MODULAR SHIPBUILDING AND ITS RELEVANCE TO CONSTRUCTION
OF NUCLEAR POWER PLANTS

by

Thomaa W. Seubert
Lieutenant Commander, United Stateas Navy

B.5. Electrical Engineering
University of Mississippi
(1977)

SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS OF THE
DEGREE OF

MASTER OF SCIENCE
IN NUCLEAR ENGINEERING

at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
May 1988
© Thomas W. Seubert 1988
The author hereby grants to M.I.T. and to the U. S.

governmrent and ite agencies permission to reproduce and
diatribute copies of this theaias document in whole or part.

Signature of Author

vDepariment of Nuclear Engineering
May 6, 1988

’ 7 74~—ﬁ4chael Golay
Theaia Supervisor

Approved by , - e ey,

Certified by

Paul Sullivan
Reader

S

Acceptea by PPN A
M Y Allan F. Henry

Chairman, Departmental Committee on Graduate Studentsa

¢ 1988
JUL ZSARCnWﬁS

LIBRARIES



MODULAR SHIPBUILDING AND ITS RELEVANCE TO CONSTRUCTION
OF NUCLEAR POWER PLANTS

by
Thomas W. Seubert

Submitted to the Department of Nuclear Engineering
on May 6, 1988 in partial fulfillment of the
requirements for the Degree of Maater of Science in
Nuclear Engineering

ABSTRACT

The modern techniques of modular shipbuilding based on the
Product Work Breakdown Structure as developed at the
Ishikawa jira-Harima Heavy Induatriea Co., Ltd. of Japan are
examined and compared to conventional shipbuiiding methods.
The application of the Product Work Breakdown Structure in
the building of the U.S. Navy’s DDG-5S1 class ship at Bath
Iron Works is described and compared to Japanase
shipbuilding practices. Implementation of the Product Work
Breakdown Structure at Avondale Shipyards, Incorporated is
diacuased and compared to Bath Iron Works shipbuilding

practices.

A proposed generic implementation of the Product Work
Breakdown Structure to the modular construction of nuclear
power plants is deacribed. Specific conclusions for the
application of Product Work Breakdown Structure to the
construction of a light water reactor nuclear power plant

are diacussed.

Thesis Supervisor: Dr. Michael Golay
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CHAPTER 1

INTRODUCTION

1.1 Preface

Conastruction costa of the next generation of nuclear
power plants will be strongly influenced by the utilities’
desire to have a plant with low capital coata and increased
availability along wit!. a reduction in the cost of life
extension and eventual decommissioning. Modularization of
the various components and aystems of the nuclear power
plant can help to attain these goals.

The Technology Tranasfer Modularization Ta;k Tean,
under the auspices of the Department of Energy, published an
agasesament in June 1985 of modularization in nuclear and
non-nuclear industries. The key conclusion of the task team
was that there was a need for further study to establish
guidelineas for future development of light water, high
temperature gas and liquid metal reactor planta. These
guidelines should identify how modularization can improve
construction, maintenance, life extension and

decommisasioning. (1)
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This thesis examines the modularization techniques
of Product Work Breakdown Structure (PWBS) as utilized in
the shipbuilding industry, then focusing on ita potential
applications to the construction of nuclear power plants.
The remainder of this chapter is devoted to a brief overview
of the evolution of modularization in shipbuilding in the
United Statea from pre-World War II to present day and the
relevance of modularization to the U.S. nuclear indusatry.
Chapter 2 detailas the methods of Product Work Breakdown
Structure at the Ishikawajima-Harima Heavy Industries Co.,
Ltd. (IHI)> of Japan. Chapter 3 focuaes on the application
of PWBS in the building of the U.S. Navy’s DDG-S1 class ehip
at Bath Iron Works, Bath, Maine. Chapter 4 outlines the
implementation of PWBS at Avondale Shipyarda, Incorporated
of New Orleans, Louisiana. Chapter S describes a proposed
implementation of PWBS to the modular construction of
nuclear power planta. Specific conclusions for the
application of PWBS to the conastruction of a light water
reactor nuclear power plant are discussed in Chapter 6.

Finally, a summary and conclusion is given in Chapter 7.

1.2 Evolution of Modularization in U.S. Shipbuilding

Prior to the start of World War II, the U.S.
shipbuilding induatry, subsidized by the U.S. Maritime
Commission (established by the Merchant Marine Act of 1936),

was recovering from a deep poat World War I receasion.(2)
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The Maritime Commission had enacted a "long range plan’” for
conatruction of ships based on a design known as ‘astandard
typea”. This deaign distinguished them from emergency,
military and minor-types of shipa. The standard dry cargo
carrier, designated C-types, were the firat to evolve and
incorporated the important feature of standardization of
design. While designing the C-types, the Maritime
Commissicn developed three designs of flexible end use that
allowed minor modifications by a shipbuilder after
construction was completed. At the same time the Commigsaion
shift from single to multi-ship contrecting facilitated the
implementation of masa production techniques in
ahipbuilding.

The start of World War II in 1939 and its growth in
1948 produced an industrial revolution in the shipbuilding
buasiness that led to one of the most amazing shipbuilding
expanaions in U.S. history. Henry Kaiser’s introduction of
Group Technology contributed directly to the revolution. (3)
However, design eimplification, standardization, quantity
production, technological innovation and a sense of national
urgency also contributed. Suffice it to say that during the
period 1939 to 1945 the deadweight tonnage of ships produced
in the Maritime Commission program exceeded 5@ million
tonsa. (4)

Introducing Group Technology achieved the benefits

normally associated with production lines even while
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producing many different subassembliea in varying
quantitiea. These subasasemblies, or modules, were
prefabricated away from the shipbuilding waya because of
their limited ﬁunber available for production. Modules were
then assembled and launched. Each shipyard wae free to
define the module boundaries in a way best suited to that
yard’as crane and storage area capacity. While atructural
prefabrication dominated, it ia unclear how much
equipment/aysatem outfitting prefabrication was completed
prior to assembly on the building waya. Outfitting,
however, was probably not a critical issue on these
“Liberty'" ships since cargo and tanker ships tended to be
almost all atructure.(5) Some World War II shipyards did
use progreaaive outfitting. Progressive outfitting involved
different piers of specialization where one trade, suéh as
electrical, would complete all outfitting. All ships would
then move simultaneocusly to the next specialization pier,
for example piping, and so on, until completed. (6)

As stated previously, Henry Kaiser”’s introduction of
Group Technology to the shipbuilding buasiness during World
War II caused an indusatrial revolution within that industry.
Following World War 1I, Elmer Hann, a former Kaiser
employee, took Kaiser’s methoda to Japan where he taught the
Japanese how to organize shipyard work in accordance with
the basic principles of Group Technology.(7) Utilizing

these methods the Japanese were producing 48 percent of the
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world’as total new ship tonnage by 1964. Ishikawajima-Harima
Heavy Industries Co., Ltd. (IHI), under the leaderahip of
one of Elmer Hann’as pupila, Dr. Hiaashi Shinto, developed
and refined Product Work Breakdown Structure (PWBS) from the
logic of Group Technology.(8) During the decadea of 1968
and 19708, IHI built over 2,000 ships utilizing PWBS. Thus,
PWBS is not just based on theory.

While PWBS was being developed and refined by IHI,
U.S. shipbuilders for the most part returned to the
conventional methods of building ships after World War 11I.
The conventional method involved laying the keel, erecting
the frames and juet prior to the completion of the hull,
outfitting of the ship by system as ventilation, piping,
electrical and machinery systems were installed.(9) This
resulted from a systems approach for ship design. The U.S.
Navy’s Ship Work Breakdown Structure (SWBS), not to be
confused with Product Work Breakdown Structure, is an
example of the systems approach. SWBS paases on to the
ahipbuildera the systems approach via the issue of plans by
system. Thus, each system has its own drawings with outfit
drawings generally not being issued until hull construction
is well underway.(18) This has proven to be a very
inefficient way to build sahips.

The Merchant Marine Act of 1970 established the
National Shipbuilding Research Program (NSRP).(11) This Act

provided the stimulus for tranafer of the Japanese
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technology to the United Statea. Under NSRP aponaorship,
sahipbuilders, progranm managera and ecademiciana toured
shipyardae in Europe and Japan looking for waya to improve
productivity. In 1975 the significance of the IHI aystem
for shipbuilding was realized. A research contract between
IHI and NSRP resulted in the 1979 publication of the book,
"Outfit Planning",(12) which showed that Japaness success
was based on managerial methods to allow workera to work
more eff lently. This was follewed closely by the
publication of the book "Product Work Breakdown Structure
(PWYBS)" in 1980.(13) This book details the Japanese logic
and principles applied to the organization of work at IHI.
It is based on the Kaiser/Shinto methods of Group
Technology. In 1983 the NSRP published "“Integrated Hull
Conatruction, Outfitting and Painting™(14) and 'Design for
Zone Cutfitting" (15) to show that designers and purchasing
agents must become zone oriented. ’

These NSRP initiatives have casused an irreversible
shift in U.S. shipbuilding methods. Avondale Shipyard’sas
delivery in October 1983 ok the complex product carrier
“Exxon Charleston'" saw the firast ship built in North America
from contract to delivery in accordance with these highly
refined Group Technology methoda developed in . apan.
Several other U.S. shipbuilding firms have contracted IHI as

consultantea in the introduction of Group Technology

methodsa. (16)
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1.3 Modularization and the U.S. Nuclear Industry

Varioua methode of modularization have been pursued
by the U.S. nuclear induatry over the years to reduce
conatruction coata. MNodularization in light water reactor
plants has been atudied resulting in modularizing
subaystems, e.g9., combining pumps, pipes, valves and
instrumenta on skids which are pre-tested prior to
installation in the plant. Other examples of modularization
in light water reactor plants include prefabrication of
pipes and pipeways, rebar subassembliea, turbine generator
pedestal legs, pool liner asubasasemblies, ateel containment
rings and condenser units. Even reactor vessels have been
conatructed offsite. Yet, the scale of modularization to
date has been modest.(17) An important aspect of the
modularization is the tranaport capabilities afforded for
the modules. Improvemente in rail and barge tren;portation
along with large-size, heavy-lift cranes has provided the
capability to lift and accurately position heavy loada in
the 9S00 to 1,000 ton range at the construction site.(18)
Thua, modules must be sized according to the mode of
transportation and 1ift capability at the job site.

The incentives for modularization are apparent based
on the 1981 atudy by the Atomic Industrial Forum.(19) This
study showed that the construction phase of a nuclear powver

plant accounted for more than S8 percent of the total
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capital coata of the project. Theae coats are directly
attributable to poor labor effectiveneas at the job site
because of congeation, complexity and degree of required
modificationa. The report aspecifically atates, *'"Compared to
foassil planta, craft manhoursa per cubic yard of concrete are
2 to 3 timea greater for nuclear planta, craft manhours per
cubic foot of pipe inatalled are 3 to 4 times greater, craft
manhoura per fcot of installed conduit, cable tray and cable
are 1.5 to 2 times greater and craft manhours for support of
pipe and electrical raceway hangers are about 5 times
greater.' (20> Modularization would relieve the congestion
problems and reduce conatruction costs and improve quality
considerably. Further, modularization would allo;
improvement of maintenance and repair, facilitate life
extenaion and reduce decommissioning coasta.(21) A keypoint
of the Technology Tranafer Modularization Taask Team report
ia thet "If nuclear power ias to compete for new electrical
generation, ways must be found to reduce the uncertein?ies
and financial risks associated with capital intensive and
long lead conatruction.'(22)

Thia thesis discuases Product Work Breakdown
Structure principles applied to the construction of
commercial and naval ships. The s8cales of complexity of
nuclear power plant construction and shipbuilding are
saimilar. Products within each induatry have similar cost

and quality requirementa. Thus, the current advanced
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conatruction techniques in the shipbuilding induatry
utilizing PWBS should be directly applicable to reducing the
coats and improving the quality in the conatruction of

nuclear power planta.
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CHAPTER 2

PRODUCT WORK BREAKDOWN STRUCTURE IN SHIPBUILDING

2.1 Introduction

Dr. Hisaashi Shinto’as development and refinement of
the Product Work Breakdown Structure (PWBS) in shipbuilding
at the lIshikawajima-Harima Heavy Industries Co., Ltd. (IHI)
of Japan is baaed on the logic of Group Technology (GT).
Group Technology ie the method for applying mass prod;ction
techniques to a variety of products in widely varying
quantities.(23) GT is alsoc defined as the logical
arrangement and sequences of all facets of company
operatione in order to bring the benefits of mass production
to high variety, mixed quantity production.(24) 1In
shipbuilding the GT logic in PWBS classifies parta to be
fabricated, components to be purchased and élanned
subassemblies. This createa uniform and coordinated work
flowa. IHI shipyards have utilized PWBS in the consatruction
of over 2,000 ships, thus PWBS is not just based on

theory. (25> PWBS’ main features include integration of hull
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conatruction, outfitting and painting (IHOP), and cost
centers that match a zone-oriented organization.(26)

This chapter describes the basica of the Product
Work Breakdown Structure and integrated hull conatruction,
outfitting and painting as used at the Ishikawajima-Harima
Heavy Industries Co., Ltd. of Japan. The primary references
are the National Shipbuilding and Research Program (NSRP)
publications "Product Work Breakdown Structure' (27) and
“Integrated Hull Construction, Outfitting and

Painting*.(28)

2.2 The Basics of Product Work Breakdown Structure

(PWBS)

As discussed in Chapter 1, traditional shipbuilding
results from a systems approach for ship design. The
subdivision by ship’s functional asyatems is good for early
design and estimating but very inefficient for planning,
scheduling and the execution of construction. This leads to
poor coordination of work and the lack of control of
material, manhours and achedules. (29)

This section defines interim products and their
relationship to the Product Work Breakdown Structure (PWBS)
in shipbuilding. Group Technology (GT), as applied to the
machined parts industry, is briefly described to establish
the importance of classification of parts by design and

manufacturing attributes. This is followed by the PWBS’
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three classifications of a work package. Next is a
discussion of productivity values in the reiterative procesas
for analyzing interim product work package development. The
three dimenaiones nature of PWBS ia then illuatrated
followed by comments on the versatility and benefits of
PWBS.

Large construction projects, such as ashipbuilding,
require subdivision of the work in order to analyze and
manage the project. Parts are procured and fabricated and
Joined to create aubassemblies. Subaassenbliea are combined
to form larger subassemblies and so on until the ship is
built. The parts and subassemblies are the interim
producta, and the method of subdiviaion of work on interinm
products is a product-oriented work breakdown

structure. (30)

Machined parta industries utilize Group Technology
as & means for improving productivity.' Parts are grouped by
their common characteristics. The basis for such groups is
that there are common processes for the manufacture of all
partes within a particular éroup. Parta are classified by
deaign and manufacturing attributea which are reflected in
coding schemes. Codea identify form, dimensions,

tolerances, material and typea/complexity of machining

operationsa. (31)

Interim products in shipbuilding utilize asimilar

clasgsification schemes to identify problems in their
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manufacture. These clasasification techniques more uniformly
distribute work between contract award and delivery for each
ahip. Further, there is better coordination of the outputs
of the variocus work process lanes for a simultaneous mix of
ship types and sizes.(32)

PWBS classifies a work package three ways.(33)
First, PWBS divideas the shipbuilding process into three
basic types of work - hull consastruction, outfitting and
painting. Each of these basic types of work have their own
inherent work problems different from the other. Each
division is subdivided into fabricstion and assembly work.
These subdivisions form the zone-oriented production
techniques utilized by managers and are titled Hull Block
Construction Method (HBCM), Zcne Outfitting Method (Z20FM)
and Zone Painting Method (ZPTM).

The second classification of PWBS is based on the
interim product and its needa for product resources. These
product resources include material, manpower, facilities and
expenses and are classified and allocated based on common
paraneters for a particular interim product regardleass of
its intended location within the ship. Definitions of the
product resocurces are: (34) .

- Material, to be used for production, either direct
or indirect, e.qg., steel plate, machinery, cable, oil.

- Manpower, to be charged for production, either

direct or indirect, e.g., welder, fitter, rigger, material
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arranger, transaporter.

- Faclilitieas, to be applied for production, either
direct or indirect, e{g., buildinga, docks, machinery,
equipments, tools.

- Expenses, to be charged for production, either
direct or indirect, e.g., designing, transportation, sea
trialas, ceremonies.

The third classification is by four product aaspects
- asystem, zone, area and atage. This classification by
product aapecta optimizes productivity in the conatruction
of a ship by providing controls for the production
processes. These production processes include manufacturing
parta and subasgemblieas, i{.e., interim products, ieading to
outfit units and structural blocks within time frames that
can be coordinated, and the simultaneous use of each
production procesa for the requirements of different
ayatems, even in different ships. System and zone product
aspects divide the ghip design into planned manageable
parcels while area and stage product aspecta divide the work
process from material procurement to completion of ship
conatruction. The specific definitionas of each product
aspect are: (35)

- System - A structural/operational function of a
product, e.g., longitudinal/transverse bulkhead, fuel oil

service aystem, lighting aystenm.

- Z2one - An objective of production which is any
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geographical division of a product, e.g., cargo hold,

superatructure, engine room and their aubdiviasions or

combinations.

FUNCTIONAL DESIGN
BY SYSTEM

!

TRANSITION DESIGN
INTERRELATIONSHIP OF
SYSTEMS & ZONES

!

DETAIL DESIGN
SPECIFICATION OF
INTERIM PRODUCTS

BY ZONE/AREASTAGE

i

WORK PACKAGE
PRODUCTIVITY VALUE
ANALYSES

ACCEPTABLE
PRODUCTIVITY

Figure 2-1. Reiterative developrent of

MODIFY PLANNING

work packages. (36)

- Area - A diviasion of the production process into
similar types of work problems by feature (e.g., curved vs.
flat blocks, small diameter vs. large dianetqr pipe, pipe
material), quantity (e.g., job-by-job va. flow lane, volume
of on-block outfitting for machinery spaces va. volume of
on-block outfitting for other than machinery spaces),
quality (e.g., grade of workers required, grade of
facilit;es required), kind of work (e.g., marking, cutting,
bending, welding), and by anything else that creates

different work problens.

- Stage - A division of the production process by
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sequences, e.g., substepa of fabrication, aubaasembly,

assembly, erection.

Figure 2-1 {llustrates the reiterative process of
analyzing work package development of an interim product
through several planning levels based on the four product

aspecta to determine productivity value.

The key atep in the reiterative procesas,
productivity value analysis, can be expressed by the
empirical formula:(37)

PV=£(T,N,Q)
where?!

PV = productivity value, i.e., the productive

efficiency of a work package,

T = time allowed for its accomplishment, i.e.,

working time,

N number of u~‘ts of resources, particularly

components in the material list and manhoure allocated, and
Q = quality of work circumstance, e.g., downhand

vs. overhead, high va. low, etc., and also quality specified

for the interim product.

T, N, and Q are interdependent and affect PV differently.

PV ia optimized when the influences of T, N, and Q are

balanced. (38) As astated, the function £(T,N,Q) is empirical

and muat be determined for each classification of the

production process by problem area by each individual

shipyard. It must consider prior and follow-on work atages.
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For example, Q includes conaideration of the quality
specified for an 1nterin product. If ita contribution to PV
is not enough, the quality of the interim product is not
good ennugh for a larger aasembly. Since productivity
values are empirical in nature, they cannot be precisely
determined. However, productivity value determination isas
the key astep of the judgmental proceas for evaluating the
work package. Further experience with the work package via
the reiterative process shown in Figure 2-1 eliminates the
initial trial and error of this.enpirical proceas.

Figure 2-2 illustrates the three dimenasional nature

of the PWBS.
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Figure 2-2. The three dimensional PWBS. (39)

In Figure 2-2 the three classications of a work package are
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each aubdivided into fabrication and aasaembly
clasasifications normally asaociated with hull conatruction
and outfitting only. Fabrication and aasembly in painting
relate to its manufacture/preparation and application,
respectively.

The versatility and benefits of PWBS have become
clear during the past three decades. ABy adapting the logic
of Group Technology, as utilized in the machined parts
industry, to shipbuilding via interim products and a
three-dirmenaional work package classification scheme,
Ishikawajima-Harima Heavy Industries Co., Ltd., and other
shipbuilders worldwide have increased productivity. The
zone-oriented procesaes, Hull Block Conatruction Method
(HBCM), Zone Outfitting Method (Z20FM), and Zone Painting
Method (ZPTM), alone and in combination have contributed to
increased productivity. The adoption of the area-oriented
Pipe Piece Family Manufacturing Hethod’(PPFH) in addition to
the aforementioned zone-oriented processes has also
contributed to increased productivity. The results are
saimpler assembly methods, ihe rationalization and automation
of facilities end more uniform and simultaneous workloads
for fabrication shopes and assembly teams. Further, these
resulta have contributed ﬁo improved safety and work

environments along with better quality and higher

productivity.
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2.3 Application of Product Work Breakdown Structure

This section will deal with the application of the
Product Work Breakdown Structure in shipbuilding. First,
the transformation of a ship from a total syatem/basic
deaign to a zone-oriented deaign is discussed and
illustrated. Next, work process lanes are deacribed and
illustrated to show their relatiocnship to the integrated
hull construction, outfitting and painting of a ship.
Finally, there is a discussion of zone-oriented scheduling,
progresa reporting and cost collection.

A naval or commercial ship as a total system/basic
design is the starting point for the application of PWBS.
The ship as a total system is then broken down into
individual systema/functional design by their functional
drawings and associated material lists.

The next and key step is the transformation from a
syatem to a zone-oriented design. Z2one-oriented design
starts with a block plan for hull construction and composite
drawings for outfitting that incorporates all asyatems and
shows zone boundaries. Area/astage breakdowns follow with
assembly, subaassembly, and cutting plans for hull
construction; and work instruction drawings with material
lists for outfitting.

Subdivision continues by zone/area/stage with
preparation of detailed design drawings reflecting pipe

piecea and other components along with associated material
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liate. The subdiviasion is completed when the zone is broken

down to the minimum level. The minimum level is comprised

of components to be purchased and material requirements for

the fabrication of parts.
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Figure 2-3 ia a detailed block diagram representing
the product-oriented design process as described in the
previous paragraphs. The transition deaign incorporates the
tranaformation from ayatems to zone-oriented design. Items
marked with an “»" in Figure 2-3 are sometimes aketched
freehand for piping and component arrangement transition
deaign for deck, accommodation, machinery and electrical
systema. The freehand aketches are sufficient for quickly
eastablishing arrangements and syatem/zone relationships to
detail designera. Detail designers then refine the
arrangements and designate stages during the preparation of
work instruction and material detail design drewingas. The
right hand aide of the figure reflects the minimum level of
the aubdivision by zone/area/atage, i.e., components that
are to be purchased and the material requirements for such
parts that are to be fabricated.

Construction can begin with the completion of
detailed design. Work process lanes where lngerim products,
i.e., parta and subassemblies, will be produced are
established and organized by classes of production problems
based on the product aspects of area and astage. These work
process lanes are in turn integrated for zone-oriented
production based on the end product, in this case a ship.
Within the various work process lanes are the fabrication

shops and aassembly sections.

Figure 2-4 is a simplified block diagram of the
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Figure 2-4. Integrated Work Process Lanes. (41)
work proceas lanes for integrated hull conatruction and
outfitting. Zone painting would be represented as additional
processes in additional asub-stages in the wvarious flow
lanes. The figure includes hull construction, integrated
hull construction and outfitting, outfitting, and pipe piece

manufacturing work process lanea. Its detail will be
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deacribed in Section 2.4.

Z2one-oriented acheduling is an important and
necesczuary part of the PWBS. Zone-oriented acheduling
controla flow of work on the various process lanes in order
to complete interim products aas they are needed. Thise
acheduling coordinates the hull coanstruction, outfitting and
painting allowing for the collection and distribution of
interim producte to follow-on work staticna. Figure 2-S5 |is
a block diagram of the organization of an integrated hull

construction, outfitting and painting achedule.
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Figure 2-5. Integrated hull construction, outfitting and
painting aschedule. (42)

The weekly schedule is based on a work package that ie

ideally sized for completion by two workers in one week.

Work packages of this aize allow control of work flows and

accurate progress reporting of material and manhour costs by
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zone/area/stage. The importance of amall work packages
cannot be underatated. Small work packages along with the
structural material lists provide control because "progress
determinations asre based upon only tangible aaspecta, i.e.,
material ia either assembled or unaassembled and the greater
number of work activitiea enhance flexibility".(43)
Flexibility is important and neceasary for succesaful use of
PWBS. The ability to identify required production
adjustments to counter potential delays and early
comnpletionas based upon feedback about work progreas and
naterial procurement allow tranafer of workers between work
process lanes, use of overtime and short term schedule
changea. Thua, the objectives of uniform work flow within
each work process lane and coordinated outputs from all work
process lanea is maintained.

Finally, in the application of PWBS, zone
orientation provides progreas reportiné and coat collection
which can be directly related to work completed. Thus,
managers can forecast work remaining and resources required.
However, shipyard cosat estlnetors, by tradition, remain
syatems-oriented throughout construction with respect to
manpower costing. Zone-oriented manpower costas are
rationalized to a systems orientation using cost indices to
distribute spent manhours to systems. Thus, these "indirect
collection'” coastes appear to be less precise and a

degradation of feedback to cost estimators. But, it
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produces more accurate data due to the inherently better
control that zone orientation provides becauase of the
control linked to many reletively asmail amounts of material
grouped by zone/area/stage. When comparing this to
ashipyardas that use conventional methoda of shipbuilding
based on large and sometimes operi-ended systems-oriented
work packages that are commonly abused by front-line
managers, i.e., foreman and general foreman, to absorb other
work or idleness caused by inasufficient work, the advantages
of zone-oriented manpower costing are juastified. PWBS
allowas easy corroboration of material requirements between
zone and system. Functional aystems designers typically use
this flexibility to ensure that errors in material eatimates
are jidentified before procurement begina. Functional
systems designers can aleo corroborate estimated manpower
requirementa based on the material lists for zones by
utilizing aystem/zone tranaformation indices based upon
material, e.g., manhours per foot of el-:>tric cable,
manhours per hundredweight of fittingas, etc.

All material requirements are listed by system for
purchasing and subsequently on structured material lists for
issue purposes. Therefore, the interrelationships
maintained by designers permit material progreasing by zone
to be accurately converted to material progressing by system
if a cuatomer so desirea. Similarly, the syatel/zon;

transformation indices can serve a customer’s requirement to
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check the progreas of manpower coat by ayatem.

In thias section the application of PWBS was
deacribed and illustrated. The application of PWBS begina
with the tranaformation of a ship as a total ayatem/baaic
deaign to a zone-oriented deeign. This ia followed by
establiahment and integration of work procesa lanesa for
zone-oriented production of interim producta that ultimately
lead to a completed ship. Laatly, the importance of zone

acheduling, progreasa reporting and coat collection were

diacusaed.

2.4 Integrated Hull Construction, Outfitting

and Painting (IHOP)

Thia mection of the chapter deals with integrated
hull conatruction, outfitting and painting (IHOP). The
manufacturing levels and product aspects of the
zone-oriented processes - Hull Block Construction Method
(HBCM), Zone Cutfitting Method (Z20FM), Zone Painting Method
(ZPTM) and the area-oriented process - Pipe Piece Faniiy
Manufacturing (PPFM) are described and illustrated. The
aection concludes with a discussion of the integration of
these zone/area-ofiented processes in the construction of a
ship and the management organization to support IHOP.

The zone-oriented procesases - Hull Block
Conatruction Method, Z2one Outfitting Method and Zone

Painting Method and the area-oriented process - Pipe Piece
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Family Manufacturing can be applied to shipbuilding alone or
in combination. HBCM {s the method for manufacturing hull
parta, sub-blocks, and blocks in organized work process
lanes. Z2Z0FM provides precise zone-by-stage control of
outfitting in three basic stages - on-unit, on-block, and
on-board. Z2PTM ensures that the painting work process ia
coordinated with HBCM and Z0FM. PPFM is the production line
method for the manufacture of many different pipe pieces in
varying quantities. PWBS facilitates the integration of
theae processes by emphasizing expertise in contriving and
classifying ideal interim products, i.e., parts and
subassemblies, which permit coordinated work flows.
Shipbuilders who have mastered such integration routinely
achieve over 90 percent completion of ocutfitting at time of

launching because of the coordinated work flowas of interim

products. (44)

2.4.1 Hull Block Construction Method (HBCM) .

Figure 2-6 is a block diagram of the seven typical
manufacturing levels for HBCM. A block is defined as an
interim product and one zone. Starting with the block
assembly level, work is divided and subdivided down through
the sub-block/semi-block and part assembly level to the
lowest level of aubdivision - part fabrication. 1In Figure
2-6 the grand block level serves to minimize the duration

required for erection in a building dock by assembling and
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joining aeveral blocks together outaide the dock into grand
blocks. Grand block joining results in better scheduling

and use of a shipyard’s normally limited dock space and

availability. An ideal block, i.e., zone, ia the baasis for

production control in the HBCM, but care muat be taken in

defining the block because of the resulting impact on

integration with zone outfitting and painting.
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Figure 2-6. Manufacturing Levels for HBCM. (45)

The definition of the block has the greatest

influence on shipbuilding productivity. Therefore, blocks

should be deaigned so that: (46)

- for block assembly purposes, the blocks are



aasignable to one of a minimum number of work package groupsa
which considers similarities in problem area and the need to
minimize variations in working times,

- for block erection purpomses, blocka will be atable
configurations requiring no temporary support or
reinforcement and otherwise shaped to achieve minimum
working times, and

- for on-block outfitting and painting, blocks are
saized for maximum space (area and/or volume).

Blocke should be designed with aimilar volunme,
weight and shape characteristics in order to distribute work
evenly during fabrication and assembly levels which precede
block aasembly. Planners break down the work leading to
block assembly to ensure that welding is shifted from
difficult to down-hand, i.e., welding in the downward
position taking full advantage of gravity, in order to
reduce working times needed and to distribute work performed
during block assembly among the parts fabrication and
assembly levels to equalize their working times. Block
design should also be of the largest asize permitted by the
industrial facilities’ capabilities, e.g., crane capacity,
dock space/availability, buildings, etc.

Excluding the grand block and hull erection levels
as depicted in Figure 2-6, interim productes are analyzed for
similarities in their product aspects and grouped by these

similarities in order to further modularize the production
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procesa, juatify expensive but highly efficient facilities

to enhance the production procesas and achieve manpower

savings.

Figure 2-7 shows the typical groupings by product

aspects for HBCHM.
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Figure 2-7. Product Aspects for HBCM.(47)
The horizontal and vertical combinations in Figure 2-7
characterize various types of work packages for the seven

manufacturing levels of Figure 2-6 and the work process
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lanes for hull conatruction, respectively. Note that codea
for interim product identification and work process lane
flow control are established by zone, area and atage for
each level. “NIL'" meana no product aapect exites and is
sakipped in a process lane. With allocation of product
resources a productivity value (PV) is determined to ensure
that each work package is asized correctly. Reiterative
analysis of the work package, as depicted in Figure 2-1, is
normal because grouping by problem area at each
nanufacturing level is dependent upon productivity values
that are achievable. Productivity is maximized when work is
evenly allocated to work packages grouped by their product
aspects, and there are quick responses to potential work
imbalance such as shifting workers between manufacturing
levels and/or flow lanes, authorizing overtime or even
astute short-term schedule changes. (48)

See Appendix A-1 for an additional detailed

deacription of each of the seven manufacturing levels of

HBCHM.

2.4.2 Zone Outfitting Method (Z20FM)

The Zone Outfitting Method (Z20FM) employsa similar
manufacturing ievel and product aspect classificationa as
the Hull Block Construction Method (HBCM). As discussed
previously, the HBCHM established interim procucts starting

with the hull as a zone and then subdividing zones to the
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minimum or lowesat level, i.e., part fabrication. Each zone
in HBCM is associated with a apecific manufacturing level.
Thias regimentation is well suited for hull conatruction.
However, it is not natural for outfitting.

The three types of outfit zones are: (49)

- On-unit, refers to a zone which defines an
arrangement of fittings to be asaembled in-house independent
of hull structure. Assembly of such fittinga is called
outfitting on-unit. Doing this enhances safety and reduces
both required manhours and durations which would otherwise
be allocated to outfitting on-block and on-board.

- On-block, for outfitting purposes refers to a
rather flexible relationship between block and zone. The
assembly of fittings on any structural subaasembly (e.g.,
semi-blocks, blocks and grand blocks) is referred to as
outfitting on-block. The zone applies to that region being
outfitted. The fitting arrangement on the ceiling or
overhead of a block set upside down is a zone, while the
fitting arrangement on the deck or floor following bloék
turnover is considered another =zone.

- On-board, for outfitting purposes refers to a
division or zone for packaging work for the assembly of
fittings during hull erection and subsequent launching. An
ideal zone for outfitting on-board avoids the need to
disperse and/or continuously relocate resources,

particularly workers. 1In general, compartments defined by
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ahell, bulkhead, deck or other partitiona are asuitable for
establishing an ideal zone for outfitting on-board. Even
entire cargo holda, tanks, engine rooms, superatructure
decks or weather decka can be useful zonesa for final
outfitting of on-board atages.

Planners break down outfit work into packages by
considering outfit components for all systems in on-board
zones and trying to maximize the number of components fitted
into on-block zonea. On-block zones are then assessed to
maximize the number of components that can be fitted into
on-unit zones. The ultimate objective is to minimize outfit
work during and after hull erection and to achieve maximum
productivity.

Figure 2-8 is a block diagram of the six typical
manufacturing levela for the 20FM. .The left-hand side of
Figure 2-8 represents on-unit outfitting independent of hull
structural zones that will eventually be incorporated into
the on-board outfitting manufacturing level. The right-hand
aide represents the on-unit, on-block and on-board
outfitting that is entirely dependent on hull structural
zones. Main work flow is from component procurement to
on-unit assembly/ocutfitting to on-block ocutfitting.

However, emphasis is placed on the on-unit ocutfitting
independent of hull structural zones because on-unit

outfitting is the primary means for shortening the durations

required for on-block and on-board outfitting.
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Excluding the grand-unit level as depicted on Figure
2-8, interim producta are analyzed for asimilarities in their
product aspects and are grouped by thease similarities in
order to further modularize the production proceas, justify
expenaive but highly efficient facilities to enhance the

production process and achieve manpower savings.
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Figure 2-8. Manufacturing Levels for Z20FM. (50)

Figure 2-9 shows the typical groupinga, by product
aspecta, for ZO0OFM. The horizontal and vertical combinations
of Figure 2-9 characterize various types of work packages
for the asix manufacturing levels of Figure 2-8 and the work

proceas lanea for outfitting work, reaspectively.
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Figure 2-S. Product Aspects for ZOFM. (51)
Note that codes for interim product identification

process lane flow control are established by zone,

stage for each level.

anc¢’ work

area, and

"NIL” means no product aspect exiats

and is skipped in a process lane. *“Specialty” designates

deck, accommodation, machinery or electrical.

Balanced planning and scheduling and cooperation

between hull construction, outfitting and painting planners
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ia neceasary and essential aas the Z20FM progresaea.
See Appendix A-2 for an additional detailed

deacription of each of the aix manufacturing levela of

20FN.

2.4.3 Zone Painting Method (ZPTM)
Figure 2-10 is a block diagram of the four typical

manufacturing levela for the Zone Painting Method (ZPTM).
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PAINT PAINT
PRIMER PRIMER PRIMER PRIMER PRIMER
SHOP SHOP SHOP
PRIMER PRIMER PRIMER

Figure 2-10. Menufacturing Levels for ZPTH. (52)
ZPTM employs manufacturing levels and product aspect
classifications asimilar to those of HBCM and 20FM. The

traditional method of painting a ahip is in a building dock
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or outfit pier. ZPTHM ahifts the painting procedure to the

appropriate manufacturing levels through integration of the
painting procedure with those of the hull consatruction and

outfitting proceases. Conatraintas for succesaful

application of paint are: (53)

- the painting interval between one coat and a next
coat muat be shorter than the allowable exposure period for
the former,

- each hull block should be virtually finished in
order to minimize surface preparation and painting rework
caused by further cutting, fitting and welding, and

- the shop primers applied to plates and shapes
should not impede efficient cutting and welding.

The final constraint requires that hull construction,
outfitting and painting planners work together to shorten
the durations between each succeassive manufacturing level
shown in Figure 2-10.

The majority of painting should be completed prior
to on-board painting. This is accomplished by planning
paint related work among the manufacturing levela with the
following objectives: (54)

-~ to shift the attitudes of the work from overhead
to downhand or, at least, to a vertical orientation, from
high to low elevations, and from confined to readily

accessible places,

- to facilitate the use of temperature and humidity
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controlled buildinga, eapecially for aophiaticated

coatings,

- to provide safer environments without use of

extraordinary devicea tha* would encumber workers,

- to prevent rust formation and the requirement to

perform associated rework,
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Figure 2-11. Product Aspects for ZPTHM.(35)

- to minimize use of acaffolds needed only for
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aurface preparation and painting, and

- to levelize the work achedule throughout the
entire ahipbuilding procesa in order to avoid performance of
large work volumes in the final stages of conatruction that
could jeopardize achievement of ascheduled delivery.

Figure 2-11 shows the typical grouping of paint
related work packages by their product aspecta. The
horizontal and vertical combinations characterize the
various types of work packages for the four manufacturing
levels of ZPTM in Figure 2-10 and the work procesas lanes for
painting work flow, respectively. “NIL" means no product

aspect exists and is skipped in a process lane.

The need for balanced planning and ascheduling and
cooperation between construction, outfitting and painting

planners is essential to ensure a successful ZPTHM.

See Appendix A-3 for an additional detailed

description of each of the four manufacturing levels of

ZPTH.

2.4.4 Pipe Piece Family Manufacturing (PPFM)

Pipe Piece Family Manufacturing (PPFM) uses the
logic of Group Technology to aystematically clasaify pipe
plecea into families that have design and manufacturing
attributes which are sufficiently similar to make batch
manufacturing possible. Different pipe pieces within a

family are designated for the same machines and tooling
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setups in order to efficiently organize work proceas lanes.
The greater utilization of the same tool setups and simpler
material handling requirements between work astages in each
work process lane along with the clear atage-by-stage
progreasaion of developing pipe pieceas provides an
opportunity for excellent production control. Further, the
separation by stages permits the switching of work flow from

one work process lane to another without diminishing

production control.
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Figure 2-12. Manufacturing Levels of PPFM. (56)
PPFM ies problem area-oriented as compared to the

zone orientation of HBCM, ZOFM, and ZPTM. PPFM is problem
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Figure 2-13. Product Aspecta of PPFM.(357)
area-oriented because the "“zone’” for PPFM is different from
that for HBCM, Z20FM, and 2PTHM. In Figures 2-8 and 2-9 a
finished pipe piece would appear as a component coming from
the in-house manufacturing "area” product aspect within the
loweat ZOFM manufacturing level. Because of this
difference, PPFM developed independently within the PWBS and
is area-oriented. The key *“zone” of PPFM is a defined pipe

plece. The zone is a division of a pipe line consisting of
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cut pipe, flangea and/or elbowa, sleeves, tees, etc. Even
electrical conduit pieces can be regarded as pipe pleces.

PPFM is a fabrication proceas as compared to the
assembly processes of HBCM, ZOFM and ZPTM. It conaists of
seven typical manufacturing levels aa depicted in the block
diagram of Figure 2-12.

Product aspects of PPFM are shown in Figure 2-13.
Grouping of pipe pieceas by problem area takes into account
similarities im material specified (e.g., steel, copper,
polyvinylchloride, etc.), bore asize, shape, length and other
factors. The horizontal and vertical combinations of Figure
2-13 characterize the various types of work for the seven
manufacturing levels and work package types by work process
iane, respectively. “NIL” means no product aspect exists
and is skipped in a process lane. Figure 2-14 reflects the
typical area subdivisions for pipe fabrication, pipe piece
assembly and pipe piece joining nanufaéturing levels. Blank
spaces in Figure 2-14 indicate that no further subdivision
existe while "+ and "=*»' jindicate that medium/large bore
piecea to be bent and long}medium/large bore pieces can be
assigned to the same area subdivision, respectively.

Within PPFM, work packages are grouped by
similarities in their product aspects at all manufacturing
levels in order to facilitate the modularization of the

fabrication proceas and justify expensive but highly
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Figure 2-14. Area Subdivisionas of PPFM. (58)
efficient facilities that enhance the fabrication process.

Whether using manual or automated fabrication of
pipe pieces, PPFM has diatinct advantages that are
manifeated by leess rearrangement of jige and tools, lesas
variations in the work durations and manhours required among

the same type of work package, increased accuracy and

significant labor savings.

See Appendix A-4 for an additional detailed

desacription of each of the seven manufacturing levels of

PPFN.

2.4.5 Integration of HBCM, 20FM, ZPTM and PPFM

As stated previously, PWBS facilitates the
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integration of the HBCM, Z20FM, 2ZPTM and PPFM processes by
emphasizing expertise in contriving and clasaifying ideal
interim products, i.e., parts and subassemblies. HBCM
emphasizes hull parts, asub-blocks and blocks that are
manufactured in organized production linea, i.e., work
proceas lanes. Z20FM provides precise 2one-by-stage control
of outfitting through the three basic astages of on-unit,
on-block and on-board ocutfitting. 2PTM ensures that the
painting process is coordinated with HBCM and Z20FM. PPFM
provides production-line benefits for the manufacture of
many different pipe pieces in varying quantities.

In the construction of a ship the zone/area-oriented
proceasses progress independently at firat and later merge.
IHOP utilizes zone-oriented ascheduling to control and
coordinate the flow of work on the different work process
lanes so that interim products are completed as they are
needed to support the construction schedule. Interin
products move along the various work process lanes and merge
according to the achedule. The merging of interim products
continues through the final erection of the ship in the
building dock or on the building ways.

Figure 2-4 shows the asimplified integrated processes
for simultaneocus hull construction and ocutfitting. The
figure incliudes hull construction, outfitting, integrated
hull construction and ocutfitting, and pipe piece

manufacturing work process lanes. Zone painting would
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appear as additional proceasses in additional sub-atages in
the various work proceas lanes, e.g., between block assembly
and on-block outfitting. Sub-stages, such as block turnover
when outfitting on-block, are also omitted. For clarity
“ACCOM*” means accommodations, e.g., berthing, messing,
laundry, etc. The ship is broken down into the following
hull =zones:
I - Deck, curved panel block (bow and stern

sections),

II - Deck, flat panel block (midahip section),

III - Machinery, curved panel block (propulsion and
auxiliary machinery sectioﬁ), and

IV - Accommodations, flat panel block (berthing
section).
Curved ard flat panels refer to the structural configuration
of the hull zone. In Figure 2-4 construction proceeds by
the HBCM, Z20FM, ZPTM and PPFM through the various work
process lanes as numbered (1-11). Interim products then
merge in thg IHOP work process lanes for assembly and
proceed to the four hull zones (I-IV) for final erection
that can be either hull erection integrated with on-board
oﬁtfitting or on-board outfitting integrated with hull
erection. The dotted rectangular blocks in the center and
lower right of the figure represent hull erection integrated
with on-board ocutfitting and on-board outfitting integrated

with hull erection, respectively.



Figure 2-15 ias a typical management organization to

support integrated hull construction, outfitting and
painting. The control of the basic design of a ahip by the
shipbuilding firm is vital to succeasful application of PWBS
and IHOP. Since IHOP requires unprecedented collaboration
between all shipyard departments, production engineers
trained in PWBS and IHOP methoda are assigned (designated by
and "#" in the figure) to the hull construction and
outfitting departments and throughout the shops in the field
to increase productivity of the entire shipyard

organization. Integrated planning of ship conatruction is

achieved by discuasion, trade-offs and ultimately mutual

consent.
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Figure 2-15. Typical IHOP Organization. (59)
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In thia section the manufacturing levels and product
aapects of HBCM, 20FM, Z2PTM and PPFM were described and
illuatrated. The section concluded with a diacussion of
IHOP in the construction of a ship and the management

organization to support IHOP.

2.5 Traditional vs. Modern Shipbuilding

The final section of this chapter is devoted to a
discussion of traditional shipbuilding with that of ships
constructed using the Product Work Breakdown Structure and

integrated hull construction, outfitting and painting

methods.

The traditional organization of shipbuilding, dating
from the days of wooden ships, was to construct the ship in
place, working on each functional system of the ship in
turn. First, the keel was laid, then the frame erected, and
80 on. When the hull was nearly complete, ocutfitting of the
ship began, as ventilation, piping, electrical and machinery
systema were inastalled. (60> Traditional shipbuilding
réaulte from a systems approach for ship design. Each
system has its own drawings, and outfit drawings are
generally not issued until hull construction is well
underway. Work package contents are relatively large which
complicate any attempts to achieve uniform and coordinated
work flowa. Work teams usually compete with other work

teams for access to a work area. This leads to redundant
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temporary services, e.g., staging, welding cables,
compressed-air hoses and flexible ventilation ducts, leading
to unaafe working conditiona. Further, most overhead work
ia atill performed by workers reaching over their heads.

All of the foregoing result in the traditional shipbuilding
method being a slow, laborious, and expensive process.

The antitheais to the traditional shipbuilding
method is the modern shipbuilding method utilizing PWBS and
IHOP. A ship as a total system/basic design is transformed
into a zone-oriented design utilizing a product—ofiented
deaign procesa. Detailed design is complete before
conastruction begins. Integrated hull construction,
outfitting, painting and pipe piece work process lanes are
established for production of interim products leading to
the erection of a ship in a building dock. Zone-oriented
scheduling controle the flow of work on the various work
process lanea, thus there is essentialiy no competition by
workers for work area access. The majority of the work is
done down-hand. Work packages are ideally sized for two
workers to complete in a w;ek. Finally, zone orientation
provides accurate progress reporting and cost collection
which ia directly related to work completed. Thus, managers
can forecast work remaining and resourcese requifed. All of
the foregoing contribute to a shipbuilding method that is

faater, leass labor intensive and less expensive.

Shipbuilders who deaire to remain competitive are
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incorporating and adapting Product Work Breakdown Structure
and integrated hull construction, outfitting and painting
based on their facilities capabilitieas and limitationa. The
next chapter will look at the application of PWBS and IHOP

at Bath Iron Workse, Bath, Maine in the consatruction of the

U.S. Navy’s DDG-51 claas ship.
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CHAPTER 3

PWBS APPLICATIONS TO CONSTRUCTION

OF THE U.S. NAVY’S DDG-51 CLASS SHIP

3.1 Introduction

Bath Iron Works (BIW) has been in the shipbuilding
buaineass for over 189 years. Except for the period during
World War II when BIW was involved in the modular
conatruction of "“Liberty” ships at their Scuth Portland,
Maine shipyard annex, BIW continued building ships through
the 1968’s using conventional methods.

With the advent of the Merchant Marine Act of 1970’s
National Shipbuilding and Research Program initiatives and
the development of the U.S. Navy’s new FFG-7 frigate clasas
of ship, BIW began using the modern methods of ship
construction baaed on the Product Work Breakdown Structure
(PWBS). The lead‘ship of the FFG-7 claaa, USS Oliver Hazard
Perry (FFG-7), was built by structural modules using PWBS~’
Hull Block Conatruction Method as adapted to BIW’a
industrial facility capabilities. But, there was no

pre-outfitting of the modules. Follow-on construction of
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FFG-7 claaas ahipa included extenaive pru-outfitting of the
atructural modules based on the PWBS’ Zone Outfitting
Method. Painting on the lead and follow-on FFG ships was
completed at convenient pointe in the conatruction
schedule.

BIW refined these methods throughout the
conatruction of the follow-on FFG-7 class shipa and the
follow-on ahips of the U.S. Navy’s new CG-47 Ticonderoga
class cruiser. However, the use of the methods of PWBS and
integrated hull conatruction, outfitting and painting (IHOP)
from pre-planning through contract award and subsequent
delivery of a ship were not fully realized largely due to
the systems based design products, i.e., drawings and
material lists.

With the award of the lead ship detailed design and
conatruction contract of the DDG-5S1 Arleigh Burke class of
destroyer in April 1985, BIW management committed to a
totally integrated approach to shipbuilding bz developing
design and engineering documentation to reflect an
integrated construction approach.

Figure 3-1 is a percentage comparison of the BIW
conastruction achedules for ships from the mid-1968’as to the
present. The size and complexity of ships as weapons
systemeg has increased dramatically throughout the time
period of Figure 3-1, thuas the comparison is asomewhat

misleading. Yet, the 37 percent schedule reduction in the
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Figure 3-1. BIW Comparative Construction Schedules.(61)
delivery of the FFG-7 lead ship and the follow-on shipas of
the class demonatrates vividly the advantageas of extensive-
pre-cutfitting of structural modules over poat-outfitting.
The lead ship of the DDG-51 class deatroyer has a 54 month
schedule from contract award to delivery. Even while the

lead ship is now in conatruction, BIW anticipates reducing
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acheduled time for follow-on aship deliveries to
approximately 48 months or lesas.

This chapter will deacribe and illuatrate BIW’s
integrated hull construction, outfitting and painting
production plan and zone-by-stage construction technique for
the DDG-51 Arleigh Burke class desatroyer which utilizes the
technology of the Product Work Breakdown Structure. The
methode of PWBS as developed and refined by the
Ishikawajima-Harima Heavy Induspries Co., Ltd. (IHI) of
Japan are compared to BIW’s DDG-51 class integrated
production plan and zone-by-stage construction technique.
The primary references for this chapter are the Bath Iron
Worke Production Planning and Control Department’s
presentation papers "DDG-51 - Developing an Integrated
Production Plan"(62) and "DDG-51 Production Plan

Summary*. (63)

3.2 Inteqrated Production Plan for and Zone-by-Stage

Conatruction of the DDG-51

Thia section deascribes the Bath Iron Works (BIW)
integrated production plan and zone-by-stage technique for
- conatruction of the USS Arleigh Burke (DDG-5S1), lead ship of
a new class of U.S. Navy destroyers of the same name. The
integrated production plan and zone-by-stage technique for
conatruction of DDG-51 embraces the technology of the

Product Work Breakdown Structure (PWBS) and the integrated
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hull conatruction, outfitting and painting (IHOP) as adapted
to BIW’as industrial facility capabilities. The DDG-51 is
firat profiled with itas general characteristics for
familiarity with the ship. Thie ias followed by detailed
discuasion and illuatration of BIW’s development of an
integrated production plan for conatruction of DDG-5S1 class
shipas. Finally, the zone-by-atage conatruction technique is
described.

As stated previously, BIW was awarded the lead sghip
detail design and construction contract of the USS Arleigh
Burke (DDG-5S1) in April of 1985. The DDG-5S1 is a twin screw
gas turbine surface combatant ship diaplacing 8156 long
tons. The ship supports a multi-mission, multi-threat
combat system which integrates the requirements of several
weapons and sensors with the modern AEGIS radar. Figure 3-2
provides a profile and other characteristics of the DDG-S1.

The DDG-51 program represented'a significant
"cultural'” change in the proceass of developing engineering
documentation and the management organization of BIW.
Engineering documentation Secame more representative of the
construction approach based on PWBS. Design products, i.e.,
construction and installation drawings, are now
product-oriented, organized by structural unit or outfit
design zone. Outfitting material lists are now organized
into groupe by product (i.e., interim product), stage, trade

(i.e., pipefittera, shipfitters, electricians, etc.) and
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work family (i.e., aimilar type of work). BIW management
centralized control over all operationa, consolidated and
focuaed management/leadership within the production and
engineering departments and eatablished a formal production

control organization.
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Figure 3-2. DDG-5S1 Profile and Characteristica.(64)
In developing the integrated production plan, BIW

management was guided by the following objectives to provide
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an overall build astrategy for DDG-51 conatruction: (65)

- develop a detailed construction approach by
product, stage, trade and work family,

- gain production department coneensus on the
integrated plan prior to execution of the plan,

- set up an approach to accommodate the DDG-51’s
apecific requirements or other considerations such as

schedule and resource availability,

- support requirements for a cost/schedule control
ayatem, phyasical progressing of work and improved work
process control, and

- support of a balanced conatruction approach as
reflected in the units (e.g., machinery, innerboftoma,
single/multi-deck), zonea (e.g., combat systems, machinery,
tanks and shelles) and aystems (e.g., machinery, combat
ayatemsa, deck/habitability) of the outfitting product
atructure.

Requirements of the integrated production plan
were: (66)

- to provide the production department with clear
visibility into construction priorities and work scope,

- to provide the capability to reflect changing
production goals for construction of follow-on ships,

- to provide the tool that allows the production
department to control conatruction sequencing problems and

project downstream manpower and BIW induatrial facility
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requirementa, and

- to implement a development approach where the
planning and engineering departmente set the strategy for
conatruction and the production department controls the
details of conatruction.

To develop and execute the integrated production
plan BIW eatablished a co-located multi-functional outfit
planning team with members from the planning, engineering,
and production departments. The multi-functional outfit
planning team was formed to accomplish the following:(67)

- establish conatruction goals for each product and
atage,

- develop a DDG-51 class consatruction plan by
identifying installation rationale for components,
equipments and distributive aystems (e.g., electrical,
piping, etc.),

- review the DDG-51 class integrated production plan
approach for construction and gain consensus with the
production department trades, and

- refine the approach for each individual ship’s
apecific problems such as deaign or material availability or
construction schedule constraints prior to final release of
that particuler ship’s production plan for construction.

With the objectives and requirements of the DDG-S1
class integrated production plan.establisﬁed and the

formation of the multi-functional outfit planning team, BIW
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proceeded with the USS Arleigh Burke (DDG-51) contract by
implementing a phased design approach for detailed design to
support construction. BIW subcontracted the development of
the DDG-51 detailed design to Gibbs & Cox (G&C) Company.
Representatives of BIW’s engineering and planning
departments participated directly on site in New York with
the G&C deasignera. By participating directly with the G&C
deasigners, BIW derived the following benefits of the
detajiled design effort: (68)

- continuocus daily contact and communications with
G&C designers,

- promotion of BIW’s familiarity with the design,

- G&C familiarity with the conatruction approech,

- ensuring that the design was compatible with BIW
industrial facility capabilities, -

- prudent deviationa from BIW/U.S. Navy standards of
deasign/construction when required (e.g., BIW decreased the
weight of the DDG-51 by using non-astandard pipe hangers that
were lighter yet atill met U.S. Navy shock test
requirements),

- ensauring economic uae of materials (i.e.,
minimizing non-astandard or one-of-a-kind usage), and

- early, parallel (with design) material definition
and control.

BIW’a phased design approach was guided by the ship’s

apecificaticns, contract guidance drawingas and BIW standards
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for ship design and conatruction. The phaased design
utilized four phases for development as follows:i(69)

- functional design, |

- outfit traneition desaign,

- zone design, and

- production design.

The phaased design approach provided: (78)

- geparate design phases that developed the
appropriate level of details required to support the next
deaign phase,

- planning and production department inputa to the
design prior to each phase of design development,

- detailed production shop planning data input to
the design, and

- improved quality, accuracy and timely release of
design drawings through extensive use of computer aided
design (CAD).

During tne functional design, system diagrammatics,
space arrangements and structural ascantling (e.g., frames,
plates and gifders) drawings were developed. The second
design phase, outfit transition design, developed
preliminary ayatem arrangement drawings to support the astart
of design control. vZone design followed which developed
detailed system arrangements in composite layers, performed
interference checkas of equipment and piping, and developed

structural assembly unit drawings. Finally, the production
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deaign phase provided detailed fabrication sketches for
structure, piping and hull ocutfit as well asa

inastallation/assembly drawinga.

Uaing the G&C zone design producta for the various
agsembly units, BIW developed selected atructural and
non-structural product-oriented astage drawinga. Desaign
documentation along with the aassociated material definition
and planning data was tailored to suit production prqducts,
work processes and stage of the DDG-5S1 construction.
Further, the detailed design'considered the limitations and
needa of potential follow-on shipbuilders (e.g., Ingalls
Shipbuilding of Pascagoula, Mississippi) and is essentially
8 ""univeraal deaign'".(71)

After completion of the detailed design, the
multi-functional outfit planning team prepared an integrated
production plan work package for every outfit design zone.
The team produced the following items for each outfit design
2zone: (72)

- a DDG-51 claass product structure picteorially
describing the product, stége and material group breakdown,

- a DDG-51 class outfit work description to sérve as
the input document for loading the product structure into
BIW’s Advanced Manufacturing Accounting and Production
System (AMAPS) computer progranm,

- marked outfit design zone composite drawings to

serve as the prime - , guideline for routing inatallaticn
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mnaterial,

- special inatructions for material grouping as

required to identify deviations from BIW general guidelinea

for material grouping,

and

- outfit material work family scope eatimates to

verify conatruction achedulea and work content.

Additionally,

the team provided general amaterial grouping

guidelines to the deaign division to describe the normal

Preparation Process. (73)
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material breakdown by product, stage, trade and material
group.
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Figure 3-3 ia a block diagram of how the
multi-functional team prepared the integrated production
plan for the DDG-51 class of ship as a whole, i.e., an
integrated production plan applicable to the conatruction of
every ship of the claaas. With top level management’s
conatruction goals and the planning department’s
eastablishment of standard product sastructures (by units,
zones and aystems), the team aset construction goals and
developed the product structures. The team reviewed the
conatruction approach (which is zone-by-astage, to be
deacribed later) as applied to the product atructures.

After developing the product structures, the team marked up
outfit zone composite drawings based on the construction
goals. Marked up outfit zones were assessed by the team for
potential adjustments to the product structure. When
satiafied with the marked up outfit zone composite drawings,
the team provided estimates of the work content of the
outfit zone by stage for evaluation of aschedule capacity.

If the work content was beyond the schedule capacity, ‘
additional adjuatments to the marked up composite drawings
and the product structures could be accomplished at that
time. The reiter#tive proceas continued until the evaluated
echedule capacity was considered asatisfactory. At this
point the integrated production plan strategy, work content
summaries by stage and the construction schedule were

reviewed with production department trade (i.e., shop)
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representativea. Based on the comments, further adjustments
were made until the trades were satiafied with the
conatruction strategy. Product structures were then input
into BIW’s Work-In-Process (W-I-P) control syatem and
released to the engineering department for final review and
completion of the construction and installation drawings.
Figure 3-4 ia a block diagram for adjuating the
DDG-5S1 class integrated production plan for conatruction of

an individual ship.

{
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{RESOURCE _ |POTENTIAL _{PLAN WITH 5 |PRODUCT .
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- MANPOWER 5
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~$| LABOR >

SYSTEMS

'
i

Figure 3-4. Adjusting the DDG-51 Class Plan.(74)
The shipyard production control group now has the ability to
evaluate a ship apecific plan based on design, material,
ranpower, facilities and ascheduling inputs. After an
evaluation is completed, potential work arounds are
identified and reviewed wlth the production department

tradeas. Finally, besed on feedback from the trades, an
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alternative integrated production plan ia defined.
Adjustments to the product structure can be made in the
W-I-P control aystem. Consatruction achedules and labor
control ayatems can also be adjuated to reflect the revised
work packagee being released to the production department
for construction of a specific ship.

BIW is ueing the zone-by-atage production approach
for construction of the DDG-51. 2Zone-by-stage organizes the
total production effort into precise interim products, i.e.,
parts and subassemblies, for fabrication and aasembly. Work
is assigned to specific work stations utilizing continued
application of proven construction techniques such as
repeating work stations and extensive multi-stage
pre-outfitting. The zone-by-stage production approach
facilitates the total integration of design, planning;
material procurement and program management activities as
defined by the integrated production plan. It establishes a
one-for-one relationship between design and production work
packagees. Structural assesembly unitas and outfit design zones
have th; same PWBS coding number with boundaries of units
an< zones coinciding except at tranaversae unit breaks.
Figures 3-S5 and 3-6 illuatrate the design zone breakdown and
structural assembly unit breaks and *“super unit* boundaries,
respectively.

Conatruction of the DDG-51 started in July 1987 with

the shop fabrication of structural, outfitting and pipe
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The work proceas lanesa provide refined material flow lanes
and dedicated work stationa for specific types of interinm
products (e.g., curved plates, main reduction gear
foundationa). In-process material buffer storage areas are

used to hold construction material in queues near the work
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atationa. Thua, material "neasting” supporta the production
proceaa at lower coast because of leas movement of material
from one work station to another. Further, use of work
process lanes provides improved ahop scheduling that
supports unit pre-outfitting and on-board outfitting.
Production continues along the work proces lanes
with the joining of subassemblies to form atructural
asasembly units (e.g., deck, machinery, accommodations). The
atructural assembly units are one-deck high (analogous to
one floor height in the home) and form the basic building
blocks for other unit assembly and the pre-outfitting
process. Use of these one-deck high astructural assembly

units is:

- to provide continuity between design zones and
assembly units,

- to provide a larger number of unita that are
assembled using similar procedures, and

- to provide greater flexibility for other ahipyards
when they conatruct a DDG-51 claass ship.
Repeating work stations are utilized for similar groups of
structural units. This use of repeating work stations
yields "learning curve” benefits within a single hull due to
the similarities of asize and complexity as noted above.
Additionally, dedicated work areas for specific types of
construction products and in-process material buffer storage

areas to hold the interim construction products in sequence
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near the the aasembly and pre-outfit work stations are
utilized. Emphaais haa been placed on ahifting significant
quantitiee of outfit work to earlier atages of the
conatruction proceaa. Therefore, outfit work packagea are
fabricated and assembled in parallel with structural
asasembly unit construction. BIW ia considering the use of
“auper unitsa' where feasible. The work proceaa for these
super units would entail ground erection, joining and
extensive pre-outfitting of up to six lower hull assembly
units in a controlled environment, i.e., in the assembly or
preoutfit buildings. By using super unita, BIW could shift
up to 580 percent of on-board outfit work on the ship ways
within these lower hull units to the final pre-ou£fit period
that is conducted in the controlled environment of the
pre-outfit building. This shift would allow significant
reductions in production manhoura and construction achedule
by increasing cost effective pre-outfitting as compared to
the more manpower intensive on-board outfitting.

It ia important to note at this point that the
painting of parts, subassemblies and assemblies is
coordinated with the work process flow lanes as the interinm
productsa move aloné the flow lanea. BIW usea controlled
environment buildings for the painting proceaa for better
adhesion of paint coating systems as required by the U.S.
Navy. As a result of this interim painting atep, it is

extremely important that all primary structural work and

79



welded outfit attachmenta be completed prior to the blaat
and paint step.

BIW’as largeast crane capacity is 220 tons.
Therefore, the astructural units brought to the aship ways on
the shipyard’s 250 ton transporter are aized according to
the 220 ton limit. Structural asasemblies with extensive
pre-outfitting are joined on the ahip ways. On-board
outfitting proceeda as the ship takes form on the building
ways. The following on-board outfit work is scheduled for
completion prior to launch:

- completion of painting and teasting of all tanks
and voids,

- completion of all main electrical cable pulls to
allow early activation of electrical systenms,

- completion of electrical aswitchboard hookups to
support ahore electrical power through the switchboards,
and

- completion of the 5"/5S4 gun amnunit%on and
vertical miaajile launch foundations to allow early weapons
loading.

Before launch, the final painting of the hull’s underwater
body is completed.

On-board ocutfitting after launch continues with the
final hookups and testing of machinery, electrical,
accommodation and combat systems equipmenta. Sea trials are

scheduled at the completion of testing. After going through

88



the asuccesaful completion of three sets of asea triala, the
U.S. Navy formally accepts the completed ship by her

commiasgioning into the fleet.

Thias asection described and illuatrated the
integrated production plen and zone-by-stage construction

technique for the DDG-5S1 classa ship.

3.3 PWBS/IHOP Applications at BIW and IHI -
A Comparison

Bath Iron Workas’ (BIW’s) integrated productionAplan
and zone-by-stage lechnique for construction of the DDG-S1
class ship are based on the Product Work Breakdown Structure
(PWBS) and the integrated hull construction, outfitting and
painting (IHOP) methods as developed and refined by the
Ishikawajima-Harima Heavy Industries Co., Ltd. C(IHI) of
Japan. The PWBS and IHOP methoda as practiced by IHI have
been modified to suit BIW’a industrial facility capabilities
and labor organization. Yet, the same objectives exist - to
conatruct aships more efficiently with better quality at less
cost. This section will compare BIW’s integrated production
plan and zone-by-stage technique for construction of the
DDG-51 claess ship to the PWBS and IHOP methode as practiced
by IHI.

The reorganization of the BIW management
organization to support the integrated production plan and

zone-by-stage construction technique is similar to the
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typical IHOP organization as depicted in Figure 2-15 of
Chapter 2. The only exception is that the ship deaign
department of the IHOP organization is a division within the
engineering department at BIW.

BIW’a formation of the co-located multi-functional

outfit planning team with members from the planning,
engineering and production departments for development of
the DDG-S1 clasa integrated production plan reflects the
philosophy of having the entire shipyard organization
involved in the planning of ship conastruction. The
objectives and requirements of the integrated production
plan for the DDG-51 as discussed in the previous section of
thia chapter are simply an outgrowth of that philosophy.
The reiterative process used by BIW in analyzing the work
packageas of the integrated production plan as depicted in
Figures 3-3 and 3-4 is similar to the reiterative process
for analyzing IHI work packages (see Figure 2-1 of Chapter
2).

The phased deaign approach for detailed design of
the DDG-51 was accomplished in the four phases - functional
design, outfit cransition design, zone design and production
design. This design approach by BIW is product-oriented and
saimilar to the product-oriented desigp process aas depicted
in Figure 2-3 of Chsapter 2.

BIW’s "universal design” for the DDG-S1 claas

considered the limitations and needs of potential foilow-on
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U.S. shipbuildera. Thia universal deaign is unique in that
it is available for uae by BIW’s competitors in the
ahipbuilding businesas. The U.S. Navy required that the
universal deaign be developed aa part of the DDG-51
contract. Obviously, the universal deaign would have to be
adapted to another shipbuilder’s industrial facility and
labor organization, but having the basic deaign completed
eliminates reinvention of the design by other ashipbuilders
and saves the U.S. government money. Further, competition
forces competitive shipbuilders to become more intelligent
in their application of PWBS and IHOP in order to obtgin the
follow-on contracts for building DDG-S51 and future U.S. Navy
ahipsa.

The zone-by-stage approach for consastruction of the
DDG-51 ias synonymous with IHOP. Zone-by-stage organizes the
total production effort into precise interim products, i.e.,
partas and subassembliea, for fabricatién and assembly. The
hull construction and pre-ocutfitting work process lanes
progress independently at first and merge based on the
zZone-oriented schedule tha£ controle and coordinates the
flow of work. Painting occure as the schedule directs and
is completed in controlled environmentas. Buffer storage
areasg are provided for interim products near the appropriate
work station that will use them. BIW "super units* would be
aimilar to IHI’s "grand blocks”. All of the foregoing

represent aimilaritiea to the IHOP as used by IHI. Some
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differencea are:

- the pipe plece family manufacturing area-oriented
work process as used at IHI is a part of the outfitting work
process lanes of BIW,

- BIW erects ships on building ways while IHI uses'
graving docks.

Figure 2-4 of Chapter'2 depicta the integrated work
process lanes for construction of a typical tanker ship. By
combining the pipe piece manufacturing process lane into the
outfitting process lanes, the BIW integrated work process

lanes would be depicted.

This chapter has deacribed and illuatrated BIW’s
integrated production plan and zone-by-stage technique for
construction of the DDG-51 class ship. The PWBS and IHOP
methoda as used at BIW are comparable to those as practiced
at IHI. The next chapter will look at the inplenéntation of
PWBS and IHOP at the Avondale Shipyards, Incorporated of New
Orleans, Louisisna and compare the Avondale Shipyarda’ ship

conatruction methods to those of BIW.
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CHAPTER 4

IMPLEMENTATION OF PWBS AT AVONDALE SHIPYARDS

Avondale Shipyarda, Incorporated (ASI) of Ne@
Orleansa, Louisiana, and the Maritime Administration (MarAd),
in cooperation with the Isghikawajima-Harima Heavy'Industrieg
Co., Ltd. (IHI)> of Japan, condu~ted a technical evaluation
of ASI’s production operations and organization during
fiscal year 19886. The goal was the development of a
long-range facilities plan that would aignificantly improve
productivity at ASI. Many recommendations for changes were
offered by IHI based on the Product Work Breakdown Structure
(PWBS). Not all changes could be implemented at one time
because many non-shipyard related areas (e.g., vendors)
outaide ASI‘’s cont;ol were affected. Therefore, ASI
selected four of the IHI recommendations for implementation
that would improve productivity with the least disruption to
ASI. The four recommendations were: (77)

- Production Planning and Scheduling,
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- Deaign Engineering for Zone Outfitting,

- Use of Process Lanesa, and

- Production Control.

Since each of the four recommendations contained many
elementas, ASI selected only specific elements that:

- promised significant improvement in productivity
with the least amount of diasruption during the integration
period,

- could be tailored for ASI and used as an
Americanized version of Japanese technology, and

- were measurable so that comparisons could be made
between old and new methods adopted.

- An important aspect of the joint efforts of
ASI/MarAd and IHI waa the dissemination of information to
other U.S. shipbuilders via technology transfer seminars.

This chapter deécribea and illustrates the
implementation of the four recommendations of the IHI
technical evaluation of ASI that have decreased production
time, increased productivity and materially reduced costs.
ASI‘’s methods are conparéd to Bath Iron Works’ application
of PWBS to the construction of the DbG-Sl class ship. The
primary reference is the National Shipbgilding Research
Program (NSRP) publication "Hanpfacturing Technology for
Shipbuilding - Project Condensation”.(78) This publication
is baaed on the four technology tranasfer seminars conducted

by ASI for U.S. shipbuilders over a period extending from
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May 132 through June 1984 and is a condensation of the four

volumes of lecture materialas from thoase four seminars.

4.2 Production Planning and Scheduling

This section describes and illuatrateas ASI’s
implementation of IHI’s recommendations for production
planning and scheduling. The aection begins with a brief
discussion of production planning and scheduling practices
before implementation of PWBS technology. This is followed
by the detailed deacription and illustration of ASI’sas
implementation of the modern methods of planning and
acheduling baaed on PWBS. Thia includee contract planning
requirements, organizational changes, planning for work
process lanes and zone outfitting, planning inatruments and
procedures, production outfit planning procedures and.the
development of conatruction schedules.

Prior to the implementation of PWBS technology,
Avondale Shipyards’ traditional and conventional methods of
production planning and acheduling for shipbuilding were
normally undertaken after contract award and continued up to
launch of the vessel. Production planning and scheduling
was low profile and performed by the production department
shops because basic planning developed by the planning
department did not provide sufficient detail during
development of the initial plan for construction. ASI

accepted these conditions because of the lack of detailed
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plana that aaasured production ot each unit of a ahip with
predictable accuracy on a reliable achedule.

ASI recognized the need to improve the methods,
controla and predictability of construction. After
completing a atudy of the PWBS, ASI managers developed a
basic approach to planning and scheduling that provides
integration of division responsibilitiea/functiona and
specifies relationships and dependencies among hull,
outfitting and facility requirements. The approach also
included all requirements for construction beginning early
during the marketing astage through final delivery of the
ship. It further provided for top milestone meetings
easential for visibility and control.

By adopting the principles of PWBS, engineering and
production departments realized improvements in
commnunications and delivery of deasign documentation, i.e.,
design drawings and material lists. Top managers now
require that a construction plan be developed up-front to
enaure that the engineering department is fully aware of
conatruction methods that must be included in preliminary
engineering development before contract award.

Total contract requirements are now planned in
advance of hull conatruction at ASI by a planning team. Top
management is involved with the planning team to assure the
vigibility of the total contract requirements and their

relationship to other contracts.
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Organizational changes were necessitated in order to
support the PWBS technology. Engineering planning and
production planning organizations changed to accommodate the
IHI technology. ASI organizational changes included: (79)

- new groupe eatablished by the moldloft to
implement line heating and unit control manuals (UCM),

~ a new department, “Operation Servicea'”, created to
handle all the various lifting devices and turning methods
needed to implement work process lanes,

- reorganization of production planning into two
divieions - Hull and Outfit Planning,

- new groups of skilled burners formed to create a
“line heating crew"” for shaping shell plates,

- an accuracy control team of four peoplé under a
qualified engineer to improve dimensional control, and

- a new production department group, Shop Planners,

-

formed to reinforce the work process lane concept at the

shop level.

Planning for work process lanea provided a method to
control and handle nateriale quickly, efficiently and
economically. By incorporating work process lanes, ASI
management waa able to control the detajiled work processa
lane schedules based on volume and quantity of work for each
process lane work center. A direct result of use of work

process lanes is that work center coat and efficiency could

now be determined by management.

83



Use of work proceasa lanes require the hull unita of
a ship to be divided into categoriea based on size, shape,
weight and method‘of construction. ASI categorized hull
unita into aix basic categories:

- flat panel units (e.g., mid part, double bottonm,
side shell, longitudinél bulkheads),

- curved shell units (e.g., aft and fore part aide
shells),

- superstructure units (e.g., pilet house, decks,
flata, bulkheads),

- large and heavy modular unite (e.g., fore and aft
peak tanks, engine room innerbottoms),

- engine room and inner bottoams, and

- apecial units (e.g., rudders, skegs, bulbous
ashapes, astern castings).
This categorization of hull units allows planning
department, shop and work center planners to develop basic
and detailed planning and scheduling for construction of a
ship. Further, hull unit csategorization provides for
orderly flow of materials and determination of where a
component will be constructed, construction time and
production control through a particular work process lane.
Figure 4-1 illustrates the categories of hull units. These
hull unite are further divided into assemblies,

subaassenblies and partial subassemblies down to individual

pieces.
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AS]1 eatablished planning control guidelinea to
support the work process lane concept and ovevall planning
development. These guidelinea included: (80)

- determining present work platen loading,

CATEGORY UNIT NAME SHAPE
MID PART
DOUSLE BOTTOM
FLAT PANEL UNIT SIDE SHELL
LONG BHDS

it

AFT & FORE
PART

CUAVED SHELL UNITS | SIDE SHELLS

FLATS f——
FLATS
SUPERSTRUCTURE | BULKHEADS o O ———

™
3
\

UNITS HOUSES ETC.
LARGE AND
VERY HEAVY
FORE PEAK J DIMENSION
AFT PEAK UNITS
@ LAAGE AND
HEAVY
ENGINE ROOM INTRICATE
INNER BOTTOMS UNITS
BULBGCUS
SHAPES
STERN
SPECIAL UNITS
SKEGS CASTINGS
RUDDERS

ETC.

Figure 4-1. Categories of Hull Units.(81)

- establishing key construction dates,

- dividing the hull into units and developing an
erection aequence for the units,

- categorizing hull units,

- eatablishing weight calculations by hull unit

(rough calculation),

91



- loading work platena to capacity,

- eatabliahing the erection achedule,

- preparing assembly schedules,

- ensuring key conastruction datea are compatible
with the assembly and erection schedules, and

- refining weight estimateas and all aschedules as
detailled drawings become available.

ASI’s baaic procedures for hull planning are: (82)

- to divide a hull into unite to meet the best
requirements of the erection sequence, and

- to assemble each unit with high productivity and
gquality using the PWBS.

ASI considers the following in the basic planning
for hull unit production sequence and unit erection:(83)

- ghe choice of the first units to be put down (as a
rule these are the engine room units tc allow complicated
outfitting to start early in construction),

- the capscity of the cranes in the assembly and
erection areas of the ASI facility, '

- the AS]I area facilities in the assembly yard,

- maintaining the accuracy (i.e., not bending out of
shape) of the unit when turning the unit for the best
position for welding, which is normally the downhand
position,

- the lengths of fittingas and welds required on each

unit which will determine the length of stay at each
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conatruction work atation on the work proceas lane,

- the required on-unit outfitting, and

- the size of the unit, which should be determined
and adjuated with the outfitting achedule ao that the merits
of both hull conatruction and on-unit outfitting can be
achieved.

Figure 4-2 is a flow diagram for planning and
scheduling of hull unit conatruction. Lead hull planners
begin development of the construction methods by hull unit
early during the key planning stage. This is followed by
hull unit planning, unit assembly planning, etc., along with
scheduling and associated material requisitions through the
working astage. Units are broken down into partial
aubassembliesa to the minimum level, i.e., an individual
part. The detailed breakdown is completed early in the
preliminary stage and asasigned to a work process lane.

Iasasue of detailed drawinga allow refinement of the work
process instructione which are contained in the Unit Control
Manual (UCM) and preparation of the unit parts liast (UPL)
prior to final issue of drawings to the moldloft.

2one outfitting, as practiced at ASI, utilizes three
types of zones based on PWBS technology:

- package unit pre-outfitting,

- on-unit ocutfitting, and

- on-board outfitting.
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Figure 4-2. Flow Diagram for Hull Unit Construction.(84)

In package unit pre-outfitting componenta/partas are
assembled into package units that do not require temporary
reinforcements or supports to maintain the package’s
stability and rigidity. Two types of package units are
produced - machinery and zone. Machinery package units are
assenblies of machinery that is combined with adjacent
components such as the foundation, pipe pieces, valves,

gratings, ladders and supporta. Zone package units

o4



(aometimea called pipe package unita) are assemblieas of pipe
pieces and pipe racks.

On-unit outfitting iasa the outfitting of various
componenta on the ceilings, floors and inner bottoms of a
hull unit before hull unit erection.

On-board outfitting is the outfitting of:

- iteme or package units too heavy or big to load
onto the unit prior to erection,

- fragile components and water-vulnerable components
that are impractical to be fitted on-unit (e.g., joliner
panels, inaulation and other items subject to damage from
handling and weather), and

- connection components between package and hull
units (e.g., pipe makeup pieces, cable, etc.)

Figure 4-3 is an illustration of the three types of
zone outfitting.

AS1 goals to support outfit planning are: (85)

- to maximize the pre-outfitting of componentas of
all systems in zonea of the on-board divisions into

sub-zones of hull units,

- to maximize the assembling of components of
systems in the zones of on-board diviasiona into the
asub-zonea of machinery and pipe package units,

- to minimize the amount of outfitting after hull

erection,

- to orient aasemblies requiring steel fitting and
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foundation work to an easy work posasition asaiated by gravity
rather than opposing gravity, avoiding difficult overhead
work, and

- to tranafer work environmenta from closed, narrow,
high or unsafe locations, to open, spacious, low and safe
locations, and also to facilitate transportation of

materials.

1. PACKAGE UNIT
PREQUTFITTING

2. ON - UNIT OUTFITTING

3. ON - BOARD.
OUTRITTING

Figure 4-3. Three types of Z2one Outfitting.(86)
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ASI’as approach to hull planning and acheduling
begins before contract signing by the use of the ASI
document entitled ‘“Job Deacription At Each Stage in New Hull
and Outfitting Engineering Procedure at ASI" which is
referred to more simply as the "Job Deacription At Each
Stage Schedule"”.(87) This document provides the guidelines
to ASI planners in the development of a conatruction plan
and achedule. Figure 4-4 is a simplified flow diagram of a
hull and outfitting engineering schedule. It consiats of
five atagesa:

- marketing stage,

- preliminary atage,

- key plana sastage,

- engineering drawings atage, and

- moldloft atage.

Thease atages for total contract requirement resolutions and
work process lanes development are phased to ensure
sufficient lead time is provided to all departments of the
ASI organization in order to complete their required work
within each sastage.

Early during the marketing stage meetings are
conducted to reviéw marketing stage development. Items of
importance that are required during the marketing stage
include contract specificationa, ship’s lines drawings and
contract drawinga. Midship sectiona, acantling plans, shell

expanasions and machinery arrangements/diagrammatics are
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Figure 4-4. Hull and Outfitting Engineering
Scheduling. (88)

uaed for outfitting and hull planning development. All of
the technical data and engineering calculations that are
developed for the ship are important to follow-on
engineering stages. Procurerent aspecificationa for material
and parts are atarted for resolution at contract signing.
Preliminary hull unit arrangements are developed prior to
contract signing.

A '"GO" meeting is held one month after contract
aigning with the engineering and planning departmente and
top management to assess development of the preparation
atage. IJTtems discussed at this meeting include labor and
material eatimates, purchase requeste for major items (e.g.,

reduction gesrs), budget, adjustment of ship specifications
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and drawinga, basic hull unit arrangement, drawing issue
schedule, faired ship’s linea drawings and preliminary
outfit pallet liats (pallet refers to specific products
gathered together in one place for outfitting).

Four montha after the "GO" meeting at the end of the
key plan stage the *“K"” meeting is held with the same
peraonnel in attendance as the "GO0O" meeting. By the time of
this meeting key planas (e.g., frame body plan, fore, hold,
engine room, aft and superstructure construction plans) are
completed and reviewed. A pallet schedule is issued for all
outfitting material for on-unit and on-board outfitting.
Seventy to seventy five percent of the required steel for
conatruction ias requisitioned during this period. The order
of gequence of unit erection is established and charted on
an erection sequence maater diagram. The erection seéuence
is ordered to provide an evenly distributed grouping of
units that fall into a regular pattern of erection. This
ordered asequence of erection allowsa the use of the sanme
workers and equipment in & predetermined, production line
type of erection (analogous to the automobile assembly
line). Further, this allows for the efficient movement of
workers performing the same joba from one ship to another in
a multiple ahip construction effort. Unit Breakdown Summary
Sheets are completed and sent to the mold loft along with
the unit parts 1liset (UPL). Unit Breakdown Summary Sheets

contain the routing and work proceas instructions for
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producing a unit from the start of construction to blast and
paint. Thia document takes into conaideration the
following: (89)

- classification of parts (i.e., partial
subaasembliea, asubassemblies, assembliea, pieces),

lines and type of weld connections,

- beveling of welded edges,

- extra stock for adjustnent,

-~ provisions for accuracy control, and

- pre-outfitting and blast and painting.

The Unit Breakdown Summary Sheeta are the work process
instructions for the hull engineers and draftsmen to make
the detailed unit-by-unit plana that are aent to the mold
loft.

The *“ML* (mold loft) meeting is held four months
later. Top management reviews the achedule of hull drawings
iasue to the mold loft. Unit Control Manuals (UCM), which
are work process instruction booklets, are started by the
moldloft with receipt of the hull drawings along with the
unit parts list (UPL).

The mold loft atage follows for the next three
months. Near the end of the three months the production
department atarts to receive parts programming, templates,
numerical control tapes for machining of parts, outfitting
drawings and jig instructions.

The next eight months between the *“ML" meeting and
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laying of the keel of the ship includea the following:

- completion of mold loft work,

- isasue of work process orders and assembly of
material, and

- fabrication, subassembly and assembly of hull
units by the production department.

Aasenbly atage planning invelves the planning for
joining of assemblies from the various work process lanes
into larger and complete hull unitae. The grouping of these
hull unit sessemblies is by category, as deacribed
previously, and is dependent on the supporting tacilities of
the construction area (e.g., flat jiga for flat units, fixed
and pin jigse for curved units) and the construction time in
the work process lane as determined by outfitting lengths,
welding lengths and pre-outfitting.

Erection atage planning and acheduling is the key to
the previous steps because any delays at this stage can
affect the ship’s launch and delivery dates. Planning for
erection involves the joining of hull units together in
zonea according to an erection achedule. Erection atage
planning is divided into a series of subatages that
include: (90

- unit erection,

- shipwrighting,

- scaffold erecting,

- main structure fitting and welding,
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- aubsatructure fitting and welding,

- cleaning,

- internal visual inspecting,

- scaffold removal,

- air test of tanks and compartments,

- painting of coated tanks,

- water testing of tanks, and

- completion.

Shipwright, rough fitting, finish fitting, welding,.
inapection, testing and painting crewe perfora the work in
the aubatages as acheduled for each tank, zone and subzone.

The planning and scheduling of the paint coating
system isa done in conjunction with the hull and outfitting
atage planning. The goal is to accomplish as much surface
preparation and undercoating as possible during the hull
unit conatruction and prior to the ship’s erection. The
PWBS’ Zone Painting Method is used by ASI.

Production outfitting planning is done concurrently
with the hull planning and acheduling. Outfit planning at
ASI describes the planning and ascheduling necessary to
install, test and operate all the components of a ship,
excluding the hull. The Production Cutfit Planning tean
develops the information, documents and schedules required
to implement zone outfitting. Outfit planning begins early
before contract asigning. Interaction between outfit

planners, hull planners, engineering planners and other
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departments of ASI is eassential to aucceasaful outfit
planning.

Outfit planning is done in two atageas - precontract
and contract. During the contract negotiating period, i.e.,
precontract, the Production Planning Department eastablishes
the major milestone dates for keel laying, launch and
delivery of the ship. Production Outfit Planning uses these
dates along with the contract specifications, midship and
scantling plans, general equipment and machinery
arrangements and key ayatems diagrama for astarting outfit
planning development. The ship ie divided into large
purchasing zones for advance ordering of material and
equipment. The Production Outfit Planning and Eggineering
Outfitting diviasions decide on the preliminary applications
of machinery and pipe package outfitting units and
on-unit/on-board ocutfitting.

After contract signing, the Production Outfit
Planning team develops the detailed zone arrangenent apd
preliminary pallet lists. A Master Mileatone
Construction/Z2one Outfitting Schedule is then developed and
finalized after review by Production Operations, Production
Engineering and Production Planning via joint meetinga. Top
management reviews and approvea the Master Milestone
Construction/Zone Outfitting Schedule. Production Outfit
Planning begins publication of the "Unit Outfitting Lists of

Material’” and "Z2one Outfitting Lists of Material’.
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Production Engineering then issues work proceasa orders for
fabrication, sorting, collection and the packaging of outfit
materiala. As construction of hull unitas and zones proceed
the on-unit, package unit, and on-board outfitting proceed
in parallel based on the aschedule. Production Outfit
Planning issues a Compartment Completion and Machinery
Teating Schedule to closeout all compartrenta and test all
tanks and machinery prior to the final delivery of the
ship.

ASI uses three basic types of schedules: (91)

- master yard schedule,

- long-term schedule,and

- short-term achedule.
In developing thease schedules ASI ensures participation by
all levels of the shipyard organization. Thias is to ensure
that achedules are realistic (i.e., within the capability of
the facility and peraonnel), recognized (i.e., the schedules
are official documents of top management and can be changed
only by top management) and resolute (i.e., tge schedules
are regarded by all employees as unwavering work guides).

The master yard schedule defines the long-term
scheme of the construction for all contracts in progreass and
being negotisted. It contains the following items for each
contreact:

- keel laying,

- launching, and
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- delivery.
Additionally, it contains projected erection and assenmbly
production weight per month and accumulative erection and
assembly weight curveas for each ship. Finally, the master
yvyard achedule provides management with the following: (S2)

- an understanding of the necessary manhours and
required aessembly areas,

- the ability to make adjustments to the assembly
platform (i.e., platen) capabilities, and

- the ability to adjust manpower to support ship
construction schedules.

The long-term schedule functions are: (93)

- to support amooth relationships between the
production stages (e.g., the relationship between
fabrication, pre-fabrication and assembly stages’, and

- to level-load the work volume at each asasembly
atage.

With the long-term schedule established the
short-term (mornthly, weekly, daily) aschedule is established.
Production shop planners use the long-term schedule to
prepare the short-term achedule based on the capacities of
each machine and work process area. These short-term
achedules are issued regularly to: (34)

- give an understanding of the work progress status
for prior and subasequent construction stagea, and

- indicate exceptionas to normal routine working
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methoda for particular itenms.

Short-term achedules provide precise material and production
process control, accuracy/safety/manufacturing method
control and production efficiency control. Shop plannera
control the daily schedule, looking ahead six to eight
weeks. These short-term achedules are used by the foremen
to determine their weekly work load in order to maintain the
achedule dates.

This section described and illustrated the
implementation of Production Plénning and Scheduling at ASI.
Paat planning and scheduling prior to implementation of the
IHI technology was briefly discussed. This was followed by
a detailed description of ASI’s implementation of Production

Planning and Scheduling that is based on the PWBS.

4.3 Design Engineering for Z2one Outfitting

This section discusses and illustrates the
implementation of ASI’s design engineering for zone
outfitting which is based on IHI‘’as PWBS technology. The
section begins with the impact of zone outfitting on the
overall engineering design effort. This is followed by the
effectas of zone outfitting on ASI’s engineering department.
The section concludes with ASI‘’as philosophy that must be
adopted by an engineering organization that is going to
implement zone outfitting techniques.

The implementation of design engineering for zone
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outfitting had an effect on all engineering department
sectiona and disciplines. Six major innovations were: (95)

- modificationa to the engineering approach
(fabrication/inatallation drawinga are no longer sasyatenm
oriented),

- more data displayed on each drawing,

- the number of drawingas produced significantly
increased,

- eastablishment of a package unit teanm,

achedule adherence becomes critical, and

- the overall work scope increased.

The modifications to the engineering approach
consiated of shifting the detailed design for engineering
drawings from a systemes orientation to a zone orientation.
During the detailed deasign phase, ASI uses three basic
deasign processes:

- final system level design, -

. - selection of equipment, and

- fabrication and inastallation design.

The time perioda for the first two processes greatly overlap
while the last process follows the other two. Also, the
firat two procesaes for detailed design are eassentially the
same as those for conventional shipbuilding since they are
aystem oriented. It is the fabrication and installation

design procesa that incorporateas the PWBS technology because

it is zone oriented. The zone oriented drawings deacribe

107



the unitas to be built. Designers configure the sysastems
within each unit to simplify installation. This is
accomplished by having the production department provide
detailed, written, unit-by-unit descriptions of how each
unit will be built. Engineering and production department
personnel meet weekly to discuss the best timing for
installa’ion of each ayasatem within a unit with joint
agreements reflected in the engineering drawings.
Fabrication drawings (e.g., pipe details, vent ducting) are
developed unit-by-unit and are part of the installation
drawing package. Componenta are identified by coding to
reflect the unit the component will be installed in and the
stage of aaaembly or subassembly of that unit. This in turn
relates to the building site where the insastallation will
take place. Thus, the installation drawings are a material
control document as well. ASI inatallation drawings are
produced in booklet form for the production worksites.

More data are displayed on installation drawings.
Because the engineering department ias intimately involved
with the methods and sequences of the production department
(via the Unit Breakdown Summary Sheets), the various
engineering sectiona (e.g., mechanical, electrical, etc.)
must reflect the methodology of production in the draw’ngs
they produce. Thus, the information required by production
relative to when equipment and components are to be

installed muat be shown on each drawing. Material control
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ia reflected on thease drawings. Additionally, work that wasa
left for field accomplishment (i.e., not done on a unit in<a
work process lane) is now reflected on the installation
drawings (e.g., 3/4" to 2" diameter amall bore pipe).

The zone outfitting approach requires use of
approximately twice aa many drawings as the conventional
method. The major reason for this increase is in the method
for presenting piping work because there are about three
times as many piping plan drawings for a zone outfitted
ship. A piping arrangement drawing that eppliea to two
units is accompanied by two pipe detail drawings and two
liatas of material, one for each unit. Pipe is fabricated by
unit and stored by pallet code to await inastallation.

Zone outfitting necessitated asome organizaticnal
changes within the engineering department. A Package Unit
Teamn was eastablished in the mechanical engineering section
for developing complete machinery package units for
machinery spaces. The team details equipment foundations,
gratings, handrails, piping and inastrumentation.

Under zone outfitting each drawing has a more
critical issue date since work on a portion of a asyatenm
within & unit is dlosely knit into the pr;-outfitting plan.
Therefore, the Engineering Planning and Scheduling section
rust effectively plan the issue of drawings.

Zone outfitting has increased the acope of the

engineering department’s work and conasequently the
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engineering department’se costa. However, it has been
demonatated by ASI that this increase has been more than
offset by savings in manhours and time in production. (96)
Further, ASI expects to reduce engineering department coats
as the shipyard becomes more familiar with the zone
outfitting method.

Some of the effects of zone ocutfitting on the
engineering department include: (S7)

- the engineering effort must begin and be completed
earlier than in conventional design methodology,

~ the role of the engineering and production
departments as partners must be streassed; thus, meaningful
diaiogue is esaential,

- engineering drawings are developed as units, not

asg systems,

- atructural "key plans’” are used in drawing
development,

- material on drawings musat be “pallet coded*, and

- advance ordering of long-lead material is
emphasized.

“"Engineering easentially complete’” (98) is the
phrase ASYI uses to illustrate the overall goal at the time
of atarting prefabrication. The mutual engineering effort is
far greater in zone outfitting and muast be accomplished in a
far ashorter time. Figures 4-5 and 4-6 illustrate the impact

of unit outfitting on overall scheduling and the intensity

110



of engineering effort as compared to conventional methods.
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Figure 4-5. Impact of Unit Outfitting on

overall acheduling. (S9)

CONVENTIONAL CONSTRUCTION

° Total Engineering Manhourg = = === = =« e c v« 350,000
® Percent Complete At Pre-Fabricatlion~ < = =~ < 0%

¢ Months From Contract To Pre-Fabrication = = = 14

® Manhours Per Month (avg) Prior To Pre-Fabrication- 18,000

UNIT OUTFITTING

®* Tctal Engineering Manhours = = = = = = o = = .- 500,000
* Percent Complete At Pre-Fabrication = =« = = = = 80%
®* Months From Contract To Pre-Fabrication - - = 12

* Manhours Per Month (avg) Prior To Pre-Fabrication - 33,333

Figure 4-6. Intensity of Engineering Effort. (180)
Therefore, the precontract effort must maximize the
definition of design parameters, contract requirements,
conatruction rethods, scheduling and long lead time material
needa 8o at the time of contract signing the intense

engineering effort can begin. The engineering effort that
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followa typically results in 80 percent completion of design
drawingas at the time of atart of prefabrication.

Unit outfitting places an increased burden on the
engineering and planning activities of ASI because of the
early intense engineering effort. A clear and concise
understanding of the design task is realized through the
engineering and production departments working closely as
partners.

As discussed, zone outfi;ting at ASI requires that
the engineering drawinges be developed for units vice
systems. Structural key plans are used in drawing
development. The key plans are detailed scantling plans
that show all aspects of the ship’s atructure. The primary
purpose of the key plans is to provide engineering and
production with a document that depicta details related to
the ship’s major structural components for their use. For
example, the Hull Drafting section uses the data shown on
the key plans to develop unit drawings. The Piping section
uses the key plans to locate major interferences of piping
runs. Production Planning uses the key plans to aid in the
unit breakdown development. Material on drawings are pallet
coded to reflect when material or components are to be
installed in the outfitting proceas. The Material Control
section of production uses the pallet code information to
assenble all material to be inastalled at a particular time

and routes the material to its exact location for
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inatsllation. Figure 4-7 ia an example pallet code.

Unit Numbor-\ /— Stage Of Construction

06-120-01S

07-M12-01X

Craft '-/ \—-— Serlal Number

Zone for On Board

Figure 4-7. Example of Pallet Codes. (101)

The advance ordering of long lead time material is
critical to implementation of zone outfitting. The design
effort requires early receipt of vendor information and the
zone outfitting production schedule regquires
earlier-than-conventional receipt of material and
equiprent.

ASI‘’s implementation of zone outfitting has been
moat satisfactory. The philosophy that must be adopted by
an engineering organization that is going to implement zone
outfitting techniques could be condensed into the following

key items: (102)

- START ASAP, before contract signing, if at all

poasaible,

- COMMUNICATE with Production from the start,

- MATERIAL SPECIFIED AND ORDERED ASAP: Have vendors

ready to go upon contract signing. The soconer purchase
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orderes are issued, the sooner vendor information required
for drawing development will be received,

- PLAN AND SCHEDULE ENGINEERING WORK: With all the
drawings needed and the short amount of time to do them, a
good plan and a good schedule are crucial, and

- REMEMBER TO MAKE IT HAPPEN: With zone outfitting
there is no time to sit around and wait for the "other guy”
to call. If something is needed, get it.

This section diascussed the implementation of design
engineering for zone outfitting at ASI. The section
included diacussions of the impact and effects of zone
outfitting implementation on the ASI engineering department
organization and concluded with ASI’s philosophy for

implementation of zone outfitting techniques in .any

engineering organization.

4.4 Proceas Lanes

This section discusses and illustrates the
iﬁplementation of work proceas lanes at ASI. The work
process lanes concept is discussed first. Thies is followed
by the requirementa for implementation of work process lanes
and a discuasion of the physical aspecta of ASI’s work
process lanea. The section concludes with a discuasion of
facility capacity loading at ASI.

The work procecs= lanes concept categorizes and

separates similar kinda of work. Work centers are formed
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and apecifically designed to efficilently and economically
produce these similar kindas of work. Further, the work
proceess lanes eastablish a "learning curve"” efficiency
because the same workers in the same work centers are doing
repetitive types of work every day which ia asupported by an
organized and efficient flow of material.

Using the PWBS technology as the basis for work
process lane implementation, ASI emphasized the following
requirements for the evolution of work process lanes: (103)

- the phyaical aspect of the proceaas lanes within
ASI’s industrial facility,

- hull unit breakdown,

- material flow,

- coding systems,

- coat asysten,

- planning aystems,

- scheduling asystems, and

- control systems.

Diacipline and attention to detail in every phase of design
and construction and to all interim products were the
factors that haveiled to successfull developrent and
execution of the process lanea syastem at ASI.

Developing the proceas lane aschedule provided ASI
management the controls and visibility for determining work
center cost and efficiency during production. ASI

emnphasjizes the flexibility and control afforded by work
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process lanes to achieve uniform work flow within each work
center and coordinated outputs from all work centera. ASI’s
Production Planning monitors and reports schedule progress
on each work center. Shop planners provide daily detailed
attention to each work center’s progress. Additionally,
Production éngineering monitors and reports work center cost
and actual manhour cost per ton versus projected cost per
ton efficiency allowing management to take corrective
actions as necessary to improve productivity.

In implementing work process lanes ASI analyzed the
physical shipyard platform layout required to support the
new concept. Area requirements, crane capacities and
material flow were major conaiderations for implementsation.
The volume of work for each hull category and the method of
construction of each hull unit was considered in the
selection of assembly, subasasembly and fabrication work
sites. The percentage of hull weight for a typical tanker
ship by hull category was calculated. Using Fhe foregoing,
ASI selected and laid out the assembly platforms, i.e., work
process lanes, for construction of each of the six hull unit
categories along with the prefabrication work process lanes.
As in the PWBS technology, the proceass lanes start out
independently in production of interim products and merge sat
appropriate points as required by the production plan and
schedule. Figures 4-8, 4-9, 4-10 and 4-11 represent the

work procesa lanes at ASI for prefabrication, subassembly
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and aasembly atagea of conatruction.
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Avondale plana current and prospective workloads to
ensure full industrial facility capacity (4,286 short tons
per month) without creating overloads within the facility.
Work currently in prcgress and known future work is plotted
according to key events of the contracts using erection
tonnage as a base line. Additionally, multiple or
multi-hull contracts scheduling conesiders the erection
sequence and category of hull units to be erected for each
hull in order to load the ASI industrial facility to
capacity.

The objective is to prevent the overloading of
assembly work centers, which is the ASI control point of
hull conatruction, while rewmaining as close as poasible to
the total shipyard assembly capacity of 4,280 short tons per
month. The task of level loading and placing fabricated
componenta/hull unita in storage or work queues is the means
to that end. Thias detailed level of planning is a
constantly changing proceas which creates the flexibility to
accommodate variations between actual progress and the
project plan and to absorb the impact of additional work
created by new contract signings.(108)

This section discussed and illustrated the
inmplementation of work process lanes at ASI. The concept of
proceass lanes and the requirements for implementation along
with the physical aspects of ASI’s work process lanes was

discussed. The section concluded with a discussion of ASI
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facility capacity loading.

4.5 PRODUCTION CONTROL

Thias section deascribea the implementation of
production control at ASI. The role of the Production
Engineer£ng Department in implementing production control is
discussed. Discussion of material control follows. The
establishment of the Accuracy Control Department concludes
the section.

The implementation of work process lanes required
changes to ASI’s production engineering policies and
techniques. The Production Engineering Department document,
Production Eastimate, that production engineers use as a
guide for issuing budgets to the various work centers
changed format. The format incorporates a cost code system
for each work center that now allows management to monitor
work center efficiency and job cost. This cost éode system
is a result of the categorization of hull structures into
similar kinds of work and the subsequent work centers
developed to produce the similar kinds of work, i.e., the
work process lanes.

ASI’s production engineers are experienced in
solving production problema of the various trades and
disciplines. The three sectiona of Production Engineering -
Hull, Outfitting and Mechanical - have common

responasibilities which are: (189)

120



- to prepare direct labor coat eatimates,

- to prepare work orders for the various

manufacturing process lanes in accordance with the

Production Plan and the various hull,

and testing schedules,

cutfitting, machinery

- to assist the planning engineers in the

preparation of achedules end information regarding the most

economical and practical manufacturing areas in which to

place construction,

- to monitor the production progress of the ship and

to ensure its completion in a timely and economical manner,

- to work closely with the Design Engineering

Department to ensure that economical production téchniques

and practices are used,

- to
direct labor

- to
managemnent,

- to

study cost reports to stay abreaat of the

expenditures,

prepare cost projections as

nonitor work as required to

production efficiency and to verify work

- to

effort where coat overruns are projected.

rake and/or propose changes

ray be required by

deteraine
standards, and

in the production

Production engineers provide the leaderaship and initiative

by persuading all ASI departments to give their best efforts

toward maximum efficiency.

Work orders are prepared by production engineers and
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are management’s primary instrument for production control.
The work order initiates production work and monitors cost,
work progreas and efficiency. Work orders are of two forms
- shop order and work order. Shop ordera are uased primarily
for packages of prefabrication work to be accomplished at a
specific machine (e.g., a lathe or numerical control burning
machine) within the work center. Work orders are used
primarily for work that has progressed to fabrication,
assembly, erection or installation. The work order serves
as the vehicle for accumulating daily direct labor costs
expended at each work/cost center.

Copies of work orders released to work centers by
production engineers are transcribed by key punch operatora
into the ASI computer data baase. Actual direct labor
manhours charged to the work order are entered directly into
the computer data base by work/cost center auperintendenta
at local terminals which are located throughout the
shipyard. Manhour chargea are accumulated by the computer
and are printed out on sheets and forwarded ta the cognizant
production engineer for monitoring of progress (percent
completion) and cost (actual vae. estimated). The printouts
can be sorted in various ways to facilitate overall job
monitoring. For example, *active'" work orders, i.e., those
in progreas, can be listed on one report while all “closed"”
work orders can be put on another report. These various

reports are used to monitor individual work order efficiency
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and progresa, overall percent completion and projected work
remaining. Actual accumulated manhours and actual completed
tonnage are plotted against targeted values determined prior
to conatruction for continual monitoring of actual coat of
work compared to the budget.

A Hull Efficiency Report is generated for every work
proceas lane work center and ias updated and reviewed weekly
by the production engineers for control purposes. Based on
the overall actual direct labor manhours spent by a work
center versus those isaued, a manhour per ton efficiency
being experienced is computed. This document also serves as
the source document for subsequent forecasting analyses.

The benefita of the work/coat center data collection
effort are: (116)

- fewer work orders to prepare, issue and monitor,

- leas paperwork for field supervision and Data
Processing to manage, and

- the manhour per ton efficiency ratio thus
eastablished for each category is usable for all consatruction
of similar typeas of ships.

Management can thus observe the progress of the job
and its projected cost and determine the overall efficiency
of the work center and its supervision.

The total engineering and production effort is a
finely meshed syatem which centers around, contributes to,

and coordinates with the work process lane concept. From
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initial planning, drawing preparation, acheduling, work
center loading, budgeting, order release, cost control, to
cost analysasis and projections, the systems all complement
and enhance the work proceas lanes concept.

Material control is an essential activity in
productive ahipbuilding. Material costs account for
approximately 60-78 percent of all shipbuilding cosats.
Thus, material control directly affects handling costs and
atorage area along with the potential diaruptions to the
production achedule and the cost of material. The
implementation of material control based on IHI technology
has created significant cost savings for ASI.

In conjunction with implementation of work process
lanes ASI developed a plant layout for the effective flow of
material. The objective was to minimize the number and
length of routea and elimination of any unnecessary
movements (e.g., backhauls, crosshauls, transfers, etc.).
Factore affecting material flow are:(l1l1ll)

external tranaportation facilities,

- the number of items to be moved,

- the number of hull units to be produced,

- material atorage locations, and

- location of manufacturing service areas.

ASI performed a material flow analysis for past
mnethoda and process laneas. The past method analysis

employed flow diagrams (i.e., yard maps on which material
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flow routes were indicated) to determine diatances involved.
Uasing comprehenaive logs of material movementa and mobile
crane servicing area reporta, "From-To"” charts were
constructed to tally and sum the nuamber of pieces moved
between each of 39 originas and destinations. Plates and
structural and fabricated pieces between platens and other
aites were the materials tracked. The Process Lanez
commnittee rerouted the same materials to the work sites of
the process lanea. Figures 4-12 and 4-13 compare the past

and process lanes methods.

OESCRIPTION MO0 PROCESS LANES | DIFFERENCE
Pieces/week 9,174 8.57 - 2,603
Pieces To - From 5,584 $32 -5.032

Fabrication Storage

Percent To - From
Fabrication Storage 60.7 8.0

Trips/week 170.5 1452 - 253
Piecss/wrip 538 483 -85
Trips/week To - From

Fabrication Storage 818 - 93 -2
T os | e

Figure 4-12. ASI In-Yard Material Movenent. (112)
An overall savings of approximately 30 percent has
been realized in the handling of ateel as a result of the
implementation of the work proceas lanea concept. The

appropriate cost savings are evident for manpower,
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[ PAST
vestoo | Process Lanes o|r=sae~cE‘]

Materat Handling g
Distance/week (Miias) : 668 434 232

Materis! Handling Distance
To-From Fab. Storage 39.3 59 334

Percent M. H Distance
To-From Fab. Storsge 60.0 136

Tnps / week from

Plate Shoo 423 623 {20.0)
Trips/week from
Platen 18 $3 1.4 (8.1)
!
Trips/week from
A<Crane Gtorage N3 1.7 238 !
t
: |
Distinct Movas 17?7 118 i 58 i

Figure 4-13. ASI In-Yard Material Movement.(113)
equipment and energy reductions froa the 30 percent

reduction in handling of steel.

Unit construction and zone outfitting enhances
material control because it involves smaller increments of
mnaterial to be handled with much less storage time. ASI now
requeats and procures material to the unit and zone level.
The baaic instrument for zone outfitting is the pallet and
the associated pallet coding for grouping of outfit material

as a package. The pallet for zone outfitting consists

of:(114)
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- a work package or kit of outfitting material to be
inatalled in the hull of a ship in a apecific place at a

apecific time during construction,

- the manhours allowed for its installation which is
approximately 100 manhouras, one week’s work for two men,

and

- a pallet number which identifies the material.
ASI has implemented an overall Material Marshalling Plan to
record, expedite, pallet and deliver the various categories
of material to the work proceas lanes. The categories
include:

- prefabricated steel,

- fabricated preoutfitting itemas (e.g., ianholes,
water tight doors, deck fittings, foundations),

- warehoused (purchased) materials,

- raw piping materia! input to the pipe shop, and

- fabricated pipe from the pipe shop.

ASI has found that unit and zone outfitting is a
valuable management tool with respect to material contfol.
It provides the capability to review material needs in
smaller, more controllable packages and in a much more
timely manner. Tﬁe returns from a reduction of lost
material alone has been significant. The savings obtained
from standardization of pieces including lifting lugs and
padeyes greatly reduces the overall cost.

During the manufacture of parts and assemblies
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absolute accuracy in dimensions and tolerances and shape is
an unrealistic goal. Measii"-~~ents show that there is no
such thing as absolute accuracy because variations from
apecified dimensionas of a work piece are always measurable
and normal. ASI formed the Accuracy Control Department to
eatablish realistic goals within tne normally achieved
rangesa of accuracy within which the Production Department
could operate. Thus, the Accuracy Control Department
eatablished realistic goals in the area of accuracy and
developed proper procedureas and controls to achieve the
accuracy goals. Implementation of successful accuracy
control requires that a job be completed right the best way
poasible the firat time.

ASI’s Accuracy Control Department activitieas spans
all phases of ship construction from the burning of plate
and atructurals to the final erection. The activities are
divided into three categories:

- checks,

- controls, and

- atatistics.

Checks are utilized to isolate specific problems of
inaccuracy that require controla, monitor consastruction to
ensure proper controls and identify and assist in minimizing
human errors. At ASI accuracy control engineers spend a
great amount of time measuring. Measuring is slow,

methodical, painstaking and tedious yet necessary. Careful
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meaaurementa that are methodically recordéd and
astatiaticselly analyzed allowsa development of proper
controls. As an example, a web frame is measured before
buttas are welded, after butts are welded and after
atiffeneras and face plates are welded. These measurements
are used to determine shrinkage factors that will be used in
the cutting of the plating that makes up the web frame and
to develop aassembly procedures that minimize deformation of
the component.

The development of controls results in an improved
product. ASI employs controls in master/datua lines,
burning procedures, uniform shrinkage factors and
conaetruction and erection procedures.

Maater/datum lines are water lines, frame linea or
buttocks that are laid out on various components of hull
unite to facilitate building and erection of the units.
These lines are on the design engineering drawings in the
Unit Control Manual. The mold loft produces ateel tapes of
these lineas for tranafer to structural elements.

Pieces of units, subunitas, and partial subunits
require accurate burning procedures or else there will be
rework. Tolerances of 1/32" in burning are not unlikely.

Uniform shrinkage factors are required for accurate
burning. Specific shrinkage factors are developed for all
componentas of a hull unit. Data gathered and analyzed by

accuracy control engineers are used to determine shrinkage
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factora for each type and atage of conetruction.

Conatruction and erection procedurea require proper
fitting and welding sequencea in the fabrication and
erection of a aship’s hull unita. The key ia to prevent
deformationa due to the high heat introductiona caused by
welding. Erection is the principal beneficiary of the use
of control lineas. When laid out with predictable accuracy,
control lines are an invaluable aid in setting units at
erection.

The accuracy control engineer ias really a
atatiastical engineer. He determineas the goals and the
controlas to achieve accuracy. Accuracy control engineers at
ASI use basic atatistical principles for calculating mean
values and standard deviations of measurements taken from
all work processes involved with shipfitting work (i.e.,
marking, cutting, bendingmend welding steel) to develop
atandards for shrinkage factors and excess material
allowanceas. Unit histories are developed for the
manufacture of apecific units. These histories are simply
the methodical recording of all problems encountered in the
production of a specific unit from the design engineering
atage through final welding and handling of the unit.

Checks, controle and statistics are thoroughly
interrelated with one another. Checks identify inaccuracies
but cannot alone improve end productas. Controls result in

improved products for immediate work but not for future
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work. Statistics providea the potential for improvements to
future work. By implementing these three accuracy control
procedures and forming the Accuracy Control Department, ASI
has dramatically improved the quality of the hull units and

the erected ships produced.

This section has described the implementation of
production control at ASI. The Production Engineering
Department’s role in production control, material control

and accuracy control were discussed.

4.6 Bath Iron Works and Avondale Shipyards -

A Comparison of PWBS Applications

Avondale Shipyards, Incorporated (ASI) and Bath Iron
Worka (BIW) have atudied and incorporated the basic
technology of the Product Work Breakdown Structure (PWBS).
ASI and BIW modified the technology to suit their industrial
facility capabilitiea. This section will compare important
aspects of BIW’s integrated production plan end
Zzone-by-astage technique for construction of the DDG-51 class
ship to ASI‘’e implementation of production planning and
schecduling, design engineering for zone outfitting, work
process lanes and production control for ship construction.

Both ASI and BIW management changed their
organizations to support the PWBS technology. Both
shipyards centralized control over all operations,

consolidated and focused management/leadership within the
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production and engineering departments and established a
formal production control organization.

BIW’as integrated production plan and zone-by-stage
conatruction technique for the DDG-5S1 clasa ship is
aynonymous with ASI’s production planning and acheduling,
deaign engineering for zone outfitting, work proceas lanes
and production control. The minor differences in the
terminology may be somewhat confusing, but the objectivesa
for shipbuilding remain the aame.

Both BIW and ASI plan the conatruction of ahips as
early as possible in order to provide the opportunity for
all shipyard departments to have a hand in the developnment
of a production plan and schedule. Up front detailed design
vie a phased design approach and the associated ‘design
documentation, i.e., drawingas and material lists, are
product oriented in order to support the work proceass lanes
concept of PWBS as practiced at both shipyards. Work
process lanes development at both shipyards is designed
around the facilities’ phyaical plant layout. Material flow
is routed to buffer atorage areas in small amounts organized
in palleta to support hull unit construction and outfitting
in sequence on the work process lanes. Repeating work
atationa along the work proceass lanes are utilized because
the aame workers in the same work centers do repetitive
typea of work everyday. Production controls are uased to

provide viaibility to upper level management on how
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conatruction of a ahip is progreasaing phyaically and
financially. Computer date bases are used to support
production control by generating various reports for
management. Accuracy control is used to eliminate rework.
All of the foregoing along with their details in
this and the previoua chapter have one and only one goal in

maind - to conatruct shipa more efficiently with better

quality at less cost.

This chapter haa deacribed and illuastrated the
implementation of production planning and scheduling, deaign
engineering for zone outfitting, process lanes and
production control at Avondale Shipyards, Incorpo;ated. The
chapter concluded with a comparison to Bath Iron Works
construction techniques. The next chapter will describe a

propoased implementation of PWBS to the modular construction

of nuclear power plants.
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CHAPTER S

A PROPOSED IMPLEMENTATION OF
PRODUCT WORK BREAKDOWN STRUCTURE TECHNOLOGY TO

MODULAR CONSTRUCTION OF NUCLEAR POWER PLANTS

5.1 Introduction

The development and refinement of the Product Work
Breakdown Structure (PWBS) at the Ishikawajima-Harima Hesavy
Induastries Co., Ltd. (IHI)> of Japan and PWBS’ implementation
at Bath Iron Works (BIW) and Avondale Shipyards,
Incorporated (ASI) and other shipbuilders worldwide has
significantly increased their productivity and quality while
decreasing the coast and length of time associ;ted with
conatruction of a ship. The competitive market place
required thsat shipbuilders shift from conventional to these
modern methods based on PWBS in order to survive and remain
competitive.

The nuclear power piant construction induatry has
purasued vearious methods of modularization on a modesat scale

(e.g., modularizing subsysteaa, prefabrication of pipes and
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pipe waya, condenser unita).(115) But, theae modeat
attempts have not aignificantly reduced capital coats and
time for construction and licensing. Modularization would
relieve the conventional conatruction method’s congeation
problema at the work asaitee and reduce conatruction coats and
improve quality considerably.(116)

Any implementation of PWBS technology for modular
construction of nuclear power plants should start with an in
depth atudy of IHI’s methoda of PWBS and a technical
evaluation of the conatruction facilities’ production
operationa and organization by IHI representatives. Based
on the technical evaluation’s list of recommended changes
for implementation of PWBS technology, the facilities’
management would have to analyze each of the recommended
changes for their applicability and/or modification aﬁd then
eatablish a plan of action and milesatones for
implementation. Funding for the satudy and technical
evaluation could be jointly shared by the facility and the
U.S. government with the atipulation that technology
tranefer seminars be conducted for other companies in and
out of the nuclear induatry.

Thie chapter deacribes a proposed generic
implementation of the PWBS technology at a nuclear power
facility (the acronym “NPF" is uased for conciseness) for
modular construction of a nuclear power plant. The

implementation is based on the BIW and ASI application and
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implementation of IHI PWBS technology at their resapective
shipyarda. The assumptiona for construction of the nuclear
power plant are:

- the NPF will construct and complete testing of all
nuclear and non-nuclear modules at its facility;

- the NPF will subcontract all site preparation work
for nuclear and non-nuclear module inatallation;

- the NPF will complete the joining and testing of

nuclear and non-nuclear modules at the construction aite;

and

- after acceptance, the utility will load nuclear
fuel and conduct all the associated nuclear power
operational testing required for final full power
licensure.

The firast section diascusses the planning and
acheduling neceassary for construction. Next, the design
engineering necessary to support module outfitting is
diacusased followed by the application of integrated work
process lanea. A diacuasion of the methods for controlling

module conatruction and at-site joining of modules concludes

the chapter.

5.2 Planning and Scheduling for Module Construction

This section describes the proposed implementation
of planning and scheduling for modular construction of a

nucleér power plant. The following items are discussed:
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- management organization,

- total contract planning,

- planning for work process lanea and module
outfitting,

- production outfitting planning procedure, and

- development of conatruction schedules.

GENERAL MANAGER
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Figure S-1. Propoaed NPF Management Organization.
| Figure S-1 is a typical management atructure needed

to support PWBS technology implementation at an NPF.
Control of the basic deaign for modularization of the
nuclear power plant by the NPF is vital to successful
application of PWBS. Since PWBS requires unprecedented
collaboration between NPF departments, production englneérs
trained in PWBS would be assigned to the module consatruction

and ocutfitting departments and throughout the shops in the
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field to increaae productivity of the entire NPF
organization.

Total contract requirements of a nuclear power plant
muast be planned in advance of conatruction. Thias approach
to planning requires a well organized nuclear planning teanm
conprised of members of the engineering, planning and
production departments and the involvement of top level
management to asaure the visibility of the total contract
requirements.

Total contract planning would evolve through the
following stages:

- contract atage,

- preparation sastage,

- key plans stage,

- engineering drawing development and issue stage,

- mold loft stage,

- parts fabrication, module assembly and ocutfitting
atage, and |

- site joining and teating atage.

During the contract stage, the utility would provide
contract specifications and contract drawinge which
represent all the various nuclear and non-nuclear systems of
the power plant. The contract spécifications and contract
drawinga would include:

- apecial requirements for safety and radiation

shielding,
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Figure S5-2. Total Contract Planning.
- detailed requirementa for inaspection and testing

(which are based on Nuclear Regulatory Commission

regulations),

- requirements for construction and handling of

large components (e.g., reactor vesasel, astear generators,

etc.),

- atructural, foundation, piping supports, etc.

requirements in order to satisfy postulated accident

ascenarios, and

- requirements fcr all emergency equipment and their
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locationa (e.g., firefighting, decontamination, etc.).

Uaing the information and data of the contract
apecifications and contract drawings along with the NRC’s
requirements for licensing, the NPF nuclear planning team
begina module and zone outfitting planning development.
Nuclear and non-nuclear module atructural plana and
machinery arrangement and system diagrammatics are developed
by the nuclear planning team. Modulea would be sized
according to the mode of transportation for the modules and
the crane capacity at the site’s geographical location. All
of the technical and engineering calculations for each
module and the plant are calculated for the follow-on
engineering atagea. Procurement specifications for material
and parts are initiated. Periodic contract stage meetings
are conducted by top management to review module planning
and outfitting development. Throughout the contract stage
and contract asigning the NPF meets with the utility and NRC
representatives to discuss and resolve problems sssociated
with the proposed modules’ conatruction and outfitting,
on-aite joining and licensing. The importance of these and
follow-on joint meetings can not be overatated. The sooner
potential construction and, esaspecially, potential licensing
problems are resolved the earlier that stability will be
realized in the remaining stages of the planning and
acheduling and conatruction of the modulesa.

The preparation stage would start after contract
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aigning. During this atage the detailed deaign of the
nuclear power plant would be completed through the following
phasea:

- functional design,

- transition design, and

- module design.
Functional design, which started during the contract astage,
would complete the system diagrammatics, space arrangements
and atructural drawings. Transition design would tranasfornm
the aya-ema oriented design to a module oriented design.
Module design would develop detailed module drawings in
composite layers, perform interference checks of equipment
and piping and develop atructural assembly module drawings.
Additionally, labor and material estimates, purchase
requesasts for amajor items (e.g., turbine generators), basic
plant module arrangemente, engineering drawing schedule,
preliminary outfit pallet lists and a budget would be
comrpleted during this stage. The nuclear planning team and
top management would meet periodically throughout the
preparation stage to assess development of the foregoing.

The key plans stage would see completion and review
of the detailed design of the nuclear and non-nuclear
modules. A pallet schedule would be issued for all
outfitting meterial for on-module and at-site outfitting.

The majority of the required steel for construction would be

requisitioned during this period. The order of sequence of
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nuclear and non-nuclear module conatruction would be
eastablished and charted on a module construction sequence
maater diagram. The sequence of conatruction would be
ordered to provide an evenly diatributed grouping of modules
that falls into a designated pattern for at-site joining.
Top management and the nuclear planning team would meet
throughout the key plana atage to monitor its progreas.

The engineering drawing development and issue satage
atarts with the developrent of Module Breakdown Summary
Sheets by the nuclear planning team. Module Breakdown
Summary Sheets would contain the material routing and work
proceas instructions for producing a module from atart of
conatruction to final outfitting and painting. These sheets
are the work process inatructions for the engineers and
draftsmen to make the detailed module-by-module engineering
drawingas that are issued to the mold loft along with the
associated module parta list (MPL). Throughout this stage
top level management meets with the nuclear planning team
and the engineeing designers and draftamen to ensure that
the established drawing issue schedule is being maintained.

With the isgue of the engineering drawings to the
mold loft the next stage begins. During the mold loft
atage, Module Control Manuals would be developed for issue
to the production department. Thesae ;anuels would contain
the work process instructions and module parts list for

conatruction and joining of the modules. Parts programming,
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templatea, numerical control tapea for cutting asteel and
machining parts, outfitting drawings and jig instructions
are other items developed by the mold loft. Again, top
level management would meet with mold loft representatives
and the nuclear planning team to review the schedule for
issue of the Module Control Manuals to the production
department.

Receipt of the Module Control Manuals would signal
the astart of the partas fabrication, module assembly and
outfitting atage. Parts fabrication and module assembly
involves the planning for production of interim products and
the construction of assemblies on the various work process
lanes. The assembliea would be joined together to form the
larger and complete modules. The grouping of the modules
would be dependent on the supporting facilities of the
construction area (e.g., flat jigs for flat units, fixed and
pin jigs for curved units) and the construction time in the
work process lane as determined by fabrication, outfitting
and welding lengths. Teating of individual parts and
portions of a ayastem within each module would be scheduled
and conducted throughout the work process lane so that when
a module is completed it will be ready for shipment to the
site for joining and final teating. Transportation to the
site would be by barge and/or rail depending on the site’s

geographical location.

The at-site joining and testing stage would involve
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the planning and acheduling of rough module fitting, finish
module fitting, welding, at-aite outfitting of material and
equipment, inapection, testing and final painting of the
nuclear and non-nuclear modules.

The planning and ascheduling of painting the modules
would be done in conjunction with the parts fabrication,
module asasembly and ocutfitting atage. The goal would be to
accompliash as much painting as possible during module
construction and prior to the module’s transportation to the
Joining site. The PWBS’ Zone Painting Method as desacribed
in Chapter 2 would be used.

In order to support a work process laneas concept the
NPF would have to eastablish the following planning control
guidelines:

- eastablish key construction dates,

- divide the nuclear power plant into modules and
develop an at-site joining sequence,

- categorize and subcategorize modules,

- load work process lanes to capacity,

establish the module assembly schedule,

eatablish the at-aite joining schedule, and

1

- ensure key construction dates are compatible with

the assembly and joining achedule.
Planning for work process lanes would provide the
NPF with the ability to control and handle materials

quickly, efficiently and economically. NPF management would
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be able to control the detailed work process lane schedules
based on the volume and quantity of work for each process
lane work center and determine work center cost and
efficiency.

NPF work process lanes would require that the
modules of the nuclear power plant be divided into nuclear
and non-nuclear categoriea. Each category would then be
subcategorized based on size, shape and method of
conatruction. Categorizing modules in this manner would
allow planning department, shop and work center planners to
develop baasic and detailed planning and scheduling for
conatruction of each module.

Module ocutfitting planning would utilize'three types
of zones based on PWBS technology:

- module package preocutfitting,

- on-module outfitting, and

- at-site module outfitting.

In module package preoutfitting, components and parts would
be asssembled into packages that do not require temporary
reinforcements or supports to maintain stability and
rigidity. Two types of preocutfitting module packages would
be used - nachinegy and piping. Machinery module packages
would be assemblies of machinery that are combined with

ad jacent components such as the foundation, pipe pieces,
valvea, gratings, ladderas and supports. Piping packages

would be assemblies of pipe pieces and pipe racks.
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On-module outfitting would be the outfitting of
various components and equipment on the ceilings and floors
of the module.

At-site module outfitting would be the outfitting of
items or preoutfit packages too heavy or too big to load
onto the module prior to joining, fragile components that
are impractical to be fitted on-module and connection
components between modules.

Production outfitting planning would deacribe the
planning and scheduling necessary to inastall, test and
operate all the components of a nuclear power plant prior to
acceptance by a utility and loading of nuclear fuel. The
nuclear production planning outfitting team would develop
the information, documents and schedules required to
implement the module outfitting. The goals of the nuclear
production cutfit planning team would be:

- to maximize module package preoutfitting of
componentae of all asystems in the on-module zones,

- to maximize the assembling of components of
systems in the on-module zones,

- to minimize the amount of at-site outfitting,

- to orient assemblies requiring steel fitting and
foundation work to an easy work position assisted by gravity
rather than oppesing gravity, avoiding difficult overhead

work, and

- to transfer work environmentas from closed, narrow,
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high or unsafe locations to open, spaciouas, low and safe
locations and also to facilitate transportation of
materials.

Outfit planning would begin early before contract aigning.
Interaction between outfit planners, module planners,
engineering planneras and other departments of the NPF would
be essential to successful outfit planning. It should be
done in two stages - precontract and contract. During
precontract the planning department establishes key
milestone dates for module construction, joining and
testing. The nuclear production outfitting planning teanm
would use these dates along with contract specifications,
general equipment and machinery arrangements and key systenms
diagrams for starting outfit planning development. The
nuclear power plant would be divided into large purchésing
zones for advance ordering of material and equipment. The
nuclear outfitting production planning team and engineering
plannera would decide on the preliminary applications of
machinery and piping package preoutfitting and
on-module/at-site outfitting. After contract signing the
team would develop detailed module grrangement and
preliminary pallet lista. From this a Maater Milesatone
Conastruction and Module Outfitting Schedule would then be
developed, finalized and approved 5y top level management
and other NPF departmentas. The nuclear production

outfitting planning team would then publish a “Module
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Outfitting Liata of Material" document.

The Production Engineering Department would then
iaaue work procesaa orders for parts fabrication, sasorting,
collection and packaging of outfit materiala. As
conatruction of modules proceeda the module package
preoutfit, on-module and at-aite outfitting would proceed in
parallel based on the module conatruction schedule. The
nuclear production outfitting planning team would develop a
Module Completion and Machinery Teasting Schedule to closeout
all compartmenta of the module and test all machinery and
equipnment prior to acceptance of the power plant by the
utility.

The NPF would use three basic typea of aschedules:

- master NPF schedule,

- lcng-term NPF achedule, and

~ short-term NPF achedule.

All departments of the NPF would participate in the
development of theae schedules to enasure that they are
realistic, recognized and resolute.

The master NPF achedule would define the long term
plan of construction for the nuclear power plant and all
other contracts in progress or being negotiated by the NPF.
In the case of the nuclear power plant the master NPF
schedule would contain the atart of prefabrication of parts
and module conatruction, at-site start of joining of modules

and completion of the plant. Other key dates from other
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contractas, which are not neceasarily other nuclear power
plant projects, would also be included in the master NPF
achedule. This master NPF achedule would contain projected
module production weights per month and an accumulative
module production weight curve for the plant and other
contracts in progreasa. The maaster NPl schedule would

provide management with:

- the understanding of the necessary manhours and

required assembly areas,

- the ability to make adjustments to the assembly
areas, and

- the ability to adjust manpower to support module
conatruction schedules.

The long-tern NPF schedule would function to:

- support smooth relationahips between the
production stages, and

- level load the work volume at each assembly stage
of the work process lanes.

The short-term NPF aschedule would be conprised.of
the monthly, weekly and ‘daily schedules for production.
Production shop planners would use the long-term NPF
achedule to prepage the short-term NPF schedules based on
the capacities of the machines in the work centers on the
work process lanea. The short-term NPF achedules are iasued
regularly to reflect ascheduled work, progress status of

conetruction and exceptions to normal routine for particular
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interim product manufacture. Further, these aschedules would
provide precise material, work proceass lane, accuracy,
safety, and efficiency control. Shop planners control the
schedule and the foremen execute the schedule based on their
weekly work load.

This section described the proposed implementation
of planning and ascheduling for modular consatruction of a
nuclear power plant. Management organization, total
contract planning, planning for work process lanes and zone
outfitting of modules, production outfitting planning and

development of construction schedules were diacussed.

S.3 Design Engineering for Module Outfitting

This section deacribes the proposed implementation
of design engineering for module outfitting at the nuclear
power facility (NPF). The impact of module outfitting on
the overall design engineering effort and effects of
implementing module outfitting on the NPF’s engineering
department will be diacussed.

The implementation of design engineering for module
outfitting would require the NPF to shift detailed design
for engineering drawings from a systems to a module
orientation. As discussed in the previous section, the
detailed design would be completed through the three design
phases - functional, transasition, and module design. The

module design drawinga describe the modules to be built.
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Deaign engineers would configure the syatems within each
module to simplify 1ﬁstallation. In developing these
detailed module drawings the production department would
provide detailed written, module-by-module deacriptiona of
how each module would be built. Engineering design and
production department personnel would then meet periodically
to discuas the installation of each asystem within a module.
Joint agreements would be reflected in the final engineering
drawings and parta liats used for construction. Parts
fabrication drawings (e.g., pipe details, vent ducting,
etc.) would be developed module-by-module and become part of
the module inastallation drawing pqckage. Componentsas are
identified by coding to reflect the module the component
will be installed in and the stage of assembly or
subasasembly of that module and wheait building site in the
work process lanea where the installation will occur. Thus,
these inatallation drawings become a material control
document and are part of the Module Control Manual. MHore
data would be 51splayed on the module installation drawings.
because of the detailed methodology of'production
incorporated in theae drawinga. Their number would be
greater too because of the methods for presenting piping
plans. For example, a piping arrangenment drawing that
applies to two modules would be accompanied by two pipe

detail drawings and two lists of material, one for each

module.
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The engineering department would eatablish module
package teams within the mechanical and nuclear design
sections, respectively, for development of complete nuclear
and machinery module packagea. These teams would provide
detaila for equipment foundations, gratings, handrails,
piping, instrumentation, etc.

Under module outfitting each inatallation drawing
haa a more critical issue date since work on a portion of a
system within a module would be incorporated in the module
package preocutfitting. Thus, the engineering planning and
scheduling section must effectively plan the issue of
drawings.

The coata for implementing deasign engineering for
module outfitting would be high because of the large scope
of the engineering department’s work. However, it can be
anticipated that these initial higher costs would result in
significant savings in manhours and time of production.

The ASI phrase "engineering essentially complete”
must be the same goal for the NPF at the time of starting
prefabrication. The precontract effort must maximize the
definition of deaign parameters, contract requirements,
construction methods, scheduling and long lead time material
needa in order to start the intense engineering effort after
contract signing. Typically, an 88 percent completion of
module installation design drawings would be achieved by

start of prefabrication. The engineering and production
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departmentas must work closely together to achieve thia high

percentage completion of drawings.

This section discussed the implementation of design
engineering for module outfitting. The section included
discuassions of the impact and effects of module outfitting

on the NPF engineering department organization.

S.4 Work Process Lanes to Support Module Construction

This section deascribes the proposed implementation
of work process lanes at the NPF. First, the work process
lanes concept is reviewed. The procedures for
implementation of work process lanes followas. The section
concludes with a discussion of work loading of the procesas
lanes.

As diacussed in the previous chapteras, the work
procesas lanes concept categorizes and separates similar
kindas of work. Work centers are forue& and specifically
designed to efficiently and economically produce the similar
kinds of work. The work process lanes establish a learning
curve efficiency because the same workers in the same work
centers of the work process lanes are doing repetitive types
of work everyday which ia supported by an organized and-
efficient flow of material.

The NPF would start implementation by analyzing the

physical plant layout required to asupport the work process

laneas. HModule construction area requirementa, crane
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capacitieas and material flow would be important
conaiderationa. The volume of work for each nuclear and
non-nuclear module and the method for construction of those
modules would be analyzed in order to aelect module
prefabrication, subassembly and assembly work sites on the
work process lanea. Asa deacribed in the PWBS chapter,
conatruction on the work process lanes would start out
independently with the prefabrication of parts and
atructurals, i.e., interim producta. The work along the
work process lanes would continue independently and merge at
the appropriate pointa as required by the production plan
and aschedule. Figures 5-3, 5-4 and 5-5 represent the
propoaed work proceas lanea for the NPF. Figure 5-6
represents the work process lane for at-aite joining and
teating of modules.

Based on the production plan and achedule the work
process lanes would be loaded to full industrial capacity
without creating overloads in any one particular process
lane. All of the work currently in progress and future work
would be tracked by management by plotting the actual versus
the projected tonnage. Other contracts would be tracked in
the same manner. Level loading work process lanes and
placing prefabricated components, subassemblies and
assemblies in buffer storage areas along the work process
lanes in accordance with the production plan and schedule

would allow the orderly construction of the nuclear and
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non-nuclear modules.
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The completed modulea would come off the work proceas lanesa
of the NPF fully tested and ready for transport to the
at-site location. Tranaport would be by barge and/or rail.
Once the modules are at the aite, an at-site work proceas
lane for the joining of modules would be used for the rough
fitting, finish fitting, welding and connection of all
ayastems of one module to another module.

By monitoring the progress of the modules on the
work process lanes any variationa between actual progress
and ascheduled progreas would be accoamodated by shifting
manpower accordingly. These variations could be caused by
delays in delivery of vendor furnished components and
mnaterials, late design changes necessitated by the NRC and
other contracts.

This asection described a proposed 1nple-entation of
work process lanes to support module conatruction. The work
process lanes concept was reviewed and the implementation

and work loading of the proceas lanes discusased.

5.9 Production Control

This section describes the proposed implementation
of production control for module construction and joining at
the nuclear power facility (NPF) and the geographical site,
respectively. Production and material control by the
Produgtion Engineering Department will be diecussed. A

discussion of the establishment of an Accuracy Control
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Department will conclude the section.

The implementation of work proceass lanes would
require the Production Engineering Department to eatabliash a
guide for issuing budgetes to the various work centera. The
guide would establish a cost code syatem for all work
centers to allow management to monitor work center
efficiency and coat. The cost code system would be a direct
reault of the work process lanes’ categorization of module
work into similar kinds of work.

The NPF’a production engineers would be experienced
in solving various production problems of the trades and
diaciplines of the Production Department. The Production
Engineering Department would be responsaible for the
following:

- preparing direct labor costs,

- preparing work orders for the work process lane
work centers in accordance with the production plan and

aschedule,
- asasisting the nuclear planning team in the
preparation of schedules and information regarding the most

economical and practical manufacturing areas in which to

place construction,

- monitoring the progreas of module construction and
ensuring ita completion economically and as scheduled,

- working with the design engineers in developing

production techniques,
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- studying coat reportas to stay abreaat of labor

expenditures,

- monitoring work to determine production efficiency
and verify work astanderds, and

- making and/or propoaing changes in the production
effort where cost overruns are projected.

Work orders would be prepared by the production
engineera. These work orders for the work centers of the
work processa lanes would be management’s primary tool for
production control. Work orders would initiate work and
monitor cost, work progress and efficiency. The NPF wvould
use prefabrication work orders and module work orders.
Prefabrication work orders would be issued for
prefabrication of parts and components that would be
accomplished by a specific machine or group of machines in a
work center. Module construction work orders would contain
the orders for the production of the n;dule subassemblies,
assemblies and outfitting.

These work orders would serve as the device for
accumulating daily direct 1abor costs expended at each
work/coaet center. Copies of work orders issued would be
tranacribed by key punch operators into the NPF’a computer
data base progresm. Actual direct labor manhours charged to
a work order are entered directly into the comaputer data
base by work/cost center superintendents daily. The manhour

charges would be accumulated by the computer and printed out
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on apread aheets and forwarded to the cognizant production
engineers for monitoring of progress and cost. Various
sorts of the information contained in the data base could be
used for monitoring the overall progreas of module
conatruction. A Work Center Module Conatruction Report
would be generated for every work center along with a
cumulative Overall Module Construction Report. These
reporta would show active and closed work orders statuas and
update them weekly or as required. Production engineers and
top level management would review both reports to monitor
work center progresa, overall contract completion percentage
and projected work remaining. Based on the overall actual
direct labor manhouras apent by a work center versus those
issued, & manhour per ton efficiency would be cénputed.
Combining these reports with actual physical progress
reporta by production department progresamen and production
engineera would provide the basis for production control by
top management. Management would be able to observe the
progreas of jobs in the work center, their projected cost
and the overall efficiency of the work center and its
supervision.

At-site joining of the modules would be monitored in
a similar manner as construction of the modules at the NPF.
An At-asite Module Joining Report would be generated along
the egame lines as the two NPF reports in order to monitor

individual work center and overall job progress, cosat and
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efficiency.

Material control would be an essential activity in
the productive conatruction of nuclear power plant modules.
Since material costs would probably account for over 50
percent of the construction coatas, material control is
critical to auccessful implementation of production controls
on the work process lanes. Thus, material control directly
affects handling costs and atorage area along with the
potential disruptiona to the production schedule and the
coat of material.

The implementation of materjial control would
coincide with the implementation of work procesa lanes at
the NPF. The plant would be laid out in asuch a ;anner as to
promote effective flow of material along the work process
lanea. The objective is to minimize the number and length
of routes and the elimination of unnecessary moves.

Module construction and outfitting enhances material
control because smaller amounts of material would be handled
with leas atorage time in buffer atorage areas. The basic
instrument for module outfitting would be the pallet with an
associated pallet'coding for grouping of the outfit material
as a package. The pallet for module ocutfitting would
consist of:

- a work package or kit of outfitting material for
inastallation in a module in a specific place at a specific

-

time on the work process lane,
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~ the manhoures allowed for inastallation, and

- a pallet number which identifieas the material.

The NPF would eatablish a Master Material Plan for
recording, expediting, palleting and delivery of the various
categories of material to the work process lanes.

Material control would be an invaluable management
tool at the NPF because it provides the capability to review
material needa in asmaller, more controllable packages with a
significant reduction in lost material.

The NPF’s formation of an Accuracy Control
Department would establish realistic goals in the area of
manufacturing accuracy and develop proper procedures and
controlse to achieve NRC regulated accuracy requirements for
the nuclear modules. The Accuracy Control Department’s
responsibilitiea would apan all construction phases of the
nuclear and non-nuclear modules. Accuracy control engineers
would be involved in checks, contrcls, and statistics.
Checks would be utilized to isolate specific problems of
inaccuracy that require controlas, monitor conatruction and
asaiast in minimizing human errors. Accuracy control
engineers would take measurements methodically, record them
and statistically analyze them in order to develop proper
controcl procedures for construction. All facets of
construction would be measured from atructural steel to

alignments of equipment.

Developing control procedures in manufacturing would
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improve the quality of interim producta and ultimately the
modules. Uniform shrinkage factors and module construction
and joining procedure controls are two examples. Uniform
ahrinkage factora are required for accurate burning and
welding. Data gathered by the accuracy control engineers
would be used to determine shrinkage factors for all atages
of module construction. Module conatruction and joining
procedures would require proper fitting and welding
sequences in order to prevent deformationa due to high heat
introductions caused by welding.

Acting aas a statistical engineer, the accuracy
control engineer would use atatistical principles for
calculating mean values and standard deviationa of
measurements taken from all work processes of module
conatruction and joining in order to develop standards for
shrinkage factors.

By eastablishing the Accuracy Control department the
NPF would dramatically improve the quality of module

conatruction and joining.

This section deacribed the proposed implementation
of production control and material control for the NPF. The
Production Engineering Department’s role in production
control and material control along with the establishment of

the Accuracy Control Department were discussed.

This chapter proposed a generic implementation of
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PWBS technology at a nuclear power facility for modular
construction of a nuclear power plant. The planning and
acheduling for construction, design engineering of module
outfitting, application of work process lanes and production

control methods were discussed.

The next chapter diascuasses apecific concluaions for
the application of PWBS to the construction of a light water

reactor nuclear power plant.
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CHAPTER 6

SPECIFIC CONCLUSIONS FOR THE APPLICATION OF
PWBS TO CONSTRUCTION OF A LIGHT WATER REACTOR

NUCLEAR POWER PLANT

6.1 Introduction

Several proposals for modularization of light water
reactor (LWR) nuclear power plants have been offered by the
nuclear power indusastry and the Electrical Power Research
Inatitute. The Westinghouse 600 MWe NUPACK pressurized
water reactor nuclear power plant desién is based on
fabricating nuclear and non-nuclear modules in a shipyard
and transporting them to the plant site for installation on
a conventional fo;ndation.1117> Modules and the plant site
would be constructed in parallel and the asystems in each
module would be pretested prior to tranasport to the plant
site. The Electrical Power R?eearch Inagtitute’s atudy on
Advanced Light Water Plants, which is based on a plant of
about 600 MWe, is considering the advantages which can be

achieved by modularization of the LWR.(11i8)
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Modularization requires that the detailed design be
essentially complete prior to the atart of construction.

The engineering and design effort for the first of a
“"standard design’” plant would be conaiderable, but the
reduction in coat and construction time for follow-on plants
would far outweigh the initial cosasts.(119)

This chapter discusses specific concluasions for the
application of the Product Work Breakdown Structure (PWBS)
to the construction of an LWR nuclear power plant
(specifically, a pressurized water reactor). Section 6.2
diascusges the division of the LWR plant into nuclear and
non-nuclear moduleas for conatruction, outfitting and joining
at the plant asite based on PWBS technology. Section 6.3
concludes the chapter with general remarks. The description
of the proposed implementation of PWBS to modular
conatruction of nuclear power plants would be applied to

construction of these modules.

6.2 Nuclear and Non-nuclear Modules

This asection describes the application of PUWBS
technology to the division of the LWR plant into nuclear and
non-nuclear modules for conastruction, outfitting and joining
at the plant site. The importance of the management
organization is first discussed. The nuclear and
non-nuclear modules for construction are then deacribed.

The section concludes with a diacuassion of nucleer and
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non-nuclear work process lanes for construction, outfitting
and joining of modulea.

Firat, the construction, outfitting and joining of
nuclear modules using the techniques of the PWBS requires a
management organization that is based on the organization
depicted in Figure 5-1. All departments of the management
organization must be trained in the methods of PWBRS.
Specifically, nuclear and non-nuclear production engineers
trained in PWBS technology must be assigned to the
departments and aﬁops cognizant of module consatruction,
outfitting and joining in order to provide the leadersahip
and maintain communications among the departments and shops
that ias so vital to high productivity.

Four basic nuclear module types would be
constructed. The reactor vessel module would contain the
reactor vessel and all associated piping, foundations,
valves and electrical cabling. The ateam generator modules
would contain the asteam generators and associated piping,
foundations and valves. Meain reactor coolant pump noaulee
and the pressurizer module would contain the coolant pumps
and pressurizer, respectively, along with asaociated piping,
foundation;, valvés and electrical cabling. Large plants
(e.g., 1200 MWe) would require that the reactor vessel and
steamn generators be subdivided into sub-modules due to
conatraintas on aize/weight for shipping and crane handling.

The nuclear modules ard/or sub-modules would be joined at
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the plant asite inaide the containment building.

Five basic non-nuclear modules would be conatructed.
The turbine generator modules would contain the turbine
generatora and all associated piping, foundations, valvea
and electrical cabling. The electrical distribution module
would contain all the necessary equipment (e.g.,
distribution control panelsa, circuit breakers, etc.) to
handle the electrical power generated by the turbine
generators. The condensate module would contain the main
condenser, condensate pumps, condensate polisher, condensate
atorage tank and associated piping, foundations, valves and
electrical cabling. The feedwater module would contain the
feedwater booater pumps, feedwater pumpa, feedwater heaters
and aasociated piping, foundations, valves and electrical
cabling. Finslly, the power plant control operating room
module would contain all the controi equipment and monitors
to operate the LWR plant. Again, based on the LWR plant’s
eize, the non-nuclear modulea would be subdivided into
sub-modules to meet tranaportation and crane handling
requirementa. The non-nuclear modules and/or sub-modules
would be tranasported to the plant site and joined in the
non-nuclear buildinga. Eventually, the secondary coolant
loop between the containment building and the non-nuclear
buildings would be joined along with the sensors and
mnonitora of the power plant control operating roor.

Each of the nuclear and non-nuclear modules and/or
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aub-modules would be broken down into asaemblies,
subaassemblies and parts using the PWBS techniques for
detailed design. Specifically, the detailed design would
proceed through functional, tranaition and module design
phasesa. Functional design would involve developing syatems
drawings and material lists for the LWR plant. Transition
deaign traneforms from a systems orientation to a module
orientation. Module design provides the detailed module
atructural drawinga, composgite drawings for outfitting and
material lists that incorporate all syastma of the module and
ahowa module boundaries. Finally, module design subdivides
the modules into assemblies and subassemblies down to the
minimum level, i.e., components to be purchased and material
requirements for the fabrication of parts.

The pre-contract and contract execution for
conatruction, outfitting and joining of the LWR plant’s
nuclear and non-nuclear modules would proceed based on the
proposed methods for implementing PWBS for conastruction of
nuclear power plante. Specifically, the procedures for
planning and acheduling conatruction, deaign engineering for
module outfitting, work process lanes and production control
would be utilized.

The work process lanes concept of PWBS categorizes
and separates similar kinds of work and develops work
centers on the work process lanes that are specifically

deaigned to produce that kind of work efficiently and
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economically. Nuclear and non-nuclear work procesass lanesa
would be used for construction, outfitting and joining.
Dividing the work procesas lanes in this manner is
neceasitated because of the complexity involved and quality
work required when building reactor vesels, ateanm
generatora, main cnolant pumps and presaurizer modules and
containment buildings. This is not to say that the
non-nuclear modules are not more complex. The fact that
nuclear modules will eventually be carrying radiocactive
material necessitates their individualism within the work
procesas lane.

Prior to the astart of prefabrication of parts and
subassemblies on the nuclear and non-nuclear work process
lanes and parallel construction of the containment and
non-nuclear buildings at the plant site, the design
engineering effort must be essentially coaplete. This is
fundamental to the application of PWBS. The nuclear and
non-nuclear modules would then be conatructed and outfitted
on the work process lanes in accordance with the work
process instructiona/drawings and the construction achedule.
Completed modules’ systemas would be tested and certified by
the Nuclear Regulatory Commission prior to transport to the
plant aite. Joining of the modules at the plant site would
be based on the joining sequence established during the
planning and acheduling for conatruction. Nuclear and

non-nuclear modules are joined and teated and the at-site
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work is completed (e.g., cloaing up the containment building

after nuclear modules are inatalled).

Thias section described specific conclusions for
application of PWBS technology to nuclear and non-nuclear
moditle construction, outfitting and joining at the plant
site. The importance of the management organizafion,
desacription of nuclear and non-nuclear modules construction
and nuclear and non-nuclear work procesa lanes for

construction were diascuased.

6.3 General Remarks

The conatruction and outfitting of nuclear and
non-nuclear modules presupposes that one nuclear indusatrial
facility will build all-the modules. For conatruction
control this would be éhe optimal situation. However, it
can be anticipated that several industrial facilities will
build the various nuclear and non-nuclear modules via
subcontracting by the primary contractor. If this is the
case, the control of the design for all modules must be
maintained and closely nonltored by the prime contractor.
The subcontracted facilities would have PWBS technology
implemented to suit their particular facilities’
capabilitieas. The ultimate goal would be to build the LWR

plant at less cost, more efficiently and in a shorter time

period.
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This chapter discussed apecific concluasionsa for the
application of the Product Work Breakdown Structure to the
conatruction of an LWR nuclear power plant. The division of
the LWR plant into nuclear and non-nuclear modules for
conatruction, outfitting and joining at the plant site based
on PWBS technology waas discussed. The chapter closed with a

general remarks section.
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CHAPTER 7

SUMMARY AND CONCLUSION

The Product Work Breakdown Structure (PWBS)
technology for shipbuilding as developed and refined by the
Ishikawajima-Harima Heavy Industries Co., Ltd. of Japan has
been successfully applied and implemented at Bath Iron Works
and Avondale Shipyards, Incorporated. PWBS classifies
components to be purchased, parts to be fabricated and
planned subassemblies in order to achieve coordinated work
flows on the work process laneas. PWBS also incorporates
integrated hull construction, outfitting and painting along
with coat centers which exactly match a zone-oriented'
organization.

The nuclear power plant construction industry has
tried various methods of modularization on a modeat acale.
The implementation of PWBS technology at nuclear industrial
facilities would significantly reduce costs and time for

conatruction and improve the quality in construction of

nuclear power plants.
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Thia theais queastioned the feasibility of using the
PWBS technology as appled to ashipbuilding in Japan and the
U.S. to modular conatruction of nuclear power plantas. The
proposed implementation of PWBS technology to the
construction of nuclear power plants deacribed in this
theasia anawered the foregoing question. Areas that require
further study are deaigning nuclear and non-nuclear modules
for ease of maintenance and repair, life extension and

decreased decomrmissioning costs.
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APPENDIX A

DESCRIPTIONS OF MANUFACTURING LEVELS

Thia appendix containa the detailed deacriptiona of
the manufacturing levels of Hull Block Construction Method
(Appendix A-1), Z2one Outfitting Method (Appendix A-2), Zone
Painting Method (Appendix A-3) and Pipe Piece Family
Manufacturing (Appendix A-4). The deacriptions come
directly from the National Shipbuilding and Reaearch ﬁrogran
publication “Product Work Breakdown Structure”. HNo attempt
has been made to rearrange or paraphrase these

descriptions.
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APPENDIX A-1 (120)

MANUFACTURING LEVELS OF HBCM

&

A.l1.1 Part Fabrication

Part fabrication is the first manufacturing level of
HBCM. It produces componentes or zones for hull conatruction
which cannot be further subdivided. Typical work packages
are grouped by zone and:

by area, for associating raw materials, finished
parta, fabrication procesases and relevant facilities
aeparately for:

- parallel parts from plate,

- non-parallel parts from plate,

- internal pa_-te from plate,

- parts from rolled shape, and

- other parts, e.g., from pipe, etc.

by stage, after having performed groupings by zone,
area and similarities in part types and asizes as follows:

- plate joining or nil,

- marking and cutting, and

- bending or nil.
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For large quantities of parts to be bent, problem

area can be subdivided by the reaources avajilable such aa:
- universal press (asingle-axis shallow curvature),
- press with die (asmall parts, e.g., bracket

flange),

- mechanized line-heating (double-axias shallow

curvature), and

- manual line-heating (double-axis deep curvature
and correction of any part).

A face plate for example, is marked and nested on a
plate with other auch parts that can be cut in one pass by a
multiflame planer. Those which require different curvatures
are then grouped together provided they can be processed by
a preas without the need to change dieas. Face plates,
including those that are to remain straight, are then

grouped per block and distributed to succeeding work

-

packagesa.

Typical groupings of work packages for partsa

fabrication are illustrated in Figure A-1.1.
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PART FABRICATION LEVEL

PLATE JOINING OR NiL STAGE [ MARKING AND CUTTING STAGE ] BENDING OR NIL STAGE

AREA PARALLEL
PARTS FROM PLATE

—

AREA NON PARALLEL
PARTS FROM PLATE

AREA INTERNAL
PARTS FROM PLATE

—_——

APEA PARTS FROM
ROLLED S+ mPES
———

Figure A-1.1. Part Fabricetion.

A.1.2 Part Assembly

The second manufacturing level is apecieal and
outajide the main work flow. 1Ita typical work packages are
grouped by area as:

- built-up part, e.g., tee- or el-section

longitudinals of large or unusual sections not rolled by
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milla, and,

- sub-block part, e.g., a part which is a weldaent,
typically conasisting of a bracket fitted with a face plate

or flat bar, as shown in Figure A-1.2.

PART ASSEMBLY LEVEL
ASSEMBLY STAGE

=\ —\

AREA: SUB-BLOCK PART

Figure A-1.2. Part Assembly.

The aub-block ‘“part®” concept is a planning technique
for shifting work from the sub-block asaembly level, where
excessive work volume is otherwise probable, to an earlier
level outside the main work flow. Undertaken with aipple
facilities as compared to those required for sub-block
assembly (e.g., mechanized conveyors), manufacturing
sub-block ”parts“»in the part assembly level is a means of
balancing work and conserving resourcea. Further, as such
parta’ are only used in sub-blocks, 2zone identification
emnploys thé-saﬁe code as for sub-blocks; see Figure 2-7.

Stage is divided into:

- assembly, end
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- bending or nil.

A.1.3 Sub-block Assembly
Sub-block Aasembly appears in the third

manufacturing level of Figures 2-6 and 2-7. A zone is=s
generally a weldment, conasiating of a number of fabricated
and/or assembled parta, which will eventually be fitted on a
panel during block asasembly.

Typical work packages are grouped by area for:

- similar size in large quantities, e.g., large
tranaverse framea, girders, floors, etc., and

- similar aize in small quantities.

Subassemnblies falling within the firast problem area
regardless of their design differences can be masass-produced
size-by-size on process lanes with appropriate facilities,
e.g., conveyora. Those in the second category require a
jJob-shop approach because of:

- insufficient numbers for any one size, and

- different working times required fo; the different
sizes that are normally encountered.

Stage classifications are:

- aasembly, and

- back assembly or nil.

During back aassembly, parts and/or assembled parta are
fitted on the opposite aide of a marked surface of a main

part (it is additional fitting after overturning).
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Examplea are shown in Figure A-1.3.

SUB-BLOCK ASSEMBLY LEVEL

ASSEMBLY STAGE

¢ . /e X g

PN/ = F

AREA SIMILAR SIZE IN LARGE QUANTITY AREA S'MILAR SIZE IN SMA_L QUANTITY

Figure A-1.3 Sub-block Assesembly.

A.l1.4 Semi-block and Block Assembly and

Grand-block Joining

A block ia the key zone for hull construction-  and as
indicated in Figures 2-6 and 2-7 it may, depending on
circumastancesa, be planned in three assembly levels, i.e.:

- semi-block assenmbly,

- block assembly, and

- grand-block joining.

Only block assembly i8 in the main work flow. The other
levels provide useful planning alternativeas. All are
planned in accordance with the concept of grouping work
packages by area and stage.

A semi-block serves the need to assemble a partial

zone separate from a key zone (block) whenever a block would
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otherwiase disrupt work flow. When a semi-block is employed,
the block assembly level ia where it joina its “mother”
block which waas proceassed in the main work flow.

Grand-block joining, i.e., the combining of a few
blockas to create a larger block at a asite near a building

dock:

- reduces the working time needed for erection in a

building dock,

- produces a shape that'ia more stable for erection
purposea, and

- provides more apacious area and volume which
facilitates further on-block outfitting and painting.
Thia level, which is outside the main flow, is8 needed when
zone divisions from a large ship are applied to a amall ahip
in order to quickly achieve a nearly uniform work balance.
The ensuing smaller-size blocks are joined into grand blocks

w
in order to minimize the working time needed in a building

dock for erection.

The zone of the three levels ranges from block to

ship as shown in Figure 2-7.

The semi-block aasembly level is divided by problem
area in the same manner aa for the aub-block level. Most
semni-blockas are rather amall in size and two dimensaional so
that they can te produced in a sub-block assembly facility.
In planning work, this should be the point of divergence for

separating semi-block assembly from block azsembly. The
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grouping by atage for semi-blockas is alaso the same as for
saub-blocks as alao shown in Figure 2-7.

The block assembly level is divided by problem area
uaing:

- diatinguishing features of the panel needed as a
base for attaching parts, assembled parts and/or sub-blocks,
and |

- uniformity of working tinea required.

These characteristics determine whether:

- platena or pin jigas are required, and whether

- blocks are to be aassembled in a flow where work
atarta and completes in unison.

Because of their uniqueness, superstructure blocks are
addreassed aseparately.

Pertinent problem aree diviaions and necesasary
definitions are:

- flat (working time is uniform and there are no
projections from panel underside which require special jigs
or which would interfere with platens equipped with

conveyors),

- special flat (sometimes called semi-flat; working
time is non-uniform and/cr unique jigs or supportse are .

needed),
- curved (working time is uniform),

- sapecial curved (working time is non-uniform and/or

unique jigs or supports are needed), and
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-~ auperatructure.

Special-flat and apecial-curved blocka, because of
variationa in working times and/or needed jiga, are not
assembled in facilities deasigned for work flow where starta
and completiona are in unison. Thusa, they require a
Job-shop approach.

If the quantity of blocks to be produced is amall,
leas than five problem area classifications should be
considered.

As shown in Figure 2-7, the block asaembly level is
phased by atage as follows:

- plate joining or nil,

- framing or nil,

- aasembly, and

- back aasembly or nil.

The assembly stage at the block level is for
combining a panel with parts, assembled parts and)or
sub-blocks and sometimes a semi-block. When many blocks are
required it could be useful to add further classificationa
by problem area based upon internal framing, {.e.:

- egg box,

- longitudinals attached before webs,

- longitudinala attached after weba, and

other.

At the grand-block joining level only three

classifications by area are normally required:
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- flat panel,

- curved panel, and

- auperatructure.

Stage at this level is subdivided into:

- joining or nil,

- pre-erection or nil, and

- back pre-erection or nil.
For very amall shipa, the pre-erection atage provides for
Joining grand blocks in order to create grand-grand blocks.
Back pre-erection provides for further assembly work after
turnover, e.g., attaching bulwarks, chain pipes, etc.

Figures A-1.4 through A-1.14 show relationships
between aemi-blocka, blocks and grand blocks that-were
actually employed for conatruction of a 22,000
deadweight-ton general-cargo carrier. It was purposely
selected as the basis for illustration because it is one of

a type, 1i.e., it was not a ship of a astandard series.

A.1.5 Hull Erection

Erection is the final level of the hull consatruction
where the entire bull is the zone. Problem areas at this
level are:

- fore hull,

- cargo hold,

- engine roonm,

- aft hull, and
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- auperatructure.
Stage is simply divided into:
- erection, and

- test.

Testas at this level, such aa tank teats, are
independent of erection and are distinguished by the asize of
their work packages as compared with the testa and
inapections of other levels. The latter teste and
inapectiona are included in the packagea of each level and

reapectively implemented at the time when each interim

product is being finiashed.
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BLOCK ASSEMBLY LEVEL
l FAAMING STAGE ] ASSEMBLY STAGE I BACK ASSEMBLY STAGE

PLATE JOINING 8TAGE

L SEM) 8LOCK ASSEMBLY LEVEL ]

Figure A-1.4. Semi-block and Block Assembly - Bottom Center
Block of Cargo Hold. Work content of the finished block
exceeds norm. A semi-block was designed soc that work for
the mother block could progreass in a uniform work flow. The

problem area clasaification is FLAT.
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BLOCK ASSEMBLY LEVEL

PLATE JOINING STAGE [

FRAMING STAGE

ASSEMBLY STAGE

B10CR ASSEMBLY LEVEL

ASSEMALY STAGE

PANEL + PARTS . SUBBLOCKS «

GRAND BLOCK JOINING LEVEL

l

$9 0 TONS
INCLUDING
OuTFIT

Figure A-1.S5. Block Assembly and Grand Block Joining - Top

Wing-tank. Both blocks are classified by problem area as

FLAT.
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SEMI BLOCK ASSEMBLY LEVEL BLOCK ASSEMBLY LEVEL

ASSEMBLY STAGE ASSEMBLY STAGE

0 TONS

318 TONS

Figure A-1.6. Semi-block and Block Assembly - Bottom Wing,

Side Shell with Hopper, and Tranasverae Hopper in Cargo Hold.

Problem area classasifications SIMILAR SIZE IN LARGE QUANTITY

and FLAT deaignate work for asseably lines (on-flow).
SIMILAR SIZE IN SMALL QUANTITY and SPECIAL FLAT designate
job-by-job work (off flow) becauase there are too few of then

or becauege thaeir work content is not unifora.
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BLOCK ASSEMBLY LEVEL

ASSEMBLY STAGE l BACK ASSEMBLY STAGE

A e

A

GRAND-BLOCK JOINING LEVEL

JOINING STAGE

-
T

758 TONS
INCLUDING
OUTHIT

Figure A-1.7. Block Asseably and Grand-block Joining.
Corrugated Tranaverse Bulkhead and Deck Center Between Cargo

Holds.
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BLOCK ASSEMBLY LEVEL

PLATE JOINING STAGE L ASSEMBLY STAGE

PANEL + SUB DLOCKS « hl K . GRAND BLOCK JOINING LEVEL
‘-\- \', . ASSEMBLY STAGE
AN
A\
s 'A@&\
/Vg .
LAY
~., :/‘/ .

—

—

792 TONS

Figure A-1.8. Block Aaseably and Grand-block Joining - Cant
Block. Attaching a semi-block to a mother block which is
claassified by area as SPECIAL FLAT is an exception. Also,
providing for a part during grand-block joining is planned

as an exception.
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BLOCK ASSEMBLY LEVEL

MATE JOINING STAGE l ASSEMBLY STAGE

20 4 TONS

AREA SPECIALFULT

Figure A-1.9. Block Assembly - Upper Deck aﬁd Engine-roonm

Flat.
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SEM! BLOCK ASSEMBLY LEVEL

ASSEMBLY STAGE ] BACK ASSEMBLY STAGE

BLOCK ASSEMBLY LEVEL

ASSEMBLY STAGE

TURNOVER 7
—

1;‘/
N

Figure A-1.10. Semi-block and Block Assembly. The three
semi-blocka ere claassified by problem area as SIMILAR SIZE
IN SMALL QUANTITY. The block, regardless of its work
conteht, is classified as SPECIAL FLAT because the

projections beneath require that it be asaembled on a

special jig.
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L SEMIBLOCR ANSEMBCT LEVEL ]

BLOCK ASSEMBLY LEVEL

PLATE JOINING STAGE

J ASSEMBLY STAGE

_ . e
e

Figure A-1.11. Semi-block and Block Asseably - Fo’c’sle and

Upper Deck of Fore-body.
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GRAND BLOCK JOINING LEVEL

JOINING STAGE J PAE ERECTION STAGE l BACK PRE EREC TVON STAGE

- —_

66 8 TONS

Figure A—1.12. Grand-block Joining - Fo’c’sle and Upper

Deck of Fore-body.
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’- BLOCK ASSEMBLY LEVEL

PLATE JOINING STAGE I ASSEMBLY STAGE

GRAND BLOCK JOINING LEVEL

JOINING STAGE

" I~ I .

Figure A-1.13. Block Assembly and Grand-block Joining -
Bottom of Engine Room. The engine-room bottom block is
clasqified by area as SPECIAL FLAT because of its work

content and the projection of the main-engine foundation.
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B.OCr ASSEMB v LEVEL

ASEEVB. v £°AGE

321 TONS

PANEL . PARTS .
SLE BLOCKS

Figure A-1.14. Block Assembly - Side Shell of Engine Roon.

197



APPENDIX A-2 (121)

MANUFACTURING LEVELS OF Z20FM

A.2.1 Component Procurement

As shown in Figures 2-8 and 2-S, component
procurement is the initial manufacturing level. It produces
interim productas or zones for outfitting for which no
further subdivision is needed by the shipyard. Typical work
packages and material requisitions are grouped by =zone and
by area to address the aseparate procurement problems, i.e.,

- in-house manufacturing,

- outside manufacturing, and

- purchesing.

These problem areas are further classified by
requirements for manufacturing drawings, purchase order
specificationa and raw materials as shown in Figure A-2.1.

After having performed groupings by zone, area and
similarities in component types and sizes, further grouping
is made by astage as follows:

- design and material preparation or nil,

- manufacturing or nil, and
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- palletizing.

AREA SUBDIVISIONS

AREA
DESIGN TO FURNISH MATERIAL TO BE FURNISHED

IN MOUSE MANUFACTURING v
MANUFACTURING DRAWING €S

OUTSIDE MANUFACTURING
MANUFACTURING DRAWING YESINO

RCHASE ORDER
PURCHASING e E anoe SELDOM'NO

Figure A-2.1. Area Subdivisions for Design and Material
Preparetions.
The palletized components are assigned to their respective

work packages for subsequent manufacturing levels.

A.2.2 Unit Assembly and Grand-unit Joining

Just as a block is a key zone for hull construction,
a unit is a key zone for outfitting which, as illustrated in
Figures 2-8 and 2-9, may only require a single manufacturing
level. Productivity is enhanced when units are planned
which have similaritieas in working houre needed for
asasembly, numbers of components, volume, weight, design
standardas, etc. Grouping by auch similarities facilitate
organizing and uniformly loading process flow lanes.

Unit sizes vary significantly. Therefore, two
problem areas are designated at the unit assembly level,
if.e.,:

- large aize, and

- small size.
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The distinction ia by lift capacity, e.g., units that weigh
more or leas than one ton. If many small units are planned
for asaembly of larger units, another manufacturing level
may be included for sub-unit assembly.

Problem areas at the unit level could be further
subdivided into:

- machinery unit (machinery combined with all
ad jacent components including foundation, pipe pieces,
valves, supports, walkwaya, ladders, etc.),

- pipe unit (no machinery, just pipe pieces combined
with valves, supports, walkways, etc.), and

- other (hatch covers with coaring, masts, etc.).

Stage for unit assembly is divided as:

- assembly, and

- welding or nil.

The welding stage applies whén extensive or special welding
requirenents exist as welding incident to routine unit
agsenbly is performed by fitters during the preceding
assembly stage.

Machinery units have been developed into standard
arrangementa which are often adapted for various typee and
sizes of ships. As required design and material definition
is already available, much planning for a standard machinery
unit can progreass just as if it was a single component.
Pipe units are generally unique because they reflect the

pipe passages and details peculiar to each type and/or size
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ship even among standard series ships that are for different
owners.

The grand unit joining level primarily provides for
combining two or more units in order to:

- reduce the working times needed for fitting
on-block and on-board, and

- produce more stable entitieas for erection
purposes.

Clagssification by area is limited to:

- large size unit or nil.

Phasing by atage is:

- joining, and

- welding or nil.
The welding stage applies only if there are apecial or

extensive welding requirements.

A.2.3 On-block Outfitting

Outfitting components, units and grand units are
sonetimes fitted in a block zone defined for hull
construction. However, whén they are to be fitted to
ceilinga, blocks should be inverted because fitting down
hand enhances safety and efficiency. Therefora, the outfit
zone for a block set upaside down encompasses everything
fitted to the ceiling. Following block turnover, the outfit
zone encompassea the components, units and/or grand units

fitted to the floor. Turnover represents a change in atage.
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Specifying a zone per atage for each side asufficeas for
abaolute control of on-block outfitting.

Similarly, outfit items should be fitted in the zone
of a double-bottom block before ite tank top panel ia
inatalled. Then at a later stage, a different outfit zone
encompasses everything to be fitted to the tank top.
Clearly, the primary goals of this manufacturing level are
to outfit ceilings and double-bottomsa when blocks can be
manipulated to provide ideal access.

Typiceliy, the divisions by area address problems
which are inherently different so that each work package for
outfitting on-block can be assigned to the appropriate team
of assembly specialists for deck, accomrmodation, machinery
or electrical. These classifications are further subdivided
by the quantities of itema to be fitted resulting in the
following eight problem area divisions:

- deck: large quantity or small quantity;

- accommodation: large guantity or small guantity,

- machinery: large quantity or small guantity, and

- electrical: large gquantity or small gquantity.

When the iteme to be fitted comprise a small
guantity per block, outfit work can be performed at the site
where the block is assembled. When a large gquantity is
planned, the completed block should be trasnsferred to an
indoor or outdoor region designated for outfitting in

accordance with an on-flow concept, i.e., where work
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packages start and complete in unison.

Separation by stage is in accordance with the
following sequence which reflectas block turnover:

- on-ceiling fitting,

- on-ceiling welding or nil,

- on-floor fitting, and

- on-floor welding or nil.
The welding stages epply only for apecial or extensive
welding requirements. On-ceiling fitting and welding
usually is optimum for blocks. However, most on-floor
fitting and welding takes place after on-ceiling outfitting
isa completed, blocks are turned over, and blocks are joined
to create grand-blocks. 1In order to simplify the erection .
achedule and minimize duration in the Luilding dock, such
on-floor outfitting should include all grand unite, units

and components to the maximum extent posaible.

A.2.4 On-board Outfitting

Outfitting on-board seemas at firat to be the same as
conventional outfitting. However, the work required is
susceptible to the same analyses as for on-unit and on-block
outfitting. As a consequence, zone/area/stage control is
applicable.

Much outfit work at this level progresses
siaultaneocusly with hull erection as shown aschematically in

Figure 2-4. 1Ideally, outfitting on-board should be limited
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- fitting components, units and/or grand units that
are too large or too heavy to fit, on-block (e.g., main
engines, diesel generators, most units and grand units for
engine room tank top, etc.),

- fitting fragile and weather-vulnerable components
that could be damaged if installed before compartmentsa are
enclosed (e.g., joinery, insulation, electronic equipment,
etc.), and

- connecting between components, units and grand
units that are either fitted on-block or on-board.

One useful method of classifying work packages by
problem area simultaneously addresses the teams of
specialists needed, work vclume sizes, and skill .,
requirements in accordance with the following twelve

categories:

- deck: similar work in small volume, high volume or

high akill,

- accommodation: similar work in small volume, high

volume or high skill,

- machinery: similar work in small volume, high

volumre or high skill, and

- electrical: similar work in small volume, high

volume or high skill.

Variety work in small volume should be encompassed

in an on-board zone for execution by a team having the
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needed variety'of akille. Variety work in large volume
should be divided by similarities in components and units or
sets of components and/or unita. Zones for auch problem
areas should not be too long; wide, scattered or otherwise
unfavorable for execution and supervision of work. At the
same time planners must regard the need for high-skill
fitting work required in many ship compaftnents. In asuch
cases, large zones grouped by specific problem areas could
be moat beneficial.

Stage for on-board outfitting could be divided
into:

- open-apace (blue sky) fitting,

- open-apace (blue sky) welding or nil,

- closed-space fitting, and

- closed-space Qelding or nil.
The welding stages apply only if there ia special or
extensive welding to be ‘done. Open-space fitting and
welding should be completed before closures imposed by the
continuing erection of blocks in order to take full
advantage of ideal access. Therefore, such work should be
incorporated in the erection achedule. Closed-aspace fitting
and welding activities should be minimized as much as
practicable as they require more working hours, more
tranaportation services, longer durations, etc.

The on-board ocutfitting level usea on-board

divisions as zones which are subdivisions of the ship as a
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zone for the erection level in the hull conatruction work.

A.2.5 Operation and Test

The operation and teast level applies to work
hecessary for assessing the performance of each ship’s
functional systeme. At this level zone is the entire ship.

Problems are grouped to match teamasa of specialists
for the following areas:

- deck,

- accommodation,

- machinery, and

- electrical.

Further, operation and test ias regarded as a single
stage. Thus, at this level, work is packaged by one or more
systems within each of the problem areas defined for the
specialist teams. It is the traditionel method for planning

operation and test work.
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APPENDIX A-3 (122)

MANUFACTURING LEVELS OF ZPTM

A.3.1 Shop Primer Painting

Thias manufacturing level appliea to surface
preparation for and application of shop primer to raw
naterials before they are processed to create structural
parts or outfit components. Items which are to be pickled
after their manufacture are usually excluded. Thus, useful
divisions by problem area are:

- plate, and

- shapes and other.

The epplicable astage categories are:

- shot blasting, and

- painting.

A.3.2 Primer Painting

This level is for the application of an
anti-corrosive, including epoxy and inorganic zinc-silicate,
which i1ia ...~ firat coat applied to a component or an

on-board diviasion (as defined in Z0FM), or a block (as
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defined in HBCHM). These constitute the zone categoriesa.

Problem area is grouped by:

- paint type, i.e., conventional, epoxy, inorganic
zinc-silicate, etc.,

- number of coats, and

- type of zone.

The latter further clasaifies each component, block or
on-board division, by problem area to anticipate:

- burn or wear damage of painted surfaces during
HBCM and Z0FM succeeding manufacturing levels,

- difficulty if there is a change in painting
conditions, e.g., downhand to overhead, low to high,
apacious to confined, etc., and

- need to maintain appearance.

These considerations again demonatrate that ZPTHM,
ZOFM and HBCHM planning must be coordinated. Painting
planners have to consider the foregoing for each ‘zone at all
Z0FM and HBCM manufacturing levels.

Stage st thies level is separated into the following
phases:

- surface preparation,

- cleaning,

- touch up,

- painting,

- surface preparation after block turnover or nil,

- cleaning after block turnover or nil,
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- touch up after block turnover or nil, and

- painting after block turnover or nil.
The work at thias manufacturing level ias coordinated with
Z0FM so that primer is applied juast before the on-ceiling
fitting astage and, following block turnover, just before the

on-floor fitting stage. “Nil" appliea to blockas that are

not turned over.

A.3.3 Finish Under-<coat Painting

This is the semi-final manufacturing level for paint

application. Useful zone classifications ere:

- components (big in aize or which become relatively
inacceaasible after fitting on-board such as masts, cargo

booms, undersides of hatch coversas, etc.),

- units which are to be fitted on-board,

outfitted blocks,

- on-board divisions, and

- nil (applicable if epoxy specified).

Problea area divisions are:

- paint type,

- number qf coats,

- type of zone (as deascribed in Part A.3.2 for the
primer painting level), and

- ascaffolding required only for painting or not.

The classification of work packages by stage is the

same as for the primer level.
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A.3.4 Finish Painting

Finish painting is the final manufacturing level in
ZPTM. Zone, area, and stage claassifications are the same as
in the final under-coat level except that:

- atages associated with block turnover are not

applicable, and

- "nil"” in the final atage "painting or nil® means a

finish coat will not be applied, as in the case of epoxy.
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APPENDIX A-4 (123)

MANUFACTURING LEVELS OF PPFM

A.4.1 Material Receiving

Material receiving is the preparation, or first
manufacturing, level as shown in Figures 2-12 and 2-13.
Problem area is grouped by types of material in accordance
with the following:

- pipe, and
- flangea, elbows, tees, aleeves, etc.
Stage is simply:

- material receiving.

A.4.2 Pipe Fabrication

Pipe fabrication, the second manufacturing level,
applies to processing of pipe only, i.e., proceassing of the
main part of the finished pipe-piece zone. Problem area is

grouped by:

- pipe material (steel, non-ferrous,

polyvinylchloride, etc.),

- main pipe or branch, and
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- bore (amall, medium or large).
These area divisions and further subdivisions are
incorporated in Figure 2-14.

Stagea are phased for this level as:

- marking or cutting,

- bending of cut pipe or nil, and

- machining or nil.

Preferably, bending should be deferred for the next
manufacturing level because it ;e easier to attach flanges
or sleeves to straight pipe. The bending stage at the pipe
fabrication level is only for those exceptional cases where
flanges would lose their required orientations during
bending. The machining process applies to the preparation of

pipe enda for welded or threaded joints.

A.4.3 Pipe Piece Asseably

At this level flanges, asleeves, etc., are attached
to cut pipe. The ifinished assembly is the zone for a pipe
plece except for main and branch subassemblies which are to
be joined to create a branch pipe piece during the next

manufacturing level.

Area is subdivided as followsa:
- x-ray teat or nil,

- short atraight (5.5 meters or less) or bent, and

- long straight (over 5.5 meters).

Stege is phased in accordance with the following
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aequence:

- cut pipe joining or nil,

- assembling,

- welding or nil,

- finishing (grinding or machining) or nil, and

- bending or nil.

Cut pipe joining is for producing a cut pipe longer
than a standard length of 5.5 meters. The welding and
finishing stages for main and branch subassemblieg are
deferred until after they are joined to create a branch pipe
piece during the next manufacturing level. Grinding on
non-tested pipe piecgg and machining on pipe pieces to be
x-ray tested or on pipe for hydraulic systems are deferred

for accomplishment during the next manufacturing level.

A.4.4 Pipe Piece Joining

The pipe piece joining level is for performing all
Joining not previously accomplished. Typically, it would
apply to joining a main pipe subassembly to a branch pipe
subassembly or to other partas such as elbows, tees, sleeves,
etc. Thus, the pipe pieces finished at this level are
neither simple or atraight.

Ares is grouped identical to that for the previous
manufacturing level except that the *“main or branch®
subdivision ahown in Figure 2-14 is not required.

Stage is phased as:
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- marking and cutting or nil,

- Jjoining,

- welding, and

- finishing (grinding or machining).

The marking and cutting stage at this level pertains
to boring a hole in a main pipe subassembly as preparation

for joining a branch.

A.4.5 Testing and Coating

Testing and coating are performed at the places
where each pipe firat conastitutes a zone. This wmeans places
where final work for pipe piece assembly (atraight or
simple) and pipe piece joining (branches, etc.) are
performed.

Area for teating is grouped by the different test
proceasses required.

Stage is simply:

- testing or nil.

Area for coating is grouped by the different coating
processes required.

Stage is phased aa:

- pickling or nil, and

~ coating or nil.

A.4.6 Palletizing
Palletizing ia the final manufacturing level and
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provides for the asorting of all pipe pieces (including
electrical conduit) in accordance with structured material
liatsa. Each list establishes the pipe piece requirements
for a apecific pallet, i.e.,.the pipe pieces required to
outfit on-unit, on-block or on-board during a apecific
stage.

Problem areas for palletizing are:

- deck,

- accommodation, and

- machinery.

Stage is simply:

- palletizing.
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