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"l think it is very important to apply group technology concepts for
higher productivity of the U.S. shipbuilding industry. Not only are
‘Zone Outfitting” and “ Product Work Breakdown Structure”
important, but also the overall implementation of group technology
methods, such as classification and coding, computer-aided process
planning, design and process data retrieval, etc. are essential for
further improvement of the industry.”

So said Dr. Inyong Ham, Professor of Industrial Engineering,
Pennsylvania State University, when asked to comment on the application
of group technology manufacturing methods to the U.S. shipbuilding
industry.

The U.S. shipbuilding industry is at a crossroads. If productivity is not
increased, only those ships most vital to the nation’s defense will be built in
U.S. shipyards. The rest will be forfeited to foreign competition as cost,
quaity and construction time become the key determinants in contract
awards.

For many years, group technology has been endorsed by shipbuilders
worldwide as one of the cornerstones of the shipyard of the future. In other
industries, group technology has been an effective bridge to the benefits of
advanced technology manufacturing. Part standardization, repeatable part
assemblies, computer-aided process planning, automation, and robotics are
benefits long overdue to the building of ships. The shipyard that adopts a
wait-and-see attitude may wake up to find an industry dominated by
competitors speaking a new and different language. The true peril of the
current crossroads lies in the disparity between the long learning curves
imposed by these new technologies and the short backlogs held by most
shipyards.

The goal of this project was to shorten these learning curves. As Dr.
Ham points out concepts are only a beginning. Tools for implementation
of group technology work methods are essenntial for further improvement of
the industry. Tools make technology more accessible. This manua and the
classification and coding system contained herein were developed as tools to
make group technology more accessible to the U.S. shipbuilding industry.

This manua

® discusses group technology and its application to shipbuilding,

® presents a classification and coding system based upon the concepts
of Product Work Breakdown Structure,

® presents examples illustrating use of the classification and coding
system in two forms; manual and computer-aided,

® discusses subjects related to use of the classification and coding
System and

® |ists resources for further information.
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SECTION 1
The Project and this Manual

Section One acquaints the reader with the goals and methods
of this manual and the study that produced it.

1.1 Introduction

This manual is the result of a two-year study conceived
and administered by the SP-4 Design/Production Integration
Panel of the Ship Production Committee. The members of
this panel had witnessed the important role group
technology was playing in a productivity revolution that
was occurring in many industries. Similar benefits, they
felt, could be realized in the building of ships. The panel
instituted this project to explore the role classification and
coding, an important aspect of group technology, would
play in attaining these benefits.

At the heart of this effort, was the panel’s conviction
that many of the barriers encumbering productivity are a
result of the polarization of design and production. In their
view, design is, in fact, the first step taken in building a
ship. Many factors affecting production efficiency are
determined during design; it is essential to integrate these
functions to ensure that features designed into a ship are
suited to the facilities and resources that will be used to
build it.

At the heart of his integration effort is effective
communication. If ship designers and shipbuilders can
develop a common language which communicates the needs
and concerns of both, then a significant step toward true
integration will have been taken.

Enter classification and coding. Classification began
when man sought to understand the world around him. By
identifying and placing plants and animals into hierarchical
relationships with one another, classification provided a very
precise language to describe life on this planet. In
shipbuilding, the vast amount of work that goes into the
building of a ship requires an equally precise language if it is
to be understood. A classification and coding system will
not, by itself, integrate design and production.  But by
providing a common language for the description of work.
the panel felt one major obstacle toward that goal would be
overcome.

Also considered as a part of this project were
manufacturing technologies the panel had observed in other
industries and concluded were downstream benefits of group
technology and classification and coding. These included
computer-aided process planning, flexible manufacturing and
“Just-In-Time”  material procurement. The  effect
classification and coding would have on the use of
CADI/CAM, particularly in the areas of standard part

libraries, standard structural configuration details, and
standard equipment arrangements was also recognized as an
important potential benefit of this project. Considering all
the possible benefits that could result from the devel opment
of a classification and coding system, the panel deemed this
project awise investment on behalf of the U.S. shipbuilding
industry.

Todd Seattle was given the task of exploring group
technology with the intent of developing art application of
classification and coding for the shipbuilding industry. The
results of this effort are presented in Section Three, Product
Work Classification and Coding which traces the
development, presents the configuration and explains the
function of the classification and coding system, in a manual
and computer-aided manner.

During the course of this study, information needed to
define certain characteristics of the classification and ceding
system was developed.  This information presented in
Section Four, Related Subject, should be reviewed by any
shipyard implementing this system or developing one of
their own.

As this study progressed and the classification and coding
system began to develop, it became apparent that to
communicate its function and configuration in this manual,
it would be necessary to introduce certain terms and concepts
not in general use in the shipbuilding industry. This
information is presented in the following chapter, Section
Two, Group Technology.

In concluding this introduction, it should be stressed that
group technology is a productivity tool that tends to create
broad and complex applications. The goal of this project
was to provide a good foundation for an application that, for
many shipyards, may grow to many times the size of the
system shown herein.  This manual is a chronicle of the
research that led to the development of that system.
ultimately, it is hoped that this manual will play apart in
the shipbuilding industry becoming a pioneer in the
application of group technology to large and intricate
assembled products.

A glossary of terms and a catalog of the resources from
which this study drew definitions, data, direction and
information are presented in Appendix A - Resources.
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SECTION 2
Group Technology

Section Two provides a common understanding of the terms,
concepts and goals Of group technology.

SECTION CONTENTS

2.1 Introduction

2.2 Definitions

2.3 Concepts

231 Concepts for Organizing Work
2.3.2 Concepts for Accomplishing Work
2.3.3  The Concept of the Interim Product

24 Group Technology in Shipbuilding
25 Beyond Classification and Coding - A Case
History

2.1 Introduction

During the course of this study it became apparent that
to report the findings of the research would require using
certain terms and concepts which are not in general use in
the shipbuilding industry. Rather than leave the meaning of
these terms and concepts for the readers to discover on their
own, this section was included to define them according to
the needs of the shipbuilding industry. All of the terms
defined in this section are included in the glossary in
Appendix A-1.

2.2 Definitions

Group technology is a concept, a philosophy, a
business, a theory, a system an approach and a buzz word.
During its two-year study, this project uncovered literally
dozens of viable definitions of group technology. All had
meaning within the context of their use. All spoke of what
group technology did for the industry to which it was
applied. Few addressed how group technology accomplished
work It might be helpful then to begin this introduction by
defining group technology and examining the concepts
involved in its use.

Considered separately, the dictionary defines the words
‘group’ and 'technology' as:

Group - A number of individuals or things considered
together because of certain similarities.

Technology - The application of science especially to
industrial or commercia objectives.

(From the American Heritage Dictionary of the English
Language, New College Edition.)

An effective composite definition assembled from these
might read:

Group Technology - A means of attaining industrial or
commercial objectives by scientifically considering

individuals or things together because of certain similarities.

Dr. Inyong |. Ham of the Pennsylvania State University,
a noted authority in the field of group technology, inferred
this idea when he defined group technology as

"A manufacturing philosophy which identifies and exploits
the underlying sameness of parts and manufacturing
processes’.

To better serve the needs of this manual, the following
definition, more specific to shipbuilding, was developed.

Group Technology/Shipbuilding - A shipbuilding
strategy that identifies similarities that occur at specific
stages of the shipbuilding process, from design through
delivery, and exploits those similarities to achieve the
industrial goals applicable to that stage and/or the entire
process.

23 Concepts

When group technology is applied to an industry, it
typically manifests itself in the form of new methods for
organizing and accomplishing work It may be helpful then
to explore how group technology functions in terms of:

« group technology concepts for organizing work and
« group technology concepts for accomplishing work

2.3.1 Group Technology Concepts for Organizing Work

Group technology has made a significant contribution to
many companies solely because of its capability as an
organizing tool. In these companies, managers use group
technology to organize parts, products, information, data and
people. Because this study limited itself to parts and
assembled products, this discussion will concern only these
items. It should be remembered however, that the concepts
defined here can be applied to the organizing requirements of
many things.
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Figure 2.3-1
Generic Classification Coding Tree

Group technology derives its organizing capability by
providing a structure or framework for the performance of
work. Within this structre large, unwieldy quantities of
parts and products can be sorted into smaller, more
manageable groups according to specific attributes.

Attributes - An inherent characteristic of a part or
product.

Significant attributes which enable parts and products to
be sorted are identified with the aid of a classification and
coding system.

Classification and Coding System - A structured
arrangement of the significant attributes which a company
uses to sort its parts and products and an abbreviated means
of identifying them with code characters.

A generic classification and coding system is shown in
Figure 2.3-1 in the form of a classification tree.

Classification Tree - A graphic means of portraying the
structure, attribute groups and codes of a classification and
coding system.

Thetreeisread, or traversed, from left to right as parts
are sorted into groups which become progressively more
specific.

The selection and structuring of attributes me two of the
most important aspects of a classification and coding
system. The identity of the attributes must sort parts and
products into groups which are compatible with the
prccesses that will be used to manufacture them. The
structure of the attributes must reflect the organizational
structure of the manufacturing facility.

In Figure 2.3-2, a classification and coding system for steel
parts is shown.

This classification and coding system sorts steel parts
according to attributes which are significant to their
production processes. These processes will be discussed
further in Section 2.3.2., “ Group Technology Concepts for
Accomplishing Work”.  For this discussion concerning
organization, it is important to recognize that this
classification and coding system would provide a shop which
produced steel parts with a means of organizing parts.
Rather than attempting to manage al of its parts as a single
entity, it can now sort those parts into four smaller, less
complex entities.

Figure 2.3-3 illustrates how a variety of steel parts, each
uniquely numbered, are sorted into groups possessing the
attributes reflected in the classification and coding system.
After classification, parts are identified by a two-part number
made up of the part number and its group code. By
identifying parts in this way, each part retains an individua
identity for job assignment and a group identity for sorting.

This two-part number is the key to group technology’s
organizing capability. It captures the information that
enables a company to sort parts and store and retrieve related
data by groups. This means of storing and retrieving part
and product data is often the primary benefit many
companies receive from using group technology. Some
companies do this manually in file cabinets, others use
computers. Either way, the concept is the same.

The classification and coding system and the logic by
which it identifies and structures attributes are the heart of
any application of group technology. By establishing the
organizing characteristics for parts and products, the
classification and coding system reflects organizing
characterigtics for the work that will be done to manufacture
them.
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Figure 2.3.2
Steel Part Classification and Coding Tree

232  Group Technology Concepts for Accomplishing
Work

Group technology’s Power as an organizing tool has
improved the efficiency of many companies. The greatest
benefits, however, have been realized by those companies
which have extended the logic used to organize parts and
products into their production facilities. In these companies,
group technology becomes a two-way street: Parts and
products are organized according to the production processes
they require, and production facilities are organized according
to the production processes of the parts and products they
produce.  In companies which fully embrace group
technology, the end use of a part or product is only
significant during design and final testing. During the
manufacturing cycle, the identity of a part or product is a
function of its production processes.

The value of sorting parts and products into groups
requiring similar manufacturing processes becomes apparent
when the cost of maintaining those processes is known. If
the number of required processes can be reduced by
manufacturing similar parts and products by common
prccesses, then production cost will be less than when
similar parts and products were manufactured by independent
prcesses.

Referring again to the classification and coding system
shown in Figure 2.3-3, this application of group technology
provides a means of accomplishing work by sorting steel
parts according to their production processes. Those parts in
Group 11, Parallel Parts from Plate, would be cut on a
shear. Parts in Group 12, Non-Parallel Parts from Plate,
would be cut with a numerically controlled torch. Parts
from Shapes with a Square End Cut, Group 21, would be
cut with a cut-off torch, while Parts from Shapes with Non-
Square Ends would be cut with a saw. Certainly, other
processes could be substituted in place of those mentioned
here, depending on the configuration of the part and the tools
available at the facility. It is apparent though, that this

classification and coding system would enable the steel shop
to route its parts to the tool which could most efficiently
produce each part. The steel shop, in turn, would be
arranged to reflect the most efficient routing for parts that
required multiple prccesses.

This example has been kept relatively simple to
demonstrate the relationship between the part attribute and
its corresponding production process. In this case, a single
attribute required a single process.  Group technology
becomes more complex when single attributes or
combinations of attributes require multiple processes.
However, the logic remains the same: The attributes dictate
the selection of processes.

This discussion has tried to demonstrate that the full
utilization of group technology is a two-step process.

Step 1. Parts or products are sorted into groups which
possess similar attributes using a classification and coding
system.

Step 2: These groups are exploited to yield the most
productive use of the manufacturing facility and its
production processes.

Further, these steps are interdependent: The classification
and coding system is partially derived from the capabilities
of the manufacturing facility, while the facility is often
arranged to suit the production requirements of the part and
product attributes.

2.3.3 The Concept of the Interim Product

Before discussing group technology and its relationship
to shipbuilding, it is necessary to define the concept of the
interim product. For it is this concept which enables
companies to utilize classification and coding in organizing
the manufacture of products which are assembled from large
quantities of both fabricated and purchased parts. Further,
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Sorting with Classification and Coding

because shipbuilding involves such a large number of
assemblies and sub-assemblies, the term “part” does not
provide an adequate vehicle for production control. The term
“interim product” was devised to provide this vehicle for
control.

Interim Product - Aninterim product is the end result of
any one stage of production.

This definition is necessarily broad because of the many
stages of production in building a ship. An interim product
can be:

* Anindividual fabricated part,
* Anassembly of individual parts; purchased,
fabricated or both,

* Anassembly of previously produced interim
products,

* The installation of smaller parts or interim products
into alarger interim product,

* The act of testing an interim product,
* The act of preparing purchase documents and
palletizing parts and components,

* Theact of cleaning, preparing the surface of, or
painting an interim product,

In shipbuilding, it is the interim product which is
classified and coded to form groups from which work
packages can be planned.

2.4 Group Technology in Shipbuilding

The building of a ship, with its tremendous variety and
volume of work, would seem to be fertile ground for an
effective application of group technology. To search
through the many divergent aspects of ship construction and
identify the most significant attributes of the parts and
products involved, however, seems an overwhelming task.

But to wisely identify and exploit these similarities will
benefit the industrial goals of the designer, the shipyard and
ultimately the owner in ways no shipbuilder can afford to
ignore.

In fact, the use of group technology in shipbuilding is
not a recent occurrence. For many years shipbuilder have
sought methods to divide the enormous task of building a
ship into a series of smaller, more manageable projects.

Many of these methods fall loosely within the definition of

group technology because they attempt to divide the
shipbuilding process according  to some system of
similarities which is then exploited to benefit the
shipbuilder.

To establish a starting point for understanding group
technology in shipbuilding, it will be helpful to quickly
review one of the most popular applications currently in
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usein U. S. shipyards. The Ship Work Breakdown System
(SWBS). Under SWBS, similarities of system function are
identified in a classification and coding system. The first
two branches of this system are shown in Figure 2.4-1. In
many shipyards, the SWBS classification and coding
system is used as a means of organizing:

« Drawing schedules,
« Materia catalogs,
« work planning,

« Work orders,

« Craft labor, and

« Cost collection.

SWBS and systems similar to it are widely used because
they provide a single, consistent classification and coding
system which can be used in virtually all aspects of
shipbuilding, from preliminary design through life cycle
maintenance.

Recently, a reduction in the number of ships being built
worldwide has created a very competitive situation in the
shipbuilding industry. To compete more effectively, many
shipyards have sought means of increasing productivity.
These shipbuilders witnessed the significant productivity
improvements group  technology had created in other
industries and felt that similar improvements could be
implemented in the shipyard. Of particular interest was the
direct connection group technology provided between part or
product attributes and production process selection. |If
shipbuilding processes could be selected by attributes found
in the various parts and products that make up a ship, work
could be planned and production managed more effectively.

SWBS and other incumbent, system function oriented
classification and ceding  systems were found to be
inadequate for this purpose. ~ While the attributes they
possessed provided a means of organizing work, they did not
capture the most effective information for accomplishing
work.  Attributes of system function did not provide an
effective basis for process selection because

1. Work packages predicated on system function often
contain a variety of work processes and make no distinction
between fabrication and assembly work,

2. Systems typically run to many parts of a ship
resulting in work packages that are spread over large areas
making them difficult to monitor and coordinate,

3. Work packages often contain too many man-hours to
serve as an effective means of process control.

To effectively utilize group technology as a means of
organizing and accomplishing work, shipbuilders needed a
classification and coding system that identified part and

product groupings according to production process
similarities, i.e., work packages, containing similar types of
work, in manageable increments and areas.

To meet these needs, the most advanced builders of ships
have begun to use an application of group technology called
Product Work Breakdown Structure (PWBS). ~ PWBS
provides a scheme for sorting ship parts and products
according  to similarities of product work, rather than
system function.

It would be a duplication of effort for this manual to
describe, in detail, product Work Breakdown Structure. The
reader is instead encouraged to read or review the manual,
“Product Work Breakdown Structure”, a publication of the
National Shipbuilding Research Program, 1982 revised
edition. A classification and coding system that was
derived from Product Work Breakdown Structure is
presented in Section .

The remainder of this section will be devoted to
discussing, in general terms, the capabilities a classification
and coding system provides.

2.5 BEYOND CLASSIFICATION AND CODING - A
CASE HISTORY

Ultimately, a classification and coding system becomes a
tool for capturing information, and it is information which
is used to organize and accomplish work. In its research,
this study witnessed applications of group technology that
began with classification and coding of the work object and
gradually accumulated more and more information until
virtually every aspect of the journey through the
manufacturing facility was defined.

The classification and coding system presented in the
following section was developed with such an application
in mind. Its objective was to classify and code the work
object, i.e., the interim product, with the knowledge that
this was but the first step in what would eventually become
amuch larger information capturing process.

The relationship between classification and coding and
other aspects of this process is demonstrated in a case
history presented as Figure 2.5-1, A Broader View of Group
Technology, a paper by employees of the Boeing
Commercia Airplane Company.  This case history is
significant to the goals of this study because it

1. concerns the design and production of a large, highly
complex product,

2. the product is