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An Algorithm of the Optimal Order of Component Mounting on
an Electronic Circuit Board

Teppei Mizuno, Yuji Shinano and Mario Nakamori
Faculty of Engineering, Tokyo A&T University

Abstract Among the most important and difficult parts of automatic component mounting on an electronic

circuit board is the problem of determining the optimal mounting order. In the present paper we formulate the

problem as the 3 dimensional traveling salesperson problem and solve by a simplified chained Lin-Kernighan

algorithm. We also show how the mounting time depends on the arrangement of the component feeders. We

show how our approach gives satisfactory results.

1 Introduction

Roughly speaking, the process of manufactur-
ing electronic circuit boards consists of Solder
paste printing, Component mounting, Heating
and fizing, all of which are carried out auto-
matically. Among them the most important
and difficult is the stage of component mount-
ing. High speed mounting machine, which the
present paper is related to, places a component
within less than 0.1 sec; this speed is almost the
limit of the hardware. Hence, in order to make
full use of the performance of the machine it
is important to find the order of component
mounting such that the total time of walking
through mounting positions is the minimum.

In the following we formulate and solve the
problem of the optimal ordering of component
mounting as the 3-dimensional traveling sales-
person problem.
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Figure 1: High speed mounting machine
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2 High speed mounting ma-
chine

The process of component mounting consists

of

e Picking up a component from a feeder by
a nozzle,

e Placing the component to the designated
position on the board from the nozzle.

The high speed mounting machine includes ro-
tary heads located on a circle, where each head
has several types of nozzles, and executes the
above two acts while the heads are rotating
(Figure 1).

Since the place of picking and that of plac-
ing in a high speed mounting machine are fixed,
the feeders and the board are moved in order to
pick the proper component and place it in the
proper position. In general, the number of indi-
viduals of a component in a board is more than
two. Thus, the nozzle has to move to the same
feeder as often as the same number of individ-
uals of the component. If the movement of the
board to the next mounting position and/or
the movement of the feeders to the next com-
ponent are not finished, the mounting machine
has to wait, which we call the time loss. The
speed of nozzle rotation varies in eight steps;
after that the speed of rotation is decreased, it
can never be increased through the mounting
of the same board.

3 Making use of the traveling
salesperson algorithm

3.1 Outline of the optimal compo-
nent ordering algorithm

Since the speed of nozzle rotation cannot in-
crease, our algorithm mounts components in
the ascending order of weights, i.e., the light-
est one the first and the heaviest one the last.
Thus, the outline of our algorithm is as follows:

Step 1 Classify components into groups ac-
cording as their weight.

Step 2 For each group of components, ar-
range the feeder and determining the order
of mounting.

Step 3 Combine the order of the groups.

In the following we consider only the step 2.

3.2 The traveling salesperson and
component ordering

The optimal mounting in step 2 minimizes the
total amount of movement of the board and
the feeders. We describe this problem as a 3-
dimensional traveling salesperson problem (3-
dim TSP). It is well known that the traveling
salesperson problem is stated as follows:

m
Minimize Z Cele
subject to =
Zx6:2 fore=1,2,...,n
€5 (1)
Z z, > 2 for any nonempty
e€s(S) proper subset S € {1,2,...,n}

z.=0o0r1l fore=1,2,....,m

where n is the number of vertices, m is the
number of edges, (i) is the set of edges in-
cident to the vertex i, and §(9) is the set of
edges incident to one of the vertex in 5. If the
solution walks through the edge e, the variable
x. takes the value 1; otherwise the value 0.

In order to formulate our problem as a 3-dim
TSP, we first construct a graph by connect-
ing every pair of the mounting positions by an
edge in a three dimensional space(Figure 2).
For every vertex (z,y, z) of the space, z and y
reflects the position of the corresponding com-
ponent on the board, whereas z stands for the
location of the feeder. The length of the edge is
the ordinary Euclidean norm. The scales along
the axes z and y and that along z, however, are
not the same. Since we have no information on
the ratio of these scales at present, we tried on
several values of the ratio.
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Figure 2: Vertex in a three dimensional space:
x and y reflects the position of the correspond-
ing component on the board, whereas z stands
for the location of the feeder

3.3 Determining the location of
component feeders — the scale
for z axis

In order to solve our problem as a 3-dim TSP,
we have to determine first the location of com-
ponent feeders. Although this is another prob-
lem of optimization, we assumed the arrange-
ment of the component feeders as given and
fixed. We assumed two types of arrangement;
one is such that components are arranged from
one end to the other in an ascending order of
the number of individuals (Type A), and the
other is such that components of larger number
of individuals in the center (Type B).

3.4 The algorithm for the 3-dim TSP

The traveling salesperson problem has been
fully investigated, and a number of reports
have been published, e.g., [3, 4]. Since it is de-
sired to solve the problem in a practical time,
we applied a heuristic method, namely simpli-
fied chained Lin-Kernighan algorithm [1].

4 Experiments with a simula-
tor of high speed mounting
machine

4.1 High speed mounting machine
simulator

In order to determine the ratio of the x,y and
z scale and then to evaluate our algorithm,

0 150

we made experiments on a high speed mount-
ing machine simulator developed by Iriuchi-
jima [2]. This simulator exhibits the following
data:

e The time loss of the movement of the
board and that of the feeders. The ratio
of both time loss.

e Real time presentation of the time loss.

4.2 Experimental data

In practice, two ways of treating boards are
often carried out, i.e., single board mounting
and multi board mounting. The multi board
mounting is the way to mount components on
several boards as if the boards constituted a
single board.

The basic data are as follows:

e Size of the board: 300 mm by 300 mm

e Speed of nozzle rotation: fixed

e Number of component individuals
and the number of component types:
(400,10),(400,100),(800,10),(800,100)

e Distribution of mounting position:
Uniform distribution (Multi board mount-
ing), Normal distribution (Single board
mounting)

4.3 Results of the experiment

Typical results obtained from the experiment
on the high speed mounting machine simulator
are shown in Figures 3 and 4. These results
show that the optimal ratio of the scales of z,y
and z axes lies between 20 and 30 and depends
on neither the number nor the distribution of
mounting positions. Figures 3 shows that the
mounting time does not depend much on of the
ratio of the scales of z,y and z axes, when the
number of component types is small. On the
contrary, Figures 4 shows the mounting time
depends much on that ratio, when the number
of component type is large.

Table 2 shows the result on the difference
by the arrangement of feeders. From this table
we see that the improvement of mounting time
by optimizing feeder arrangement is within at
most 5 per cent.
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Table 1: Difference by the arrangement of component feeders (Single board mounting)

| (# of individuals, # of types) | (400,10) | (400,100) | (800,10) | (800,100) |
Arrangement of Type A 46026 57239 87848 105445
Arrangement of Type B 46101 56436 87459 105093
Random (min of 10 trials) 45501 56112 87436 105381
Random(max of 10 trials) 46133 58532 88390 107409
Random (mean) 45883.1 57450.6 87971.6 106358.7
Random (standard deviation) 236.7 694.4 339.2 626.9
((max — min)/mean) x 100 1.4 4.2 1.2 1.9
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Figure 3: Dependence of mounting time on the
ratio of the scales of z, y and z axes: 400 indi-
viduals, 10 types ( Type B arrangement )
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Figure 4: Dependence of mounting time on the
ratio of the scales of z, y and z axes: 800 indi-
viduals, 100 types ( Type B arrangement )

5 Conclusions

We have formulated the problem of mounting
order as the 3-dim TSP and solved on sev-
eral types of feeder arrangement. We have
seen that the optimal ratio of z,y and z axes
lies independent of board types. The merit of
our approach is that we do not have to recon-
struct the source code, when the specification
of mounting machine and boards is changed;
we only have to change the parameters.

For further research left are the problems of
obtaining the optimal feeder arrangement and
the optimal ratio of z,y and z axes by analyz-
ing the specification of mounting machine and
boards.
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