(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ig@iﬁs\
(8] izati ,:.y' |[
Intemational Burcau 2 On 51210000 00 000 OO 0O O

(43) International Publication Date
29 January 2004 (29.01.2004)

(10) International Publication Number

WO 2004/010759 A1l

HOSK 13/08

(51) International Patent Classification’:

(21) International Application Number:
PCT/JP2003/009224

(22) International Filing Date: 22 July 2003 (22.07.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

2002-213983 23 July 2002 (23.07.2002) JP

(71) Applicant (for all designated States except US): MAT-
SUSHITA ELECTRIC INDUSTRIAL CO., LTD.
[JP/JP]; 1006, Oaza Kadoma, Kadoma-shi, Osaka
571-8501 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): YAMASAKI, Aki-
hito [JP/JP]; 259-1, Miyabara-cho, Kofu-shi, Yamanashi
400-0058 (JP). MAENISHI, Yasuhiro [JP/JP]; 8-20-40,
Kokubo, Kofu-shi, Yamanashi 400-0043 (JP). YOSHIDA,

Ikuo [JP/JP]; 3780-8, Osato-cho, Kofu-shi, Yamanashi
400-0053 (JP). KINDOU, Toshiki [JP/JP]; 8-14, Moegino,
Aoba-ku, Yokohama-shi, Kanagawa 227-0044 (JP).
SHIDA, Takehiko [JP/JP]; 3251, Maioka-cho, Tot-
suka-ku, Yokohama-shi, Kanagawa 244-0813 (JP).

(74) Agents: KAWAMIYA, Osamu et al.; AOYAMA & PART-
NERS, IMP Building, 3-7, Shiromi 1-chome, Chuo-ku, Os-
aka-shi, Osaka 540-0001 (JP).

(81) Designated States (national): CN, US.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU,
IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

USING THE METHOD

(54) Title: COMPONENT MOUNTING ORDER OPTIMIZATION METHOD, COMPONENT MOUNTING ORDER OPTI-
MIZATION PROGRAM, RECORDING MEDIUM FOR THE PROGRAM, AND COMPONENT MOUNTING APPARATUS

€100 | TO DETERMINE I1M¥ITIAL ARRANGEMENT OF COMPONENT GASSETTESJ

8200 T0 CORRECT COMPONENT CASSETTES ARRANGEMENT
DETERMINED IN STEP S100

§300

TO OBTAIN SHORTEST PATH FOR COMNECTING
THO-DIMENSIONAL WOUNTING POINTS

§400

TO SELECT AND REARRANGE ARBITRARY THO CASSETTES FROM
PRESENT ARRAMGEMENT. (TO RETURM TO STEP 300 TO OBTAIN
MOUNTING PATH AND THEM ADVANCE TO STEP 400,
BETTER MOUNTING PATH BY REPEATING THiS PROCESS)

S |

TO OBTAIN

20047010759 A1 || VA0 0 OO O

C @ )

(57) Abstract: A controller (180) optimizes an arrangement of component supply parts installed in a component supply unit while

position information of mounting points on a circuit board is taken into account (S100 and S200), and then optimizes a mounting
path to the circuit board under the arrangement (S300). Since the position information of mounting points is taken into account in

g obtaining the arrangement of component supply parts, wasteful mounting paths are reduced in comparison with the case of optimizing
the mounting path on only the circuit board as in the conventional art, so that the mounting time can be shortened.



10

15

20

WO 2004/010759 PCT/JP2003/009224

DESCRIPTION

COMPONENT MOUNTING ORDER OPTIMIZATION METHOD, COMPONENT
MOUNTING ORDER OPTIMIZATION PROGRAM, RECORDING MEDIUM FOR THE

PROGRAM, AND COMPONENT MOUNTING APPARATUS USING THE METHOD

TECHNICAL FIELD

The present invention relates to, for example what is
called a rotary type component mounting apparatus in which
component holders hold and mount components while rotating along
a circumference, and also to a method for optimizing a component
mounting order to optimize a component mounting operation carried
out by the component mounting apparatus, a program for optimizing
a component mounting order to carry out the optimization method,
and a computer readable recording medium with the component

mounting order optimization program recorded.

BACKGROUND ART

There is the so-called rotary type component mounting
apparatus 1 shown in Fig. 26. The component mounting apparatus
1 has roughly an orthogonal table 9, a component supply unit 3,
a supply table 4, a component holding device 5, a circuit board

transfer device 8, a controller 10, and a component recognizer
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11. The orthogonal table 9 is a table for holding a circuit board
2 and positioning the circuit board 2 to mount electronic
components onto the circuit board 2, which is movable in X and
Y-directions orthogonal to each other. The component supply unit
3 is constituted of generally called reel type parts cassettes
3a each with a mechanism for supplying electronic components
continuously from a reel where a tape with the electronic
components stored therein is wound, having a plurality of the parts
cassettes 3a arranged side by side along the X-direction as
indicated in the drawing. The supply table 4 with the component
supply unit 3 equipped detachably thereto is movable in the
X-direction along a rail 6 extending in the X-direction. To the
supply table 4 are allotted unique numbers (referred to as Z-
numbers hereinafter) respectively for recognizing positions in
the X-direction where the parts cassettes 3a are loaded.

In the component holding device 5, a plurality of
mounting heads 5a and a plurality of nozzles 5b equipped with each
mounting head 5a for holding electronic components by suction are
fitted to the so-called rotary head type cylindrical rotary body.
The component holding device 5 rotates in a direction about a
rotational center axis as indicated by an arrow 7 although being
prevented from moving in the X and Y-directions. Each of the

nozzles 5b is movable up and down in a direction inwhich the nozzle
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extends. The circuit board transfer device 8 is a device for
carrying a circuit board 2 into the component mounting apparatus
1 and carrying the circuit board 2 out of the component mounting
apparatus 1. The controller 10 controls the operation of each of
the above constituent parts to control an electronic component
mounting operation to circuit board 2. The component recognizer
11 is a device for imaging a holding posture of the electronic
component at nozzle 5b before the electronic component after held
by nozzle 5b from the parts cassette 3a is mounted to the circuit
board 2.

The electronic components are mounted in the following
manner in the component mounting apparatus 1 constituted as above.
Since the component holding device 5 is unmovable in the X and
Y-directions as depicted hereinabove, the supply table 4 moves
the parts cassette 3a having desired electronic components to be
mounted to the circuit board 2 to a component holding position
where the electronic components can be sucked by the nozzles 5b.
Meanwhile, the orthogonal table 9 moves in the X and Y-directions
so that the nozzle 5b holding the electronic component is
positioned to desired mounting position on the circuit board 2.
The nozzle 5b of the component holding device 5 rotates in the
direction about the axis along the arrow 7 after holding the

electronic component from the positioned parts cassette 3a. The
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component recognizer 11 images the holding posture in a halfway
of the rotation. The nozzle 5b moves to above the mounting
positions by the rotation. The component holding device 5 lowers
the nozzle 5b to mount the electronic component to the mounting
position. After the mounting, nozzle 5b rotates again along the
arrow 7 to return to above the parts cassette 3a. The above
operation is carried out for the nozzles 5b at each of the mounting
heads 5a, whereby each of the electronic components is mounted
onto the circuit board 2.

In the above component mounting apparatus 1, since the
component holding device 5 rotates at a fixed point without moving
in the X and Y-directions, the rotation of the nozzles 5b to above
the mounting positions after the nozzles 5b hold electronic
components from the parts cassettes 3a, and the rotation operation
of the nozzles 5b until the nozzles 5b return to above the parts
cassettes 3a after the electronic components are mounted are
determined by mechanical characteristics of the component holding
device 5. However, the rotational speed of the holding device 5
is required to be different for electronic components to be held
by the nozzles 5b so as to prevent trouble of drop of the electronic
components from the nozzles 5b, and the like. Moreover, it is
necessary for the supply table 4 to move a desired parts cassette

3a to the component holding position so that the nozzle 5b can
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hold the desired electronic component as described above.

As such, in the conventional art, parts cassettes 3a
forsupplyingelectroniccomponentsforwhichtherotationalspeed
of the component holding device 5 is to be equal are grouped to
be a group A, a group B, .. for every rotational speed, thereby
shortening a cycle time required for mounting the electronic
components. In addition, parts cassettes 3a in each group are
arranged at the supply table 4 so that the parts cassettes 3a with
a larger number of components to be supplied are positioned to
be closer to the component holding position.

In the above conventional arrangement, since the parts
cassettes 3a in each group are arranged at the supply table 4
without being related to the mounting positions on the circuit
board 2 where the electronic components are to be mounted, and
therefore a longer time is eventually consumed in some cases from

holding the component to mounting the component.

DISCLOSURE OF INVENTION

The present invention is devised to solve the
aforementioned problem and has for its object to provide a
component mounting order optimization method, a component
mounting order optimization program, a computer readable

recording medium with a component mounting order optimization
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program recorded, and a component mounting apparatus whereby the
mounting time can be éhortened as compared with the conventional
art.

TIn order to accomplish the above objective, the
present invention is constituted as described herein.

According to a first aspect of the present invention,
there is provided a component mounting order optimization method
executed before carrying out a component mounting operation in
which a component is held from one component supply part disposed
at a component holding position among a plurality of component
supply parts arranged in parallel and arranged movably for
supplying components, is transferred to a component mounting
position, and is mounted to a mounting point on a circuit board
disposed at the component mounting position by moving in X-axis
and Y-axis directions,

the method comprising:

optimizing an arrangement of the component supply
parts with position information of the mounting points taken into
account; and then

optimizing a component mounting path to the circuit
board under the optimized arrangement of the component supply
parts.

The above method of the first aspect may be designed
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so that the optimization of the arrangement of the component supply
parts is carried out by temporarily arranging the component supply
parts and correcting the temporary arrangement before optimizing
the component mounting path.

The above method of the first aspect may be designed
so that the temporary arrangement in optimizing the arrangement

of the component supply parts is executed by obtaining a product

of variances for each of X and Y-coordinate values and Z-values

showing locations of the component supply parts in terms of the
mounting points of the circuit board while the Z-value is changed,
and then obtaining the arrangement of the component supply parts
which makes the variance product smaller.

The above method of the first aspect may be designed
so that the arrangement which makes the variance product smaller
is obtained by executing:

a first process of obtaining a first variance product
for a first arrangement of the éomponent supply parts;

a second process of obtaining a second variance
product for a second arrangement different from the first
arrangement; and

a third process of comparing the first variance
product and the second variance product with each other and setting

the smaller one as a hew first variance product,
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thereby obtaining a much smaller new first variance
product by repeating the second process and the third process
subsequently.

The above method of the first aspect may be designed
so that for correcting the temporary arrangement in optimizing
thearrangementcnfthecomponentsupplypmrts,afterthecomponent
supply parts are temporarily arranged by obtaining the smaller
variance product, the location of a second component supply part
is changed on a basis of a distance between a reference mounting
position on the circuit board where the component supplied from
a first component supply part adjacent to the component holding
position is to be mounted and an object mounting position on the
circuit board where the component supplied from the second
component supply part other than the first component supply part
is to be mounted, thereby further optimizing the arrangement of
the component supply parts.

The above method of the first aspect may be designed
sothatthechanghx;ofthelocathnlofthesecondcomponentsupply
part comprises:

obtaining each of the distances while the second
component supply part is sequentially changed; and

arrangingthesecondcomponentsupplypartwhichmakes

the distance shortest adjacent to the first component supply part.
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The above method of the first aspect may be designed
so that the component mounting path is optimized by selecting two
mounting paths for connecting two mounting points among mounting
paths, recombining the two mounting paths, and selecting the path
having a shorter mounting path length through comparison between
before and after the recombination, thereby executing the
optimization.

The above method of the first aspect may be designed
so that in order to reflect the mounting path optimized by the
recombination of mounting paths to the mounting order, after the
optimization, a mounting order for the mounting points which
constitute the optimized mounting path is changed.

The above method of the first aspect may be designed
so that the component supply parts are rearranged after the
optimizednmuntingpath;isreflectediu;thenmuntingorder,whereby
the component mounting path is optimized and reflected to the
mounting order.

Accordingtx>asecondaspectofthepmesentinvention,
there is provided a component mounting order optimization program
for making a computer execute a component mounting order
optimization method in a component mounting operation in which
a component is held from one component supply part disposed at

acomponentholdingpositionamongeapluralityofcxmmonentsupply
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parts arranged in parallel and movable for supplying components,

is transferred to a component mounting position, and is mounted

to a mounting point on a circuit board disposed at the component

mounting position by moving in X-axis and Y-axis directions,
the program comprising:

a procedure of optimizing an arrangement of the
component supply parts with position information of the mounting
points taken into account; and

a procedure.of optimizing a component mounting path
to the circuit board under the optimized arrangement of the
component supply parts.

According to a third aspect of the present invention,
there is provided a computer readable recording medium with a
program stored for making a computer execute a component mounting
order optimization method in a component mounting operation in
which a component is held from one component supply part disposed
at a component holding position among a plurality of component
supply parts arranged in parallel and movable for supplying
components, is transferred to a component mounting position, and
is mounted to a mounting point on a circuit board disposed at the
component mounting position by moving in X-axis and Y-axis
directions,

the recording medium having the program for executing:
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a procedure of optimizing an arrangement of the
component supply parts with position information of mounting
points taken into account; and

a progedure of optimizing a component mounting path
to the circuit board under the optimized arrangement of the
cpmponent supply parts.

According to a fourth aspect of the present invention,
there is provided a component mounting apparatus comprising:

a component supply unit having a plurality of supply
partsarrangedjjlparallelforsupplyingcomponents,forsupplying
components from one of the supply parts positioned to a component
holding position;

a component shift device having a component holder,
for transferring the component holder between the component
holding position and a component mounting position, holding
componentssuppliajfrmnthesupplypartskn[thecomponentholders
and mounting the components to mounting points on a circuit board
at the component mounting position;

an orthogonal table for holding the circuit board and
moving the circuit board in X and Y-axes directions, thereby
locating the mounting points to the component mounting position;

and

a controller for optimizing a mounting operation of
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the components to the circuit board from the supply parts, which
includes an arrangement optimizing part for optimizing an
arrangement of the supply parts with position information of the
mounting points taken into account, and a mounting path optimizing
part for optimizing a component mounting path to the circuit board
under the optimized arrangement of the supply parts.

The above apparatus of the fourth aspect may be
designed so that the arrangement optimizing part obtains a product
of three variances of each of X and Y-coordinate values and Z-values
showing locations of the supply parts while the Z-value is changed
in terms of the mounting points on the circuit board, and obtains
the arrangement of the component supply parts which makes the
variance product smaller.

The above apparatus of the fourth aspect may be
designed so that the arrangement optimizing part obtains the
arrangement which makes the variance product smaller by obtaining
a first variance product for a first arrangement of the supply
parts,obtainingasecondvarianceproductfarasecondarrangement
different from the first arrangement, comparing the first variance
product and the second variance product with each other to set
the smaller one as a new first variance product, and obtaining
a much smaller variance product as a new first variance product

by repeating the comparison.
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The above apparatus of the fourth aspect may be
designaﬂsothatthearrangementoptimizingpartfurtheroptimizes
the arrangement of the supply parts, after optimizing the
arrangement of the supply parts by obtaining the smaller variance
product, caused by changing a location of a second supply part
on a basis of a distance between a reference mounting position
where the component supplied from a first supply part adjacent
to the component holding position is to be mounted and an object
mounting position where the component supplied from the second
supply part other than the first supply part is to be mounted.

The above apparatus of the fourth aspect may be
designed so that for changing the location of the second supply
part, the distance is obtained while the second supply part is
sequentially changed and the second supply part which makes the
distance shortest is arranged adjacent to the first supply part.

The above apparatus of the fourth aspect may be
designed so that the mounting path optimizing part optimizes by
selecting two among mounting paths for connecting two mounting
points,recombiningthetwonwuntingpaths,andselecthn;thepath
having a shorter mounting path length through comparison between
before and after the recombination.

The above apparatus of the fourth aspect may be

designed so that the mounting path optimizing part changes a
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mounting order of mounting points which constitute a new mounting
path after the recombination of mounting paths, in accordance with
the new mounting path.

The above apparatus of the fourth aspect may be
designed so that the controller optimizes the component mounting
path again by rearranging the supply parts after the component
mounting path is optimized.

According to the component mounting order
optimization method of the first aspect, the component mounting
order optimization program of the second aspect, the recording
medium of the third aspect and the component mounting apparatus
of the fourth aspect of the present invention, there are provided
the component supply unit, the component shift device and the
controller, whereby the mounting path to the circuit board is
optimized under the arrangement of component supply parts
installed in the component supply unit after the arrangement is
optimized by the controller while position informationof mounting
points of the circuit board is taken into account. Since the
position information of the mounting points is taken into account
when the arrangement of the component supply parts is to be obtained,
wasteful mounting paths are reduced and the mounting time can be
shortened in comparison with the conventional art in which the

mounting path only on the circuit board is optimized.
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A product of variances is used as a means for
optimizing the arrangement of the component supply parts, whereby
thecﬁstributhnlofnmuntingpointsjjlthreedimensionsincluding
the arrangement of the component supply parts can be concentrated
easily.

After the arrangement of the component supply parts
is obtained with the use of the variance product, the arrangement
of the component supply parts is corrected on the basis of the
mounting path length to be taken when the electronic components
are mounted from the component supply parts disposed by the
arrangement. This correction operation enables obtaining a more
appropriate arrangement of the component supply parts, reducing
wasteful mounting paths more and shortening the mounting time.

The mounting path to the circuit board is optimized
under the optimized arrangement of the component supply parts.
Wasteful mounting paths are thus reduced, so that the mounting
time can be shortened. Further, for optimizing the mounting path,
twounitpathsarerecombinedandthepathhavingawﬂmmternmunting
path length through comparison between before and after the
recombination is adopted, thus facilitating detecting the much
shorter path.

The arrangement of the component supply parts is

considered again after the mounting path is optimized as above,
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whereby the mounting path is optimized again, and the mounting

time can be shortened furthermore.

BRIEF DESCRIPTION OF DRAWINGS

These and other aspects and features of the present
invention will become clear from the following description taken
in conjunction with the preferred embodiments thereof with
reference to the accompanying drawings, in which:

Fig. 1 is a flow chart showing a component mounting
order optimization method according to one preferred embodiment
of the present invention;

Fig. 2 is a diagram explanatory of the operation of
step 100 in Fig. 1;

Fig. 3 is a diagram explanatory of the operation of
step 100 in Fig. 1 and having a partial changeover from Fig. 2;

Fig. 4 is a diagram explanatory of the operation of
step 200 in Fig. 1, namely, a diagram of each mounting point seen
in plan from an arrow direction of Fig. 3;

Fig. 5 is a flow chart explanatory of the operation
of step 100 in Fig. 1 in detail;

Fig. 6 is a diagram explanatory of the operation of
step 200 in Fig. 1, namely, explanatory of a relation between an

arrangement of parts\cassettes and mounting points of a circuit
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board;

Fig. 7 is a flow chart explanatory of the operation
of step 200 in Fig. 1 in detail;

Fig. 8 is a diagram supplementally explanatory of the
operation of step 207 in Fig. 7;

Fig. 9 is a flow chart explanatory of the operation
of step 300 in Fig. 1 in detail;

Fig. 10 is a flow chart explanatory of the operation
of step 307 in Fig. 9 in detail;

Fig. 11 is a flow chart explanatory of the operation
of step 307 in Fig. 92 in detail;

Fig. 12 is a diagram specifically explanatory of
recombination of mounting paths depicted in Figs. 10 and 11;

Fig. 13 is a diagram specifically explanatory of the
recombination of mounting paths depicted in Figs. 10 and 11;

Fig. 14 is a diagram specifically explanatory of the
recombination of mounting paths depicted in Figs. 10 and 11;

Fig. 15 is a diagram showing a mounting path before
the recombined by operations in Figs. 10 and 11;

Fig. 16 is a diagram showing a mounting path after
recombined with the mounting path shown in Fig. 15, explanatory
of the necessity of reflecting the mounting path to a mounting

order;
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Fig. 17 is a diagram in which a mounting path after
recombined with the mounting path of Fig. 16 is reflected to the
mounting order;

Fig. 18 is a diagram showing a relation between the
mounting order and mounting points shown in Fig. 17;

Fig. 19 is a flow chart explanatory of the operation
of step 400 in Fig. 1 in detail;

Fig. 20 is a flow chart explanatory of the operation
of step 400 in Fig. 1 in detail;

Fig. 21 is a perspective view of a component mounting
apparatus for carrying out the component mounting order
optimization method of the embodiment shown in Fig. 1;

Fig. 22 is a plan view showing a component supply unit,
a component shift device and the like parts in Fig. 21 more in
detail;

Fig. 23 is a diagram of an example of an arrangement
of parts cassettes in the component supply unit of Fig. 21;

Fig. 24 is a diagram explanatory of relations from a
view point of control at a controller shown in Fig. 21;

Fig. 25 is a diagram explanatory of an effect when the
component mounting order optimization method of the embodiment

shown in Fig. 1 is carried out;

Fig. 26 is a perspective view of a conventional
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component mounting apparatus; and
Fig. 27 is a plan view showing a component supply unit,
a component shift device and the like parts of Fig. 26 more in

detail.

BEST MODE FOR CARRYING OUT THE INVENTION

A component mounting order optimization method, a
component mounting order optimization program, a computer
readable recording medium with a component mounting order
optimization program recorded, and a component mounting apparatus
which embody the present invention will be described in detail
below with reference to the attached drawings. The above
component mounting order optimization program is a program for
making a computer carry out the component mounting order
optimization method, and the component mounting apparatus is an
apparatus for executing the component mounting order optimization
method thereby carrying out a component mounting operation. Like
constituent parts are designated by like reference numerals
through the drawings.

The component mounting order optimization is to
optimize a component mounting order so as to make a route for
mounting components shortest.

The component mounting apparatus according to one
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embodiment will be described first. As indicated in Figs. 21 and
22,thecomponentnmuntingapparatus101cﬁfthepresentembodiment
is the so-called rotary type in which component holders installed
to a component shift device 105 to be described below mount
components while rotating on a circumference. A fundamental
configuration of the apparatus 101 has a component supply unit
103, a supply table 104, the component shift device 105, and a
controller 180. The component mounting apparatus 101 is further
provided with a circuit board transfer device 108, an orthogonal
table 109, and a component recognizer 111.

The component supply unit 103 has so-called reel type
partscassettes103ahavingzamechanimnforcontinuouslysupplying
electronic components 175 from a reel where a tape with the
electronic components stored therein is wound, and the supply table
104 where the parts cassettes 103a are detachably loaded and
arranged in parallel in an X-axis direction. The parts cassette
3a corresponds to an example functioning as a supply part. In
order to execute the component mounting order optimization method
of the embodiment, it is premised that at least two parts cassettes
3a are installed. Kinds of electronic components to be supplied
from parts cassettes 103a may differ for each parts cassette, or
electronic components of the same kind may be supplied from a

plurality of parts cassettes 103a. It does not matter what kind
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of electronic components is supplied fromeach parts cassette 103a.
According to the present embodiment as well, parts cassettes 103a
for supplying electronic components 175 to be rotated at the same
rotational speed at the component shift device 105 are grouped
into a group A, a group B, .. for every rotational speed as shown
in Fig. 23 and thus arranged at the supply table 104. However,
an arrangement of the parts cassettes 103 in each group is
determined by an arrangement optimization method for the parts
cassettes 103 to be detailed later, and the parts cassettes 103
in each group are arranged on the basis of the determination. The
supply table 104 can be moved, for example, by a drive unit 104a
having a ball screw mechanism along a rail 106 extenaing in the
X-axis direction, positioning one parts cassette 103a which is
tosupplydesiredelectroniccomponentsl751x>thecomponentshift
device 105, to a component holding position 171 as shown in Fig.
22. The supply table 104 has the aforementioned Z-numbers
allotted thereto as unique numbers to recognize the position in
the X-axis direction where each parts cassette 103 is loaded.
The component shift device 105 is the so-called rotary
head type having nozzles 105b for holding electronic components
175 by suction. The nozzle 105b corresponds to an example exerting
the function of the component holder. Specifically, the component

shift device 105 has a plurality of mounting heads 105a arranged
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at a circumferential edge part of a cylindrical rotary body 105c,
with a plurality of nozzles 105b installed for each mounting head
105a. The component shift device 105 rotates the rotary body 105c¢c
in a direction about a rotational centef axis indicated by an arrow
107 although it prevents the rotary body from moving in the X-axis
and a Y-axis directions. Each nozzle 105b is movable up and down
in a direction along its axis. In the thus constituted component
shift device 105, through the above rotation of the rotary body
105c, nozzles 105b are rotated between a component holding position
171 and a component mounting position 172 positioned on the
circumference of the mounting head 105a, whereby the electronic
component 175 supplied by the parts cassette 3a positioned to the
component holding position 171 is held by the nozzle 105b and
mounted to amounting point 173 of a circuit board 2 at the component
mounting position 172.

The circuit board transfer device 108 is a device
extending along the X—axis direction for carrying the circuit board
2 to the orthogonal table 109 and carrying the circuit board 2
out of the component mounting apparatus 101. The orthogonal table
109 is a table for holding the circuit board 2 carried in via the
circuit board transfer device 108 and positioning the mounting
point 173 on the circuit board 2 to the component mounting position

172 for an operation of mounting the electronic component 175 onto
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the circuit board 2. The orthogonal table 109 can be moved in
mutually orthogonal X-axis and Y-axis directions by, for example,
two drive units 109a and 109b each having a ball screw mechanism.

The component recognizer 111 is a device disposed
below a rotation route of nozzles 105b of the component shift device
105 for imaging a posture of the electronic component 175 held
by the nozzle 105b before the electronic component is mounted onto
the circuit board 2 after the electronic component is held by the
nozzle 105b from the parts cassette 103a.

The controller 180 controls, as indicated in Fig. 24,
operations of each of the above constituent parts thereby
controlling the operation of mounting electronic components onto
the circuit board 2 in accordance with the so-called NC-program
including electronic component data, circuit board data, mounting
position data, mounting operation order data and the like stored
in a storage 185. Furthermore, as one of operations
characteristic of the present embodiment, the controller 180
carries out an optimization operation for the component mounting
order with the arrangement of parts cassettes 103a at the supply
table 104 taken into account, that is, an operation for obtaining
a path whereby a mounting path length to the circuit board 2 becomes
minimum while the arrangement of the parts cassettes 103a is taken

into account. A program for carrying out the optimization
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operation for the component mounting order may be stored in the
storage 185 beforehand, or may be recorded into a recording medium
187 such as a CD-ROM and read out by a read device 186 installed
in the component mounting apparatus 101. Alternatively, the
program may be downloaded via a communication line to the storage
185.

Operations in the component mounting apparatus 101
constituted as above will be described hereinafter. Each of the
following operations is controlled by the controller 180. The
mounting operation itself carried out by the component mounting
apparatus 101 is not different from that in the conventional art
and therefore will be omitted from the description below. Herein,
the operation controlled and carried out by the controller 180
for optimizing the component mounting order with the arrangement
of parts cassettes 103a taken into considerationwill be primarily
discussed, and yet a brief description of the component mounting
operation including the optimization operation will be provided.
The optimization operation for the component mounting order is
an operation to be preliminarily carried out before a start of
the component mounting operation so as to obtain an optimized
component mounting order. The optimized component mounting order
thus obtained is stored in the storage 185 and is executed as one

program within the NC-program by the controller 180.
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The optimization method for the component mounting
order schematically consists of steps (indicated by “8” in the
drawings) 100-400 as indicated in Fig. 1. Essential operations
are steps 100-300 although it is preferred to carry out step 400.

First, step 100 will be described.

At step 100, the arrangement or layout when each parts
cassette 103a is loaded onto the supply table 104 of the component
supply unit 103 is obtained while position information of the
mounting points 173 of the circuit board 2 is taken into account
when an initial arrangement of the parts cassettes 103a is obtained.
Similar to the conventional example, parts cassettgs 103a are
grouped for every rotational speed at the component shift device
105 in the present embodiment as well, and therefore the above
arrangement or layout implies obtaining an arrangement of parts
cassettes 103a within each group.

As a method of obtaining the arrangement with the
position information of the mounting points 173 of the circuit
board 2 being taken into account, an "analysis of variance" used
in statistical processes is employed in the embodiment.
Specifically, the method will be depicted here in relation to the
case wherein, for example, electronic components supplied from
the parts cassette 103a disposed at the Z-number of "1" on the

supply table 104 are mounted to mounting points 173~a and 173-b
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on the circuit board 2, an electronic component from the parts
cassette 103a disposed at the Z-number of "2" is mounted to a
mounting point 173-c on the circuit board 2, and electronic
components from the parts cassette 103a disposed at the Z-number
of"3"aremountedtonmuntingpointsl73—dandl73—e<n1thecircuit
board 2, as shown in Fig. 2. 1In this case, the mounting operation
to each of the mounting points 173-a to 173-e can be represented
in three dimensions as shown in Fig. 2 given that the Z-number
showing the location of each parts cassette 103a is expressed by
the Z-axis of a three dimensional space and a plane of the circuit
board 2 is expressed by the X and Y-axes. As 1is apparent from the
comparison between Fig. 2 and Fig. 3 plotted in the same fashion
as Fig. 2, the mounting path length becomes shorter if the parts
cassette 103a of the Z-number "2" is replaced with the parts
cassette 103a of the Z-number "3", making the mounting operation
smoother.

In the meantime, in order for simplifying the
description using the three dimensions, it is possible to plot
each mounting point 173 two dimensionally as indicated in Fig.
4 if three circuit boards 2 are seen together from a direction
perpendicular to the circuit board 2, i.e., from an arrow 176
direction in Fig. 3. Fig. 4 is a conceptual diagram not exactly

showing mounting points of Fig. 2 or 3. As will be made clear from
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Fig. 4 and the description related to the above replacement of
Z—numbers "2" and "3", the mounting path length is reduced more
and the mounting operation is made smoother when the mounting
points 173 are concentrated as much as possible when seen in the
two dimensional illustration as Fig. 4.

In the present embodiment, taking notice of this fact,
the present embodiment adopts the concept of the aforementioned
variance as a way of quantitatively evaluating a distribution
spread of the mounting points 173, namely, a way of concentrating
the distribution of the mounting points 173. Considering a
rectangular region 177 which surrounds the distribution of
mounting points 173, in terms of two dimensions with reference
to Fig. 4, an appropriate arrangement of parts cassettes 103a at
the supply table 104 is obtained so that a multiplied value of
a variance o1 of mounting points 173 in a longitudinal direction

of the rectangular region 177 and a variance o2 of mounting points

173 in a lateral direction becomes as small as possible.

In practice, the multiplied value of three variances
corresponding to the number of dimensions is obtained for the
distribution of mounting points 173 in three dimensions which is
constituted of X and Y-coordinate values of mounting points on
the circuit board 2, and the Z-number, i.e., Z-coordinate values

in the arrangement of parts cassettes 103a. Specifically, a
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product of three variances is obtained by obtaining the variance

for X-coordinate values of mounting points on the circuit board

2, the variance for Y-coordinate values of mounting points, and

the variance for Z-coordinate values of mounting points.
5 Accordingtothepresentembodiment,theproductofthreevariances

is obtained with the utilization of a determinant of a three

dimensional variance matrix as follows:

Expression 1

vy J(1/N) D LN (X (a) -<Xi>) (X] (a) =<XJ>)

10 wherein Xi(a) is an i element of the mounting point No. (a), that
is, any of x, y and z-coordinate values, and <Xi> is a mean value
of the i element. The matrix v is a symmetric matrix. As the
three dimensional variance matrix is taken note as above, i and
j are digits from 1 to 3 and v,y itself is a substance digit in

15 the matrix which is expressed by:

Expression 2
{v1l wvl12 wv13}
{v2l w©v22 wv23}
{v31l ©v32 w33}

20 " 4 is a number of row of the matrix and j is a number of column
in the matrix. Each v value is calculated according to the
Expression 1 and substituted for the above matrix, whereby the

determinant of the matrix is obtained. In other words, the
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determinant is obtained according to the following Expression 3:
Expression 3
Determinant=v11lv22v33+0v13v21v32+v31v12v23
—v13v22v3l-v11lv23v32~v12v21v33

wherein v1ll, wv12 and the like as the substance figures in the

matrix become the elements of the matrix.

The operation for obtaining the arrangement of parts
cassettes 103a which makes the above variance small, namely, the
operation of step 100 will Dbe more fully described now with
reference to Fig. 5. Operations in steps 100 and 200 for obtaining
the arrangement are controlled and executed by an arrangement
optimizing part 181 included in the controller 180.

First at step 101, parts cassettes 103a are loaded and
arranged onto the supply table 104 for each group so that the group
of a higher rotational speed at the component holding device 105
is brought to a place with a smaller Z-number. Since the parts
cassettes 103a are rearranged as will be described later because
of the initial arrangement, parts cassettes 103a within each group
may be arranged in any order without being determined in the stage
of step 101. At step 102, the number of changeover times in the
arrangement of parts cassettes 103a on the supply table 104 is
set to 0 as an initial wvalue. At step 103, the above variance

determinant value is obtained. Specifically, variances are
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obtained corresponding to the X- and Y-coordinate values of the
mounting points 173 and Z-numbers showing the location of parts
cassettes 103a, and then a product of the three variances is
obtained and substituted for Dold.

At step 104, two parts cassettes 103a to be changed
over in the arrangement are selected with the use of random numbers.
At step 105, the selected parts cassettes are replaced with each
other. At step 106, the variance determinant value is obtained
for the parts cassettes 103a after the changeover at step 105,
and is substituted for Dnew.

Next at step 107, the Dold and Dnew values are compared
with each other. At step 108, when the Dnew value is smaller than
the Dold value, in other words, the arrangement becomes better,
information on the arrangement of the parts cassettes 103a after
the changeover is stored. On the other hand, when the Dnew value
is larger than the Dold value, that is, the arrangement is made
worse, information 1is returned to original arrangement
information of parts cassettes 103a before the changeover.

At next step 109, 1 is added to the number of changeover
times of the arrangement and the process returns to step 105.
Steps 105-109 are repeated until the number of changeover times
reaches a set value. The process is terminated at a time point

when the number of changeover times becomes the set wvalue.
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Arrangement information of parts cassettes 103a when the process
is terminated is stored as temporary arrangement information into
the storage 185 at step 110.

By carrying out the operation of step 100, such nature
is observed on the average that the X or Y-coordinate values of
the mounting points 173 or its linear sum increase or decrease
in accordance with increase of the Z-numbers of the parts cassettes
103a. The nature is characteristic of the Zz-direction arrangement
of parts cassettes 103 which is obtained by the algorithm for
carrying out step 100.

Step 200 will be depicted.

In step 200, the arrangement is optimized by adding
correction to the temporary arrangement of parts cassettes 103a
obtained in step 100. In component mounting operation according
to the above temporary arrangement, a phenomenon occurs that the
mounting paths at mounting points in the wvicinity of the
distribution of mounting points 173 such as shown in Fig. 4 elongate.
The phenomenon is unfavorable from a view point of forming the
path as short as possible. The operation of step 200 makes the
correction to reduce this path loss. Since the temporary
arrangement of parts cassettes 103a within the groups is obtained
for each group in step 100 as described hereinabove, the correction

operation in step 200 is also carried out to the temporary
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arrangement for each group.

Concept of the correction operation in step 200 is such
that, while a starting point of the path which is, for example,
one of the mounting points of the components supplied from the
parts cassette 103a arranged at 7Z=0 is fixed, different parts
cassettes 103 which supply the components to be mounted to nearest
mounting points within an X,Y-plane of the circuit board 2 with
respect to the onemounting point are changed to be Z=1 sequentially
from the one having a larger Z-coordinate value. The path loss
to be generated in the vicinity of the distribution is reduced
by repeating the above operation. Expressing in different words,
the location of a second parts cassette 103a-2 is changed on the
basis of a distance between a reference mounting position 178 of
the circuit board 2 where the electronic component supplied from
a first parts cassette 103a-1 present at the component holding
position 171 or adjacent to the position 171 is to be mounted and
an object mounting position 179 of the circuit board where the
component supplied from the second parts cassette 103a-2 other
than the first parts cassette 103a-1 is to be mounted. The
arrangement of the parts cassettes is more optimized accordingly.
To change the location of the second parts cassette 103a-2, the
above distances are obtained sequentially while the second parts

cassette 103a-2 for obtaining the distance is sequentially changed,
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and the second parts cassette 103a-2 which makes the distance
shorter is brought next to the first parts cassette 103a-1.

A concrete algorithm in step 200 in the embodiment for
carrying out the above operation will be described with reference
to Fig. 7. The operation in step 200 is carried out separately
to apart of 0 ton/2 and a part of (n+l1)/2 ton of the parts cassettes
103a arranged in one group with Z-numbers of O-maximumn. The part
of 0 to n/2 will be described by way of example below.

The reason for carrying out step 200 separately to
every half of the group is caused by the so-called retracement
technique by step 200, whereby the distribution can be made small
by carrying out the retracement with regard to each reference parts
cassette 103a at the two regions.

At step 201, it is checked sequentially from the parts
cassette 103a having the Z-number, i.e., the parts cassette 103a
arranged at Z-coordinate value of 0 whether or not the parts
cassette 103a contains one or two electronic components to supply.
Step 201 advances to next step 202 when the parts cassette 103a
has the electronic component (s), whereas the above operation is
carried out again by increasing the Z-coordinate value one by one
when the parts cassette 103a contains no electronic component.
At step 202, the Z-coordinate value of the parts cassette 103a

where the presence of one or two electronic components is confirmed
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first at step 201 is made a reference Z1. At step 203, the mounting
point 173 of the electronic component supplied from the parts
cassette 103a disposed at the reference Z1 is made the reference
mounting position 178.

At step 204, it is checked sequentially from the parts
cassette 103a having the Z-coordinate value of n/2 whether or not
the parts cassette 103a contains one or two electronic components
to supply. The step goes to step 205 when the parts cassette 103a
contains electronic component (s) . Without electronic
component (s) contained, the presence/absence of electronic
component (s) is confirmed in the same manner as above by reducing
the Z-coordinate value one by one. At step 205, the Z-coordinate
value of the parts cassette 103a where the presence of one or two
components to be supplied is confirmed first at step 204 is made
an object 22. At step 206, themounting point 173 of the electronic
component supplied from the parts cassette 103a arranged at the
object %2 is made the object mounting position 179.

At step 207, the distance on the X, Y-plane between the
reference mounting position 178 and the object mounting position
179 is obtained. When there are two electronic components to be
supplied from the same parts cassette 103a, as shown in Fig. 8,
a second distance 192 on the X, Y-plane between two object mounting

positions 179 is added to a first distance 191. At step 208, the
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distance value obtained at step 207 is stored as L, and 1 is
subtracted from the Z-coordinate value to return to step 204. The
step moves on to step 209 when the 7Z-coordinate value of the object
72 becomes the Z-coordinate value of the reference Zl1. At step
208, if there is already the obtained distance value L, an existing
distance value Lo is compared with the distance value Ln obtained
this time, and the present distance value In is rendered the
distance value L only when the present distance value Ln is smaller
than the existing distance value Lo.

At step 209, the parts cassette 103a present at the
v-coordinate value of the object 72 which provides the smallest
distance value L is arranged to a Z-coordinate position of the
reference Z1+1. Parts cassettes 103a originally arranged at the
reference Z1+1 position and the Z-coordinate positions thereafter
are moved backward each by one position. Then the step returns

to step 201. The correction operation is terminated at step 210

when the reference %1 reaches n/2.

The arrangement of parts cassettes 103a disposed at
the remaining (n+1l)/2 to n of Z-coordinate positions is corrected
in the same manner as above.

By the foregoing operation, an arrangement having a
high possibility of providing the shortest mounting path can be

obtained for parts cassettes 103a in one group. The arrangement
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of parts cassettes 103 obtained by the above operation will be
named an initial component cassettes arrangement ZOl1.

Similar to the above, an arrangement having a high
possibility of providing the shortest mounting path is obtained
for every group of parts cassettes 103a.

Step 300 will be described hereinafter.

In step 300, such path is obtained that reduces the
component mounting path to the circuit board 2 more under the
arrangement of parts cassettes 103a optimized in the above steps
100 and 200. In the present embodiment, a concept of a mounting
order is introduced because an optimum mounting path is considered
with the arrangement of parts cassettes 103a separated. The
mounting order provides an order or sequence in which the
components are mounted to the mounting points 173. A three-
dimensional mounting path is determined when the mounting order
is combined with the arrangement of parts cassettes 103a. That
is, the mounting path changes although the mounting order does
not change when the arrangement of parts cassettes 103a is changed.

According to the operation in the embodiment in step
300, two are selected from mounting paths for connecting two
mounting points 173 and then the two mounting paths are recombined,
thereby selecting the path having a shorter mounting path length

through comparison between before and after the recombination,
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whereby the mounting path is optimized. A concrete algorithm in
the embodiment in step 300 will be described below with reference
to Figs. 9-11. Figs. 10 and 11 are halves of a diagram divided
because of a sheet size, which continue at marks I-IV. The
operation in step 300 for obtaining the component mounting path
is controlled and carried out by a mounting path optimizing part
182 included in the controller 180.

At step 301 in Fig. 9, an initial mounting order O1
is applied, which may be any order. At step 302, distances from
each of mounting points 173 to all of mounting points 173 present
on the circuit board 2, for example, each distance from a first
mounting point to each of a second, a third, .. and ann mounting
points, each distance from the second mounting point to each of
the third, a fourth, .. and the n mounting points, and the like
are obtained and stored. Moreover, an initial mounting path Pl
is obtained on the basis of the initial mounting order Ol under
the arrangement of parts cassettes 103a obtained in the foregoing
steps 100 and 200. At step 303, a path length of the initial
mounting path Pl is obtained with the use of the above distances
between mounting points 173, and the initial mounting path Pl and
the path length of the initial mounting path Pl are substituted
for a "mounting path P" and an "optimum mounting path length Lopt"

respectively. At step 304, the initial mounting order 01 1is
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substituted for a "mounting order O" and an "optimum mounting order
Oopt". At step 305, the initial component cassettes arrangement
701 which is the arrangement of parts cassettes 103a obtained in
steps 100 and 200 is substituted for a "component cassettes
arrangement ZO" and an "optimum component cassettes arrangement
ZOopt". At step 306, 0 is substituted for the "number of
recombination times (a)" within the operation at step 307 to be
described below.

At step 307, for optimizing the mounting order O
through optimization of the mounting path P, the mounting order
O is optimized with the utilization of the recombination method,
thereby obtaining a new mounting order Onew and a new mounting
path Pnew. As will be detailed below, the recombination method
is such that two unit paths are selected from the mounting path,
a new path is formed by changing starting points and end points
of the selected unit paths, and the new path is adopted if the
new path has a shorter path length than that of the path before
the recombination. This recombination method will be discussed
with reference to steps 320-330 shown in Figs. 10 and 11, and Figs.
12-14.

At steps 320 and 321, 1 is made a first mounting point,
that is, i=1 is set and a mounting point j is made j=i+l in the

initial mounting order O1l. Amountingpoint towhich the component
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ismounted next to the mounting point i is a mounting point iBottom,
and a mounting point to which the component is mounted next to
the mounting point j is a mounting point jBottom. At step 322,
a first unit path ul for connecting the mounting points i and
iBottom, and a second unit path u2 for connecting the mounting
points j and jBottom are selected to be objects of recombination.
In the following description, for example, the first unit path
ul is notated by ul (i, iBottom) and the second unit path is notated
by u2 (j, jBottom). The mounting order will be more specifically
described with reference to Fig. 12. Supposed that there are five
mounting points 173-1 to 173-5 and the initial mounting order is
set to be an order from the mounting point 173-1 to the mounting
point 173-5, for instance, the mounting point Jj becomes the
mounting point 173-2 when the mounting point 173-1 is set as the
mounting point i. Also the mounting point 173-2 cofresponds to
the mounting point iBottom and the mounting point 173-3 corresponds
to the mounting point jBottom. Under the above condition, the
first unit path ul is expressed by the notation (173-1, 173-2)
and the second unit path u2 is expressed by the notation (173-2,
173-3).

At step 323, a sum of lengths of the first unit path
ul (173-1, 173-2) and the second unit path u2 (173-2, 173-3) is

obtained with reference to distance information between each
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mounting point 173 stored at step 302. The sum is stored into
"Dorg".

At step 324, before the unit path ul (i, iBottom) and
the unit path u2 (j, jBottom) selected as objects of recombination
are actually recombined, a unit path length after the recombination
is obtained on the basis of distance information of mounting points
173 stored at step 302, and is substituted for "Dpara".

At step 325, "Dorg" value is compared with "Dpara"
value. The twounit paths are actually subjected to recombination
at step 326 only when "Dpara" value is smaller than "Dorg".

At step 326, a mounting path composed of a third unit
path u3 (i, j) and a fourth unit path u4 (iBottom, jBottom) is
formed by replacing the end points and the starting points of the
above unit path ul (i, iBottom) and unit path u2 (j, jBottom)
respectively, so that the formed mounting path is reflected onto
the mounting order.

In the example shown in Fig. 12, since the mounting
point iBottom and the mounting point j are the same mounting point
(173-2) and consequently "Dorg" value and "Dpara" value are equal,
step 326 is not carried out and the process proceeds to step 327.

The operation of reflecting the mounting path to the
mounting order at step 326 as above will be detailed. Supposed

that mounting points 173-1 to 173-9 are first allotted from the
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mounting point 173-1 to the mounting point 173-9 corresponding
to from a mounting order No. 1 to a mounting order No. 9, the
mounting path traces a sequence from the mounting point 173-1 to
the mountin'g point 173-9 as shown in Fig. 15. The mounting path
is determined by this sequence. Then the mounting path is
optimized by the recombination as described at steps 302-307.
When the mounting path of the example shown in Fig. 15 is optimized,
since paths (173-2, 173-7) and (173-3, 173-8) could shorten the
path length more than the paths (173-2, 173-3) and (173-7, 173-8),
the mounting path is hence changed to the paths (173-2, 173-7)
and (173-3, 173-8).

However, even when the mounting path is changed as
above, electronic components are mounted by the same mounting path
as that of Fig. 15 unless the mounting order is changed. The
mounting order is designated by incrementing program steps.
Accordingly, at step 326, mounting points are switched
correspondingly to themounting path so that the optimized mounting
path matches with the mounting order designated by the increment.
The switching is carried out to continue the mounting order between
the optimized two unit paths and a path present between the two
paths. Namely, when the pathsl (173-2, 173-3) and (173-7, 173-
8) aremerely changed to the paths (173-2, 173-7) and (173-3, 173-8)

in the above example, the mounting order in the paths (173-2, 173-=7)
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and (173-3, 173-8) and the path from the mounting point 173-3 to
the mounting point 173-7 cannot continue as in Fig. 16. That is,
the mounting order diverges to both the mounting point 173-4 and
the mounting 173-8 from the mounting point 173-3, and furthermore,
the mounting order collides from both the mounting point 173-6
and the mounting point 173-2 at the mounting point 173-7.

For securing continuity of the mounting order, namely,
for reflecting the optimized mounting path to the mounting order,
mounting points corresponding to the mounting orders Nos. 3-7 are
changed in the above example as shown in Fig. 17. Specifically,
mounting points 173-3 to 173-7 corresponding to themounting orders
Nos. 3-7 are inverted to be mounting points 173-7 to 173-3
correspondingly to the mounting orders Nos. 3-7 as indicated in
Fig. 18 before the optimization. Since the optimized mounting
path is reflected to the mounting order in this manner at step
326, the mounting operation carried out from the mounting order
No. 1 to the mounting order No. 9 will follow the optimized path
of Fig. 17.

Step 327 is carried out in the case where the mounting
point j is smaller than a value obtained by subtracting 1 from
a total number of mounting points. When the mounting point j is
larger than the value, the process moves on to step 328. After

1 is added to the mounting point j at step 327, the step returns
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to step 322. Concretely, the mounting point j changes from the
mounting point 173-2 to the mounting point 173-3 and the mounting
point jBottom becomes the mounting point 173-4 as shown in Fig.
13 when 1 is added to the mounting point j. Then, at step 322,
unit paths ul (173-1, 173-2) and ub (173-3, 173-4) are selected
as objects of recombination. At step 323, a sum of the unit paths
ul and u5 is obtained on the basis of the distance information.
At step 324, by the recombination from paths (i, iBottom) and (3,
jBottom) to paths (i, Jj) and (iBottom, jBottom) as above, a sum
of a unit path u6 (173-1, 173-3) and a unit path u7 (173-2, 173-4)
as paths after the recombination of the above unit paths ul and
u5 is obtained on the basis of the distance information. The steps
325 and 326 are carried out then. The recombination is executed
only when the "Dpara" value is smaller, whereby a mounting path
composed of the unit path u6 (173-1, 173-3) and unit pathu7 (173-2,
173-4) is formed. Step 327 is subsequently carried out again.

At step 327, there is also a unit path obtained in the
present example by adding 1 to the mounting point j other than
the above unit path (173-3, 173-4), in which the mounting point
j becomes the mounting point 173-4 and the mounting point jBottom
becomes the mounting point 173-5 as shown in Fig. 14. However,
since the total number of mounting points is 5 in the example and

the mounting point jBottom comes not to exist if the mounting point
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j is made the mounting point 173-5, the mounting point j can be
up to the mounting point 173-4 at step 327. Therefore, at step
322, unit paths tobe objects of recombination are the above (173-1,
173~-2) and (173-3, 173-4), and (173-1, 173-2) and (173-4, 173-5).
Steps 322-326 are carried out also for the unit paths (173-1, 173-2)
and (173-4, 173-5).

A path of a shorter mounting path length is thus
obtained by changing the mounting point j and obtaining the path
length of the path after the recombination at each time.

Step 327 moves to step 328 at a time point when the
mounting point j exceeds the mounting point 173-4.

At step 327, the shorter mounting path is obtained by
changing only the mounting point j without changing the mounting
point i. In contrast, at step 328, the shorter mounting path is
obtained by adding 1 to the mounting point i thereby changing the
mounting point i as well and then returning to the step 321. More
specifically, in the above explanation up to step 327, while the
comparison is made sequentially in an order of between unit paths
(173-1, 173-2) and (173-2, 173-3), between unit paths (173-1,
173-2) and (173-3, 173-4), between unit paths (173-1, 173-2) and
(173-4, 173-5), when and since step 328 is executed, steps 322-327
are carried out also for each of between the unit paths (173-

2, 173-3) and (173-3, 173-4) and between unit paths (173-2, 173-3)
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and (173-4, 173-5).

At step 328, since the mounting point j becomes the
mounting point 173-5 and the mounting point jBottom comes not to
exist when the mounting point i is made the mounting point 173-4,
the mounting point i is up to the mounting point 173-3, i.e., a
value reduced by 2 from the total number of mounting points. The
step advances to step 329 when the mounting point i exceeds the
mounting point 173-3.

A shortermounting path is obtained in the above manner
at step 328 by changing both the mounting point i and the mounting
point j.

At step 329, a total mounting path length L is obtained
for the path after the recombination obtained by the operations
up to step 328. The total mounting path length L is compared with
the "optimum mounting path length (Lopt)" at step 330. As a result
of the comparison, theprocess is terminated when both values agree.
The step returns to step 320 by adding 1 to the "number of
recombination times (a)" when the values disagree, so that the
above-described recombination operation is carried out again.
The reason for carrying out the same operation is because it is
unclear whether or not the path is shortest although the path is
naturally shortened by the execution of the operations up to step

330. In the case where the total mounting path length L becomes
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slightly shorter than the optimum mounting path length Lopt which
corresponds to the total mounting path length in the previous
operation at every recombination time, the process is terminated
when the "number of recombination times (a)" reaches a set value
to save a processing time.

The operation of step 300 completes by the operations
from the above step 320 to step 329.

Step 400 will be described with reference to Figs. 19
and 20 which are halves of a flow chart divided because of a sheet
size and continue at marks V and VI.

Step 400 is an operation for adding correction to
obtain a better component mounting order, in which arbitrary two
of parts cassettes 103a arranged in steps 100 and 200 are rearranged,
and the mounting path, the mounting order and the mounting path
length are obtained again for the rearranged parts cassettes.
This will be depicted in detail below.

At step 401, arbitrary two parts cassettes 103a are
selected with the use of random numbers in the arrangement of parts
cassettes 103a obtained by step 200. The two parts cassettes are
replaced in the arrangement. At next step 402, the mounting order
O obtained by the foregoing step 300 is adopted as the "optimum
mounting order Oopt", and the component cassettes arrangement ZO

by the component cassettes arrangement changed at step 401 is
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substituted for the "optimum component cassettes arrangement
ZOopt". At step 403, step 307 is executed for the changed
arrangement to optimize the mounting order by the recombination
method. The recombination is carried out until the number of
recombination times (a) reaches a set value. At step 404, a new
mounting path length Lnew of a new mounting path Pnew obtained
at step 403 1is obtained.

At step 405, the present optimum mounting path length
Lopt is compared with the new mounting path length Lnew. When the
optimum mounting path length Lopt is shorter as a result of the
comparison, the new mounting path length Lnew, the changed
componentcassettesarrangementZOznuianmuntingorderOnewbased
on the changed component cassettes arrangement are discarded at
step 406. On the other hand, when the new mounting path length
Inew is shorter, the mounting order Onew is substituted for the
"optimum mounting order Oopt", the component cassettes
arrangement ZO is substituted for the "optimum component cassettes
arrangement ZOopt" and the new mounting path length Lnew is
substituted for the "optimum mounting path length Lopt" at step
407.

At step 408, it is determined whether or not the
rearrangement of arbitrary two parts cassettes 103a at step 401

is carried out by the set number of times. In the case where the



10

15

20

WO 2004/010759 PCT/JP2003/009224

48

number is smaller than the set number of times, the step returns
to step 401. When the rearrangement is carried out by the set
number of times, the step goes to step 409, where the optimum
component cassettes arrangement and the optimum mounting order
Oopt at this time are stored as the optimum component cassettes
arrangement and the optimum mounting order respectively, thereby
terminating step 400.

As described hereinabove, according to the present
embodiment, the arrangement of parts cassettes 103a is obtained
with the relation to the mounting positions on the circuit board
2 taken into account in steps 100 and 200. Therefore, the mounting
time can be shortened in comparison with the conventional art.
Moreover, the mounting path to the mounting positions is optimized
by executing step 300 and further step 400 under the obtained
arrangement of parts cassettes 103a, so that the mounting order
can be optimized. The mounting time can accordingly be shortened
furthefmore as compared with the conventional art.

In Fig. 25, a movement amount of each part when the
components are mounted by the component mounting order
optimization method according to the above-described embodiment
is compared with a movement amount by mounting methods A and B
other than the present embodiment. An "XY movement distance"

shown in Fig. 25 is the mounting path length on the circuit board
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expressed by the unit of mm, and a "three-dimensional movement
distance" is a total movement distance expressed by the unit of
mm of the nozzle 105b required for the mounting operation when
cach Z-number of the parts cassettes 103 arranged by a pitch of
oomm is converted to the length. A "total Z shift" is a movement
distance of parts cassettes 103a counted in units of Z-numbers.
For instance, supposed that the parts cassettes 103a are disposed
at Z-numbers 1, 3 and 5 and electronic components are taken out
from the parts cassettes 103a sequentially from Z-numbers 1—3
—5, the "total 7z shift" becomes 4 (=2+2) . As is apparent from Fig.
25, although the "total Z shift" is smaller in the mounting method
A than in the present embodiment in some cases, the "three-
dimensional movement distance" showing the total movement
distance is shorter in the present embodiment. Therefore, the
present embodiment can shorten the mounting path as a whole in
comparison with the conventional art, enabling shortening the
mounﬁing time in comparisdn with the conventional art.

After the component mounting order optimized by the
above-discussed component mounting order optimization method is
obtained, the controller 180 controls driving of the drive unit
104a of the supply table 104 according to the component mounting
order to locate a desired parts cassette 103a to the component

holding position 171, and also controls driving of the drive units
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109a and 109b of the orthogonal table 109 to position a desired
mountingpoint173(xfthecircuitboard21x>thecomponentnmunting
position 172, thereby carrying out the component mounting
operation to the circuit board 2. At this time, after the
operation in step 400 ends in the case where the operations up
to step 400 are carried out, or after the operation in step 300
ends when the operations up to step 300 are carried out without
carrying out step 400, the worker arranges each parts cassette
103a onto the supply table 104 in accordance with the optimized
arrangement of parts cassettes 103a which is obtained in step 400
or 300. After the parts cassettes are arranged, the mounting
operation for electronic components to the circuit board 2 is
carried out by the component mounting apparatus 101 in accordance
with the optimized component mounting order.

In the case where the operations up to step 300 are
carried out excluding step 400, after steps 100 and 200 end, the
worker may arrange each parts cassette 103a onto the supply table
104 in accordance with the optimized arrangement of parts cassettes
103a without waiting for the end of step 300. |

The component shift device 105 of the so-called rotary
type is adopted as an example of a component shift device in the
above embodiment. But the component shift device installed in the

componentmountingapparatus101isnotlimit@dtotherotarytype,
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the component shift device such as a component insertion device
which transfers the components from the parts cassettes 103a to
the circuit board 2 without shifting the components along a
circular path can be installed.

Although the present invention has been fully
described in connection with the preferred embodiments thereof
with reference to the accompanying drawings, it is to be noted
that wvarious changes and modifications are apparent to those
skilled in the art. Such changes and modifications are to be
understood as included within the scope of the present invention

as defined by the appended claims unless they depart therefrom.
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CLAIMS

1. A component mounting order optimization method
executed before carrying out a component mounting operation in
which a component is held from one component supply part (103a)
disposed at a component holding position (171) among a plurality
of component supply parts arranged inparallel and arrangedmovably
for supplying components, is transferred to a component mounting
position (172), and is mounted to a mounting point (173) on a
circuit board (2) disposed at the component mounting position by
moving in X-axis and Y-axis directions,

the method comprising:

optimizing an arrangement of the component supply
parts with position information of the mounting points taken into
account; and then

optimizing a component mounting path to the circuit
board under the optimized arrangement of the component supply
parts.

2. The component mounting order optimization
method according to Claim 1, wherein the optimization of the
arrangement of the component supply parts is carried out by
temporarily arranging the component supply parts and correcting

the temporary arrangement before optimizing the component
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mounting path.

3. The component mounting order optimization
method according to Claim 2, wherein the temporary arrangement
in optimizing the arrangement of the component supply parts is
executed by obtaining a product of variances for each of X and
Y-coordinate wvalues and 2Z-values showing locations of the
component supply parts in terms of the mounting points of the
circuit board while the Z-value is changed, and then obtaining
the arrangement of the component supply parts which makes the
variance product smaller.

4. The component mounting order optimization
method according to Claim 3, wherein, the arrangement which makes
the variance product smaller is obtained by executing:

a first process of obtaining a first variance product
for a first arrangement of the component supply parts;

a second process of obtaining a second variance
product for a second arrangement different from the first
arrangement; and

a third process of comparing the first variance
productandthesecondvarianceproductwithegg?otherandsetting
the smaller one as a new first variance product,

thereby obtaining a much smaller new first variance

product by repeating the second process and the third process
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subsequently.

5. The component mounting order optimization
method according to Claim 2, wherein, for correcting the temporary
arrangement in optimizing the arrangement of the component supply
parts, after the component supply parts are temporarily arranged
by obtaining the smaller variance product, the location of a second
component supply part (103a-2) is changed on a basis of a distance
between a reference mounting position (178) on the circuit board
where the component supplied from a first component supply part
(103a-1) adjacent to the component holding position is to be
mounted and an object mounting position (179) on the circuit board
where the component supplied from the second component supply part
other than the £first component supply part is to be mounted, thereby
further optimizing the arrangement of the component supply parts.

6. The component mounting order optimization
method according to Claim 5, wherein the changing of the location
of the second component supply part comprises:

obtaining each of the distances while the second
component supply part is sequentially changed; and

arranging the second component supply part whichmakes
the distance shortest adjacent to the first component supply part.

7. The component mounting order optimization

method according to Claim 1, wherein the component mounting path
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is optimized by selecting two mounting paths for connecting two
mountingpointsamongmountingpaths,recombiningthetwomounting
paths, and selecting the path having a shorter mounting path length
through comparison between before and after the recombination,
thereby executing the optimization.

8. The component mounting order optimization
method according to Claim 7, wherein in order to reflect the
mounting path optimized by the recombination of mounting paths
to the mounting order, after the optimization, a mounting order
for the mounting points which constitute the optimized mounting
path is changed.

9. The component mounting order optimization
method according to Claim 8, wherein the component supply parts
are rearranged after the optimized mounting path is reflected to
the mounting order, whereby the component mounting path is
optimized and reflected to the mounting order.

10. A.component mounting order optimization
program for making a computer execute a component mounting order
optimization method in a component mounting operation in which
a component is held from one component supply part (103a) disposed
at a component holding position (171) among a plurality of
component supply parts arranged in parallel and movable for

supplying components, is transferred to a component mounting
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position (172), and is mounted to a mounting point (173) on a
circuit board (2) disposed at the component mounting position by
moving in X-axis and Y-axis directions,

the program comprising:

a procedure of optimizing an arrangement of the
component supply parts with position information of the mounting
points taken into account; and

a procedure of optimizing a component mounting path
to the circuit board under the optimized arrangement of the
component supply parts.

i1. The component mounting order
optimization program according to Claim 10, wherein the optimizing
procedure for the arrangement of the component supply parts
includes a procedure of temporarily arranging the component supply
parts and a procedure of correcting the temporary arrangement
before the optimizing procedure for the component mounting path.

12. The component mounting order
optimization program according to Claim 11, wherein the temporary
arrangement procedure in the optimizing procedure for the
arrangement of the component supply parts includes a procedure
of obtaining a product of variances of each of X and Y-coordinate
values and Z-values showing locations of the component supply parts

while the Z-value is changed in terms of the mounting points of
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the circuit board, and a procedure of obtaining the arrangement
of the component supply parts which makes the variance product
smaller.

13. The component mounting order optimization
program according to Claim 12, wherein the arrangement procedure
of making the variance product smaller includes:

a first procedure of obtaining a first variance
product for a first arrangement of the component supply parts;

a second procedure of obtaining a second variance
product for a second arrangement different from the first
arrangement;

a third procedure of comparing the first variance
product and the second variance product with each other and setting
the smaller one as a new first variance product; and

a procedure of obtaining a much smaller new first
variance product by repeating the second procedure and the third
proéedure subsequently;

14. The component mounting order optimization
program according to Claim 11, wherein the correcting procedure
for the temporary arrangement in optimizing the arrangement of
the component supply parts includes, after the component supply
parts are temporarily arranged by obtaining the smaller variance

product,apmocedureofcmangingthelocationcﬂfasecondcomponent
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supply part (103a-2) on a basis of a distance between a reference
mounting position (178) on the circuit board where the component
supplied from a first component supply part (103a-1) adjacent to
the component holding position is to be mounted and an object
mounting position (179) on the circuit board where the component
supplied from the second component supply part other than the first
component supply part is to be mounted, thereby further optimizing
the arrangement of the component supply parts.

15. The component mounting order optimization
program according to Claim 14, wherein the procedure of changing
the location of the second component supply part includes a
procedure of obtaining each of the distances while the second
component supply part is sequentially changed and arranging the
second component supply part which makes the distance shortest
to be adjacent to the first component supply part.

16. The component mounting order optimization
program according to Claim 10, wherein the optimizing procedure
for the component mounting path includes a procedure of selecting
two among ﬁounting paths for connecting two mounting points,
recombining the two mounting paths, and selecting the path having
a shorter mounting path length through comparison between before
and after the recombination, thereby executing the optimization.

17. The component mounting order optimization
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program according to Claim 16, wherein in order to reflect the
mounting path optimized by the procedure of carrying out the
recombination of mounting paths to the mounting oxder, after the
optimization, the program further includes a procedure of changing
amounting order at mounting points which constitute the optimized
mounting path.

18. The component mounting order optimization
program according to Claim 17, wherein after reflecting the
optimized mounting path to the mounting order, the program further
includes a procedure of rearranging the component supply parts,
thereby optimizing the component mounting path and reflecting the
component mounting path to the mounting order.

19. A computer readable recording medium with a
program stored for making a computer execute a component mounting
order optimization method in a component mounting operation in
which a component is held from one component supply part (103a)
disposed at a component holding position (171) among a plurality
of component supply parts arranged in parallel and movable for
supplying components, is transferred to a component mounting
position (172), and is mounted to a mounting point (173) on a
circuit board (2) disposed at the component mounting position by
moving in X-axis and Y-axis directions,

the recording medium having the program for executing:
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a procedure of optimizing an arrangement of the
component supply parts with position information of mounting
points taken into account; and

a procedure of optimizing a component mounting path
to the circuit board under the optimized arrangement of the
component supply parts.

20. The recording medium according to Claim 19,
wherein the optimizing procedure for the arrangement of the
component supply parts includes a procedure of temporarily
arranging the component supply parts and a procedure of correcting
the temporary arrangement before the optimizing procedure for the
component mounting path.

21. The recording medium according to Claim 20,
wherein the temporary arrangement procedure in the optimizing
procedure for the arrangement of the component supply parts
includes a procedure of obtaining a product of variances of each
of X and Y-coordinate values and Z-values showing locations of
the component supply parts while the Z value is changed in terms
of the mounting points of the circuit board, and a procedure of
obtaining the arrangement of the component supply parts whichmakes
the variance product smaller.

22. The recording medium according to Claim 21,

wherein the arrangement procedure for making the variance product



10

15

20

WO 2004/010759 PCT/JP2003/009224
6l

smaller includes:

a first procedure of obtaining a first wvariance
product for a first arrangement of the component supply parts;

a second procedure of obtaining a second variance
product for a second arrangement different from the first
arrangement;

a third procedure of comparing the first variance
product and the second variance product with each other and setting
the smaller one as a new first variance product; and

a procedure of obtaining a much smaller new first
variance product by repeating the second procedure and the third
procedure subsequently.

23. The recording medium according to Claim 20,
wherein the correcting procedure for the temporary arrangement
in optimizing the arrangement of the component supply parts
includes, after the component supply parts are temporarily
arranged by obtaining the smaller variance product, a procedure
of changing the location of a second component supply part (103a-2)
on a basis of a distance between a reference mounting position
(178) on the circuit board where the component supplied from a
first component supply part (103a-1) adjacent to the component
holding position is to be mounted and an object mounting position

(179) on the circuit board where the component supplied from the
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second component supply part other than the first component supply
part is to be mounted, thereby further optimizing the arrangement
of the component supply parts.

24, The recording medium according to Claim .23,
wherein the procedure of changing the location of the second
component supply part includes a procedure of obtaining each of
the distances while the second component supply parf is
sequentially changed, and arraﬁging the second component supply
part which makes the distance shortest to be adjacent to the first
component supply part.

25, The recording medium according to Claim 19,
wherein the optimizing procedure for the component mounting path
includes a procedure of selecting two among mounting paths for
connecting twomounting points, recombining the twomounting paths,
and selecting the path having a shorter mounting path length
through comparison between before and after the recombination,
thereby executing the optimization.

26. The recording medium according to Claim 25,
wherein in order to reflect the mounting path optimized by the
procedure of carrying out the recombination of mounting paths,
after the optimization, the recording medium further includes a
procedure of changing a mounting order at mounﬁing points which

constitute the optimized mounting path.
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27. The recording medium according to Claim 26,
wherein after the procedure of reflecting the optimized mounting
path to the mounting order is carried out, the recording medium
further includes a procedure of rearranging the component supply
parts, thereby optimizing the component mounting path and
reflecting the component mounting path to the mounting order.

28. A component mounting apparatus comprising:

a component supply unit (103) having a plurality of
supply parts (103a) arranged in parallel for supplying components,
for supplying components from one of the supply parts positioned
to a component holding position (171);

a component shift device (105) having a component
holder (105b), for transferring the component holder between the
component holding position and a component mounting position (172),
holding components (175) supplied from the supply parts by the
component holders and mounting the components to mounting points
(173) on a circuit board (2) at the component mounting position;

an orthogonal table (109) for holding the circuit
board and moving the circuit board in X and Y-axes directions,
thereby locating the mounting points to the component mounting
position; and

acﬁntroller(l80)foroptimizinganmuntingoperation

of the components to the circuit board from the supply parts, which
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includes an arrangement optimizing part (181) for optimizing an
arrangement of the supply parts with position information of the
mounting points taken into account, and a mounting path optimizing
part (182) for optimizing a component mounting path to the circuit
board under the optimized arrangement of the supply parts.

29, The component mounting apparatus according to
Claim 28, wherein the arrangement optimizingpart obtains a product
of three variances of each of X and Y-coordinate values and Z-values
showing locations of the supply parts while the Z-value is changed
in terms of the mounting points on the circuit board, and obtains
the arrangement of the component supply parts which makes the
variance product smaller.

30. The component mounting apparatus according to
Claim 29, wherein the arrangement optimizing part obtains the
arrangement which makes the variance product smaller by obtaining
a first variance product for a first arrangement of the supply
parts, obtaining a second variance product for a second arrangement
different from the first arrangement, comparing the first variance
product and the second variance product with each other to set
the smaller one as a new first variance product, and obtaining
a much smaller variance product as a new first variance product
by repeating the comparison.

31. The component mounting apparatus according to
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Claim 29, wherein the arrangement optimizing part further
optimizes the arrangement of the supply parts, after optimizing
the arrangement of the supply parts by obtaining the smaller
variance product, caused by changing a location of a second supply
part (103a-2) on a basis of a distance between a reference mounting
position (178) where the component supplied from a first supply
part (103a-1) adjacent to the component holding position is to
be mounted and an object mounting position (179) where the
component supplied from the second supply part other than the first
supply part is to be mounted.

32. The component mounting apparatus according to
Claim 31, wherein for changing the location of the second supply
part, the distance is obtained while the second supply part is
sequentially changed and the second supply part which makes the
distance shortest is arranged adjacent to the first supply part.

33. The component mounting apparatus according to
Claim 28, wherein the mounting path optimizing part optimizes by
selecting two among mounting paths for connecting two mounting
points, recombining the two mounting paths, and selecting the path
having a shorter mounting path length through comparison between
before and after the recombination.

34. The component mounting apparatus according to

Claim 33, wherein the mounting path optimizing part changes a
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mounting order of mounting points which constitute a}neWJnounting
path after the recombination of mounting paths, in accordance with
the new mounting path.

35. The component mounting apparatus according to
Claim 34, wherein the controller optimizes the component mounting
path again by rearranging the supply parts after the component
mounting path is optimized.

36. The component mounting apparatus according to
Claim 28, wherein the component shift device rotates the component
holder along a circumference between the component holding
position and the component mounting position which are disposed

on the circumference.
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OBJEGTS OF RECOMBINATION

§323

TO GALGULATE SUM OF PRESENT LENGTHS OF TWO
UNIT PATHS SELECTED AS OBJECTS OF
RECOMBINATION FROM VALUES OBTAINED IN STEP
302 AND TO STORE THE SUM INTO Dorg

S324

TO CALCULATE UNIT PATH LENGTH AFTER
RECOMBINATION FROM VALUES OBTAINED IN STEP
302 BEFORE UNIT PATHS SELECTED AS OBJECTS OF
RECOMBINATION ARE ACTUALLY RECOMBINED AND TO
SUBSTITUTE THE UNIT PATH LENGTH FOR Dpara.
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Fig. 11

TO COMPARE Dorg AND
Dpara WITH EACH OTHER
I

TO ACTUALLY RECOMBINE UNIT PATHS ONLY WHEN
Dpara 1S SMALLER TO FORM MOUNTING PATH BY
S326 NEW UNIT PATHS u (i, j) AND u
(iBottom, jBottom) AND TO REFLECT THE
OPTIMIZED MOUNTING PATH TO MOUNTING ORDER

S325

TO ADD i TO j AND THEN RETURN TO STEP 322 WHEN
j 1S SMALLER THAN (TOTAL NUMBER OF MOUNTING
POINTS-1). OR TO MOVE TO NEXT STEP WHEN j IS

LARGER THAN (TOTAL NUMBER OF MOUNTING POINTS-1)

TO ADD 1 TO i AND THEN RETURN TO STEP 321 WHEN
i 1S SMALLER THAN (TOTAL NUMBER OF MOUNTING
POINTS-2).. OR TO MOVE TO NEXT STEP WHEN i 1S

LARGER THAN (TOTAL NUMBER OF MOUNTING POINTS-2).

§329 TO CALCULATE TOTAL MOUNTING PATH LENGTH L

S327

S328

TO COMPARE Lopt AND L WITH EACH OTHER TO
TERMINATE THE PROCESS WHEN BOTH AGREE OR TO
S330 — RETURN TO STEP 320 IN OTHER GASES WITH 1
ADDED TO (a) TO END WHEN (a) EXCEEDS FIXED

NUMBER OF TIMES
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Fig 12
17 3-5
jBottom
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Fig 13
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173-4
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Fig 14
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Fig. 17
17 3-5
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Fig 18
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Frg. 19
( START STEP 400 )
@
TO SELECT THO FROM COMPONENT CASSETTES
sS40 1 ARRANGEMENT AT RANDOM WITH USE OF RANDOM

VALUES AND TO REARRANGE THE SELECTED
COMPONENT CASSETTES

TO SUBSTITUTE MOUNTING ORDER O FOR OPTIMUM
MOUNTING ORDER Oopt AND GOMPONENT GASSETTES
ARRANGEMENT Z0 FOR OPTIMUM COMPONENT
CASSETTES ARRANGEMENT ZOopt

S402

TO RETURN TO STEP 307 TO REPEAT THE PROCESS
UNTIL NUMBER OF REARRANGEMENT TIMES (a)
5403 REACHES FIXED NUMBER OF TIMES,TO TERMINATE
THE PROCESS WHEN NUMBER OF REARRANGEMENT
TIMES (a) REACHES FIXED NUMBER OF TIMES

S404 TO CALCULATE MOUNTING PATH LENGTH Lnew OF NEW
MOUNTING PATH Pnew

®
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i

TO COMPARE PRESENT OPTIMUM
S 405 | MOUNTING PATH LENGTH Lopt WITH
NEW MOUNTING PATH LENGTH Lnew

Fig 20

WHEN Lopt IS WHEN Lnew IS
SMALLER SMALLER
S406 S407
T DISCARD MOUNTING ORDER TO SUBSTITUTE MOUNTING ORDER Onew
Onew, COMPONENT CASSETTES
FOR OPTIMUM MOUNTING ORDER Oopt,
ARRANGEWENT Z0 AND NEW COMPONENT CASSETTES ARRANGEMENT
MOUNTING PATH LENGTH Lnew

Z0 FOR OPTIMUM COMPONENT
CASSETTES ARRANGEMENT ZOOPT AND
NEW MOUNTING PATH LENGTH Lnew FOR
OPTIMUM MOUNTING PATH LENGTH Lopt

ARE COMPONENT N
GASSETTES REARRANGED
S408 oY SET MMBER OF > ©
TINES?

jﬁs

TO STORE OPTIMUM COMPONENT CASSETTES
ARRANGEMENT (ARRANGEMENT OF Z-PLANE) AND
S 409 | OPTIMUM MOUNTING ORDER Oopt AT THIS TIME AS
OPTIMUM COMPONENT CASSETTES ARRANGEMENT AND

OPTIMUM MOUNTING ORDER RESPECTIVELY

END
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Fig. 22

C>\109b




WO 2004/010759

PCT/JP2003/009224
16/19
Fig 23
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Fig. 25
XY MOVEMENT THREE-D IMENSIONAL | TOTAL NUMBER
DISTANCE MOVEMENT DISTANGE | OF Z SHIFT
PRESENT
EMBOD | MENT 3644 5619 133
A 4002 5816 115
B 5193 1372 165
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Fig 24
185
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