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lack of commitment toward modernization. [1]

The design of a high technology production facility
quite often hinges on the successful design of a
material handling system to integrate the various
automation centers. Traditionally, management has
been reluctant to invest the capital necessary for
high technology material handling equipment since

. they have no guarantee of the performance potential.
Simulation of a proposed facility design, with a
special emphasis on the material handling system is
illustrated as a key method for evaluating the
proposed design prior to the purchase of production
process equipment.

I. Introduction

The cost associated with the design and installation
of a high technology manufacturing facility can be
prohibitive. Justification for a new manufacturing
facility must therefore be extensive and must
consider, as completely as possible, all aspects of
facility performance. In the electronics industry
{and other high technology manufacturing facilities)
the key to manufacturing productivity, quality and
control is the optimization of the equipment housed
in the facility and fed by the material handling
system. The material handling system can provide
security, integrity and integration of the automation
required for the products being manufactured. The
facility itself must also provide flexibility to the
extent that products can be selectively mixed through
the facility while still maintaining overall control.

Material handling is a critical consideration with
respect to the automated factory because in it, great
amounts of in-process material are or will be moved
at a high velocity from place to place, stored for
future use or fed into operations that add value.
Material handling provides the movement, machine
tools the precision assembly, and computers the
direction. It is the balancing of these, however,
that is the most difficult to accompTish.

The key role of the systems integrator will be recog-
nizing the best practices available for minimizing
inventory and maximizing the utilization of assests.
For example, there may be a need for a unit-load
warehouse stacker if the real problem is simply
inventory out of control another situation may be a
new machine producing a number of parts the system
can neither feed to the machine nor take away.

Traditionally, management has found difficulty in
committing resources to the area of material handling
due to the uneasy feeling that are generally associ-
ated with large capital expenditures for untested or
unproven systems. American management has seen fit
to gear toward short term profitability as opposed to
long term survial. Seymour Melman, Professor of
Industrial Engineering at Columbia University shows
that over 2,000,000 jobs have been lost to foreign
competition from 1979 through 1980 due to managements

Melman further states that the goals of management
have shifted from long term, manufacturing commitment
prior to World War II to now one of short term, sub-
contract to overseas facilities. The author contends
that this Tack of commitment comes from management 's
inability to understand how total system integration
can occur. Further, simulation is one of the tools
available to demonstrate just how profitable the in-
tegration will become. Through system analysis and
design with simulation, management is able to regain
the confidence necessary to make commitments for
future survial.

Surviving in the 80's requires that management utilize
it's most basic tool - strategic planning. Manufact-
uring's strategic planning must be both a guide and a
control mechanism for improving the productivity of
the manufacturing system. The model of a manufactur-
ing system for the 80's (Figure 1) suggests how .
strategic planning {specifically strategic planning
through simulation) can guide and control the balanced
integration of the distinct subsystems into a produc-
tive manufacturing system.
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Figure 1: The System Model

The component parts of the model include all of the
major factors which must be included in a productive
automated manufacturing environment:

1. The human-factored work environment
2. The automation/computer controls
3. The islands of automation

4. The material handling systems

None of these components may be allowed to overpower
any of the others, yet all must be 1nc1uded for.the
manufacturing system to perform to its expectations.
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Increased capital spending for automation equipment
has often been touted as a panacea to the productivity
problems and the mechanism for making the company a
low-cost producer. Yet with all of our advances in
robotics and numerically controlled machines, we have
not yet solved the problem. In fact, these automated
machines may have added to the problem by creating
“islands of automation". These "islands of automation"
often create suboptimizing situations because they
have not been integrated into a total manufacturing
system.

The computer has altered the way we work in almost
every aspect of business and many of the productivity
jmprovements we have made would be impossible without

it. In manufacturing, computers aid in the design of
products (CAD) and in the control of automated manu-
facturing processes (CAM). However, successes in
Tinking CAD and CAM ‘into a truly integrated system
are particularly lacking in electronics. The compu-
ter, therefore, has not yet met its full potential

in answering the productivity issue and, in many
cases, has itself become an "island of automation'.

Material handling has been suggested as one of the
areas where great productivity gains can still be
obtained. This is probably true, but as with the
Tinking of CAD and CAM the necessary integration of
material handling with the manufacturing process has
often been neglected.

The key to integration of the material handling
system into the manufacturing facility is the use of
simulation. Simulation permits the examination of
different manufacturers types of equipment. Simula-
tion is a key ingredient to insure balance has been
brought to the total facility design process.

The concept of producing a system design for a high
technology facility relates to the artistic sense of
the designer in terms of new advancements for facil-
ity flow, experience and dedication of sound engin-
eering practice. Simulation must be performed on the
proposed design to determine whether the desired as-
pects of the design can be met. Simulation of a
hypothetical facility can answer questions pertaining
to:

1. Will the flow meet the needs of the specified
facility?

2. Will the equipment maintenance requirements hind-
er production, or have they been successfully
designed into the overall process?

3. Are the staffing levels and resource allocation
correct? .

4, Will the facility produce and control at the
quality levels required by management?

Many of these gquestions can be answered through
analysis of the system with simulation.

With ever increasing demands on the high-technology
industries' needs of its growing field of customers,
and its desire to fulfill the changing expectations
of its non-traditional work force, a manufacturing
environment must be created to sustain innovation.

A strong emphasis must be placed not only on stabil-
izing facility square footage and manpower, but also
on maintaining balanced growth and meeting the re-
quirements of increasing production schedules. The
need to improve the flow of production can be estab-
Tished with the tools attributed to computer-
integrated manufacturing (CIM) systems, thus allowing

production personnel to be concerned only with their
production tasks, not with physical movement and
tracing of materials. [2] The principals of CIM
integration need to be sensitive to all functions
within the manufacturing organization. Their inputs
are critical to developing the simulation data-base.
(See Figure 2)
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Figure 2
II. Design Issues in Facility Planning

A system that triggers positive responses from those
who use it must be built from components that meet a
wide range of needs. It should be easy to change,
with individual parts that can be replaced or expand-
ed with a minimum of disturbance to the system. When
each component or subsystem has a spectrum of uses, a
modular approach to problem solving is utilized and
flexibility in decision making is achieved. The
structural changes made possible by the modular
approach will allow the industrial environment to
keep pace with increasing demands for change at rea-
sonable cost.

The material flow pattern is the basis for the entire
facility design as well as the success of the enter-
prise. Too much emphasis cannot be placed on the
importance of determining the most efficient plan for
the flow of materials, information and peopie.

The importance of flow pattern in any facility as it
influences production can be analyzed in advance for
cost, quality and time using various means of mea-
surement. [3] The simulation analyst can integrate
these factors into an overall simulation model to
evaluate the facility design. Top management will
demand justifications for automated material handling
systems. A simulation model will be necessary to
show how the proposed system will operate in all sit-
uations. In addition, a tactical material handling
plan can indicate the most efficient routing of mat-
erial through the facility using routing analysis as
well as ilTustrate queues that may be required be-
tween certain operations. This technique will allow
the material handling engineer to increase his effec-
tiveness by using computer-aided plant layout. Sys-
tems will be designed using computer-aided plant lay-
out routines, integration with simulation models,
equipment design routings and interactive computer
graphics. This equipment and data analysis will

soon become a widely accepted planning tool in the
agtomated facility as the animation will be an effec-
tive means in presenting alternative concept designs.
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Material handling is to some extent an art, however,
and creative solutions often come from first-hand
experience in dealing with actual situations. Pro-
duction simulations and sophisticated MRP systems
will help, but the final answer must come through
analysis and implementation by a trained and exper-
ienced professional who is familiar with all the re-
sources available in order to make critical decisions

in this area.

The primary design objectives of the simulated materi-
al handling system are:

Reduce initial building cost

Reduce construction time

Reduce contingency investment

Increase efficient utilization of space over the

life of the building

Reduce change and relocation costs

Reduce energy consumption

Increase comfort, efficiency and satisfaction of

users

Utilize independent production units for use sep-

arately in any sequence

9. Centralize storage of inventory/work-in-process

10. Increase speed of the distribution system that
provides material to independent production units
just-in-time (J.I.T.)

11. Modular containerization for storage and handling
stardarization

12. Total "real-time" distributed process control
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Simulation is the key to evaluation of the integration
of these objectives. [4]

The remainder of this paper will discuss the applica-
tion of micro-computer simulation to three case studies
for faeility design. The first case study was an ex-
amination of an existing Tayout, the second, a propos-
ed move to a new building/layout and the third, was a
total building and site planning effort. In all three
cases simulation was a key integration tool in the de-
sign effort.

ITI. Facility Design Scenarios

ATt of the analysis discussed in this paper was con-
ducted on_an IBM-PC using the SIMAN simulation lang-
uage. [5] SIMAN is a general purpose simulation
language that executes on personal, mini and mainframe
computers. The advantages of the SIMAN language per-
tains to the fact that SIMAN is user friendly, FORTRAN
based, upward compatible from personal computers thr-
ough mainframes and oriented toward manufacturing
situations. The use of SIMAN as a "what if" decision
tool permits the system designers to investigate how
the actual design will perform prior to purchasing any
individual equipment items. SIMAN also permits Tower
first cost simulation capability since it runs on a
personal computer. SIMAN and simulation eliminate
many of the risks associated with the more traditional
approach of statically designing a facility and hoping
the integration of dynamic system components will per-
form to the desired specifications. This paper will
now discuss the application of the SIMAN IBM-PC lang-
uage to the design of three high volume electronics
board assembly shops.

Scenario One - Existing Layout Analysis

This case study consisted of analyzing an existing
layout. The layout was designed according to indus-
trial engineering techniques where the major emphasis

was placed on a scheduled cycle time so that the de-
sired number of units would be produced over the given
production period. The involvement in this project
occurred after the machines and material handling sys-
tem had been procurred, but not yet delivered. Man-
agement was concerned with the fact that the Tayout
was designed according tosstatic parameters and did
not consider the dynamics and interactions of the var-
ious pieces of equipment as well as the material hand-

ling system design.

The material handling system consisted primarily of an
extensive network of conveyors Tinking the various
machines to one another. Because of this particular
design criteria, there was virtually no room for que-
ing within the production facility.

This necessitated a very fine balance between the var-
jous pieces of equipment so as to not produce queues,

of items that would never be removed from the produc-

tion process.

The production process also consisted of dealing with
products one unit at a time through this in-line ass-
embly process. The product, however, started in Tots
of approximately 60 units, were then converted into
lots of 30 units, and then were finally subdivided
into individual units and handled uniquely. This nec-
essitated critical scheduling of the production pro-
cess so that the product would not develop queues.
Sufficient racks and storage devices were not avail-
able to hold the various items at key points of the
process.

The size of the production facility necessitated div-
iding the model into two sections. The first section
consisted of the in-line board production process
while the second section consisted of the assembly
process from which the final device was released.

The simulation model was developed and validated from
existing data. The data indicated that there were
several problems that existed in the original facility
design. The major problem was that the production
process was not balanced when dynamics of non-deter-
ministic machine times were included in the simulation
analysis. This meant the queue levels would build at
at certain points in the production process and never
be alleviated.

The simulation analysis indicated at best approximate-
ly 66% of the anticipated production level could be
met with the given facility design. Unfortunately,
the manufacturer had a contract to deliver product
where the deliverable quantity must be met according
to the terms of the contract. Had a simulation analy-
sis not been performed prior to installation of the
equipment, the manufacturer would have found that the
contract would have become default. A newly construc-
ted layout, based on the SIMAN simulation outputs, was
the result of this program.

However, the simulation analysis did point out several
interesting management interactions in that the mana-
gers in charge with the original facility design for-
ced themseTves to stick with the concept of the orig-
inal design and disagree with the results of the sim-
ulation model. Since simulation is a technique that
does not guarantee an exact one to one correspondence
with every detait of the existing facility management
would strive towards that particular realization and
state that the results of the simulation model were
therefore, not necessarily valid. After a seminar
that taught the finer points of simulation, however,
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the analysts in charge reflected to their management
that indeed the results of the simulation model could
be relied upon to illustrate the fact that the exist-
ing material handling design and process layout was
not adequate for the production Tevel's desired.

The sample process flow diagram (Figure 3) of a Print-
ed Circuit Board Assembly (PCBA) opertion illustrates
throughputs/hour, yield rates, rework loops and mach-
ine requirements. Figure 4 shows a section of the ex-
pansion of process flow diagram to a sequence of
blocks for translation of the simulation model to com-
puter code in SIMAN.

FROM KITTING

PRODUCT FLOW ANALYSIS

FOR P.C.B.A. OPERATIONS

Block Throughput !
DIP INSERTION 3,400
AXIAL INSERTION 12,500
RADIAL INSERTIONS 6,700
PIN INSERTIONS 8,000
SURFACE COMPONENTS 6,025
MANUAL PRESOLDER 550
WAVE SOLDER 250
LEAD CUT 250
MANUAL POST SOLDER 550

SHORT/OPEN TEST 120
REWORK 1 12
INSPECTION 20
IN CIRCUIT TEST 24
DIAGNOSTIC [
REWORK 2 10
ATE 5
AUDIT 120

Figure 3

RADIAL INSERTION STATION

STATION, 5

EXIT 5 CELLS OF CONVEYOR 4
QUEUE FOR RADIAL INSERTER
SEIZE RESOURCE "RADIALY

oPs INSERTION TIME FOR 30 PANELS

RELEASE RESOURCE "RADIAL"

MK30 TRANSPORT TIME TO NEXT STATION
X (407=30 '}
ST6
MK30
ST6 STATION, 6 MANUAL INSERTION STATION

QUEUE AT HAND INSERTION
C TN ]

FAR SEIZE RESOURCE "MAN"
SELAY
[_E6 {10] |

HAND INSERTION TIME

RELEASE

RELEASE RESOURCE "MAN"

QUEVE FOR CONVEYOR &

ACCESS 4 CELLS OF CONVEYOR 5

CONVEY TO STATION 7

Figure 4

Scenario Two - Proposed Building Layout Plan

This case study consisted of analyzing a situation
where management was examining the production cap-
ability of their particular facility in the future.
Management was concerned with the fact that volumes
and product mixes were changing and they were trying
to determine whether their particular facility could
be redesigned within an existing three building com-
plex or whether they would require relocation to a
larger new single building site. The project consis-
ted of simulating the entire production environment of
the existing electronic board packaging assembly shop.
Utilizing a similar format to the initial steps in
scenario #1, as the basic building blocks, a program
based on the SIMAN simuTation language was constructed
for the Tally and Discrete Change Variables as shown
in Figure 5. The simulation was run on an IBM-PC and
was encapsulated in one model.
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Tally Variables

Number Identifier Average Btandard Hinimum Haximum Number
Deviation Value Value of Obs.

1 SYS TIM DEFL 74.29974 11.12351 54,80644 99.85341 25

2 SYS TIM VIDEOD 74.560554 13,13191 &41.61190 111.41870. 15

3 S5YS TIM PS &61.10490 « 00000 61.104%90 61.104%90 1

Discrats Change Variables

Number Idantifiar Avaerage Standard tinimum Manimum Time

beviation Value Value Period
1 AUTOD UTIL < 65995 « 47023 « 00000 1.00000 80.00
2 MANUAL UTIL 8.626838 1.44386 5.00000 12, 00000 80.00
3 WAVE UTIL 26151 LA3946 » 00000 1.00000 80,00
4 LEAD UTIL 1.03210 .81170 » 00000 2, 00000 80.00
S TOUCH UTIL 5.56971 1.51727 2. 00000 8. 00000 80,00
& TOP UTIL 5.469044 63012 3. 00000 6.00000 80,00
7 PCB TEST UTIL 3.463398 73290 1.00000 4.00000 80,00
8 REWORK UTIL 15576 » 36263 » 00000 1.00000 @0.00
9 AUDIT UTIL 3. 00000 + 00000 3. 00000 3. 00000 80.00
10 AUTO OUEUE . 10884 +31144 00000 1.00000 80,00
11 MANUAL, OUEUE » 00000 +00000 - 00000 00000 80.00
12 WAVE QUEUE +04B3% 23482 «00Q00 2. 00000 80.00
13 LEAD OUEUE 13427 » 38620 « 00000 2.00000 80. 00
14  TOUCHUFP QLEUE 05155 26335 . 00000 2,00000 B80.00
1S TaP ASM QUE 1.7892%9 1.73095 + 00000 5.00000 8. 00
16 PCB TEST QUE 55246 « 74046 » 00000 3.00000 80,00
17 REWORK QUEUE <« 00000 + 00000 » 00000 + 00000 80.00
18 AUDIT QUEUE 13.3807% 3.55578 &. 00000 21.00000 80.00
Counters
Number ldentifier Caunt Limit
1 DEFLECTS PROD 2500 Infinite
2 VIDEOS PROD 1500 Infinite
3 POWER SUP PROD 100 Infanite
Figure 5

The model was flexible from the standpoint of rework
yield rates and production rates on a per unit basis.
Attributes of the particular production unit were the
times required at various production processes in add-
ition to the yield experienced on different products
through the various test areas.

A major problem associated with this particular case
study was that the manufacturer was analyzing the
change from the current manufacturing process to the
new production process of surface mounted device (SMD)
technology. The challenge was the development of a
production facility that would meet the needs of cur-
rent production requirements at minimum cost and yet
still be flexible enough to meet the future needs of
the production process out to the year 1990. The pro-
blem of switching from a current technology to a new
technology is that both production processes will be
in existence in the facility at one time thereby nec-
essitating a larger space than either production pro-
cess would require by itself. Eventually, the new
production process will require less square footage
but, unfortunately, few manufacturers are able to en-
tirely halt production and start up with a new produc-
tion facility when the new technology has advanced to
where they will begin using it. The simulation data/
facility design proved this out.

Several other goals of this particular facility design
were to eliminate traditional warehousing and kitting
methods, to standardize tote container sizes, and to
perform lot tracking. The concept was advanced to the
Tevel that the automated storage/automated retrieval
system (AS/AR) would deliver tote-containers directly
to the work station. The facility was required to be
able to react quickly and efficiently to chaning pro-
duction schedules. A1l of these aspects were incor-
porated into the simulation model and an extensive
simulation analysis indicated the praduction perform-
ance of the facility as designed for three buildings
verses the single building Tayout. The study indicat-

ed that the three building approach would be insuffi-
cient in terms of the desired production quantities
and technology required for this manufacturer's fac-
ility. Therefore, the single building Tayout was the
particular facility design that was the final outcome
of the overall Tayout project.

In this particular instance, the management reacted to
the results of the analysis and simulation outputs and
indeed procurred a single building where the prodcut-

ion process could be relocated so as to meet the needs
of projected requirements out to the year 1990.

Scenario Three - The Facility Planning for a Proposed
Building on a New Site Plan

In this partciular case study a company has been ex-
periencing rapid growth over the Tast four to five
years and had been growing into many different build-
ing locations. This company wanted to consolidate
under the "one roof" concept. A 30 acre panel of land
was available for construction and an adjacent 10
acres was also available, but several other parties
were interested in this parcee. A critical decision
had to be made by the company in order to determine
whether appropriation of the additional 10 acres was
required for parking or additional growth over the
next three to five years. The study began by examin-
ing existing processes and product mixes. This study
was performed in order to develop a data base that
would be used as the foundation to evaluate future
processes and product mixes that would be housed under
the one roof building concept.

The objectives of the facility design itself were ones
that would aliow just-in-time delivery from the ware-
housing operations to the assembly functions within
the manufacturing operations. The first step in the
process of accomplishing these goals was determination
of the size of the warehousing function.

The warehouse analysis began with a simulation study
to determine the number of dock doors that would allow
for more frequent deliveries of trucks bringing inven-
tory into the facilities and the number of docks re-
quired for shipping products out of the facility.

Once the humber of dock doors has been established, the
method of removing vendor packaging as soon as possible
was also determined through simulation. Requirements
in the number of standardized containers for the de-
trashed material was also analyzed as well as the num-
ber of random storage Tocations that would be needed
to house the product in mini-load and other AS/AR sys-
tems. The simulation output reports determined the
throughputs of these systems as well as assisted in
determining the proper application of conveying the
raw materials to the various assembly areas. Due to
the capabilities in the program for sizing of the
future warehouse needs a design for expansion and
flexibility was planned for this critical area of the
facility. '

The sub-assembly area was developed through extensive
sensitivity analysis surrounding material flow, . re-
source levels and product mixes. Production projec-
tions through the year 1989 were Toaded into the model
and a quarter by quarter analysis of resource utiliza-
tions, throughput times and queue levels were pro-
duced. Figure 6 is a samle output for analyzing the
utilization at a particular machine. A similar study
was performed for the final assembly process.
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Figure 6

The final analysis stipulated a production area re-
quirement of a 1itte more than 200,000 square feet,
housing manufacturing process equipment, material
handling systems and personnel. This manpower re-
quirement in turn enabled calculation of the packing
requirements for the facility. The result was that
effective and efficient design avoided the purchase
of the initially proposed 10 acre adjacent parcel,
resulting in extensive cost avoidance.

IV. Concluding Remarks

SIMAN was found to be an effective and Tow cost
analysis tool to aid in the design of material
handling and facility systems for these three
scenarios and other high technology manufactures.
The process of facility design has been greatly
enhanced through these simulation modeling tech-
niques. Management can finally have confidence

in the given design since it has been "tested" on
the computer. 1In addition, simulation on a micro-
computer permits nearly everyone to utilize simulation
since the cost of the language and computer are no
Tonger prohibitive.

SCENARIO THREE
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