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Abstract: Component assembly on bare printed circuit boards (PCBs) is performed by automated
placement machines. The main time factors of this process include the actual component placement
time and the setup time of the machine when changing the PCB type. An optimization method for
minimizing the total manufacturing time for a collection of different types of PCBs is given. The
method is a hybridization of the unique and group setup methods. Instead of using coarse low level
abstraction for the machine operations and time factors, a state-of-the-art optimizer is applied here.
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1 Introduction

The present study concentrates on two short term
production problems in the printed circuit board
assembly, the selection of the component feeder
setup strategy and the optimal machine control
for performing the actual component placements.
This is why, the manufacturing process with PCB
component placement machines, on a very coarse
level, can be seen as a sequence of cycles each
consisting of a manual (machine) setup phase
and an automated (component) placement phase.
The manual setup phase depends on the deci-
sions made in product scheduling which specifies
the order of processing the PCB jobs with the
machine. The time used for the placements de-
pends on the component-to-feeder storage map-
ping and on the placement sequencing decisions
which specify the order of component pickups
and placements [1].

Each PCB job consists of a batch of PCBs
of the same type and the types of two different
jobs may differ. While the technical details of
placement machines vary significantly, they all
accept a limited number of component types in
their feeders simultaneously. This necessities the
manual feeder setup operations between jobs or
job groups. The component feeders are normally
organized as a linear array on a moving or sta-
tionary feeder bank (feeder storage) on the side
(or sides) of the machine and one can choose
a component-to-feeder storage mapping which
most efficiently supports fast component inser-
tions.

Machine setup can be organized in several al-
ternative ways [2]. This work deals with two of
these: Unique setup optimizes the feeder alloca-
tion for each PCB type individually by minimiz-
ing the component placement time of each PCB
type separately [3]. Group setup forms a mini-
mal number of PCB groups in such a way that
feeder changes (setup occasions) are needed be-
tween PCB groups, only [4, 7].

In this paper we concentrate on the case of
a single machine (bottleneck of the production
line) and multiple PCB types, and suppose that
the batch sizes of the PCB jobs vary significantly
from batch to batch. This kind of situation was
met by our group in a company which had a num-
ber of standard products with high demand as
well as other PCB types with low demand or even
testing of single prototypes. A natural idea is
then to hybridize the grouping technique and the
unique setup technique. Given a set of PCB jobs
our task is therefore to solve which PCBs should
be grouped together and which would benefit
from optimized unique settings of the feeders.
The objective is to get the minimal production
time when considering the time for manual set-
ups and automated component placements.

We suppose that each PCB assembly task
is defined in its full detail in a CAD-file.
This acts as an input for a production plan-
ner system (Valor Trilogy - Line Engineer-
ing [http://www.valor.com/]) which performs
job grouping and generates an optimized ma-
chine control program for one or several PCB
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jobs. This includes the determination of the
component-to-feeder storage mapping and the
control program for the actual component place-
ments. Unlike most research on setup strategies,
we are thus working on a level of full details of a
particular chip shooter machine (HSP4791).

The design of an efficient component-to-
feeder storage mapping of a PCB group (i.e. a set
of PCB jobs) is a hard task [2, 6]. The problem is,
that the same mapping should support the com-
ponent placements of all the different PCB types
of the group and the component sets of different
PCB types are not disjoint. Ohno [5] derived a
mathematical formulation and heuristics for the
joint problem of grouping and machine control
optimization along with the basic time factors of
a rotary turret machine.

2 Problem statement

Consider a particular PCB assembly line with
a chip shooter as its bottleneck machine. The
line includes in addition to that at least a
paste/adhesive printing machine and an oven
connected by a conveyor belt to the actual place-
ment machine. Various other special or high pre-
cision insertion robots and/or other chip shooters
may also be situated on the same line.

We suppose that the placement machine is
of the rotary turret type with a movable (in x-
y directions) fixation table for PCBs, a movable
(x-direction) feeder rack (feeder unit, or feeder
bank) and a multiheaded pick-and-placement
carousel rotating around a fixed axis. The feeder
rack is organized as a linear array of feeder slots
and components are stored there using compo-
nent reels (or component feeder) each occupying
a certain number of feeder slots (typically 2 to
3) from the capacity Friq (typically from 40 to
200 slots). The number of different component
types that can be stored in the feeder rack is thus
limited while one can consider as unlimited the
capacity of a component type which is stored in
the feeder rack (due to the possibility of renewing
its supply).

A short term planning perspective for pro-
duction planning and control of a few days is
considered in this study. We then have a set
of N PCB assembly jobs available at the be-
ginning of the planning period and due dates

are not considered. Each job j is formed of a
batch of PCBs of the same type and the task is
to insert a set of component types Com(j) on
each bare PCB. It is supposed that the feeder
rack capacity demand Fr; for Com(j) is less
than or equal to the total feeder rack capacity
Frio but zﬂ-\‘lerJ > Fryq, i. the components
of all jobs do not fit the feeder rack simultane-
ously. In addition to the above data, we sup-
pose that the component-nozzle type assignment,
placement speed definitions (i.e. is the com-
ponent ”slow” or "fast”), precedence constraints
for component placements, fiducial marks, com-
ponent placement (x,y)-coordinates and orienta-
tions along with other data, necessary for proper
generation of an optimized component-to-feeder
assignment and machine control program, are all
given as data set Djon(j). This extensive set
of data is needed in order to make the applica-
tion of an optimization software system possible.
One should recognize here that the feeder rack
capacity demands and placement positions form
only one part of the rather involved input of the
software but we can omit their closer description
here.

All jobs are available at the beginning of the
planning period and due dates are not considered.
Similarly, we omit some other constraints, like
conveyor belt width or oven temperature, from
the consideration.

As to the costs of manufacturing, the follow-
ing time components are observed:

The constant time A for performing a machine
setup operation. This time includes the man-
ual preparative operations for performing one or
more component setups of the feeder rack.

The estimated time B for changing one com-
ponent reel in the feeder rack.

The manufacturing time T pla; for a PCB of
type j. This time includes a fixed initialization
time and the time for placing all the necessary
components of PCB type j. The time depends on
the component-to-feeder rack assignment and the
machine control program of job j.

The initialization time Tinit for beginning a
new job (i.e. a new PCB type). The time in-
cludes preparative steps, like change of the ma-
chine control program.

The number n; of PCBs in job j.
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Let us denote by noccy the number of setup
occasions for the whole set of N jobs and by nfc;
the number of component tape changes for job j.

The total processing time of the N jobs is then

N
(1) Tot = noccy A+ Bx Z nfcj+
=1

N
N*Tinit+ ) Tplaj=*n;
2

There are three factors in the above expres-
sion that one can control. (i) By selecting
different ways to partition the N jobs one can
have different numbers of job groups. As an ex-
treme, by unique setup, noccy = N and as an
other extreme, one can minimize its value, like
is done in pure job grouping. (ii) The number of
different component tapes in the job groups de-
pends on the selection of the jobs to each group i.
(iii) The actual placement time T pla; of a job (j)
depends strongly on the other jobs in the same
group to which job j belongs.

The task is to determine a job grouping
G*, component-feeder assignment CFA* and ma-
chine control programs MCP* for which

(2) Tot(G*,CFA*,MCP*) = min!
over all feasible selections of G,CFA, MCP.

3 Solution method

A simple greedy heuristic is designed for mini-
mizing the Tot time. The algorithm starts from
a solution where the unique setup is applied for
all jobs, j =1,2,...,N. It then considers all fea-
sible pairs of the jobs and calculates for each pair
the value of Tot (taking into account both the
batch size and the number of their common com-
ponents). A pair of jobs forms a feasible group,
if their components fit in the feeder rack. Among
these groups that one is accepted which brings
the largest saving for Tot provided that a decrease
of the value is found. The same process continues
for the remaining jobs and job groups.
Algorithm GreedyTot accepts as its input the
machine specifications of a placement machine
including among others the feeder rack capacity
FrTot and the definitions of the N PCB jobs as
given by Djop(j) (j =1 to N). In addition, the

parameters A and B giving the times for setup oc-
casions and component tape changes are given.
After that, the solution of the greedy heuristic is
given as an input for the simulation program of
the Valor Machine Engineering software pack-
age that calculates the placement time for each
group ("level 2” optimization). The programs
of the package perform joint optimization of the
component-feeder assignment and control pro-
gram generation. One should note that the simu-
lation program takes into consideration both the
number of PCBs of each type and the joint inser-
tion point (x,y)-closeness of component pairs on
PCBs.
Algorithm GreedyTot:
Form N singular job groups gs, ..., gn of
theorigina jobs j, j =1toN;
Definean initial grouping G = {g1,92,---,On };
G « G; Let changed « true;
while changed do
G* + G ; changed « false;
for each pair gi,gj € G* do
Form group ge by merging g; and gj;
LetG' + (G"\{g;,01}) U {ge}
if Tot(G') < Tot(G) and G isfeasiblethen
G +«G;
changed « true;
LetG+G.

This algorithm performs the best group merge
on each iteration round. The algorithm termi-
nates when no improving merge is found or all
merged solutions are infeasible. Observe that the
calculation of Tot(G) is a heavy operation in-
volving determination of the component-feeder
assignment and control program optimization.

4 Experimental results

In the first test we used it with a sample of 14
PCB jobs from the production program of a man-
ufacturer, see Table 1. The algorithm GreedyTot
was compared to the unique setup method (U niq)
and grouping method (Group). The grouping
algorithm has been observed to give optimal or
near optimal groupings in tests with problems of
realistic size. For Uniqand Group we solved Tot
in the same manner as GreedyTot.

The proper setting of A and B values depends
on the particular production case and we there-
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fore tested with several different settings of these;
A=0 and 300 (sec) and B=30, 60, 90,and 120
(sec).

While the component-feeder rack assign-
ments and the construction of the machine con-
trol program were determined by the production
planner of Valor [http://www.valor.com], the ac-
tual placement times T pla; were evaluated by the
chip shooter simulator of the same system.

Figure 1 compares GreedyTot, Group and
Uniq for different settings of A and B. For A=0
the new method has a benefit over the two other
methods for all B-values tested here. However,
for a large B (120) the grouping method is prac-
tically of the same level. For A = 300, the large
time for setup occasions forces GreedyTot to de-
crease the number of these occasions and there-
fore (for large B) our new method acts as a mini-
mizer for grouping, see Fig.1b.

Table 2 shows the placement times of
the different PCB types (per single PCB) for
different production planning methods. The so-
lutions of the three planning methods are demon-
strated in Table 3 by giving the result of the
grouping for each job. From the two last columns
of the table we can see the partial grouping made
by GreedyTot (e.g. group ”7” includes job 7 and
9 and 14 while the group -algorithm adds to the
same group also job 8). The effect of grouping is
visible in the average assembly time of individual
PCB types.

In the second test we used the same set of jobs
as in Case 1 but the quantities of the PCBs of
each type were dropped to 1. It is natural that
grouping is then the best choice(data not shown).
GreedyTot finds in this case the same grouping
solutions as Group, but this needs not to be the
case due to the more advanced grouping tech-
nique applied by Group. More important is, how-
ever, the observation that also GreedyTot strives
to group the jobs now.

5 Concluding remarks

Partial grouping and optimization of the
component-feeder rack assignment turns out to
be an advantageous method in short range pro-
duction planning and control. Here, the best
properties of grouping and unique setup meth-
ods are utilized in a flexible manner.

Our study was based on the use of an exist-
ing commercial planning system. The system is
nowadays widely used in PCB assembly compa-
nies. Our tests are therefore realistic. In addi-
tion, the results of the optimizer were evaluated
by an existing machine simulator which repre-
sents the state of the art in the field. In this sense
the method should give clear guidelines for pro-
duction designers. Our discussion still leaves a
few points open and one should here consider the
production situation carefully. These include:

1. The time penalties A and B were left as
operator selected parameters. When ap-
plying the methodology of the present pa-
per, factory-specific values of these should
be applied. Some producers use movable
feeder rack units which allow parallel setup
of component reels. This can be easily
modelled by setting B to 0 in our model.

2. Auxiliary constraints including aspects like
oven temperature, release dates, due dates
or conveyor belt widths were bypassed.
These might, of course, be included in the
main control of GreedyTot at the expense
of greater complexity of the method.
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Table 1: Test case 1 with 14 PCB jobs. The table shows for each job the batch size (quantity), the number of different
components and the total number of components on a PCB.

Job Quantity
1 100
2 5
3 7
4 350
5 1000
6 2
7 1
8 500
9 100

10 10
11 1000
12 200
13 4

[N
IS

25

4
11

5
38
24
23
33
12
27
54

4
55
14
38

Numb. of diff. comp.

Total numb. of comp.
84
194
166
83
38
35
316
97
181
199
38
705
486
537
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Figure 1: Comparison of the (Tot) total production times of the jobs in Table 1 for different values of B. Moderate
production volumes.
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Table 2: Placement times (sec) for different jobs (case 1) where A= 0 and B = 30. The times have been estimated by the
chip shooter simulator of Valor for a SMT machine of the type HSP4791.

Job Uniq Group GreedyTot
1 22,02 21,79 22,02
2 38,44 41,98 40,70
3 32,34 33,39 32,41
4 21,80 25,96 21,80
5 15,49 19,32 16,10
6 15,21 19,46 16,30
7 54,07 59,96 64,05
8 23,34 26,04 23,34
9 33,78 36,42 35,01
10 36,94 37,06 38,73
11 15,19 16,45 15,19
12 105,47 107,98 105,47
13 72,83 74,81 72,83
14 84,44 89,58 87,66

Table 3: Solutions (case 1) where A= 0 and B = 30. Thetotal number of feeders of each group is given on the first row
where the group number occurs.

Uniq Group GreedyTot

Job Group no Numb. of feeders Group no Numb. of feeders Group no  Numb. of feeders
1 1 4 1 57 1 4
2 2 11 2 59 2 63
3 3 5 2 2
4 4 38 2 4 38
5 5 24 2 5 28
6 6 23 2 5
7 7 33 3 69 7 68
8 8 12 3 8 12
9 9 27 3 7
10 10 54 1 2
11 11 4 2 11 4
12 12 55 4 61 12 55
13 13 14 4 13 14
14 14 38 3 7

Total 14 342 4 246 9 286



