


Figure 2: Detailed Simulation showing the Bush Press

4. OPTIMIZATION OF THE BUSH PRESS
SYSTEM

The Bush Press process uses pallets travelling
around a circular system through robot and
human stations to carry the four different types of
parts. There are 16 pallets, 4 different types hence
4 of each type. The order that these pallets are in
the system directly affects the cycle time of the
system. This is because each part type has a
different work content in each station and it is
important to try and balance the work around the
system as best as possible. Figure 2 shows the
Bush Press section of the Detailed Simulation.
The user is able to view: the pallets flowing
around the system, achieved cycle time and
volume information.

In order to identify the best possible pallet order
the Detailed model was set up to use WITNESS
Optimizer software on the Bush Press section of
the model.

The objective of the optimisation process was to
obtain the lowest possible cycle time for the
system by changing the order of the pallets. The
optimisation program identified over 1 billion
possible pallet orders that it could test. The 1
billion figure is actually 4. This is due to there
being 16 pallet positions in the system and 4
possible types of pallet for each position; this

would give 4'® possible combinations to test. To
reduce the number of possible combinations by
75% one position in the order was fixed and
hence the number of actual combinations is 4'.
The total number of different pallet orders were
not reduced as the system is a loop and hence one
position can be fixed and all other positions can
change around it.

When choosing the order manually the aim is to
avoid having 2 pallet types together that both
have high work contents in the same station as
this will cause other pallets to queue behind then
and thus increase the overall cycle time. With this
in mind it has been common practice for
production and engineering staff to choose a
repeated pattern of the four types of pallet e.g.
1234, 1234, 1234, 1234 or perhaps 1423, 1423,
1423, 1423. However with a simulation model to
help together with optimisation technology it was
thought that these simplistic solutions could be
improved.

WITNESS Optimizer changes the value of
specified variables within a range or limits to try
and obtain the highest/lowest value of a specified
function. In this case the objective set was to
minimise the cycle time obtained from the cell.
As is often the case with optimisation the
formulation of the problem to set up the correct
experimental boundaries needed careful thought.



work with the values 1, 2, 3 and 4 allocated to the
four pallet types it does work when the values 1,
10, 100 and 1000 are allocated to the four pallet
types. The total of these values must equal 4444.
If they do not equal 444, then that combination is
ignored by the Optimisation program and not
tested.

The method that was employed allocated a
number to each type of pallet and then allowed
the Optimizer to choose each pallet of the 16
individually from the four numbers. However to
ensure the correct number of pallets of each type
were in the system, a constraint was added so that
the total of the numbers selected ensured 4 of
each pallet type. Whilst this constraint would not
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Figure 3: Witness Optimizer control

IF OptFlag <> 1 BP.JigOrder (16) = 1000
I

BP.JigOrder (6) = 10
BP.JigOrder (7) = 100
BP.JigOrder (8) = 1000
BP.JigOrder (9) = 100
BP.JigOrder (10) = 1000
BP.JigOrder (11) = 1000
BP.JigOrder (12) = 1
BP.JigOrder (13) = 1
BP.JigOrder (14) = 10
BP.JigOrder (15) = 100

BP.JigOrder (1) = 10 !

BP.JigOrder (2) = 1 ENDIF
BP.JigOrder (3) = 10 !

BP.JigOrder (4) = 100 !

BP.JigOrder (5) = 1 FOR x =1TO 16

IF BP.JigOrder (x) = 1
BP.Order (x) = BP.JFM

ELSEIF BP.JigOrder (x) = 10

BP.Order (x) = BP.JRA

ELSEIF BP.JigOrder (x) = 100

BP.Order (x) = BP.JRM

ELSEIF BP.JigOrder (x) = 1000

BP.Order (x) = BP.JTV
ENDIF
NEXT

Figure 4: Code to allocate values to Pallet type when using Witness Optimizer
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The code in Fig 4 is taken directly from the
Witness model Actions on Initialisation. This
code shows how the logic of the optimisation
program works. Each pallet position is given a
value, 1, 10, 100 or 1000. When WITNESS
Optimizer is not being used these values are
allocated manually as shown however when
WITNESS Optimizer is being used, WITNESS
Optimizer allocates these values. WITNESS
Optimizer is instructed to allocate either 1, 10,
100 or 1000 to each of the variables specified
however it will only run an experiment if the sum
of these values equals 4444 and hence there are 4
pallets of each type in the system.

The Optimizer program obtained an improved
cycle time for the system. Optimizer reduced the
cycle time by 3% within 100,000 experiments.
Due to the limited experimentation times possible
a variety of methods were tried with the
Optimizer including the simulated annealing
algorithm contained in the program and a range
of other options include random selection of
experiments and basic hill climbing methods.

5. COST SAVING

The Qashqai model has exceeded all sales
expectations and the plant has been asked to
exceed its planned capacity. The suspension plant
is currently running on a 4 shift 7 days per week
shift pattern. A pattern such as this limits the
opportunities to trial improvements to the process,
and what limited downtime there is available is
used by maintenance to keep the equipment
operational.

The simulation has helped identify opportunities
for improvement in the system and has given
engineers an opportunity to trial improvements
without having to stop production in order to do
so. The ability to trial improvements without
using the actual plant provides a significant cost
saving to the plant (exact figures cannot be
declared), as currently any downtime could be
causing lost production and hence lost sales.

There are several projects ongoing at present to
investigate methods of increasing vehicle
production to meet ever-increasing customer
demand, using the Simulation models that have
been discussed in this paper.

6. THE FUTURE

All processes within manufacturing are becoming
more complex and increasingly automated in
order to compete with the LCC’s (Low Cost
Countries) and to produce more intricate and
complex components. Certain countries are
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termed LCC due to having particularly low
labour costs relative to the West, e.g. the UK,
USA and Western Europe. Examples of LCC’s
include Poland, India and China. Competition
from LCC’s forces Western countries to invest
further in automation and more efficient
processes in order to compete on cost. These
highly complex processes are becoming
increasingly difficult to understand, measure and
improve without utilising the assistance of a
computer.

Simulation offers a fantastic opportunity to
recreate highly complicated processes on a
computer, improve them and understand how
they interact with the larger system of a
manufacturing plant. Modelling at different levels
of detail allows the performance of particular
cells and areas of production to be evaluated and
optimised fully whilst also allowing overall
performance of a facility to be established. Each
model has different objectives and the results are
clearer for being at the right level of complexity.

The simulation professional in an organisation
does well to establish models clearly in this way
and also to present models in a simple way to
Process Engineers and Production Supervisors.
Simple presentation involves utilising features
such as Microsoft Excel for data input and results
output. It is increasingly important that the
Process owners are engaged in this way to ensure
that the value of simulation is seen and usage of
such techniques is increased.
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