles of the

first and second nounting heads
to a pitch between paths of
cassettes.

are arranged at a pitch correspondi ng
feed of electronic parts fromthe

13. An electronic-parts nounting apparatus as recited in

claiml1l, 2 5 wherein each of E£§ st and secon nting S conpri ses
a notor, a cam menfyer é& to an outputt sh notor, a
> ,g/qe S 5/95
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- 50- cam fol | oner engagi ng the cam nenber, a plate connected to the
cam foll ower and hol di ng the sucki ng nozzl es, the sucking nozzles
bei ng el evated and | owered as the output shaft of the notor rotates. 5
14. An electronic-parts nmounting apparatus as recited in claim 13,
further conprising nmeans for varying loygr limt positions of t he
sucki ng nozzles by controlling a range of rotation of the output shaft
of the notor with respect to the cam nenber. 10 15. An
el ectronic-parts nmounti ng apparatus as recited in claim 13, wherein a
speed of novenent of the sucking nozzles is |ow when the sucking
nozzl es are positionally close to their upper limt positions and
their lower limt positions. 15 16. An electronic-parts nounting
apparatus as recited in claim 13, further conprising neans for
controlling a speed of rotation of t he out put shaft of the notor.
17. An el ectroni c- par| unti ppar atus as reecrted +~ Q#g'n1l, 20
further conprising neéﬁ%ﬁ?&ﬁis?%ﬁﬁtaneously elesg%ﬂﬁgCEgd ring t he
sucki ng nozzles of the first nmounting head, and neans for
si mul t aneously el evating and | owering the sucking nozzles of the
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seco nting %gA%ECH ;Uépqg{'f Aﬁppglcaélgxt‘ 1r\k(;)ngl/(c)?)g::)éatlr%s mount i ng appar at us

as din cIa|n11 further!|conprising neans for sequentially
elreydrth =51=
tkgﬁgﬁgéﬁﬁgﬁicéyﬁggtg¢Tthe first nmounting head at different timngs,

and means for sequentially elevating and | owering the sucking nozzl es
ofi t he pp e@ARONILPARIG RERISTAYGAU BT SRATUS i M ngs. 5 19. An
electronlc parts nmounting apparatus as recited in cIa|n11 further
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rrprl es 4) contam ele h&%tlpa sa'ﬁrstf e%d e%!)l?d: ée?ﬁ' ES%?&ﬁ/eszF éeg o4
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picking up the electronic parts fed by the first féeder (2). A second mounting
sucking nozzles for picking up the electronic parts fed by the second feeder (3). A table
arrangement (6) is operative for holding a printed circuit board (19). The first and second
mounting heads (10,11) are alternately moved along a first direction to a region above the
printed circuit board (19) on the table arrangement (6). The table arrangement includes a
mechanism for moving the printed circuit board (19) on the table arrangement (6) in a second
direction perpendicular to the first direction. Also, the table arrangement (6) includes a
mechanisms for rotating the printed circuit board (19) on the table arrangement about an axis
perpendicular to both the first and second directions. The sucking nozzles (20) of the first
mounting head (10) place the electronic parts on the printed circuit board (19) on the table
arrangement (6) when the first mounting head is in the region above the printed circuit board.
The sucking nozzles (20) of the second mounting head (11} place the electronic parts on the
printed circuit board (19) on the table arrangement (6) when the second mounting head (11) is
in the region above the printed circuit board.
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1 0 nozzle of the first nounting head; eighﬁh(ﬁ%&é&ifo}
sel ecting at | east one sucking nozzle from anong t he |pg8ki ng nozzl es

of the second nounting head; and ns.f and
| owering the sel ected sucking nozzl e of tﬁgg§%%®ﬁ5hﬁ§5n?%§éﬁa 991 5

20. "An el ectronic-parts nounting apparatus as recited in claim

further conpri sing: tenth nmeans for inhibiting sucking nozzles
of the first nount i ng head which. are nét sel ect ed by the sixth nmeans
from 2 0 being elevated and | owered by the seventh neans; and

el event'’h neans for inhibiting sucking nozzles of the second mount i ng
head whi ch are wbtreinl et Ezdalbya.m—bageﬁr@lmltrfumﬁamsccbmnses meansi fog el evat ed
and | owered by the ninth neans. 2 21. An electronic-parts nounting

apparat us as r<SETERS the Painted mrcql?, baase e pngofrprt shaghelginggsesdierect ed

to the sucking apr?cfznl'xeeésns ffor locating the printed circuit board on the holding

member.

5 A fifth aspect of this invention is based on the first aspect
thereof, and provides an electronic-parts mounting apparatus
further comprising a printed-circuit-board feeder for feeding the
pririted circuit board to the table arrangement, and a printed-
circuit-board carrier for carrying the printed circuit from the table

10 arrangement.
fifth
A sixth aspect of this invention is based on the first aspect
thereof, and provides an electronic-parts mounting apparatus
further comprising a motor, and a power transmission mechanism
connected between the motor and the printed-circuit-board feeder.
15 A seventh aspect of this invention is based on the fifth aspect
thereof, and provides an electronic-parts mounting apparatus
wherein the printed-circuit-board féeder comprises guide members
for guiding opposite sides of the printed circuit board, respectively.
An eighth aspect of this invention is based on the fourth
20 aspect thereof, and provides an electronic-parts mounting apparatus
further comprising a motor, and a power transmission mechanism
connected between the motor and the locating means in the table
arrangement.
A ninth aspect of this invention is based on the fifth aspect
25 thereof, and provides an electronic-parts mounting apparatus

further comprising a stopper for stopping the printed circuit board
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. -52- the first .and second nounting heads for urging the sucking

nozzl es downwar d. 22. An electronic-parts nounting apparatus as
recited in claiml, 5 further conprising: . I Xt h :

det ecti ng whether or not each of the eIec?PBﬁ?%ngéﬁF%Eiéﬁ%@ﬁﬁé$$§ hel d
by the rel ated sucki ng nozzl e of the first nounting head,

seventh neans for renoving the electronic parts fromthe 1 0 related
sucki ng nozzl es which are detected by the s#®t-h means to be not
norfral |y held by the rel ated sucking nozzl es; ei ght h means for
detecti ng whether or not each of the electronic parts is normally held
by the rel ated siteitenigthezzbk afrangemdrtefinebenGonpiiséd gnéraasl forand 1 5
ninth neans for renoving the electronic parts fromthe rel at ed sucki ng

nozzl es whi ch arermyéegdhedpiiptacheirsiifhbharkdasand from thsehablingomestber, hel d
h I Ki | es.
by the rel ated g%% }nré%.ngo o%‘ Igcszating the printed circuit board on the holding

member.

5. An elcctronic-parfs mounting apparatus as recited in claim 1,
further comprising a printed-circuit-board feeder for feeding the
printed circuit board to the table arrangement, and a printed-

circuit-board carrier for carrying the printed circuit from the table

10 arrangement.

2
6. An electronic-parts mounting apparatus as recited in claim %,

further comprising a motor, and a power transmission mechanism

connected between the motor and the printed-circuit-board feeder.
15 _

7. An electronic-parts mounting apparatus as recited in claim 5,

wherein the printed-circuit-board féeder comprises guide members

for guiding opposite sides of the printed circuit board, respectively.

20 8. An electronic-parts mounting apparatus as recited in claim 4,
further comprising a motor, and a power transmission mechanism
connected between the motor and the locating means in the table

- arrangement.

25 9. An electronic-parts mounting apparatus as recited in claim 5,

further comprising a stopper for stopping the printed circuit board

T




