MOUNTI NG APPARATUS BACKGROUND OF THE | NVENTION Field of the Invention The
present invention generally relates to a method and an apparatus for
nmounting el ectronic conponents on a printed ci

specifically, the present invention is dlrectg& ‘Bg afablyg of
shortening so-called "nmounting tact time" per One electronlc conponent .

Description of the Related Art El ectronic conponents are nounted on prlnted
circuit boards by automatic machi nes, forlinstance, conponents nD

apparatuses for using so-ternmed "nmounting type electronic conpone éfh

of these autommatic conponents nﬂﬁﬂﬂﬂﬁ@mappaﬁﬁlhxgskf’descrlbed in,

Japanese Lai d-

Field of the I i

The present invention generally relates to a method
and an apparatus for mounting electronic components on a
printed circuit board. More specifically, the present
invention is directed to a technique capable of shortening
so-called "mounting tact time" per one electronic component.
Descripti £ 1} 1 3

Electronic components are mounted on printed circuit
boards by automatic machines, for instance, components
mounting apparatuses for using so-termed "mounting type
electronig components"™. One of these automatic components
mounting apparatuses is described in, e.g., Japanese Laid-
open Patent Application No. 5-192824.

This components mounting apparatus is equipped with
the turn table 13 and a plurality of mounting heads 15. The
turn table 13 is hung on the supporging base 2? and is
intermittently and rotatably provided in such a manner that
the rotation shaft is extended along the vertical direction.
These mountiné heads 15 are arranged on the ouﬁer peripheral
portion of this turh table 13 along the peripheral
direction. One of positions where the mounting head 15 is

stopped corresponds to the absorption station. At this



open Patent Application No. 5-192824. This conponents nounting apparatus is
equi pped with the turn table 13 and a plurality of nounting heads 15. The
turn table 13 is hung on the supporting base 28 and is intermttently and
rotatably provided in such a manner that the rotation shaft is extended
along the vertical direction. These nounting heads 15 are arranged on the
outer peripheral portion of this turn table 13 along the peripheral
direction. One of positions where the no@nting head 15 i s stopped

- cor r espondapk8rpEor DS KON thiedbbRPonentd suiplying? apparatus 8 for
supplying the chip components 5. is provided. On the other
hand, another position located opposite to the turn table 13
of the absorption station corresponds to the mounting
station. The board 6 movably supported along the X-Y
direction is mounted on the lbwer portion of the mounting
head 15 positidned at this mounting station.

A plurality of components supplying apparatuses 8 are
arranged within a preselected range containing a portion of
the position corresponding to the absorption station of the
turn table 13. A designated components supplying apparatus
8 is transported to the position corresponding to the
absorption station.

One mounting head 15 absorbs the chip component 5
supplied from the components supplying apparatus 8 in the
absorption station. Then, the turn table 13 is
intermittently rotated by one pitch. The next mounting head
15 is located at the absorption staﬁion, and then absorbs
the chip component 5 similar to the above-described mounting
head 15. Then, the turn table 13 is bgain intermittently
rotated. Thus, the chip component 5 is absorbed by the
mounting head 15 located at the absorption station in this
manner.

Then, the mounting head 15 which has absorbed the chip
component 5 is transported to the mounting station by

rotating the turn table 13. At this mounting station, the



absorption station, the conponents supplying apparattus 8 for supplying the
chip conponents 5 is provided. On the ot her hand, anotyagShqeOisds BecnReplaedt ed

opposite to the turn table 13 of the absorption station jo the
npunting station. The board 6 novably supported al ong tion
IS mounted on the |ower portion of the nmounting head 15 Irtroned at this
nmounting station. A plurality of conponegts supplying apparatuses 8 are
arranged within a preselected range containing a portion of the position
cor r espondnognt ing Heead skf pieswrersisatsoo@sotot heuhtir thé adthip 1Somplordst gnat ed

conponent s suppl yi ng apgaratus 8 is transported to the position

cor r espondP nep tighe the &r-ption station. One nounting head 15 absorbs the
chi p conponent

grior to mounting of the chip component 5, the board 6
is moved by the X-Y table 3, so that this designated
component mounting place is positioned in correspondence
with the mounting station.

The aboveQdescribed absorbing and mounting operations
of the chip components 5 are carried out in accordance with
a previously designated sequence. In other words, one
components supplying apparatus designated in accordance with
the above-described sequence among the components supplying
apparatuses 8 is transported to the position corresponding
to the absorption station. After this designated chip
component 5 has been absorbed by the mounting head 15, this
chip component 5 is transported by the turn table 13 to the
mounting station. At the same time, the board 6 is
transported by the X-Y table 3, and thus a predetermined
position whére this chip component 5 is mounted corresponds
to the mouhting station, so that the mounting head 15
descends so as to mount the designated‘chip component 5 on
the boarad 6.

To shorten the components mounting tact time in such a
conventional components mounting apparatus, while the
respective mechanical elements (components supplying
apparatuses, turn table, mounting head, etc.) are operated

in high speed, the arranging sequence of these components
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suppl i ed from the conponents supplying apparatus 8 i tHe absorption
station. Then, the turn table 13 is intermttgndnyet HatBaeeke one

pitch. The next nounting head 15 is |ocated at the abs iilkati{l&n, and
t hen absorbs the chip conponent 5 simlar to the above$B ting
head 15. Then, the turn table 13 is again internmittentl a : us, the
chip conponent 5 is absorbed by the nnunt%ng head 15 | ocated at the
absorption station in this nmanner. Then, The nounting head 15 whi ch has
absor bed t rupplivine aeReaatusess & rand pdiscedhep tireaspoeriiing) ssawenge by

rotating the turn table 13. At this nounting statiqn, the
(transporting sequence to mounting position) of the X-Y

table 3 must be optimized. The cooperation between the
respective mechanical elements and other mechanical elements
must be optimized to thereby shorten the work waiting time.
As a consequence, the absorbing sequence and/or the mounting
sequence of the components by the mounting head 15 must be
effectively set.

For instance, the transporting sequence of the X-Y
table 3 is determined in this order, namely such a
predetermined mounting position located near the edge of
preselected mounting positions on the board 6. This way
causes the transporting sequence to be optimized if only the
transport time of the X-Y table 3 is considered. However,
when this transporting sequence is designed on the basis of
the arranging order of the components supplying apparatuses
8, since there are many possibilities that a plurality of
same sorts of components are mounted on the board 6, the
components supplying apparatuses 8 must be transported in
the reciprocation motion every time the san.\e -sort of
components are mounted. Therefore, the above-described
transporting sequence of the X-Y table 3 is not always the
optimum transporting sequence for the components supplying
apparatus 8. Accordingly, the overall mounting tact time

could not be shortened.

Also, in such a case that the components supplying
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3 nounting head 15 descends to nount the chip conponént 5 on the board 6.
Prior to nounting of the chip conponent 5, the boar drifs $hset Blay/Bdn Raplabdde X- Y

table 3, so that this designated conmponent nounting pqmnlumﬂmﬂmﬁned in
correspondence with the nounting station. The above-d i ng and
mounti ng operations of the chip conponents 5 are carri 8 I'n ‘accor dance
with a previously designated sequence. d4n other words, one conponents
suppl yi ng appar atus desi gnated in accordance with the above-descri bed
sequence agpRgrakusesnfore¥e saruppuetindnamnraendanae gwitht satgIFaEr to the
position corresgonding ) . .
sequence, for example, in a higher use-frequency order, and

the transporting sequence of the X-Y table 3 is designed
based on this arranging sequence, this transporting sequence
of the X-Y table 3 does not always correspond to the optimum
transporting sequence with respect to the X-Y table (3). In
other words, this designed transporting sequence is not
substantially equal to the optimum transporting sequence.
As a result, there are many problems that when such a design
is made on the basis of -any one of the arranging sequence of
the components supplying apparatuses 8 and the transporting
sequence of the X-Y table 3, the other sequence would become
unsuitable. It is practically difficult to determine either
the optimum sequences or the sequences close to these
optimum sequences for both cases.

This is caused by such a fact that the transportation
of the components.as the works between absorbing of the
components and mounting of the components is performed by
rotating the turn table 13 along one direction, and thus
such a fact that the degree of freedom in desighing-of these
seguences is low.

Eventually, since the transportation of the components
as the works between absorbing of the components and
mounting of the components is carried out by rotating the
turn table 13 along one direction, a limitation is made in

designing of optimizing the arranging sequence and the
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to the absorption station. After this designated chrp conponent 5 5 has
b&en absorbed by the nmounting head 15, this . chip corrpm@glketﬁasmmll@hsqéorted

by the turn table 13 to the nmounting station. At the
board 6 is transported by the X-Y table 3, and thus a ﬂ
e rmuntlng

position where this chip conponent 5 is nounted corres
station, so that the nounting head 15 descends so.as to nount the
designated chip conponent 5 on the board . To shorten the conponents

mount i ng t aghnkpoeting SsEfuencEany alicopdtthg Ly Mpehe Richpthentsngoappimat us,
while the respective nechanical el enents (conmponents supplying apparatuses,
turn tabl etagsubinagcoeld natt e shozrtepedat ed hi gh speed, the arranging
sequence of these Conponent%ﬂﬂﬂﬂﬂﬁL&ELIﬁE_INYENIIQN

The present invention has been made to solve the
above-described problems, and therefore, has an object to
provide a components mounting method which is featured by
that a plurality of electronic components are individually
gripped by a plurality of gripping means in a components
supplying region; and after these gripping means are
transported to the components mounting region, each of said
gripped electronic components is mounted on a predetermined
mounting position thereof.

As a consequence, in accordance with the components
mounting method of the present invention, the fregquency of
transportation between the components supply region and the
components mounting region can be reduced, and the mounting
tact time per a single electronic component can be
shortened.

A components mounting method of the present invention
is featured by comprising the steps of;*

subdividing at least one of the components supplying
region and the components mounting region into a plurality
of sections; and

mounting the electronic components in a entire region

of the mounting region by repeating one of the steps of:

gripping the electronic components by a plurality of
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4 supplylng apparatuses 8 and al so the transporting s u nce (transporf’ng

séquence to nounting position) of the X-Y table 3 nus &wmhﬁhmﬁhe
cooperati on between the respective mechani cal elenents

el enents nust be optimzed to thereby shorten the mork
consequence, the absorbing sequence and/or the nounting sequence 0 the
conponents by the nounting head 15 nust bpe effectively set. For instance,
the transporting sequence of the X-Y table 3 is deternmined in this order,
nanel y suchha gripping means in one of the subdivided sections of the

components supplying region and mounting the electronic
components in the components mounting region and then
gripping the electronic components by a plurality of the
gripping means in another subdivided section of the
components supplying region and mounting the electronic
components in the components mounting region;

gripping the electronic components by a plurality of
the gripping means in the components supplying region and
mounting the electronic components in one of the subdivided
sections of the components mounting region and then gripping
the electronic components by a plurality of the gripping
means in the components supplying region again and mounting
the electronic components in another subdivided section of
the components mounting region; and

gripping the electronic components by a plurality of
the gripping means in one of the subdivided sections of the
components supplying region and mounting the electronic
components in one of subdivided section of the components

. mounting region and then gripping the €lectronic components

by a plurality of the gripping means in another subdivided
section of said components supplying reéion and mounting the
electronic components in another subdivided section of the
components mounting region.

As a consequence, the components supplying region

and/or the components mounting region properly subdivided
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) . . . . ’ \
predeterm ned nounting position |ocated near the edge_of preselected

mount i ng positions on the board 6. This way causes th&h cen Raplaced
sequence to be optimzed only if the transport tine ofi L 3is

cqonsi dered. However, when this transporting sequence i he
basis of the arranging order of the conponents supplying apparatuses 8,
since there are many possibilities that a plurality of sanme sorts of
conponents are nounted on the board 6, th8 conponents supplying appar at uses

8 nust be tih&aspor pRdridliitie HECIFHACRIAONcHBL I WEEYET e NBriRSpSaARE SOrt
of conponents are nounted. Therefore, the above-described transporting

sequence oflishenxeY afabtlke 3componenakwayd pplieagomdamsm whibbhe porippingequence

for the coggggggt;oigggLyiQgeapfargtus.8. Accordkpg[y, t he overal |l mounting

tact time g electronic components in the components
supplying region and/or the components mounting region. The
mounting tact time per a single électronic component can be
further shortened.

A componehts mounting method is further featured by
that the components supplying region is subdivided into two
groups of subdivided sections arranged on'both sides of the
components mounting region in a direction identical to a
direction along which the subdivided sections of the
components mounting region are disposed, and the components
mounting method comprises steps of:

gripping individually a plurality of the electronic
components in one of the subdivided sections of said
components supplying region by a plurality of the components
gripping means;

transporting a plurality of the components gripping
means to one of the subdivided sections of the components
mounting region; ¢

mounting each of the electronic components on a
pPredetermined mounting position;

transporting a plurality of the components gripping
means to another subdivided sections of the components

supplying region;

gripping a plurality of the electronic components
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coul d not be shortened. Also, in such a case that the components—supplying
REPLACENMENT SHEET 5 apparatuses 8 are arranged in dttohebNgR N

a
certain sequence, for exanple, in a higher use-frequenc i lfﬁg
transporting sequence of the X-Y table 3 is designed b U’l
arrangi ng sequence, this transporting sequence of the X- S not

al ways correspond to the optinumtranspgting sequence with respect to the
X-Y table (3). In other words, this designed transporting sequence is not
again in another subdivided sections of the components

supplying region by a plurality of the components gripping
means;

transporting a plurality of the components gripping
means to another subdivided sect.ions. of the components
mounting region;

mounting ‘each of the electronic components on a
predetermined mounting position;

repeating above steps until the electronic components
are mounted in the entire region of the mounting region.

As a conseqguence, the subdivided groups of the
components supplying region arranged on both sides of the
components mounting region can increase a degree of freedom
in designing of the gripping sequence as well as the
mounting sequence of these electronic components. Also,
these sequences can be 6ptimized.

Moreover, a components mounting method of the present
invention is featured by that the electronic components are
nounted from such a predetermined mounting position located
closest to the conponeﬁts supplying appdratus where-previous
final gripping of the electronic components has been
performed by the components gripping means among the
components supplying apparatuses in the subdivided sections
of the components supplying region.

| As a conseqguence, the trahsport distance between. the

components supplying region and the components mounting
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substantially equal to the optimumtransporting sequeficer—As a Tesult,
there are many probl ens that when such a design is qﬁggmgﬁkgggmqiﬁﬁﬁdof any
1

one of the arrangi ng sequence of the conponents suppl es 8 and
the transporting sequence of the X-Y table 3, the ot hg'w EENIE‘ uld
beconme unsuitable. It is practically difficult to det ! t he

opti mum sequences or the sequences close to these optimum sequences for

both cases. of the conponents as the opeﬂgtion swi t chers between absor bi ng

of the conregdris caml beumhoxtdresd contheemtomntsimertactedimg mEmtang t he

turn table 13 al ong one direction, and thus such a fact that the degree of
§

f r eedom i n sdagilgnehgcbronie kommonestc conj be| furthewe rghaxtiepedsi nce t he
transportation of the conponents |, ] .
A components mounting method of the present invention

is further featured by that the electronic components are
mounted in the components mounting region at a predetermined
mounting position located closest to such a components
supplying apparatus where next first gripping of the
electronic component is to be performed in the components
supplying region to which the components gripping means are
to be subsequently transported is designated as a final
predetermined mounting position within the components
mounting region among the predetermined mounting positions
in the components mounting region.

Aé a consequence, the transpoit distance between the
components supplying region and the components mounting
region can be further reduced and the mounting time per a
single electronic component can be further shortened.

In addition, a compbnents mounting apparatus of the
present invention is featured by comprising: components
gripping means for individually gripping the electronic
conmponents; and

a tool head on which a plurality of the components
gripping means are mounted, and which is movably provided
between the components supplying region and the components
mounting region; wherein the components gripping means is

supported movably in the upward and downward direction with
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as the operation smntchers bet ween absorbi ng of the co onent s and mount i ng
of the conponents is carried out by rotating the turn ff et < | ﬁb\
direction, there are limtation is made in designing an e
arrangi ng sequence and t he REPLACEVMENT SHEET 6 trans e.
Accordingly, the conponents nmounting tact time could not be shortened.

SUWARY OF THE | NVENTI ON The present invention has been made to solve the
above-descri bed probl ens, and therefore, lhas an object to

respect to the tool head, and moves up and down for gripping

and releasing the electronic components when positioned to a
preselected position in the tool head; |

the tool head is provided rotatably in the forward and
reverse directions so that -the tool head is rotated for
selecting the components gripping means and positioning the
selected comﬁonents gripping means to a preselected
position.

As a consequence, the electronic components can be
gripped by a plurality of components gripping means within
the components supplying means in a random seguential order.
Also, the electronic componehts can be mounted by a
plurality of components gripping means in the components
mounting means in a random sequential order. Accordingly,
the gripping and mounting sequences of the electronic
components can bq set freely. It is possible to provide
such a components mounting apparatus not restricted to these
gripping and mounting sequences. The mounting tact time per
a single electronic c¢omponent can be further shortened.

The components mounting apparatus of the- present
invention may be applied to a surface mounting apparatus for
mounting chip type electronic components (will be referred
to as "chip components" hereinafter).

The components mounting apparatus is featuied by that
the components gripping means can be a means for absorbing

the electronic component by using negative pressure.
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provide a conponents nounting nmethod which is featured by that a plurality
of electronic conponents are individually gripped by arhplsHéetdsBeen®Heplaced

gri pping nmeans in a conmponents supplying region; and af pi ng
nmeans are transported to the conponents nounting regi OSJ mHHm&ﬂu

gri pped el ectronic conponents is nounted on a predeter

position thereof. As a consequence, in accordance with the conponents
mount i ng met hod of the present inventiod2 the frequency of transportation
bet ween the conpaneNtSoddphanteIi 90 aBeorERne@TRANGN ShaDEBhbBAREEI ON can
be reduced, and the nounting tact tine per a single electronic conponent

can be shomicantdngAappapatest 6f nohat prgsered hadreaitiide phes elecitiroaiiti on

components can be gripped and mounted in higher speed. The
mounting tact time per a single electronic component can be
further shortened. _

ERIEF DESCRIPTION OF THE DRAWINGS

For a beﬁter understanding of the present invention,
reference may be made to the accompanying drawings, in
which:

Fig. 1 schematically indicates a side view of an
entire.components mounting apparatus according to an
embodiment of the present invention;

Fig. 2 schematically shows a plan view of the
components mounting apparatus of Fig. 1;

Fig. 3 schematically represents a front view of the
components mounting apparatus of Fig. 1;

Fig. 4 is a side view for schematically showing a tool
head of the components mounting apparatus in an enlérging
form;

Fig. 5 is a graphical representation for representing
a motor speed characteristic of an X-Y direction transport
motor used in the components mounting apparatus of Fig. 1;

Fig. 6 is an explanatory diagram for explaining a
first transport path of the tool head over a piane in a
components mounting method according to a first embodiment

of the present invention;
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|s featured by conprising the steps of: subdi vi di ng_at _[east one of‘fﬁe
conponent s suppl yi ng region and the conmponents nounting region into a -
plurality of sections; and nounting the electronic. conponents in a entire
regi on of the nounting region by repeating one of the steps of: gripping
the el ectronic conponents by a plurality of 7 the gripping nmeans in one
of the subdivided sections of the conponents supplying region and nounti ng
the el ectronic conponents in the conpond3ts nounting region and then

Fig. 7 is an explanatory diagram for explaining a

second transport path of the tool head over the plane in
accordance with the first components mounting method;

Fig. 8 is an explanatory diagram for explaining a
third . transport path of the tool head over fhe plane in
accordance with the first components mounting method;

Fig. 9 ié an explanatory diagram for explaining a
fourth transport path of the tool head over the plane in
accordance with the first components mounting method;

Fig. 10 is an explanatory diagram for explaining a
fifth transport path of the tool head over the plane in
accordance with the first components mounting method;

Fig. 11 is an explanatory diagram for explaining a
sixth transport path of the tool head over the plane in
accordance with the first components mounting method;

Fig. 12 is an explanatory diagram for explaining a
seventh transport path of the tool head over the plane in
accordance with the first components mbunting ﬁethod;

Fig. 13 is an explanatory diagram for explaining an
eighth traﬂsport path of the tool head over the -plane in
accordance with the'first components ﬁounting method;

Fig. 14 is an explanatory diagram for explaining a

"ninth transport path of the tbol head over the plane in
accordance with the first components mounting method;

Fig. 15 is an explanatory diagram for explaining a

tenth transport path of the tool head over the plane in

/

THIS SHEET HAS BEEN
REPLACED




gripping the electronic conponents by a plurality of the gripping neans in
anot her subdi vi ded section of the conponents supplying region and nounting
the el ectronic conponents in the conponents mounting region, gripping the
el ectroni c conponents by a plurality of the gripping neans in the
conponents supplying region and nounting the electronic conponents in one
of the subdivided sections of the conponents nounting region and then
gripping the electronic conponents by eiﬁﬂ urality of the gripping nmeans in

the conpongsésraatiied Witth td@ @hradakomporbdtyl Rioung ihhemetRedf e
conponents in another subdivided section of the conponents nounting region;

and gri ppi ng t hBigl edter ais cacoopaeptiionhy aAiEgreaal i fgr ofeskeidpingpiang nmeans
in one of the subdivided sections of the )
components mounting method according to a second embodiment

of the present invention.

.DE D IPTION OF PREFERRED

Referring now to drawings, a description will be made
of various préferred embodiments of components mounting
methods and components mounting apparatus in detail.

EFIRST COMPONENTS MOUNTING APPARATUS

'Fig. 1 to Fig. 4 schematically represents a components
mounting apparatus according to a first preferred embodiment
of the present invention.

First, a components mounting apparatus 1 according to
the present invention will now be explained. The components
mounting apparatus 1 is provided with regions for absorbing
chip components on both sides of a region for mounting the
chip components on a board.

The componenﬁs mounting apparatus 1 is arranged by

employing a base unit 2, a base station 3 for supporting
this base unit 2, and four sets of pillars 4, ---, 4 stood
at positions of right and left edges of both edge portions
of this base station 3 along a front/rear direction, as
viewed in Fig. 1. This components mounting apparatus 1 is
further constructed of bridges 5 and 5 supported by the two

sets of pillars 4 and 4 separated from each other along the

front/rear direction and supported between the upper ends of



conponents supplying region and mounting the el ectronic coffponents in one
of subdivi ded section of the conmponents nounting reghscgpleeaggsge @eddppi ng
the el ectronic conponents by a plurality of the grlp nother
subdi vi ded section of said conmponents supplying regi u the
€l ectroni ¢ conponents in another subdivided section 0
nmounting region. As a consequence, the nponent s supplylng reglon and/or
t he conponents nounting regi on properly subdi vi ded REPLACEMENT SHEET

the pillars 4 and 4 along a longitudinal direction of the

base station 3; two sets of head mounting columns 6 and 6
hung between these bridges 5 and 5; a tool head 7 hung on
each of the head mounting columns 6; and a polarity of
absorbing nozzles 8, ---, 8 arranged on this tool head 7.
It should be noted that a direction indicated by an arrow
shown in Fig.' 1 or Fig. 2 is expressed as either a
"front/rear direction" or an "arrow X-direction", whereas a
direction indicated by an arrow Y is expressed as either a
*right/left direction" or an "arrow Y-direction". This
direction definition is similarly applied to the below-
mentioned descriptions.

A central region of an upper surface of the base unit
2 along the right/left direction is used as a work arranging
unit on which a work such as a board 9 is arranged. A
fixing means 10 for fixing the board 9 is arranged on this
work arranging unit so as to position the board 9. Also,
two sheets of boards 9 are arranged on the work arranging
unit in such a manner that these boards 9 and 9 are
separated from each other along the froit/rear direction.

Guide rails 11 and 11 are fixed on the lower surfaces
of the above-explained bridges 5 and 5 in such a manner that

these guide rails 11 and 11 are extended along the arrow X-

r

direction. Guided members 12, ---, 12 which are fixed on
the upper surfaces of the both edge portions of the head

mounting column 6 are engaged with the guide rails 11 and 11
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into a plurality of sections, can reduce the transport distance of the
conponents gri pping neans while gripping and/or nounting the electronic
conponents in the conmponents supplying region and/or the conponents
nmounting region. The nounting tact tine per single electronic conmponent can
t'herefore be further shortened. A conponents nounting nmethod is further
featured by that the conponents supplying region is subdivided into two
groups of subdivi ded sections arranged oA6both sides of the conponents
mount i ng réyi anslidable mestieon | denti vesulb, ahi hemad owuatdng ehlwhnt he
subdi vi ded sections_of the conponents nnuntinggregion are disposed, and the

conponent s éndnts lgfahioh ctirrenked ey sthpsbeidggsi Spiand ihR1eRAabRe a

plurality %&r%@exg fgééé{géi It should also be noted that drive means
(not shown) are separately provided between the bridges S
and 5, so that the head mounting columns 6 and 6 may be
separately self-driven with respect to the bridges 5 and 5.

The tool heads 7 and 7 are separately provided on the
head mounting columns 6 and 6 in such a manner that these
tool heads 7 and 7 are hung thereon, and are slidably
supported along the arrow Y-direction with respect to the
head mounting columns 6. It should also be noted that the
tool heads 7 and 7 are transported along the arrow Y-
direction by rotating ball screws provided within the head
mounting columns 6 and 6.

As a result, the tool heads 7 and 7 can be separately
and freely transported along the X and Y directions by the
transport of the head mounting columns 6 and 6 along the.
arrow X direction with respect to the bridges 5 and 5, and
by the transport of the tool heads 7 and 7 along the arrow Y
direction with respect to the head mounting columns-6 and 6.

Rotation shafts of the tool heads 7 and 7 are provided
in such a manner that these rotation shafts are inclined
respectively with respect to the vertical direction in such
a way that the lower end of the front-sided tool head 7 is
energized toward the front direction, whereas the 1ower end

of the rear-sided tool head 7 is energized toward the rear



conmponents in one of the subdivided sections of said conponents supplying

region by a plurality of the conponents gripping meariis eplgced,
plurality of the components gripping means.to one of tﬂ ﬁgmmﬁﬁ _
sections of the conmponents nounting region; nounting e ctronic
conponents on a predeterm ned nounting position; transporting a plurality
of the conponents gripping neans to anot her subdivided sections of the
conponents supplying region; gripping a Pllurality of the electronic
conponent s dRrREACENENSeSHEEF. 1), and furthermore, these tool heads 7

and 7 can be freely rotated in the normal/reverse

directions.

20 sets of absorbing nozzles 8, ---, 8 are arranged on
the tool head 7 in an equiinterval at an outér peripheral
portion thereof along the peripheral direction. Central
axes of these ébsorbing nozzles 8, ---, 8 are mounted on the
roéation shaft of the tool head 7 with having inclination
angles with réspect to this rotation shaft. This
inclination is determined by that the upper ends of the
respective absorbing nozzles 8, ---, 8 are approached to the
rotation shaft of the tool head 7. As a whole structure,
these absorbing nozzles 8, ---, 8 are arranged in a
conically extending manner with respect to the tool head 7.

The absorbing nozzles 8, ---, 8 are movably supported
along the axial center directions thereof with respect to
the tool head 7. When the absorbing nozzle 8 is located at
an operation position (will be described later), this
absorbing nozzle 8 is depressed by a depression means (not
shown) from the upper direction to theréby descend. -

Among these absorbing nozzles 8, ---, 8, the axial
center of the absorbing nozzle located at the rear end of
the front-sided tool head 7 is directed to the vertical
direction, and the axial center of the absorbing nozzle
positioned at the front end of the rear-sided tool head 7 is

directed to the vertical direction. These rear end position
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9 agéin I n anot her subdi vi ded sections of the conponents supplying region
by a plurality of the conponents gripping nmeans; tran3gaRShde hs BeddIRépiadty

of the components gripping neans to anot her subdivi ded [ e
conponents nounting region; nmounting each of the electr S on a
pr edet er mi ned nounting position; repeating above steps I tronic

conponents are nounted in the entire regign of the nmounting region. As a
consequence, the subdivided groups of the

and front end position correspond to the above-described
operation position, respectively. Then, chip components 13,
---, 13 may be absorbed and/or released by the absorbing
nozzles 8, '--,—, 8 which are located at the operation
positions and are .directed to the vertical direction.

As to the chip components 13, ---, 13 mounted on one
sheet of board:9, there are, for example 120 sorts. These
different sorts of chip components 13, ---, 13 cannot be
absorbed and mounted by using one type of absorbing nozzle

8. For instance, in such a case that there are 120 sorts of

chip components 13, ---, 13, for example, 5 types of
absorbing nozzles 8, ---, 8 are prepared. Then, 5 types of
absorbing nozzles 8, ---, 8 are arranged in such a set that,

for instance, 9 pieces of first type of absorbing nozzles
are prepared, 5 pieces of second type of absorbing nozzles
are prepared, 3 pieces of third type of absorbing nozzles
are prepared, 2 pieces of fourth type of absoxbing nozzles
are pre pared, namely, the gquantities of these dbsorbing
nozzles are selected, depending upon use frequencies
thereof. N

It should be noted that the respective absorbing
nozzles 8, ---, 8 are connected to air coﬁpressors {not
shown in detail), and a tip portion of the absorbing nozzle
8 located at the operation position is switched to either
negative pressure or positive pressure at predetermined

timing. As a consequence, at this tip portion, the chip

REPLACED
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conponents suppl yi ng region arranged on both sides of _the compor le
mounting region can increase the degree of freedomin deS|gn|n he
gri ppi ng sequence as well as the nmounting sequence of @1 laged
conponents. Also, these sequences can be optim zed. Mor i nent s
mount i ng nethod of the present invention is featured by tronlc
conponents are nounted from such a prede&grnined nount i ng p05|t|on | ocat ed
cl osest to the conponents supplying apparatus where previous final gripping
of the el eebinpshént orpoinerisdidedheop peléasedd by the conponents gripping
means anong the conponents supplying apparatuses in the subdivided sections

of the conponentTheseppbyangeagignomwheie Theo e ermemonéerts rbhsport.
di stance between the

13 are mounted on the boards 9 and 9 positioned and held by

S._

the fixing means 10 and 10, and such a region will be
referred to as a ."components mounting region M" hereinafter.

Also, 60 sets of components supplying apparatuses 14,
---, 14 are afranged on both right and left sides of the

components mounting region M. A large number of same sorts

of chip components 13, ---, 13 are stored in the respective
components supplying apparatuses, 14, ---, 14, and are
sﬁpplied to the absorbing nozzles 8, ---, 8 in response to

requirements. It should be unders£ood that this embodiment
has described that the components subplying apparatuses 14,
---, 14 are arranged on both the right and left sides of the
component mounting region M. . However, the present invention
is not limited thereto, but may be also applied to such a
case that the components supplying.apparatuses 14, ---, 14
are arranged only one side of these right/lefﬁ sides of the
components mounting region M. |
The different sorts of chip components 13, ---, 13 are :

stored info the corresponding components supplying
apparatuses 14, ---, 14 with respect of the sorts of the
components supplying apparatuses 14, ---, 14. Depending
upon the sort of chip component 13 mounted on the position
of the board 9, the absorbing nozzle 8 and the components

supplying apparatus 14 are selected, and then this chip
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conponents supplying region and the conponents nounting __ .10 region can_be
short ened. The nmounting tact tine per single electronlc co onent can be

further shortened. A conponents nounting nmethod of the B¥ S
further featured by that the el ectronic conponents are
conponents nounting region at a predeterm ned nDunting
cl osest to such a conponents suppl ying appar at us mhereAnext flrst grlpplng
of the electronic conponent is to be p@&%orned in the conponents supplying

region to wWhidhddte 1809R08BRLSHEE ! PPI Ng means are

Components supplying ports 15, ---, 15 of the

respective components supplying apparatuses 14, ---, 14 are
arranged on both the right and left sides of the fixing
means 10 in parallel thereto. The chip componeants 13, ---

’

13 positioned to. these components supplying ports 15, ---

[ 4

15 are absorbeé by the absorbing nozzles 8, ---, 8. As a
consequence, the region where a large number of components
supplying ports 15, ---, 15 corresponds to a region where
the chip components 13, ---, 13 are absorbed, which will be
referred to as a "components supplying region S"
hereinafter.

Then, the tool head 7 is designed in such a manner
that the absorbing nozzles 8 and 8 are moved within a range

~of such a region for connecting the above-described
components supplying region S and components mounting region
M, and these absorbing nozzles are approached to the
operation position thereof.

A description will now be made of the components
mounting method according to the present invention, - assuming
now that a target mounting speed of the above-described
components mounting apparatus 1 is set to, e.g., 0.2

. second/chip. This mounting speed is defined by so-called
"mounting tact time"”. In other words, this mounting tact
time implies such a 1 cycle time period defined by that the

chip component 13 is absorbed in the components supplying
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to be subsequently transported is designated as a fihéT‘Tﬁ?Rﬁﬁ?ﬂTﬁTﬁﬂf——
nbunting position within the conponents nounting regi msﬁiﬁamﬁsmda@Repjaced

predet erm ned nounting positions in the conponents nDu
consequence, the transport distance between the conpon reglon
and the conponents nounting region can be further reduce nting
time per single electronic conponent can be further shortened. In addition,

a conponents mounting apparatus of the @iesent invention is featured by
CONpr i Si NYreARROENHF Hé RbSEBRM Sud££1d B va&waié YtQS.hQBbPQe&hEO :

el ectroni c conponents; and a tool head on which a plurality of
conponent s e ppemponeats aneunvingedegih Wi Cladd ﬂhb&bﬁfqyﬁwtﬂed
absorbed chip component 13 is mounted on the board 9, and
then this absorbing nozzle 8. is returned to the components
supplyinghregion S. It should be noted that since the
above-described components mounting apparatus 1 is equipped
with the two tool heads 7 and 7, the chip components 13, ---
', 13 can be mounted on twb sets of boards 9 and 9 at the
same time. Accordingly, the target mounting tact time is

one of these tool heads 7 and 7 is 0.4 seconds/chip.
In the following embodiment, such an assumption is

made that the dimension of the board 9 is defined by 250 mm

x 400 mm, and 120 sorts of chip components 13, ---, 13 are

’

mounted.

Assuming now that an interval between the adjoining
components supplying ports 15 and 15 of the adjoining
components supply apparatuses 14 and 14 is selected to be 20
mm, a length of the componenﬁs supplying regions S and S
located on both the right and left sides thereof along the
arrow X-direction becomes 20 mm x (60-1) = 1180 mm. Also,
it is assumed that a distance defined between the components
supplying port 15 of the components supplying region S and
the closemost edge_in_the board 9 from this components
supplying port 15 is 40 mm.

It should be understood that as is known, the

transport speed of the tool head along the horizontal (X-Y
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betméen t he conponents supplying region and the coﬁﬁ6ﬁ€ﬁf§_ﬁﬁﬁﬁrrng*region;
wherein the conponents gripping nmeans i s supported. ninschtey HasBebd¥eepldgar d

and downward direction with 11 respect to the tool es up
and down for gripping and releasing the electronic co _
positioned to a preselected position in the tool head; dis
provided rotatably in the forward and reverse directions so that the tool

head is rotated for selecting the conpon@ﬁts gri ppi ng means and positioning
the sel ect eflireopdoant Sigri€ie NGeXBEng 0 Ecdivset €6089) components

mounting apparatus is practically 40 mm/0.1 second. Since
it slightly takes time until the tool head becomes uniform
motion, as iﬁdicated by a solid line of Fig. 5, the tool
head starts toc move after 0.02 seconds when a start
instruction is issued,. and the motion of this tool head
becomes uniform after 0.07 seconds when this start
instruction is issued, namely after.the tool head has passed
the point of 20 'mm. Then, when the speed graph line of this
conventional tool hea@ is expressed by linear approximation
formula (will be referred to as a "conversion formula"

hereinafter), it is given as follows:

—

t = 0.043 + (0.055 x transport distance/40) seconds.

In this graphic representation, the motion of the tool
head is under acceleration condition during t<0.07 seconds.
Even when the transport time is calculated based on the
above-described linear approximation formula under this
acceleration condition (namgly, portion indicated by a
dotted line of Fig. 5), since the transport time becomes
longer than the actual transport time ‘with respect to the
transport distance, there is no problem in order to prove
that it is fast.

Practically speaking, time required to transport the
absorbing nozzle 8 along the vertical direction is 0.08
seconds, and the normal confirmation work requires 0.04

seconds. This confirmation work by a vision camera system
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position. As

a consequence, the el ectronic conponents Can be gripped by a
"plurality of conponents gripping nmeans w thin the conpehieskes: HsPéh Re

mounted by a plurality of conponents gripping neans in

means in a random sequential order. Also, the el ectroni MII E I‘
t
fount i ng neans in a random sequential order. Accordingly, i

nmounti ng sequences of the el ectronic conpgnents can be set freely. It

possi ble to provide such a conponents nmouiti ng apparat us not

ed
n be

and
S

restricted to

these gri ppi NgnaN s | 1} SRAUUSRECSo ABCtBVUBhEEm tE1ed dir@didh Lengl e

el ectroni ¢ conponent can be further shortened. The conponents nounting

appar at us of the ¢hissaemponesht 1drebaorbed hypthedhsorkisgrhozzlerdurin ng

apparatus for

this components mounting apparatus 1. Moreover, it is
designed that an average interval between the chip component

13 and the chip component 13 mounted on the board 9 is

ENI]

approximately 10 mm.

On the other hand, assuming now that one chip
component 13 is mounted on a central position (functioning
as a typical point) of the board 9, the absorbing nozzle 8
must be moved over the minimum distance (namely, 40 + 250/2
= 165 mm) from the components supplyiné port 15. To move
this absorbing nozzle 8 over this minimum distance, it would
take 165/400 = approximately 0.4125 seconds. As a
consequence, the above-described target mounting tact time
of 0.4 seconds/chip could not be achieved.

COMPONENTS MOUNTING METHODS

As a coﬂsequénce, in accordance with the components
mounting method according to the present invéntion, since
the member of tool head transport between the components
supplying regions S and the components;hounting region M is
reduced as being permitted as possible, the above-described

target mounting tact time can be achieved. For the sake of

simple explanations, the components supplying region S of

the components mountiﬁg apparatus 1 exists only on a single

side of the components mounting .region M in the below-

mentioned embodiments.
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?

HDuntihg chip type electronic conponents (will be referred to as "chip

conponent s" hereinafter).

that the conponents gripping means can be a neans for
el ectroni c conponent by using negative pressure. REPL
a consequence, in accordance with the conmponents nounting apparatus of the

pr esent

i nventi on,

The conponents nounti ng apfbks Slteetdlas Beeh Badlaceed by

12 As

the el ectronic conponents can be gripped and nounted in

hi gher speed. The nounting tact tinme per 24&ingle el ectronic conponent can

be

In accordance with a components mounting method of a
first embodiments of the present invention, a large quantity

of chip components 13, ---, 13 are absorbed as many as

" possible from the components supplying region S by 20 sets

of. absorbing nozzles 8, ---,. 8 provided on the tool head 7,
and this tool.head 7 is  transported to the components
mounting regibn M, so that the respective chip components
13, ---, 13 are mounted on the board 9.

When a plurality of chip components 13, ---, 13 are
mounted in this manner, the transport of the tool head 7
between the components supplying region $ and the components
mounting region M may be carried out only one time, so that
the transport time per a single chip component 13 between
the above-described two regions can be reduced. As a
result, the mounting speed (mounting tact time) can be
shortened.

Next, an explanation will be made how to shorten the
mounting tact time of the chip component 13 by employing
concrete manners. -

As previously described, the mouhting tact fime per
single chip component is assumed as follows. That is, 0.4
seconds correspond to the target mounting tact time. 1In
this target mounting tact time of 0.4 seconds, 0.2 seconds
are required by adding time of 0.08 x 2 = 0.16 seconds which
require the up/down movement of the absorbing nozzle 8

(during absorbing operation, and mounting operation) to

REPLACED
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further shortened. BRI EF DESCRI PTI ON OF THE DRAW NGS—For ahetter -
under st andi ng of the present invention, reference nHmiggﬁ&@ﬁsgéh

of an entire conponents nounting apparatus according t

acconpanyi ng drawings, in which: Fig. 1 schematically i

the present

I nvention; Fig. 2 schematically shows a p

e VIeW

conponents nounting apparatus of Fig. 1; Fig. 3 schenatlcally represents a

front view of the conponents nounting appabatus of Fig. 1; Fig.

vi ew for sche icall awi n | head .of the.co nent i ng
appar at us i i %ﬁﬁ%ffé |lee§%éi&(gi seconds requlregp% c%n%nrm ng

rglng
the absorption condition of the chip component 13 by using

the vision camera system. Accordingly, the tool head must
be transported along the X-Y direction within 0.2 seconds (=
0.4 - £.2}.

Moreover, this X-Y target transport time of 0.2
seconds correeponds to a total of target transport times of
the tool head 7 between the components supplying region S
and the components mounting region M. As a consequence,
assuming now that the transport time of the tool head 7 in
the components supplying region S is equal to that in the
components mounting region M in view of averaged values, the
target eransport time of the tool head 7 in each of these
components supplying/mounting regions becomes 0.1 second.
It should be understood that the transport time between the
component supplying region S and the components mounting
region M is merged into the target transport time in the
components mounting region M to be calculated.

While using the above-described 0.1 second as each of
the target transport times for the tool head 7 in the
components supplying region S and the components mounting
region M (will be referred to as a "region-S target
transport time* and a “region—ﬁ target transport time", a

sequential operation for absorbing or mounting the chip

4 is a side

components 13, ---, 13 will now be explained. It is assumed
that 20 pieces of absorbing nozzles 8, ---, 8 mounted on the
THIS SHEET HAS BEEN

REPLACED




form Fig. 5 is a graphical representation for representi ng 2 rmtor S eed
characteristic of an X-Y direction transport notor usedTS

nounting apparatus of Fig. 1; Fig. 6 is an explanatory d

explaining a first transport path of the tool head over

¢onponents mounting nethod according to a first enbodi nent of the present -

I nventi on; 13 Fig. 7 is an explanatory diagramfor explaining a second
transport path of the tool head over the2flane in

tool head 7 may absorb 11 pieces of chip components 13, ---,
13 while these absorbing nozzles are tramnsported within the
components supplying region S one time. This assumption is
established from the following prediction. That is, ii
desired chip components are absorbed by all of-20 pieces of
absorbing nozzles 8, ---, 8, then the transport range of
these 'absort;ing nozzles will be extended within the
components supplying region S, so that the :above-explained
target transport time of 0.1 second within the components
supplying region S could not be achieved.

As a consequence, the components supplying region S
{its entire length: 1,1&0 mm) is subdivided into some
sections. An assumption is made by that the tool head is
transported in a range of a transport distance within this
subdivided straight line, and then 11 pieces of chip
components 13, ---, 13 are absorbed.

It should be understood that although this embodiment
will describe that the components supplying region S is
subdivided into several sections and the tool head 7 ig
transported within the area of this subdivided section, a
decision as to whether or not the components supplying
region S is subdivided may be made based on the quantity of
absorbing nozzles 8, ---, 8 mounted on. the tool ﬁead 7, the
dimension of the board 9, and either the sort or the

quantity of chip components. 13, ---, 13 to be mounted. It

is of course possible to apply the components mounting
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. accordance with the first conponents nounting nethod;-+ig— 8—s-an —
expl anatory diagramfor explaining a third transport pﬁhﬁh‘@é’c}i&i’feaﬁl@ acg;glead

over the plane in accordance with the first conponents
Fig. 9 is an explanatory diagramfor explaining a fourt ﬂmﬂm h of

the tool head over the plane in accordance with the fir
nmounting nethod; Fig. 10 is an explanatory diagramfor explaining a fifth
transport path of the tool head over the phlrane in accordance with the first

E
xpraini ng TR el Wl o e BT Y M AT dnkers

accordance wrhk the Ebﬁé&n&ﬁi@%ﬁﬁl?xﬂ@%ﬂﬁl getBodot Rvbaild ded . an
expl anat ory di agram for explaining a

Therefore, a length of a subdivided straight 1line
{namely, transport distance within straight 1line) is
Jatermined, 11. pcints are selected -at random. within. this
range, and a.check is made as to whether or not averaged
transport tiﬁe between these 'points becomes the above-
described region-S target transport time of 0.1 second, so
that the subdivided transport distance within the straight
line is determined in which the transport time is shorter -
than, or nearly equal to the above-described region-S target
transport time of 0.1 second.

Concretely speaking, the following investigation will
be made as to such a case that the subdivided transport
distances within the straight line are 800 mm, 600 mm, 400
mm, and 200 mm.

In any one of these subdivided transport distances
within the straight line, 10 sets of cases are investigated.
A calculation is made of an average value of transport time
as to each of these 10 cases, and further a total-value of
these average values is calculated.

In a table 1 to a table 4, random numbers in a
distance implies 11 point (a, b, ¢, --;, k) selected based
-on the random numbers within a predetermined 1éngth. These
points are rearranged in a small order and then represented

in the respective tables. Transport distances among the
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seventh transport path of the tool head over the plane in accordance wth
the first conponents nounting method; Fig. 13 is an explanatory diagram for
expl ai ning an eighth transport path of the tool head over the plane in
accordance with the first components nounting nethod; Fig. 14 is an

expl anatory di agram for explaining a ninth transport path of the tool head
over the plane in accordance with the first conponents nounting nethod,
Fig. 15 is an explanatory diagramfor expigi ning a tenth transport path of

the tool head Quet; $d%AR2eihB1y tHst distances (ab, be, ¢d, ---, jk)
among the above-described points (a, b, c, =---, k) and
points adjacent to these points are displayed. Transport
time indicates transport time between the respective times
by substituting the .above-described transport distances
among the respective points for the above-described
conversion formula.
The table 1 indicates .such a .case that .the transport

distance within the straight line is 800 mm.



accordance with the first conponents nounting nethod; and Fig. 16 is a
conceptional diagram for describing a conponents nounting method accordi ng

to a second enbodi nent of the present invention. DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS Referring now to drawi ngs, a description will be

made of various preferred enbodi ments of conponents mounting nethods and

conponents nounting apparatus in detail. FIRST COVPONENTS MOUNTI NG
APPARATUS Fig. 1 to Fig. 4 schematicall §9represents a conponents nounti ng
apparatus acggghding to a first preferred enbodi ment of the present

I nvention. First, a conponents nounting apparatus 1 according to the
present inveghdhonil Bisawede expl ai ned. The soom@anent s

number of target point: 11 points
distance/time conversion: {conversion formula = 0.043
+ (0.055 x transport distance/40))

_random number within distance (rearranged)
R

R a b j.cldle]| flglh i j k
case1 | 4] 148] 150| 76| 18| oso| 254| 88| ave] aso| 724
case2 | 104| 232] 4s6| 4s2] 462] soo| s98| e02| 24| es2| 759
case 3 e8] 74| o6l a308| 678] e24] e30| e36| e44| 664
case4 | 20| o8] 162| 264| 43| a448] s612| eo08| eso| ese| 7ss
case5 | 14| 26] ov0| 206| 33| asos| 424| 4s6] sos| e8| 734
case6 | 38| 208| 232| ~s6| 316] s3se| 3s8| e12] ees| 75e| 7es
case7 | 22| 98| 14| 254] 206] 3ve| 4s0| as4| 670 e3s| 730
case8 | 60| 106| 282 318| 384| 38| see] s72| es0| 726f 750
case9 | 36| 190| 200] s318| s74| 300| 400] 4] 63| 700 794
case10] 24| 48| 18] 180] s04| e04| eo4| 720| 756| 7ves| 7es

o

transport distance among points {mm)

ab { bc | cd | de | ef [ fg | gh | hi | ij

jk
| case 1 82 4] 26| 20| s8] 21 34] 4| e8] 284
case2 | 128] 204! 16| 10|l 38| 98 4} 22| 38| 0
case3 | 68 6| 2ol 212] 270] 48 6 6 8| 20
cased | 78| 4] 102| 172] 12! e4] 98] 42| 45| e2
case 6 12| 194] 76| 36| e4] 28] 12| 72| 170] 66
case6 | 170] 24| 34} ‘s0] 70 2| 224] 64] 90| 12
case 7 76] 44| 112 42| 76| 7e 76| 66| .94
case8 | 138] 86| s8] 16 4| 208 el 78] 76| 24
case9 | 154] 100] 28| 66} 16] 3ol 144] 72| 64} 94
case 10§ 24} 100 32| 324] 100] 60l s6] 36] 12| 20




mounting apparatus 1 is provided with regions for absorbing chip conponents
on both sides of a region for nounting the chip conponents on a board. The
conponents nmounting apparatus 1 is arranged by enploying a base unit 2, a

base station 3 for supporting this base unit 2, and four sets of pillars 4,

---, 4 stood at positions of right and | eft edges of both edge portions of
this base station 3 along a front/rear direction, as viewed in Fig. 1. This
conponents nounting apparatus 1 is furtheggconstructed of bridges 5 and 5

supported byl L setsedf pillars 4 and 4 separated from each other
al ong the frgntttk%‘) ﬁgﬁget ca@N| A8 TSEIPPT iF gﬁ[mmm &tged)f

value
case 1 0.16] o.05] o.o0s8| 007} o0.12{ 0.05} 0.09] o0.16] 0.14] 0.43 0.134

case 2 0.221 032| 0.07| o0.06f 0.10] 0.18] 0.05] 0.07| 0.10] 0.17 0.132
case 3 0.14f 0.05f 0.07] 0.33] 041} o0.11} 0.05| 0.05| 0.05 _0.07 0.134
...l cased 0.15] 0.13| 0.18f 0.28]  0.06} 0.13] 0.18] 0.10] CG11]| 9.13 0.144
case § 0.06] 031] 0.15] ©0.09] 0.13] 0.08] 0.06]. 0.14| 028] 0.12] _  0.142]
case 6 028) 0.08] 0.09] O0.11] 0.14] 0.05] 035] 0.12] 0.17] 0.06 0.143
case 7 0.15] 0.10f 0201 0.10] 0.15] 0.15} 0.10}] 0.15 9.13 0.17 0.14
case 8 0231 0.16f 0.09] 007! 005| 036] 0.05| 0.15] 0.165] 0.08 0.138
case 9 0251 0.18} 0.08] 0.12} 0.07] 0.08{ 024| 0.14] 0.13] 0.17 0.147

case 10| 0.08] 0.18] 0.09] 0.49] 0.18f 0.18] 0.12] 0.09] 0.06} 0.07 0.148
total averaged value of 0.14SEC

Considering now a case 1 in the table 1, the points
{a, b, —F—, k) selected at random are given as follows: a:
64, b: 146, c: 150, 4: 176, e: 196, f: 252, g: 254, h: 288,
i: 372, j: 440, k: 724. The distances among the respective
points are given as follows: ab: 82, bc: 4, cd: 26, de: 20,
ef: 56, fg: 2, gh: 34, hi: 84, ij: 68, jk: 284 (mm).

When these values are used in the above-described
conversion formula to calculate the transport times among
the respective points, these transport times are given as
follows: ab: 0.16, bc: 0.05, cd: 0.08, de: 0.07, ef: 0.12,
fg: 0.05, gh: 0.09, hi: 0.16, ij: 0.14, jk: 0.43 (seconds).
An averaged.value of these transport times is given as 0.134
seconds. '

When averaged values of the respective traasport times

are similarly calculated from a case 2 to a case 10, these



the pillars 4 and 4 along a |longitudinal direction of the base station 3;
two sets of head nounting colums 6 and 6 hung between these bridges 5 and
5; a tool head 7 hung on each of the head nmounting colums 6; and a

plurality of absorbing nozzles 8, ---, 8 arranged on this tool head 7. It
shoul d be noted that a direction indicated by an arrow shown in Fig. 1 or
Fig. 2 is expressed as either a "front/rear direction" or an "arrow

X-direction", mhereas a dlrectlon i ndi catgd by an arrow Y is expressed as

AN G e g o e i SR T
central regicazeols:a0.4RBET casef gcep 0f4d hedrs®:UB.043, case 7: 0.14,
case 8: 0.138, case 9: 0.147, case 10: 0.148 (seconds).
Furthermore, when an averaged value of the summed transport
times is calculated, it becomes 0.14 .seconds.

As a result, since the above-described averaged value
of 0.14 secdnds becomes longer than the above-defined
region-S target transport time of 0.1 second, it can be
understood that the transport distance within a straight
line of 800 mm could not be employed.

A table 2 indicates such a case that the transport

distance within a straight line is 600 mm.

Table 2
Condition 2 distance: . 600 mm
number of target point: 11 points
distance/time conversion: . (conversion formula = 0.043

+ (0.055 x transport distance/40))

random number within distance (rearranged)

a b [ d e f | g h i j Kk
case 1 48] 109.5] 1125] 132] 147| 189 1805] 216] 279] 330| 543

case 2 781 174] 327| 339] 346.5] 375] 448.5] 451.5] 468] 496.5| 564
case 8 0 61] 5556 72| 231] 433.5] 468] 472.5] 477] 483] 498
case 4 16 73.5] 1215 198] 327 336)] 384| 456] 487.5] +622] 668.5

case 5 105} 19.6 165 222] 249]| 297y 318] 327) 381) 508.5} 550.5
case 6 28.5] 166 174) 199.5] 237]| 289.51 291 459 | 499.5 567) 676
case 7 16.51 73.51 1065| 190.5) 222] 279] 337.5] 370.5]| 427.5| 477] 547.5
case 6 45 1471 211.5] 238.5| 250.5| 253.5| 424.56] 429| 487.5]| 544.5] 5625
case 9 271 142.5] 217.5| 238.5] 280.5] 292.5 316] 423 477 525] 595.56
case 10 18 36 11 135 378] 453] 498] 540 567 576 591




2 along the right/left direction is used as a work arranging unit on which
& work such as a board 9 is arranged.
board 9 is arranged on this work arranging unit so as to position the board
9. Also, two sheets of boards 9 are arranged on the work arranging unit in
such a manner that these boards 9 and 9 are separated from each other al ong
the front/rear direction.

surfaces of the above-explained bridges 53&nd 5 in such a manner that these

A fixing nmeans 10 for fixing the

Quide rails 11 and 11 are fixed on the | ower

@ the arrow X- direction. Guided

menbers 120 ---,Tlab | Eu RWel WU agef k|t he both edge
portions of ctapee1 1eg1(315rrmur; 1.5%;3\4{%1 he21 uide rails 11
and 11
case 2 6] 183| 12| 75] 285) 738 3] 165]| 28.5] 67.5
case 3 51 45| 165] 159]| 2025] 345| 48] 48] 6] 15
case4 | s85] . 48| 76.5f 129 9] 48] 72| 31.5] 345] 465
case § ol 1455 57| 27| 48] 21 o] 4| 1275) 42
case6 | 1276] 18! 255] 37.5| s26| 16| 1e8| 40:5] 67.5 9
case7 | 57| 33l 84l s15| s7| sss| ss| sz 45| 708
case8 | 102]| e45] 27| 12 3| .f71] 46| s8s5| s7] 18
case9 | 1156| 75} 21| 42] 12| 225| 108] 64| 48| 706
case10] 18] 75l 24| oa3] 75| a8} a2| 27 9] 15
transport time (sec) -
ab | bc {cd | de | ef | fg | gh | hi ij | jk |averaged
value
case1 | o0.13| 0.05] o007] o008l o010l oos .08 o3| o11] o0ss] o111
case? | 0.18| 025| o006 0.05] 0.08| 0.14] 0.05| oo7] o.8] o014 0.11
case3 | 0.41| o0.05! o0.07] 0.26| 032| 0.09| 005| 0.05| 005 006] 0.111
case4 | 0.12] o0.11] o.15] 0.22| o.06| o.11] o0.14] 0.09| 0.09} 0.11 0.119
case5 | 0.06| 024] o0.12] o08] o.11| oo07] oco6l 012] o22] o.10] 0.117
case6 | 022} 007| o0.08! 0.09| o0.12| o005| 027| o010]| o0.14] o0.06] o0.118
case7 | 0.12] 0.00| o16] o0.08| o12| o42| oco9] o012| 01| 014] 0.116
case8 | 0.18] 0.13] 0.08] 006| 0.05] o028| 0.05| 0.12] o0.12] 007] 0.114
case® | 0.20] 0.15] o0.07]| o.10} o.0e| oo7| o.48| o0.12] 0.11| 014] 0121
case10] 007 0.15{ o.08| o038 o15] o.10]l o.10] oo8] oo0e| o0o06] o.122

total averaged value of 0.116SEC

Considering the table 2, when an averaged value of

transport times as to the transport distance within a

straight line of 600 mm is calculated in a similar manner to

the above table 1, it becomes 0.116 seconds.

As a result,

since this averaged wvalue of 0.116



16 in a slidable manner. As a result, the head nmounting colum 6 is

gl idably supported by the bridges 9 and 9 along the arrow X-direction. It
shoul d al so be noted that drive neans (not shown) are separately provided
between the bridges 5 and 5, so that the head nmounting colums 6 and 6 nmay
be separately self-driven with respect to the bridges 5 and 5. The tool
heads 7 and 7 are separately provided on the head nounting columms 6 and 6
in such a manner that these tool heads 733nd 7 are hung thereon, and are

slidably sugpebhed %EQBﬂeEthﬁ§E9“hﬁéﬂi£ﬁ€t£9€i¥£l§ E£SPeCt e shd e dhead
mounting colums 6. It should also be noted that the
time of 0.1 second, it can also be understood that the

transport distance within a straight line of 600 mm could

not be employed.

L table. 3 ‘indicates such .a case that the transpost

~distance. within a straight line is 400 mm.

Table 3
Condition 3 distance: 400mm
nunber of target point: 11 points
distance/time conversion: {conversion formula = 0.043

+ (0.055 x transport distance/40)}

random number within distance {(rearranged)

a | b c | d e f.lg h i j 3

case 1 32 73 75 88 98 126 127 144 186} 220 362
case 2 52 116} 218 2261 231 250] 2909 301 312] 33t 376
case 3 0 34 37 48 154] 289 312 315 318} 322} 332
case 4 10 49 81 132) 218 224| 266} 304| 825 3481 379
case § 7 13 110 148 166 198) 212] 218] 254| 339f 367

case6 | 19| 104] 116] 133| s8] 13| 194| s0s| 333| a378] 384
case7 | 11 71] 27l 148| 18] 225| 247 285| 38| ses
case8 |- 30| e8| 141] 50| 67| 1es] 283| 28s] avs| 3e3| a7s
case9 | 18] 95| 14s| 1se] 187} 1es| 210} 282] s18] 3s0] a0z
case10] 12| 24| 74| e0| 252] 302| 332] seo| a7l 384l 304

8

&



tool heads 7 and 7 are transported along the arrow Y- direction by rotating
ball screws provided within the head nounting colums 6 and 6. As a result,
the tool heads 7 and 7 can be separately and freely transported al ong the X
and Y directions by the transport of the head nounting colums 6 and 6

al ong the arrow X direction with respect to the bridges 5 and 5, and by the
transport of the tool heads 7 and 7 along the arrow Y direction wth
respect to the head nounting columms 6 a 4 6. Rotation shafts of the tool

heads 7 and tfafdrpraikisiRd inmbngUsdings MRGNEr that these rot at_iﬂn shafts are
i nclined rdspectilvaby] bd | cdspedd TW&H?%I 1t z\l/Jv;Pdat \r/]v:y
TR T | AL e B I i

case 2 64] 102 8 s| 18] 49 2 1] 19 45

case 3 34 3 11| 1068} 135f 23 3 3 4 10

case 4 89] 32| &1 86 6] 32| 48 21 23 31

case 5 6] o7| 38| 18] s| 14| 6l s8] es

case 6 85 12 17 " 25] 35 1) 12| 27| 45 6

case 7 ss| 22| s6 5 | 38| 39| 22] 38 33| 47

case 8 68f 43 18 8 2| 114 3] 39] 38 12

case 9 771 S0 14] 28 8 15] 72| 36| 32| 47

case 10 12{ 80 16] 162} 50§ 30| 28 18 6 10

transport time (sec) -

ab | bccd|de| ef [ fg [ gh | hi ij jk | averaged

value
case 1 0.10] 0.05] o0.06] o006| 0.08] 0.04] 0.07] o0.10] 0.09] 0.24 0.088

case2 | 0.13] o.18f 0.05] 0.05] o0.07| o0.11] o0.05] 0.06f 0.07] o.10 0.088
case3 | 0.09) 0.05] 0.06| o0.19{ 023 o0.07f 0.0s| 0.05] 0.05| 008 0.089
case4 | 0.10} 009! 0.11] o.16] 0.056] 0.09{ o0.11] o0.07] o0.07] o.00 0.094
case5 | 005{! 0.18] o010| o0.07| 0.09f o0.06] 0.05] 0.09] o.16] o.08 0.093
case6 | 0.16] 0.06| 0.07| 0.08] o0.09] 004| 020| o0.08] o0.10{ o0.05 0.093
cese7 | 0.10] o007| 0.12] o0.07| o.10] o.10] oo7} o.10] o000l 0.1 0.092
case8 | 0.14] 0.10] 0.07) 0.05| 0.05] 0.20f 0.05] 0.10} 0.10{ 0.06 0.09
case® | 0.15] o411} 006] 008} 0.05] o006} 0.144] 0.09] o009] o.11 0.095

case10] 0.06] 0.11] 0.07) ©.27| o0.11] o0.08] o0.08] 0.07] o0.05] 0.06 0.096
total averaged value of 0.092SEC

Considering the table 3, when an averaged value of
transport times as to the transport distance within a
straight line of 400 mm is calculated in a similar manner to
the above table 1, it becomes 0.092 seconds.

As a result, since this averaged value of 0.092



of the rear-sided tool head 7 is energized toward the rear 17 direction
(see Fig. 1), and furthernore, these tool heads 7 and 7 can be freely
rotated in the normal /reverse directions. 20 sets of absorbing nozzles 8,
---, 8 are arranged on the tool head 7 at egmintervals an equiinterval at
an outer peripheral portion thereof along the peripheral direction.

Central axes of these absorbing nozzles 8 ---, 8 are nounted on the

rotation shaft of the tool head 7 at w thm%having inclination angles wth
respect tosekbhds betaiksNshoheét . than HHes region~S target transport

time of 0.1 second, it can also be understood that the
transport distance within a straight line of 400 mm could be
employed.

A table 4 .indicates such.a case that the transport

- distance within a straight line is 200 mm.

Table 4
Condition 4 distance: 200mn
number of target point: 11 points
distance/time conversion: (conversion formula = 0.043

+ (0.055 x transport distance/40))

random number within distance (rearranged)

a b c d e flag h i j K
case 1 16| 365| 375| 44| 49| 3| e35| 72{ 93| 110] 181
case 2 26| s8] 109] 118] 1155| 125| 1495| 1505 156} 1655] 188
case 3 ol 47| 185| 24| 77| 1445| 1s6| 1575| 159] 61| 166
case 4 5| 246| 405] e8| 109] 112| 128| 152| 162.6] 174| 1895

case 5 3.5 6.5 56 74 83 981 108]  109]| . 127} 169.56] 183.5
case 6 9.5 52 58] 66.5 781 96.5 97] 153]| 166.6] 189 192
case 7 5.6] 24.5] 355| 635 74 93] 11261 123.5] 142.5) 169] 1825
case 8 15 49]1 7051 79.5] 63.5] 845{ 141.5] 143] 1625] 181.5| 1876
case 9 9| 4715 725] 79.6] 93.6| 975] 1051 141 159] 175] 1885
case 10 6 12 37 45] 126] 151 1661 180 189 192 187




'}
I'nclination angle is determ ned such that the upper ends of the respective
dbsorbi ng nozzles 8, ---, 8 approached the rotation shaft of the tool head

7. As a whole structure, these absorbing nozzles 8, ---, 8 are arranged
in a conically extending manner with respect to the tool head 7. The
absorbing nozzles 8, ---, 8 are novably supported al ong the axial center

directions thereof with respect to the tool head 7. Wen the absorbi ng
nozzle 8 is located at an operation pos8éion to be described later), this
absor bi Ng NeZaAlsfort uSstAQEE A tg8 @G@pressi on neans (not shown) fromthe
upper diretion [ @b febeb} aiedcd —Eing?_t_l?e afdol biijng] nkz3les 8, ---,
8, the axial cenfer af thp apbgorblhg ndzzi e ocgted, at L regr end of the
front-side 4%%&—#—HE4§$€%%§&44#%%&— <1 7ONE

case 2 32 51 4| 26} 95| 245 1] 55| 9.5] 225
case 8 17] 16} 6.5] 531 675} 116] 151 15 2 5
| cased | 195 16] 255| 43 3] 16} 24] 105] 115] 1565
case 5 3| 485 19 9 16 7 3 18| 426 14
case 6 | 425 6] 85| 125] 176] o0.6] 56| 1351 226 3
case 7 19 11 28| 105] - 18] 195 11 19} 165] 235

:ﬁ

case 8 34] 215 9 4 1 57 1.51 19.5 19 6
case 9 38.5 25 7 14 4 7.5 36 18 16| 236
case 10 6 25 8 81 25 15 14 8 3 5

transport time (sec)

ab[bccd|[de| ef [ fg [ gh [ hi | i | jk |averaged

value
case 1 0.07] 0.04] 006} 0.05] 0.06] 0.04} 0.05] 0.07] 0.07] 0.14 0.066

case 2 0.09f 0.11] 0.05] 0.05| 0.06| 0.08] 0.04] 005| 0.06f{ 047 0.065
case 3 007 005] 0.05{ 0.12] 0.14] 006| 0.05| 0.05| 0.05{ 0.05 0.066
case 4 007¢ 007] oo08] 0.10| 0.05] 0.07] 008! 0.06] 0.06] 006 0.068
case 5 0.05] o.11] 0.07{ 0.06] 0.07| 0.05| 00s5| 0.07] 0.10] 006 0.068
case 6 0.10] 005] 0.05} ©0.06] 0.07] 0.04] 0.12] 0.06] 0.07] 0.05 0.068
case 7 0.071 0.06] 0.08] 006} 007| 0.07] 0.06] 007} 0.07] 0.08 0.067
case 8 008; 0.07] 006] 0.05] 0.04] 0.42] 005} 0.07] 007] 0.05 0.067
case 8 0.10} 008} 0051 006! 0.051 005| 0.09{ 06.07{ 0.07]| 0.08 0.069

case 10] 0.05! 0.08} 0.05{ o0.15] o0.08] o0.06] 0.06] 0.06}{ 0.05] 0.05 0.069
total averaged value of 0.067SEC

Considering the table 4, when an averaged value of
transport times as to the transport distance within a
straight line of 200 mm is calculated in a similar manner to

the above table 1, it becomes 0.067 seconds.

As a result, since this averaged wvalue of 0.067



direction, and the axial center of the absorbing nozzle positioned-at—the
front end of the rear-sided tool head 7 is directed to THiShuet Hid Bedd Replaced

direction. This rear end position and front end positi to
t he above-descri bed operation position, respectively. Th nent s
13, ---, 13 may be absorbed and/ or In

---, 8 which are located at the operation positions and are directed to

the vertica

rel eased by the absor

direction. As to the chip cojponents 13, ---, 13 nounted on

one sheet ofsRQMIE PecbRRbCsBLHBtel OtnsX HHY AV Y targiieseafdi:bbpr ent

sorts of chi

p conmponents 13, ---, 13 cannot be
time of 0.1 second,. it can also be understood that the

' transport distance within a straight line of 200 mm could be

employed.

As previously explained, when the tool head 7 is

-transported within the .straight line, .if the transport

. distance within this straight line is smaller than, or equal

to 400 mm, then it cén'be seen that the-region-S target
transport time of 0.1 second could be achieved.

Next, another investigation is carried out as to such
a case that the tool head 7 is moved in a plane manner

{namely, X-Y direction) within the components mounting

'region M. As explained above, the dimension of the board 9

is 250 mm x 400 rm. If the tobl head 7 is tried to be moved
within this entire ranée along the X-Y direction, then since
this range is too wide, it is predictable that the rggion-M
target transport time of 0.1 second cannot be achieved.
Then, the components mounting region M is properly
subdivided into several subdivided plane sections in a
similar manner to the above-described tomponents supplying
region S, and the following consideration is carried out
under such a condition that the tool head 7 is transported
within the subdivided plane section.

In this embodiment, the components mounting region M
is subdivided into several section, and then the tool head 7

is transported within this subdivided section. Similar to

'S SHEET HAS,BE@
FH REPLAGED
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absorbed and nmounted by using one type of absorbing nozzl'e 8. For i nstance,
I‘'n such a case that there are 120 sorts of chip confun$iretdiadBeen Replaced

for exanple, 5 types of absorbing nozzles 8, ---, 8 , Then, 5
types of absorbing nozzles 8, ---, 8 are arranged in tipat , for
Instance, 9 pieces of first type of absorbing nozzles are prepared, 5

pi eces of second type of absorbing nozzles are prepared, 3 pieces of third
type of absorbing nozzles are prepared, 38 pieces of fourth type of

absorbi ng nezgl Al P RRA &S], aBaRB! YyndtherdUANt Abt een@l ddigRfheSor bi ng
nozzl es are sel ect éd, dependi ng upon use frequencies thereof. It should be

noted that ElppLESAECHéyombls didig/itRas| asd8cision 8sate. wiostast eskto air
conpressors (not

not the components mounting region M is made based on such a

. condition, namely, the number of absorbing nozzles 8, ---, 8
mounted on the tool head 7, .the.dimension of the board ¢,
~and the sort or -quantity of chip components 13, -~-, 13 to
.be mounted. It is of course possible to apply the component
mounting method according to. the present:invention to such a
case that the components mounting region M is' not
subdivided.

Then, a subdivided plane section is determined, and 11
péints are selected at random within this subdivided plane
section. A position is recognized.as a starting point,
which is 1ocated apart from a center of a short edge of each
plane section, or a center of a long edge thereof by 40 mm
outwardly. A path is determined from this starting point by
properly connecting the above-described 11 points to each
other in a predetermined sequence until the starting point
(it becomes an end point). Among the respective points, a
longer component of the X-Y component ik sélected as a main
axis. Then, a check is made as to whether or not an
‘averaged trénspért timé for the length of this main axis
becomes the above-described region-M target transport time
of 0.1 second. As a consequence, such a subdivided plane
section is determined in which the averaged value is shorter

than, or nearly equal to the region-M target transport time

THIS SHEET HAS BEEN

REPLACED




shown in detail), and a tip portion of the absorbing nozzle 8 located at
the operation position is switched to either negative pressure-or- positive

pressure at predetermned tinmng. As a consequencegp. egtrﬂassBéeh ortion,
the chip 19 conponent 13 is absorbed, or rel eased. on
wher e the chi p conmponents 13, 13 are nounted on the ’E! EBWUHI _
.positioned and held by the fixing nmeans 10 and 10, a nwill

be referred to as a "conponents nmounting region M hereinafter Al so, 60
sets of conpereats saHdld.i Ng appar at uses P2,

Concretely speaking, the following investigation is
performed as to three cases of subdivided plane sections,
namely 250 mm x 200 ram, 125 mm x 200 mm, and 125 mm x 100
G

- .In: any. one of the subdivided plane sections, 10 cases
will now be considered. - A calculation is made of an
averaged value of transport timesras:to-the-zéspective
cases, and further, a total value.of.averaged values is
calculated.

It should be understood that the path started from the
starting point via 11 points in a predetermined sequential
order and returned again to the starting point may be
determined by properly connecting these 11 points in
accordance with the artificially better order, which are
selected based on the random nuhbers on the plane. It
should also be understood that the expression of
*artificially better order* implies as follows. That is,
while a point located at the closemost position, or the
second closemost position with respect to the starting point
"s" is selected as a first point within the component
mounting region M among these 11 points, and also another
point located at the second closemost position, or the
closemost position from the starting point "s" among the 1i
points is selected as a final point  within the component

mounting region M, these points are connected to each other.

THIS SHEET HAS BEEN
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, 14 are arranged on both right and left sides of the conponents nounting
"region M A |arge nunber of sane sorts of chip conponé‘hlsﬁhetgiasBeenReﬂl&edire

stored in the respective conponents supplying apparatus 4, and
are supplied to the absorbing nozzles 8, ---, 8 in res

tequirements. It should be understood that this enbodi mrent has descri bed
that the conponents supplying apparatuses 14, ---, 14 are arranged on both

the right and | eft sides of the conponentt®hounting region M However, the
present inventionriip Net tld Nki@d tBeraigredufit "By RAsUS0iAPNHIRG t9 such a

case that the conponents supplying apparatuses 14, ---, 14 are arranged
only one si detexftingepoightid efdnnectied ©é Ltlheodabposehestedd inasedgupeyi on M
The different sorts of chip conponents 13, ---, 13 are

random numbers in a plane section defined by 250 mm x 200
mm. Symbol "W* denotes a starting point (end point) "s*,
and p: int *@* shaws ‘1l.poirts -{a. b, c, ——-,k) se.‘i_.ected at
random.

In a table 5 to.a table 7, a traz}spprt ango;:;nt inplies
that a two-peint distance:for:.connecting either a starting
point or a point to another point is expressed by an X
component and a Y component. For instance, an X component
and a Y component of two-point distance for connecting the
starting point "s* and a point "a" are indicated in a column
"sav. Also, a transport amount of a main axis implies that
among the above-described X components and Y components of
the transport amdunts, a longer transport amount is
selected. A transport time is to indicate transport times
among the respective points by substituting the transport
amounts of the main axis among the respective points for the
above-described conversion formula.

The table 5 indicates such a case that the plane

section is defined by 250 mm x 200 rm.

THIS SHEET HAS BEEN
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stored into the corresponding conponents

suppl yi ng appar at uses 14,
- , 14 wth respect of the sorts of the conponents supplying apparatuses
14, ---, 14. Dependi ng upon the sort of chip conponent 13 nounted on the
position of the board 9, the absorbing nozzle 8 and the conponents
ssuppl yi ng apparatus 14 are selected, and then this chip 20 conponent 13
I s absorbed. Conponents supplying ports 15, ---, 15 of the respective
conponent s supplyi ng apparatuses 14, ---

, 14 are arranged on both the right
and left sides of the fixing
41
Table 5
Caondition 1 region: 250w % 200mm
. : starting point: 40mm outside center ‘of ‘short edge

end points ditto
nunber of target points: 11 points within region

distance/time conversion: {conversion formula = 0.043
+ (0.055 x transport distance/40))

transport-amount (X:axis of 250 « Ysaxis of 200) —
.. sa,ab] bo| cd | de | ef | h.lhij il {Jk]ks
09 |80} 10] 120].. 20) 0] 20f —to] 20} —e0] 60} "60] 0
case-4 - 60 20] Sof 10 30 0 60] 10l 80} 30§ 60 1]
.. .. 09.]_100] 40} . 40} 40| 10| 50 o] 1] 70| 10} 70} %0
€as62{Y) | _60] B0} 50| ..40] 20|. 40] S0] 70} 80} 10} 20] 20
S [24] 701 100 50 70 40 401 40 80 10]_- 50 40 70
cased 80 30 20 10 701 110 40 30§ .70 40 20 40
P9 60 40 40] . 20 [ 70 30 10 0 40§ 140 70
cased (Y] 10 20 40 201 20 0 40 601. 20 0 40 [
o] 60 20 401 110 40 290 0 10] 170 40 1% 70
case5 (Y] 30 0 30 50 40 30 70 30 80 10 40 [
) 60 0 201 130 10 50 90 30 40 20 10 180
case8 (V) | 80| 60} 10| 20| 40| 1ol 2001 2ol 30| 0] 10} 30
[ ) ) 40 70 o]__201 -10 10 100 20)- 90 70 00
case 7 60 20l 10| 20| 40} S0). O} 30| 10| 40| 40] &
s 601  60] - o] 100] 30] 60] 20} 0] 130] 40] 40] 60
case 8 {Y) 1] 30 20 40 20 10 80} 20 40 20 50 80
¢ 1_3501 40} 10| 20 o] _40] 10f 20 0] 90| 130] 60
case8 (V) 50 40 D 10 30 60 80 50 60 40 30 30
) [r] 60 10 60 20 40 50 50 10 30t 110 10§ 130
case 10 () 10 40 30 10 30 50| 50 70 60 20 10] 100
transport amount of main axis
sa {ab | bc | cd | de . ef | fa I gh{ hi | i | Jk | ks
case1 | so| 2ol 120l 20| ol 20l eol o0l ol eol eo] so
case2 | . 100 40 50 40 20 §0 30 70 - 80 10 70 90
case 3 80} 100 50 70 70] 110 40 80 70 50 40 70
caso 4 60 40 40 20 60 70 MF 60l 20 401 140 20
case 5 50 20 40 110 40 ‘90 70 30 170 40 40 20
..l case8 60 50] 30 130 40 50 90 30) . 40 80 10 180
casa7 | ol 40l 701 201 40f s0f o] oo 20} ol 70| 100
case
. 8 60 50 20 100 30 60 80 20 130 40 50 80
case 9 150 40 10 20 30 60 50 60 20 130 60
case 10 60 40 60 2_9 40 60 70 60 110 10 130




means 10 in parallel thereto. The chip conponents 13, 13 positioned
.to.these conponents supplying ports 15,- 15 are absorbed by the absorbing

nozzles 8, ---, 8. As a consequence, the region where a |arge nunber of
conponents supplying ports 15, ---, 15 corresponds to a region where the
«chi p conponents 13, ---, 13 are absorbed, which wll be referred to as a

"conponents supplying region S" hereinafter. Then, the tool head 7 is
designed in such a manner that the absorbing nozzles 8 and 8 are noved

wi thin a range of such a region for connecting the above-descri bed
conponent s supplying region S and conponents nounting region M and these

absor bi ng nozzl es are approached to the4@peration position thereof.
v.ansport .time (sec)

salab|bcjcdlde| ef | fgjgh{ hi | ij | jk | ks | averaged

value
case1 | 0.15f 0.07] 0.21] 0.07] 0.08] 0.07| 0.13] 0.07] 0.15] 0.13] 0.13] 0.17 0.119

case2 { 0.18] 0.10] 0.11} 0.10] 0.07] 0.11] 0.08} 0.14] 0.15} 0.06] 0.14! 0.17 0.117

case3d | 0.15} 0.18] 0.,11] 0.14] 0.14} 0.19) 0.10} 0.15} 0.14] 0.11] 0.10] 0.14 0.138
' . .jcascq § 013] 0.10] 0.101 0.07] 0.11] 0.14} 0.10{ 0.13] 0.07} 0.10] 0.24] 0.17 0.12
caseS | 0.111 0.07 .0.10 0.19} 0.10} 0.17] 0.14{ 0.087 0.28] 0.10] 0.10} 0.17 0.134
case6 | 0.13] 0.11 p.OB 0.22] 0.10) 0.11] 0.17] 0.08) 0.10] 0.15] 0.06| 0.29 0.134
case 7 | 0.15]1 0.10] 0.14] 0.07{ 0.10] 0.08]| 0.06{ 0.18] 0.07| 0.17 0.i4 0.18 0.12

case 8 | 0.13] 0.11] 0.07 0.18] 0.08] 0.13] 0.15] 0.07] 022} 0.10} 0.11} 0.15 0.126

case 9 | 0.25] 0.10] 0.06] 0.07) 0.083 0.13} 0.15] 0.111 0.13] 0.17] 0.22] 0.13 0.132

case 10{ 0.13| 0.10} 0.13] 0.07{ 0.10] 0.11{ 0.11] 0.14] 0.13f 0.19| 0.06} 0.22 0.123
total averaged value of 0.126SEC

In the table 5, considering a case 1, an X component
and a Y component of an interval between one point and
another point preceding to the first-mentioned point are
given as follows: sa: X=80, Y=50, ab: X=10, ¥Y=20, bc: X=120,
Y¥=30, cd: X=20, ¥=10, de: X=10, Y=30, ef: X=20, Y=0, f£fg:
X=10, ¥=60, gh: X=20, ¥=10, hi: X=80, ¥=80, ij: X=60, ¥=30,
jk: X=60, ¥Y=60, ks: X=90, ¥=0. - A transport amount of a main
axis as to a layer interval within the intervals among the
respective points is given as follows:.sa: 80, ab: 20, bec:
120, cd: 20, de: 30, ef: 20, fg: 60, gh: 20, hi: 80, ij: 60,
jk: 60, ks: 90 {(rmm).

When a calculation is made of transport times among
the respective points by using these values based on the
conversion formula, the following transpoit times are given

as follows: sa: 0.15, ab: 0.07, bc: 0.21, cdr 0.07, de:;



A description will now be made of the conmponents nounting nethod according
.to the present invention, assum ng now that a target nounting speed of the
above-descri bed conponents nounting apparatus 1 is set to, e.g., 0.2
second/ chi p. This mounting speed is defined by so-called "nounting tact
-time". In other words, this nmounting tact tine is a 1 cycle tine period
during which by that the chip conponent 13 is absorbed in the conponents
suppl yi ng 21 region S by the absorbing nozzles 8 and is transported to
t he conponents nounting region M the

0.08, ef: 0.07, f£g: 0.13, gh: 0%%7, hi: 0.15, ij: 0.13, jk:
0.13, ks: 0.17 (seconds). An averaged value of these
transport times becomes 0.119 seconds.

Similarly, when averaged values of the fes;pective
transport times from the case 2 to the case 10 are
calculated, the following values are given: case 2: 0,117,
case 3: 0.138, case 4: 0.12, case 5: 0.134, case 6: 0.134,
case 7: 0.12, case 8: 0.126, case 9: 0.132, case 10: 0.123
{seconds). Furthermore, when an averaged value of the summed
transport times is calculated, it becomes 0.126 seconds.

As a consequence, since this averaged value becomes
longer than the above—describéd region~-M target transport
time of 0.1 second, it can be seen that the plane section
defined by 250 mm x 200 mm could not be employed.

The table 6 indicates such a case that the plane

section is defined by 125 mm x 200 mm.



absorbed chip conponent 13 is nmounted on the board 9, and the absorbing
.Nozzle 8.is returned to the conponents supplying region S. It should be
net ed that since the above-descri bed conponents nounting apparatus 1 is
equi pped with the two tool heads 7 and 7, the chip conponents 13, -- 13 can
-be mounted on two sets of boards 9 and 9 at the sane tine. Accordingly, the
target nmounting tact tine is one of these tool heads 7 and 7 is 0.4
seconds/chip. In the follow ng enbodi mrent, such an assunption is nade that

t he di nension of the board 9 is defined by 250 mm x 400 nm and 120 types
of chip conponents 13, ---, 13 are nmounted. Assum ng now that an interva
bet ween t-he adj oi ni ng conponents supplying ports 15 and 15 of the adjoi ning

44
Table 6
‘Condition 1 regions 250mm x 200mm
starting point: 40mm outside center of ghort edge
end point: ditto
- number of target points: 11 points within region

digtance/tine conversion: {conversion formula = 0,043
+ (0.055 x transport distances40))

transport smount (X:axis of 125 « Yraxis of 200) _
sal a be de_ fgligh|hlli ik | ks
Q60 8] 0] 10 5| 10 6] 10} 40} 30] 30| €5
case — 50} 20| 80| 10| 30 o] 60| 10| eo] 301 60] 50
Q |__70]__20[ 20 6 525 0 6] 85 6] 35| 65
case2 (M |60l 301 &0 — 20| 40f 30| ol ol 101 20| &0
00 I_55]_ s50] 25| as{ 20| 20{ 20| 40| 6| 25| 20] &5
case3 () | 60| 30} 201 10] 70| 1i0] —40] 30| "Jof 40| 20} &0
09 |_50] 20} 20] 10| 25| 35] 15| & D] 20| 70} b5
case 4 (Y] 10]__20] 40| 20] 20 of _4o0] 6ol 20 o] 40| 10
— (0 451 10l 20| Bs| 20| 4¢ 0 6] 651 20 5| &5
case 5 (V] 30 0 30} 50y 40| 30f 70{ S0l ©60] 10} 40f 30
g D 0] 51 65 6] 25| 45] 15) 20} 10 5] 110
case 6 30} 50| 10l 20} 40} 10| 20} 20{ 30} 80| 10| 30
¢ [ _eof 20| 35| _of 10 5 6]__50] 10| 45| 35| 70
case? (Y) 601 20| 10| 20[ 40| S0 o 80l 10 40{ 40| 60
0Qf_50] 25 3(__50[__15{ s0] 10 8__65] 20| 20} 50
case 8 () o] 30 20| 40| 20 10| 80| 20| 40| 20| S0 0
0 95| 20| 5] 10 5|20 5] 10 D| 45| 65| 50
case9 (V) | 60| 40] 0] 10| 30)] 60] 80)] 50| 60] 40| S0} 50
|50 6] @0] 1ol 20| 25| 25| 6| 15| &5 5{ 85
caseto(N { -10] 40f 30 0f 30l 50f 60| 70l 60) 20| 101 10
transport amount of main axis .
sa | ab[bc |cd {de ]| ef | fg [ gh| hi | §j | jk t ks
caso 1 6o] 20] eo} 10! 30} 10f{ eo] 10| 80| 30} eo] s
case2 | 70! 30] so] 40] 20] 40] s30] 70| eo] 0] 35| 5
case 3 so] so|l 25| asl 70| 4110) 40] 40|l 70] a40] 20| e0
case 4 s0) 20| 4ol 20] 25| a3s] 4ol eo] 20] 20| 0] S5
case 5 45} 10} 30| 65§ 40| 451 70| 2o} es| 20| 4o0] &5
case 8 s0] so] 5] e5) 40] 25| 4s] 20} 30| o] 0] 1410
case 7 0] 20] as] 20| 40| 30 5] s0] 10] 45| 40] 70
case 8: so| sol 2of 0} 20] 30| o} 20| e5] 20| 0] 50
| _case 9 e5] 40 6] _10] 30| eo] so}f 50| 6ol 45| 5] 50
lcase10]  50) 40} so] 10f 30] 0] sof 70] e0] 55 10] 80




H

éonpohents supply apparatuses 14 and 14 is selected to be 20 mm a |length
o0f the conponents supplying regions S and S |ocated on both the right and
| eft sides thereof along the arrow X-direction becones 20 mm x (60-1) =

1180 mm Also, it is assuned that a distance defined between the conponents
supplying port 15 of the conponents supplying region S and the cl osest edge

i.n the board 9 fromthis conponents supplying port 15is 40 nm It should
be understood that as is known, the tran§%brt speed of the tool head al ong

the hori Zonggns&g(r_thime szec)
sa|ab|bcjcdde} ef] tgjgh] hi}| ij | jk | ks | averaged

value
case 1 | 0.13] 0.07] 0.13] 0.06]| 0.08}! 0.06] 0.13] 0.06] 0.15} 0.08] 0.13] 0.13 0.1

case 2 | 0.14] 0.08] 0.11] 0.10] 0.07] 0.10) 0.08] 0.14} 0.15] 0.06] 0.09] 0.13 0.105
case 3 { 0.16! 0.111 0.08] 0.09| 0.14} 0.19] 0.10}] 0.10] 0.141 0.10{ 0.07{ 0.15 0.119
case 4 | 0.11] 0.07] 0.10] 0.07] 0.081 0.09] 0.101 0.13] 0.07}| 0.07]| 0.14] 0.12] - 0.095
case § | 0.10] 0.06} 0.08] 0.12] 0.10] 0.10] 0.14] 0.08] 0.16] 0.07] 0.10] 0.12 0.103
case 6 | 0.11] 0.11}-0.06 ' 0.13] 0.10] 0.08] 0.10)] 0.07] 0.08] 0.15| 0.06)] 0.19 0.105
case7 | 0.13] 0.07| 0.09] 0.07] 0.10] 6.08} 0.05] 0.11} 0.08] 0.10] 0.10| 0.14 0.092
case8 | 0.11§ 0.08] 0.07] 0.11} 0.07} 0.08]| 0.15] 0.07| 0.13] 0.07| 0.11] 0.11 _0.099
case 8 | 0.17] 0.10} 0.05] 0.06] 0.08} 0.13} 0.15] 0.11] 0.13] 0.10} 0.13] 0.11 0.111

case 10| 0.11{ 0.10] 0.08] 0.06] 0.08] 0.11} 0.11} 0.14§ 0.13] 0.12} 0.06] 0.16 0.105
total averaged value of 0.103SEC

Considering now the table 6, when an averaged
transport times in the plane section defined by 125 mm x 200
mm is calculated in a similar manner to the above table 5,
it becomes 0.103 seconds.

As a result, although this averaged value becomes
slightly longer than the region-M target transport time of
0.1 second, it can be understood that there are some
possibilities that this plane section may be employed due to
combinations with the transport time in the components
supply region S.

The table 7 indicates such a case that the plane

section is defined by 125 mm x 100 mm.



direction) in the existing (conventional) conmponents nounting apparatus is
practically 40 mm 0.1 second. Since it slightly takes tinme until the too
head becomes uniformnotion, as indicated by a.solid line of Fig. 5, the
tool head starts to nove after 0.02 seconds when a start instruction is
issued, and the notion of this tool head beconmes uniformafter 0.07 seconds
when this start instruction is issued, nanely after the tool head has
passed the point of 20 nm Then, when the speed graph line of this
conventional tool head is expressed by linear approximation fornula (wll
be referred to as a "conversion formula" hereinafter), it is given as
follows: t = 0.043 + (0.055 x transport4éli stance/ 40) seconds. In this
graphic regigsgnyation, the nmotion of the tool

Condition 3 region: 250mm x 200mm

starting point: 40mm outside center of short edge

end point: ditto

number of target points: 11 points within region

distance/time conversion: (conversion formula = 0.043
+ {0.055 x transport distance/40))

transport amount {(X:axis of 125 + Y:axis of 100)

salab|bclcd|[do|ef [ fg [gh] hi | ij | K| ks
Q] __s60 6] 0] 10 5] 10 5] 10} 40| 30] S0} 65
case1 (M { 25f 10] 151 5] 15| of 30| 6 40l 15] 30} O
@ __70] 20] 20 5 6|25 0 6] 35 5] 35] 65
case2 (I 250 15( 251 20| 10} =20i 15| 351 40 51 0] 10
e |_565] 50| 251 35| 20| 20f 20] 40] 5] 25] 20} &5
case3 (V) § 40y 6] 1o] "6} 36| 651 201 5] 35} 201 10y 20
) |_—80] 20| 20 fo| =25{ 35| 16 6] o] 20} 70 5 |
case4 {Y) 61 0] 20] 10} 10 0] 20| 30] 10 o] 20y 45}
00 45 10| 20| 651 20| 45 0 6| 85| 20} 6] &5
case§ (| 15 of 15] 25y 20l 5] 35| 15[ 25 6] 20 45
% |__50 0] 151 65 6| 25| 45 15| 20 10 5| 110
case6 (V) | 16| 25 6] 10 20 | __10] 0] 15] 40 IR
@} _o60] 20f 351 ol 10 3 6| oo} 10| 4s] 35| 70|
case7 (V) | 30} 10 8] 10| 20| 15 o 18 5| 20| o] ¢
0 |_50] 25 0] B0 151 so] 10 5] 65| 20) 20| &0
case 8 (Y) of 151 o[~ 20 10 5| 40] 10 20 10] 25] 40
) |95} 20 5] 10 6] 20 5 10 0f 45} 65] 60
case9 {¥) | 251 20 0 S| 15 30| 40| 25| 30y 201 16} 16
™ %0 6] 30| 10} 20} 25| 25 5] 15| 65| 6] 86
case 10 (V) 6] 20 15 6] 5] 25| 25| 35| 30| 10 5] 60
_transport amount of main axis
sa | ablbc|{cd|de| ef | fg { gh| hi | ij | jk | ks
case 1 60] 10] 60l 10| 5] 10} 30] 1o0f 4ol 30| 30| 65
case2 | 70l 20] 25! 20] 1ol 26} 1§8] 35 40 6] 85| 65
case 3 5] 60} 25| 3st 35t s55] 20| 40f 35] 25} 201 65
case 4 so0f 201 20 10y 25| 35 20 30 10 20 70 55
case 5 45 10 20 55 20 45 35 15 85 20 20 55
case 8 so] 25} 15f e65] 20 25| 45§ 5] 20| 40 5| 110
case 7 6ol 20} 35| 10 20| 15 5{ s0l 0] 45| 35! 70
case 8 o] 25| 40f so|l 15| sol 40f 10l 651 20| 25| 60
case 9 95| 20 6| 1ol 151 30|l 40| 251 30l 45| 65| 50
case 10 0] 20| 35| 10|l 20| 25 25| 35| 30| &5 5] 85




head i s under acceleration condition during t<0.07 seconds. Even when the
transport tinme is cal cul ated based on the above-described |inear

approxi mation formula under this acceleration condition (nanely, portion
i ndicated by a dotted |line of Fig. 5), since the transport tinme becones
longer than the actual transport tine with respect to the transport

di stance, there is no problemin growing that it is fast. Practically
speaking, the tine required to transport4¥he absorbing nozzle 8 along the
vertical dirnegld.gh it§nd @8.5€econds, and the normal confirmation work

requires 0.f0ZF SeT@adFabNbs TdeTRLSFON (X GhAYRE[ VST GR F Taveragéd| €m

value
case 1 | 0.13] 0.06] 0.13} 0.06| 0.06] 0.06] 0.08] 0.06] 0.10] 0.08§ 0.08] 0.13 0.085

case 2 | 0.14] 0.07| 0.08] 0.07| 0.06] 0.08] 0.06] 0.09] 0.10] 0.05| 0.09} 0.13 0.085
cased } 0.12] 0.11] 0.081 0.09] 0.08] 0.12] 0.07] 0.10{ 0.09 0.08} 0.07} 0.12 0.095
case 4 | 0.11] 0.07 0.(;7 0.06] 0.08] 0.09| 0.07| 0.08] 0.06f 0.07} 0.14] 0.12]  0.085
case 5 | 0.10] 0.06} 0.07] 0.12| 0.07] 0.10] 0.09] 0.06} 0.16] 0.07} 0.07] 0.12 0.092
case6 | 0.11] 0.08} 0.06] 0.13| 0.07] 0.08] 0.10] 0.06] 0.07} 0.10] 0.05] 0.19 0.083
case7 | 0.13] 0.07] 0.09] 0.06] 0.07] 0.06] 0.05] 0.11] 0.06| 0.10] 0.09} 0.14 0.086
case8 | 0.11} 0.08] 0.06} 0.11] 0.06] 0.08] 0.10| 0.06{ 0.13| 0.07| 0.08] 0.11 0.088
case 8 | 0.17¢ 0.07| 0.05} 0.06] 0.061 0.08] 0.10! 0.08] 0.08] 0.10{ 0.13] 0.11 0.092

case 10| 0.11] 0.07| 0.081 0.06] 0.07} 0.08f 0.08] 0.09{ 0.08] 0.12| 0.05| 0.16 0.088
total averaged value of 0.089SEC

Considering now the table 7, when an averaged
transport times in the plane section defined by 125 mm x 100
mm is calculated in a similar manner to the above table 5,
it becomes 0.089 seconds.

Accordingly, since this calculated averaged time is
shorter than the region-M target transport time of 0.1
second, it can be seen that this plane section defined by
125 mm x 100 nm can be employed.

When the above-described calculation results are

combined, a table 8 is obtained.



23 (not shown) is required so as to confirmthe direction of the chip
tonponent 13. absorbed by the absorbing nozzle 8 in this” conponents
nounting apparatus 1. Moreover, it is designed such tﬁhs$aﬂrhv eA B€placed

i nterval between the chip conponent 13 and the chip co ed on
the board 9 is approximately 10 nm On the other hand,

one chip conponent 13 is nounted on a central position ( unc |on|n

typi cal point) of the board 9, the absorbi$® nozzle 8 nmust be aned over

the m ni mumglstance (namely, 40 + 250/2 = 165 nm) fromthe conponents
supplying port 15. To nove this absorbing nozzle 8 over this m ni mum

di stance, it fwoura_
components absorbing region S components mounting region M
range (mm) transport fime {sec) range (mm) transport time (sec)
800 0.140 250 x 200 0.126
600 0.116 125 x 200 0.103
400 0.092 126 x 100 0.089
200 __0.067

Considering now the table 8, when a combined case is
selected in which a total time of the transport time
required for the transport distance within a straight line
and the transport time reguired for the plane section
becomes shorter than, or equal to the X-Y target transport
time of 0.2 seconds, the following combinations are given as
follows:

That is, to say, in such a combination case that the
transport distance within a straight line is 200 mm and the
plane section is defined by 125 mm x 100 mm, the summed
averaged transport time becomes 0.156 seconds. In such a
combination case thét the transport distance within a
straight line is 200 mm and the plane section is defined by
125 mm x 200 mm, the summed averaged transport time becomes
0.17 seconds.

In such a combinatioﬁ case that the transport distance
within a straight line is 200 mm and the plane section is
defined by 250 mm x 200 mm, the summed averaged transport

time becomes 0.193 seconds. In such a combination case that

THIS SHEET HAS BEEN
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!

take 165/400 = approximately 0.4125 seconds. As -a-econsequence,__the
above-descri bed target nounting tact tine of 0.4 secomg§gggeﬂs Qu d not be
achi eved. COVPONENTS MOUNTI NG METHODS As a consequence

t he conponents nounting nethod according to the presen L,E nce
the nmenber of tool head transport between the conponen g| ons
S and the conponents nmounting region Mis reduced as being pern1tted as
possi bl e, the above-described target noungeng tact tine can be achieved.

o e sl (BBl E0AI et £ BUBRUGNL S 408 LEOLEE, ©
conponent s nEHligiRte’ 88teNoM 18 ddwill O 1nsnﬁuh0£epboerﬁaedluwtsmea
averaged transport time becomes 0.181 seconds.

Also, in such a combination case that  the transport
distance within a straight line is 400 mm and. the plane
section is defined by 125 mm x 200 mm, the summed averaged
transport time becomes 0.195 seconds. In any one of these
combination cases, the summed averaged transport times can
satisfy the X-Y target transport time of 0.2 seconds.

Also, in such a combination case that the transport
distance within a straight line is 600 mm and the plane
section is defined by 125 mm x 100 mm, a summed X-Y
transport time becomes 0.205 seconds, and is not equal to
the above-described X-Y target transport time of 0.2
seconds. However, since this summed X-Y transport time is
substantially equal to the X-Y target transport time, if the
target transport time is set to be lower than 0.2 seconds,
then this combination case may be employed.

It should be noted that although the above-described
embodiment has explained that the *starting point is
coincident with the end point when the X-Y transport time is
calculated within the plane seqtion, there is a very few
case that the starting point is not actually coincident with
the end point. In the latter case, it is predic;able that
the X-Y transport time becomes shorter than that of the

embodiment. In other words, it is conceivable that the
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24 1n accordance with a conponents nounting nethod of—a fi-rst—erbodi-nents

of the present invention, a |arge quantity of chip co

13, as many possi ble are absorbed fromthe conponents rém,gg | c B lace% by
20 sets of absorbing nozzles 8, ---, 8 provided on theu}l JH&HM

this tool head 7 is transported to the conponents nountli

that the respective chip conponents 13, ---, 13 are nounted on the board 9.

When a plurality of chip conmponents 13, 80-, 13 are nounted in this manner,

the transpo&{s L.n;[:ge éé) ingga%y? adding the distance between the

components supplying apparatus 14 of the finally absorbed
chip component 13 and a predetermined mounting place where
the chip component is firstly mounted to the distance
between a predetermined mounting place where the chip
component is finally mounted and the components supplying
apparatus 14' of the chip component 13 which will be
subsequently absorbed,l is shorter than the distance defined
in such a case that the starting point is coincident with
the end point.

As a consequence, according to the components mounting
method of the present invention, while the tool head 7 is
transported within ﬁhe conmponents supplying region S, a
large number of chip components 13, ---, 13 are absorbed as
many as possible, and this tool head 7 is moved to the
components mounting region M in which the chip components
13, ~---, 13 are mounte_d on a predetermined mounting place.
Therefore, the transportation of the tool head 7 between the
components supplying region S and the components mounting
region M. can be suppressed in a minimum' value when-the chip
components 13, ~---, 13 are mounted on the board 9. As a
result, the transport time per single chip component 13,
namely the mounting speed {mounting tact time) can be
shortened.

Also, as explained in the above embodiment, the

components supplying region S and the components mounting
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bet ween the conponents supplying region S and the cbﬁﬁ6ﬁ§ﬁr§‘nUUﬂ%Fﬁg
region Mmay be carried out only one tinme, so that tﬁbsﬂm&ﬂﬁpB&LRLI

single chip conponent 13 between the above-descri bed t

reduced. As a result, the nounting speed (nmounting t

Shortened. Next,a nore concrete explanation will be ma ten t he
nmounting tact time of the chip conponent 13. As previously descrlbed, t he
nmouhting tact tinme per single chip conposgnt is assunmed as follows. That

is, 0.4 t . | not:hi
{57 oot rounf bofa R4 g} pbhiy, Ml BN, (adacknbl Tne | Bakl
addi ng ti mecghp Qn@§t§ 3.3— Q16 serogds WBs6Ppe&AMbLALEACHERWARWN tHY ement

of the absorblng nozzle 8
subdivided supplying region S and the subdivided mounting
region M. As a consequence, the sequential operations about
the absorption and mounting of the chip components 13, ---,
13 can be optimized by considering the quantity of absorbing
nozzles 8, ---, 8 mounted on the tool head 7, the dimension
of the board 9, and the sort/quantity of chip components 13,
---, 13 to be mounted.

SECOND COMPONENTS MOUNTING METHOD

Fig. 16 schematically represents a components mounting
method according to a second embodiment of the present
invention. In this second embodiment, such a components
mounting apparatus 1 that two components supplying regions
"S* and "S*" are located on both sides of a components
mounting region "M". This components mounting region M is
subdivided along the X direction, and also chip components
13, --- 13 are absorbed in one components supplying region
S. Thereaftér, the chip cémponents 13, --- 13 are mounted
in the subdivided components mounting régién M, and- then the
tool head 7 is transferred to the other components supplying
region S$ in order to absorb the chip components 13, ---, 13.

Under such a circumstance, the sequential operations
for absorbing and mounting the chip components can be
optimized, namely the mounting tact time can be shortened by

enmploying the following manners. That is, a place where the
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(during absorbing operation, and nmounting operation) to 25 confirmation
time of 0.04 seconds required for confirmng the absorption condition of
the chip conmponent 13 by using the vision canmera system Accordingly, the
tool head nust be transported along the X-Y direction within 0.2 seconds (=
0.4 - 0.2). Mreover, this X-Y target transport tinme of 0.2 seconds
corresponds to a total of target transport tinmes of the tool head 7 between
t he conponents supplying region S and thézconponents nounting region M As
a consequeneghip component 13 is firstly mounted within the subdivided

components mounting region M is set to such a position
located closest to one components supply region S. A
position where the chip component 13 is finally mounted
among this components mounting region M is set to such a
position located closest to the other components supplying
region S.

It should also be noted that although the components
gripping means is operated by the negative pr;essure
absorption in the above-described components mounting
apparatus according to the embodiment of the present
invention, the présent invention is not limited thereto, but
may be applied to, for instance, such a components gribping
means that electronic components are gripped by means of a
clamp and the like.

It should also be noted that the components mounting
methods according to the respective embodiments, and also
the concrete shapes/structures of the components mounting
apparatuses according to the respective embodiments are only
exemplified examples. Therefore, these ‘exemplified-examples

never restrict the technical scope and spirit of the present

invention.



1

assumi ng now that—t-'he"t--r-ansport ti rre of the tool head 7-in_the. conponents_.

Suppl yi ng region | I n the conponents nD
vi ew of averaged H ﬂ H. et transport tinme of th
each of these co g/ nounti ng regions beco

shoul d be under st ood that the transport tinme between the

tlngrelon Min

TR

supplying region S and the conponents nounting region Mis nerged into the
target transport t| me in the conponents MmAunti ng region Mto be cal cul at ed.

Whi | e usi ngWHRAE

ghed 0.1 second as each of the target transport

times for the to head 7 in the conponents supplying region S and the
conponent s m)untlng rEgl@md&hg(qnédtdamomtengemetbo@sua which on-Xungs get

a

transport tinme" and a "region-Mtarget transport tinme"

number of electronic components are transported from a
components supplying region where a plurality of components
supplying apparatuses are arranged with said large number of
electronic components stored thereinto to a components
mounting region in which a board is arranged with said
electronic components mount:ed thereon, and said electronic
components are mounted on a predetermined mounting position
of said board, the improvement wherein:

a plurality of said electronic components are
individually gripped by a pluralitj of gripping means in
said components supplying region; and after these gripping
means are transported to the components mounting region,
each of said gripped electronic components is mounted on a
pr_edetermined mounting position thereof.

2. A components mounting method as claimed in claim
1 wherein said components mounting method comprises the
steps of:

subdividing at least one of said tomponents supplying
region and said components. mounting region; and

mounting said electronic components in a entire region
of said mounting region by repeating one of the steps of:

gripping said electronic components by a plurality of
said gripping means in one of said subdivided sections of

said components supplying region and mounting said

REPLACED
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sequehtial operation for absorbing or nounting the chi p—conponents 13;——==~,
13 will now be explained. It is assuned that 20 absorblngmpg§&k§§B§Rqummj8

ro < °0a" e | NHRUNENLE IR, "5 2es 2, ¢ Panepor Ldjﬂﬂuﬂm@ﬂw
tonponents suppl ¥i ng regi"on®S dne time. This assunption i i rom

the foll ow ng prediction. That is, if dgilred chi p conponents are
absorbed by all of 20 absorbing nozzl es 8  ---, 8, then the transport range

of these abspsdiRshitOzePonthts e ﬁﬁl&&dﬁﬂoﬂéﬁi& dud® ing region and

then gripping said electronic components by a plurality of
said gripping means in another subdivided section of said
components supplying region and mounting said electronic
components in said components mounting region;

gripping said electronic components by a plurality of
said gripping means in said_components supplying region and
mounting said electronic components in one of said
subdivided sections of said components mounting region and
then gripping said electronic components by a plurality of
said gripping means in said components supplying region
again and mounting said electronic components in another
subdivided section of said components mounting region; and

gripping said electronic components by a plurality of
said gripping means in one of said subdivided sections of
said components supplying region and mounting said
electronic components in one of subdivided section of said
components mounting region and then gripping said electronic
components by a plurality of said gripping means in another
subdivided section of said components &upplying region and
mounting said electronic éomponents in another subdivided
section of said components mounting region.

3. A component mounting method as claimed in claim 2
wherein:

said components supplying region is subdivided into

two groups of subdivided sections arranged on both sides of

- THIS SHEET HAS BEEN
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corrpohents supplying region S. so that the above-explained target transport

time of 0.1 second Within the conponents suppl yi ng ribgiShest s laced  be
achi eved. As a conmponent s suppl yi ng ﬂﬂZnti re
length: 1,180 mmﬁm(immggﬁt nto sone sections. i s nmade
that the tool headc Stit din arange of a transport distance within
this subdivided straight Iine, and then 185 pi eces of chip conmponents 13,
---, 13 are absorbed. It should be understood that although this

enbodi nent ) shiié eoRpPONENtsS rouRYingngeseh Oih S idiredhdoni daent Né41 sryer al
sections and the tool head 7 is transported within the area of this

subdi vi ded sedtiirectizndediaigwhdsh caidldetshdrdioridedt sertiomspafergasid
suppl yi ng

components mounting region are disposed, and

said step of gripping said electronic ‘components in
one of said subdivided sections of saia components sﬁpplying
region and mounting said electronic components in one of
subdivided section of said components mounting region and
then gripping said electronic components in another
subdivided section of said components supplying region and
mounting said electronic components in another subdivided
sectiqn of said components mounting region further comprises
steps of:

- gripping individually a plurality of said electronic
components in one of said subdivided sections of said
components supplying region by a plurality of said
components gripping means;

transporting a plurality of said component gripping
means to one of said subdivided sections of said components
mounting region;

mounting each of said electronic compoﬁents on a
predetermined mounting position;

transpbrting a plurality of said components gripping
means to another subdivided sections of said components
supplying region;

griping a plurality of said electronic components

again in said another subdivided sections of said components
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regioﬁ Sis subﬂrVTded may be made based on the quantity—of--absorbing—

hozzl es 8,

.9, and either t

be nount ed.

7 met hod according to t%e préseht i nvention to a case

mﬂnt ed on the tool head 7, the di nﬂ&%h&E‘HéQfBeénﬁfep]Q

E antity of Chlp compon
,’bl e to apply the conp luuw

It . isS+

?3 to

nent S

supplying region S is not subdivided. The % fore, a length of a subdivided
n

straight line (nanely, A transport dista
det er m ned,

within a straight |ine)
sidplyimditregion B¢l achbaral itwndoBadidt Bbfipbhéfits gripping

means;

transporting a plurality of said components gripping
means to another subdivided sections of said ‘'components
mounting region; |

mounting each of said electronic'components on a
predetermined mounting position;

repeating above steps until said electronic components
are mounted in the entire region of said mounting region.

4, A components mounting method as claimed in c¢laim
2 wherein:

said electfonic components are mounted from such a
predetermined mounting position located closest to said
components supplying apparatus where previous final gripping
of said electronic components has been performed by said
components gripping means among said components supplying
apparatuses in said subdivided sections of said components
supplying region.

5. A components mounting method as claimed in claim
3 wherein: :

said electronic components are mounted from such a
predetermined mounting position located closest to said
components supplying apparatus Qhere previous final gripping
of said electronic components has been performed by said
components dgripping means among said components supplying

apparatuses in said subdivided sections of said components

is
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‘tange, and a-echeck is-made as to whether or not the average-transporttine

bet ween t hese | e above- described regi 9Rs ShebtdaPBden R ort
time of 0.1 se$ﬁhmﬂlﬁmﬁ@“mﬂ subdi vi ded transport di he
straight line i _ whi ch the transport ti majlﬂﬂﬂﬂ““%lt n, or
nearly equal to the above-described region-S target tra 0.1
second. Concretely speaking, the following investigation wll be made as to
such a case that the subdivided transporg7di stances within the straight

| i ne are 80Supplyif@0 regiod00 mm and 200 mm | n any one of these subdivided
transport distances within the straight line, 10 sets of cases are

i nvestigated. A &al ct fompenentgpounting methedcas rakmingd in edaim

2 wherein:

said electronic components are mounted in said
components mounting region at a predetermined mounting
position located closest to such a component supplying
app&ratus where next first gripping of said electronic
component is to be performed in said components supplying
region to which said components gripping means are to be
subsequently transported is designated as a final
predetermined mounting position within said components
mounting region among said predetermined mounting positions
in said components mounting region.

7. A components mounting method as claimea in claim
3 wherein:

said electronic components are mounted in said
components mounting region at a predetermined mounting
position located closest to such a component supplying
apparatus where next first gripping of said electronic
component is to be performed in said domponents supplying
region to which said components gripping means are to be
subsequently transported is designated as a final
predetermined mounting position within said components
mounting region among said predetermined mounting positions
in said componeﬁts mounting region.

8. A components mounting method as claimed in claim

THIS SHEET HAS BEEN
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as to each of these 10 -cases, and further' a total value of these average
val ues i s cal cul at ed. natgi 0 atable 4, randemnunbers-in a —

im0 i

Iength These points ar
'smal | order and then represent ed in the respective tabl
di stances anong the 28 respective poiggs inply that

cd, ---, jk) anong the above-described points (a, b, ¢, ---, k) and points
adj acent tostdaeseeipni nts are displayed. Transport

said electronic components are mounted in said
components mounting region at a  predetermined mounting
position located closest to such '‘a component supplying
apparatus where next first gripping of said electronic
component is to be performed in said components supplying
region to which said components gripping means are to be
subsequently transported is designated as a final
predetermined mounting position within said components
mounting region among said predetermined mounting positions
in said components mounting region.

9. A components _mounting method as claimed in claim
5 wherein:

said electronic components are "mounted in said
conmponents mounting region at a predetermined mounting
position located closest to such a component supplying
apparatus where next first gripping of said electronic
component is to be performed in said components supplying
region to which said components gripping means are to be
subsequently transported is desighated as -a final
predetermined mounting position within said components
mounting region among said predetermined mounting positions
in said components mounting region.

10. A components mounting apparatus in which a large
number of electronic components are transported from a

components supplying region where a plurality of components
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time indicates transport time between the respective t|

the above- descrl ransport dlstances anong t he respe
above-descri bed ﬂﬂw ”ﬂ a. The table 1 indicates ﬂ
the transport d| straight line is 800

800

Condition 1 distance:

poi nt :

formula =

0. 043
supplying apparatuses are arranged with said large number of

electronic components étored thereinto to a component
mounting region in which a board is arranged with said
electronic pomponehts mounted on preselected mounting
positions of said board( said cémponents mounting apparatus
qomprising:

components gfipping means for individually gripping
said electronic components; and

a téol head on which a plurality of said components
gripping means are mounted and which is movably provided
betﬁeen said component supplying region and said components
mounting region,

said components gripping means being supported movably
in the upward and downward direction with respect to said
tool head, and moving up and down for gripping and releasing
said electronic components when positioned to a preselected
position in said tool head;

said tool head being provided rotatably in the forward
and reverse directions so that said tool head is rotated for
selecting said components gripping meand and positioning the
selected components gripping means to a preselected

position.

11. A components mounting apparatus as claimed in

claim 10 wherein:

said electronic components are chip type electronic

components.

substltutlng

quamhe
hat

nm nunber of target
11 points distance/tinggconversion (conversion




+ (0. 055 x transport di stance/40)) random nunber MTThTﬂ“dTSTaﬁC%”———“
(rearranged) [err] 30 Considering now a case 1 Immimﬁaﬁﬁdﬂé

e o o, WM ™ 72 oo TN ﬂ f?gncﬂs
anong the respectrvet pdi nt"'s &re*given as folloms

de: 20, ef: 56, fg: 2, gh: 34, hi: 84, ij: 68, ik: 284 (nmm . VMen these
val ues are used in the above-described 60

12. A components mounting apparatus as claimed in
claim 10 wherein:

said components gripping means is an absorbing nozzle
for absorbing the' electronic component by using negative
pressure.

13. A components mounting apparatus as claimed in
claim 11 wherein:

said components gripping means is an absorbing nozzle

for absorbing the electronic component by using negative

pressure.
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poi nts,

0.43 (seconds). An averaged val ue of these transport ti-nes

cd: 0.08, de: 0.07, ef: 0.12, fg: 0.05, gh: 0.09, hi: O. 16U I“

0. 134 seconds. Wen averaged val ues of the respective tran
simlarly calculated froma case 2 to a 6é&se 10, these - 31 val ues

0.

142,

given as follows: case 2: 0.132, MURTING JPRARATUSise 4: 0. 144, case
case 6: 0.143, case ABSIRAQGT OF THE DISCIOSURE

In a components mounting apparatus, so-called mounting
tact time per a single electronic component is shortened.
The components mounting apparatus in which a large number of
electronic components are transported from a components
supplying region where a plurality of components supplying
apparatuses are arranged with the large number of electronic
components stored. thereinto to a components mounting region
in which a board is arranged with the electronic components
mounted on preselected mounting positions of the board
thereon is comprised of: components gripper for individually
gripping the electronic components; and a tool head on which
a plurality of components gripper are mounted and which is
movably provided between the components supplying region and
the components mounting region. The components gripper is
supported movably in the upward and downward direction with
respect to the tool head, and moves up and down for gripping
or releasing the electronic components when positioned to a
preselected position in the tool head. The tool head is
provided rotatably in the forward and reverse directions so
that the tool head is rotated for selecting the components

gripper and positioning the selected components gripper to a

preselected position.

Figure 4

conversion formula to calcul ate the transport tinmes anong the respective ™
these transport, tinmes are given as follows: ab: ]@m%ﬁwﬂm@BaQ aced

E¥are

are
5:
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case 8: 0.138,

case 9: 0. 147,

case 10: 0. 148 (seconds).

Furt her nore,

when

an averaged value of the sumred transport times is calculated, it becones
since the above-descri bed averaged val ue of

0. 14 seconds.
0.14

seconds
transport time of 0.1 second,
di stance within a straight

As a result,
becones

| onger

t han

t he

above-defi ned region-S target
It can be understood that the transport

line of 800 nm could not be enployed. A table 2

i ndi cates such a case that the transport distance within a straight
600 nm Table 2 Condition 2 distance:

target point:

1/11

i

11 points distance/time conversion:

~~—3

formula = 0. 043
FIG. 1
o«
l

N

N

1

4\.——\

line is

600 nmm nunber of

"E

2

£

g &
s58 £
285 ¢
FEE ©
g8z 2
§§§§ﬁ
EEE=Q2E
5858458
DEL L o

14...components supplying apparatus -

(conversion



+ (0.055 x transport distance/40)) random nunber within distance
(rearranged) [err] 32 transport. di stance anong points (nm [err]

Consi dering the table 2, when an averaged val ue of transport times as to
t.he transport distance within a straight line of 600 mmis calculated in a
simlar manner to the above table 1, it becones 0.116 seconds. As a result,
since this averaged val ue of 0.116

2/11

FIG. 2

6
-
Il /} .
i p——
)
1
i
4‘\/5
h/,44
2
3
S.components supplying region
M-components mounting region
1...components mounting apparatus
7-~fool head
8--absotbing nozzle (components gripping means)
8---board

13...chip components {electronic comporients)
14..components supplying apparatus



33 seconds beconmes longer than the region-S target transport tine of

0.1 second, it can al so be understood that the transport distance within a

straight Iine of 600 mmcould not be enployed. A table 3 indicates such a
case that the transport distance within a straight line is 400 nm Table
3 [err]

12. 1)l = [ 12

14

S-..components supplying region

M-..components mounting region

1.-.components mounting apparatus

7--tool head

8---absorbing nozzle {components gripping means)
9--board

14-..components supplying apparatus



34 COnsidering the table 3, when an avergged val ue of transport tines as
to the transport distance wthin a straight line of 400 mMmis
calculated in a simlar manner to the above table 1, it becones 0.092
seconds. As a result, since this averaged val ue of 0.092 35 seconds
beconmes shorter than the region-S target transport tine of 0.1 second, it
can al so be understood that the transport distance wthin a straight |ine
of 400 mm coul d be

4/11

FIG. 4

1...components mouniing apparatus
7--tool head

8.--absorbing nozzle




enpl oyed. A table 4 indicates such a case that the transport
-di stance within a straight line is 200 nm Table 4 Condition 4 distance:

. 200mm nunber of target point: 11 points distance/time conversion:
(conversion formula = 0.043 + (0.055 x transport distance/40)) random
“nunber within distance (rearranged) [err] 36
5/11
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transport distance anong points (m) Considering the table 4, when an
averaged value of transport tines as to the transport distance within a
Straight line of 200 nmis calculated in a simlar manner to the above
table 1, it beconmes 0.067 seconds. As a result, since this averaged val ue
of 0.067 37 seconds becones shorter than the region-S target transport
time of 0.1 second, it can also be understood that the transport distance
within a straight line of 200 mm coul d be enpl oyed.

6/11

FIG. 6
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As previously explained, when the tool head 7 is transported within the
Straight line, if the transport distance within this straight line is
smaller than, or equal to 400 mm then it can be seen that the region S
target transport time of 0.1 second could be achieved. Next, another
Investigation is carried out for a case where the tool head 7 is noved in a
pl ane manner (nanely, X-Y direction) within the conponents nounting region
M As expl ai ned above, the dinension of the board 9 is 250 nmx 400 nm |If
the tool head 7 is nmoved within thi szt&r];ire range along the X-Y direction,
then since this range is too wde, it"7"s predictable that the region-M

target transport tinme of 0.1 sf!gﬂgﬂnot be achi eved. Then, the
conmponent s nounting region Mi y

r L ' a[70.80)

s [0.0]
[70.40}
f [40.110] 1[10.70]
T - T T T
f[70.0] e[50.20]
_ s d [20.20] -
O g[30.40)
s {0.0]
QD [70.90]

b [40.20]

k [140.40]




subdi vi ded i nto severa

subdi vi ded pl ane sections in a simlar

©

manner to

4 he above-descri bed conponents supplying region S, and the foll ow ng

:consideration is carried out under

transported within the subdivided plane secti on.
conponents nmounting region Mis subdivided into several
head 7 is transported within a subdivided section.

t he tool
38 the subject matter as to whether or

such a condition that the tool

head 7 is
In this enbodi nent, the
section and then
Simlar to

not the conponents supplying region

S is divided, a decision as to whether or

8/11

FIG. 10

eé&«n

d{110.50]

f[90.30}

¢ {40.30]

j [40.10]

k [10.40]

FIG. 11

d1130.20])

£160.10)

b [0.50)
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e
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not the conponents nmounting region Mis nmade based on such a condition,

d%nely, t he nunber of absorbing nozzles 8, ---, 8 nmounted on the tool head
7, the dinmension of the board 9, and the sort or quantity of chip conponents
13, , 13 to be nmounted. It is of course possible to apply the conponent

nmounti ng nmet hod according to.the present invention to such a case that the
“conponents nounting region Mis not subdivided. Then, a subdivided pl ane
section is determned, and 11 points are selected at randomw thin this
subdi vi ded -pl ane section. A position is recognized as a starting point,
which is located apart froma cent%r gf a short edge . of each plane section,
or a center of a |ong edge thereof 5§ 40 mm outwardly. A path is determ ned

fromthis starting point by
FIG. 12

{7010} b [40.20]

a[80.60]

— 1[10.30] -

g[10.0] /

) g [20.80]




properly connecting the above-described 11 points to each other in a
#redet erm ned sequence until Athe starting point. Anbng the respective

poi nts, a |onger conponent of the X-Y conponent is selected as a nain axis.
‘Then, a check is made as to whether or not an averaged transport time for
the length of this main axis becones the above-described regi on-Mtarget
transport time of 0.1 second. As a consequence, such a subdivi ded pl ane
section is determned in which the averaged value is shorter than, or-

nearly equal to the region-Mtarget transport tine of 0.1 second.
. lo/11
FIG. 14
1 ! 1 I
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2 [160.50]

5 [0.0]
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Concretely speaking, the following investigation is perforned as to three
£ases of subdivided plane sections, nanely 250 mm x 200 mm 12.5 mm x 200
enm and 125 nm x 100 1n any one of the subdivided plane sections, 10 cases
will now be considered. A calculation is made of an averaged val ue of
transport times as to the respective cases, and further, a total value of
averaged values is calculated. It should be understood that the path starts
fromthe starting point via 11 points in a predeterm ned. sequential order
and returns again to the starting pojRyjand that this path may be

determ ned by properly connecting these 11 points in accordance with the
artificially better order, which are sel ected based on the random nunbers

on the pl ane. I t
FIG. 16
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should also be wunderstood that the expression of "artificially
better order"” inplies as follows, That is while a point |ocated at the

cl osenpst position, or the second closenpst position with respect to the
starting point "s" is selected as a first point within the conponent
mounting region Manong these 11 points, and al so another point |ocated at
the second cl osenbst position, or the chosenbst position fromthe starting
point "s" anong the 11 points is selected as a final point within the
conponentmountring cheaad)i Iin d¢sadieise seoiam Loameunbnhbet edipocenpbnenter .

40
5 on the board 6.

Prior to mounting of the chip component 5, the board 6
is moved by the X-Y table 3, so that this designated
component mounting place is positioned in correspondence
with the mounting station.

The above-described absorbing and mounting operations
of the chip components 5 are carried out in accordance with
a previously designated sequence. In other words, one
components supplying apparatus designated in accordance with
the above-described sequence among the components supplying
apparatuses 8 is transported to the position corresponding
to the absorption station. After this designated chip
component 5 has been absorbed by the mounting head 15, this
chip component 5 is transported by the turn table 13 to the
mounting station. At the same time, the board 6 is
transported by the X-Y table 3, and thus a predetermined
position where this chip component § is mounted corresponds
w to the mounting station, so that the mounting head 15

descends so as to mount the designated®chip component 5 on
the board 6.
To shorten the components mounting tact time in such a

conventional components mounting apparatus, while the

respective mechanical elements (components supplying

apparatuses, turn table, mounting head, etc.) are operated

7, . .
A<= high speed, the arranging sequence of these components
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Fig. 6 to Fig. 15 represent 10 cases in which a starting point is connected
to 11 points sel ected based upon random nunbers in a plane section defined
by 250 nmx 200 nm Synbol [err] denotes a starting |eading point (end
point) "s", arid point [err] shows 11 points (a, b, c, ---, k) selected at

random In a table 5 to a table 7, a transport amount inplies that a

t wo- poi nt di stance for connecting either a starting point or a point to
anot her point is expressed by an X conpdhent and a Y conponent. For

i nst ance, supPXyéogpepparasndes ¥ eodpedsnt the twengpmtidigs sgavenicer
connect| nggt he start,ing gm nt "s" and a pojnt "a" are indicated in a col um

raaSPpgﬁsla@rt SREe ot Oy BRIBLLRG sPPAHELER )  12f ER8n& The

above desgribed X conp eentosptair}t(\jizYecf Onp&?x%mcsoo%eratlon between the

respective mechanical elements and other mechanical elements
must be optimized to thereby shorten the work waiting time.
As a consequence, the absorbing sequence and/or the mounting
sequence of the components by the mounting head 15 must be
effectively set.

For instance, the transporting sequence of the X-Y
table 3 is determined in this order, namely such a
predetermined mounting position located near the edge of
preselected mounting positions on the board 6. This way
causes the transporting sequence to be optimized #£ only%phe
transport time of the X-Y table 3 is considered. However,
when this transporting sequence is designed on the basis of
the arranging order of the components supplying apparatuses
8, since there are many possibilities that a plurality of
same sorts of components are mounted on the board 6, the

ig/ components supplying apparatuses 8 must be transported in
the reciprocation motion every tim€ the saﬁe-SOrt of
components are mounted. Therefore, the above-described
transporting sequence of the X-Y table 3 is not always the
optimum transporting sequence for the components supplying
apparatus 8. Accordingly, the overall mounting tact time

could not be shortened.

Also, in such a case that the components supplying
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the transport anounts, a longer transport anmount is selected. A transport
time is to indicate transport tinmes anong the respective points by

substituting the transport amounts of the main axis anong the respective
points for the above-described conversion fornmula. The table 5 indicates

such a case that the plane section is defined by 250 nm x 200 nm 41
Table 5 [err] 5

apparatuses 8 are arranged in accordance with a certain
sequence, for example, in a higher use-frequency order, and
the transporting sequence of the X-Y table 3 is designed
based on this arranging sequence, this transporting sequence
of the X-Y table 3 does not always correspond to the optimum
transporting sequence with respect to the X-Y table (3). In
other words, this designed transporting sequence is not
substantially egual to the optimum transporting sequence.
As a result, there are many problems that when such a design
is made on the basis of -any one of the arranging sequence of
"the components supplying apparatuses 8 and the transporting
sequence of the X-Y table 3, the other sequence would become
unsuitable. It is practically difficult to determine either
the optimum sequences or the sequences close to these

optimum sequences for both cases.
becange.
This is causedjky—suebh—a—-fact—that the transportation
operafrer? Qevifchts
of the components as thejworks between absorbing of the

components and mounting -e€ the components is performed by
rotating the turn table 13 along one direction, and thus

such a fact that the degree of freedom In desighing-of these

sequences is low.

Eventually, since the transportation of the components
amﬂoﬂ So/tehrs

as the Awexks. between absorbing of the components and

mounting of the components is carried out by rotating the

shre ore
turn table 13 along one direction,{& limitations +s-made- in

andd

designing pef optimizing the arranging sequence and the
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42 [err] In the table 5  considering a case 1, an X conponent and a Y
conponent of an interval between one point and another point
preceding to the first-mentioned point are given as follows: sa: X=80,
Y=50, ab: X=10, Y=20, bc: X=120, Y=30, cd: X=20, Y=10, de: X=10, Y=30, ef:
X=20, Y=0, fg: X=10, Y=60, gh: X=20, Y=10, hi: X=80, Y=80, ij: X=60, Y=30,
] ki X=60, Y=60, ks: X=90, Y=0. A transport anmount of a main axis as to a
|l ayer interval within the intervals amond the respective points is given as
fol | ows: Swrargporfingrgequence 0, Aeepr@malye: the, cemponents gnow-ingh: 20,
hi: 80, ij: 60, .

Jtact time could not be shortened.

SUMMARY OF THE INVENTION

The present invention has been made to solve the
above-described problems, and therefore, has an object to
provide a components mounting method which is featured by
that a plurality of electronic components are individually
gripped by a plurality of gripping means in a components
supplying region; and after these gripping means are
transported to the components mounting region, each of said
gripped electronic components is mounted on a predetermined
mounting position thereof.

As a conseguence, in accordance with the components
‘mounting method of the present invention, the frequency of
transportation between the components supply region and the
components mounting region can be reduced, and the mounting
tact time per & single electronic component can be

shortened.

o A components mounting method of the present invention
is featured by comprising the steps off‘
subdividing at least one of the components supplying
region and the components mounting region into a plurality
of sections; and
mounting the electronic components in a entire regiSn
of the mounting region by repeating one of the steps of:

gripping the electronic components by a plurality of
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jk: 60, ks: 90 (mm. Wien a calculation is made of transport tinmes anong
the respective points by using these val ues based on the conversion
formula, the follow ng transport tinmes are given as follows: sa: 0.15, ab:
0.07, bc: 0.21, cd: 0.07, de; 43 0.08, ef: 0.07, fg: 0.13, gh: 0.07, hi
0.15, ij: 0.13, jk: 0.13, ks: 0.17 (seconds). An averaged val ue of these
transport tinmes beconmes 0.119 seconds. & nmilarly, when averaged val ues of
the respective transport tinmes fromthe case 2 to the case 10 are
the gripping mearng in one of the subdivideéd sections of the

components supplying region and mounting the electronic
components in the components mounting region and then
gripping the electronic components by a plurality of the
gripping means in another subdivided section of the
components supplying region and mounting the electronic
components in the components mounting regiony,

gripping the electronic components by a plurality of
the gripping means in the components supplying region and
mounting the electronic components in one of the subdivided
sections of the components mounting region and then gripping
the electronic components by a plurality of the gripping
means in the components supplying region again and mounting
the electronic components in another subdivided section of
the components mounting region; and |

gripping the electronic components by a plurality of
the gripping means in one of the subdivided sections of the
components supplying region and mounting the electronic
components in one of subdivided section of the components
nmounting region and then gripping the €lectronic components
by a plurality of the gripping ﬁeans in another subdivided
section of said components supplying region and mounting the
electronic components in another subdivided section of the
components mounting region.

As a consequence, the components supplying region

and/or the components mounting region properly subdivided
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calcutated, the follow ng values are given: case 2: 0.117, case 3: 0.138,
case 4. 0.12, case 5. 0.134, case 6: 0.134, case 7. 0.12, case 8. 0.126,
case 9: 0.132, case 10: 0.123 (seconds). Furthernore, when an averaged
val ue of the summed transport tines is calculated, it beconmes 0.126
seconds. As a consequence, since this averaged val ue becones | onger than
t he above-described region-Mtarget trangport time of 0.1 second, it can be
seen that the plane section defined by 250 nm x 200 nm coul d not be
enpl oyed. iThe tabpdugalidicapbs saatienwasan: egdude ShenetBaBEPORt S
defi ned b§_125 mm x 200 mm .. . s
istance of the components gripping means while gripping
and/or mounting the electronic components in the components
supplying region and/or the components mounting region. The
Fherefore
mounting tact time per & single electronic component cangbe
further shortened.

A components mounting method is further featured by
that the components supplying region is subdivided into two
groups of subdivided sections arranged on both sides of the
components mounting region in a direction identical to a
direction along which the subdivided sections of the
components mounting region are disposed, and the components
mounting method comprises steps of:

gripping individually a plurality of the electronic
components in one of the subdivided sections of said
components supplying region by a plurality of the components
gripping means;

transporting a plurality of the components gripping
w means to one of the subdivided sections of the components

mounting region; :

mounting each of the electronic components on a
predetermined mounting position;

transporting a plurality of the components gripping
means to another subdivided sections of the components

supplying region;

gripping a plurality of the electronic components
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44 Table 6 [err] 45 [err] Considering now the table 6, when an averaged
transport tinmes in the plane section defined by 125 mm x 200 mmis
calculated in a simlar manner to the above table 5, it becones 0.103

seconds. As a result, although this averaged val ue becones slightly |onger
than the region-Mtarget transport tine of

9
.again in another subdivided sections of the components
supplying region by a plurality of the components gripping
means;

transporting a plurality of the components gripping
means to another subdivided secéioné of the components
mounting region;

mounting each of the electronic components on a
predetermined mounting position;

repeating above steps until the electronic components
are mounted in the entire region of the mounting region.

As a conseguence, the subdivided groups of the
components supplying region arranged on both sides of the
components mounting region can inCreasé%; degree of freedom
in designing - the gripping sequence as well as the
mounting sequence of these electronic components. Also,
these sequences can be optimized.

Moreover, a components mounting method of the present
invention is featured by that the electronic components are
nmounted from such a predetermined mounting position located
closest to the components supplying appdratus where-previous
final gripping of the electronic components has been
performed by the components gripping means among the
components supplying apparatuses in the subdivided sections
of the components supplying region.

As a consequence, the transport distance between the

components supplying region and the components mounting
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0,1 second, it can be understood that there are sone possibilities that
this plane section may be enpl oyed due to conbinations with the transport
time in the conponents supply region S. The table 7 indicates such a case

that the plane section is defined by 125 nm x 100 nm 46 Table 7 [err]
10
region can be shortened. The mounting tact time per =&

single electronic component can be further shortened.

A components mounting method of the present invention
is further featured by that the electronic components are
mounted in the components mounting region at a predetermined
mounting position located closest to such a components
supplying apparatus wheréf%ext first gripping of the
electronic component is to be performed in the components
supplying region to which the components gripping means are
to be subsequently transported is designated as a final
predetermined mounting position within the components
mounting region among the predetermined mounting positions
in the components mounting region.

Aé a consequence, the transport distance between the
components supplying region and the components mounting
region can be further reduced and the mounting time per =
single electronic component can be further shortened.

In addition, a components mounting apparatus of the
present invention is featured by comprising: components
gripping means for individually gripping the electronic
components; and

a tool head on which a plurality of the components
gripping means are mounted, and which is movably provided
between the components supplying region and the components
mounting region; wherein the components gripping means is

supported movably in the upward and downward direction with
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47 [err] Considering now the table 7, when an averaged transport tinmes in
the plane section defined by 125 mmx 100 nmis calculated in a simlar -
manner to the above table 5, it becones 0.089 seconds. Accordingly, since
this cal cul ated averaged tinme is shorter than the region-Mtarget transport
time of 0.1 second, it can be seen that this plane section defined by 125

nm x 100 nm can be enpl oyed. When the ahqve-described cal culation results
are conbined, a table_ 8 is obtained. ..
respect to the tool head, and moves up and down for gripping

and releasing the electronic components when positioned to a
preselected position in the tool head; |

the tool head is provided rotatably in the forward and
reverse directions so that -the tool head is rotated for
selecting the components gripping means and positioning the
selected components gfipping means to a preselected
position.

As a consequence, the electronic components can be
gripped by a plurality of components gripping means within
the components supplying means in a random sequential order.
Also, the electronic components can be mounted by a
plurality of components gripping means in the components
mounting means in a random sequential order. Accordingly,
the gripping and mounting sequences of the electronic
components can bg set freely. It is possible to provide
such a components mounting apparatus not restricted to these
gripping and,mounhing sequences. The mounting tact time per
-a single electronic component can be further shortened.

The components mounting apparatus of the- present
invention may be applied to a surface mounting apparatus for
mounting chip type electronic components (will be referred
to as "chip components" hereinafter).

The components mounting apparatus is featured by that
the components gripping means can be a means for absorbing

the electronic component by using negative pressure.
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48 Table 8 [err] Considering now the table 8, when a conbined case is
selected in which a total tinme of the transport tine required for the
transport distance within a straight line and the transport tinme required
for the plane section becones shorter than, or equal to the X-Y target
transport tinme of 0.2 seconds, the follow ng conbinations are given as

follows: That is, to say, in a conbination case where the transport
distance within a straight line is 200 ¥¥m and t he

As a consequence, in accordance with the components
mounting apparatus of the present invention, the electronic
components can be gripped and mounted in higher speed. The
mounting tact time per -a single electronic component can be
further shortened.

RIEF DE IPT F_THE WIN

For a better understanding of the present invention,

reference may be made to the accompanying drawings, in

which:
~ Fig. 1 schematically indicates a side view of an
entire.components mounting apparatus according to an
embodiment of the present invention;
Fig. 2 schematically shows .a plan view of the
components mounting apparatus of Fig. 1;
Fig. 3 schematically represents a front view of the
components mounting apparatus of Fig. 1;
Fig. 4 is a side view for schematically showing a tool
head of the components mounting apparatus in an enlérging
W form;

Fig. 5 is a graphical representation for representing
a motor speed characteristic of an X-Y direction transport
motor used in the components mounting apparatus of Fig. 1;

Fig. 6 is an explanatory diagram for explaining a
first transport path of the tool head over a plane in a

components mounting method according to a first embodiment

of the present invention;
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pl.ane ‘'section is defined by 125 mm x 100 mm the sunmed averaged transport
ti me becones 0.156 seconds. In a conbination case where the transport
distance within a straight line is 200 mm and the plane section is defined
by 125 nm x 200 nm the summed averaged transport tinme becones 0.17
seconds. In a conbination case where the transport distance within a
straight line is 200 mm and the plane sExtion is defined by 250 nm x 200

mm the sumed Aueraged LIansPor k! 1P 08600881 0a193: 2680808 k" e
base station 3; two sets of head mounting columns 6 and 6

hung between these bridges 5 and 5; a tool head 7 hung on

p&m#z )
each of the head mounting columns 6; and ap of
absorbing nozzles 8, ---, 8 arranged on this tool head 7.

It should be noted that a direction indicated by an arrow
shown in Fig. 1 or Fig. 2 is expressed as either a
*front/rear direction" or an "arrow X-direction", whereas a
direction indicated by an arrow Y is expressed as either a
*right/left direction" or an “arrow Y-direction". This
direction definition is similarly applied to the below-
mentioned descriptions.
A central region of an upper surface of the base unit
2 along the right/left direction is used as a work arranging
unit on which a work such as a board 9 is arranged. A
fixing means 10 for fixing the board 9 is arranged on this
work arranging unit so as to position the board 9. Also,
two sheets of boards 9 are arranged on the work arranging
unit in such a manner that these boards 9 and 9 are
e separated from each other along the frorit/rear direction.
Guide rails 11 and 11 are fixed on the lower surfaces

of the above-explained bridges 5 and 5 in such a manner that
these gl_lide rails 11 and 11 are extended along the arrow X-
direction. Guided members 12, ---, 12, which are fixed on
the upper surfaces of the both edge portions of the head

mounting column 6, are engaged with the guide rails 11 and 11
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the transport distance within a straight line is 400 nmand the pl ane
section is defined by 125 nm x 100 nm the summed averaged transport tine
beconmes 0.181 seconds. Also, in a conbination case where the transport

di stance within a straight line is 400 nmand the plane section is defined
by 125 nm x 200 nm the summed averaged transport tinme beconmes 0.195
seconds. In any one of these conbination,g¢ases, the sumed averaged

A 20 Prn AR R R Bl Siex?ﬁat ?vﬁﬁl?%é?aé‘%ﬁ%h%ﬁes ol BB e
straight 1g '75 Q) MpANG Lhs pl %& qgh'scl*ﬁ?f 'db%qnéd)i//%éée@gé 100
mm a sumed X-Y econes

transport tine seconds Is not equal to
t he above-gigssddilegd . X-Y target transport tine of 0.2

20 sets of absorbing nozzles 8, ---, 8 are arranged on
af eque ! iotronls
the tool head 741n an equiinterval at an outer peripheral
portion thereof along the peripheral direction. Central
axes of these absorbing nozzles 8, ---, 8 are mounted on the
roﬁation shaft of the tool head';zﬁith having inclination
angles with respect to this rotation shaft. This
ayt Such

s inclinationjis determinedjby that the upper ends of the
respective absorbing nozzles 8, ---, 8 axe approacheéd-te the
rotation shaft of the tool head 7. As a whole structure,
these absorbing nozzles 8, ---, 8 are arranged in a

conically extending manner with respect to the tool head 7.

The absorbing nozzles 8, ---, 8 are movably supported
along the axial center directions thereof with respect to
the tool head 7. When the absorbing nozzle 8 is located at
an operation position ’(;\‘-}.-]:-]: be described later), this
absorbing nozzle 8 is depressed by a depression means (not
shown) from the upper direction to thereéby descend. -

Among these absorbing nozzles 8, ---, 8, the axial
center of the absorbing nozzle located at the rear end of
the front-sided tool head 7 is directed to the vertical
direction, and the axial center of the absorbing nozzle
positioned at the front end of the ;:ar—sided tool head 7 is

753

directed to the vertical direction. A%hege rear end position
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seconds. However, since this sumed X-Y transport tinme is substantially

equal
to be

to the X-Y target transport tinme, if the target transport tinme is set
| ower than 0.2 seconds, then this conbination case may be enpl oyed.

It should be noted that although the above-described enbodi nent has

expl ained that the starting point is coincident with the end point when the
X-Y transport tinme is calculated withinighe plane section, there are very
few cases where the starting point is not actually coincident with_ the end

poi nt .

| endefranteengapositian greeespend etohiber poowerdesgisird tine

beconmes shorter, than that of the abpve expl ai ned enbodi nent. If30ther

wor ds,

itopggqgﬁﬂﬁﬂgﬂg&péophaFeﬁggctlvely. Then, chip components
---, 13 may be absorbed and/or released by the absorbing
nozzles 8, ---, 8 which are located at the operation
positions and are .directed to the vertical direction.

As to the chip components 13, ———,'13 mounted on one
sheet of board 9, there are, for example 120 sorts. These
different sorts of chip components 13, ---, 13 cannot be
absorbed and mounted by using one type of absorbing nozzle
8; For instance, in such a case that there are 120 sorts of
chip components 13, ---, 13, for example, 5 types of
absorbing nozzles 8, ---, B8 are prepared. Then, 5 types of
absorbing nozzles 8, ---, 8 are arranged in such a set that,
for instance, 9 pieces of first type of absorbing nozzles
are prepared, 5 pieces of second type of absorbing nozzles
are prepared, 3 pieces of third type of absorbing nozzles
are prepared, 2 pieces of fourth type of absorbing nozzles

préepared
are[pre——pared, namely, the quantities of these absorbing
nozzles are selected, depending upon use frequencies
thereof. *

It should be noted that the respective absorbing
nozzles 8, ---, 8 are connected to air coﬁpressors {(not
shown in detail), and a tip portion of the absorbing nozzle
8 located at the operation position is switched to either
negative pressure or positivé pressure at:predetermined

timing. As a consequence, at this tip portion, the chip
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50 di stance defined by adding the distance between the conponents supplying
apparatus 14 of the finally absorbed chip conponent 13 and a predeterm ned
nount i ng pl ace where the chip conmponent is firstly nounted to the distance
bet ween a predeterm ned nounting place where the chip conponent is finally

nount ed and the conponents supplying apparatus 14 of the chip conponent 13
which wll be subsequently absorbed, isishorter than the distance defined
in such a case that_the starting point is coincident with the end point. As

a consequERTRONSRE o} 3 iy akPREd 0RF0KEALRSRBunt i ng met hod of the present

Invention, whihg the;togl NeAdy’ Wiere the chip components 13, ---

13 are mounted on the boards 9 and 9 positioned and held by
the fixing means 10 and 10, and such a region will be
referred to as a."components mounting region M" hereinafter.

Also, 60 sets of components supplying apparatuses 14,
---, 14 are arranged on both right and left sides of the
components mounting region M. A large numbgr of same sorts
of chip components 13, ---, 13 are stored in the respective
components supplying apparatuses, 14, ---, 14, and are
supplied to the absorbing nozzles 8, ---, 8 in response to
requirements. It should be understood that this embodiment
has described that the components supplying apparatuses 14,
---, 14 are arranged on both the right and left sides of the
component mounting region M. . However, the present invention
is not limited thereto, but may be also applied to such a
case that the components supplying_apparatuses 14, ---, 14

Hhe
are arranged only one side of sthese right/left sides of the

components mounting region M.

The different sorts of chip components 13, ---, 13 are
stored iﬂto the corresponding components suﬁplying
apparatuses 14, ---, 14 with respect of the sorts of the
components supplying apparatuses 14, ---, 14. Depending
upon the sort of chip component 13 mounted on the position
of the board 9, the absorbing nozzle 8 and the components

supplying apparatus 14 are selected, and then this chip
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transported within the conponents supplying region S, a |arge nunber of
chip conponents 13, ---, 13 are absorbed and this tool head 7 is noved to

t he conponents nounting region Min which the chip conponents 13, ---, 13
are nmounted on a predeterm ned nmounting place. Therefore, the
transportation of the tool head 7 between the conponents supplying region S
and the conponents nmounting region Mcgg be suppressed in a mninun val ue
when the chip conponents 13, ---, 13 are nounted on the board 9. As a
result, tkemppaAspbold i$ mbgsabesi-ngl e chip conponent 13, nanely the
mounting speed (nounting tact tinme) can be shortened. Alsg, as explained in
t he above enmboff nents SHPRA¥ARY sBEELF ndSregrom S d%d Phe E8Fponents

mount i ng respective components supplying apparatuses 14, ---, 14 are
arranged on both the right and left sides of the fixing
aeans 10 in parallel thereto. The chip components 12, ---,
13 positioned to. these components supplying ports 15, ---

‘-
15 are absorbed by the absorbing nozzles 8, ---, 8. As a
consequence, the region where a large number of components
supplying ports 15, ---, 15 corresponds to a region where
the chip components 13, ---, 13 are absorbed, which will be
referred to as a ‘"components supplying region S*"
hereinafter.

Then, the tool head 7 is designed in such a manner
that the absorbing nozzles 8 and 8 are moved within a range
of such a region for connecting the above-described
components supplying region S and components mounting region
M, and these absorbing nozzles are approached to the
operation position thereof.

w A description will now be made of the components
mounting method according to the present invention,: assuming
now that a target mounting speed of the above-described
components mounting apparatus 1 is set to, e.g., 0.2

second/chip. This mounting speed is defined by so-called

"mounting tact time". In other words;,this mounting tact
/% oy (
time Atmplies-—esuch a 1 cycle time periodidefined-by—that the

chip component 13 is absorbed in the components supplying
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51 region Mare properly subdivided, and then the chip conponents 13, ---
13 are absorbed/ nount ed between the subdivided supplying region S and the
subdi vi ded nmounting region M As a consequence, the sequential operations
about the absorption and nounting of the chip conponents 13, ---, 13 can be
optim zed by considering the quantity of absorbing nozzles 8, ---, 8
nounted on the tool head 7, the dinensigns of the board 9, and the
sort/quantity of chip conponents 13, -2% 13 to be nmounted. SECOND
COVPONENT SENBRORTISNGWiEEhe@bsorbing nozzles 8 and is transported to

e
the components mounting region M, pand—thereafter—this

absorbed chip component 13 is mounted on the board 9, and
é&%hea—bhts-absorblng nozzle 8 is returned to the components
supplying region S. It should be noted that since 4he
above-described components mounting apparatus 1 is equipped
with the two tool heads 7 and 7, the chip components 13, ---
. 13 can be mounted on twb sets of boards 9 and 9 at the
same time. Accordingly, the target mounting tact time is
one of these tool heads 7 and 7 is 0.4 seconds/chip.
In the following embodiment, such an assumption is

made that the dimension of the board 9 is defined by 250 mm.

pes .
x 400 mm, and 126%99?%5 of chip components 13, ---, 13 are

L4

mounted.

Assuming now that an interval between the adjoining
components supplying ports 15 and 15 of the adjoining
components supply apparatuses 14 and 14 is selected to be 20
nm, a length of the components supplying regions S and S
located on both the right and left sides thereof along the
arrow X-direction becomes 20 mm x (60-1) = 1180 mm. Also,
it is assumed that a distance defined between the components
supplying port 15 of the components supplying region S and
the peteogsemeost edge in the board 9 from this components
supplying port 15 is 40 mm.

It should be understood that as 1is known, the

transport speed of the tool head along the horizontal (X-Y
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Fig. 16 schematically represents a conponents nounting nethod according to
a second enbodi nent of the present invention. In this second enbodi nent,
such a conmponents nounting apparatus 1 that two conponents supplying
regions "S" and "S" are |l ocated on both sides of a conponents nounting
region "M'. This conmponents nmounting region Mis subdivided along the X
direction, and also chip conponents 13,22-- 13 are absorbed in one

ts. l.yi S. Th ft th hi ts 13, --- 13
component 3 SUERLILTY 1801 Oh S oTheLeRlt oot PP Ne a1 1
t ool head to.t S
AR ke bR D

the E equenti ah igPRng! kanasl imebaatkilngnandoBRURERAIbebemeRli AnggoRANENt S
can Dpe

motion, as indicated by a solid line of Fig. 5, the tool
head starts to move after 0.02 seconds when a start
instruction is issued,. and the motion of this tool head
becomes uniform after 0.07 seconds when this start
instruction is issued, namely after.the tool head has passed
the point of 20'mm. Then, when the speed graph line of this
conventional tool head is expressed by linear approximation
formula (will be referred to as a "conversion formula“
hereinafter}, it is given as follows:
= 0.043 + (0.055 x transport distance/40) seconds.

In this graphic representation, the motion of the tool
head is under acceleration condition during t<0.07 seconds.
Even when the transport time is calculated based on the
above-described linear approximation formula under this
acceleration condition (namely, portion indicated by a
dotted line of Fig. 5), since the transport time becomes
longer than the actual transport time ‘with respect to the

peovi
transport distance, there is no problem in jerder—te-—preove

that it is fast.
The

Practically speaking, ptime required to transport the
absorbing nozzle 8 along the vertical direction is 0.08
seconds, and the normal confirmation work requires 0.04

seconds. This confirmation work by a vision camera system
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optintzed, nanmely the nounting tact tine can be shortened by enploying the
follow ng manners. That is, a place where the 52 chip conponent 13 is
firstly nounted within the subdivided conponents nounting region Mis set
to such a position located closest to one conponents supply region S. A
position where the chip conponent 13 is finally nounted ‘anong this
conponents nounting region Mis set to sugh a position |ocated closest to

t he ot her conponents supplying region S. It should al so be noted that
al t hough t he (pohpeshewes is required so as to confirm the direction of

the chip component 13.absorbed by the absorbing nozzle 8 in
this components mounting apparatus 1. Moreover,

Such
designedjthat an average interval between the chip component

it is

13 and the chip component 13 mounted on the board S

approximately 10 mm.

On the other hand, assuming now that one chip
component 13 is mounted on a central position (functioning
as a typical point) of the board 9, the absorbing nozzle 8

W must be moved over the minimum distance (namely, 40 + 250/2

165 mm) from the components supplyiné port 15. To move
this absorbing nozzle 8 over this minimum distance, it would
take 165/400 = approximately 0.4125 seconds. As a
consequence, the above-described target mounting tact time

of 0.4 seconds/chip could not be achieved.

COMPONENTS MOUNTING METHODS

As a consequence, in accordance with the components

nounting method according to the present invention, since

the member of tool head transport between the components

w supplying regions S and the components mounting region M is
reduced as being permitted as possible, the above-described

target mounting tact time can be achieved. For the sake of

simple explanations, the components supplying region S of

the components mountiﬁg apparatus 1 exists only on a single

side of the components mounting .region M in the below-

nmentioned embodiments.
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gripping neans is operated by the negative pressure absorption in the
above-described conponents nounting apparatus according to the enbodi ment
of the present invention, the present invention is not limted thereto, but
may be applied to, for instance, such a conponents gripping neans that

el ectroni c conponents are gripped by neans of a clanp and the like. It
shoul d al so be noted that the conponents nounting nethods according to the
respecti ve enbodi nents, and al so the corffete shapes/structures of the
conponent s nountimgaappaiaids el e Goreinttbrien i endBRfieR] in iRyl nent s are
only exenplified exanples. Therefore, these exenplified exanples never

restrict thElxste imepbpeofirkhes minesensf inventiwscat largenguantity
as many ac possrbk,
of chip components 13, ---, 13,,afe absorbed -as—many—as

‘-pessible from the components supplying region S by 20 sets
of. absorbing nozzles 8, ---, 8 provided on the tool head 7,
and this tool head 7 is  transported to the components
mounting region M, so that the respective chip components
13, ---, 13 are mounted on the board 9.

When a plurality of chip components 13, ---, 13 are
mounted in this manner, the transport of the tool head 7
between the components supplying region S and the components
mounting region M may be carried out only one time, so that
the transport time per - single chip compoﬂent 13 between

the above-described two regions can be reduced. As a

result, the mounting speed (mounting tact time) can be

shortened.

& more. covrerefe.

Next, pem explanation will be made how to shorten the
mounting tact time of the chip component 13, by—empileying-
eorperete-mannersy

As previously described, the mouhting tact time per
single chip component is assumed as follows. That is, 0.4
seconds correspond to the target mounting tact time. 1In
this target mounting tact time of 0.4 seconds, 0.2 seconds
are required by adding time of 0.08 x 2 = 0.16 seconds which
require the up/down movement of the absorbing nozzle 8

(during absorbing operation, and mounting operation) to
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53 WHAT IS CLAIMED | S: nunber of electronic conponents are transported from
a conponents supplying region where a plurality of conponents supplying
apparatuses are arranged with said | arge nunber of electronic conponents
stored thereinto o0 a conponents nounting region in which a board is
arranged with said el ectronic conponents nounted thereon, and said

el ectroni c conmponents are nmounted on a prgdeterm ned nounting position of
said board, the inprovenent wherein: a plurality said electronic
conponent s ceamirmation time of 0.04 seconds required for confirming

the absorption condition of the chip component 13 by using
the vision camera system. Accordingly, the tool head must
be transported along the X-Y direction within 0.2 seconds (=
0.4 ~ C.2}.

Moreover, this X-Y target transport time of 0.2
seconds corresponds to a total of target transport times of
the tool head 7 between the components supplying region S
and the components mounting region M. As a consequence,
assuming now that the transport time of the tool head 7 in
the components supplying region S is equal to that in the
components mounting region M in view of averaged values, the
target transport time of the tool head 7 in each of these
components supplying/mounting regions becomes 0.1 second.
It should be understood that the transport time between the
component supplying region S and the components mounting
region M is merged into the target transport time in the
components mounting region M to be calculated.

While using the above-described 0.1 second as each of
the target transport times for the tool head 7 in the
components supplyving region S and the components mounting
region M (will be referred to as a 'region-S target
transport time" and a “region—ﬁ target transport time", a
sequential operation for absorbing or mounting the chip
components 13, ~---, 13 will now be explained. It is assumed

that 20 pieeses—ef absorbing nozzles 8, ---, 8 mounted on the
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i ndi vidual ly gripped by a plurality of gripping neans in said conmponents
suppl ying region; and after these gripping neans are transported to the
conponents nmounting region, ea of said gripped electronic conmponents is
nounted on a A conponents nounting nethod steps of: subdividing at |east
one of said conponents supplying region and said conponents nounting region

and nounting said electronic conponents 441 said nounting region by
repeati ng one of the steps of: gripping said el ectronic conponents a
plurality otoshiltea ipmaggabearls Blhsiedegedfserip arongfonsmitg Cdppenent s
suppl yi ng regi on; nounting said

13 while these absorbing nozzles are transported within the
components supplying region S one time. This assumption is
established from the following prediction. That is, if
desired chip components are absorbed by all of: 20 pieces—ef
absorbing nozzles 8, ---, 8, then the transport range of
these ' absorbing nozzles will be extended within the
components supplying region S8, so that the above-explained
target transport time of 0.1 second within the components
supplying region S could not be achieved.

As a consequence, the components supplying region S
(its entire length: 1,180 mm) is subdivided into some
sections. BAn assumption is made J% that the tool head is
transported in a range of a transport distance within this
subdivided straight line, and then 11 pieces of chip
components 13, ---, 13 are absorbed. .

It should be understood that althoug£:£his embodiment,
witl—deseribe—that the components supplying region § is
subdivided into several sections and the tool head 7 is
transported within the area of this sidbdivided section, a
decision as to whether or not the components supplying
region S is subdivided may be made based on the quantity of
absorbing nozzles 8, ---, 8 mounted on the tool'ﬁead 7. the
dimension of the board 9, and either theA;eft or the
quantity of chip components. 13, ---, 13 to be mounted. It

is of course possible to apply the components mounting
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54 el ectronic conponents said conponents mounting region;

gripping said

el ectronic conponents individually using a plurality of said gri ppi ng nmeans
forma second subdivided section of said conponents supplying region

mounting said el ectronic conponents from said second subdi vi ded section of

:and

sai d conponent and supplyin region said gripping nmeans in said conponents
suppl ying regi on and nounting said -el ectronic conponents in one of said

subdi vi ded sections of said conponents

nm3dnti ng egi on and then gri pping

sai d el ect mevhod Grenstigy o tipd upbéséyt oOinsantih i ppiBgeRLaANT R Sai d
conponenbahsupplﬁlng regi on again _and nounting said el ectronic conponents

i n anot hef

e components supplying region S is not subdivided.

Therefore, a length of a subdivided straight 1line
(namely,}transport distance within:straight line) is
determined, 11. pcints are selected-at random.within.this
range, and a.check is made as to whether or notrgverage&
transport time between these points becomes the above-
described region-S target transport time of 0.1 second, so
that the subdivided transport distance within the straight
line is determined in which the transport time is shorter
than, or nearly egqual to the above-described region-S target
transport time of 0.1 second.

Concretely speaking, the following investigation will
be made as to such a case that the subdivided transport
distances within the straight line are 800 mm, 600 mm, 400
mm, and 200 mm.

In any one of these subdivided transport distances
within the straight line, 10 sets of cases are investigated.
A calculation is made of an average walue-ef transport time
as to each of these 10 cases, and further a total-value of
these average values is calculated.

In a table 1 to a table 4, random numbers in a
distance implies 11 point (a, b, ¢, ---, k) selected based
on the random numbers within a predetermined length. These
points are rearranged in a small order and then represented

in the respective tables. Transport distances among the

*
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subdi vi ded section of said conponents nounting region; and gripping said
el ectroni conponents by a plurality of said gripping neans in one of said
subdi vi ded sections of said conmponents su |lying region and nounting
said el ectronic conponents in one of subdivided section of said conmponents
nounting region and then gripping said electronic conponent by a plurality
of said gripping neans in another subdivided section of said conponents
suppl ying region and nounting said el ect 3@ni c conponents i n anot her
subdi vi ded #econds neacomast rthionfarettihen ahecragied-Entakaem sarnsponponent s
supplying region into two groups of subdivided sections arranged on each
side bath stime of 0.1 second, it can also be understood that the
" transport distance within a straight line of 200 mm could be
employed.
As previously explained, when the tool head 7 is
~transported within the .straight line, .if the transport
.. .distance within this straight line is smaller than, or egqual
to 400 mm, then it can be seen that the region-S target
transport time of 0.1 second could be achieved.
”’
N Next, another investigation is carried out)as—teo-—such
avre.
a case jpthat the tool head 7 is moved in a plane manner
{namely, X-Y direction} within the components mounting
region M. As explained above, the dimension of the board 9
is 250 mm x 400 mm. If the tool head 7 is txried—to—Pbe moved
within this entire range along the X-Y direction, then since
this range is too wide, it is predictable that the region-M
target transport time of 0.1 second cannot be achieved.
Then, the components mounting region M is properly
subdivided into several subdivided plane sections in a
similar manner to the above-described tomponents supplying
region S, and the following consideration is carried out
under such a condition that the tool head 7 is transported
within the subdivided plane section.
In this embodiment, the components mounting region M

is subdivided into several sectiong and then the tool head 7

. s X _— . .
is transported withinpehi= subdivided section. Similar to
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55 satd conponents nounting region in a direction identical to a direction
al ong whi ch sai d subdivided sections of said conponents nounting region are
di sposed, and one of said subdivided sections of said conponent region and
mounting said el ectronic conponents in one of subdivided section of said
conponents nmounting region and then gripping sai I ¢ conponents
I n anot her subdi vi ded section of said onents suppl ying regi on and
nounting said el ectronic conponents in another subdivided steps of:

gri ppi ng i ndevistigldat angptwenl asy tof wWeettheat eqtr antc thenposmapkdser ois one of

sai d subdivi ded sections of said
supplying region S is divided, a decision as to.whether or
not the components mounting region M is made based on such a
. condition, namely, the number of absorbing nozzles 8, ---, 8
mounted on the tool head 7, .the.dimension of the board ¢,
~and. the sort or -quantity of chip components 13, ---, 13 to
. be mounted. ‘It i§ of course possible to apply the component
mounting method according to. the present:invention to such a
case that the components mounting region M is' not
subdivided.

Then, a subdivided plane section is determined, and 11
points are selected at random within this subdivided plane
section. A position is recognized_as a starting point,
which is located apart from a center of a short edge of each
plane section, or a center of a long edge thereof by 40 mm
outwardly. A path is determined from this starting point by
properly connecting the above-described 11 points to each

Y retuns fo
other in a predetermined sequence untilhthe starting point

.

{it-becomes—an—end-point). Among the respective points, a
longer component of the X-Y component ik selected as a main
axis. Then, a check is made as to whether or not an
averaged trénsport timé for the length of this main axis
becomes the above-described region-M target transport time
of 0.1 second. BAs a consequence, such a subdivided plane
section is determined in which the averaged value is shorter

than, or nearly equal to, the region-M target transport time
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conponents supplying region by a plurality of said conponents gri pping
means; transporting said plurality of said conponent gripping nmeans to one
of said subdivided sections of said conponents nounting region; nounting
each of said el ectronic conponents a predeterm ned nounting position;
transporting said plurality of said conponents gripping nmeans to

anot her Asubdi vi ded sections of said conponents supplying region; Gipping

individually a plurality of said electronjc conponents in said another
subdi vi ded séc®ibnseadndsai d conponents

Concretely speaking, the following investigation is
performed as to three cases of subdivided plane sections,
namely 250 mm x 200 mm, 125 mm x 200 mm, and 125 mm x 100
A,

- .In. any one ;of the subdivided plane sections, 10 cases
will now be considered. " A calculation is made of an
averaged value of transport times:as :-to ‘the respective

cases, and further, a total value .of averaged values is

calculated.

Sfarte
It should be understood that the path psterted from the

starting point via 11 points in a predetermined sequential

reduns and thet Hhis path
order and pareturned-—-again to the starting point) may be
determined by properly connecting these 11 points in
accordance with the artificially better order, which are
selected based on the random nuinbers on the plane. It
should also be understood that the expression of
*artificially better order" implies as follows. That is,
while a point located at the closemost position, or the
second closemost position with respect to the starting point
*s" is selected as a first point within the component
mounting region M among these 11 points, and also another
point located at the second closemost position, or the
closemost position from the starting point “s" among the 11
points is selected as a final point - within the component

mounting region M, these points are connected to each other.
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supplyiing region by said plurality of said conponents gripping neans;
transporting said plurality of said conponents gripping neans to anot her of
sai d subdivi ded sections of said conponents nounting region; nounting each
of said el ectronic conponents gripped a predeterm ned nounting position;and
repeati ng above steps until said electronic conponents are nmounted over
nmounti ng region. 3. A conponents nounti nmethod as clained in claim
conponent s suppl yi ng apparat us anong sai lurality previous of said

el ectroni c conporfdit.s fiasobeehg pedbor napirdyerstai d Oc argopeentis grhijppt ng neans

starting point is connected to 11 points selected based upon
random numbers in a-pIané section defined by 250 mm x 200
mm. Symbol *¥%* denotes a gtart%néigggnt (end point) “s",
and p:ing Q- shows -11..poirts - {a. b, c. TrTi“k} se;ected at
random.

In a table 5 to. a table 7, a transport amoﬁnt implies
that a two-point distance-:for:connecting either & starting
point or a point to another point is expressed by an X
component and a Y component. For instance, an X component
and a Y component of two-point distance for connecting the
starting point "s" and a point "a" are indicated in a column
"sa". Also, a transport amount of a main axis implies that
among the above-described X components and Y components of
the transport amounts, a longer transport amount is
selected. A transport time.is to indicate trénsport times
among the respective points by substituting the transport
amounts of the main axis among the respective points for the

above-described conversion formula.

The table 5 indicates such a case that the plane

section is defined by 250 mm x 200 mm.
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apparatuses in said subdidivided sections of said conponents 4. A
conmponent s nmounting nmethod as clained in claimconponents supplying
apparatus anong said plurality of revious region of gripping of said
el ectroni ¢ conponents has been performed by said conponents gripping neans.
57 5. A conponents nounting nmethod as clainmed in claimwherein conponents
nounti ng region at a predeterm ned nnuntiqg appar at us anong sai d next

I*&c

apparatuses of which a gripping of said e tronic conponents is to be
performed i Malshe d® conponents suppl yi ng

components absorbing region S components mounting region M
range (mm) transport time (sec) range (mm) transport fime (sec)
800 0.140 250 x 200 0.126
600 0.116 125 x 200 . 0.103
400 0.092 125 x 100 0.089
200 0.067

Considering now the table 8, when a combined case is

selected in which a total time of the transport time

oot required for the transport distance within a straight line
and the transport time required for the plane section

becomes shorter than, or equal to the X-Y target transport

time of 0.2 seconds, the following combinations are given as

follows:

wire
That is, to say, in sueh a combination casejgthat the

transport distance within a straight line is 200 mm and the
plane section is defined by 125 mm x 100 mm, the summed
averaged transport time becomes 0.156 seconds. In suek a
combination casejthet the transport distance within a
N/ straight line is 200 mm and the plane section is defined by

125 mm x 200 mm, the summed averaged transport time becomes

0.17 seconds.

: wit.
In suweh- a combination casejthat the transport distance

within a straight line is 200 mm and the plane section is
defined by 250 mm x 200 mm, the summed averaged transport

. shere
time becomes 0.193 seconds. 1In sueh- a combination casejpehet
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regioh to which said conmponents gripping nmeans are to be subsequently

transported;and as a final predeterm ned nounting position in said

conmponent s nmounting region.

anong said plurality gripping of said electronic conponents is to be

performed in said conponents supplying region to which said conponents

gri pping neans are to be subsequently tMé#nsported and predeterni ned

mount i ng poshd | tarshord dietHReacHi ShiPWldtiGik®@ 0ine 7is A COMRONGIY S

nmounting nethod as clainmed in claim

the plane section is defined by 125 mm x 100 mm, the summed
averaged transport time becomes 0.181 seconds.

Also, in sueh a combination caseﬁgg;e'the transport
distance within a straight line is 400 mm and. the plane
section is defined by 125 mm x 200 mm, the summed averaged
transport time becomes 0.195 seconds. In any one of these
combination cases, the summed averaged transport times can
satisfy the X-Y target transport time of 0.2 seconds.

Also, in such a combination case that the transport
distance within a straight line is 600 mm and the plane
section is defined by 125 mm x 100 mm, a summed X-Y
transport time becomes 0.205 seconds, and is not equal to
the above-described X-Y target transport time of 0.2
seconds. However, since this summed X-Y transport time is
substantially equal to the X-Y target transport time, if the
target transport time is set to be lower than 0.2 seconds,
then this combination case may be employed.

It should be noted that although the above-described
embodiment has explained that the *‘starting point is
coincident with the end point when the X-Y transport time is

art
calculated within the plane seqtion, therepie—a very few

chsts where . . . _— .
apcase—that the starting point is not actually coincident with

the end point. In the latter case, it is predictable that

abont

the X-Y transport time becomes shorter than that of they

embodiment. In other words, it is conceivable that the

A conponents nmounting nmethod as clainmed in
cl ai m conponents nmounting region at a predeterm ned nounting apparat us

expbind
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conmponents nounting regi on predetermnm ned mounting closest to a conponents
suppl yi ng apparatus anpng saud plurality next gripping of said electronic
conmponents is to be performed in said conponents supplying region to which
sai d conponents gripping neans are to be subsequently transporte; and
designating a final predeterm ned nounting position in said conponents
nmounting region. 8. A conponents nounting nethod as clained in claim
further conprising conponents nounting r2%ion at a determ ned nounting
appar at us, QW@ diEXHe@in NByOfaddinly elted r @lk€ance between the

components supplying apparatus 14 of the finally absorbed
chip component 13 and a predetermined mounting place where
the chip component is firstly mounted to ‘the distance
between a predetermined mounting place where the chip
component is finally mounted and the components supplying
apparatus 14 of the chip component 13 which will be
subsequently absorbed, is shorter than the distance defined
in such a case that the starting point is coincident with
the end point.

As a consequence, according to the components mounting
method of the present invention, while the tool head 7 is
transported within the components supplyving region S, a
large number of chip components 13, ---, 13 are absorbed &=
many—as—pesgsible, and this tool head 7 is moved to the
components mounting region M in which the chip components
13, ---, 13 are mounted on a predetermined mounting place.
Therefore, the transportation of the tool head 7 between the
components supplying region S and the components mounting
region M can be suppressed in a minimum' value when-the chip
components 13, ---, 13 are mounted on the board 9. As a
result, the transport time per single chip component 13,
namely the mounting speed (mounting tact time) can be
shortened.

Also, as explained in the above embodiment, the

components supplying region S and the components mounting
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conmponent is to be perforned in said conponents supplying region to which
sdi d conponents gripping neans are to be subsequently transported;and
final predeterm ned mounting position in said components nounting region.

59 el ectronic conponents stored thereinto to a conmponent nounting region in
whi ch a board is arranged with said el ectronic conponents nounted on

preselected m ting positions of said board sai d conponents nounting
ppar at us conpr|5|ng

region M are properly subdivided, and then the chip
components 13, ---, 13 are absorbed/mounted between the
subdivided supplying region S and the subdivided mounting
region M. As a consequence, the sequential operations about
the absorption and mounting of the chip components 13, ---,
13 can be optimized by considering the quantity of absorbing

nozzles 8, ---, 8 mounted on the tool head 7, the dimensions
of the board 9, and the sort/quantity of chip components 13,
~--, 13 to be mounted.
SECOND COMPONENTS MOUNTING METHOD

Fig. 16 schematically represents a components mounting
method according to a second embodiment of the present
invention. In this second embodiment, such a components
mounting apparatus 1 that two components supplying regions
"S* and "S" are located on both sides of a components
mounting region "M". This components mounting region M is
subdivided along the X direction, and also chip components
13, --- 13 are absorbed in one components supplying region
S. Thereafter, the chip components 13, --- 13 are mounted
in the subdivided components mounting régién M, and- then the
tool head 7 is transferred to the other components supplying
region S in order to absorb the chip components 13, ---, 13.

Under such a circumstance, the sequential operations
for absorbing and mounting the chip components can be
optimized, namely the mounting tact time can be shortened by

employing the following manners. That is, a place where the
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'conponents gripping nmeans for individually gripping said electronic
cOnpopents; and a tool head on which a plurality of said conmponents—

gri pping nmeans are nounted and whic is novably provj '
conponent supplying region and said conponents rmunt“mwmr@ﬁﬂm
conponents gri pping eans being supported novably in wnwar d
direction with respect to said tool head53and novi ng up and down for

gri pping and rel easing said el ectronic conponents when positioned to a

pr esel ect e%@#&@%@tool head; said tool head being provided
rotatably in the forward and reverse d|re I ons, .so. that .sai.d toI head is

rotated for sel@Cting sal d CONPOHENT S 0P T PPt Y. Heans and positionisng t he
number of electronic components are transported frefm a
components supplying region where a plurality of cefiponents
supplying apparatuses are arranged with said large number of
electronic components stored tﬁereinto 0o a components
mounting region in which a board is” arranged with said
electronic components mouni:ed thefeon, and said electronic
components are mounted on a predetermined mounting position

o of said board, the improyefnent wherein:

a plurality o said electronic components are
individually grifped by a plurality of gripping means in
said componegefits supplying region; and after these gripping
means axe transported to the components mounting region,

ea of said gripped electronic components is mounted on a

/'R. A components mounting method as—elaimed—in—eieaim
#" _'/1'“”,{9?’ rerus /as:l:ms fde mWapm iairzg

steps of:

subdividing at least one of said tomponents supplying

A into af [east 1o subdivithd cections
region and said components mounting reg:Lonf‘ and

nmounting said electronic components in a—entixe—rxegion-
comy,

©& saidpmounting region by #epeating-one-of-the-steps—ef:
indivically nsing
gripping said electronic componentsjdey a plurality of
a et
said gripping meansjin—ene—eof—seid subdivided sectionX of

said components supplying region; asd mounting said
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sel ect.ed conponents gripping neans to a preselected™position. 11. A

conponents nounting apparatus as clained in clali Mk '
el ectroni c conponents are chip type electronic ”I H ﬁiﬁlﬂmbﬁm rein: said
conponents gripping nmeans is an ab nozzl e caDsO0rbi ng t=he

el ectroni ¢ conponent by using negative pressure 13. A conponents nounting
apparatus as clained in

pa said frst :uwmdd cection of saidl componeats supplying fi3/00 /oo

electronic componentsjpie said components mountlng region;andé-

inclividially i
~then gripping said electronic componentspby a p urality of

Lo a second
said grlpplng means 4 in—aneother subdivided section of said
components supplying reglon-and mounting said electronic

ﬂwnmmdawmdsuaﬁwdﬂ‘mﬂhwpg/am!aumummfssqqqysytbwafﬁw%
componentsj i said components mounting regiong.

3
- —— Vo - - .03 ON-1-C--CORDORAR = - -

said gripping means in said_components supglying region ahd

mounting said electronic components in one o said

subdivided sections of said components mounting fegion and

() then gripping said electronic components by & plurality of

said gripping means in said components/supplying region

again and mounting said electronic <omponents in épother
subdivided section of said componerits mounting region; and

gripping said electronicg/components by a plurality of

said gripping means in opé of said subdivided sections of

said components supplying region and mounting said

electronic components in one of subdivided section of said

components moupfing region and then gripping said electronic

components Ay a plurality of said gripping means in another

s subdivided section of said components $upplying region and

moyrting said electronic components in another subdivided

3-\. A component mounting method as claimed in claim -2-
dbﬂkﬁﬂdwnﬂﬁﬁyﬂk&@pg/‘wuﬁw%y
Avaeredini.

said components supplying region +e—subdiwided. into

et are ewh side
two groups of subdivided sectlonsAarranged ongPeoth—sides of
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claim 11 wherein: said conponents gripping neans i s an-absorbing nozzle for
absorbi ng the el ectroni c conponent by using negative

R A0

55

said components mounting region in a direction identical to
a direction along which said subdivided sections of said

components mounting region are disposed, and

hereint :
”Asaid B-E-a -~ ~ ee'-. ,,_e ~SE-Vaie

3

one of said subdivided sections of said components plying

region and mounting said electronic .comperients in one of

subdivided section of said compgmefits mounting region and

then gripping said electronic components in another

subdivided sectjiern of said components supplying region and

A mounting-Said electronic components in another subdivided

yiag 4ol sty <hps com '
J” q‘syteps of :ﬂ 4

)
mo - ata B - R

gripping individually a plurality of said electronic
components in one of said subdivided sections of said
components supplying region by a plurality of said

components gripping means:;
] “"J L] 4 L] L]
transportingjpe plurality of said component gripping

means to one of said subdivided sections of said components

mounting region;

. ' _ ’,,Wé.a/‘/.....nuamfo
Nt

mounting each of said electronic componentss em a

predetermined mounting position;

transportingapae~ plurality of said components gripping

Gar
means to anotherpasubdivided sections of said components
supplying n}:e‘si.'?n;
”iﬂt .1'6'
¢

gxipipg a plurality of said electronic components

agaip in said another subdivided sections of said components
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swd
supplying region bype plurality of said components gripping
means;
said .
transportingfe plurality of said components gripping

of sovd
means to anotherﬁ subdivided sections of said components

mounting region;
g reg pory Sl o« WOCRES BT

mounting each of said electronic componentsjgen—a quother

predetermined mounting position; and

repeatingpabove steps until said electronic components
avtr dhe entire compeneny's

are mountedjin—the-entire—region-of-said mounting region.
s 3 3‘ A components mounting method as claimed in claim
I} whexeins
’ Lorther comprrsing the step 0/.. sos ,ﬁﬁh’ls at a lecatson
Asaid-ele onie DR S S—are—mount

9
predetermined—mounting—positien—toecated closest topsaiéd
ameng e plumtity of.... . rgroa, 1/»{%’4 9
components supplying apparatus,x&here Previous £imed gripping
of said electronic components has been performed by said

conmponents gripping means,

apparatuses in said subdij

4X. A components mounting method as claimed in claim

s 2 3,whereiny s
Aorther comprising Hhechp of.... . posidiars of a loax#ion

Gl E ORI C OO IAT)

L] 0 « 13 q L]
predetermined—mounting-positien—leeated closest to,said
anwg said plamtidy of... . . repion, af which 4
components supplying apparatusjwkere- previous £imal gripping
of said electronic components has been performed by said
components gripping means, ameng-—said -componente—supplying

| . 1d subdivided . £ gaid l
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L \
$ . A components mounting method as claimed in claim
''g, whereiny

Aot comprisisy thestips of:

components mounting r at—d predetermined mounting
bewdrrtg one veven af @ /ocRfiON0
------- 3 ; jcloses to sueh a components supplying

amo phmalify e ahises,, of which 4
apparatus,hwger-e next $irst gripping of said electronic
components is to be performed in said components supplying
region to which said components gripping means are to be
g mp s gripplng P mm‘/y/’“f””’”
subsequently transportedjpis——designated-pAas a final

predetermined mounting -position within-said--componente

in said components mounting region.

6X. A components mounting method as claimed in claim

dhe ;'&',S ,/.’

,whezain;
puctlr omposiy

components mounting region—a d predetermined mounting
orteof. . 41 a ocnfyor

xfsRg

: ated Aclosest to sueh a components supplying
mlv M’{M&"" » qﬂam‘f‘”;(‘a

apparatus;jwhkere next #£iwst gripping of said electronic

components is to be performed in said domponents supplying
region to which said components gripping means are to be .

o pp- i i e UV POHOAS
subsequently transportedjjires—designated Aas a final

predetermined mounting position wiEhin-said -components

in said components mounting region.

T7%. A components mounting method as claimed in claim
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components mounting region d - predetermined mounting

fcatiy w&tfl....a"o 'pr?
sated pclosest to sueh a components supplying
anmn Mﬂm@.m.lppmm,dwﬁmé

apparatus,4whea.=e.— next §£ixet gripping of. said electronic

component$ is to be performed in said components supplying

region to which said components gripping means are to be
and Sy ity aids »ee. wountiy pose

subsequently transported;Ais—designatedpas a final
predetermined mounting position within—-said—components

in said components mounting region.

£3%. A components mounting method as claimed in claim
’i\i)whease-:m--
#r&r somprisigy:

--------

components mounting regio at—3d predetermined mounting
> /ngm.%... . of & lowtiovr

edqclosest to sueh a componentg supplying
mgm,/ww,y,....qm o which

apparatus,jwhere. next #£irst gripping of said electronic

componenty is to be performed in said components supplying
region to which said compoar’ljnts gripping means are to be

S s v 0L WMMS
subsequently transported;A +s—desighatedp as a final

predetermined mounting position -within—-said--comperents

2T AT 5 O = sy pwie > - 0 VI v - -y

number of electronic omperennts are transported from a

* ) <
s enan LIIED NG -va b e - - - omnponaen
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electronic components stored thereinto to a component
mounting region in which a board is arranged with ASaid
electronic components mounted on preselected mg ting
positions of said board, said cémponents mounting Apparatus
comprising:

components g£ipping means for individyally gripping
said electronic components; and

a téol head on which a plurality gf said components
gripping means are mounted and whicly' is movably provided
between said component supplying region and said components
mounting region,

said components gripping mweans being supported movably
in the upward and downward direction with respect to said
tool head, and moving up ayd down for gripping and releasing
said electronic componepts when positioned to a preselected
position in said tool /head;

said tool head being provided rotatably in the forward
and reverse diregtions so that said tool head is rotated for
selecting said/components gripping meand and positioning the
selected cgmponents dgripping means to a preselected

position.

11/ A components mounting apparatus as claimed in

clainy 10 wherein:

said electronic components are chip type electronic
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claim 10 whereint

said components gripping means is an ab orbing nozzle

‘fo; absorbing the electronic -componept” by using negative

pressure.

13. A components petinting apparatus as claimed in

claim 11 wherein:

said components gripping means is an absorbing nozzle

e
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MOUNTING APPARATUS
T E RE

In a components mounting apparatus, so-called mounting
tact time per a single electronic component is shortened.
The components mounting apparatus in which a large number of
electronic components are transported from a components
supplying region where a plurality of components supplying
apparatuses are arranged with the large number of electronic
components stored.thereinto to a components mounting region
in which a board is arranged with the electronic components
mounted on preselected mounting positions of the board
thereon is comprised of: components gripper for individually
gripping the electronic components; and a tool head on which
a plurality of components gripper are mounted and which is
movably provided between the components supplying region and
the components mounting region. The components gripper is
supported movably in the upward and downward direction with
respect to the tool head, and moves up and down for gripping
or releasing the electronic components when positioned to a
preselected position in the tool head. The tool head is
provided rotatably in the forward and rYeverse directioris so
that the tool head is rotated for selecting the components

gripper and positioning the selected components gripper to a

preselected position.

Figure 4
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