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ABSTRACT

As part of an ABB training program, two manufacturing
engineers introduced a manufacturing facility to the
benefits of modeling and simulation. The project goal
was to evaluate a proposed manufacturing cell for a
newly developed product. The engineers identified
numerous layout improvements, but the analysis showed
significant improvements in cycle time would still be
needed to meet aggressive throughput targets. In
addition to illustrating the use of deterministic modeling
as a precursor to simulation, this paper also highlights
lessons learned by these first-time simulation users.

1 INTRODUCTION

The Power Transmission and Distribution segment of
ABB sponsors an Advanced Manufacturing Program
(AMP) for selected manufacturing engineers. As part of
the program requirements, pairs of participants must
perform a project to apply the tools and methods
presented in the training sessions. As participants, we
decided to use simulation and modeling techniques as the
focus of our project. This paper presents our first time
experiences and the results we gained while evaluating a
proposed manufacturing cell designed to produce a new
product.

The facility we selected produces medium and low
voltage switchgear for customers in the power generation
industry, as well as commercial, industrial, and OEM
market segments.

A dedicated assembly area was designed to produce a
new product line that incorporates technological features
not yet available to the competition. With an anticipated
head start, it is important to maximize the competitive
advantage by planning and executing the design of the
new manufacturing cell quickly. Also, designing the cell
optimally was viewed as a critical step to minimizing the
manufacturing costs immediately. The lack of previous
experience with this kind of workcell and product,
coupled with the importance and timeliness of the

project, led us to believe that the cell represented an
ideal opportunity to showcase the strengths of
simulation.

2 THE SYSTEM DESCRIPTION

A new product line of medium voltage switchgear
entered production in late 1995. The new product
consists of a number of frames (cabinets) that contain
various combinations of circuit breaker, PT (Potential
Transformer), instrument, low-voltage, and rear bus
compartments. This facility operates as a make-to-order
business with significant design engineering required.
Because of their size (each frame has dimensions of
roughly 36” wide x 92" deep x 95" tal), an order is often
broken up into groups (called splits) of two to four
frames for shipping purposes.

Figure 1 illustrates the genera cell layout as originally
designed. The product flow is from left to right and
dtarts with subassembly and module assembly, then
proceeds to stacking modules into frames, frame
assemblies into shipping splits, final wiring, mechanical
assembly, test, and then shipping.
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Figure 1. Original Cell Layout Design
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3 THE DETERMINISTIC MODEL
3.1 Method Overview

As afirst step, a deterministic model was developed for
capacity analysis using Microsoft EXCEL Version 5.0c
(1994). A spreadsheet model offered the following
advantages:

1. it is based on a software product that is widely used
and readily accessible;

2. it enables simplified modeling that is easy to
understand;

3. it facilitates the definition of data requirements;

4. it has the potential to yield reduced data
reguirements, and

5. it alows quick turnaround which means quick
feedback, and it provides a quick check for obvious
data problems.

The spreadsheet provides static as opposed to dynamic
analysis because the spreadsheet does not consider
random behavior in the system (e.g. arrival frequencies
and variable processing times, movement and queue
times). By ignoring random behavior, we gained
simplification but sacrificed accuracy. In general, the
static estimates are idealistic; however, knowing an
upper bound on performance is useful information.

The capacity analysis served two purposes. For
system designers, the spreadsheet offered a simple
analysis tool to help acquaint them with a modeling
perspective. Its different viewpoint offered immediate
benefits by  targeting potentia  improvement
opportunities and trouble spots. For us, it acted as a
validation check on the supplied data. Each time the
designers judged the analysis results unrepresentative,
we reviewed the data for accuracy.

3.2 Assumptions

Assumptions relate the model behavior to the physical
system behavior by serving two purposes. The first
purpose is to identify system details not included in the
model because they do not influence performance. The
second purpose is to define how the included details are
represented in the model. The following is alist of the
key assumptions made for this deterministic model:

1. there are only three product types (configurations),
2. no materia handling times are included, and
3. rework is not included.

3.3 Model Data

The deterministic model uses two sets of information to
estimate system performance. The first, shown in Table
1, lists the volume by product type, the yearly production
hours per person available, and the performance rating,
sometimes known as PF&D (personal, fatigue and
downtime). The second table (not shown for data
sengitivity reasons) lists the average processing times (in
hours) for each task performed by product type based on
historical labor records.

We define the Labor Capacity as the fraction of an
operator’s time needed to perform an operation for a
specified product volume and performance rating. It is
calculated using the following equation:

(Standard Processing Time)(Totd VVolume)

Labor Capecity =
v (Performance Rating)(Tota Production Hours)

Table 1: Volume Data

Total Volume/Year XXX

Total Production hr./year 2000

Actual performance rating | 90%

Product Type 1 2 3
Arrival Percentage 0.4 0.3 0.3
Volume XXX XXX XXX
3.4 Results

The results from this modeling effort split into two
categories. those that resulted from the analysis and
those that resulted from the process.

The analysis results confirmed the fact that the current
processing times were not adequate to produce the
designed throughput goa even under ided
circumstances. Further it pinpointed the bottleneck areas
and let us gauge the manpower regquirements.

The process results included the discovery of the three
dominant product types. Previously, everyone believed
that there were innumerable custom product types. This
insight led directly to the consideration of kanbaning as
an option to be considered in the simulation model
analysis.












