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PREFACE

This study was performed by the Institute for Defense Analyses in response to
requests from the Office of the Under Secretary of Defense Acquisition, Strategic and
Tactical Systems' and the Director Defense Advanced Research Projects Agency
(DARPA).2 Mr. John McGough, Naval Warfare Systems, and Mr. Gary Jones, DARPA,
served as project managers for the task; their efforts to assist us were considerable and are
hereby gratefully acknowledged. The authors also acknowledge the insightful and
constructive guidance provided by the IDA Technical Review Committee—Dr. David R.
Graham, Dr. J. Richard Nelson, Dr. Karen J. Richter, and RADM Grant A. Sharp, USN
(Ret.), all of IDA; CAPT. Barry Tibbitts, USN (Ret.) of J.J. McMullen Associates—and
its chairman, Dr. David L. Randall, Director of IDA's System Evaluation Division. In
addition, the authors acknowledge the assistance provided by the Department of Defense
and a considerable portion of the U.S. shipbuilding industry. The study team met with
numerous representatives from the Office of the Secretary of Defense, the Department of
the Navy, other U.S. Government agencies, U.S. shipbuilders, and the design firms and
professional associations involved in building ships for the Navy. Their open and in-depth
responses to our inquiries added measurably to our understanding of the complexities of
designing and building modern warships and managing their acquisition. Representatives
from several foreign shipyards were kind enough to provide information regarding their

operations.

Alternative Surface Ship Acquisition Strategies, Contract DASW01-94-C-0054, Task T-F1-1271.
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INTRODUCTION AND SUMMARY
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INTRODUCTION

A. BACKGROUND

Modern naval surface ships are among the most complex systems ever designed
and built by humankind. A typical warship contains several hundred subsystems and tens
of millions of parts, requires up to 10 years to design, and costs somewhere between

several hundred million and several billion dollars.

In the United States, such ships are now built in only a handful of shipyards. With
the reductions in the overall size of U.S. military forces that have come with the end of the
Cold War, the number of ships needed by the Navy has decreased as well. Although the
major yards currently have orders on backlog, many of these ships were ordered before
the recent dramatic decline in funding for new ship construction. The existing labor force
at the yards will easily work off this backlog within the next several years. As a result, the
available construction capacity at the major U.S. shipyards seems certain to exceed

expected demand unless dramatic changes occur.

Until the early 1980s, the yards that now build ships for the Navy also built the
significantly less complex and less costly ships that are used to transport commercial
cargos. However, the combination of the increased demand for naval ships that resulted
from the Reagan buildup’s rising defense budgets, a concurrent decrease in the worldwide
demand for commercial ships, and the elimination of maritime subsidies resulted in the
virtual disappearance of ocean-going commercial ship construction within the U.S.
shipbuilding industry (see Figure 1). Consequently, the largest U.S. shipyards have little
recent experience in building commercial ships and thus seemingly limited prospects for
substituting increased commercial production for declining naval construction. To help

remedy this situation and improve the commercial construction capabilities in U.S.

1
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shipyards, the U.S. Government established the National Shipbuilding Initiative. As part
of this program, the Defense Advanced Research Projects Agency’s (DARPA) MariTech

Program provides matching funds for shipyard initiatives in commercial construction.

200 T

| Commercial

H Navy

100

Number of Ships

72 74 76 78 80 82 84 8 88 90 92 94 96 98
As of January 1, Each Year

Workload for 1995-1998 Includes DoD Projection

Source: Marine Log

* The number of ships under construction or on order includes ships in all stages of construction as well as those that have been funded
but for which construction has yet to start. Consequently, this value provides a measure of the total shipyard workload at any point in
time. The number of Navy ships ordered or delivered in any given year can be roughly estimated by dividing the number of Navy ships
shown for that year by the average time needed to build a Navy warship, which is on the order of 5 years.

Figure 1. Number of Ships Under Construction or On Order in U.S. Shipyards

In addition to concern regarding the overall health of the shipbuilding industry,
OSD has had long standing concerns regarding the seemingly high cost of building naval
ships and shipyard productivity measures that appear to lag behind the levels attained in
the most modern foreign shipyards.  The prospect that the Defense Department’s
acquisition reform initiatives could benefit ship acquisition has raised additional questions.
To address these concerns, OSD asked IDA to identify and assess options for improving
ship acquisition, taking into account the significant recent changes in the strategic,

budgetary, and acquisition oversight arenas.

2
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B. OBJECTIVE

Specifically, OSD asked IDA to identify and assess acquisition strategies and
approaches that would enable effective and efficient Navy ship procurement while helping
to strengthen the nation’s shipbuilding industry. Particular attention was to be paid to the

o following aspects of the ship acquisition process: the acquisition strategy employed by the
government, the ship design and production practices employed by the Navy and the

shipyards, and the potential implications of increased commercial construction.

C. APPROACH

To accomplish this objective, the study adopted the approach outlined in Figure 2.

In order to assess the various factors identified in the figure, the team conducted an
extensive literature review, attended national and local conferences focused on the future
of the U.S. shipbuilding industry, and conducted numerous interviews and discussion
sessions with personnel from a wide range of government agencies, Navy ship program
) and program oversight offices, and selected shipbuilders. The team also visited shipyards
in the United States as well as those in several other nations. The specific organizations

and enterprises contacted during the study are identified in Table 1. To supplement these

qualitative assessments, the team carried out a statistical analysis of ship program cost and

schedule data from the DoD Selected Acquisition Reports (SARS).

D. LIMITATIONS

® As indicated in the previous section, the study’s assessment of options for
improving ship acquisition is primarily qualitative in nature. Although program cost and
schedule data from the Department of Defense Selected Acquisition Reports were used to
® assess how changes in acquisition management have affected ship programs in the past,
the study team identified little if any numerical data on which to base a quantitative
assessment of how changes in the way ships are designed and built or their acquisition
managed by the government would affect future programs. The study is further limited in

that IDA has not estimated the costs that would be incurred in order to change any of

3
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these aspects of the overall ship acquisition process. Nor does the study examine whether

changes are warranted in the laws and statutes that apply to the shipbuilding industry. o
Given the high visibility of the shipbuilding industry, the Congress has taken a keen

interest in overseeing and guiding ship construction programs in recent years, beneficially

in some instances, detrimentally in others. o

ACQUISITION STRATEGIES

¢ Review of Completed and Ongoing
Ship Programs
s Comparison of Alternative
Acquisition Strategies
- Management Initiatives
- Contract Types

SHIP DESIGN PROCESS

Design Process and Design
Strategy
Design and Engineering
Technology

- Computer Aids

* Implications of Acquisition Reform

- Simulation Based Design
* Product-Oriented Design

INTEGRATION
AND
SYNTHESIS )
IMPLICATIONS OF INCREASED
SHIP PRODUCTION PRACTICES COMMERCIAL SHIPBUILDING
¢ Trends in Production Practices * Worldwide Market
¢ Productivity and Technology * Opportunities and Approaches
Comparison * Implications for Naval Shipbuilding .
* Nawy's Program Management
* Navy’s Design and Buiid Strategy
¢ Effects of Program Changes
Figure 2. Study Approach PY

Finally, it is worth noting that while we have based our findings and conclusions on
the information that was available to us, our view is necessarily influenced by our
individual and collective experience both during the study and, for several study team ®

members, from life-long careers in the shipbuilding industry.

E. ORGANIZATION OF REPORT

The report is organized into two parts. The first consists of this introduction and ‘
the summary that immediately follows. Part 2, Analyses, comprises four chapters that
detail the study’s examination and assessment of (I) the management and oversight
processes by which the U.S. Government acquires naval ships, (II) ship design practices, o
4
UNCLASSIFIED o

]




UNCLASSIFIED

(III) ship production practices, and (IV) the prospects for and potential implications of
increased production of commercial ships. Additional details are reported in several

appendixes.

Table 1. Organizations and Enterprises Contacted During Study

0osD U.S. SHIP YARDS
USD(A&T) Naval Warfare Systems Avondale
USD(A&T) Acquisition Program Integration Bath
USD(A&T) Acquisition Reform Ingalls
PA&E McDermott
NASSCO
Newport News
DARPA FOREIGN SHIPYARDS
Maritime Systems Technology Blohm & Voss
MARITECH Odense-Lindo
Simulation Based Design Howaldswerke Deutsche Werft

Burmeister & Wain

Ishikawajima Heavy Industries (IHI)®
Kawaski Heavy Industries (KHI)®
Mitsubishi Heavy Industries (MHI1)®
Bazan (Spain)®

Rauma (Finland)®

Mitsui Engineering and Shipbuilding (Japan)®

NAVY OFFICES OTHERS

DASN(RDA) Ship Programs Maritime Administration (MARAD)

Office of the Chief of Naval Operations National Research Council

NAVSEA Shipbuilders Council of America
Specialty Codes (Contracts, Design, American Shipbuilding Association
Surface Ships) Design Firms
Ship Program Offices John J. McMullen
Acquisition Reform University Researchers Investigating
Ships Support Office Complex Processes

NSWC Carderock Division CAD/CAM

Office of Naval Research
Supervisors of Shipbuilding
Bath
New Orleans
Newport News
Pascagoula

Information Management

# Yards visited in conjunction with previous research.
® Trip reports obtained for visits by NAVSEA personnel.
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SUMMARY

A. FUTURE PROSPECTS

An obvious consequence of a smaller military is that fewer weapon systems need
be bought in any given year to equip the force. This is as true for ships as it is for aircraft,
tanks, or trucks. Projected Navy surface ship requirements for the next 20 years average
only 6 or 7 ships per year,! or about half the number built each year between 1985 and
1995. Because the current shipyard labor force and shipbuilding capacity in the United
States were sized to accommodate a larger fleet, the future would appear to promise
significant readjustments as manufacturing capacity adjusts to conform with projected

demand.

To lessen the severity of these readjustments, the U.S. Government and a
substantial portion of the U.S. shipbuilding industry are considering increased commercial
construction as a means to maintain the viability of the industry. The extent to which this
is possible depends both on the substitutability of commercial ships for naval and the
ability of U.S. shipyards to re-enter the highly competitive commercial shipbuilding market

from which they withdrew over a decade ago.

That commercial ships are not directly substitutable for naval ships is illustrated in
Table 2. Navy ships are typically fitted with a variety of high technology weapon and
sensor systems. Installing these systems, providing accommodations for substantially
larger crews, and including the more comprehensive survivability features required for
modern warships entails considerably more outfitting than is needed for even the most

complex commercial ships (e.g., cruise ships, product tankers, or liquid natural gas

1 Based on the Navy’s shipbuilding plans through 2015 as provided by N81 on 7 March 1996.
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carriers). As a consequence, roughly 5 to 10 times as many employee-years are required
to build the typical naval combatant as are needed to build a commercial ship. Moreover,
the labor force needed to assemble a warship includes a larger proportion of skilled
workers than is the case for commercial ships. To maintain the overall size of the current
shipbuilding labor force in the face of the projected 50 percent reduction in the number of
Navy ships bought each year would require construction of over 50 commercial ships
annually. Even if this were accomplished, differences in the type of work needed would
entail adjustments in the labor force as less-skilled laborers replace some of the

electricians, pipefitters, and other outfitters involved in naval ship construction.

Table 2. Differences Between Naval and Commercial Ships

Characteristic Naval Combatant Commercial Ship

Displacement 3,000 - 10,000 tons 25,000 - 500,000 tons

Structure 1,000 - 4,000 tons high strength 8,000 - 50,000 tons low strength
steel, aluminum, composites steel

Ship Crew 200-400 15-30

Ship Payload Integrated, high-technology, high- | Cargo
value weapon and sensor
systems

Arrangements Every area of ship densely Machinery space relatively
packed with equipment, cables, uncongested, balance of ship is
pipes, ventilation large empty cargo space

Ship Signature Treatment Extensive noise reduction, None
extensive radar and IR signature
reduction

Survivability Features Redundant systems throughout Must meet U.S. Coast Guard
ship, extensive shock hardening, | requirements
extensive fire fighting

Life Expectancy 30-40 Years 15-30 years

Shipyard Employment Required 6,000 - 8,000 800 - 1,000

To Build 2 Ships Per Year

* Based on material contained in [Bath Iron Works, 1994].

Table 3 identifies a number of other important considerations that are likely to
impede direct substitution of commercial construction for naval shipbuilding, at least at the

level required to sustain current shipyard employment.
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Table 3. Considerations Affecting Substitutability of Commercial Ship Construction for

Naval Ship Construction

Consideration

Naval Ship Construction

Commercial Ship Construction

Entity Responsible for Ship
Design

Currently done by Government
through contract design, yards do
detail design

Shipyard

Shipbuilding Facility

Low volume steel capacity, small
building berths, highly integrated
outfitting shops

High volume steel capacity, large
building berths, limited ouffitting
shops

Subsystem Vendor Relationships | Competitive Long term
Oversight by Ship Buyer Extensive Minimal
Extent of Competition Limited Global
Profit Margin Predictable Volatile

Whether the major U.S. shipbuilders, who have built few commercial ships over
the last decade, could win contracts for 50 or more commercial ships each year in the face
of a highly competitive market is questionable. Consequently, this paper explores a
variety of other options for ensuring that the Navy can continue to obtain the high quality
warships it needs at affordable cost and within reasonable schedules. In particular, the
study examines means to improve the processes by which the Government manages the
acquisition of Navy ships, the processes by which ships are designed and built, and the
prospects for and implications of increased commercial construction, albeit at lower levels

than would be needed to sustain the industry at is current size. The principal findings of

these assessments are reported in the sections that follow.

B. OVERALL ASSESSMENT

Of the options examined — acquisition management, design and production
practices, and increased commercial production — none alone is likely to provide the
improvements in efficiency or economic prospects sought by the Navy, OSD, or the
shipbuilding industry itself. In short, there is no single simple means for improving the
Navy’s ability to acquire the type ships it considers essential within desired cost and

schedule limits. Advances on many fronts will be required to ensure efficient and effective
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ship acquisition for the Department of Defense and improve the overall economic

prospects for the shipbuilding industry.

Fortunately, the entire U.S. shipbuilding community (comprising the Navy, OSD,
other parts of the Government, and the shipbuilding industry) seems acutely aware of the
problems that confront the industry and has underway a wide range of actions to enhance
the industry’s ability to weather the impending crisis. The National Shipbuilding
Initiative and its principal components — the DARPA Maritech Program and the Maritime
Administration’s (MARAD) Office of Shipyard Revitalization — provide a clear
indication of the Government’s intentions as well as direct financial support to enhance
commercial shipbuilding capabilities within the industry.2 Additional important work is
being done under the aegis of the National Shipbuilding Research Program (NSRP).
Important studies have been conducted by the National Research Council, NATO, the
Center for Naval Analyses, and the Navy.3 The problem has also been the focus of one or
more American Society of Naval Engineers (ASNE), Marine Log, and Society of Naval
Architects and Marine Engineers (SNAME) conferences each of the past several years.4

These efforts are valuable and should be continued.

To ensure that the necessary changes are implemented, however, the Navy should
establish a government-industry team to identify desirable ship acquisition improvements
and oversee their implementation within the Navy and, when appropriate, to encourage
their adoption by the shipbuilding industry. Given the breadth and scope of the changes
needed, the team should be situated at an appropriately high level within the Navy
hierarchy. The Deputy Assistant Secretary of the Navy (Research Development and
Acquisition) [DASN(RDA)] Ship Programs appears to us to be properly positioned to
take on and execute this responsibility. The DDG 51 Acquisition Study [Kiss and Valdes,

2 These efforts are described in [President, 1993], [Shaffran, 1995], and [MARAD, 1995].
3

Results of these studies are reported in [NRC, 1995], [Stewart, 1995], [NATO, 1994], [Rost and
Tighe, 1992], [BDM, 1994], and [Kiss and Valdes, 1995].

4 Conference proceedings are reported in [ASNE, 1995], [Marine Log, 1994], [Marine Log, 1995],
[SNAME and ASE, 1992], [SNAME, Jan 1995], [SNAME, Oct 1995], and [SNAME, Feb. 1996].
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95], recently completed under the aegis of DASN(RDA) Ship Programs, exemplifies the
type activities we would envision being undertaken by the proposed team. Additional
staffing and funding will probably be required in order for DASN(RDA) Ship Programs to

assume this role, but we have not determined the levels.

The specific approaches and concepts for improving ship acquisition that appear to
us to merit continued support or adoption are identified in the paragraphs that follow. To
facilitate the location of amplifying information, references are provided to the appropriate

sections of the detailed analyses contained in Part 2.

C. ACQUISITION MANAGEMENT

Design requirements and specifications should be simplified to the extent
possible. Use of a circular of requirements in lieu of today’s highly detailed specifications
would help to encourage innovation and adaptation of commercial-grade systems and
components — and in some cases, even entire ship designs — to military needs.
Overstatement of requirements drives up cost by preventing consideration of what might
otherwise be reasonable tradeoffs. While the long ship production cycle presents obstacles
to the kind of evolutionary development possible with other types of weapon systems, a
variety of tradeoffs can and should be made. Within the constraints imposed by the need
to provide specific military capabilities, commercial standards and practices should be
adapted to naval ships as should already proven systems and technologies. [Chapter I,

Section D]

With close cooperation between the government and the shipbuilder, cost-plus
contracts are likely to lead to the best outcomes for lead ship design and construction.
Fixed-price development contracts should be discouraged. Forcing the shipbuilder to “bet
the company” to participate in a program can backfire against the government. The
government should pay reasonable costs during development and should assist the
contractor in making design tradeoffs. Once there is construction experience with a ship

class and costs are well known, risk sharing makes sense. For later versions of a ship
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class, fixed-price-incentive-fee and fixed-price-award-fee contracts should be used.
Incentives can be targeted toward cost reduction, maintainability, quality, or other
concerns based on fleet experience. In the current budgetary environment, the potential
benefits of having two yards compete through detail design need to be weighed against the
cost and schedule benefits of down-selecting to a single yard as early as possible. Table 4
identifies important considerations that would need to be taken into account when
deciding whether to opt for competition or early down-selection to a single shipyard.

[Chapter 1, Section D]

Tabie 4. Competition versus Early Down-Selection

Factors Favoring Competition Factors Favoring Early Down-Selection
Lower prices likely, especially if shipyards believe Makes early industry involvement in IPPDT process
that their survival is at stake easier
Prevents shipyard monopoly, which would most Can still compete at subsystem level
likely lead to higher prices
Increases surge potential, both for current and More consistent with down-sized industry
future programs
Creates incentives for effective design More orderly program management
Creates incentives for maintainability Avoids upfront costs of establishing dual capability

Incentive fee and award fee contracts may be
effective (needs rigorous examination)

Figure 3 outlines an acquisition management approach that accommodates these
and other desirable features. The wide ranging tradeoff studies included in the concept
formulation phase are intended to explore the relationship between ship performance,
combat effectiveness, and costs along the lines of OSD’s Cost As An Independent
Variable initiative. That reductions in design requirements can lower ship cost is, of
course, obvious. The difficult task is to determine the extent to which combat
effectiveness will be degraded by the consequent reductions in ship performance. The

early tradeoff studies should be structured to address this issue.

Many of the other elements of the approach outlined in Figure 3 are already being
implemented in the acquisition management structure developed for the LPD 17 Program,
and in the structures being considered for the SC 21, ADC(X), and Arsenal Ship
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Programs. The Navy should seek to learn as much as possible from these innovations and
then adopt the most beneficial elements as the standard for future ship acquisitions.

[Chapter I, Section C]

Concept Formulation Undertaken by Navy
- Ship Requirements Set by Careful Tradeoff Analysis

Navy-Led Product and Process Development Team Established To
Integrate Design and Development, Yards Included on Team

I
Simplified Requirements Process
- Circular of Requirements (COR) Used in Lieu of Specifications
Whenever Possible
- Commercial Standards and Practices Emphasized

Design Competition Conducted, Bidders Prepare Contract Designs

Winning Shipbuilder (or Industry Team) Selected Based on Designs
and Other Appropriate Considerations
- Winning Team Orders Long Lead-Time Material
I

Lead Ship Contract (Cost + Fixed Fee) Awarded to Single Yard or
Industry Team

]
Follow Ships Awarded Under Fixed-Price-Plus-Incentive-Fee Contract

Figure 3. Acquisition Strategy

Those involved in ship acquisition face greater challenges in implementing DoD
guidance on acquisition reform than managers for other types of systems. In the case of
aircraft, the major companies—Boeing, Lockheed-Martin, McDonnell Douglas, and
Northrop Grumman—have commercial sides, so the companies are well versed in
commercial practice. By contrast, the major U.S. shipbuilders have virtually no
commercial business, so there is no in-house “role model.” Nevertheless, acquisition
reform has a high potential to improve the outcomes of ship acquisition >programs.
Progress has been made in the reduction of military specifications and standards, but
significant work in this and other areas remains. Therefore, we believe that the Navy
should enthusiastically embrace and implement acquisition reform. Navy shipbuilding
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acquisition personnel should communicate regularly with acquisition personnel for other
In turn, OSD
oversight should be tailored to the needs and risks of each specific program. Table 5

system types to share experiences as acquisition reform progresses.

identifies a number of specific acquisition reform actions that merit consideration for

surface ship programs and characterizes their strengths and weaknesses. [Chapter I,
Section D]
Table 5. Potential Ship-Related Acquisition Reform Actions
Action Potential Benefits Potential Drawbacks

integrated Product Team

All benefits of concurrent
engineering, including lower cost,
more producible design, more
maintainable design

Team becomes unwieldy, with
everyone involved in everything

Overarching Integrated Product
Team

Problems surface early and are
addressed, Team approach vice
adversarial approach

Heavy consumption of time in
meetings, subordinates not given
sufficient authority to commit
their superiors, diffuse
accountability

Increased use of commercial
specifications and standards in
lieu of military specifications

Reduced cost due to increased
use of commercial items

Products may not meet military
needs

Cost as an independent variable
(CAIV)

Lower costs based on cost-
performance tradeoffs

More maintainable systems

Promotes multiple options and
creative solutions

Lower-capability systems

Requires ability to support
cost/performance trade studies

Difficult to enforce in sole source
environment

Commercial-style competition

Lower prices, due to less time
spent in writing detailed
proposals

Government can appropriate best
ideas

Political considerations may not
permit high rewards for defense
contractors

Volatile profit margins make
planning more difficult for
industry

Full and effective competition Allows government to negotiate May exclude some viable
with best companies competitors
D.  SHIP DESIGN AND PRODUCTION PRACTICES
By taking steps to ensure that ship design and production practices are more o

closely integrated, both the Navy and the shipyards should receive considerable benefits.
Taking account of production considerations during design will enable more efficient

construction by improving the yard’s ability to plan and schedule work and by helping to
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eliminate costly rework. Two approaches appear particularly promising — the Integrated
Product and Process Development Team (IPPDT) and the development of build

strategies.

Use of the IPPDT concept will better enable ship production, operation, and
maintenance considerations to be taken into account in the design phase. As shown in
Figure 4, the IPPDT is a multi-disciplinary team that includes designers, builders,
maintainers, and operators. Ideally, the IPPDT should include both Navy and industry
personnel in order to form a coherent and well-orchestrated design and development team.
As the IPPDT process matures, the team should be expanded to include the supplier base
and, ultimately, to make the entire Navy acquisition program one large IPPDT that
eliminates stove piping and better reflects the fleetwide impact of programs. [Chapter II,

Section C]

 DESIGN

Figure 4. Notional Integrated Product and Process Development Team
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Another useful way of incorporating production factors early in ship design is
through development and use of a build strategy. As a first step in this direction, the
Navy is currently working with several shipyards to develop a generic build strategy that

could be used to guide construction of naval vessels at any of the major shipyards.
Because the generic strategy would not be optimized for any particular shipyard, it would
obviously be less efficient than one structured around the specific capabilities of a given
yard. However, by requiring the participating shipyards to identify, describe, and quantify
their existing production practices, the generic strategy has already been of benefit. Once
the generic strategy is completed, the shipyards can use it as a guide to refine their existing
processes or devise a build strategy for a specific construction program. [Chapter II,

Section C]

Use of computer-aided tools (see Figure 5) has already improved ship design and
production processes in significant ways; the benefits can only increase as the utilization
and capabilities of these tools expands. To fully realize these benefits, data standards
must be developed and implemented so that design information can be easily and readily
exchanged. By standardizing the data exchange requirements for computer-aided tools,
design details can be shared among designers, builders, operators, maintainers and
suppliers regardless of the particular software or hardware architectures being used.
Electronic design libraries for common ship modules (e.g., a “typical” engine room) can be
constructed and made broadly available within the shipbuilding community. Development
of data standards would also facilitate application of common ship modules across several
classes, enable creation of digital product catalogs and use of computer-aided logistics
systems (CALS), and make possible simulation-based design (SBD). The Navy’s
standardization program for product and process data models should be fully supported.
[Chapter II, Section E]
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COMPUTER-AIDED
MANUFACTURING

- Numerical Machine Control
| - Robotics
- Quality Assurance

COMPUTER-AIDED ENGINEERING

- Stability Calculations

- Strength Estimates

- Power and Speed Predictions
- Sea Keeping and Ship

Motion Analyses
- Signature Characteristics

Figure 5. Computer-Aided Tools for Ship Design and Production

To further facilitate ship production, U.S. shipbuilders should fully adopt group
technology shipbuilding. This scheme arranges and sequences shipbuilding operations in
order to bring the benefits of mass production to the shipyard’s high variety, mixed
quantity production process. Implementation of group technology shipbuilding requires
(1) use of a product-oriented work breakdown structure during the construction process
so that work can be organized into packages with equivalent work content (e.g., as
measured by the number of labor hours required) and (2) the adoption of a team approach
to construction. Cross training of shipyard workers in multiple skills (e.g., welding and
painting) is essential to realizing the benefits of group technology shipbuilding. In
addition, the production process should be engineered and scheduled so that as much
work as possible can be accomplished in shop. Work that cannot be completed in shop
should be accomplished on block; work should be done on ship only when absolutely

essential. [Chapter II, Section C]
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Accuracy control constitutes another key element of group technology
shipbuilding. Distinct from quality control, accuracy control denotes use of statistical
techniques to monitor, control, and continuously improve design details, planning, and
work methods so as to maximize productivity. Processes are measured and quantified so
as to enable use of only the degree of precision actually required. Accuracy control must
be integrated into all aspects of design, planning, and production. Its successful
implementation reduces rework, helps control the overall ship production process, and

ultimately helps lower ship cost. [Chapter III, Section C]

To improve its management of ship production‘, the Navy should consider
collocating at least a portion of the program office at the building yard so as to facilitate
interaction between the Navy system commands and the shipyard. Doing so would also
relieve the Jocal Supervisor of Shipbuilding (SUPSHIPS) of this burden and enable that
organization to concentrate on change order pricing, ensuring compliance with the yard’s
quality assurance program and monitoring work progress. The Navy should also reduce
the number of contract deliverables required to the minimum needed for efficient
management and then allow the yard to submit these electronically rather than on paper.
Every effort should be made to use information already resident in the yard’s management
system rather than specially formatted and prepared deliverables. The Navy should also
investigate ways to reduce the costs associated with requiring use of government-
furnished information (GFI) and equipment (GFE). The Navy should also continue its
efforts to devise planning factors and management approaches to better manage the
design changes that are an inevitable part of the ship construction process given the
complexity of ship systems and the ship design and construction processes themselves. To
the extent possible, changes should be consolidated into block upgrades whenever the ship

buy is large enough to make this approach feasible. [Chapter III, Section B]
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E. INCREASED CONSTRUCTION OF COMMERCIAL SHIPS

Increasing production of commercial ships within U.S. shipyards will be both a

difficult task and one whose success is far from certain. The principal considerations

underlying this assessment include the following:

Over the last 50 years the United States has never had a major presence in the
commercial shipbuilding market. Instead, the major U.S. shipyards have
concentrated their marketing and production skills on building naval ships for
which performance rather than cost is usually the overriding consideration.
Marketing organizations and distribution networks will have to be created
with completely different orientations and skills, and will require major
adjustments in the thinking of emplaced managements and personnel. Such
adjustments have proven extremely difficult in other industries.

The absence of the U. S. industry from international shipbuilding has meant
that there is little acquired expertise in the design of commercial oceangoing
ships. There is no library of standardized designs that can be readily marketed
and easily adapted to changing customer requirements.

The United States begins with severe disadvantages in commercial
shipbuilding technology even when confronted with competitors like Korea or
Poland, which lag considerably in most other areas of manufacturing. U.S.
shipbuilders will have to shift from naval ships, which require several million
labor hours to build, to commercial ships which, if built competitively, must
be manufactured for 500,000 to 600,000 labor hours or less. The shipyards
will have to develop ab ovo skills in computerized commercial ship design,
robotized and closely time-phased production processes, modularized mass
production techniques adapted to commercial ship production, machinery
specialized to shipside production methods, as well as networks of component
suppliers and subcontractors skilled in commercial ship needs and closely
integrated with shipyards — all while facing experienced incumbents in the
industry.

On the scale of complexity, commercial ship construction is, to a large extent,
a steel fabrication and assembly industry whose technology is not difficult to
acquire. With the exception of modest numbers of more complex vessels such
as refined product tankers, liquid natural gas carriers, and cruise ships, most
commercial ship construction requires little of the highly skilled labor needed
to assemble modern naval combatants. Construction of tankers and bulk
cargo carriers has followed the lowest labor rates, first to Japan, then to
Korea, and soon to China and Brazil. U.S. shipyards cannot reasonably hope
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to compete for such ships. The only plausible commercial opportunity will be
the smaller market of more complicated vessels.

Commercial ship construction is highly cyclical and characterized by large
changes in amplitude. Ships are major investments and highly durable, so that
replacement can often be postponed for long periods. The second hand
market offers alternatives to newbuilding in periods of financial stringency or
uncertainty for shippers. Existing ships can be used more intensively when
demand for services rises. And the underlying demand for shipping services
from which newbuilding is derived reveals a history of uncertain forecasts. To
reestablish their commercial shipbuilding capability, U.S. shipyards will have
to make substantial investments. Such investments may, in the medium run,
prove burdensome and lead to bankruptcies if the anticipated boom fails to
materialize or cannot be sustained. The parent firms that own the yards may
be rationally risk-averse and reluctant to commit substantial funds for such
purposes, and thereby forego the opportunity to improve altogether.

The international shipbuilding industry is highly subsidized by nations who
have had a long tradition of government participation in one guise or another
in their industrial sectors. The United States, in contrast, does not have a
tradition of active "industrial policy,"” even when the only rational adjustment
that an industry can make is to shift reduced capacity into newer forms of
product within the industry or go out of business entirely. As a consequence,
the United States will always be a reluctant and therefore less-skilled player in
the game of subsidization and protectionism.

Mergers and consolidations among the major shipyards with downsizing of
capacity and labor force may occur. Mergers could be beneficial by
concentrating the reduced Navy demand into a smaller number of viable
facilities. Some of these merged yards may be able to enter niche markets in
the commercial shipbuilding industry. As a companion activity to naval
shipbuilding, such yards could exploit the economies of scale and scope that
arise from the joint defense-commercial production. This smaller body of
more viable firms would be led to increased partnerships with foreign firms to
share technology, designs, suppliers and facilities, thus reducing costs and
increasing efficiency.

In the event that downsizing is eventually seen to place the nation’s naval

shipbuilding capability at risk, then other solutions should be considered. These could

include outright payments from the defense budget to a subset of yards whose potential

for Navy construction is judged vital to the national interest; the possible purchase of that

subset of yards by the government to form a notional government shipyard managed by
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private firms; or the annual payment to firms in that subset of contractual amounts as
option demand, in recognition of the government's right, if necessary, to call upon these

yards' capacity to provide such ships, on an agreed contractual basis.
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I. SHIP ACQUISITION STRATEGY

The government can pursue several different strategies in acquiring ships. The
government can design the ship, then hand the design to a contractor for construction.
Alternatively, the government can describe its needs, then ask a contractor to design the
ship. The government can choose to prototype major components, or not. The
government decides what type of contract to award and what behavior, if any, to
incentivize. All of those decisions influence the quality of the ship, as well as the degree to
which the program adheres to its planned cost and schedule.

Since the late 1960s, the government has pursued a variety of acquisition
management strategies—some highly successful, others less so. Given the complexity of
the process, it is often impossible to discern a cause and effect relationship regardless of a
program’s success or failure. This conundrum, however, should not dissuade us from
examining the results of past program to determine the lessons they hold for the future.
Today, it is more important than ever that programs to acquire ships be carefully designed
and managed. Both quantitative and qualitative experience can be helpful to the
government in developing suitable management strategies.

In the first section of the chapter, we analyze a set of 17 historical ship acquisition
programs to determine the extent to which acquisition strategy affected schedule and cost.
The management strategies pursued in each program are quantitatively related to the
programs’ outcomes. (The program histories provided in Appendix A add detail and
anecdote to the quantitative analysis.) The next section describes the major historical eras
in ship acquisition and discusses a variety of acquisition strategy issues. The final section

summarizes the study’s findings related to acquisition strategy.

A. METHODS AND HISTORICAL PROFILE

1. Ship Programs Examined and Data Sources

The ship programs covered in this analysis are listed in Table 6; additional details
are reported in Appendix A. Data for these programs were obtained from Selected
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supplemented with information from program offices.

o
Table 6. Ship Programs Examined
New Design
or
Modification | Number
of Existing Built or . )
Program Class Type Design Planned Ship Builder |
AOE 6 Supply Combat support New 4 NASSCO i
CG 47 Ticonderoga Surface combatant Mod of DD 27 Bath lron Works, Litton/ingalls
963
CVN 68 to CVN 70 Nimitz Aircraft carrier New Newport News Shipbuilding
CVN71t0 CVN73 Nimitz Aircraft carrier Mod Newport News Shipbuilding o
CVN74t0 CVN76 Nimitz Aircraft carrier Mod 3 Newport News Shipbuilding
DD 963 Spruance Surface combatant New 31 Litton/Ingalls
DDG 51 Arleigh Burke Surface combatant New 57° Bath lron Works, Litton/Ingalls
FFG7 Oliver Hazard Perry | Surface combatant New 51 Bath Iron Works, Todd/ Seattle,
Todd/San Pedro
LCAC N/A Transport New 91 Bell Aerospace, Lockheed .
Shipbuilding
LHA 1 Tarawa Amphibious warfare New 5° Litton/Ingalls
LHD 1 Wasp Amphibious warfare Mod of LHA 7 Litton/Ingalls
LSD 41 Whidbey Island Amphibious warfare Mod of Lockheed Shipbuilding, Avondale
LSD 36
LSD 41CV Harpers Ferry Amphibious warfare Mod of 4 Avondale '
LSD 41
MCM 1 Avenger Mine countermeasures | New 14 Peterson Builder, Marinette
Marine Corp.
MHC 51 Osprey Mine countermeasures | Mod of 12 Intermarine USA, Avondale
LERICI Class
SURTASS/ T-AGOS | Stalwart Ocean surveillance New 12 Tacoma Boat Building, Haiter ®
Marine
TAO 187 Henry J. Kaiser Replenishment oiler New 16 Avondale, Penn Shpbldg/ Tampa
Shpyd
N/A = Not Available
® DDG 51 class is still in production
® Nine LHAs were included in the original contract. The number was reduced to 5 during contract renegotiation. .
Three of the 17 ship classes—the CVN 74-76, the DDG 51, and the LHD 1—are
still in production. The earliest program—the LHA 1—began full-scale development in
1969, started production in 1971 and finished production in FY1981. The dates that each
of the systems started development and production, along with the initial operational ®
capability dates and projected production end dates, are shown in Table 7.
o
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Table 7. Development and Production Start and End Dates
for Ship Programs

Full Scale
Development Production Production

Program Class Start Start [o]] End
AOE 6 Supply 10/84 3/86 5/95 9/93
CVN 68-70 Nimitz 10/66 10/67 2/83 2/83
CVN71-73 Nimitz 9/80 9/80 N/A 9/93
CVN 74-76 Nimitz 10/88 10/88 6/96 9/03
CG 47 Ticonderoga 3/78 3178 1/83 FY88
DD 963 Spruance 6/70 6/72 6/77 2/83
DDG 51 Arleigh Burke 12/83 4/85 2/93 FYo4
FFG7 Oliver Hazard Perry 10/72 10/73 3/79 9/84
LCAC 2/80 6/81 2/87 9/89
LHA 1 Tarawa 4/69 171 5177 FY81
LHD1 Wasp 7/82 2/84 11/90 FYoo
LSD 41 Whidbey Island 11/78 1/81 2/86 FY86
LSD 41CV Harpers Ferry 12/87 11/89 N/A FYo3
MCM 1 Avenger 8/81 6/83 8/87 FY90
MHC 51 Osprey 12/86 2/89 12/92 FYo3
SURTASS/T-AGOS | Stalwart 10/74 9/80 9/84 FY90
T-AGOS 23 Stalwart 6/87 3/91 5/99 FY0o0
TAO 187 Henry J. Kaiser 2/81 11/82 2/87 FY89

Note: N/A means that data were either not available or insufficient.

Current estimates of how much the ship production costs would be for the
quantities originally planned for at the time of the development estimates were calculated
using price improvement curves.

Information on the acquisition program initiatives applied to each of the programs
was obtained from Navy, OSD, and industry sources. The program effectiveness
measures were then compared on the basis of the particular acquisition program initiatives
applied to determine the initiatives’ effectiveness. The comparisons were made using
statistical tests to determine whether there were any statistically significant differences
between the sample of programs to which a particular acquisition initiative was applied
and the sample of programs to which the initiative was not applied.
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B. SHIP PROGRAM OUTCOMES

1. Distinguishing Features of Ship Acquisition Programs and Implications

' Estimates of development, military construction, and production costs for fifteen
different ship programs are shown in Table 8. These estimates are based on data from the
December 1994 SARs.

Table 8. Current Estimates of Ship Program Costs
(Millions of FY 1996 Dollars)

Production Production Production
Units — Units — Actual Development Production Average Unit Total Program

Program Original Plan or Current Plan Cost Cost” Cost Cost®
AOE 6 Supply 7 4 43 2594 648 2636
CG 47 16 27 146 29183 1081 29326
Ticonderoga
Class
CVN 68-CVN 70 3 3 0 11131 3710 19221
CVN71-CVN 73 3 3 2 11491 3830 11494
CVN 74-CVN 76 3 3 40 12435 4145 12475
DD 963 30 31 146 14668 473 14814
Spruance Class
DDG 51 Arleigh 18 57 2737 51715 907 54452
Burke Class
FFG 7 Oliver 50 51 65 15134 297 15199
Hazard Perry
Class
LCAC 60 91 49 2768 30 2817
LHA 1 Tarawa 9 5 88 5998 1200 6086
Class
LHD 1 Wasp 2 6 66 9698 1616 9765
Class
LSD 41 Whidbey 12 8 21 3226 403 3247
Island Class
LSD41CV 8 6 16 1308 218 1325
Harpers Ferry
Class
MCM 1 Avenger 14 14 33 2301 164 2334
MHC 51 Osprey 12 12 21 1594 133 1614
SURTASS/ 12 18 286 681 54 967
T-AGOS
Stalwart Class
TAO 187 Henry 17 16 23 3757 235 3779
J. Kaiser Class

Note: N/A means that data were either not available or insufficient.
#  Govemment current estimate from 1994 SAR
Excludes military construction cost

There are several features which distinguish the ship acquisition programs from the
other acquisition programs. The first is that there are generally low numbers of units
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produced with very high unit costs. The greatest quantity to be produced in any of the
ship programs is 91, and the median is 10. [The median of the average unit production
costs for the ship programs is over $600 million, and the highest of the average unit
production costs is over $6 billion.]

The second distinguishing feature of the ship acquisition programs is that
development costs are a low proportion of total program costs. Across the 17 programs
for which total cost data are available, the mean percentage of development costs to total
costs is 2.8 percent, and the median is an even lower, 1.0 percent. There are three basic
reasons for these low percentages. First, the Navy takes a more direct role in early
development than do the other services, and these costs may not be fully accounted for in
the development line item. Second, much of what the rest of the defense industry refers to
as development costs are included in Navy production costs; in particular, the costs of
detailed design are typically funded by Ship Construction Navy (SCN) appropriations
rather than Navy development appropriations. The third reason is complexity—ship
production costs include the costs not only of the ship and its associated propulsion
system (except for certain nuclear powerplant costs) and auxiliary equipments, but also the
costs of the combat systems with which the ship is equipped.

According to a recent study of modern surface combatants [Rains, 1994], the cost
of DDG 51 class ships (approximately $1 billion each) can be broken down as shown in
Figure 6. To the extent that combat systems represent a known cost to the Navy, their
large contribution to total ship cost helps explain the low cost growth (actual versus
planned cost) in Navy ships.

Labor
21%

Figure 6. Cost Breakdown for Modern Surface Combatant
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The third distinguishing feature of the ship acquisition programs is that they have
been taking place at a time of great overcapacity in the U.S. shipbuilding industry. The
numbers of merchant ships over 1,000 gross tons produced annually by U.S. shipyards for
both domestic and foreign ship owners have declined since 1949 because of lower costs
for foreign ship construction and a recurrent boom and bust cycle of overcapacity in
available merchant shipping tonnage world-wide. Thus, DoD is the only major customer
for the U.S. shipyards. As a result, there has been short-run pressure on shipyards to
compete with lower prices to DoD. If a shipyard is unable to produce the ship at the low
price it bid, DoD must either provide the additional funds required or lose its entire
investment. In the longer run, shipyards will go out of business, either voluntarily or
involuntarily as in the cases of Lockheed Shipbuilding and Construction, Pennsylvania
Shipbuilding, and Todd Shipyards, among others. A smaller number of competitors in the
future may result in higher production costs for naval ships.

The fourth distinguishing feature of the ship acquisition programs is the high cost
of adapting equipment to operate in the stringent marine operating environment. The two
primary environmental problems are corrosion from saltwater and humid sea air, and the
pounding and shocks to the hull of the ship as it moves through the sea. As a result,
commercial grade equipment is rarely adapted to maritime use. Further, the costs of Mil
Spec equipment developed for the maritime environment inhibit its use elsewhere. As a
result, there is an incentive to use expensive combat systems developed for a maritime
environment across as many Navy programs as possible. This economizes on both
development and production costs. It also implies that cost growth should be lower for
ship programs because of the extensive use of combat systems across multiple ship classes.
Examples of this commonality for the ship programs examined in this analysis are provided
in Table 9.
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Table 9. Commonality of Subsystems Among Ship Classes
® Subsystems Type Manufacturer CG 47 DD 963 DDG 51 FFG 7 LHA 1 LHD 1 LSD 41
LM 2500 Gas Turbine | General Electric X X X X - —_ —_
AN/SLQ-32 ECM System | Raytheon X X X X X X X
AN/SPG-60 Gun Lockheed —_— X — — — —_
Tracking
Radar
® AN/SPG-62 | Missile Fire | Raytheor/RCA X - X - - - -
Control
Radar
AN/SPQ-91 Fire Control Lockheed X — - — X — —
Radar
AN/SPS-40 Air Search Lockheed — X - — X — —
. Radar
AN/SPS-49 Air Search Raytheon X X - X — X X
Radar
AN/SPS-52 Air Search Hughes - - — - X X —
Radar
AN/SPS-55 Surface ISC Cardion X X - X — — —
Search
@ Radar
AN/SPS-64 Navigation Raytheon X X X —_ X X X
Radar
AN/SPS-67 Surface Norden — - X —_ X X X
Search
Radar
' AN/SQQ-89 Towed Array | Gould X X X X —_ — -
i Sonar
AN/SQS- Hull Mounted | General X X X —_ —_ —_— —_
53B/C Sonar Electric/Hughes
AN/SQS-53C | Hull Mounted | General Electric X X - X — — —_
Sonar
MK 29 Missile Raytheon —_ X - —_ - X —
[ Launch
System
MK 32 Torpedo - X X - X — - -
Launch
System
MK 41 Missile FMC X X X — —_ —_ —
taunch
. System
MK 15 Phalanx Gun | General X X X X X X X
System Dynamics
5°/54 MK 45 Gun FMC X X — X — —-—
MK 7 AEGIS | Weapon General Electric X — —_ — —_ —_
Control
. System
MK 116 Underwater Singer X X — - — - —
Fire Control Librascope
System
Navy Tactical | Hughes X X X X — —_ —
Data System
o
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2. Outcomes of Ship Acquisition Programs

Acquisition program outcomes for the 17 ship programs examined are shown in
Table 10. With reference to the column headings used in the table, cost growth is defined
as the percentage by which actual cost exceeds estimated cost. (Negative growth is, of
course, possible, if the actual turns out to be less than the estimate.) In development,
actual cost is measured from the beginning of development to the end of development of
the first version of the system. In production, actual cost is adjusted for quantity change,
by means of a price improvement curve. Production cost growth is measured based on the
quantity planned at Milestone II. Quantity growth is defined as the percentage by which
actual quantity exceeds planned quantity, while schedule growth is defined as the
percentage by which the actual schedule exceeds the planned schedule. The development
schedule is defined as the number of months from Milestone II to IOC, while the
production schedule is defined as the number of months from Milestone III to the year
when the last quantity is indicated in the funding summary in the SAR. (Ideally, we would
have measured the end of production as the last delivery, but it is difficult to obtain this
information for all ships. Moreover, for programs that are still in production, the year
when the last quantity is planned is easier to obtain.) Production schedule growth and
stretch are two different ways at looking at production schedule. Production schedule
growth measures actual vs. planned schedule even though quantity may have changed.
Stretch measures schedule growth in terms of the time required to produce the originally-
planned quantity.

These outcome measures appear to be quite different from the outcome measures
for other types of weapon systems as determined in a prior IDA study. [Tyson, et al,
1992] In that study, the programs exhibiting the highest total program cost growth were
tactical munitions (103 percent) and vehicles (96 percent). The lowest cost growth was
exhibited by ships (15 percent), although the population of programs was different from
the current study. The earlier study included many of the surface ships examined here as
well as the SSN 21 and the SSN 688. It did not, however, include AOE 6, aircraft
carriers, LCAC, MCM 1, MHC 51, or T-AGOS.

In the current study total cost growth and production cost growth were much less
for the ship programs, while development cost growth was somewhat less. Development
schedule growth was much less for the ship programs, but production schedule growth
was only somewhat less. Production quantity growth turned out to be much higher for the
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expanded set of programs, primarily because some of the initial estimates of production

quantities were for minimal numbers.

Table 10. Outcome Measures for Ship Programs (Percent)

Development Production Production Total
Schedule Development Production Quantity Schedule Program
Program Growth Cost Growth | Cost Growth Growth® Growth Stretch Cost Growth
AEOQ 6 Supply 55 8 30 -48 -12 54 30
CG 47 10 23 -4 69 -46 -33 -4
Ticonderoga
Class
CVN 68 3 N/A 17 0 3 3 17
CVN 71 -3 7 1 0 8 8 1
CVN74 N/A -20 8 0 73 73 8
DD 963 40 6 23 3 78 72 23
Spruance
Class
DDG 51 34 133 -1 217 131 -10 -14
Arleigh Burke
Class
FFG 7 Oliver 35 43 59 2 -3 -12 59
Hazard Perry
Class
LCAC 6 56 28 52 57 57 29
LHA 1 Tarawa 56 0 51 -44 142 323 50
Class
LHD 1 Wasp 8 9 -9 133 249 -3 -9
Class
LSD 41 4 11 -10 -33 -26 10 -10
Whidbey
Island Class
LSD 41 CV 10 -28 -5 -20 21 50 -5
Harmpers Ferry
Class
MCM 1 [¢] 0 4 0 -13 -13 4
Avenger
MHC 51 0 8 1 0 0 0 1
Osprey
SURTASS 54 239 64 50 189 -14 85
Class
T-AGOS 25 -5 18 -40 46 77 20
TAO 187 4 2 6 6 -13 & 6
Henry J.
Kaiser Class

Note: N/A means that data were either not available or insufficient

® The baseline for quantity growth is the Milestone Il estimate. For ships, such an estimate may be artificially low, particularly for programs
that had their Milestone i during a time (like the 1980s) when planned quantities had to be fully funded.

3. Effects of Acquisition Initiatives on Ship Program Outcome Measures.

The major acquisition initiatives that were applied to these ship programs are
identified in Table 11.
Subsystem prototyping has been used in ship subsystems to reduce technical risk by

The specific initiatives examined are defined briefly here:

building and testing detailed pieces of hardware early. Dual sourcing involves two or
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more sources in production, by our definition, rather than the competition of companies
for full scale development (FSD) or production contracts, which is fairly routine. Dual
sourcing of major systems often requires a considerable investment in technology transfer
and qualification. Design-to-cost (DTC) was widely practiced in the 1970s. It involves
setting a cost goal very early on, similarly to the way a performance goal is set. Progress
toward meeting the cost goal is reported periodically. Multi-year procurement (MYP)
involves committing the government to a procurement and funding plan for several years,
in the hope that contractors will be able to produce at lower cost with a stable plan.
Fixed-price development (FPD) evolved in the Navy in the early 1980s as a way of forcing
contractors to share some of the risks in development. We also consider the historical
experience of total package procurement (TPP), which forced the contractor to share the
risk of both development and production by specifying a fixed price for at least the first
production lot before development. Contract incentives are frequently used to induce the
contractor to reduce costs or to engage in other behavior beneficial to the government.
Incentive fee contracts typically involve a cost target, and the contractor splits savings or
additional costs with the government based on actual costs. Award fee contracts are more
complex; typically, a list of criteria for the program manager or a review board is used to
determine the fee awarded.

To determine if application of these initiatives has had a statistically significant
effect on cost or schedule outcome, we examined Pearson correlation coefficients! for the
zero-one (0, 1) variables representing the acquisition initiatives and intermediate outcome
measures with total program cost growth (TPCG). There were 8 significant correlations:

The Pearson correlation coefficient p is the statistic used most often in correlation analysis. The
correlation coefficient measures the strength of the linear relationship between two variables, in our
case total cost growth and the policy variables. When p =1 or -1, there is a perfect linear
relationship, positive or negative respectively, between the variables. When p = 0, the two variables
are uncorrelated and (if we assume that their distribution is bivariate normal) independent. The
definition of p and a computational formula can be found in any standard text such as [Freund, 1971])
or [Kmenta, 1986]. The significance test for the correlation coefficient tests the null hypothesis that p
= 0, using the normal distribution. We used a significance level of .10 as sufficient to reject the null
hypothesis.

Weighted regression is used as a remedy for heteroskedasticity, or non-constant variation of a residual
across the values of another variable. From prior studies, we have noted that there are some
differences between large and small dollar-value programs in terms of the effectiveness of initiatives.
Weighted regression allows the large programs to have greater influence in the regressions.
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Table 11. Acquisition Initiatives Applied in Ship Programs

Dual-Sourcing Other Acquisition Initiatives Contract Incentives
Subsystem
Prototype
Ship Program Included FSD | Production | DTC | MYP | FPD [ TPP | FSD Production

AOCE 6 0 0 0 0 0 1 1 1 1
CG 47 1 0 1 1 0 0 0 1 1
CVN 68 0 N/A 0 0 0 N/A 0 N/A 1
CVN 71 0 0 0 0 0 0 0 0 1
CVN73 0 0 0 0 0 0 0 0 1
DD 963 1 0 0 0 1 0 1 1 1
DDG 51 0 0 1 1 0 0 0 N/A 1
FFG7 1 1 1 1 0 0 0 1 1
LCAC 1 1 1 1 1 0 0 N/A 1
LHA 1 0 0 0 N/A 0 0 1 1 1
LHD 1 0 0 1 1 0 0 0 1 1
LSD 41 0 1 1 1 0 0 0 1 1
LSD 41 Cargo 0 0 1 1 1 0 0 0 1
MCM 1 0 1 1 0 N/A N/A 0 N/A 1
MHC 51 0 0 1 o 0 N/A 0 N/A 1
SURTASS- 1 0 0 1 0 0 1 0 1
T/AGOS

T-AGOS 23 1 0 0 0 N/A 0 0 0 1
TAO 187 0 0 1 0 0 1 0 1 1

Note: N/A means that data were either not available or insufficient

Development schedule growth was positively correlated with TPCG. This
makes sense: programs that take longer than expected between Milestone II
and IOC are likely to have cost growth.

Development cost growth, positive. Programs that have cost problems m
development are likely to have problems in production as well. 2

Total schedule growth, positive. Schedule problems in both development and
production lead to higher TPCG.

Modification programs, negative. As expected, programs that build on the
experiences of other systems tend to have lower TPCG.

Subsystem prototyping, positive. Programs that prototype sub-systems tend
to have higher cost growth. This finding is puzzling and contradicts other
results [4]. It may be that, for ships, the strategy of commonality is more

2 The correlation between production cost growth and TPCG is also strongly positive, but this was not
reported as a research finding, because it is essentially tautological. The fact that DCG and TPCG are
correlated is meaningful, since development money represents a relatively small part of total program
spending.
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effective than prototyping, or that negative system-wide factors overwhelm
the impact of prototyping.

Dual sourcing in production, negative. Programs that used dual sourcing in
production had lower TPCG than other programs.

Total package procurement, positive. Programs that used total package
procurement had higher TPCG than other programs.

Programs with late baselines, negative. A variable called LAG was created to
measure the number of months past Milestone II that the baseline was
established. The results indicate that, as expected, programs that established
their baselines late in the program (when better cost information should be
available) had lower cost growth.3

There may be some lessons that are particularly important for larger programs. In

order to test for these effects, we performed weighted regression analysis, using TPCG as
the dependent variable. Results obtained were similar to those reported above, with the
following five exceptions:

1.

There was no significant relationship between TPCG and development cost
growth.

There was no significant relationship between TPCG and prototyping.

There was no significant relationship between TPCG and dual sourcing in
production.

In addition to the significant relationship between TPCG and total schedule
growth, there was also a significant positive relationship between TPCG and
production stretch.

There was a significant negative relationship between TPCG and production
quantity growth. Programs that buy more ships than planned tend to have less
cost growth. Of course, it is possible that the causality here is reversed.
Programs with lower cost growth can be viewed as good buys, therefore, the
government increases quantity.

To correct for the late baseline bias, we developed an alternative measure, TPCG2. The measure was

constructed by adding 0.004618 to the TPCG measure for each month that the baseline was late, a
figure based on a regression of LAG and TPCG. The results were similar. The only major difference
was that dual sourcing in production was no longer significantly related to TPCG.
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C. HISTORICAL AND CURRENT ACQUISITION INITIATIVES

1. Historical Acquisition Initiatives

This section discusses the history of U.S. Government’s surface ship acquisition

strategy since the end of World War II, and is based, for the most part, on information
reported in [Tibbitts and Keane, 1995], [Tyson, et al, 1992], and [Nelson and Tyson,
1987].

The Navy has experimented with several approaches to ship acquisition since
1945. In the 1950s, the Navy designed the ship almost completely. There were separate
Preliminary Design and Contract Design organizations within the Navy. Construction was
done at both government and contractor shipyards.

In the 1960s, the Total Package Procurement initiative became widespread
throughout DoD. This approach was a radical departure for military shipbuilding in that
private shipbuilders designed the ships rather than the government. Also during the
1960s, the Navy stopped new construction in government shipyards.

In the 1970s, the large claims which developed for several Total Package
Procurements, along with the desire for better attention to cost-performance tradeoffs, led
to the Design to Cost initiative. All major systems (not just ships) were required to
establish a DTC goal and to work toward that goal. The Navy also re-established its
central design organization and assumed more responsibility for ship design.

In the 1980s, the Reagan buildup provided ample funds for shipbuilding, including
the goal of the 600-ship Navy. However, with the increased funds came heightened
Congressional concern about fraud, waste, and abuse and a mandate for competition. A
competition advocate was designated for each military service. For a while, development
contracts for ships were fixed-price; thus shipbuilders assumed more risk. Dual sourcing
for ships became the regular order of the day. Whether or not dual sourcing was a
successful cost saving strategy is open to question. It probably was beneficial from an
industrial base standpoint. Despite increased shipbuilder participation in the design
process, the strategy of fixed-price development was not successful.

An important feature of acquisition in the 1990s is an invigorated Joint
Requirements Oversight Council. The Council, chaired by the Vice Chairman of the Joint
Chiefs of Staff, has initiated a Joint Warfare Capability Assessment process that could

identify increased opportunities for jointness.
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By the 1990s, with the end of the Cold War and decreasing appetite for large
programs, there was a desire to reform acquisition in conformance with commercial ®
practice with the expectation that this would hold down costs. In the next section, the
current initiatives being implemented under the broad heading of acquisition reform are
discussed.

2. Acquisition Reform in the 1990s

The Department of Defense is currently attempting to increase use of best
commercial practice in DoD system acquisitions through the Acquisition Reform program.
In the Secretary of Defense’s February 1994 memorandum, “Acquisition Reform—A o
Mandate for Change” [Perry, 19941, the blueprint for acquisition reform is laid out. In
the process of implementing that guidance, DoD is making substantial changes in both
government oversight of contractors and OSD oversight of the military services. A key
element of the strategy is the use of commercial products and processes in those [
applications which do not demand the increased cost and performance of Mil Spec
material. Another element is a move to reduce non-value-added work, especially in the
area of oversight and review. The concepts of acquisition reform and their implementation
in ship acquisition are discussed below. o

a. Changes in Government Oversight of Contractors

Acquisition reform has a high potential to improve the outcomes of ship
acquisition programs. However, those involved in ship acquisition face greater challenges ®
than managers for other types of systems. One of the key organizing principles of
acquisition reform is for DoD to behave more like a commercial customer. In addition,
DoD wants to encourage more commercial firms to work with the government. In the
case of aircraft, the major aircraft companies—McDonnell Douglas, Northrop Grumman, | J
and others—have commercial sides, so their goal is for the government side to be able to
function as efficiently as the commercial side of the firm. By contrast, in shipbuilding, the
major shipbuilders have virtually no commercial business, so there is no in-house “role
model.” Moreover, in a downsizing environment, overhead functions might be viewed as @
profit centers. '

Nevertheless, several acquisition reform concepts are being implemented in
shipbuilding today. The Navy appears committed to implementing changes in the way
business is done. i
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Federal Acquisition Streamlining Act of 1994 (FASA). Congress has enacted
the Federal Acquisition Streamlining Act of 1994. Some reforms in this act include:

« An increased dollar threshold (now $100,000) for using simplified small
purchase procedures.

+ A performance-based incentivized approach to managing acquisition
programs. DoD must approve cost, schedule, and performance goals for each
major program and assess whether or not the goals are being achieved.

« Emphasis on streamlining the acquisition process and greater reliance on
commercial products and processes.

Integrated Product and Process Development and Integrated Product Teams.
Integrated Product Teams (IPTs) are the implementing personnel for the concept of
Integrated Product and Process Development (IPPD). The foundation for IPTs involves
the related concept of Concurrent Engineering.

The Concurrent Engineering concept originated in industry as a means to enable
consideration of all aspects of the life cycle in the early stages of the process. U.S.
manufacturers, particularly in the auto industry, faced competition from Japanese
manufacturers in terms of the time and money it takes to design a new product and bring it
to market. Rather than “throwing the design over the wall” and expecting manufacturers
to be able to produce it easily, concurrent engineering advocated the involvement of
manufacturers in the design process.

The IPPD concept extends this notion by advocating that a good product requires
a good process for designing, developing, producing, and maintaining it. IPTs are multi-
disciplinary teams who are involved in the process from the very beginning. Rather than
inspecting for quality, quality should be built in from the beginning. Secretary Perry
ordered that:

“Once a contractor has demonstrated a system of stable, compliant
processes leading to performance as contracted, the Government shall
rely almost exclusively on contractor self-governance, rather than
Government inspectors, auditors, and compliance monitors, to ensure that
these processes continue to result in a system producing goods and
services which meet contract terms and conditions.” [Perry, 1995]

Regardless of the type of IPT, the defining factor is the presence of the widest
possible set of stakeholders—in many cases involving both government and industry, and
certainly involving personnel expert in all phases of the life cycle of the ship.
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Design IPTs with shipbuilder participation have enormous potential. Among the
benefits are early adoption of a top-level build strategy that can facilitate modern ship
construction practices such as zonal architecture, preoutfitting, pretesting, process flow

lanes, and modular construction. [Tibbitts and Keane, 1995]

The CVN 76 design, for example, was done with participation from NAVSEA,
NAVAIR, Newport News, Warfare Centers, and design agents. In the LPD 17 program,
a notional build strategy was developed during preliminary design. The design team was
collocated at the time of feasibility studies rather than just for the preliminary or contract
design phases. This was driven by the need to develop and assess over a dozen alternative
ship concepts. The CVN 76 was also the first ship designed under the revised 5000-series
regulations which emphasize the importance of Cost and Operational Effectiveness
Analysis (COEA). The building process was simulated in a “virtual shipyard” to allow the
designers to address producibility from the very beginning. Among the key benefits were
decks and bulkheads aligned for modular construction, a highly producible hull form, a
reduced number of types and sizes of material, and increased standardization and
commonality.

Reduction of Specifications and Standards. DoD has directed that military
specifications and standards become the exception rather than the rule. Performance
specifications and commercial standards are to be the primary vehicle for making
requirements. In the LPD 17, the number of references to specifications and standards has
been reduced from over 1450 to approximately 300. [Tibbitts and Keane, 1995]

Quality Function Deployment. Fleet participation is a key part of the ship
acquisition process. Quality Function Deployment (QFD) is a “visual, connective process
devised by a Japanese shipyard and effectively used by the Japanese auto industry for
better translating customer desires and deploying them throughout all functions.”
[Tibbitts and Keane, 1995] QFD is a process for translating customer requirements into
design requirements. Engineers think about technology, while customers think about uses
of the product.

QFD has been applied by the Joint Advanced Strike Technology (JAST) aircraft
program to develop ultimate platform attributes based on customer objectives. 'NAVSEA
has used QFD to relate research and development for the future surface combatant and the
future aircraft carrier to prioritized fleet needs.
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b. Changes in OSD Oversight of the Military Services

Overarching Integrated Product Teams. As previously mentioned, IPTs are the
implementing personnel for the concept of Integrated Product and Process Development.
In April 1995, Secretary Perry directed “an immediate and fundamental change in the role
of OSD and Component staff organizations currently performing oversight and review of
acquisition programs.” An Overarching IPT is the new vehicle for OSD oversight of the
military services’ acquisition process. [Perry, 1995] Rather than centering oversight on a
finite set of review meetings, staff in charge of oversight are part of the team from the
beginning and are kept informed all along. If oversight staff raise an issue, it is resolved
immediately, usually by action or explanation from the program staff. If disagreements
cannot be resolved at the staff level, the issue is escalated to progressively higher levels
until agreement is reached. In this environment, there should be no surprises, and the
formal review meetings are often canceled, because there are no outstanding issues. This
process is just beginning to be implemented, so it will take some time to see its effects.

Oversight Reform. In April 1995, Secretary Perry emphasized the importance of
tailoring acquisition requirements to the needs and risk of each individual program. There
should be no minimum set of documents other than those required by statute. To the
maximum extent practicable, applicable documents should be incorporated into a Single
Acquisition Master Plan (SAMP). There has also been some consolidation of briefings, so
that program managers have to spend less time justifying their programs both within the
Navy and to OSD.

Revision of DoD 5000 Series. The DoD 5000 series of regulations is currently
being revised to reflect the new environment of acquisition reform. The new version of
DoD Directive 5000.1 is designed to give the guiding principles of acquisition
management. The new version of DoD Instruction 5000.2 describes the mandatory
procedures for major acquisition programs. The objectives of the rewrite include:

« Incorporate new laws, policies, procedures and set the stage for cultural

change via the IPT process. While the old 5000 series centralized acquisition

policy and practice, the new series is designed to streamline and clarify
centralized policy but greatly decentralize acquisition practice.

«  Clarify and streamline mandatory guidance and facilitate use of professional
judgment by program personnel. Acquisition officials had observed confusion
about which parts of the regulations are mandatory and which are
discretionary, and for what kinds of programs. Regulations that were
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mandatory only for major programs have sometimes been interpreted as
mandatory for all. The rewritten version is intended to clarify this point.

+ Integrate 5000 and 8120 series guidance. (The 8120 series governs the
acquisition of automated information systems.)

«  Establish an “on-line” deskbook version. In addition to serving as a reference
source for the regulations, the deskbook will facilitate interchange among
program IPTs and across programs.

After a comment period, it is expected that the new regulations will be promulgated
through the Acquisition Deskbook.

c. Potential Changes for the Future

Competition Standards. In shipbuilding and elsewhere, there has been much
discussion of changing the requirement for “full and open” competition to a requirement
for “full and effective” competition. Full and effective competition would allow the
government to act more like a commercial customer in that it could exclude obviously
non-competitive bidders early.

Protests can create significant delays in programs. There is no incentive for a
contractor not to protest an unfavorable award, since the costs of protests are allowable
overhead. DoD wins the vast majority of the protests, but the costs remain.

Pricing Policy. In the commercial world, normal practice is that half of the price
is paid at the beginning and half on delivery. DoD is not allowed to do this without
permission. Such a practice could limit the yards’ need for credit. It might also have the
beneficial effect of enhancing a long-term partnership between government and industry.

D. FUTURE ACQUISITION ENVIRONMENT AND ISSUES

1. Military Requirements and Timing of Procurement

Over the next 15-25 years, ship programs now in place will redefine the Navy fleet.
Current shipbuilding programs, their status and their anticipated construction contract
award dates are summarized in Table 12.
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Table 12. New Ship Programs

Program Planned Construction

Program Name Status Contract Award Date
Attack submarine NSSN Phase | (Post Milestone 0) FY 1998
Landing dock ship LPD 17 | Phase | (Post Milestone 0) FY 1998
Dry cargo ship ADC(X) Phase | (Post Milestone 0) FY 2000
Surface combatant SC 21 Phase | (Post Milestone 0) FY 2003
Major amphibious ship LHX Pre-Milestone 0 FY 2005
Aircraft carrier CVvX Pre-Milestone 0 FY 2006

Source: [Tibbitts and Keane, 1995]

Three major design projects, the future aircraft carrier, the major auxiliary ship
ADC(X), and the surface combatant for the 21st century (SC 21) provide opportunities to
continue process improvements established by the CVN 76 and LPD 17 designs.

The LPD 17 program is not far enough along to be included in the analysis of
acquisition outcomes, but we can provide a brief discussion of the ship’s features and
acquisition strategy. The LPD 17 is a new amphibious transport dock assault ship. “A
notional build strategy was developed during preliminary design, keyed to a “virtual
shipyard,” to aid the designers in addressing producibility from the start of design. During
contract design, five competitively selected shipbuilders were brought onboard to help
review the specifications, develop additional producibility improvements, comment on the
implication of metrication and CALS, etc.” [Tibbitts and Keane, 1995] Milestone O was
in November 1990, and Milestone I was in January 1993.

The ongoing Strategic Sealift program also has significant potential for transition
to a new 21st century acquisition strategy.# The program manager has characterized the
program as “about as commercial as the Navy has ever gone.” Fewer than 10 MilSpecs
are being used. There were, however, more Contractor Data Requirements List (CDRL)

4 The Strategic Sealift Ships (T-AKR) are being built using a Circular of Requirements (COR)
approach. The Navy issued a COR and RFP to industry, and shipbuilders then responded with a
proposed contract design. Three yards were then put under contract to build the ships. The system is
considered successful by NAVSEA personnel we interviewed, but even the program manager
expressed reservations about using a COR for more complex ships, including the LPD 17. The
response from some of the personnel interviewed was that the COR approach works if you are willing
to accept what you get. This seems to preclude the Navy accepting on design response and
contracting for a standardized ship. In other words, the COR should only apply up to the point at
which a design is chosen. After that the contractor is guided by the contracted ship specification.
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items. In some cases, the shipyards preferred the MilSpecs to commercial standards such
as ISO-9000.

For the sealift program, yards were allowed to bid either conversions or new
production, depending on which they believed they could better provide. The IPT concept
was used. Current sealift ships have been operated by contractors since 1985 following a
privatization study.

The timing and pace of ship procurement will play a major role in determining how
efficiently ship construction proceeds. It may also play a role in determining which
shipyards survive.

2. Acquisition Strategy Issues

There are several other issues pertinent to acquisition strategy. These are
discussed in the following sections, grouped under the headings of design and
construction.

a. Acquisition Strategy Issues Related to Ship Design

Extent of Navy Involvement in Contract Design and Detailed System Design.
A key decision to be made by DoD is the extent to which NAVSEA should be involved in
ship design. The early design stages are crucial to determining the cost, schedule, and
performance of the delivered ship. While virtually no program-specific money is spent by
Milestone I, the bulk of the cost and performance of the ship is “locked in” by this time.
By Milestone II, roughly 80 percent of the cost and performance of the ship is locked in.
Therefore, it is important to plan carefully in the early design process. [Huthwaite, 1994]

The Navy typically plays a greater role in ship design than do the other Services in
designing other types of systems. Whether or not the Navy will be able to continue this
level of involvement in view of the downsizing of government is an open question. Some
efficiency is gained by keeping a single design staff within government rather than
reimbursing for design staffs spread out among several shipbuilders. On the other hand,
the limited design capability available at the shipyards may be hampering their
competitiveness in the world market. In addition, the Navy as designer and ultimate
operator has no incentive to reduce requirements. The LHA was a shipyard-designed
ship, but the experience gained there does not shed much light on this issue. A variety of
problems, many unrelated to design, prevent this program from being a fair test of
shipyard design. The building yard encountered severe startup problems at a time of high
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inflation in the U.S. economy. In addition, major design changes were necessary to
propulsion control, cargo handling, and the ship’s self defense capability. Cost growth
was 50 percent even with a reduction from 9 ships to 5.

For the future, involvement of all major stakeholders through the IPT process is
likely to raise the cost of early design. However, this approach has the potential to reduce
total costs overall through a philosophy of getting things done right the first time.

Modular Design. Although some ship programs include modular elements, as a
rule, ship designers have lagged behind aircraft developers in the use of modular
construction. Use of modular components facilitates rapid incorporation of changes.
Modularity also assists in cross-service interoperability and commonality, especially for c
systems. Modularity does cause a small penalty (estimated to be on the order of 2
percent) in weight and volume. Its use also require some changes in contract
specifications for the shipbuilders and weapons builders. However, modular ships are
easier to build, more interoperable, and easier to upgrade.

Prototyping. Given the small numbers of ships that are typically bought and the
time and cost involved in designing and building the first ship, prototyping of complex
ships is impractical and consequently is not used as frequently in shipbuilding as in other
types of systems. As Tibbitts and Keane point out, “there is no real ‘fly before buy.” In
the case of the DDG 51 class, seven follow ships were under contract before the lead ship
delivered, and three additional ones were under contract before the lead ship achieved
initial operating capability (IOC) a year later, a multi-billion dollar commitment. The ship
as a whole is not tested until after delivery to the fleet.” [Tibbitts and Keane, 1995] Sub-
systems are prototyped relatively frequently, of course, both to support concurrent
development and to facilitate block upgrade. Other technologies such as simulation-based
design and CAD/CAM should allow virtual prototyping and early verification of design
features.

Suitability of Design to Modification and Upgrade. “The time to develop a
major new system (e.g., Aegis, electric drive) is longer than the time required to develop
the ship.” [Tibbitts and Keane, 1995] The Navy has often handled this problem by
initiating system development in advance of ship design and by using common systems
whenever possible. To facilitate upgrades, it is necessary to continuously evaluate new
technologies.
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b. Acquisition Strategy Issues Related to Ship Construction

Extent of Navy Involvement in Combat System Procurement and
Integration. Whether or not ship systems are furnished by the Government as GFE or by
the contractor as CFE matters in ship affordability and affects acquisition incentives. Late
arrival or defects in GFE can lead to large claims against the government. On the other
hand, because the same combat system can be used on several classes of ship the
government can usually acquire combat systems at lower cost than the shipbuilder can.
Moreover, the government can shield the shipbuilder from significant risks in combat
system performance.

In addition to combat systems, other items may be provided as GFE. In the
contractor’s view, this means that they have to rely on the government to provide a
working system on time and ready for installation. In some instances this has been a
source of turbulence in the shipbuilding process.

Change Orders. The volume of change orders can significantly affect a ship’s
cost. Change orders have many causes—true errors of judgment, poor choice in supplier,
tardy recognition of an inconsistency, or use of new technology for example. Again, the
government may be tempted to order more changes than are necessary or cost-effective to
improve performance, and the builder may market change orders as a way of increasing
revenue or “getting well” on a lowball bid. Strong central control and design discipline
are required throughout the design and production process to avoid this.

Other Cost-Cutting Techniques. There are a number of ways to reduce the unit
cost of the ships the Navy acquires. Among the measures, some of which will entail
changes in ship performance, that can be taken are:

+  Reduced combat system capability

+  Reduced sustained speed, possibly by a reduction in the number of engines
+  Alternative powerplants

+  Alternative transmission systems or ship service power sources

«  Dispersed auxiliaries and load centers to reduce piping, wiring, and ducting
«  Alternative hull forms

»  Reduced crew size

»  Process improvement to cut rework

«  Off-ship modular construction.
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The extent to which the performance-impacting changes should be implemented would
depend on a detailed assessment of the military capabilities required from the ship.

Dual Sourcing versus Early Down-Selection. Table 13 summarizes issues
relating to dual source competition versus early down-selection. Dual sourcing has been
extensively used by the Navy in both ships and missiles in an attempt to hold prices down
and, in some cases, to improve quality. In the case of ship dual sourcing, the yards have
bid aggressively on past programs, believing that their survival was at stake.

Dual sourcing typically requires an upfront commitment of resources to create
capability to build the ship class at two yards. Often, technology transfer is required

among yard personnel who do not trust one another.

The major potential benefit of competition is lower prices. This is important,
particularly as the number of yards shrinks. If the remaining yards maintain enough
capability to provide meaningful competition for each ship type, the yards cannot then
wield monopoly power to raise prices without fear. As the defense industry shrinks, DoD
is rapidly becoming aware of the danger of facing vertically-integrated monopolies in
major product lines. The leverage created by competition creates incentives for the
shipyards to design ships for effectiveness and efficiency and to pay attention to the
government’s needs for reliability and maintainability.

Another benefit of competition is the increased surge potential for current and
future programs. Typically, when two yards build a ship class, both yards could increase
quantity easily. Dual sourcing can also assist in maintaining a long-term industrial base.

Table 13. Competition versus Early Down-Selection

Factors Favoring Competition Factors Favoring Early Down-Selection

Lower prices likely, especially if shipyards believe | Makes early industry involvement in IPT process
that their survival is at stake easier

Prevents shipyard monopoly, which would lead to | Can still do subsystem competition
higher prices

Increases surge potential, both for current and | More consistent with likely future industry structure
future programs .

Creates incentives for effective design More orderly program management

Creates incentives for maintainability Avoids upfront costs of establishing dual capability

Incentive fee and award fee contracts may be
effective (needs rigorous examination)
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Nevertheless, the small quantity of ships planned over the next decade makes
competition a costly strategy. Depending on how many yards consolidate or go out of
business, it may not even be feasible. Therefore, some analysts are considering the
advantages of early down-selection and considering other methods of injecting cost
discipline.

Early down-selection makes the establishment of IPTs easier and more orderly. If
there are multiple yards involved in the acquisition process, there can still be IPTs, but
often there will be separate IPTs for each yard. With early down-selection, it is still
possible to compete sub-systems, and the prime contractor can assist in this process.
Moreover, the upfront and continuing costs of dual capability, including dual overhead
structures, are avoided.

When the government is dealing with a sole source, however, the contract is
critical. It is surprising how little rigorous analysis has been conducted of the effectiveness
of different types of contracts. Carefully-drawn incentive fee and award fee contracts may
have potential for encouraging a sole source contractor to meet the government’s needs in
a cost-effective manner. There has also been some theoretical work that suggests that the
government can benefit by offering a contractor the choice of a low fixed-price contract
(without use of the Truth in Negotiations Act procedures to discover costs) or a
traditional contract with cost discovery. [Rogerson, 1992 and 1996] However, this
theory has never been empirically tested.

Acquisition Reform Initiatives. Table 14 shows some potential acquisition
reform actions, including their potential benefits and drawbacks:

Integrated product teams (IPTs) can be used throughout the acquisition process, in
order to obtain the benefits of concurrent engineering. By involving manufacturers and
maintainers early in the design process, it is hoped that the government will obtain cheaper
ships, with more producible and more maintainable designs. The IPT process also
involves a partnership between customer and contractor, rather than an adversarial
relationship. A potential drawback of IPTs is that the teams can become so large that it is
difficult to accomplish the work, and focus is lost.

Overarching IPTs were discussed previously as a means of OSD oversight of the
Navy. They have similar advantages and disadvantages. In particular, there is some
skepticism that OSD action officers will be given sufficient authority to commit their
superiors to approving the work of the OIPT.
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Potential Ship-Related Acquisition Reform Actions

Action

Potential Benefits

Potential Drawbacks

IPTs All benefits of concurrent engineering, | Team becomes unwieldy, with
including lower cost, more everyone involved in everything
producible design, more
maintainable design

OIPTs Problems surface early and are Heavy consumption of time in

addressed
Team vs. adversarial approach

meetings, subordinates not given
sufficient authority to commit their
superiors, diffuse accountability

Reduction of military
specifications and
standards, use of
commercial
specifications and
standards

Reduced cost
Increased use of commercial items

More firms willing to do business with
the government, increased
competition

Can become meaningless

In some cases, Military standards
adopted if there is no commercial
standard.

Product may not meet military needs

Commercial-style
competition

Lower prices, due to less time spent
in writing detailed proposais and
expanding the number of firms
willing to do business with the
government

Government can appropriate best
ideas

Political world may not accept high
rewards for contractors

Industry finds volatile profit margins,
less able to plan

Cost as an independent
variable (CALIV)

Lower costs based on cost-
performance tradeoffs

More maintainable systems

Promotes multiple options and
creative solutions

Lower-capability systems

Requires ability to support cost-
performance trade studies

Difficult to enforce in sole source
environment

Full and effective
competition

Allows government to negotiate with
best companies

May exclude some viable competitors

Military specifications are already supposed to be the exception rather than the

rule. This can result in lower costs through increased use of commercial items. However,
in shipbuilding, military specifications have been adopted by the commercial world, rather
than the other way around.

Commercial-style competition has been presented as having the benefits of simpler
acquisition and expanding the number of options available to the government. However,
Congress may be unwilling to see firms earning the high profits typical of very successful
firms. In addition, shipyards have been accustomed to stable profits due to government
business and may not be happy about accepting the volatility that comes with the
commercial style.

Cost as an independent variable (CAIV) is a major DoD initiative designed to
establish acquisition and O&S costs as issues equal in importance with measures of system
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performance and effectiveness. Ideally, CAIV would lower costs and result in more
maintainable systems. However, CAIV implies that sometimes a lower-capability option
would be chosen. It requires the ability to support and assess cost-performance trade
studies. In the sole source environment that we may be moving toward, it is difficult to
encourage multiple options and creative solutions.

Finally, while it has not yet been adopted, some government officials have argued
that the requirements for competition should be relaxed to allow the government to
negotiate with companies they deem the best. The drawback is the possibility of perceived
unfairness and the possible exclusion of some viable competitors.

Incentives For Contractors and Contract Types. The strongest incentive for
contractors may be the pressure of competition for this job and the desire for future work.
Due to the decline in the number of shipbuilders, competition is becoming less of a
motivating factor for the yards. Therefore, other incentives to keep costs under control
need to be constructed.

In a cost-plus contract, there are perverse incentives to raise costs. DoD often
tries to counteract this tendency through formal contractual incentives to cut costs.
Relatively little work has been done in the area of how to construct effective incentives in
major acquisition programs. Both incentive fees and award fees have been utilized in the
past and should be considered for future awards as well. For the reasons noted earlier, the
relationship between such fees and program success or failure are often difficult to
measure in retrospect.

3. Health of the Industry

a. Number of Yards

Over the last 20 years there has been a significant decline in the number of yards.
This has bearing on the ability of program offices to have effective competitions in
development and production. Within particular product areas—e.g., surface combatants,
carriers, support ships—the number of yards able to serve as prime contractor is
considerably smaller.

b. Commercial Viability

The major shipyards face significant challenges in finding commercial work. A
complex surface combatant is roughly 30 percent steel and 70 percent integration, while a
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commercial tanker or bulk cargo carrier is roughly 70 percent steel and 30 percent
integration. There are other major differences as well including: the degree of shock
tolerance built into Navy ships which is considerably greater than for commercial ships,
the need for damage control features in a Navy ship which enables it to keep fighting even
when damaged in battle, and the necessity of carrying significant stores to sustain the crew
and the combat system on long deployments. Commercial ships require none of these
features.

c. Compatibility of Military Requirements and Commercial Work

There are several possible advantages for the Navy to mixing Navy and
commercial work in the shipyards. These include:

«  Sharing of overhead functions, such as administration and accounting

« Related to this, the possibility that the Navy can schedule construction for
reasons of requirements or productive efficiency rather than for the need to
maintain ready capability

« The benefits of cross utilization of innovative commercial design and
production techniques ‘

« Easier training of the workforce due to use of commonality and use of
commercial standards where appropriate.

E. FINDINGS

1. Findings from Empirical Analysis

Ship acquisition programs have been considerably more successful than other
programs for other system types in producing systems that meet cost and schedule goals.
While some of the low cost and schedule growth observed in shipbuilding is due to
differences in program structure (including late baselining), such differences do not apply
to all of the successful ship programs.

The three findings with respect to acquisition initiatives are based upon both the
quantitative analysis discussed earlier in the chapter and the program histories collected in
Appendix A.

« Total package procurement is related to higher production cost growth and

total program cost growth. Other system types exhibit the same results. The

DD 963 and LHA programs almost bankrupted the shipyard. The AOE 6 had
an arrangement similar to TPP—a fixed-price incentive contract for the lead
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ship with an option for 3 follow ships. This was also unsuccessful—the AOE
6 had 30 percent cost growth.

«  Design-to-cost appears to be a successful strategy. While it was not
statistically significant, design-to-cost appears effective based on the program
histories collected in Appendix A. The programs that had DTC were
generally successful, despite some substantial differences in the technical
difficulty and responsibility for the design. For example, the CG 47 was a
modification of the existing DD 963 hull. While costs were higher than
anticipated in development, this was made up in production. The DDG 51 is
a Navy-developed design that employs the same propulsion plant as the DD
963 and CG 47 classes. The LHD 1 is another modification program that
uses components from an earlier design—in this instance the hull and
propulsion system of the LHA.

»  Incentive contracts in FSD can lead to lower development cost growth. In
particular, the CG 47 award fee strategy was successful.

The experience of the FFG 7 may also be instructive: the FFG 7 program strategy
included design-to-cost together with extensive subsystem prototyping and modeling.
Nevertheless the FFG 7 program had high cost growth. Three yards were involved with
consequent problems in data exchange and change order control, all during a time of
double-digit inflation.

2. Preferred Acquisition Strategy

Because of the disconnect between the rapid pace of technical change in combat
systems and the long production cycle for ships, it is necessary to develop a technology
strategy of continuous review. Figure 7 illustrates the current acquisition strategy and our
recommended strategy. In the current process, the Navy is primarily responsible for all
activities, including feasibility studies and preliminary/contract design, up to Milestone II.
In the recommended process, the Navy performs feasibility studies, but at Milestone I the
Navy establishes an IPPDT that includes all parties. Where possible, a circular of
requirements is used, and contract design is performed by the bidders. The lead ship
contract is a Cost Plus Fixed Fee (CPFF) let to a single yard. Follow ships are contracted
for using FPIF or Fixed Price Award Fee (FPAF) contracts.
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CURRENT STRATEGY
PROGRAM

CONCEPT DEFINITION/

PHASE |DEVELOPMENT] RISK REDUCTION EMD/PRODUCTION 10C
MSI0 MS|i Ms|il

ACTIVITY| Feasibility

Studies Preliminary/Contract Design Detail Design and Construction Shakedown

(Navy) (Navy) (Shipyard)

PREFERRED STRATEGY
PROGRAM

CONCEPT DEFINITION/

PHASE |DEVELOPMENT] RISK REDUCTION EMD/PRODUCTION 10C
MSi{0 (] Msiil

ACTIVITY | Feasibility Navy-led IPPDT Lead ship contract (CPFF) letto single [Shakedown

Studies Established/COR used team or yard. Follow ships awarded

(Navy) where possible, contract FPIF

designs prepared by
bidders
Figure 7. Acquisition Strategies
Based on the assessment presented here the following actions should be
discouraged:

Undue contractor risk. Given the tenuous nature of the shipbuilding business,
it does not make sense to do total package procurement for programs in
which the design is complex and unproven. Forcing shipbuilders to “bet the
company” to participate in a program can backfire against the government.
The caution against undue risk also means that fixed-price development
contracts should be discouraged. In development, the government should pay
reasonable costs and should assist the contractor in making design tradeoffs.

Complex requirements.  Overstatement of requirements can prevent
reasonable tradeoffs. While the long ship production cycle presents obstacles
to the kind of evolutionary development possible with other types of weapon
systems, tradeoffs still can be made.

Conversely, the following should be encouraged:

.

Integrated product teams for design, production, and oversight.

Early down-selection to a single yard. In the current industry environment,
keeping two yards going may be too expensive for the government. If this is
the case, down-selecting as early as possible makes sense.
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A simplified requirements process. Simplification of requirements, though use
of a Circular of Requirements when possible, will help to encourage
innovation. Wherever possible, commercial standards and practices should be
used. Proven technology, both military and commercial grade, should be used
as much as possible. The Affordability through Commonality initiative should
be encouraged.

Interoperability across services. The Navy should take care to ensure that its
systems are interoperable with those of the other military services. Ships
should be planned to take advantage of multi-Service standard systems, such
as communications.

Cost-plus contracts for lead ship design and construction. With close
cooperation between the government and the shipbuilder, this contract type is
likely to lead to the best outcomes.

Risk sharing contracts for later ship construction. Once there is construction
experience with a ship class and costs are well known, the yard and the
government should share the risks. For later versions of a ship class, fixed-
price-incentive-fee and fixed-price-award-fee contracts should be used.
Incentives can be targeted toward cost reduction, maintainability, quality, or
other concerns based on fleet experience.
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II. SHIP DESIGN

Ship design and production are presented in two separate chapters as a matter of
convention; however, the two are closely related and cannot and should not be separated
completely. A great deal has been learned about shipbuilding over the past 15 years,
through such programs as the Navy’s MANTECH and the National Shipbuilding Research
Program as well as through industry and Navy studies. One of the consistent findings is
that the practice of designing a ship in isolation from the producers and operators does not
work. This chapter addresses ship design, but in the context of the total system, which
includes the life cycle from concept development through production to final disposition.

The first section summarizes the recent history of Navy design process and
strategy, the Navy design organization and the relationships between design and
production. The next section addresses product-oriented design and construction
innovations in the 1990s. Concurrent engineering and the Navy’s Generic Build Strategy
are discussed next. The historical development and apparent effect of design and
engineering technology, including CAD/CAM/CIM and simulation-based design, are then
presented. The next section compares and contrasts U.S. Navy design organization and
strategy with those of foreign navies and commercial practice. A brief findings section
concludes the chapter.

A. NAVY SHIP DESIGN PROCESS AND DESIGN STRATEGY

1. Overview

Navy ship design phases consist of preliminary, contract and detail design.
Feasibility and Concept studies precede and, to some extent, overlap preliminary design.
The Navy, in general, retains responsibility for the design process through the contract
design phase. As a rule, the shipyards are responsible for detail design.

« Feasibility Studies consist of discussions and analyses of threat, missions, and

technological and budgetary risks. Feasibility studies are often preceded by
Rough Order of Magnitude (ROM) studies. Elapsed time for the studies and
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reviews that lead to Milestone I, including the Cost and Operational
Effectiveness Analysis (COEA), averages approximately 16 months.

Concept design concentrates on tradeoffs to establish technological risk,
capabilities, weapons system, ship size, crew size, main propulsion and the
number of ships to be built.

Preliminary design determines the basic hull shape and weight, and sea keeping
characteristics of the ship. Approximate locations of decks and bulkheads are
determined and block size and weight are defined.

Contract design produces a design in sufficient detail that a shipyard can
knowledgeably bid for detail design and construction.

Detail design results in work instruction drawings and specifications from
which the ship is built. Detail design begins with transition design, during
which the design team transitions from a system-oriented perspective to a
zone-oriented view of the ship.

Figure 8 summarizes current design practice in terms of milestones.

MILESTONE 0 I ]
APPROVAL DAB/ DAB/
NPDM NPDM
NAVY DESIGN ROM FEASIBILITY PRELIM CONTRACT CONTRACT
PHASE STUDIES DESIGN DESIGN FINALIZATION
| ]
! 1
SHIPBUILDER } : DESIGN, PRODUCTION | LONGLEAD | DETAIL DESIGN &
| | SUPPORT PROCUREMENT CONSTRUCTION
I I
] ! CDR SPECS CONTRACT
NAVSEA * DOP PDR CONTRACT AWARD
; DRAWINGS LEAD SHIP
|
OPNAV TOR OR LR
DOD COEA
CDR - Contract Design Report
COEA - Cost and Operational Effectiveness Analysis
DAB - Defense Acquisition Board
DOP - Development Options Paper
NPDM - Navy Program Decision Memorandum
OR - Operational Requirement
PDR - Preliminary Design Report
ROM - Rough Order of Magnitude
SPECS - Ship Specification
TLR - Top Level Requirement
TOR - Tentative Operational Requirement

Source: [Ryan and Johns, 1991]

Figure 8. Typical Recent Navy Ship Design and Production Sequence
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2. Navy Design Practice - 1950 to 1990

This section summarizes the Navy’s historical design practice in terms of the
degree of control and extent of participation by the shipyards.

a. Design in the 1950s

The Navy has experimented with several approaches to ship design since the end
of World War II. In the 1940s, 1950s and early 1960s the Navy had separate preliminary
and contract design branches as well as design organizations at the Navy shipyards. These
organizations designed the ship and produced a complete bid package, including contract
plans and specifications. Shipbuilders or design agents were frequently brought in to help,
but the Navy’s in-house design organization was in charge. [Tibbitts, Keane, Covitch and
Comstock, 1993] Both lead and follow ships were constructed in Navy and private
shipyards. Construction contracts were not competed; ships of a class were allocated to
Navy and private shipyards. Contracts were typically spread to several yards. For
example, LPD 7 through 15 were built by two yards under four contracts. The ships were
delivered an average of 27 months late and at an average of 125 percent of the original
contract price, not counting change orders. This system produced some very successful
programs from the Navy operator’s point of view, including the first SSNs, SSBNs, CVNs
and CGNs. However, U.S. Navy ships were more expensive than similar ships built in
foreign yards, the shipbuilding base was declining from the peak wartime years, shipyards
were making little profits, and unique systems proliferated, resulting in increased costs of
repair and training. [Carpenter, Finne, 1972] The relationship between the Navy and
shipbuilders was non-adversarial and shipbuilding claims were infrequent. [Tibbitts,
Keane, Covitch and Comstock, 1993] Of course, this characterizes the situation today in
those cases where there is little competition among shipbuilders (e.g., for aircraft carriers
and submarines) and cost plus contracts tend to be used.

b. Design in the 1960s: Total Package Procurement

The Navy discontinued new construction in government shipyards after the initial
flight of the LST 1179 class, and Total Package Procurement (TPP) was introduced by
Secretary of Defense McNamara. TPP was a radical departure for Navy shipbuilding;
responsibility for design was shifted from the Navy to industry. The Navy conducted
studies during the Concept Formulation phase to determine the basic performance
characteristics and performed necessary Research and Development (R&D). A Request
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for Proposal (RFP) was issued for complete design analysis based on the requirements
document (Circular of Requirements). Two or more contractors were then awarded fixed
price contracts to develop a complete ship proposal. These proposals included contract
plans and specifications, detailed construction plans and an analysis of Total Life Cycle
Costs. Each proposal was evaluated and the most cost-effective plan was selected, based
on technical design, planning and cost. After incorporation of strong points of the other
proposals, a fixed price multi-ship/ multi-year contract was awarded. Two ship classes
were built under TPP, the Tarawa class of amphibious ships (LHA 1-5) and the Spruance
class destroyers (DD 963-992). Both programs were awarded to Litton Industries for
construction in the Ingalls shipyard located at Pascagoula, Mississippi.

It is generally conceded that TPP was not a success from the perspective of cost
over-runs and delay. It is less clear that TPP was unsuccessful in terms of the final
product or in a few key elements of the acquisition process that survive today. The DD
963 was designed with future modernization or conversion in mind. The DD 963 was a
general purpose destroyer, but the ship was designed using a modularity concept with
space left to accommodate future modernization or conversion to an AAW (DDG)
version. [Collins, 1975] The hull was used for the DD 993 and CG 47 classes, both
considered to be highly successful combatant ships. The DD 963 power plant—the
General Electric LM-2500 marine gas turbine—has been used in every Navy surface
combatant built since the Spruance as well as in the AOE 6 class fast combat support
ships.

A perhaps more important observation is that TPP was never really given a fair
appraisal. From the very beginning, problems arose in the new yard in which the ships
were to be built. Litton’s Ingalls Shipbuilding Division West Bank shipyard complex,
where the LHAs and DD 963s were built, was designed to use high technology modular
techniques, and an in-line flow pattern in order to gain the advantages of assembly line
series production. Five of eight commercial ships intended to “de-bug” the new yard were
moved to the east bank yard to make way for the LHAs. The LHA program, which was
reduced from nine to five ships, experienced delays of up to six years. The LHA delay
resulted in increasing the amount of concurrent work for the two programs, thereby
delaying the DD 963 program. The conscious decision of the yard to give preference to
the DD 963 program resulted in even more serious delays in the LHAs.
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The planned sequence of the two programs was such that three parallel bays were
to be dedicated to the DD 963 program. However, as front-end delays brought the two
programs into closer contact than originally planned, DD and LHA modules were

" intermingled in the bays and the first two DDs were built conventionally in the erection

area. The third bay was not made available to the DD 963 program until the laying of DD
keel number seven. Additionally, a basic premise of TPP design procedure was apparently
violated by the Navy for both programs. The shipyard was to have had total responsibility
for ship design and performance as well as material control within the limits spelled out by
the contract. Both parties agree that in the beginning the Navy maintained a completely
“hands-off” policy to comply with the total package concept and to avoid opening the
door to claims that they interfered with the contractor. At the same time, the contractor
wanted guidance regarding military characteristics beyond his experience level. Neither
party was able to resolve the problem contractually and communications broke down
between the two. As a result, the Navy eventually became heavily involved in the design
process, with major modifications required to correct perceived deficiencies in propulsion
control, cargo handling and C’I all without waiting for the proof of concept trials which
would follow delivery of the first ship. In the end years, the attitude was to finish the ship
and sort out the contractual issues later. Both parties assumed a proportionate share of
the overrun, the Navy got its ships, and the shipbuilder got a brand new competitive
shipyard.

c. Navy Ship Design in the 1970s: Top-Level Requirements

The perceived failures of Total Package Procurement, along with the desire for
better attention to cost/performance tradeoffs, led to Top Level Requirements and Top
Level Specifications, such as Design to Cost (DTC) in the late 1970s. All major systems
were required to establish a DTC goal and to work toward that goal. The Navy also took
more responsibility for design, with the return of a central design organization in the Navy.
The first ship design of this period was the FFG 7 class of missile frigates. NAVSEA
conducted feasibility and preliminary design in-house, but two shipbuilders were
competitively selected to provide support during contract design. At the completion of
contract design, one of the yards, Bath Iron Works (BIW), was authorized to start detail
design and procurement of long lead time propulsion items. Bath Iron Works built the
lead ship, and the remaining ships were awarded in flights of two or four to BIW, Todd
Seattle and Todd San Pedro. This design strategy also was applied to the MCM 1 class of

61
UNCLASSIFIED




UNCLASSIFIED

mine countermeasures ships. Both the FFG 7 and MCM programs were apparent
successes from the viewpoint of the Navy design organization, but the design strategy was
not used again after the MCM 1 class. [Tibbitts, Keane, Covitch and Comstock, 1993]
and [Tibbitts and Keane, 1994]

d. Navy Ship Design in the 1980s

In the 1980s, the Reagan buildup provided sufficient funds for increased numbers
of ships—the Navy’s stated goal being a 600-ship fleet. However, with the increased
funds and several highly visible scandals came increased Congressional concern about
fraud, waste, and abuse and an increased desire for competition. Each military service was
required to establish a competition advocate, and dual sourcing was prevalent. Whether
or not dual sourcing was successful for shipbuilding depends on one’s point of view. It
may have been beneficial from an industrial base standpoint, and may have kept some
yards in business that would not have survived otherwise. However, there is a built-in
conflict between the lead and follow yards because of changes to detail plans and conflicts
in production practices among the yards. Additionally, none of the yards benefit from
increased throughput and series production to the extent that would otherwise be possible.
For a time during the 1980s, development contracts for ships were fixed-price. It is
generally conceded that the strategy of fixed-price development was not successful.

There was no single standard design strategy in the 1980s and many variations
were tried. The 1980s was a period during which U.S. shipbuilders were becoming aware
of advances in shipbuilding productivity in other countries, particularly Japan. Nearly all
shipyards instituted some degree of zone construction, generally starting with Hull Block
Construction. Concurrently, there was a greater awareness of the impact of design on
producibility. This was reflected by greater Navy design organization awareness of the
benefits of early participation by the shipyards in the design process. Concurrently, the
Deputy Assistant Secretary of the Navy (RDA) Ship Programs brought pressure for
NAVSEA to include shipyard participation in all phases of design.

Ship designs originated in the 1980s included the MCM 1, DDG 51 Aegis (Flight
I), Seawolf (SSN 21), T-AGOS 19, LHD 1, LSD 49, and the MHC 51. For the DDG 51
the original plan called for feasibility studies, concept design and preliminary design to be
done in-house, and a contract let to a single shipbuilder for contract design. At the urging
of COMNAVSEA the plan was changed to allow the Navy to do the DDG 51 contract
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design in-house because of affordability and risk. Three shipbuilders were contracted to
assist the Navy design team. The yards became familiar with the design and many yard
suggestions were incorporated by the Navy, but the yards could not agree on the zone
boundaries or on a common build strategy.

The Navy again opted for an in-house Navy design for the T-AGOS 19 class based
on risk considerations. Although there had been a prototype, the design was extremely
innovative and complex. Shipyard involvement was required and representatives from 10
yards were invited to participate (without compensation) in preliminary and contract
design. A large number of producibility enhancements suggested by the shipyards were
included in the design, but the winning shipbuilder was not one of the design team
participants.

The LHD 1 and LSD 49 Cargo Variant classes were follow on programs to
previously built ships. Feasibility studies were accomplished in-house and preliminary and
contract design contracts were awarded to the yards that built the “parent” ships (Ingalls
and Avondale, respectively). Producibility features were included in the designs, which
were accomplished at the shipbuilders sites. NAVSEA involvement was somewhat limited
by the distance of the design teams from Washington; NAVSEA control, however, was

not relinquished.

For CVN 76 the shipyard--Newport News Shipbuilding (NNS)--was involved
throughout all design phases. This program is atypical because there exists only a single
private shipyard with the capability to construct aircraft carriers. However, in terms of
similarity to previous CVNs, the program is not too different from the LHD 1 or LSD 49
classes. In all three cases the shipbuilder was identified early. It is generally agreed that
incorporation of producibility features and integration of weapons systems into the ship is
facilitated by the early identification of the shipbuilder.

The use of a Circular of Requirements (COR) for many auxiliaries was an
important change in philosophy during the 1980s. Under this concept, contractors
designed the ship in response to the Navy’s statement of requirements.

¢. Navy Ship Design in the 1990s

Ship design in the 1990s has been influenced primarily by declining budgets,
technology advances and the Navy’s desire to introduce world class manufacturing
practices to control costs. With the end of the Cold War, it has become increasingly clear
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that in order to preserve a Naval ship industrial base, we must work smarter. The Navy
can probably no longer afford the inefficiencies inherent in dual sourcing, tight centralized
control and execution of design within NAVSEA, micro management of the production
 process, and complex restrictive military specifications that it applied in past decades.

Thus far, the 1990s have been characterized by a very small number of naval ship
designs. The most notable of these is the LPD 17 amphibious transport dock assault ship.
From the beginning of feasibility studies, the LPD 17 has been treated as a model for naval
ship design in the 1990s. The ship is the first Navy ship to be metric, commercial
standards are being used to the extent possible, and producibility is a key objective of the
design team. One of the first actions was the appointment of a simulated ship production
department under the leadership of a Producibility Task Manager. This “surrogate
shipyard,” was called the Product-oriented Design and Construction (PODAC) working
group. The group was tasked with introducing design-for-production concepts early in the
design phase through interaction with the LPD 17 designers. [Wilkins, Singh, Cary, 1995]
It is too early to know the outcome, but it is clear that the Navy is attempting to introduce
many innovations into the design and management of the production of the ship.

B. CURRENT NAVY SHIP DESIGN INNOVATIONS

Although elements within the Navy had been developing innovative design
initiatives throughout the last decade, in 1990 the NAVSEA Chief Engineer set the stage
for formalizing and further developing these initiatives within the framework of the Naval
establishment. The Chief Engineer, SEA 05, with the support of the Office of the
Assistant Secretary of the Navy (ASN(RD&A)) and the Commander NAVSEA “....
initiated an effort to improve the performance of the Naval ship design, acquisition and
construction (DAC) process.” [Horne, 19911 The objective of the project, as stated by
the Chief Engineer, was:

“To identify the crucial actions necessary to improve the quality of future
ship designs (i.e. meeting customers requirements), to reduce ship
construction costs and life cycle costs, and to reduce the time required
from establishment of requirements to delivery of the lead ship.” [Horne,
1991]

DAC was instituted as part of the overall Navy’s adoption of Total Quality
Management (TQM). TQM was adopted by the Department of the Navy in 1989 to:
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. Improve mission capabilities in defense systems
» Increase customer satisfaction
« Achieve continuous improvement in all Department of the Navy processes

« Open lines of communication, reduce rework, and improve quality and
productivity.

The DAC program was implemented in two phases. Phase I began with a kick-off
meeting of shipbuilders, equipment suppliers, design agents and representatives from
throughout the Department of the Navy. The purpose of the meeting was to:

(a) provide overall direction for improvement efforts, (b) get advice on
“where to look first” based on the expertise of the Navy and industry
representatives, and (c) develop momentum and support for the subsequent
efforts. [Horne, 1991}

Seven overlapping phases of the ship acquisition process were defined and Process
Action Teams (PATSs) were constituted to represent and analyze these phases. Since many
issues cross over the boundaries of a given team, an eighth team (Process Definition and

Integration) was added. This team was made up of the team leaders of the other seven
PATs. This process and the eight phases are shown in Figure 9.

Q)
Process Definition & Integration

@
\/
Program Management

|
Requirements Operatlons
: Engineering Construction
Setting Support

®

Shipboard System Resources (Pers., Tools, ...)
I |

Figure 9. The DAC Process and Team Organization

Source: [Ryan and Johns, 1991}.

65
UNCLASSIFIED




UNCLASSIFIED

DAC Phase I defined a detailed model of the design, acquisition and construction
process. Additionally, this model was analyzed, process roadblocks were identified and
proposed solutions were developed. In Phase II of DAC, a second workshop was held on
6-7 May 1991, the results of Phase I were reported and the concept was more fully
developed. Trends in ship design and total costs and development times were reported,
and an attempt was made to define quality in the DAC process. [Ryan and Johns, 1991]
The interdependence of the seven elements of the DAC model was explored in more
detail, and a list of strategic DAC improvement principles, was proposed. These are listed
in Table 15.

Table 15. DAC Process Strategic Principles

Customer Focus/ Customer Understanding

Long Range Planning

Project-oriented Design Teams

Concurrent Design of Ship Product and Construction Process
“Best Known Method” Build Strategy

Flexible Change Management

Life Cycle Cost (LCC) Decision Making

Continuity of the Ship Development Process

Life-Cycle 3-D Product Model

Availability of Appropriate Resources

Institutionalized Feedback System

Fact-based Management

Process Technology Management
Source: [Tibbitts et al, 1993).

The analysis reported at the DAC Phase II workshop, along with the principles
listed in the table above, provide guidance for the still on-going Phase II DAC project.
The remainder of this chapter will build on the historical material previously presented and
the material presented at the DAC II workshop.

1. Importance of Design

One of the purposes of the Phase I DAC workshop was to get advice on “where to
look first.” As stated previously, it is impossible to separate ship design and ship
production completely because they are highly interdependent. However, we started with
design because of its impact on all of the remaining phases of the DAC process, including
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operations and maintenance. Design represents only 2 percent of the Life Cycle Cost
(LCC) for a typical Naval ship. However, it is estimated that more than 80 percent of
total costs are determined before the completion of contract design. It is therefore vitally
important that the process gets off to the right start during the design phase.

Figure 10 shows ship acquisition cost for four types of Navy ships. An important
finding evident in the figure (and presented at the DAC II workshop) is that weapon
systems represent approximately 50 percent of the acquisition cost of a typical combatant.
This points up the importance of the integration function and the control of material that is
generally handled as Government Furnished Equipment (GFE). Put another way, the
costs under the control of the shipbuilder—material, labor, and overhead—are only 25
percent for a combatant ship--80 percent for an oiler. For the four types of ships, labor is
generally the factor most controllable by the shipyard, but one which represents only about
15 percent of yard controlled cost. Note also that shipyard production labor represents

less than the typical cost of change orders for a combatant ship.

| GFE

100
]
75 -
50 -

25 -

Combatant Amphib Oiler Submarine

Source: [Ryan and Johns, 1991].

Figure 10. Ship Acquisition Cost (End Cost) Breakdown

Figure 11 shows typical LCC costs broken down by design, fuel, personnel,
maintenance, modernization, and acquisition. Note that personnel costs are the greatest
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contributor to LCC cost (37 percent compared to 23 percent for acquisition). Numbers of
personnel are driven by requirements for damage control, watch standers—particularly
Condition I—and maintenance. It is not clear that damage control or watch standing
requirements can be reduced. Foreign navies have reduced crew requirements by moving
some maintenance ashore and contracting out. The British were able to reduce crew size
on the Type 23 Destroyer by 40 percent in this way. In the U.S. Navy, an attempt was
made to reduce crew size on the FFG 7 by moving some maintenance ashore. However, a
systems approach was not taken, and the required infrastructure was not provided.
[Tibbitts, Keane, Covitch and Comstock, 1993]

Maintenance
. 21%

Modernization
13%

Fuel
4% .
Design Acquisition
2% 23%
Source: [Ryan and Johns, 1991].

Figure 11. Ship Life Cycle Cost Breakdown

2. Product-Oriented Design and Construction (PODAC)

Product-Oriented Design and Construction (PODAC) is essentially the Navy’s
statement of Group Technology Ship Production. Since 1980 the U.S. shipbuilding
industry has been slowly moving toward recognition of world standards for the
manufacture of complex systems. The existing group technology model for shipbuilding
was developed initially by Henry Kaiser during WWII and exported to Japan in the 1950s
by Elmer L. Hann, formerly the General Superintendent of Kaiser’s Swan Island yard.
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The Japanese further developed the concept through the application of statistical control
methods to the shipbuilding process.! [Chirillo and Chirillo, 1985] During the 1980s
every major U.S. shipyard attempted to transfer this technology to their yard through the
employment of Japanese consultants and participation in the National Shipbuilding
Research Program (NSRP). It is not clear that all of the yards were successful in
implementing the technology, but during the decade of the 1980s both the industry and
Navy personnel became aware of its promise. It has been conjectured that any lack of
success in adopting Japanese methods was because U.S. yards adopted isolated parts of
the technology in a piece-meal manner, rather than understanding and adopting the total
system. Group technology shipbuilding requires a total commitment to a company
business and build strategy which treats the product and the process as a total system.
The direct technology agreements of the 1980s usually were aimed at a particular process
such as material handling, planning, steel processing, accuracy control, or outfitting. As
stated by Lamb, Allan, Clark and Snaith (1995), “The U.S. shipyards into which the new
specific item approaches were being introduced did not fully understand the underlying
principles and the manufacturing systems in which the approach originated.”

Group technology, also called family manufacture, is defined as:

“The logical arrangement and sequence of all facets of company operation

in order to bring the benefits of mass production to high variety, mixed

quantity production.” [Ranson, 1972]

Two essential elements of this definition are the phrases “all facets” and “high
variety, mixed quantity production.” Ship design and construction should embody the
concept of a total system, and a product built to order, not for inventory. Ships consist of
interim products. These interim products are value added inventory, which, until the ship
is delivered, represent costs rather than assets. Many of the concepts relevant to ship
design and production were presented in a 1991 industry-led study sponsored by the
Navy’s Mantech office. The study termed such a system the agile manufacturing system.
This study sums up, for our purposes, a most important concept regarding design.

1 As early as 1947 the Union of Japanese Scientists and Engineers recognized that statistical control
methods could significantly improve quality and producibility. In the summer of 1950, Dr. Edward
Deming of New York University gave 35 lectures to Japanese top managers and engineers. By the
spring of 1981, Deming had made 19 trips to Japan and accuracy control had become firmly
entrenched as a part of group technology shipbuilding. [Chirillo and Chirillo, 1985]
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“Design is not the province of engineering, not even of engineering and
manufacturing jointly.  Instead, representatives of every stage in a
product’s life cycle, from materials employed in its manufacture to its
ultimate disposal, participate in setting its design specifications.
Information thus flows seamlessly between agile manufacturers and their
suppliers, too, as well as between manufacturers and their customers, who
play an active role in product design and development under agile
manufacturing.” [Nagel and Dove, 1991]

Since the 1970s the Navy has attempted to get the shipbuilders involved earlier in
the design cycle. This began as an effort to enlist the expertise of the shipbuilders, but
during the last decade or so it has become clear that there are many more important
reasons for getting the shipyards involved earlier. The shipyard that builds the ship needs
to incorporate features which reflect its unique production process (producibility features).
More important, perhaps, is that the ship design must be responsive to many customers,
including the material suppliers, and those who are responsible for operations and
maintenance throughout the life of the ship. Throughout the remainder of this chapter we
will describe and discuss design technology and its relation to designing the ship as a total
system. These include concurrent engineering, CAD/CAM, Simulation Based Design and
networking complex systems.

C. CONCURRENT ENGINEERING

The concept of Concurrent Engineering originated in industry to consider all
aspects of the life cycle in the early stages of the process. U.S. manufacturers, particularly
in the auto and film industries, faced competition from Japanese manufacturers in terms of
the time and money it takes to design a new product and bring it to market. Rather than
“throwing the design over the wall” and expecting manufacturers to be able to produce it
easily, concurrent engineering advocated the involvement of manufacturers in the design
process. The concept has been greatly expanded since its inception, to include not only
manufacturing, but the eventual user of the product, suppliers, and all aspects of the
company developing and marketing the product. Clausing [1994] goes beyond what he
calls basic concurrent engineering in his description of Total Quality Development. In his
book, he introduces the term world class concurrent engineering and attempts to develop
a rigorous framework for the concept. We will use the term concurrent engineering to
mean what Clausing calls world class concurrent engineering throughout the remainder of
this study.
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The Navy has, during the past two decades, attempted to involve the shipbuilders
in the early design phases. However, concurrent engineering goes much further than just
the shipbuilder. The DAC improvement program reports indicate that other customers
must also be brought into the design process. The operators, support personnel, combat
and support systems developers, and suppliers also have a stake in the design. In order to
realize the benefits of a true systems engineering approach all of these stakeholders should
be represented on the design team. Figure 9, shown previously, essentially defines the
organization for concurrent engineering. The DAC improvement program was the
beginning of the Navy’s move to implement concurrent engineering in the ship design
process. This was followed up, in 1993, by the establishment of a Product-Oriented
Design and Construction Working Group for the preliminary design of the LPD 17.

1. Integrated Product and Process Development Teams

The Integrated Product and Process Development Team (IPPDT), also called the
Integrated Product Team (IPT), is the implementing system for the concept of concurrent
engineering. An IPPDT is a multi-disciplinary team that is involved in the design and
production process from the very beginning.

Several types of IPPDTs can be implemented in ship acquisition. They can be
formed for ship design, contracting, or program management. Oversight of NAVSEA
programs is now being conducted by an Overarching IPT (OIPT) rather than by the
conventional milestone reviews. In all cases, the defining factor is the presence of the
widest possible set of stakeholders—in many cases involving both government and
industry, and including personnel expert in all phases of the life cycle of the ship.

Design IPPDTs with shipbuilder participation have great potential. Among the
benefits are early adoption of a generic build strategy that can facilitate group technology
ship production. The CVN 76 design was a start toward using the concurrent engineering
concept. The design team included participation from NAVSEA, NAVAIR, Newport
News, Naval Warfare Centers, and design agents.

For the LPD 17 program, a notional build strategy was developed during
preliminary design. The design team was collocated at the time of feasibility studies rather
than preliminary or contract design. This was driven by the need to develop and assess
over a dozen alternative ship concepts. The LPD 17 was also the first ship to be designed
under the revised 5000 series of regulations, which place greater emphasis on Cost and
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Operational Effectiveness Analysis. The building process was simulated in a “virtual
shipyard” to allow the designers to address producibility from the very beginning. Among
the key benefits were aligned decks and bulkheads for modular construction, a highly
producible hull form, a reduced number of types and sizes of material, and increased
standardization and commonality.

2. Navy Design and the Generic Build Strategy

The Generic Build Strategy was introduced by the Navy as an outgrowth of the
effort to introduce producibility features early in the preliminary design phase.
Recognizing that changes in the design process were needed in order to keep up with
changes in ship production, the Navy assigned a Producibility Task Manager (PTM) as
part of the LPD 17, then called the LX, preliminary design team. The PTM was
responsible for reviewing all elements of the design in order to identify areas where design
changes could reduce costs without conflict with operational requirements, maintainability
or reliability.

A primary task of the PTM was to insure that the ship design would be compatible
with the production facility and methodology of the yard where it would be built. In order
to do this, a Generic Build Strategy (GBS) was developed. The LX was the first Navy
program to use a GBS. One of the first actions was the appointment of a simulated ship
production department under the leadership of the Producibility Task Manager. This
“surrogate shipyard,” was called the Product-oriented Design and Construction working
Group. The group was tasked with introducing ship design for production concepts early
in the design phase through interaction with the LPD 17 designers. The PODAC Working
Group consisted of contractors and independent consultants who were “knowledgeable of
the amphibious ship production process and who possessed an understanding of modern
(advanced) ship construction practices.” [Advanced Marine Enterprises, 1994]

An important aspect of the project was not to impose a build strategy on the
eventual shipbuilder. Rather, the stated goal was to produce a design which could be built
efficiently by any of the potential bidders without significant redesign, or modification of
yard facilities or production methods. To assure this, five shipyards were invited to
interact with the design team, and to comment on elements of the design as it developed,
including items which they believed to be detrimental to their ability to compete for the
contract.
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The output of the PODAC Working Group consisted of:

« Producibility improvements intended to achieve a more production friendly
design

 The hull block plan
+ Generic sample schedules
« Facilities and equipment requirements

« Construction controls.

These are discussed briefly in the paragraphs that follow.

a. Producibility Improvements and Design for Production

Producibility recommendations fall into the following general categories:
o Hull form

« General arrangements

« Machinery and machinery arrangements

« Structures specifications.

Producibility features do not appear to be particularly revolutionary. There is little
mention of the use of CAD to eliminate interferences, although it is assumed that this will
be part of the contract design work. An effort is underway to determine the impact of
integrating Affordability Through Commonality (ATC) concepts within the LPD 17
Contract Design Package. Producibility features include parallel midbody, straight frames,
modular sanitary and machinery spaces, and standardized major openings and space
arrangements, subsystem package units (zonal electric and HVAC), standardization of
stiffener location and sizes, one sided welding and sleeve couplings for joining modules,
and the use of weld through primer. These are only a few examples. The elimination of
HY-80, or other steels which require heat treatment, for crack arrestors is being
investigated as is the need for crack arrestors entirely. [Wilkins, Singh, and Cary, 1995]

b. Hull Block Plan

The hull block plan appears to be the most extensive effort undertaken by the
PODAC working Group. Zones were defined and numbered according to significant
differences in major functions, complexity of construction, material ordering requirements
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or shipyard accounting classifications. Block sizes and breaks were then determined

according to the following criteria:

o Block size

Length and width of plates available from manufacturers
Transverse bulkhead spacing

Maximum weight and size of outfitted blocks which can be handled and
transported within the prospective yards

Location of major longitudinal bulkheads and other major structures
Amount of on-block outfitting to be accomplished before erection

An effective method of erection of the blocks

+ Normal block break criteria were established, to be altered only when some
characteristic of the structure or arrangement could be shown to override the
producibility aspects of the construction sequence.

All block breaks to be above the deck and aft of a transverse bulkhead
Stiffeners on transverse bulkheads to be located on the forward side
Blocks to extend from one transverse bulkhead to the next

Block widths not to exceed 10 meters

Block heights to be one deck high. except along the sides and bow,
where space arrangements allow higher blocks.

¢. Schedules

AIl LPD 17 schedules are based on a 66 month contract period (18 months for pre-

construction and 48 months for construction). Except for the major milestones, which are

normally part of the contract, schedules are the shipbuilders responsibility. Major

milestones for the LPD 17 are Start Construction, Lay Keel, Stern Release, Launch,

Inclining, Dock Trials, Builders Trials, Acceptance Trials and Delivery.

Schedules included in the Generic Build Strategy are:

+ Key Event Schedule. The key event schedule provided by the PODAC group
is intended to be an example and contains generic events considered typical but

not inclusive.
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« Master Construction Schedule. The master construction schedule is a top level
schedule which provides both the sequence and duration of events. From this
schedule the shipbuilder develops the hull block erection schedule. The hull
erection schedule drives major events such as fabrication, outfitting, and
material procurement. The generic hull block erection schedule was used by
the PODAC group to determine a Long Lead Time (LLT) material schedule.
Manufacturing lead times for similar ships were used to determine Required In-
Yard and Required Purchase Order times.

« Master Material Ordering Schedule. Material Control is one of the most
important functions in Group Technology shipbuilding. Material controls the
entire production process. Make-or-buy decisions, and Just-in time delivery
begin with the design process and must be followed through by the material
control people in order to insure that workers have the requisite parts when
needed.

d. Facilities and Equipment Requirements

The stated intent of the GBS was to not preclude any shipyard capable of building
the LPD 17. “While the more modern shipyards are product-oriented and have facilities
based on the principles of group technology, traditional construction facilities are not
excluded from this build strategy.” [Advanced Marine Enterprises, 1994] Although this
statement seems to be in conflict with the overall purpose of the project, it is perhaps an
indicator of actions that may have to be taken if the naval ship industrial base is to be
saved. This same philosophy is embodied in the government’s regulations concerning
competition among sub-contractors. Time is a valuable resource, and the total cost of
waiting for competitive bids may be greater than sole source procurement from a reliable
and responsive contractor. Similarly, the GBS should encourage, and be built around
efficient, product-oriented shipyards.

Regardless of the above statement, the GBS is purported to have been developed
to reflect best practices in outfitting prior to hull block erection. Block sizes are optimized
for zone outfitting and to facilitate erection in order to maintain balanced work flow using
process lanes and platens away from the erection area. The stated intent of the build
strategy is to maximize On-unit and On-block outfitting. The build strategy also is
intended to facilitate pre-outfitted equipment modules. These modules, developed by the
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Affordability Through Commonality project include standard outfit packages for reverse
osmosis water purification plants, fire pumps, steering gear, sanitary spaces, and
machinery spaces. Scheduling the procurement and installation of ATC modules was
carried out as part of the GBS project and is reported in [Christensen and Koenig, 1995].

e. Construction Controls

Both the Navy and shipyard impose certain controls in order to insure that the
design and construction process delivers a quality product. This is an area where, in the
past, the difference between performance specifications and micro management have
become somewhat blurred. For instance, Navy contracts generally specify that the
shipyard will have a quality control system acceptable to and certified by the Navy. The
Navy role is then to insure that the yard is complying with their own system. However, in
interviews with yard and Supervisor of Shipbuilding, Conversion and Repair (SUPSHIP)
personnel, it appears that SUPSHIP inspectors frequently go well beyond checking
compliance with the system and engage in hands-on quality assurance inspections.

For the LPD 17 GBS, the PODAC working group specified the more obvious
controls, including:

» Ship faimess and alignment procedures

« Corrosion control and preservation

» Weight control, noise control, weld integrity, quality assurance, data control

« Ship protection and security

« Accuracy control.

As stated in the LX (now the LPD 17) GBS study, a thorough knowledge of these
controls can help the ship designer to develop designs which minimize the potential
disruption that these controls might cause to the ship production process. A question
which should perhaps be asked in specifying a GBS, is whether the GBS is over-specifying
procedures which should be determined by the yard. Accuracy control for instance, is at
the heart of group technology shipbuilding. It is also one of the least well understood
processes in U.S. yards. In observing U.S. yards it is clear that very little progress has

been made in the last 15 years in the implementation of this most important discipline.
Yet, every yard seems to believe that they have a fully adequate accuracy control system.
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Perhaps the Navy is justified in taking the lead, even at the risk of over specifying controls

in this area.

f. Generic Build Strategy: Overall Assessment

The Generic Build Strategy appears to be a significant improvement over past
Navy design practice. Inclusion of shipyard participation in the studies and preliminary
through contract design phases evolved over a period of three decades with many false
starts and reversals. However, it seems that we should ask the question: is a GBS merely
a substitute for early selection of a contractor team, who would be responsible for
developing a build strategy which is compatible, in all respects, with their business
strategy, shipbuilding policy and build strategy, and yard facilities? Is a GBS actually a
second best solution, in the economic sense, to extend NAVSEA control over the design

process and defer down selection and thereby facilitate competition among the shipyards?

Retention by NAVSEA of full design responsibility through contract design was a
characteristic of Navy design in the 1980s. The reason invariably given was that it was
too risky to turn more responsibility over to the shipyard. This poses the question of how
best to manage risk and who is better prepared to bear the risk? We should also ask
which is the greater potential cost; the cost of not getting exactly what we perceive as
meeting the operational requirement, or the cost of inhibiting efficient production by the
contractor. Part of the answer to these questions hinges on whether the Navy can devise a
system of controls which assures that the product meets requirements without interfering
with detail design and construction.

An obvious benefit of the GBS is that it gets the design process off to the right
start and serves as a medium for educating the shipyards on what is desired. The Navy is
certainly the best judge of what it wants. The Navy is, therefore, in the best position to
conduct feasibility studies, and, with participation of all qualified potential yards,
preliminary design. The Navy is also in the best position to avoid one of the major pitfalls
of the concurrent engineering process. Clausing [1994] points out that the independent
Process Development Team concept, though clearly successful in the short-run, may suffer
from three long-run problems. These are (1) functional obsolescence, ' (2) weak
organizational learning, and (3) stale technology. The PODAC team members must have
a functional home or they may lose the expertise that makes them so valuable as team
members. By assembling an ad hoc team for each ship program, the pitfall of team
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members becoming project-oriented, to the detriment of the expertise which makes them
valuable contributors to the team, may be avoided.

A second strength is that concurrent engineering and the GBS provide a forum for
learning by the yards as well as the Navy. The advantages of Product-Oriented Ship
Production and disciplines such as Accuracy Control have been known to the U.S.
shipbuilding industry for at least 15 years. But, their practice has been ineffective at best.
U.S. shipbuilders have failed to understand why Japanese yards, with higher labor rates,
can produce ships at less than half the cost of the same product in a U.S. yard. The IPPD
teams provide an interchange of information among customer and producer. The GBS
also provides the Navy with leverage to encourage efficient and productive controls,
including an approved Accuracy Control system. Of course, along with that leverage goes
the responsibility to insure that the contractor has an adequate system and then to refrain
from micro-managing or tampering with that system.

It is frequently conjectured that the qualified bidders for Navy work have
sufficiently similar construction technologies and processes so that a GBS would be
acceptable. Although this may be true today, it is not necessarily the case that it will be
true indefinitely, particularly as yards adopt world class methods and technology.

It can be further argued that the Navy’s retention of responsibility for design
through the contract design phase is somehow efficient in that the yards do not have to
keep duplicative design organizations. It may, in fact, be less costly to have one design
organization rather than paying the cost of design groups spread out over several
shipyards. However, if the shipyards are to re-enter the world shipbuilding market, they
will have to be capable of accomplishing preliminary and contract design.

Perhaps the most obvious negative aspect of the GBS, as presented, is that it may
goon too long. Preliminary design is systems oriented, at least in the beginning. Contract
design should include transition design where the design team must transition to a zone
orientation. ~ At this point the design must be more responsive to the shipbuilder’s
production facilities and processes, and to teaming arrangements with suppliers. Long
lead time material and integration of the weapons system also become important issues.

The PODAC group did not include among its membership representatives from
shipyard design or production engineering organizations or suppliers. Suppliers were
contacted for advice as needed, and the shipyards were invited to comment on the
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findings. Whether this is adequate representation in order to fully benefit from the
concurrent engineering process remains an open issue.

Strong points of the GBS appear to be in producibility and the hull block planning
during preliminary design. This is somewhat of a dichotomy in that these are closely
related to the builder’s facilities and way of doing business. But, this is the time in the
design process when the Navy can exert the most leverage in obtaining the desired
product, when the Navy can exert the most influence over standardization and later
efficiencies. For instance, this is the time when the Navy can lay the ground work for
introducing incentives and guidance for accuracy control and utilization of ATC. Perhaps
the issue is not how but when. If 80 percent of costs are determined prior to and during
preliminary design, then Navy management should be willing to maintain maximum
control through preliminary design and then relinquish some control over the remainder of
the design phase in order to free the contractor from counter productive interferences with
their yard and production strategy. The GBS as used for LPD 17 appears to be an
effective means of introducing concurrent engineering into preliminary design. It does not
appear to be entirely appropriate for contract design, when each yard should be
concentrating on a build strategy unique to its production facilities and methods.

D. COMPARISON OF THE U.S. NAVY DESIGN PROCESS WITH FOREIGN
NAVAL AND COMMERCIAL PRACTICE

1. Foreign Naval Ship Design

The ship acquisition process of Canada and most European navies is very similar
to that of the United States in terms of the design phases described earlier. The UK, Italy,
Germany and Canada all have design phases similar to those of the United States and all
retain Navy control through contract design. Detail design and construction contracts are
competitively let to private shipyards, although some Italian ships are built in public yards.
The entire acquisition process is controlled within the Navy in France, and detail design
and construction are accomplished in public shipyards. The UK system is very similar to
that of the United States in terms of design phases, design control, and competition. The
main difference seems to be in the way R&D is handled. Whereas the U.S. Navy initiates
R&D concurrent with preliminary design, the British begin R&D as part of a combined
concept studies and design phase. [Andrews, 1992] This follows UK weapons

79
UNCLASSIFIED




UNCLASSIFIED

development philosophy generally, in that concept development and R&D are often begun
prior to a well established requirement. Canada puts more emphasis on design-to-cost and
an upper limit on cost is determined during the feasibility study phase.

Japanese naval ship design is patterned after commercial practice, and is
characterized by the use of performance specifications and concurrent engineering. The
Japanese use a phased system similar to that used in the United States, but fewer
personnel and a smaller number of organizations are involved. Design labor-hours for the
Aegis DDG (JDS Kongo) were 1.2 million compared to 6.0 million for the DDG 51 and
3.0 million for the CG 47. [Martin, McGough, Rains, 1990] Some savings were
undoubtedly realized for the Kongo because the Japanese studied the DDG 51 in detail
before and during the Kongo design. The CG 47 design hours provide a better
comparison with the Kongo in that the CG 47 hull was a variant of the DD 963 hull and
the same main machinery was used in both classes.

Contracts are not competed, and the shipyard starts detail design earlier than is the
rule in the United States. [Summers, 1993] Because the shipyard is selected prior to
contract award, and is a key player in the early design phases, contract design is much less
detailed than in the United States. It appears that preliminary and detail design include
much of what is accomplished during contract design in the United States. Contract
design is accomplished by the government, and takes only about six months to complete.
For the Kongo, concurrent design included the shipyard design team, production and
suppliers, and these stake holders were fully involved during preliminary design. Detail
design was started 21 months before contract signing.

A major difference between U.S. and foreign approaches to design seems to be in
contract design. This is an area where U.S. practice itself has varied considerably over
time and across programs. Contract design, who does it and whether the details of the
resulting contract drawings are legally binding on the construction yard, has a profound
effect on producibility, the shipbuilder’s build strategy, and ultimately the cost of the ship.
During contract design, detailed specifications are developed by various NAVSEA
technical codes, and the design and costs are finalized. In the past the technical codes
have not always coordinated their work, resulting in conflicts which must be resolved
during detail design and construction. [Ball, 1992] Under the U.S. system, specifications
are frozen during contract design, and later change requires formal submission of an
Engineering Change Proposal (ECP). The LPD 17 design process, using concurrent
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engineering and the GBS, is addressing many of the flaws in past design practice. It
remains to be seen whether the GBS will produce the same results as the strategy used for
the Japanese Kongo.

Contract design was contracted to the building shipyards for the FFG 7 and the
MCM 1 classes, and preliminary and contract design were done by the shipyards for the
LHD 5, LSD 49 CV, and MHC 51. Because there is only one yard capable of building
CVNs, the builder (NNS) was involved throughout all design phases of CVN 76. For the
LPD 17 the Navy will be responsible for contract design.

2. Commercial Ship Design Practice

Commercial operators can either contract with a shipyard to build the owner’s
design, or buy a shipyard-standard design—usually with minor modifications to
individualize the ship to suit owner requirements. Paulus [1995], through interviews with
six ship owners and operators, found that all of them used the latter system. This method
is generally used by commercial customers because it allows the shipbuilder to use series
production and offers lower prices. Additionally, the NAVSEA owner survey determined
that:

«  All owners use a similar acquisition process.

«  All use performance specifications. The amount of detail varies with the ship
type.

«  All use fixed price contracts.

«  There are no change orders.

The process generally begins with the owner issuing a Requirements Document of
3-10 pages, followed by a request for inquiries and an RFP. These and the shipyard
responses require 30-90 days. This phase is followed by approximately 5-11 weeks of
proposal review and clarification, at which time the owner selects one shipyard and issues
a non-binding letter of intent. The selected yard then prepares the contract specification
(about 400 pages and appears to be equivalent to preliminary design with many elements
of a contract design package in the Navy process). The contract package includes general
arrangements, midship section, machinery arrangements, habitability arrangements, cargo
or piping, trim and stability calculations, speed and power calculations, and a makers list.
This is followed by about 4 weeks of detailed negotiations during which the parties agree
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on contract specifications, the makers list, contract clauses, price, penalties and payment
schedule.

Contracts are generally fixed price with penalties and a one-year warranty. The
payment schedule usually consist of payments of 20 percent commencing at contract
signing and at major milestones through delivery. For approximately 6 months after
contract signing, the yard is engaged in preparing construction plans, material lists are
prepared, material is ordered, and final approvals obtained. Start Fabrication is at the end
of this period and the ship is delivered one year later.

The Navy is currently planning to use a modified form of the above system for the
ADCX, a point-to-point underway replenishment ship. PMS 325 is putting together a
team consisting of Navy and industry members similar to a PODAC working group. The
personnel responsible for procurement of auxiliaries have previous experience with the
performance specification/IPT approach. The Strategic Sealift Ships (T-AKR) are being
built using a Circular of Requirements (COR). The Navy issued a COR and RFP to
industry and shipbuilders then responded with a proposed contract design. Three yards
were then put under contract to build the ships. The system is considered successful by
the NAVSEA personnel we interviewed, but several Program Managers expressed
reservations about using a COR for more complex ships, including the LPD 17. The
response from some of the personnel interviewed was that the COR approach works if
you are willing to accept what you get. This seems to beg the issue. The Navy is not
precluded from accepting one design response and contracting for a standardized ship. In
other words, the COR should only apply up to the point at which a design is chosen. After
that the contractor is guided by the contracted ship specification.

E. SHIP DESIGN AND ENGINEERING TECHNOLOGY

1. CAD/CAM
Computer-Aided Design (CAD) and Computer-Aided Manufacturing (CAM) are

the common descriptors for automation tools used in the design and manufacture of
complex systems. CAD has typically included such things as geometric‘ modeling
(illustrated in Figure 12), engineering analyses, kinematics studies and work instructions.
Typical CAM applications include robotics-control procedures, process planning, and
shipyard-management-system coordination. However, as the emphasis has changed from
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simply product development to Integrated Product and Process Development (IPPD), the
term Computer-Integrated Manufacturing (CIM) is more encompassing and more
relevant.

Figure 12. lllustration of CAD Geometric Modeling

A highly developed CIM system might encompass elements in all phases of the
cradle-to-grave life evolution of the project. Such a CIM system would include feasibility-
study and preliminary-design scoping tools for the concept development stage of the
project. As the project matures, computer-aided engineering (CAE) tools will aid in
estimating such things as stresses in the product and acoustic, magnetic, and
electromagnetic signatures. Kinematics studies can be conducted using an additional set
of tools. As the project moves into the later design phases, cost- and schedule-estimating
tools become more important as do purchasing and material-control tools. In the final
stages of design, computer-aided drafting tools are very important and tools to produce
numerically controlled (N/C) machine instructions and instructions for robotic-cutters and
-welders are exercised. Throughout the construction process, accuracy control, quality
assurance, planning and scheduling, material control, inventory control and accounting
tools are continually used. After delivery of the product, parts catalogs and configuration-
management tools take on an increasing role. These tools and their role in the design-and-
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manufacture process are illustrated in Figure 13. Many of these tools are currently well
developed and readily available.

i s

COMPUTER-AIDED
MANUFACTURING
- Numerical Machine Control
- Robotics
- Quality Assurance

COMPUTER-AIDED ENGINEERING

- Stability Calculations
- Strength Estimates
- Power and Speed Predictions

- Sea Keeping and Ship
Motion Analyses
- Signature Characteristics

Figure 13. Role of Computer-Aided Tools in Design and Manufacturing

The benefits of a well-developed CIM system are numerous. CIM tools allow
feasibility studies and concept designs to be performed much more quickly. Although this
does not result in large direct-cost savings, these tools enable the designer to consider
many more design options in a fixed amount of time and thus increase the likelihood that
effective and efficient designs will be found. Changes to established designs can also be
investigated quickly with these tools. As the tools and the associated data bases mature,
the designer will be able to draw upon proven designs and be able to use reliable, proven
design data. Other benefits include being able to easily reassess, modify, and reuse build
strategies, to establish and employ standards, to transfer data digitally amongst suppliers,
builders and buyers, and to interface with computer graphics.

Although the individual pieces of CIM exist in most of the large shipyards today,
the integration of these tools into a design-and-manufacture system is not yet complete.
Perhaps the most pressing automation problem facing the shipyards today is the lack of a
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unified database to support all of the functions described above for the IPPD of a Navy
ship. For the most part, this automation problem is not technological; rather it is
dominated by a need to define the elements in the unified database, the product process
model, and by a need to have a standard to support the electronic exchange of data

between systems.

CAD/CAM systems are much further along than CIM systems in providing an
integrated environment. Currently, there are seven major integrated CAD/CAM ship
design systems in operation throughout the world. Brief descriptions of these systems are
given in Table 16. Most of these systems provide for direct N/C links for lofting and
cutting plates and stiffeners. Some also support N/C bending of plates, stiffeners, and
pipes, automated pin-jig setting, and robotics programming. Most of these systems also
require a three-dimensional product model for the highest levels of integration.

Table 16. CAD/CAM/CIM Systems Used in Shipbuilding

PROGRAM COUNTRY DEVELOPER NOTES
AutoSHIP Canada Coastdesign Used by small to medium-sized shipyards
FORAN Spain Senemar Licensed by over 100 shipyards in 19
countries
HICADEC Japan, Denmark Hitachi Zosen and
Odense Steel
Shipyard
HULLTECH Great Britain BMT Group Follow-on to BRITSHIPS
NAVSEA CAD-2 | United States Intergraph Supports design, construction,
maintenance, overhaul and repair
NAPA Finland Wartsila Corp.
TRIBON Sweden and Kockums Combination of AUTOKON, STEERBEAR,
Germany Computer System | and SCHIFFKO. This most commonly
system by large shipyards

While CAD/CAM systems are fairly mature, the management system piece of CIM

is in its infancy in U.S. shipyards. Results of a study performed by the Marine Board

Committee on National Needs in Maritime Technology of the National Research Council
[Steward and Hashell, 1995] indicated that:

“U.S. shipbuilders lack the information management systems that are
needed to compete in world markets.”

In particular, current management systems lack the ability to gather and analyze

customer data, to develop bids quickly and flexibly, and to accurately track and evaluate
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costs. These features are critical to competitiveness in world-wide commercial ship
construction, but have not been needed to respond to the yards’ primary customer, the
U.S. Navy.

Another aspect that the NRC study found lacking in current CIMs is process
simulation. In fact, the study recommends that process simulation should receive the
highest priority of all technological areas considered, because “it gives structure to all the
other efforts to improve the competitiveness of U.S. shipbuilders.” This recommendation
builds on the concept of IPPD; designers should concurrently be designing a product and a
process. The process defines the outline for the overall development program. For
example, if the ship is built in blocks, it should be designed in blocks and these blocks
should flow smoothly through the ship-construction process. The NRC believes that the
United States has a natural advantage in this arena with its strong computer-simulation
capabilities.

a. Assessment of Computer Aids in Shipyards

A study by the National Shipbuilding Research Program [NSRP, 1993] identified
computer programs that are currently in use in major shipyards and the reasons that the
shipyards selected these programs. Additionally, the study identified how effectively the
shipyards were using the programs and the degree to which these computer tools were
integrated into the overall production process. The conclusions from this study indicate
that the foremost obstacle to increasing implementation of computer aids in the shipyards
is not technological; industry has proven quite adept at developing and demonstrating new
methods and technologies. Instead, the prime deterrent to implementation is an
institutional inertia that prevents these systems from being incorporated into the process.
This inertia is not confined to the shipyards, but as the study found:

“Participants at the May 1992 conference were startled to find that the

collective consensus clearly shows that no progress with better computer

aids is possible without a very significant breakthrough in the extent to

which yards, suppliers, designers, and customers cooperate.”

The study used a “Feasibility Matrix” to determine the degree to which 11 different
automation objectives were currently implemented in the shipyards. This rating ranged
from an objective’s being conceivable or theoretically possible to its being routinely used
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in the production process. The 11 objectives are listed in priority order below, additional

details are provided in Table 17:

1.

10.

11.

Process Definition - Use automation tools to describe, measure, and improve
the overall design and production process.

Simulation-Based Design - Integrate the tools used throughout the design and
production process and simulate the ship as a product that is widely accessible
to everyone involved.

Product Mode!l Exchange - Ensure that information can flow freely between
the suppliers and the shipyards and the customer.

Product Process Model - Ensure that the appropriate information is captured
in the PPM. Product Model Exchange works to ensure that the data can be
physically transferred, PPM works to ensure that the data is functionally
complete.

CALS Implementation - Provide digital product models that customers can
access on-line.

Human Resources Innovation - Guarantee that every employee in the process
understands the computer aids, concurrent engineering, and team building.

Industry Cooperation - Establish joint efforts to provide common databases,
common software, and mechanisms for sharing information.

Expert Systems - Develop systems that can capture the experience of ship
designers, shipyard managers, and ship construction processes.

Configuration Management - Track the design and construction process
changes throughout a project’s life.

Generic Modular Ship - Use the ideas of Affordability through Commonality
to assemble a national library of reusable design modules.

Service Life Support - Ensure that the Simulation-Based Design objective
includes automated crew training aids, computer aids for operations at sea,
and product modernization.

Three of the top four prioritiess—Process Definition, Product Model Exchange,

and Product Process Model—were mature enough that the participants in the survey

ranked them as “Early Adopters”—that is, these concepts had already been tried on a

small scale. However, none of the top priorities had passed into common practice even

though no technical challenges prevented this.
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In Product Model Exchange and Product Process Model, the U.S. shipbuilding
industry is the world leader. The U.S. shipbuilding industry ranked behind “Best in the
World” practice in nearly all other objectives. In CALS Implementation and Service Life
- Support, the U.S. shipbuilding industry was on a par with best practice. For each of the
eleven objectives, specific recommendations were made for the way ahead.

b. Product-Data-Exchange Standardization Efforts

To realize the full potential of reusing designs of ship modules, having on-line
digital product catalogs, CALS, and SBD, an efficient means for transferring data between
unlike systems must be developed. Two approaches can be taken to enable this data
transfer, (1) the development of product data exchange standards—every system can
“speak the same language” and (2) the development of interfaces that translate data from
one system into the format required by another. For the most part, U.S. shipyards today
must rely on the latter method; they must develop software to translate the digital data.
This is an improvement over having to rekey in data from hard copy, but is much less
efficient and more prone to error than having a common data exchange language.
Additionally, these direct translators must be reprogrammed every time a CAD/CAM
system is upgraded or replaced. This section describes efforts to standardize an exchange
language.

One of the earliest efforts at standardization was started in 1979 with the U.S. Air
Force’s Integrated Computer-Aided Manufacturing (ICAM) Project. This project brought
together two large manufacturers, General Electric and Boeing, and the National Institute
of Standards (NIST) (then known as the National Bureau of Standards) to develop a
neutral data exchange file format. This work resulted in the Initial Graphics Exchange
Specification (IGES). IGES Version 1.0 was first published in January 1980 and became
an American National Standard in 1981. An industry effort continued work on IGES and,
as the need to pass more than simply graphics information emerged, a new effort began to
develop a Product Data Exchange Specification (PDES).

The IGES/PDES Organization (IPO) continues to enhance both standards. In
1988, PDES was proposed as an international standard for data exchange. In the
international arena, this project is known as Standard Electronic Protocols (STEP). The
IPO is continuing to develop STEP and it is the intent of the United States to adopt STEP
so that there is one global standard for manufacturing technology.
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An ongoing Navy-led effort for data exchange standards is the Navy-Industry
Digital Data Exchange Standards Committee (NIDDESC). This work, begun in 1986, is a
cost sharing effort by NAVSEA and the marine industry to develop transfer mechanisms
for product models. The NIDDESC is based on the PDES work and has developed six
application protocols:

« NIDDESC Ship Piping Application Protocol, Version 0.6

« NIDDESC Ship HVAC Application Protocol, Version 0.3

« NIDDESC Ship Electrical/Cableway Application Protocol, Version 0.2

o NIDDESC Ship Outfit and Furnishings Application Protocol, Version 0.1
« NIDDESC Ship Structure Application Protocol, Version 0.4

« NIDDESC Ship Library Parts Application Protocol, Version 0.4

The NIDDESC standards provide a useful “common ground” for shipyard-to-
shipyard and shipyard-to-NAVSEA data transfer. As was discussed before, an interim
approach to electronically transferring data is to develop translators. If this approach is
taken so that each of the major shipyards could transfer data to each other as well as to
NAVSEA, 42 separate translators would be required. However, if the participants can all
transmit data to and receive it from a common system (i.e., NIDDESC) then only 14
translators would be needed. Additionally, if one of the participants were to change
systems, only 2 translators would need to be modified for the NIDDESC approach vice
the 12 translators that would have to be modified without NIDDESC. As reported in a
recent paper, the major shipbuilders in the U.S. are well on the way to having the
capability to communicate via NIDDESC protocols [Billingsley et al, 1992].

c. Application of Advanced CAD/CAM

LPD 17. The Navy’s LPD 17 Program Office is making innovative use of
advanced design tools.2 In particular, 3-D geometry models have been developed for use
during the contract design phase and a suite of detailed kinematic and dynamic computer
models have been built to analyze and optimize the ship’s boat handling system. In the
future, NAVSEA hopes to go beyond 3-D geometry models and begin using 3-D product
models so that both design and production problems can be uncovered and resolved

2 Information for this section was provided by [Tibbitts, 1996].
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during contract design rather than remaining hidden until detail design, or even worse,
until the ship construction process itself.

The steps taken by the LPD 17 program to develop a full 3-D geometry model
represent a major advance. Utilizing CAD 2 engineering workstations, the fluid systems
design team (comprised of the NAVSEA systems engineers, experienced CAD operators,
representatives from selected NAVSEA field activities, and design agents) developed a set
of fully integrated piping design models. The models include related equipment such as
compressors, strainers, dehydrators, and pumps and are being used to model the ship’s
distributive systems, and to develop 3-D models of machinery compartment arrangements.

The 3-D models are also being used to check for interferences in several highly
congested areas in the ship. Specifically, the models have been used to check the piping
system, ship arrangements, ship structures, and other distributive systems (such as
ventilation ducting and electric power cables). Several potential interference problems
were identified when the two latest configurations of the models were superimposed on
each other. In previous contract designs, this type of detailed interference analysis proved
very difficult. Many design problems would not be discovered until after award of the
shipbuilding contract (and at times not until well into construction), resulting in costly and
time consuming rework. The models allow necessary changes to be identified early in the
development cycle when the cost to effect them is low and the designer has maximum
flexibility.

The 3-D design tools are also being used to improve the in-house engineering
design process, and could eventually be used by the shipbuilder to improve the transition
from design to production. Through use of this capability, the following specific design
improvements have been achieved:

+ 3-D digital models of designs of selected piping systems were developed,
including a complete library of 3-D models for piping components.

+ Study drawings for these piping systems were extracted from the 3-D models.
In previous ship designs, considerable time was devoted to developing these
drawings by hand or with 2-D computer drafting programs.

« By increasing the definition of the 3-D design to a greater level of detail,
drawings become a natural by-product of the design effort; thereby enabling a
significant increase in design productivity and quality.
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To further improve the design process, NAVSEA is exploring new ways to use the
3-D models. Future plans call for integrating flow, stress, and dynamic response analysis
software with the 3-D geometry models of the ship’s piping systems to create a “smart”
product model with all the necessary design data about the system. To further support
this goal, NAVSEA continues to build data libraries of needed equipment and component
such as pipe hangers, damage control and fire fighting equipment, and commercial fittings.
In previous surface ship designs, the distributive systems have been an area of considerable
uncertainty in terms of their effect on technical risk, ship weight and stability, and ship
construction costs. The LPD 17 design team has made significant progress towards
reducing these risks and uncertainties through use of a 3-D digital model of the ship’s

geometry.

To illustrate use of more detailed, lower level models, the following section
provides a brief overview of their application to the design of the LPD 17’s boat handling
system is provided. In support of this effort, computer design tools were used to define
and optimize the various crane and winch assemblies that are used to move the boats. A
static model was used to integrate the dimensional interface requirements, identify
interferences with other systems, and enable consideration of the human interface. Use of
an integrated CAD 2 drawing database with its 3-D solid modeling capabilities allowed the
design engineers to identify and resolve conflicts early in the design process.

Computer models of the boats kinematic and dynamic behavior were used to
evaluate the ability of offshore crane designs to handle the 13m boats in sea state 3 or
below. Boat kinematics were modeled using an interactive 3-D approach which also
enabled input by fleet operators. This design tool simulated operation of the crane based
on its performance characteristics (speed, articulation, rotation) and permitted viewing the
boat handling evolution from the operator’s cab, line handlers’ positions, and safety
officer’s station. The interactive model will be available for use during initial training for
the boat handling system.

A dynamic model was used to quantify the forces placed on the crane and lines
when handling boats in sea state 3 taking into account the results of the seakeeping
analysis for the specific hull form selected for the design. The results of this assessment
were passed to several commercial crane manufacturers to enable them to determine if
they had designs capable of handling these forces while remaining within the Navy’s
desired dimensional limits. By specifying system requirements in commercial terms, the
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Navy hopes to eliminate the use of multi-tier military specifications and thereby reduce
costs.

SA’AR-5. Perhaps the best example to date of the capability provided by three-
dimensional computer-based design for a major warship is Ingalls Shipbuilding’s SA’AR 5
Corvette Program. [Lindgren et al, 1992] The SA’AR-5 is an 86-meter, 1200-ton
displacement combatant that Ingalls has called a “pocket cruiser.” This ship is fairly
advanced with combined diesel or gas turbine (CODOG) propulsion and advanced
electronic systems.

Ingalls modeled the design process for the SA’AR-5 after their modular
construction strategy and used a matrix organization to ensure a system level view. The
“rows” of the matrix consisted of the ship’s 15 design zones, each of which contained
several construction assemblies. The columns of the matrix represented 14 different ship
system and technical areas. The design zones and ship systems are identified in Table 18.
A principal engineer was assigned to each of the technical areas; these engineers managed
the analyses and development of systems within that specific area. Similarly, principal
designers were in charge of design teams for each of the 15 design zones. The principal
designers took the lead in resolving conflicts between the various technical areas within

their zone.
Table 18. Design Areas Modeled in SA’ AR 5 Development
Design Zones Technical Areas
CIWS House Naval Architecture and Ship Signatures
Forward Mast Ship Structures
Pilot House Weight Control
Stack Outfit and Habitability
Aft Mast Noise, Shock, and Vibration
Helo Hangar Main and Auxiliary Machinery
Helo Deck Deck Machinery
Steering Piping Systems
Aft Machinery Room Heating Ventilation, and Air Conditioning
Aft Engine Room Ship and Machinery Control
Forward Engine Room Electrical Power and Lighting
MCR SWBD Command, Control, and Communications
Combat Information Center | Combat Systems
Sonar Vendor and Government Fumished Information
Bow
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The design teams for the SA’ AR-5 also comprised representatives from production
planning, production engineering, shipyard craft supervision, and material sourcing, in
addition to the engineers and designers. During the design process, producibility features
such as basic manufacturing breaks, system routing, and machinery package boundaries
were incorporated into the CAD models. As the design progressed, CAD models were
sent to planning for a detailed definition of manufacturing units and work package
definition.

Ingall’s existing CAD/CAM system is the result of approximately 20 years of
evolutionary development. The first computer-assisted design tools were developed in the
1960s, two-dimensional computer drafting was implemented in 1979, and the first three-
dimensional product models were produced in the mid-1980s. Currently, the Ingall’s
CAD applications are processed on Hewlett Packard engineering stations on a local area
network. This network is tied to an IBM 3090 mainframe host computer that processes
the computer-aided manufacturing applications. Machine instructions to drive the
numerical control are stored on IBM minicomputers and personal computers. These
computers are also linked to the IBM mainframe so that all data can be passed
electronically.

The key to fully exploiting a CAD system is for the many software applications
required in the design and construction process to share a common product model
database. For this project, Ingalls had seven major areas integrated with the CAD model
database:

. The Ship Production and Design Engineering System (SPADES) is used to
develop the three-dimensional geometric model for the structure.

« A Material Catalog, maintained on the CAD system in an ORACLE relational
database system, validates part numbers and provides descriptive data for use
on drawing parts lists.

« Material Requirements Planning tracks the validated material requirements for
the product models.

. Pipe Bend System checks for producibiltiy, performs bend calculations and
creates shop floor instructions.

« HVAC Fabrication System develops flat patterns, creates machine instructions,
and provides shop floor control instructions.
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+ Electric Publishing System creates technical manuals using CALMA-created
drawings.

« Integrated Logistics Support selects items for logistic analysis and establishes
the initial logistics requirements.

Ingalls claims that the use of a three-dimensional CAD/CAM system for the
SA’ARS program resulted in a number of benefits. Although some of these benefits, such
as improved interference checking, were expected and were the primary reason for
implementing the system; the SA’ARS program also realized several unexpected and
equally important benefits.

Automated interference checking, the primary reason why the three-dimensional
system was implemented, was a very powerful tool. The three-dimensional CAD system
proved to be much more accurate than existing two-dimensional techniques and more
accurate than physical mock ups (see Figure 14). The two-dimensional models can only
check for interferences at selected planes and subjective judgment must be used to identify
the interferences. Three-dimensional physical models are expensive to prepare and human
error is often introduced in the translation from the drawings to the construction of the
model. The three-dimensional CAD system, on the other hand, models objects at all
points in space and automatically detects and reports interferences.

Figure 14. lllustration of Interference Checking
Capability Provided by CAD System
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An unexpected benefit of the three-dimensional CAD was improved work
packages. Once the CAD model was built and interferences checked, construction
drawings could be produced that represented work packages in the simplest and most
efficient way possible. These packages could be tailored to contain only the information
and material needed for a particular construction phase. With more conventional design
techniques, the craftsman would have to pick his work off a large system-oriented drawing
that contained unneeded data for his particular task and provided only a very limited
number of views. Having an automated product model allowed separate drawings to be
prepared for the smallest work packages and the largest block assemblies.

Computer aided manufacturing benefits naturally from the more complete product
data models. The data bases needed to control the machines for steel and aluminum plate
cutting, sheetmetal fabrication, and pipe bending were a byproduct of the computer aided

design process.

Better communication among members of the design team was also an unexpected
benefit. Unfinished CAD designs could be made available to the design team members
more frequently than could be done with manual design methods. Additionally, the design
process was more efficient by using libraries of common items (e.g., pumps and
subassemblies) to eliminating redundant drafting work.

A final benefit that is difficult to quantify is greater customer visibility. Using
visualization tools, the CAD models could be used to generate realistic representations of
the ship. These visualizations allowed the designers to present the developing design to
the customer. These visualizations are much more representative of the actual ship than
are typical artist’s renditions and they can be updated easily.

2. Simulation-Based Design

The Simulation-Based Design (SBD) Program is a DARPA-sponsored project that
is developing and demonstrating the use of simulation technology in the design process.
The program is using the concept of a Virtual Prototype, a prototype that exists entirely
and exclusively on the computer, to explore the cost and time savings benefits that might
be achieved in the design of complex mechanical systems. The virtual prototype will be
able to operate realistically in “virtual environments,” digital environments that can
accurately mimic real-life atmospheric, oceanographic, geographic, electro-magnetic, and
acoustic conditions.
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The SBD Program is actively seeking to find what the technological state-of-the-
art will provide and to identify where technological advances must be achieved. To
determine these technological shortcomings, the program is using CAD product and
process models to link and coordinate manufacturing, cost, performance, and life-cycle
considerations throughout the entire life cycle of the product. The unique contributions of
SBD are the use of advanced visualization methods, including virtual reality, and the
emphasis on the inclusion of physics-based models in the CAD environment. The goal is
to provide the designer, from concept development through detail design and beyond, with
representations of the product that accurately simulate the total ship and systems in
operation. The SBD Program predicts multiple payoffs from the program:

« Reduce design times by half

- Investigate advanced technologies “on-the-fly”
» Eliminate the need for physical prototypes

- Improve initial design and product quality

a. Phase I Results

The first phase of the SBD Program comprised a group of small scale
demonstrations that sought to determine the potential of an SBD system and to identify
the critical areas of development that are necessary to enable implementation. ARPA’s
Tactical Technology Office chose ship design as the theme for the initial demonstrations
because of the complexity of that design task. The 18-month Phase I demonstrations
sought to successfully implement simulation, integrated product and process development,
and virtual prototyping for ships.

Phase I began in March 1993 with two contractor teams headed by the Electric
Boat Division of General Dynamics and Lockheed Martin, respectively. The composition
of these teams is shown in Table 19.

The two teams were able to provide demonstrations for a wide array of the classic
steps in the design spiral. However, the designers perform these steps concurrently in the
SBD environment instead of using the usual sequential and iterative approach.” The SBD
Phase I program provided explicit examples for the use of SBD in Requirements
Specification, Concept Formulation, Collaborative Design, Training, Multi-Disciplinary
Analyses, Manufacturing, and Life Cycle Costs.
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Table 19. Phase | SBD Participants

General Dynamics, Electric Boat Lockheed Martin

Deneb Robotics Newport News Shipbuilding

Intergraph Science Applications International Corp.
Loral Federal Systems Fakespace

Parametric Technology

Silicon Graphic
University of lowa
University of North Carolina

Requirements. SBD used a continually evolving Product and Process Model
(PPM) to provide information on the ship design to distributed analysis tools in the Phase
I analysis. In a fully developed SBD Architecture, the level of detail provided by the PPM
to the analysis tools will be consistent with the stage of design. During feasibility studies,
for example, generic powerplant data such as peak horsepower and average fuel
consumption might be sufficient. However, during a simulated training exercise,
generated noise, heat emission, and fuel consumption for a given power setting might be
required. For Phase I, only analysis programs that examine completely defined systems
were implemented.

The Phase I demonstrations performed trade-off assessments of conceptual
systems. In particular, a new mission was added for a proposed ship. This new mission
led to assessments of which candidate ships would best meet the new requirements. After
the candidate ship was selected, the optimum power requirements were calculated and an
approximate size diesel engine was selected.

Concept Formulation. SBD used a number of demonstration efforts to show the
capabilities of a fully developed PPM. These demonstrations emphasized that an object in
the PPM was much more than a geometric picture of the object. Objects in the PPM carry
information of their role in the ship, their relationships to other objects in the PPM, the
design constraints they must follow, and the functionality they provide. Four prototype
technologies were demonstrated that play a strong role in concept formulation and early
design: '

« Smart Catalog and PPM Update - During the Phase I demonstration scenario,

the power requirements for the ship were increased. This increase required a

different diesel engine. During the demonstration, a member of the Integrated
Product and Process Development team accessed a diesel manufacturer’s
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catalog on the Internet using a World Wide Web browser. From this catalog,
the designer selected an appropriate diesel and inserted it into the PPM. When
this new diesel was added, the PPM updated all of the requirements of
associated systems. In the example, the requirements for a new heat exchanger
were calculated and a new heat exchanger was selected over the Internet and
was brought into the PPM.

« PPM “Rubber Banding” - PPM “rubber banding” was prototyped in the Phase
I demonstration. With rubber banding, if an object is moved, all associated
connections to that object (e.g., fuel and electrical lines) are also moved and
updated. This shows, for example, that a pipe is not merely a cylindrical
drawing object in the PPM, it is a logical object whose function is to connect
from one specified point to another.

« Ductwork Routing and Re-sizing - Again to emphasize that the PPM carries
much more than geometric data for objects, a piece of piping was moved in the
Phase I demonstration and the dimensions of the pipe changed appropriately to
maintain constant volume.

Human Computer Interfaces. SBD is investigating the usefulness of immersing
designers, engineers, craftsmen, and trainees in virtual environments with the PPM. The
Phase I work investigated a variety of Human Computer Interfaces as well as additional
cues that would be needed to allow the user to move through and be aware in the virtual
environments. This was shown to be a technology area that requires advancement.

Collaborative Design. The Defense Simulation Internet was used to conduct
simulated operations of the virtual prototype. In the DARPA demonstration, a tank driver
at a remote site used a simulator to drive his virtual vehicle onto the virtual ship. In this
demonstration, the operators noticed that at several times the tank’s treads penetrated the
ship’s ramp. The need to conduct interference (or contact) checking in three spacial
dimensions as well as in time stretched the capabilities of the current DSI.

Training. By adding virtual reality tools to the PPM, training can be conducted
on the prototype prior to its ever being built. The demonstrations showed two training
scenarios—a fire fighting exercise and a diesel engine start-up—to display the potential of
this capability. In the fire fighting exercise, a person was fully immersed in-the virtual
environment and performed the necessary procedures to extinguish the fire. In the engine
start-up demonstration, an anthropomorphic model simulated the start-up procedure to
test the ergonomics and accessibility of the engine room.
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Multi-Disciplinary Analysis. This demonstration tied computer aided
engineering models to the PPM. The particular demonstration combined an ocean
hydrodynamic model, a structural analysis model, and the PPM to provide the designer

with real-time hull stresses in response to pressures from the virtual ocean environment.

Manufacturing. Phase I completed a rudimentary manufacturing analysis. The
analysis sought to provide rapid feedback on the impact of design changes to the
conceptual system on the schedule and cost of the virtual ship.

Life Cycle Cost. One of the elements of the PPM that is constantly being updated
is the cost. The system includes the entire life cycle costs of the product and the

contributors to the cost. As the design matures, the cost becomes more precise.

b. Phase II Results

Phase II of the SBD project began in fiscal year 1995 with the selection of
Lockheed Martin as the SBD Prototype System Integrator. As the Integrator, Lockheed
Martin will: '

« Develop an SBD architecture

« Demonstrate the architecture

« Identify required technology developments

« Locate potential candidates for the technology developments

. Manage and integrate the work of technology and application developers.

The program is focused on developing a core architecture. This core architecture
rests on high performance networking services, user interfaces and tools, methodologies
and supporting software for distributed collaboration, and intelligent, distributed database
structures. To fully test the candidate architecture, the virtual prototype for the Phase II

demonstrations will be a generic surface combatant. Critical technical areas that the Phase

II analysis may address are:
«  Visualization and sensualization of data
« Tactile feedback
«  Object oriented database management
. Data standards

. Information baselines for distributed environments
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»  Wide area network bandwidths
«  Multi-level security

+  Information technology.

The primary integrator is expected to focus on those critical areas that best
complement the overall SBD program and to integrate those technologies into the core
architecture.

3. Other Efforts

In addition to the SBD program, several other efforts are underway that will
provide useful insights to the ship design process. Two efforts that may play a large role
are DARPA’s MARITECH Program and work at the Massachusetts Institute of

Technology that is seeking to logically coordinate and sequence complex design
processes.

a. MARITECH Program

DARPA, in consultation with the Maritime Administration and the Navy’s Office
of Naval Research, is managing a five-year MARITECH Program. MARITECH is an
effort to develop and apply advanced technology to improve the competitiveness of the
U.S. shipbuilding industry. MARITECH matches industry investment with federal funds
to develop and implement technologies and advanced processes for the competitive ship
design, marketing, construction, and support. These technologies and processes will be
applied to Navy combatants, resulting in improved ship performance and more affordable
ship acquisition for the U.S. military. The goals of the MARITECH program are to:

»  Preserve the shipbuilding industrial infrastructure

«  Ensure affordable Navy ship construction by using world-class processes and
technologies

- Facilitate the U.S. shipbuilding industry’s reentrance into the commercial
market.

The FY 1995 MARITECH competition selected 24 projects that are listed in

Table 20, Advanced Shipyard Process and Shipboard Technology Development, and

Table 21, Near-Term Ship Design and Construction Technology. These projects include

efforts to advance shipyard process and product technology and to give the shipyards

design experience. Particularly important to furthering shipyard automation tools are the
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STEP-Ship Product Model (at $9,760,000), the Process Tools for Shipyard Construction,
Conversion, and Repair (at $4,890,000), and the Automated Welding of Structural Beam
Erection Joints (at $2,490,000).
approximately 30 percent of the money being spent for Advanced Shipyard process and

Combined, these three projects account for

Shipboard Product Technology Development. All of the projects in the Near-Term Ship
Design and Construction Technology category represent an effort to strengthen design

capabilities and, presumably, automated design capabilities as well.

Table 20. Advanced Shipyard Process and Shipboard Product Technology

Development (BAA #94-44)

Project and Proposed Cost

Consortium Members

Adaptive Control for SLICE and
SWATH Ships - $960,000

Lockheed Missiles & Space
Company, Inc.

Pacific Marine, Inc.

Panel Line Welding
- $4,700,000

Babcock and Wilcox
A&P Appledore
CIM Systems

Ogden Engineering Corp.
Staubli
IHI Co. Ltd.

SWATH High Speed Ferry -
$900,000

SWATH International
Altair Engineering, Inc.

Bollinger Shipyard

Advanced Material Technology -
$7,760,000

UC - San Diego

USCG

NASSCO

SWATH Ocean Systems
Trans-Science Corp.

Giannotti Marine Services
TPI, Inc.

Structural Composites Inc.
Harley Boat Co.

Designers and Planners

Design of the Stern Factory -
$3,560,000

McDermott Shipbuilding, Inc.

Man B&W Diesel

Intergraph Corp. McDermott Shipyards
U Michigan TRI Babcock & Wilcox
Automated Welding of Structural | CYBO Robots, Inc. Avondale

Beam Erection Joints -
$2,490,000

Bath Iron Works
NASSCO

Edison Welding Institute
ARM Automation, Inc.

High Power Waterjet Propulsor -
$2,790,000

Bird-Johnson, Inc.
General Electric

Mercer Management Consulting,
Inc.

Band-Lavis & Associates

Test Plan American
Underpressure System -
$2,240,000

MH Systems, Inc.
West Coast Shipping, Co.

Beth Ship Sabine Yard

Naval Command, Control Ocean
Surveillance

ISIT Platform - $3,830,000

Marine Management Systems,
Inc.

Sperry Marine, inc.

General Electric Marine Systems
and Service

ABS Marine Services, Inc.
M Rosenblatt & Son, Inc.
Radix Systems, Inc.
UltimatEast
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Table 20. Continued

Project and Proposed Cost

Consortium Members

Composite Ship Superstructure -
$1,880,000

Structural Composites, Inc.,
Glasforms, Inc., Naval Sea
Systems Command, FRP
Technologies, Compsys

American Bureau of Shipping,
Naval Surface Warfare Center -
Carderock, Interplastic
Corporation

Ingalls Shipbuilding
Reichhold Chemical

Baltek Comp.

Bedford Reinforced Plastics
Advanced Textiles Inc.
Owens Coming Fiberglas
Fiber-Tech Industries, Inc.

STEP-Ship Product Model -
$9,760,000

Intergraph, Bath Iron Works
General Dynamics/Electric Boat

ingalls Shipbuilding, Inc.
Newport News Shipbuilding, Inc.
Advanced Management Catalyst,

Vessel Optimization and Safety
System (VOSS) - $2,000,000

Sperry Marine, Inc.

Ocean Systems, Inc.

SMARTBRIDGE - $5,840,000

Martin Marietta
RPI

NOAA
Chevron

Focused Technology Develop-
ment Project for a New LNG
Containment System -
$5,990,000

Marinex Intemational
General Electric Co.

Metro Machine Corp., Inc.
Energy Transportation Group

Process Tools for Shipyard
Construction, Conversion and
Repair - $4,890,000

CTA, Inc.

Honolulu Shipyards, Inc.

Table 21. Near-Term Ship Design and Construction Technology (BAA #95-02)

Project and Proposed Cost

Consortium Members

“City Slicker” - $1,100,000

Peterson Builders, Inc.
Spirit Cruises, Inc.

FBM Marine Group

“Reefer 21” Bender Shipbuilding and Repair Columbia Group, Inc.
- $1,300,000 Colton & Company Nordvest Consult AS
Fast Ferry Market Penetration - Nichols Brothers Boat Builders incat Designs Sydney
$610,000 Gladding Hearns Shipbuilders

Midfoil SWAS Ship Design - Pacific Marine Westport Shipyards

$1,530,000

Nichols Brothers Boat Builders

Art Anderson Associates

Handy Size Bulk Vessels -
$6,270,000

Alabama Shipyard, Inc.
Mitsubishi Heavy Industries

Tritea Maritime, Ltd.

LNG Carrier - $7,850,000

Newport News Shipbuilding
Exxon Co.

IHI
Shell Intemational Shipping

Large Fast Ferry Technical

Halter Marine, Inc.

Band Lavis & Associates

Development - $5,040,000 Bank of Tokyo Financial Corp. Derrick Offshore

V. Ships (USA) Inc. Fry Design & Research
Shallow Draft - Self Vibtech, Inc. AFL/CIO Metal Trades
Loading/Unloading Cargo Ship SENESCO Department

Design - $8,000,000

Rhode Island Technology

Kvaerner Masa Marine, Inc..
NSWC-Carderock

High Speed Monohull Contract
Design Project - $3,010,000

Bath iron Works
General Electric

American Automar
Kvaemer Masa Marine

104
UNCLASSIFIED




UNCLASSIFIED

b. Design Structure Matrix

Modern design principles suggest that the design process itself as well as the
product being designed should be re-examined. A common phrase heard describing an
ideal design procedure is “concurrent engineering.” In concurrent engineering, an
interdisciplinary team approach is taken for the design process. Specialists from several
technical disciplines as well as from non-technical areas such as operations and marketing,
are all involved from the start in the design process. In this way, areas that are far
downstream in the product development path, such as manufacturing, can influence the
initial design and help to produce a better project. The concept of concurrent engineering
has helped to bring better products to market faster, because tradeoffs are resolved
quickly and rationally and design and production issues are considered simultaneously.

However, many of the successes in concurrent engineering have been with
relatively small design teams. A team led by Professor Steven Eppinger at the
Massachusetts Institute of Technology has been studying the principles that underlie
success in small scale concurrent engineering in order to identify and apply these
fundamentals to more complex design problems “in the large.” [Eppinger et al, 1994]

Professor Eppinger’s team has identified four characteristics of concurrent
engineering in the small. The first of these is that the design teams comprise a cross-
disciplinary team of approximately 5 to 20 people who are empowered to make design
decisions. These teams feature what are called “high-bandwidth” technical
communication. The teams work in close vicinity, either physically collocated or
electronically connected, and can transfer information back and forth with a minimum of
formality. Tradeoffs in competing design areas are resolved by mutual understanding.
The teams are small enough and work closely enough together that these tradeoffs can be
accomplished to produce the best overall design. Finally, design and production issues are
considered simultaneously. This helps to increase the producibility and quality of the
project.

Concurrent engineering in the large tries to achieve the same ideals as the small
design project for a much more ambitious project. In a large design problem, the project
is decomposed in many small projects. These small projects function as a network of
teams. In theory, each of these smaller teams can function via the same paradigm as
concurrent engineering in the small, but the challenge remains to integrate these separate
projects into a total system solution. Many attempts at concurrent engineering in the large

105
UNCLASSIFIED




UNCLASSIFIED

have mistakenly acted as though concurrent engineering is simply gathering the right team
together. Eppinger’s work has shown that a major element that is required for concurrent
engineering to work for large projects is the understanding of the interactions among the
sub-projects in the decomposition. Eppinger’s team has taken a systematic approach to the
design process and is now developing a tool called the Design Structure Matrix.

The Design Structure Matrix (DSM), first proposed by Steward [see Steward,
1981] is a powerful tool in identifying the optimum sequence of tasks in a complex design
process as well as critical areas that dominate the design timeline. Basically, the Design
Structure Matrix begins by making a list of all the design tasks (the sub-projects
mentioned above). These tasks become both the row and column headings for a large
matrix as is shown in Figure 15. Next, the manager using the DSM queries the leader of
each of the sub-projects to determine from which other sub-projects each needs
information. If a sub-project, or task, requires information from another, a mark is placed
in the column corresponding to the input task. In this way, the entire matrix is populated.
Once the matrix has been completed, an analysis is performed to find a sequence of the
design tasks that makes the DSM lower triangular in form (i.e., no marks are above the
diagonal elements of the matrix).

In general, this goal of a lower diagonal matrix form cannot be achieved. Those
rows whose elements lie behind the diagonal represent tasks that are either independent of
directly preceding task or dependent on preceding tasks, but they are not dependent on
information from any following tasks. Rows with elements in columns to the right of the
diagonal represent interdependent tasks. The independent task can be conducted in
parallel and the dependent task can be conducted in series. Neither type of task would
necessarily benefit, however, from concurrent engineering teams; these tasks are “stand-
alone.” The interdependent tasks much be solved iteratively. It is these projects that gain
the most from concurrent engineering philosophies.
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TASK 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Performance Requirements 1]
Weapons Analysis 2| X o
Sensor Analysis 31X .
Develop Evaluation Criteria 41 X .
Feasibility Study 5] X X X .
Select Promising Solution 6 X o X
Complete Configuration 7 X o X
Analyze Utilization and Vulnerability 8 X o
Synthesize Optimum Solution 9 X o
Analyze Manning 10 X 0
Operation Costs 11 X o
Evaluate Acquisition Costs 12 X .
Evaluate Configuration Effectiveness 13 X X X o
Approve for Preliminary Design 14 X o

Figure 15. lllustration of Design Structure Matrix

Figure 16 shows the three possible sequences for a project consisting of two
design tasks. The first example shows a dependent sequence; the problem must be solved
in series with task b following the completion of task a. The DSM for this sequence
shows that no marks lie above the diagonal of the matrix. The second example shows
independent tasks that can be performed in parallel. As in the first example, the DSM has
no marks above the diagonal. In fact, only diagonal elements exist for this DSM. Here,
both tasks are equivalent. Finally, the third example shows interdependent tasks that must
be solved iteratively. The DSM for this sequence is fully populated and represents a
complex design problem.
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IDEF REPRESENTATION
A A
A Hl B
B B
DEPENDENT INDEPENDENT INTERCONNECTED

(SEQUENTIAL) (PARALLEL) (ITERATIVE)
B A B A B
Aje Al ® Ale X
Bilx o B ° B x o

DSM REPRESENTATION

Figure 16. Possible Sequences for a Project With Two Design Tasks

The DSM has highlighted an often overlooked aspect of concurrent engineering;
the increased coupling strategy of concurrent engineering and of design for manufacture
can greatly slow product development. The DSM attempts to show which portions of a
project should be attacked concurrently and which are best left to specialized design
teams. This methodology systematically demonstrates those problems that are best solved
by a team approach.

The DSM has several advantages over other sequencing tools. PERT, for
example, is very good at identifying critical paths in a design sequence, but it is unable to
represent coupled tasks. Coupled tasks must be collapsed into a single task for PERT; the
project appears simpler, but real design problems can be hidden and made more difficult to
diagnose and solve. Integration Definition for Functional Modeling (IDEF)
methodologies can represent coupled tasks, but they are less amenable to automated
improvement. Eppinger claims seven advantages of implementing a DSM:

«  Documents existing procedures for scrutiny
«  Resequences and regroups design tasks to reduce complexity
«  Shares engineering data earlier and/or with known confidence

»  Redefines critical tasks to facilitate overall project flow
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«  Exposes constraints and conflicts due to task interactions
«  Helps design managers to place emphasis on task coordination

«  Allows design iteration to be strategically planned

Eppinger has extended the basic “binary” representation of the DSM by explicitly
including measures of the degree of dependence and of task duration in the cells of the
matrix. The numerical metrics are used to quantify the dependence between tasks to
reveal strong and weak links. These metrics are then used to assign an overall metric to
the matrix called the “iteration score.” Automated search techniques can then be used to
find the sequence of tasks that yields the best iteration score.

The DSM has been used to better understand and improve existing design cycles.
NASA used the process to model the design of a complex spacecraft antenna system with
over 50 interrelated tasks [Padula et al, 1988]. The DSM analysis showed that for this
design problem there were a small number of large subsystems with 5 to 20 tasks each.
These coupled groups of tasks could then be performed in sequence.

Eppinger has used the DSM methodology to help determined the composition of
product development teams for the design of a “new-generation” engine. The engine
design problem was decomposed into 22 product development teams (e.g., engine block,
cylinder heads, pistons). Each of these PDTs operated on the concept of concurrent
engineering in the small. The task was to determine how these PDTs should interact to
achieve concurrent engineering in the large. The DSM was used to identify five system
teams and to identify those team members who should belong to more than one team.

As a result of analyses and applications of the Design Structure Matrix, Eppinger
has suggested a plan for how others might implement the methodology to improve the

design process:
.  Engage designers and engineers in a development process modeling activity.
«  Sequence the tasks to minimize unnecessary couplings.
« Divide the coupled areas of the DSM into appropriate subtasks.

»  Facilitate design iteration in the coupled tasks with improved automation tools
and correct design team composition.

«  Perform as many tasks in parallel as possible.

» Remove less important couplings that might cause wasteful iteration.
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+  Carefully examine couplings that may lead to long iteration time.

+  Continuously modify and improve the DSM.

The benefits of the design structure matrix methodology are two-fold. Even if the
design process is not modified, using the matrix can provide a useful display of the
current design sequence and can highlight those couplings in the current process that
dominate the design cycle time. Design cycle times in this case could be reduced by
ensuring that higher quality information is passed into the iterative design task so that the
number of iterations will be reduced. If the design team is more flexible, the resequencing
algorithms can be used on the DSM so as to reduce the number of coupled tasks.

F. FINDINGS

The Navy has experimented with several different design strategies since 1950.
One principal has been consistently followed, however: NAVSEA (formerly BUSHIPS)
has retained firm control of the design process. Even during the TPP era, the Navy ended
up taking charge of the design process during contract execution in order to correct
significant design inadequacies.

Two significant innovations, introduced in the 1990s, promise to have a lasting
effect on the Navy’s design strategy. The first of these is the Navy design, acquisition and
construction (DAC) improvement program initiated by the Chief Engineer in 1991. The
second is the Product-Oriented Design and Construction (PODAC) working Group
organized in 1993 for the design of the LPD 17.

One of the purposes of the DAC program is to get advice on “where to look first”
in order to effect real savings in ship life cycle costs. Design represents only 2 percent of
the life cycle cost for a typical Naval ship. However, it is estimated that more than 80
percent of total costs are determined before the completion of contract design. It is
therefore important that the process gets off to the right start during the design phase.
DAC was also the formal introduction of Concurrent Engineering to the U.S. Navy design
process.

PODAC was the first full scale application of the concept of concurrent
engineering to a Navy ship, the LPD 17. The LPD 17 is the first Navy ship to be metric,
commercial standards are to be used, and producibility is a key objective of the design
team. It is too early to know the final outcome of the LPD 17 design strategy, but it is
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clear that the Navy is attempting to introduce many innovations into the design and
management of the production of the ship. These should be closely monitored.

The PODAC concept is being extended to three surface ship programs currently in
 the planning stage. These are the SC 21 combatant, the ADC(X) point-to-point resupply
ship and the Arsenal Ship. Concurrently NAVSEA is proposing a different design strategy
wherein Preliminary and Contract design are combined into a two part Contract Design
phase which extends from Milestone I to Milestone II. (See Figure 17.) The first half of
contract design would be devoted to engineering development and the second half to
producing a bid package. Contract design would be accomplished by two competing
industry teams both of which include representation from the Navy. Following Milestone
II approval, issuance of an TFP, evaluation of bids, and source selection, the winning yard
or consortium would be authorized to commence detail design and construction. Such a
system would eliminate the Generic Build Strategy in favor of a Build Strategy chosen by
the winning yard. In the case of the ADC(X) (essentially a commercial cargo ship), the
PMS is investigating commercial acquisition procedures with the intent of acquiring the
ships using a COR in accordance with standard commercial practice. All of the proposals
for these ship programs appear to offer significant improvement in the Navy’s ship design

strategy.
Milestones 0 1 |
Approval DAB DAB DAB/NPDM
Key Document MNS ORD Ship Spec
NAVSEA Design Concept Feasibility Contract
Phases Studies Studies Design
COEA
Detail
b Design
Shipbuilder 9% Construction
DAB - Defense Acquisition Board
NPDM - Navy Program Decision Memorandum
MNS - Mission Needs Statement
ORD - Operational Requirements Document
COEA - Cost & Operational Effectiveness Analysis

Figure 17. Alternative Navy Ship Design Process
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The Navy has, during the past two decades, attempted to involve the shipbuilders
early in the design phase. However, concurrent engineering goes much further than just
the shipbuilder; other important stakeholders must also be brought into the design process.
The operators, support personnel, combat and support systems developers, and suppliers
also have a stake in the design. In order to realize the benefits of a true systems
engineering approach, all of these stakeholders are represented in the LPD 17 design as
part of the Integrated Product and Process Development Team.

To help ensure that ship design will be compatible with the production facilities
and methodologies of the yard that will build it, the Navy is currently developing a Generic
Build Strategy. Strong points of the GBS appear to be in producibility and the hull block
planning during preliminary design. This is the time in the design process when the Navy
can lay the ground work for introducing incentives and guidance for accuracy control and
utilization of ATC. One negative aspect of the GBS, as presented, is that it may go on too
long. Preliminary design is systems oriented, but during contract design the design team
must transition to a zone orientation. At this point the design must be more responsive to
the shipbuilder’s production facilities and processes, and to teaming arrangements with
suppliers. Long lead time material and integration of the weapons system are also
important issues since many long lead time items generally must be ordered during
contract design.

The linking of design with production through an advanced CAD/CAM system is
essential to implementing concurrent engineering and group technology ship production.
All of the major Naval shipbuilders are investing in CAD/CAM. However, the
effectiveness of these efforts is reduced by the lack of a single standard, or NAVSEA
universal interpreter.
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III. SHIP PRODUCTION

As indicated in the discussion of ship design practices, the Navy’s Product-
Oriented Design and Construction project, concurrent engineering and the generic build
strategy provide a model for naval ship design and production in the 1990s. However,
ship production is different from design in at least two important ways. The cost and
efficiency of production methods are determined by market forces in both the product and
resource markets. Additionally, production is primarily the province of industry. The
government can recommend the adoption of specific practices, and can write controls
intended to encourage production efficiencies into shipbuilding contracts. However, in the
final analysis, the shipbuilder will choose an investment policy and production process
based on economic factors and its own shipbuilding strategy.

This is not to say, however, that the yards have exclusive province over ship
production. The Navy, to a certain extent, reserves part of production to itself through
the retention of direct control over long lead items and the development and procurement
of weapons systems. And lastly, because the Navy must deal with a very diverse industry
in a competitive manner, the Navy wields direct control through ship specifications and
contract clauses, such as directed changes. These controls are important and set U.S.
Naval ship production apart from commercial practice.

Naval ship production has developed as a hybrid system, with the major ship
contractors somewhere between private entrepreneurs and Navy utilities. Eight U.S.
shipyards currently have contracts for Naval ships. Six major yards produce the bulk of
Navy surface ships and all submarines. One of these yards--Electric Boat--builds only
submarines. For the past two decades, these yards have been almost completely isolated
from the world shipbuilding market. Except for some limited work, such as floating
prisons, hydro-electric plants and foreign combatants, the Navy has been their only
customer. Consequently, they have developed business and build strategies, and

production processes that are responsive to the Navy.

A major effort is currently underway to assist the U.S. shipbuilding industry in
entering the world market. The Navy sees this as a way of distributing overhead costs and
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investment in more efficient technology among other customers. However, with a few
rare exceptions, the Navy has not indicated a desire to relinquish any degree of control
over the production process in order to accomplish this. Neither have all of the major
Navy ship producers indicated a desire to change their way of doing business in order to
enter the world market. These yards are in a niche market that currently suits their
business objectives. At issue is whether the Navy can afford to support an archaic
acquisition system, albeit one that is solely responsive to its needs, and whether this is
really the best alternative for the United States, taking into account both economic and
national security considerations.

The chapter is organized into five sections. Section A summarizes trends and
practices in ship production, and describes the economic and political factors that
contribute to current production practices. Although some of this information duplicates
material in Chapter IV, it is presented here to help relate ship production to the overall
industrial performance of the shipbuilding sector. Section B describes how production is
affected by Navy management and contracting practices and thus ties production to the
government’s acquisition strategy. Section C examines productivity and shipbuilding
technology in U.S. yards, and compares U.S. yards with foreign yards. Section D
describes several important Navy and yard production-related initiatives and discusses
their potential benefits. Findings are summarized in the chapter’s final section.

A. FACTORS INFLUENCING PRODUCTION

Ship production practices are driven by diverse political factors as well as the
product and resource markets. Shipbuilding in the United States is essentially a closed
system, dependent on a single buyer, the U.S. government. Since the 1980s, when
differential subsidies were discontinued, the Navy and operators of Jones Act ships have
been the only customers for ocean going ships.! Between 1987 and 1994, orders for
commercial ships of 1000 gross tons or greater awarded to U.S. shipyards amounted to
only eight ships.

There is some indication that the Title XI loan guarantee is having a significant
effect on the U.S. shipbuilding market. In 1994 and 1995 Newport News contracted with

1 The Jones Act reserves Cabotage trade (trade between U.S. ports, including U.S. possessions—Puerto

Rico, U.S. Virgin Islands, and Guam) to ships built in the US.
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Eletson shipping to build four Double Eagle product tankers under Title XI loan
guarantees. These were the first orders placed in a U.S. shipyard by a foreign ship
operator since 1960. As of November 1995 orders pending for construction in U.S. yards
included 26 ocean going commercial vessels contingent on Title XI financing guarantees,
with options for nine more. Twenty of these vessels are for foreign operators. Including
these 26 vessels, total commercial orders pending for ocean going vessels, ferries, jack-up
vessels, barges and excursion boats, as of November 1995, totaled $3,637 million. This
compares with a total of $4,589 million in orders pending for U.S. military and MARAD
ships. [Marine Log, Nov. 1995]

1. Product and Resource Markets: Market Cyclicality

Swings in demand for ships characterize both the world and domestic markets.
World market cycles follow both economic and international political stimuli. Between
1970 and 1975 world deadweight tonnage (dwt) increased by 70 percent. With the oil
embargo of 1973 the market contracted dramatically, and the world order book decreased
from 242.3 million dwt in 1974 to 32.0 million dwt in the first quarter of 1979. Much of
the tonnage built in the early 1970s is due for replacement, and some forecasters project
that expanding world shipping business indicates another shipbuilding boom over the next
5 to 7 years. [Peters, 1993] Other forecasters are more guarded in their predictions.

The domestic U.S. market has also experienced major cycles associated with the
economy, but the primary market driver since the early 1980s has been political. The U.S.
orderbook for commercial ships of 1000 gross tons or greater dwindled from 62 in 1980
to zero in 1988. Concurrently, the Navy ship acquisition program reached its largest size
in peacetime history as the Navy built toward a 600-ship fleet. Since 1991 the Navy
program has gone from 82 ships of 1000 light displacement tons (Idt) or greater on order
or under construction to 57 as of December 1994. Eighteen of these are scheduled for
delivery in 1995. The current Navy shipbuilding program calls for delivery of nine or
fewer major ships per year for the remainder of the decade.

As a major trading nation and world power, the United States has had as national
policy the maintenance of a shipbuilding industrial base capable of expansion in time of
war. This policy has kept the industry alive, but not necessarily healthy. Government-
induced demand has been highly uncertain, particularly since the 1980s when major
subsidy programs were discontinued. Overlaid on this is the current downsizing of the
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Navy. The uncertainty of the market has resulted in industry risk aversion policies, such
as labor intensiveness. The labor force can be reduced rapidly, whereas capital, once in
place, represents a near constant cost regardless of utilization. Labor intensiveness is
efficient from the viewpoint of the individual producer, but not necessarily from the
standpoint of efficient utilization of national resources.

2. The Shipyard Labor Market

Past national policy has resulted in the isolation of the shipbuilding industry from
the world market. This has resulted in a low technology, labor-intense high-cost industry.
With the discontinuation of subsidies and drawdown in the Navy, U.S. policy has also
resulted in a contracting industry. In 1994 the Major Shipbuilding Base (MSB), as
identified by MARAD and the Navy, consisted of 21 privately owned shipyards. The
MSB is defined as those privately owned yards that are open and have at least one
building position which will accommodate a vessel 122 meters in length, and which have
access to open water (no obstructions, such as locks or bridges and a channel depth of at
least 3.7 meters). These 21 yards and an additional 18 private and eight public yards
comprise the major ship repair base.

Total average shipyard employment has decreased from 131,000 in 1991 to
107,300 in 1994. Total employment for the 21 yards in the MSB has decreased from
approximately 92,000 to 76,000 during the same period. Approximately 80 percent of
these are production workers. Some insight into the relative labor intensiveness and
productivity of U.S. yards, compared to world class shipbuilding countries, can be gained
by considering the employment data for Japan. Although the United States produces less
than 1 percent of the world tonnage, shipyard employment is greater than for any other
country except China. In 1994, Japan produced over one-third of the world deadweight
tonnage using approximately 53,000 shipyard workers compared to 76,000 employed in
the U.S. MSB yards. These are only rough order of magnitude comparisons, because the
ship types built are different. Military ships are more labor intensive than commercial
ships, even when built in Japanese yards. The data do demonstrate the labor intensiveness
of Navy ships and to some extent the difference in productivity. (Productivity will be
addressed in more detail later in this chapter.)

As average shipyard employment has decreased, so have earnings relative to other
countries. Average U.S. shipyard weekly earnings have increased from approximately
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$510 in 1991 to $571.18 in 1994 (hourly rate change from $12.25 in 1991 to $13.82 in
1994). On average U.S. shipyard wage rates are approximately 15 percent lower than for
competing industries (aircraft, transportation and heavy construction). U.S. shipyard
compensation was approximately equal to that of the Japanese in 1989, but is now only
about 85 percent of compensation in Japan and Denmark. German shipyard compensation
surpassed that of the United States in 1986 and is now nearly 50 percent higher. In terms
of fully loaded cost per employee per year, U.S. costs are approximately 20 percent less
than for five European yards surveyed in 1994. [Storch, Appledore, Lamb, 1994]

With the exception of the public yards, internal training programs have been fairly
minimal. Most yards have basic welder apprenticeships and some participate in regional
apprentice programs in cooperation with the states or junior colleges. The trend seems to
be toward more shipyard sponsored training, and two major yards have instituted cross
training tied to increased pay for the attainment of added skills. This appears to be a
response to required higher skill levels and the need for cross-trained individuals for group
technology ship production.

3. Capital Investment

Historically, the pattern of investment in shipyards and capital improvements can
be characterized as one of miscalculation in response to government incentives.
Commencing in the late 1960s the Navy instituted Total Package Procurement, promising
the benefits of series production. TPP required more sophisticated management and
facilities, and large financial resources. This proved to be attractive to several aerospace
companies and industrial conglomerates, which consequently entered the shipbuilding
industry. At the same time, MARAD initiated a plan for the construction of 300
commercial ships over a 10-year period commencing in 1970. The program, called
MARAD 70, was predicated on an increased demand for very large crude carriers and
LNG vessels. This program was also founded on gaining the benefits of series production.

In apparent response to MARAD and Navy incentives, the industry invested an
average of $200 million each year between 1970 and 1978. During this period industry
profits were practically nonexistent. Kaitz [1979] estimates that between 1969 and 1976
the industry borrowed $800 million while earning profits of less than $50 million. The
industry took on a long-term debt equal to 2.5 times its net worth. Between 1985 and
1993 the industry invested an average of $195 million annually. These investments include
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building basins, floating drydocks, cranes, automated equipment, and facilities for
fabrication of large subassemblies and pre-outfitting. [MARAD, 1995]. During 1994,
$168 million was invested and $149 million is planned for 1995. Investment in these years
was primarily directed toward improved efficiency and competitiveness in the Navy’s
construction, repair and overhaul projects because of the perceived stability of the Navy
market. [MARAD, 1995] Capital investment was given further impetus in 1994 and 1995
by subsidization through the MARITECH and Title XI programs.

4. Material Markets

Approximately 40 to 70 percent of a ship, depending on type, is material or
subcontracted services. Suppliers respond to the cyclicality of the product market much
the same as labor. Because of the small size and sporadic demand of the ship market,
many suppliers prefer to deal with other industries. The supplier base has decreased for
defense industries generally and particularly for shipbuilders, and lead times have increased
since the 1950s. In several instances only one supplier exists for critical parts. Examples
include anchors, anchor chain and activated rudders. Quiet ball bearings used in
submarines and many surface ships are available from only one source, a Japanese
manufacturer. [Committee on U.S. Shipbuilding Technology, 1984] The supplier base
problem is exacerbated by the practice of many foreign companies of licensing only one
U.S. firm, thereby creating a sole source situation within the United States.

The cyclical product market is particularly troublesome for small suppliers. When
business is slack, the shipyards often make parts themselves which would be procured
outside when business is good. The small suppliers therefore see a market with even more
extreme peaks and valleys than the shipbuilders.

The supplier problem is particularly acute for Naval shipbuilders because of the
costs associated with government regulations, and problems associated with military
specifications and standards. Requirements for “full and open competition” inhibit
establishing partnering arrangements. The maintenance of reliable suppliers through such
arrangements is considered essential by foreign world class shipbuilders.

Manufacturers state that military specifications do not keep pace with technology
advances made by the industry. Specific problems cited are:

 Interpretation of requirements
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» Outdated specifications

o Equally acceptable commercial components not qualified under military
specifications

« Unreasonable software/documentation requirements

« High cost of qualifying a product not commensurate with the expected return.

The Center for Strategic and International Studies (CSIS) [Bingaman, Gansler,
Kupperman, 1991] took a broader view of the integration of military and commercial
technologies, including the integration of R&D, production facilities, and more purchases
of commercial products by DoD (utilizing commercial standards, specifications, and
buying practices). The study concluded that the tendency of the defense acquisition
system to foster products and production suited only to defense results in:

o Higher unit costs for defense products than for commercially available
equivalents

« Lack of access to state-of-the-art technologies that are increasingly found in
the public sector

« Loss of capacity for production surge as increasing numbers of companies—
particularly at the lower tiers—leave the defense industrial base

» Increasing reliance on foreign sources of supply as a consequence of the
diminished industrial base

+ A highly specialized work force that is undesirably subjected to the
uncertainties and cyclical demands of defense procurements.

The CSIS study recommended an action agenda covering, accounting and auditing
requirements, military specifications and standards, rights in technical data and software,
and unique contract requirements. Most of the issues raised by this study were revisited
by the shipbuilding and Navy personnel interviewed by our study team. We will address
many of these in the remainder of this chapter.

B. NAVY AND DOD MANAGEMENT AND OVERSIGHT

Production is driven by the market and currently the Navy is the market for the
major yards in the United States. Ship acquisition programs are administered by the Naval
Sea Systems Command through program managers located at headquarters and the
Supervisor of Shipbuilding, Conversion and Repair (SUPSHIPS) generally located
adjacent to the major yards. The program manager is responsible overall for each ship
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acquisition program. SUPSHIP is responsible for the day to day administration of each
individual contract with a given yard. Additional DoD oversight is exercised through the
Defense Contract Audit Agency with personnel located at contractor and sub-contractor
facilities.

1. Program Management

Overall responsibility from inception to contract completion is traditionally
exercised by the Program Manager (PMS). This responsibility is being expanded for the
AEGIS and LPD 17 programs. The trend seems to be for the PMS to be a life cycle
manager—the so-called cradle-to-grave approach to program management. Under this
concept, the PMS assumes post-construction responsibility for management of
modernization, overhauls, training manuals and simulators, and eventually scrapping. The
PMS also contracts some management functions out to design and management
consultants. This can present a problem for the shipbuilder and design firms downstream.
Under Navy rules, a design firm that participates in the Navy design phase is precluded
from working for the shipbuilder once the contract is awarded.

In support of the PMS, Participating Managers (PARMS) are responsible for
certain equipment, such as radars, missiles, launchers, and guns. In the case of the AEGIS
ships, these functions also reside within the PMS.

Although the PMS is responsible for overall program management, his/her
authority is subject to standard contract clauses and political considerations. Shipyards
are located in Congressional districts, and the final selection of a contractor is always the
concern of competing Congressional delegations. The Congress and administration also
control the production process through the budget. Efficient production depends on
throughput which is affected by the numbers and timing of ship acquisition. The
government reserves the right to cancel contracts at will. Cancellation clauses provide for
reimbursement to the contractor for loss due to cancellation, but these clauses add to
uncertainty. This uncertainty guides the shipbuilder in its production process. The effects
on risk averse behavior in the use of capital and labor are further heightened by the large
costs of ship programs (often measured in hundred of millions of dollars per ship).

An additional uncertainty is the government’s practice of designating option ships;
the shipbuilder or builders have no way of accurately predicting demand. As a result, the
yards tend to substitute labor for capital and a lower technology production process

124
UNCLASSIFIED




UNCLASSIFIED

results. Option ships are often superimposed on multiple source programs, a practice
which in itself limits throughput and results in higher cost production.

a. The Navy-Directed Change Clause

An issue which has long been recognized as a source of additional ship costs is the
standard directed change clause written into all Navy ship construction contracts. This
clause gives the government the right to change the ship at any point in the construction
cycle. The government must pay the contractor for documented added material and labor
(called hard-core change work) resulting from the change. But there is no accepted way
of documenting additional costs due to disruption of the contractor’s production process
for the individual ship or for the yard as a whole. NAVSEA and SUPSHIP personnel
accept the fact that changes are expensive, although they do not necessarily accept the
cost of associated delay and disruption as legitimate. In the past, the Navy often appeared
to adopt the position that many delay and disruption claims provide a way for the
shipbuilder to get well financially after under bidding a contract. Hammon and Graham
[1980] showed that, for the Spruance class ships, disruption accounted for approximately
one labor hour for each hard-core change hour, but the Navy has never officially accepted
disruption costs.

The current Navy position on changes is that some changes are unavoidable.
Mistakes in design drawings and new technology are the most common reasons given.
Design mistakes must generally be corrected when discovered. Changes to incorporate
new technology or changes in mission may be delayed until after delivery. The choice
between implementing a change in the yard or backfitting is based on cost effectiveness
analysis done at SUPSHIP and/or NAVSEA. In the case of the DDG 51, the Navy has
chosen to consolidate major changes and implement them as block upgrades in subsequent
production flights.

b. Government Furnished Equipment

Use of Government Furnished Equipment (GFE) arises for two primary reasons.
First, because the Navy assumes design responsibility through the contract design phase,
long lead time items must be ordered before the shipbuilding contract is let. The Navy
therefore orders these items and provides them to the eventual shipbuilder as GFE. The
second, and perhaps more important reason for GFE arises from the nature and cost of the
combat systems used on modern combatants. Advanced combat systems now account for
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more than half of the cost of a combatant ship. These systems are usually developed by
the Navy and industry under contract to the Navy on a different time schedule than the
ships on which they will be installed. In some cases, the systems cut across more than one
‘ship contract. The Navy retains responsibility for these systems, and provides the
equipment to the shipbuilder as GFE. GFE was used even under the Total Package
Procurement concept. Late delivery of GFE items has been cited as a basis for Requests
for Equitable Adjustment (REA) against the LHA and Spruance class ships as well as
nearly every class built before or since. These claims are generally difficult to substantiate
or to refute because of overlapping causes for delay. In the case of the Spruance, Navy
studies concluded that delay caused by GFE represented only 8 percent of the total 350
months of ship delay and overlapped delay caused by late contractor furnished equipment
(CFE). The study results were inconclusive and late GFE continued to present an avenue
for REAs on those and later ship contracts.

Because use of GFE shifts responsibility for part of Material Control away from
the shipbuilder to the government, it conflicts with material control and Just-in-Time
delivery of interim products which are at the heart of production control. It is frequently
argued that Navy personnel should play a key role in integrating the combat system aboard
ship given the familiarity gained during system development. However, during our
interviews with Navy and yard personnel the consensus was that the yards carry out
integration. The Navy only orders the material and has it delivered to the yard. The yard
must then take responsibility for storage, security and corrosion control.

The GFE issue turns on incentives. The shipyard production process is based on
one material control system which is coordinated with and responds to the yard’s
production process. The yard’s incentive is to conserve storage space and maintenance
costs associated with stored material, and to maintain an efficient flow of material. The
incentive of Navy personnel is to ensure that the material is never late, regardless of the

cost in interest, storage, security and corrosion control that might result.

c. Innovations in Program Management

The LPD 17 program manager has been given authority to organize his staff and
many of his functions as he sees fit to improve the system. Because the program is on-
going, it is not yet clear what changes will eventually be made to the overall acquisition
system. In addition to reforms associated with basic concepts of systems oriented design
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and construction, the PMS is reorienting its own management system. This includes basic
tools of management, such as the use of computers, personnel and resources generally.
One proposal, for example, is to move the PMS (or some element thereof) to the
construction site. Another proposal is to eliminate those CDRLs which do not contribute
to the direct management of the ship construction, and rely on the shipbuilder’s internal
management system. In place of Quarterly Progress Reports and meetings, the Navy
would be given access to applicable yard management data files. The extent to which the
PMS would have undocumented access to the shipbuilder’s proprietary information is an
issue that must be worked out with the contractors. (Such access became a major issue
during the TPP contracts for the DD 963 and LHA but was never adequately resolved.)

As the first major ship acquisition since the OSD acquisition reform initiative, the
LPD 17 PMS is also the test bed for many acquisition reforms. One area of acquisition
reform which is being addressed by the Navy is the use of commercial standards. The
LPD 17 is to be built using commercial specifications and standards to the maximum
extent possible. To further this objective, the Program Manager is requiring that use of
Military Specifications be justified in detail. (The elimination of MilSpecs unless they are
justified is now DoD policy.) The usual procedure is the other way around, with the onus
on justifying commercial specifications. Contract design had begun before the publication
of Secretary Perry’s acquisition reform memorandum. Even so, as of early 1995, the
number of references to military specifications and standards in the LPD 17 design
specification had been reduced from over 1450 to 334. [Tibbitts, and Keane, 1995]

2. Supervisor of Shipbuilding, Conversion and Repair (SUPSHIPS)
As the Administrative Contracting Officer, SUPSHIP is responsible to NAVSEA

for on-site contract administration. SUPSHIP’s primary responsibility is to ascertain
physical progress in support of periodic progress payments. In addition SUPSHIP also
monitors the contractors quality assurance program, verifies labor and material charges,
and change order pricing.

a. Navy Directed Changes

SUPSHIP also authorizes Level IV engineering change proposals (ECPs), i.e.,
those which are not reserved for approval by the PMS, NAVSEA, or CNO. In general
these are changes originated by the contractor, SUPSHIP, or a Trial Board that do not
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affect performance and have a cost of $25,000 or less per ship or $375,000 per contract.
The PMS may authorize a per-ship threshold above $25,000 for particular types of
changes. A common complaint of SUPSHIP personnel that we interviewed was that the
dollar threshold for SUPSHIP action is too low, and changes which have to be resolved at
the headquarters level result in excessive decision delay. Change Control Board actions
take 200 to 400 days according to one PMS, who believes that 17 days is adequate. One
SUPSHIP stated that the average processing time for change authorizations received
between October 1994 and March 1995 was 356 days. Most of the Navy and shipyard
personnel that we interviewed agreed that many of the problems associated with changes
stem from the following factors:

« Adversarial relationship between contractor and Navy

» Risk avoidance rather than risk management

+ Lack of trust between contractor and Navy personnel

«  Changes adjudicated at too high a level resulting in extended delay

« Sequential identification and review of desired changes

» Underbidding by contractor.

SUPSHIP Bath and Bath Iron Works emphasized the point made in the first builet.
They stated that there have been no Requests for Equitable Adjustment (REAs) in the past
three years, and attributed it to a major effort by both parties to reverse what had been an

adversarial relationship. SUPSHIP New Orleans has proposed a change processing
improvement proposal which incorporates:

« During production implement only changes essential for the performance of
primary mission.

+  Estimate up-front volume/timing of changes during contract performance.

+  One common Change Control Board (Contractor, PMS and SUPSHIP).

« Eliminate number of change levels.

+ Incorporate process improvements into contracts at award (if appropriate).
The proposal also includes joint scoping and parallel review, pre-pricing

disruption, commitment of SUPSHIP and yard to reducing adversarial relationship, and
streamlining the change order process.
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b. Quality Testing

SUPSHIP also monitors the contractor’s Quality Assurance system. Navy
contracts require the contractor to have in place an approved Quality Assurance system
which can be monitored by the SUPSHIP inspectors. However, both contractors and
SUPSHIP personnel that we interviewed reported that inspection includes a great deal of
actual quality testing. We were unable to get an estimate of the actual time spent on
quality testing, only that it was considerable.

We do not argue that SUPSHIP is unnecessary given the Navy’s method of
operation, but rather that the size of the organization—approximately 400 personnel at
each major shipyard—might be reduced by careful examination of the functions it
performs. Progressing for the purpose of payments to the contractor, monitoring the
yard’s QA system, and change order decisions and pricing are necessary functions under
the present system. At issue is whether the Navy takes too much responsibility which
could be safely left to the contractor, and whether the Navy’s objectives could be
accomplished by instituting a different set of incentives for the shipbuilder. Commercial
operators, who of course are dealing with a simpler product for the most part, generally
have one or two persons on site in addition to a Coast Guard inspector and an American
Bureau of Shipping (ABS) representative. Commercial operators generally make progress
payments at major milestones, such as keel laying, or trials. Owner furnished equipment is
essentially non-existent, and perhaps most importantly, the builder knows that if he
doesn’t perform satisfactorily there will be no further contracts from that owner.

c. Systems-Oriented Work Breakdown Structure (SWBS)

The Systems-Oriented Work Breakdown Structure (SWBS) used by the Navy has
long been an issue with shipbuilders and with some SUPSHIP personnel. The SWBS is a
classification system used to collect costs by hierarchical system, such as Hull Structure,
Propulsion Plant, or Electric Plant. The SWBS is used from design to scrapping for such
tasks as cost estimating, progressing, and maintenance. SWBS is perhaps most useful
during conceptual and preliminary design and for Rough Order of Magnitude (ROM)
studies where the ship can be viewed as a collection of systems. Problems arise when the
SWBS is used to keep track of production, particularly for progress payments. Ships are
built according to a Product-oriented Work Breakdown Structure. Consequently, the
contractor and SUPSHIP must translate between their PWBS and the Navy’s SWBS for
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purposes of progress payments and reports. This is both expensive and, according to both
ship yard and SUPSHIP personnel whom we interviewed, unnecessary. Additionally, one
shipyard executive stated that the translations are often inaccurate. One yard, which
appears to be fairly advanced in many respects, uses the SWBS to define work packages
in order to avoid such a translation. There is perhaps nothing more inhibiting to efficient
product-oriented group-technology ship production.

The relationship between SWBS and product oriented work breakdown is further
complicated in that ship operators naturally revert to a systems perspective after the ship
has been delivered. Thus, even if a PWBS were adopted for construction, a SWBS would
still be needed later on. The Carderock Division of the Naval Surface Warfare Center is
developing a PWBS/SWBS translation scheme in conjunction with the product-oriented
cost model.

3. OSD Oversight

Oversight is exercised by inspectors and auditors—primarily by the Defense
Contract Audit Agency (DCAA)—in accordance with Cost Accounting Standards (CAS)
tailored to unique government requirements. These standards and unique cost accounting
principles and the organizations which administer them evolved to ensure that the
government pays reasonable prices for the goods it purchases, particularly in an
environment where contractors were operating in a cost plus fixed fee environment.
According to Bingaman, Gansler, and Kupperman [1991], “...some of these standards
differ appreciably from generally accepted accounting practices in the commercial sector.”
The CAS differs from Internal Revenue Service (IRS) requirements, for instance, in the
way depreciation is calculated. A major criticism is that cost accounting standards
interfere with sound business practice in that internal information must be geared more
toward meeting regulatory requirements than management needs.

One area which appears to be the most troublesome is in requirements for cost or
pricing data. Although these are intended to protect the government, the CSIS study as
well as shipbuilders that we interviewed claim that auditors often require cost and pricing
data as well as full competition among sub-contractors even when the contract is fixed
price. Additionally, the requirement to be able to track costs, even for commercial
equipment, flows down from the prime contractor to its suppliers because the prime must
protect itself in the case of an audit.
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One result of the current government dictated accounting rules is that the
government is often unable to obtain state-of-the-art material. In many instances
“commercial manufacturers, who develop products in 3-4 years as opposed to 7-8 years
for government development of similar items, do not find it practical to change their
accounting and management practices for what may be small and sporadic sales.”
[Bingaman, Gansler, and Kupperman, 1991] Estimates of the additional costs associated
with doing business with the government are fairly consistent. The Carnegie Commission
on Science, Technology and Government [1992] estimated that overhead, or management
and control costs, associated with DoD acquisition were approximately 40 percent of the
acquisition budget compared to 5 percent to 15 percent for commercial buyers. “This
figure includes both the government’s internal costs, and the costs borne by DoD
contractors and ultimately reimbursed by the government.” [Perry, 1995] Other studies
estimate that the government pays a premium of about 30 percent of the cost to
commercial firms because of unique accounting and competition requirements. [Bingaman,
Gansler, and Kupperman, 1991]

4. Summary of Government Management Issues

Program management of the LPD 17 promises to bring changes to Navy overall
ship acquisition management. PMS 17 is integrating a number of initiatives—including
PODAC, affordability through commonality (ATC), the wuse of commercial
standards/specifications, and GFE practices. The current LPD 17 acquisition plan calls for
the winning contractor to acquire the weapons systems directly from the manufacturer.
The government will specify the systems to be acquired but will not buy them as it now
does. This Government Specified Equipment (GSE) approach appears to offer a
reasonably efficient means to provide the shipbuilder with material developed by the
government.

The yards who are aggressively seeking commercial work, such as Newport News,
may very well put pressure for change on the system. Newport New’s Double Eagle
program manager has stated that management practices that do not add value will not be
allowed into his area of the yard. This will introduce to shipyards a dual mémagement
system much like that employed by aircraft manufacturers. The need for integrating
commercial and military production under one agile management system is at the heart of
acquisition reform.
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On-site contract administration is driven by the needs of the Navy management
system. A major function of SUPSHIP is to determine progress payments. Changing to
the system used by commercial companies would require the shipbuilder to assume much
more of the financing. Given the very long construction times required for complex
combatants, this would greatly increase the financial risk borne by the shipbuilder. To the
extent that the government pays a lower interest rate, this would also increase the cost of
the ship. However, considering these as added costs begs the real issue. The current
system of progress payments based on work in process is a major deterrent to efficient
production, because there is little incentive to reduce the time of construction or the
amount of unneeded material on hand. Just-in-time material procurement and delivery to
the work site is based on efficient scheduling of labor and reduction of capital tied up in
raw materials and interim products. The lack of just-in-time material control in yards
supplying Navy ships is, therefore, an expected result.

Decision delay, resulting from the requirement for headquarters approval of
changes above a certain threshold, could be reduced by raising the threshold. The issue of
hands on quality inspections is perhaps one area where administration costs could be
reduced with little change in Navy stated policy. Theoretically, Navy inspectors are
charged with insuring that the shipbuilder complies with his own quality assurance system.
This policy could be extended to the shipbuilder’s management system and the concurrent
elimination of many CDRLs. Hands on testing and much of the current audit requirements
should be required only when discrepancies are found in the contractor’s system.

According to interviewed personnel, SUPSHIP management costs are on the order
of 3 percent of the total contract. However, this does not include the cost of yard
personnel required to interact with the SUPSHIP personnel and non-value added
administrative practices.

The problems with accounting and pricing rules are treated in detail by Secretary
Perry in his acquisition reform initiative and are beyond the scope of this study. It is clear
though, that this is an area that must be addressed effectively if the Navy is to continue
acquiring first rate ships and if the industrial base is to be preserved. One of the objectives
of acquisition reform is to facilitate the use of a single management and accounting system
for all customers, by firms who sell to the government. This has been accomplished by the
major shipyards, since for practical purposes their only customer is the government.
However, the single system costs the government a very high premium. The consensus
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estimate that the government pays a premium of approximately 30 percent [Perry, 1995]
because of restrictive business practices represents a significant cost. A greater cost,
perhaps, may be the inability to acquire the most up to date equipment, and the effect that
these regulations have on the production process. Furthermore, it is not clear that a viable
Navy ship industrial base can be preserved without the entry of U.S. shipbuilders into the
world market. The major U.S. yards have adapted their management, marketing and
production processes to the Navy market, but at a high cost in national resources. As
stated by Tibbitts, Keane, Covitch and Comstock [1993],

“By avoiding the adoption of modern design and production processes,
both the Navy and the shipbuilders will continue to become ever more
locked into a ‘single customer-single supplier’ death spiral. Maintaining
the industrial base means having an industry that can compete commercially
as well as militarily.”

C. U.S. SHIPBUILDING PRODUCTIVITY

The consensus of many studies of ship productivity is that world class shipbuilders
produce comparable ships in about half the time and with approximately half the labor
hours required by U.S. shipyards. The previous two sections considered the effects of
markets and government management on productivity and ship costs. This section will
address productivity from the viewpoint of shipbuilding process and technology.

1. Comparative Shipbuilding Productivity

It is impossible to estimate relative productivity of the major U.S. and foreign
shipyards directly. Over the past two decades, U.S. yards have concentrated on military
vessels to the exclusion of commercial ships. Even Jones Act ship construction has been
minimal over the past 15 years, and unsubsidized commercial construction has been non-
existent.

a. Commercial Ship Productivity

Most comparative productivity studies have been based on surveys and the expert
opinion of people familiar with shipbuilding in U.S. and foreign yards. One such study, by
the Center for Naval Analyses using 1990 data, estimated relative single ship and series
construction costs for a 54,000 dwt product tanker and a 70,000 dwt dry bulk carrier.
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[Rost and Tighe, 1992] Table 22 shows the CNA cost comparison for the eighth ship
assuming series production.

Table 22. Comparative Costs for 54,000 dwt Product Tanker and 70,000 dwt Bulker
(Eighth Ship in Millions of 1990 U.S. Doliars)

Japan Korea German U.s.
54k PT | 70kB | 54kPT | 70kB | 54k PT 70kB | 54k PT | 70k B
Labor 6 4 6 4 14 9 12 8
Material 28 21 26 19 26 19 29 21
Overhead | 13 10 14 9 16 11 13 9
Total 47 35 46 32 56 39 54 38

Source: [Rost and Tighe, 1992].

The table was constructed using a U.S. learning rate of 88 percent for labor and 95
percent for material. The differential between U.S. and Japanese costs is only 15 percent
and 9 percent for the Product Tanker and Bulker, respectively. This appears low based on
the literature. Note that overhead and the cost of materials is nearly equal between U.S.
and Japanese yards. Subcontracting, which is greater for Japanese yards, is included in
material which should result in higher costs for the Japanese. However, Japanese yards
have a much better developed and responsive supplier base than U.S. shipbuilders.
Although material is available to all countries at near world competitive prices, the
Japanese could be expected to buy at advantageous prices because of vertical integration
and builder-supplier agreements.

The primary difference in total cost is in labor productivity. Table 23 compares
labor productivity, defined as man-days per ship, for the 54,000 dwt product tanker. Both
series and single ship productivity are shown for Germany and the United States. Japan
and Korea only build using series production. Comparative hourly labor compensation in
1990 is also shown. Note that compensation in 1990 was approximately equal for the
U.S. and Japan. Korean shipyard compensation has increased and German compensation
has decreased relative to the U.S. since 1990. Japanese compensation has increased
relative to the U.S. and is now approximately 15 percent greater.
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Table 23. Comparison of Labor Hours and Hourly Compensation
for a Standard 54,000 dwt Product Tanker

Series Production Single Ship
Productivity Measure | Japan | Korea | Germany u.s. Germany u.s.
Productivity 45,000 | 99,000 | 65,000 100,000 | 95,000 146,000
(Employee-Days/Ship)
Hourly Compensation 16.00 7.80 26.50 15.60
(in 1990 U.S. Dollars)

Source: {Rost and Tighe, 1992].

As noted by the authors, Japanese yards would be expected to improve with time
and this is borne out by recent studies of relative productivity. Although U.S. yards have
invested in productivity enhancements since 1990, they have not built commercial ships.

An earlier study [Bunch, 1989] compared the construction time and manpower
requirements for the construction of a general mobilization ship in a Japanese shipyard and
in a U.S. yard. The specific shipyards were Kawasaki Heavy Industries (KHI) located in
Kobe, Japan and Avondale Shipbuilding Industries (ASI) in New Orleans. The study team
asked current and former employees of the two yards to analyze the ship and the shipyards
in order to arrive at detailed productivity comparisons. As a result, the data were more
fine grained than those available to the CNA study. The study’s findings are expressed in
terms of labor-hours and schedule rather than dollar costs. All schedule and labor-hour
estimates are based on the first and fifth ship in a series using 1980 and 1983 data for KHI
and ASI respectively. Table 24 compares labor-hour requirements for Hull and Outfitting
activities for the first and fifth ships for the two yards. The Japanese yard would use
approximately 40 percent of the labor-hours required by ASI. This agrees fairly closely
with the 50 percent figure in the CNA study.

The study analyzed differences in the two yards and reasons for the greater number
of required labor-hours for the U.S. yard. Significant findings included:
« Organization for production:

- ASI—Functional. The two main departments are Production and
Support, which includes Production engineering and Planning,
Accuracy Control and Material Control, Warehousing, Trials and
Testing, and Main Machinery and Propulsion Installation.

- KHI—Product orientation. The two main departments are Hull and
Outfitting, each with their own support personnel.
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Table 24. Labor-Hour Comparisons for Constructing the PD214 General
Mobilization Ship in the KHI Kobe and ASI Shipyards
(Thousands of Labor-Hours)

First Ship Ratio Fifth Ship Ratio
Production Activity ASl | KHI | KHI/ASI | ASI | KHI | KHI/ASI
Hull Activities
Cut & Fab 107 34 0.32 99 31 0.31
Sub Assy & Assy 135 95 0.70 126 86 .68
Erection 219 96 0.44 204 87 43
Prod. Eng. 48 13 0.27 4 0 0.0
Mold Loft 54 32 0.59 50 1 0.02
Cranes 56 16 0.29 53 15 0.28
Misc. 44 2 0.05 41 20 .05
Subtotal 663 | 288 0.43 577 | 222 0.38
Design Eng. 148 23 0.16* 13 0 0.0
Total Hull Activities 811 311 0.38 580 | 223 0.38
Outfitting Activities
Pipe Fab & Assy 125 116 0.93 106 106 1.00
Mach Fab & Assy 49 35 0.71 47 32 0.68
Elec Fab & Assy 60 31 0.52 56 30 0.54
Sheet Met F & A 64 23 0.36 60 21 0.35
Insulation 29 24 0.83 27 22 0.81
Painting 107 44 0.41 100 40 0.40
Fitting & Outfit 143 56 0.39 134 51 0.38
Testing 32 2 0.06 28 2 0.07
Cranes 14 1 0.07 13 1 0.08
Serv & Unalloc. 50 13 0.26 47 12 0.26
Prod. Eng. 86 26 0.30 8 1 0.13
Subtotal 758 | 371 0.50 622 | 315 0.51
Design Eng. 265 28 0.11* 23 0 0.0
Total Outfitting Activities 1023 | 399 0.39 645 | 315 0.49
Total Labor-hours 1834 | 710 0.39 1235 | 537 0.43

Source: [Bunch 1987].

* Second ship learning when first ship Engineering is included is 71 percent for ASI
and 85 percent for KHI. The assumed learning for the remainder of the series is
the same for both yards.
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« The area of the ASI shipyard is over twice as great as the KHI facility—1.294
million square feet compared with 0.521 million for KHI. The size difference,
combined with the layout of the two yards, is such that ASI travel distances are
6 to 15 times greater for comparable blocks. The greatest ASI travel
distance—7040 feet—is for high volume flat blocks compared to 420-1120
feet for KHI.

+ Outfitting:

KHI—Outfitting of pipe and painting is initiated 2 1/2 months before
keel laying. Almost all of the engine room units are built up in the
engine shop. Outfitting is completed one month before delivery.
Outfitting on-board was reduced from 57 percent in 1980 to 40 percent
in 1985.

ASI—Outfitting policy is essentially the same as for KHIL
Implementation seems to be different though. Material lead times are
greater at ASI, and KHI does more on-unit and on-block outfitting. At
ASI 73 percent of units (blocks) are outfitted prior to erection, yet the
time between launch and delivery is 6 1/2 months compared to 4
months for KHI.

« Subcontracting:

KHI subcontracts much more of production work—60 percent of paint
and 30 percent of pipe outfitting, scaffolding, and insulation. ~ASI
subcontracts less than 5 percent of direct labor. Traditionally Japanese
yards have many sub-contractors, some wholly owned, right outside the
gate who are little different than yard employees. However, for
accounting purposes this work is counted as material rather than
production labor.

Contract to delivery times were also greater for ASI than for KHI. Contract to

delivery was 140 weeks for ASI compared with 60 weeks for KHI. An important reason
for the longer time is the longer material lead time for ASI. Table 25 compares the time

from ordering to delivery for major material items.

If ASI order lead times for these items were reduced to that of KHI, the time from

contract to delivery could be reduced from 140 to 118 weeks with no change in
production practice. This would still be nearly twice as long as for KHI--60 weeks for
contract to delivery for first ship.
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Table 25. Comparison of Material Delivery
Time for the PD214 General Mobilization Ship in the
KHI Kobe and ASI Shipyards
(Time Between Order and Delivery in Weeks)

Type Material ASI | KHI

Hull Steel 35 9

Main Valves 55 17
Steel Pipes 46 13
Aux. Machinery 52 39
Boiler 62 35

Main Condenser 65 37
Main Reduc. Geat | 61 41
Main Turbine 61 41

In addition to longer material lead times, the ASI Engineering Drawing and
Material List schedules take about twice as long as KHI. However, engineering drawings
are not on the critical path at ASI because Contract to Keel is twice as long because of the
long lead time for critical items (e.g., power plant). Boiler lead time--14 months for ASI
and 8 months for KHI--determines keel laying for both yards. The yards are very similar
in the way that Engineering and Material Control deal with outfit items except for sub-
contracting and material delivery times.

b. Naval Ship Productivity

The United States is the world leader in naval ship construction and design.
Although procurement processes of most major navies tend to be similar to those of the
United States, there are some significant differences, particularly in productivity, that bear
consideration. A few comparative studies of U.S. and foreign naval ship design practices
are available, but these do not address production in any real detail.

Ferreiro and Stonehouse [1991] in conjunction with NAVSEA and the United
Kingdom Sea Systems Controllerate (SSC) conducted an analysis of the reasons for
differences in size and cost of U.S. and UK ships designed for similar missions. They
examined conceptual U.S. and UK ship designs based on identical mission requirements.
The study concentrated on ship design, but a comparison was made of relative
construction costs of the UK baseline ship built in a U.S. and a UK shipyard. They
estimated that the U.S. yard would require fewer labor hours than a UK yard, but because
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of higher U.S. yard material and labor prices the ship would cost 8 percent more to build
in aU.S. yard.

The Japanese Kongo (DDG 173) and U.S. DDG 51 Aegis ships provide some
basis for comparison of production costs of similar Naval ships built in U.S. and Japanese
shipyards. Available data come from trip reports by OSD and NAVSEA personnel.
[Martin, McGough, and Rains, 1990], [Summers, 1993]

The first three ships of the Kongo class were built at the Mitsubishi Heavy
Industries (MHI) Nagasaki yard. The remaining ships of the class are being built at the
IHI Tokyo yard. There are important differences in the two ship classes which make a
direct comparison of required labor-hours impossible. However, the magnitudes of the
labor-hour differences allow us to draw meaningful conclusions about relative
productivity.

Design of the Kongo was accomplished at MHI. Although MHI uses CAD for all
of their commercial projects, only about 50 percent of the Kongo design was CAD.
Design, including preliminary (6 months), contract (6 months) and detail took about 4
years, and was accomplished by a design staff of 140 at the yard plus 60 designers from
MHTI’s Marine MARITECH located off-site. Because ship contracts are allocated rather
than bid competitively, detail design can begin before budget approval. The Kongo detail
design was started 21 months before contract signing. Some of the design personnel
(electrical) also do production work. The electrical designers weld hangars and pull cable.

Table 26 compares design labor-hours for similar ships. Note that the CG 47 used
the same hull form and main machinery as the DD 963, with major changes in systems and
the superstructure. The DDG 51 was severely constrained in volume and geometry by the
Secretary of the Navy, resulting in many interferences and restricted room for outfitting.
Many of the interferences were corrected after the fact by transferring the design to CAD.
Japanese ship design is facilitated by the use of concurrent engineering for both
commercial and military ships. In the case of the Kongo, some design savings were also
realized through extensive study of the DDG 51, particularly of the weapons system.
Even so, the Kongo design man-hours are remarkably low. '
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Table 26. Comparison of Design Labor-Hours
for Similar Type Ships

Ship Design Labor-Hours
JDS Kongo 1,200,000
DDG 51 6,000,000
DD 963 5,000,000
CG 47 3,000,000

Source: [Martin, McGough, Rains, 1990].

Table 27 compares the first ship cost estimates for the DDG 51 and JDF 173 as of
1990 in U.S. dollars.

Table 27. Estimated First Ship Cost Comparisons

for the DDG 51 and JDS Kongo ($U.S.)

Item DDG 51 JDS Kongo
Combat System 400,000,000 | 400,000,000
Design, 200,000,000 | 100,000,000
Construction 400,000,000 | 300,000,000
Management 100,000,000 | 100,000,000
Total 1,100,000,000 | 900,000,000

Source: [Martin, McGough, Rains, 1990].

In 1990 the first ship had not been completed and the production data were
estimates. Martin, McGough and Rains [1990] attributed the cost differences primarily to
design efficiencies with production efficiencies playing a lessor role.2 A comparison of
man-hours for selected ships indicates that the Japanese also experience savings in
production labor for Naval ships. Table 28 compares production labor-hours for the
fourth ship for selected Naval ships. Although the DDG 176 is the fourth ship of the
Kongo class, it is the first ship of the class built by IHI.

2 Adirect comparison of production would seem to be obviated by significant differences in shock and

cable laying standards. However, Summers did not develop an estimate of the work content of these
differences.
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Table 28. Production Labor-Hours for the Fourth Ship in a Series
for Selected Naval Ships

Full Load Displacement Production Labor-
Ship Class (tons)® Keel to Commission Hours
DD 963 8040 38 mos. 3,800,000°
FFG7 3585 30 mos. 2,500,000°2
CG 47 9466 33 mos. 5,000,000°
Kongo (DDG 176) 9485 34 mos. 2,200,000°
DDG 51 9033 24 mos. 4,000,000

2 [Rains, 1994].
® [Summers, 1993].
¢ [Janes Fighting Ships, 1995].

As with relative commercial ship productivity discussed earlier, direct comparisons
of labor-hours is not possible because of the number of labor-hours that are sub-
contracted by the Japanese. Summers states that 70 percent of pipe is fabricated outside
the yard by small vendors. If we assume that 30 percent of insulation and 60 percent of
painting is also sub-contracted as Bunch [1987] found for commercial ships, and that these
activities represent the same proportion of total hours as for the PD214, then
subcontracted labor would be approximately 20 percent of total labor. This should be an
upper limit since we are applying the 70 percent to pipe fabrication and assembly. This
would mean that the adjusted production labor-hours would be no more than 2,750,000
for the DDG 176. This is only 250,000 more than for the FFG 7, and approximately 70
percent of the DDG 51 labor-hours for the fourth ship.

A sample of significant differences in Japanese design and production practices
which impact producibility or ship cost generally are listed below. See [Summers, 1993]
for a detailed list of production practices for the Kongo.

» The Kongo is 2 feet wider and 24 feet overall longer than the DDG S51.
Displacement is 9485 full load tons compared to 8500 for the DDG 51. The
additional volume of the Kongo resuits in better producibility and fewer
interferences than was initially experienced in the DDG 51. This is further
enhanced by cable ways which are straight for longer distances than for the
DDG 51. The Japanese also stack cables during initial construction. The U.S.
Navy allows cables to be only one deep.

« Little consideration is given to shock or an explosion inside the Kongo, and
nuclear decontamination facilities are not as extensive as for the DDG 51.
Distributive systems are closer than the 2°’ required by the U.S. Navy.
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« Government changes are almost nil. There were a few electrical specification
changes between the first and second hull, but none between the second and
third hulls. Employees are invited to submit recommendations for improving
the design or producibility. One thousand such recommended changes were
submitted by the time of launch. All were acted on; either accepted or the
reasons given the employee for non-acceptance.

« The number of personnel at the Nagasaki CPO—the Japanese version of
SUPSHIPS—is eight.

« Cross-trained teams are responsible for each block or zone. All requirements
are contained in a book of drawings and notes for each zone. Only five union
skill groups cover the whole yard. There are no cleaners and each team cleans
up after itself. There is very little storage of materials on board. Material and
services are removed when not needed. The ship and work areas are very
clean and easy to get around in.

« The main engines are installed later than in the United States. Most of the
equipment load out and installation work is completed before engine load out
and deck house installation.

« Hull joining is very neat and cherry pickers are used in place of staging. All
welding is done from the inside using a ceramic tape backer. All blocks are
protected with paint and no rust is evident. The blocks do not go through blast
and paint between outfit and erection welding. Deck straightening is done in
the outfit stage with almost none done in the erection area.

+ Pipe flanges are used extensively and almost no pipe welding is done aboard

ship. '

Perhaps the most significant difference is in organization for production. As for
commercial shipbuilding, Japanese naval production organizations are production oriented
rather than being organized functionally. Each of two main departments—Hull and
Outfitting—has its own support personnel. This is particularly important with regard to
production engineering and accuracy control. The U.S. yards that we visited were
particularly weak in these areas. One yard is making a special effort to implement
statistical control procedures. However, they are still organized along functional lines
with a separate accuracy control division. The Japanese treat accuracy control as
everyone’s job down to the zone work groups and individual mechanics.
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2. Technology Comparisons of U.S. and Foreign Shipyards

A survey, sponsored by the NSRP, of the technology level of five foreign--four

European and one Japanese--and five U.S. shipyards was conducted in 1994 by Storch,
Appledore International Ltd., and Lamb [1994]. The research had the following five

objectives:

a.

Determine the relative technology levels in use in shipyards in the United
States and in leading shipyards overseas.

Determine the relative status of shipbuilding/ ship repair facilities in the United
States and in leading shipyards overseas.

Determine the facilities required by U.S. shipyards to compete against leading
overseas shipyards and evaluate the relative cost effectiveness of any required
facility improvements.

Provide an indication of the competitive position of U.S. shipyards in relation
to the leading overseas shipyards in terms of cost and time, and determine how
overseas shipyards are currently able to produce ships in a shorter time and for
less cost than U.S. shipyards.

Identify the major factors to be addressed and actions taken in order to allow
U.S. shipyards to enter the international shipbuilding or ship-repair markets on
a competitive basis, relating to technology levels, operational practices (both
internal and external to the shipyard), and facilities.

Technology Assessment

Sixty-nine elements were addressed, grouped according to seven major shipyard

activities. The elements include not only hardware and facilities, but the procedures used

to operate them, planning and controlling the work, and production engineering. Each

element and activity was weighted according to its relative importance in the shipbuilding

process. Weighted averages were then calculated and the two groups (U.S. and foreign)

were ranked according to their level of technology for each activity and element.

Rankings were from one to five based on where the yards fell relative to best practice for

given time periods between 1960 and 1990. The five levels are as follows:

Level 1: Shipyard practice of 1960

Level 2: The technology of shipyards modernized in the late 1960s or early
1970s.

Level 3: Good shipyard practice of the late 1970s.
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 Level 4 Shipyards that continued to advance their technology during the
1980s. Level 4 technology is characterized by a single dock, with good
environmental protection, fully developed operating systems and extensive
early outfitting.

 Level 5: State of the art shipbuilding technology in 1990. Level 5 implies the
additional use of automation, where it can be used effectively, and by
integration of the operating systems (e.g., the effective use of CAD). It is
characterized by efficient computer-aided material control, and by effective
quality assurance.

Table 29 shows the overall technology of the nine yards--only the four major U.S.
yards surveyed are included. All but two of the foreign yards have a higher overall
technology level than all of the surveyed U.S. yards.

Table 29. Comparison of Overall Technology Levels

Yards | U.S. | Foreign Yards
1 3.2 3.0
2 3.4 3.3
3 3.4 41
4 3.5 44
5 4.5

Source: [Storch, A&P Appledore, & Lamb, 1994].

Table 30 compares the survey results at the activity level. The table uses data from
the four major U.S. yards visited and five foreign yards. The foreign yards were:

» AESA Sestao, Spain

« Harland and Wolff, UK
» IHI Kure, Japan

+ Kvaerna Govan, UK

o Odense, Denmark.

The results for individual elements are shown in Appendix B. A similar survey was
done in 1978 by Appledore and the results of that survey are also included in Table 30.
With the exception of Activity (F) the 1978 survey included all of the activities covered in
the 1994 survey. An activity labeled “Amenities” was included in the 1978 survey but was
excluded in the 1994 survey and hence is omitted from the table. The earlier survey
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ranked the activities on a scale from 1 to 4, so the current levels would be expected to be
greater by 1 (5.0-4.0) to 1.25 (5.0/4.0). Table 30 therefore indicates both relative
rankings between foreign and U.S. yards, and whether the surveyed yards on average kept
pace with state of the art technology improvements during the 1980s.

Table 30. Comparison of 1978 and 1994 Survey Resuits

1978 Survey 1994 Survey
u.s. Foreign u.s. Foreign
Group Shipyards | Shipyards | Delta Shipyards Shipyards | Delta
A. Steelwork Production 225 2.91 0.66 2.9 3.46 0.55
B. Outfit Production and 2.36 243 0.07 3.30 3.75 0.45
Stores
C. Other Pre-erection 2.06 2.76 0.70 3.83 4.06 0.23
D. Ship Construction 248 2.86 0.38 3.18 3.98 0.80
E. Layout and 2.33 2.89 0.56 2.94 3.31 0.37
Environment
G. Design/ Drafting/Prod 2.92 3.17 0.25 3.45 4.33 0.88
Eng./Lofting
H Organization and 2.98 3.03 0.05 4.04 467 0.63
Operating Systems
Overall Technology 2.50 2.90 0.40 3.40 4.00 0.60

Source: [Storch, A&P Appledore, & Lamb, 1994].

The U.S. yard average technology level is lower in all seven activities and the
overall difference has increased by 0.20 since the 1978 survey. Since 1978, both groups
have progressed about as expected (0.9 for the U.S. and 1.1 for the foreign yards), but the
gap has widened somewhat. The U.S. yards have made gains on their foreign competitors
in three areas, (A.) Steelwork Production, (C.) Other Pre-erection, and (E.) Layout and
Environment. In Steelwork Production, the U.S. yards are only at the 1978 level of the
foreign yards. The most progress has been made by the U.S. yards in Other Pre-erection
Activities, 1.77. This is particularly significant because it indicates that more work is
being done in the workshops rather than in the erection area. The least progress by both
groups was made in Layout and Environment, indicating that the yards are constrained by
their physical layout.

The U.S. yards have fallen the furthest behind in Activity (G.)
Design/Drafting/Production Engineering/Lofting, from a fairly close position in 1978. In
three elements, Steelwork Coding Systems, Parts Listing, and Dimensional and Quality
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Control, the U.S. yards have lost leads held in 1978. In the last of these elements the 1994
level was lower by 0.2 than in 1978 (3.0 vs. 3.2). The second greatest gain by the foreign
yards was in Activity (H.) Organization and Operating Systems. Although the U.S. yards
improved by the expected amount, 1.06, the foreign yards improved by 1.64. The foreign
yards improved the expected amount, 1.12 in Activity (D.) Ship Construction, while the
U.S. yards improved by only 0.70, falling behind by an additional 0.42. In painting, the
U.S. yards have essentially stood still, with an increase in technology level of 0.1. Both

groups have made about the expected progress in Activity (B.) Outfit Production and
Stores, 0.94 for the U.S. and 1.32 for the foreign yards.

Major differences in current technology levels are in:

» Activity (D.) Ship Construction and Outfit Installation. The U.S. yards had a
lower level in all elements and the following elements were lower by at least

0.9.

Erection and fairing. U.S. yards do not control for welding distortion
and leave excess stock on the blocks.

Onboard services. Foreign yards pre-plan services in modules so they
can be removed when not needed. Fewer services are required because
more work is done on unit and on block.

Staging and access. This is a particularly troubling element. Foreign
yards use only cherry pickers rather than staging, which is time
consuming. They also do more work at the unit and block stage,
eliminating the need for staging.

Engine room machinery and Hull engineering. More pre-erection
outfitting is done by the foreign yards. Summers [1993] noted that for
Japanese naval ship construction engine room machinery is built up
almost entirely in the shop and installed later.

Sheet metal work. Foreign yards install much more sheetmetal on-unit or
on-block when the block is inverted.

Woodwork. All surveyed foreign yards erect the superstructures and
deck houses almost completely outfitted. Modular cabins and sanitary
spaces are also used extensively.

Electrical.  Foreign yards install and hook up all major electrical
equipment and lights before launch. Cables are pulled on block with
those that extend to adjacent blocks cut to length and stored for pulling
on-board.
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Painting. A number of problems were noted in U.S. yards with painting.
The most important were (1) weld through primers were not used, (2)
because of the length of time in storage or in work, blocks go through a
second blast and prime, necessitating the installation of many items in the
upright position or on-board, and (3) most finish painting is done after
erection, necessitating a large amount of staging.

o Activity (G.) Design/Drafting/Production Engineering/Lofting. The greatest
average differences in technology occur in this group. Even where U.S. yards
score well (steelwork coding and parts listing) the foreign yards have a higher
level. The survey authors cite this as an example of where U.S. yards have
superior equipment but do not use it as effectively as their competitors use
less sophisticated equipment. U.S. yards are lower in technology level of at
least 0.9 in all elements listed below.

Ship design. All U.S. yards have some design capability but they are
severely limited in commercial capability.

Steel work and Outfit drawing presentation. Foreign yards prepare
drawings to support the way in which the work is performed. Drawings
are related to work station/zone/stage and include all items to be
performed by all trades.

Production engineering. The major advantage of the foreign yards is that
they have developed physical and procedural standards which have been
accepted by flag states and classification societies.

Design for production. U.S. yards apply producibility efforts after
contract signing, but this needs to be moved to earlier design phases.
Foreign yards are particularly advanced in design for production for
outfitting.

Dimensional and quality control. U.S. yards have started collecting
dimensional information for steel working, but have not fully analyzed the
data, nor has the information been collected for outfit work. Foreign
yards have established steel and outfit work stations which produce
identical, or very similar products. Comprehensive standards have been
implemented, and they have a system of self checking at every stage and
continually assess whether the system is in control.

o Activity (A.) Steelwork Production. U.S. shipyards are not superior in any
element, but are equal in one (Plate Stockyard). Major differences exist in:

Stiffener cutting. Performed by hand marking and hand cutting.
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Sub-assembly. Produced in random shop locations where other work,
such as outfit steel items, are produced.

3D Unit assembly. U.S. practices include assembling where space is
available, adding individual stiffeners to web and pulling shell plate
around, adding curved stiffener panels to webs, erection outside, leaving
excess stock on plates, and using welding procedures which result in
significant distortion.

Outfit Steelwork. Often produced in locations determined by where space
is available. No group technology is used.

« Activity (B.) Outfit Production and Stores. U.S. yards are superior in the
maintenance element and are very close in the other elements except for two
elements where significant differences occur.

Sheet metal work. U.S. shops are very well equipped but none is
organized for group technology. They all appear to produce items which
could be obtained cheaper from outside.

General storage. Warehouses in U.S. yards are large and well run. The
difference is that they tend to store tremendous amounts of material and
equipment, whereas the foreign yards hold low levels of stock and
concentrate on just-in-time delivery.

 Activity (H.) Organization and Operating Systems. All surveyed yards scored
high, but foreign yards were consistently better, except for purchasing. Two areas
in which foreign yards were significantly ahead were:

Organization of work. This relates to the flexibility and supervision of the
work force. Foreign yards have more cross trained workers, and perform
the work in workstations or zones where supervision is by workstation
leaders rather than by trades.

Contract scheduling. Foreign yards link strategic and tactical planning
using computer systems which allow direct interaction between the two
levels.

 Activity (C.) Other Pre-erection Activities. The yards are quite close and the
technology levels are quite high for the group as a whole. Significant differences
are in Outfit Parts Marshaling in which the U.S. yards excel, and Unit and Block
Storage in which the foreign yards are furthest ahead.

 Activity (E.) Layout and Environment. Both foreign and U.S. yards scored low in
this group. With the exception of one U.S. yard and two foreign yards, the
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layouts and material flows are constrained by the sites and ad hoc way in which
the yards have grown.

b. Labor Productivity

The study team also assessed the labor productivity of the surveyed U.S. yards and
three of the foreign yards. The measure of productivity used was cost in U.S. dollars per
Compensated Gross Ton (CGT). CGT is derived from gross tons based on the effect of
size and complexity of each ship type on work content. A standard system for calculating
CGT was adopted by the Organization for Economic Cooperation and Development
(OECD) in 1984. The survey authors estimated CGT for naval ships for the study. Cost
per Employee Year was derived using total salaries, social costs, general and
administrative (G&A) cost, fixed and variable overhead, direct and indirect shipyard
employee years, and direct and indirect subcontract employee years expended on
shipbuilding for a 3-year period for foreign yards and a 5-year period for U.S. yards. CGT
was derived for ships produced during the same three or five year period. Productivity
data were recorded over five years for the U.S. yards because of the greater throughput of
the foreign yards. Cost/CGT was then calculated as Cost/CGT = (Cost/Employee
Year)x(Employee Year/CGT).

Average COST per CGT and labor hours per CGT for the U.S. and foreign yards
are shown in Table 31. The survey authors note that the data are not exactly comparable.
During the observation period, two of the U.S. yards undertook a significant amount of
ship repair work, and some yards performed “planning yard” work that produces spent
labor hours but no production.

Table 31. Comparison of Productivity for U.S. and Foreign Shipyards

Measure U.S. Yard Average | Visited® Foreign Average | All° Foreign Average
Labor-Hours Worked Per 1,829 1,805 1,963
Year
Labor-Hours/CGT 184.8 40.0 88.0
Cost/Employee-Year $52,500 $63,455 $48,690
Cost/CGT $5,314 $1,121 $1,296

Source: Storch, A&P Appledore, Lamb, 1994.
@ Three surveyed foreign yards.
® Foreign yards comparable in size to the U.S. yards.
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¢. Summary of the Technology Survey

None of the U.S. yards build commercial ships, but this does not account for most
of the major differences. Summers [1993] noted many observations for Japanese naval
ship construction which seem to agree closely with those of the survey team. Two
exceptions may be in Warehousing and in Design and related activities. The large amount
of parts and equipment storage in U.S. yards may be related to GFE to some extent.
Success in the commercial market requires a more advanced design organization which is
linked to all other yard activities. U.S. yards have not had the incentive to develop such
design groups.

Although the survey addressed commercial shipbuilding competitiveness, most of
the elements are applicable to naval shipbuilding as well. The survey authors summarize
the requirements for world class commercial ship competitiveness including the need for
the following planning documents:

«  Business Plan that focuses on the product they intend to build, their capacity,

targeted output and build cycles, and the need to develop targets for costs and
pricing policy

»  Shipbuilding Policy that addresses facilities development, productivity targets,
ship definition strategy, production organization and methods, planning and
contract procedures, and make/buy or subcontract policies

«  Marketing Plan that targets the owners of the ship types and sizes which are
identified in the business plan in a proactive manner.

These factors will be addressed in more detail in the following section. The
following summary addresses the major survey findings which are related to construction
of naval and commercial ships. It is of interest that many of these areas were noted by
Summers [1993] relative to naval ship construction. These include:

+  Design/Drafting/Production Engineering/Lofting. The design organization of

the foreign yards have greater capability and are part of a total system which
is fully integrated with the rest of the yard. The survey indicates that U.S.

yards are deficient in the implementation of concurrent engineering, and
engineering products oriented to how and where the work is to be performed.

«  Accuracy Control. This an area which is critical to efficient ship production.
U.S. deficiencies are indicated by the findings concerning steel, outfit and
painting. Without a statistical accuracy control system that is carried out at all
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levels down to the individual mechanic, it is impossible to know if the system
is in control, and to realize potential savings in cost and build time.

«  Material Control and Purchasing. U.S. yards are well equipped to store and
manage large inventories of supplies and equipment, but they do not practice
just in time material management. Partnering or other supplier relationships
which enable the yard to build a data base of suppliers and their performance
are not routine. These are areas which need to be addressed by the yards and
the Navy.

«  Second Blast and Prime. This is an area which impacts the amount of on-unit
and on-block outfitting that is possible and therefore affects the entire
production process. It is not carried out by any world class foreign yard and
should be unnecessary.

«  Outfitting. Only one of the surveyed U.S. yards had collected data on an
outfit manufacturing or installation procedure in order to implement a self
checking statistical process control system. Outfitting is consistently
performed later in the build cycle in U.S. yards and much of it is done with the
block in its final orientation. U.S. yards do more electrical outfitting on board
than should be necessary. Standard machinery and accommodation modules,
and outfitting of deck houses and superstructure prior to erection should be
the rule. The modularization of on board services, and early outfitting of
electrical and piping systems so they could be hooked up to shore services
would reduce cost and clutter on board.

«  Painting. This is an area where the Japanese are making large investments in
order to improve productivity and quality. Blocks should be finish painted
before erection in order to save corrosion control costs and eliminate the need
for staging.

The survey team’s productivity data are difficult to evaluate, primarily because of

the teams caveats concerning repair and planning yard hours. Labor-hours per CGT of 22
percent for the visited foreign yards relative to U.S. yards appear low compared to other
studies and trip reports, but may be reasonable considering the technology results. The all
foreign average of 48 percent looks to be more in the ball park, but the yards in this
sample include many that are not world class yards. Even if the visited yard results are off
by a factor of one, there is certainly cause for great concern on the part of the U.S.
shipbuilding community.

The survey results are not entirely negative, however. U.S. labor rates are
competitive with those of the major shipbuilding countries other than Korea, and most of
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the technology gaps are in the area of management practices, or other soft technologies.
Consequently, significant improvement in competitiveness is possible without major
investment in hardware or facilities.

3. World Class Ship Production

a. Group Technology Shipbuilding

The basic concept underlying world class shipbuilding is Group Technology (GT)
or Family Manufacture (FM). GT began as an attempt to develop a more efficient system
of classification and coding for use in the management of industrial processes. However,
it has developed into an innovation in the broader field of management, not just a
technique for keeping track of material, parts and assemblies. Group technology is a
means of bringing the benefits of mass production to high variety, mixed quantity
production. A major objective of GT is to reduce the inventory of work in process to only
what is needed. GT was first applied to shipbuilding by the Japanese. The concepts and
applications were brought to the United States primarily by Lou Chirillo in a series of
NSRP publications. For a detailed description of GT shipbuilding the reader is referred to
Storch, Hammon, Bunch, Moore [1995].

Group technology applied to shipbuilding uses a product-oriented work
breakdown structure and zone oriented planning, scheduling and production. The Navy
uses a systems-oriented work breakdown structure (SWBS) to subdivide the ship by
system and weight group. However, efficient production requires a classification system
which is oriented toward interim products. A product-oriented work breakdown structure
(PWBS) is such a classification system. Classification by product aspect relates a part or
subassembly to a system and zone of a ship design and also to work processes by problem
area and by work stage. Parts and subassemblies are grouped by permanent
characteristics and classified by both design and manufacturing attributes.  The
classification system also specifies parameters, such as form, dimensions, tolerances,
material, and types and complexity of machinery operations.

PWBS first divides the shipbuilding process into three basic types of work--hull
construction, outfitting, and painting--each of which is associated with unique
manufacturing problems. These are further subdivided into fabrication and assembly. The
PWBS then classifies interim products by required resources: material, manpower and
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facilities. The third classification is by product aspect: system, zone, problem area and
stage. The work is then organized according to zone, problem area and stage, where:

«  Zone—an objective of production which is any geographical division of a
product, e.g., cargo hold, structural block or outfit unit or ultimately a part or
component.

« Problem area—a specific type of work, involving the use of similar
production techniques, tools and worker skills. Problem areas may be
determined by:

Feature, curved versus flat blocks, steel versus aluminum,

Quantity

Quality of workers or facilities required
- Kind of work, e.g., cutting, bending, painting.

. Stage—a division of the work by sequence, e.g., before or after turning a
block over, outfitting on unit, on block, or on board ship.

Because inherently different types of work are required, the PWBS must
accommodate the following zone-oriented methods:

«  Hull block construction method (HBCM)
«  Zone outfitting method (ZOFM)
+  Zone painting method (ZPTM).

The basic structural unit is the block, which must accommodate the above
methods. Once interim products are subdivided into families with similar manufacturing
characteristics or problem areas, the work is accomplished at work stations, by cross
trained crews, at the most advantageous stage, e.g., installing ducting or cables after block
turnover when the work can be done down hand versus overhead. This also implies
outfitting at the earliest possible stage, when the structure is open and accessible. The
most efficient stage for outfitting is on-unit in the shop. For example, entire machinery
spaces or engine assemblies may be assembled, outfitted and tested on the shop floor (on-
unit) and moved into the hull structure blue sky. The second most efficient outfitting
stage is on-block before the block is moved to the building dock or way and welded into
its final location. The final and most expensive stage for outfitting is on-board after
erection.
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A basic principle of the process is for material to move in a logical sequence from
the shop to the erection area via process lanes, with each interim product arriving at
subsequent stages just as it is needed. A process lane is a group of work stations designed
to produce a family or families of products which require similar processes. Process lanes
may be real or virtual, and are organized according to problem area, stage and work
content, so that the line is balanced, analogous to an assembly line. A second basic
principle is that a self checking system, using feedback is in place, such that interim
products arrive at the next stage ready to be processed. This means that assemblies and
blocks fit together without additional cutting or distortion removal. It also means that
work packages must be sized optimally according to resource requirements. This implies
a statistical accuracy control system based on day to day observations at all levels with
feedback to the preceding stages. When these principles are met the process 1is said to be
in control.

Figure 18 shows typical HBCM groupings by product aspects for seven
manufacturing levels. The horizontal combinations characterize the various types of work
packages that are required for the work to be performed at each manufacturing level.
Vertical combinations of the various types of work packages denote the process lanes for
hull construction work flow.

b. U.S. Shipyards and Group Technology Ship Production

U.S. shipyard productivity and technology were compared with foreign
competitors in subsections C-1 and C-2 above. Following are some observations of the
IDA study team during visits to five major Navy shipbuilding yards. All of the yards
practice GT methods to some extent and the HBCM is fairly advanced. This is not
necessarily the case for ZOFM or ZPTM.
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Figure 18. HBCM Classification by Product Aspect
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Cross Training. One observation common to all of the yards is their organization
for production. U.S. yards are organized by function rather than by product, and
supervision is by trade rather than by work station. Only three of the yards have programs
for cross training workers. One yard has had a program of cross training in place since
1987 and extends cross training, during and after regular work hours, to new hires as well
as journeymen. The other two yards tie cross training to pay increases, and generally
extend it only to more senior personnel. These yards put those employees, who are
accepted into the program, through a full training program so they can become fully
qualified in all aspects of their second skill. It is noteworthy that one of these yards is in
the process of organizing supervision by product and zone, with several trades working
together under the supervision of a team leader who is responsible for a zone. We were
unable to determine if this system would extend down to problem area and stage.

Process Control. All of the yards visited have some industrial engineering staff.
However, all are deficient in the area of statistical éccuracy control compared to world
class foreign yards. Most of the effort in this area is an outgrowth of a program to control
welding distortion. We found no evidence that measurements or analyses had begun for
outfitting in any of the yards. Two yards have recently begun a fairly intensive effort
toward implementing a distortion control program, and one has the beginning of a
statistical accuracy control program in place. However, the most advanced yards have a
functionally organized accuracy control division rather than accuracy control being
integral to production and organized by product and work station. In general the yards do
not have self checking systems whereby the results of measurements are analyzed and fed
back into the system in a timely manner. In at least one yard the only feed back on a
regular basis is to the next ship in the sequence.

Outfitting by Stage in U.S. Shipyards. A major technology problem cited by
Storch, Appledore, and Lamb [1994] was that work in U.S. yards--particularly outfitting--
was consistently delayed to later stages of construction than in foreign yards. The usual
measure of this is the percentage of work done on-unit, on-block and on-board. It is
generally true that productivity decreases as work is delayed to a later stage. It is not
clear just how much for any given shipyard or type of ship. One difficulty is that the data
are proprietary to each yard and generally unavailable in sufficient detail to draw
meaningful conclusions. It also seems probable, considering the state of accuracy control
in U.S. yards, that the shipyards themselves do not really know the full effect of moving
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work to a later stage. The direction of change is known generally, but not necessarily the
quantitative effect by stage and type of work. Without systematic data collection, and
analysis of productivity values of work packages, the most we can expect is to move the

accomplishment of work in the right direction.

It must also be borne in mind that, in the calculation of work package productivity
value, time is one of the variables, along with resources and quality. This means that as
work is moved to an earlier stage, work package content must be adjusted so that process
lanes remain balanced One of the yards we visited noted that a considerable amount of
work was shifted to on-unit and on-block for a particular hull. The reason, however, was
a delay in the launching of the preceding ship. The extent to which this resulted in
increased productivity is problematical.

Even so, the percentage of work moved to an earlier stage is a useful measure of
productivity, however imperfect or well known. Estimates of productivity increases with
outfitting at an earlier stage vary a great deal. Spicknall and Wade [1992] estimate the
labor-hours for outfitting on-block to be 4-6 times that required for on-unit, and on-board
to be greater than on-unit by a factor of 7-12. U.S. shipyard estimates collected by a
member of the IDA study team place this at closer to 2-4 for on-block relative to on-unit,
and 3-5 for on-board relative to on-unit. The latter estimates imply that moving work
from block to shop could reduce labor-hours by a ratio of 1/2 to 1/4. If work is moved
from ship to block, labor-hours could be reduced by 2/3 to 4/5. Perhaps the most
systematic and rigorous estimates have been compiled by [Borchers, Kraine, Thompson,
and Wilkins, 1992] and [Wilkins, Kraine, and Thompson, 1993] in conjunction with
producibility studies. Wilkins, Kraine, and Thompson [1993] also report the details of a
computer program and productivity factors used for comparing producibility changes
made at different stages of production. The program, called CEOPS, uses engineering
standards based on a bottom up, production engineering approach to estimating costs in
ship production and repair. Table 32 shows estimated labor difficulty factors for eight
different stages of construction and the typical, or standard, location for each stage.
These factors represent “an amalgam of the work stage difficulty data obtained from
various sources. Revisions to the work stage factors, based on later and expanded
measurements, are anticipated.” [Wilkins, Kraine, Thompson, 1993}
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Table 32. Construction Stages and Difficulty Factors

Stage Location Difficulty Factor
Fabrication Shop 1.0
Pre-Paint Outfitting | On Platen, Hot 1.5
Paint Paint Shop/Stage 2.0
Post-Paint Qutfitting | On Platen, Cold 3.0
Erection Erection Site 45
Outfitting Erection Site 7.0
Water Bome Pierside After Launch 10.0
Test and Trails Pierside and Underway 15.0

Source: [Wilkins, Kraine, and Thompson, 1993].

For those yards for which we were able to obtain data, the average outfitting on-
unit varied between 15 percent and 30 percent for Navy ships. On-block was between 15
percent and 55 percent and on-board between 15 percent and 70 percent. All of these
data varied across ship type as well as across yards and the greatest variation was by ship
type. This may indicate that the variation is influenced by Navy design and installation
restrictions as well as by desired yard production policy. For example, reduction in on-
board outfitting is limited by requirements for brazed and welded pipe joints, and by
restrictions on cable splicing. Pipe and electrical outfitting represent the two primary
outfitting trades, accounting for approximately 20 percent and 30 percent respectively by
weight. These are followed by hull outfitting (12 percent), and sheetmetal and machinery
(6-7 percent). Other outfitting accounts for approximately 25 percent.

Navy painting requirements and U.S. yard practice cause important bottle necks,
which greatly influence the amount of work that can be moved to an earlier stage.
According to Summers [1993], requirements for a second blast and paint between block
outfitting and erection greatly increase the amount of on-board outfitting required in U.S.
warship construction compared to the Japanese Kongo. Painting and fitting on-board is
also increased by the practice of leaving excess material which has to be removed during
erection.

The extent to which current U.S. outfitting practice is caused’ by Navy
requirements is not known. However, those yards which provided data anticipate
substantial progress within the current system. The yards which provided data have
effected improvements, since the mid to late 1980s, which have decreased the amount of
outfitting on-board by 40 percent to 75 percent for Navy ships. Those yards planning to
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enter the commercial market, or who are producing commercial like ships, expect to
decrease on-board outfitting by up to 85 percent relative to commercial ships built in the
1970s. During our visits to shipyards, personnel from only one yard stated that they had
made no changes in the last 5 years to the percentage of outfitting on-unit/on-block/on-
board. In this one instance, the yard personnel stated that they had no idea what the
current percentage of each was for their yard.

Investment in Facilities and Technology. The MARITECH and Title XI
programs, along with a desire of the major yards to remain competitive in the military
shipbuilding business, have given considerable impetus to facility improvements. Although
not all of the yards are committed to commercial production, all are participating in the
MARITECH program, and many of the facility and organizational improvements lend
themselves to commercial shipbuilding. At least one yard, which is seriously attempting to
enter the international commercial market, is also investing $120 million in facilities aimed
at that market, including a dry dock extension, dual use covered outfitting area upgrade,
and robotics. Nearly all of the yards are devoting considerable attention to design and
CAD/CAM/CIM development. Nearly all of the yards stated that their design and
CAD/CAM projects were intended to support an improved total yard information system
and concurrent engineering. These design improvements, which generally began as efforts
to improve producibility, are also important to eventual entry into the international market,
both commercial and military. Three of the yards are actively pursuing foreign military
sales.

All of the yards are investing, to some extent, in steel work improvements,
including semi-automatic panel lines and welding, one sided butt welding on panel lines,
the ability to handle 52-foot plates, CNC plasma burning equipment, robotic cutting and
welding equipment, and improvements in steel yard marshaling and material flow.

A tour of the yards, with one exception, impresses the visitor with the cleanliness
compared to what was the rule a decade or so ago. Shipyards have always been
considered as places where the work is noisy, dirty, dangerous and generally unpleasant.
Noise is still a problem, but zone construction methods have reduced the danger and most
of the yards we visited seemed to be somewhat cleaner. One in particular, has
concentrated on the environment, including cleanliness and painting the overheads of
enclosed areas white. The effect is a much more pleasant, well-lighted and safer work
place. This same yard has also worked out a union agreement which has the effect of a
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partnering arrangement. The agreement provides more security for the work force, and
union representation with regard to company policies. The result is a more cooperative
work force seemingly dedicated to the success of the yard.

All of the yards are working with foreign world class shipbuilders, either through
partnering, or consulting arrangements. There appears to be a different philosophy
associated with these efforts than was the case in the early 1980s. At that time all of the
major yards hired Japanese consultants and attempted to import Japanese methods. This
technology transfer effort, along with the NSRP, did a great deal to raise the awareness
level of U.S. yards and resulted in the implementation of product-oriented methods.
However, there never was a complete understanding, or acceptance of the total system.
Technology transfer was oriented to particular processes which in many cases, were taken
out of the context of the overall system where they were successfully applied by the
transferring yard. Many technology recipients seemed to pick and choose those
production and management practices which suited their operation, rejecting the rest.

In the current round of technology transfer, the recipients appear to have a better
understanding of the basic concepts of product-oriented ship production, and that each
process is part of a total system. Some yards are now sending more people to the
partnering yards for a long enough period to gain real understanding, rather than only
having foreign consultants instruct them at the U.S. location. The statement was made at
one of the yards that we are looking for understanding rather than just learning how to
accomplish a given technique or process. It is early to tell, but it does appear that many of
the on-going facility and technology investments are more focused and there is a better
understanding that high technology by itself is just a faster, neater way of doing
something. Unless the improved process fits smoothly into the overall production plan
nothing changes.

Daidola, Parente and Robinson [1994] analyzed the effect of concurrent
engineering and various production innovations on producibility and labor costs for double
hulled tankers. The study, identified three areas which they concluded were ....“where the
greatest gains may be possible to make U.S. shipyards more productive and more
competitive on a world scale.” These areas were improved automation, accuracy control
and the design processes. Their findings seem to indicate that the investment programs
and management innovations of the major U.S. yards are on track, except for accuracy
control. It appears that this is an area which needs to be examined much more thoroughly
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by the U.S. shipyards. More importantly, a much better understanding of accuracy
control—how it is done, and by whom, as well as what it should accomplish—is
necessary.

4. Total Commitment and Shipyard Strategy

The U.S. shipbuilding industry and production practices are characterized by risk-
averse strategies which respond to uncertainties in the product and resource markets. The
major shipbuilders are implementing technology transfer and investment policies with the
goal of improving productivity. These programs are essentially being carried out
piecemeal in response to opportunities to improve particular processes as they become
apparent. This is not to say that the yards do not look at the big picture, nor that they do
not have an overall long range plan. Rather, they are responding to the market and the
market is still the U.S. Navy. The Navy, along with OSD and Congress, therefore must
play a major role in future advances in production process improvements and productivity
increases.

The consensus of Navy managers we interviewed was that commercial production
would produce many benefits for the Navy shipbuilding program. The spreading of
overhead and greater utilization of fixed capital are the most obvious. There were some
reservations, however. One frequently expressed concern was whether Navy work would
get first priority, and whether any relaxation of Cost Accounting Standards (CAS) or the
Federal Acquisition Regulations (FAR) would result in contractors taking advantage of
the government. Similarly, questions were raised with regard to changing Navy
established practices in order to realize potential productivity gains. Navy personnel tend
to be averse to giving up any control over design, quality testing, or military
specifications/standards for fear that quality will suffer. They are likewise reluctant to
relinquish control over the procurement of certain equipment and information (GFE/GFI).

The study now examines what shipyards can do to improve production practice in
the absence of changes in the government’s way of doing business. Clark and Lamb
[1995] address the benefits of a Build Strategy for specific ship programs. Lamb, Allan,
Clark, and Snaith [1995] expand on the use of a Build Strategy as well as other “world
class” shipbuilding processes to improve productivity in U.S. shipyards. A build strategy
is defined as:
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“an agreed design, engineering, material management, production and
testing plan, prepared before work starts, with the aim of identifying and
integrating all necessary processes.” [Clark and Lamb, 1995]

Clark and Lamb [1995] apply the build strategy primarily to commercial ships.
However, a build strategy is also applicable, and necessary, for efficient production of

Navy ships. Key elements of a build strategy, applicable to commercial or Navy ships are:

Zone definition

Hull block definition

Dimensional reference system

Alignment procedures for propulsion equipment
Molded lines definition

Accuracy control panel

Required tolerances

Material and design selections—hull structure
Material and design selections —deckhouse structure
Hull outfitting scheme

Deckhouse outfitting scheme

Machinery space outfitting scheme

Definition of information requirements for design and production
Preliminary make-buy assumptions

Basic key event schedule development.3

The build strategy is contract specific and supports the company Business Plan and

Shipbuilding Policy. The shipyard business plan sets out the company’s long range goals

and how it plans to achieve them. This should include the desired product mix and a

marketing plan for achieving it, shipyard capacity, targets for cost and a pricing policy.

The Business plan is supported by a shipbuilding policy. This policy defines the

organization and build methods required to produce the product mix in the Business Plan.

3 These elements are adopted from Wade [1995]. He included two additional elements (1) the
establishement of industrial base capabilities/limitations, and (2) the creation and adoption of a
PWBS. These are applicable to a Generic Build Strategy, but in general should be determined as part
of the shipbuilding policy.
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The Shipbuilding Policy should include decisions on facilities, productivity targets, and the
production organization. The shipyard policy should specify a PWBS and how this fits in
with the design, production, planning, and material control organizations. The business
plan and shipyard policy are the guiding documents for the build strategy.

The major U.S. yards are currently at a cross road with regard to product mix. On
the one hand they are being asked to enter the commercial market as one means of
preserving the shipbuilding base. However, they recognize who their customer is now and
appear to be unwilling to bet the yard on being able to successfully compete in the
international market. At least one yard CEO has publicly stated that their business is
building Navy ships and they intend to continue doing so. The question arises for the
industry whether a dual purpose, Navy and commercial, yard can be viable. Lamb, Allan,
Clark, and Snaith [1995] contend that it cannot and cite the experience of European yards
that have tried to do so and failed. However the Japanese have successfully accomplished
this with side-by-side yards that use the same engineering, material control, finance and
some production facilities. At least one U.S. yard stated a willingness to try. The
question is whether the inefficiencies inherent in having the government as a customer can
be eliminated from the commercial side of the business. The alternative is for the
government to become a world class customer as envisioned by the current Acquisition
Reform program.

D. STANDARDIZATION AND NAVY INITIATIVES

This section describes two closely related Navy initiatives: (1) Affordability
Through Commonality (ATC) and (2) Mid-term Sealift Ship Technology Development
programs. Both these programs address producibility and affordability.

1. Affordability Through Commonality

The ATC project office in NAVSEA was established in August 1993, but its roots
go back to the SEAMOD concept initiated in the late 1960s. SEAMOD envisioned a
limited number of generic hulls, which could be equipped with weapons systems selected
from a catalog of standard modules. Although the concept was never adopted by the U.S.
Navy, it found practical application at Blohm and Voss--a German shipbuilder--in the form
of the MEKO frigate. Blohm and Voss markets MEKO combatants worldwide, based on
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a standard hull and a selection of weapons and equipment modules that can be selected to
individualize the ship for a particular mission. To date, 38 MEKO vessels have been built.

_ The ATC initiative was begun with the intention of “....improving the process by
which the Navy, with industry’s help, designs, acquires, and provides lifetime support for
ships used in national defense.” The ATC program goal is to reduce the cost of ship
acquisition and in-service support. This goal is to be achieved through equipment
modularization, increased equipment standardization, and process  simplification.
[Bosworth and Hough, 1993] The ATC is part of the National Shipbuilding Initiative
established by Title XIII, National Defense Authorization Act, 1994. [Hough, 1995] The
Mid-term Sealift Ship Technology Development Program is a series of R&D tasks being
carried out by the Ship Technology Office of the Naval Surface Warfare Center,
Carderock Division under the direction of OPNAV (N-42) and NAVSEA (03R).

These programs are well documented and well known throughout the shipbuilding
community. We briefly summarize them here because of their importance and far reaching
implications for the future of Naval ship production.

a. The ATC Concept

The ATC concept includes three primary elements; (1) common modules/
interfaces across the fleet, (2) increased equipment standardization, and (3) process
simplification.

Common modules promote parallel efficient construction and outfitting in a shop
environment, and more affordable upgrading. Prototype modules have been developed for
crew habitability spaces (quarters, sanitary modules), machinery/auxiliary systems [e.g.,
Navy Standard Fire Pump; Heating, Ventilation and Air Conditioning (HVAC) modules;
and reverse osmosis desalination modules], and combat systems/C*I systems (e.g., a 5-inch
Gun module). Habitability modules are common in cruise ship construction and facilitate
off site joiner work. Machinery/auxiliary system and combat/ C*I system modules would
facilitate design, acquisition and intermediate maintenance and future upgrades. Systems
could also be used in multiple ship classes. '

Equipment standardization is inherent in having common modules, but extends
further and to diverse equipment down to piece parts. This element of ATC borrows from
the Ship System Engineering Standards (SSES) program of the 1980s which facilitated
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both construction and maintenance by standardizing families of equipments, such as
centrifugal pumps. SSES reduced the number of parts, éssemblies, and specifications to a
minimum. For example, by developing a family of standard fire pumps the Navy reduced
the number of pumps in the fleet from 70 to 8. [Tibbetts, Keane, Covitch, and Comstock,
1993] In order to realize real savings and simplify the process, standardization would also
take advantage of commercially available equipment and rely on commercial standards
when possible. The standardization of systems and parts could effect the realization of a
system comparable to that used by the British for many years. The British have long used
a system whereby components are certified and stamped with a crown. Parts bearing the
crown are then guaranteed acceptable for the intended use.

Process simplification depends on the concepts of modularity and equipment
standardization. The processes to be simplified include production, logistics and
requirements definition. = According to Bosworth and Hough [1993], process
simplification includes the strategies, policies and procedures to implement the following:

« Fewer, more standard systems designs [especially for hull, mechanical, and
electrical (HM&E) systems]

« Elimination of unnecessary military specifications and standards
« Procurement of equipment at the fleet level

« Generic and engineered build strategies at the fleet level

- Improved/efficient assembly of major equipment/systems

« More production-oriented distributed system architectures

o Increased parallel assembly/test of equipment and systems during ship
construction

« Fewer equipment/systems to support (i.e., spares and training)
« Replaceable components/subassemblies to ease maintenance
. Upgradable systems to ease modernization (combat systems)

. Digital data use and reuse across discipline lines and across the current
boundaries of design, acquisition, production and in service engineering.
2. Mid-Term Sealift Ship Technology Development Program
The Mid-Term Sealift Ship Technology Development Program (MSSTDP)
addresses ship producibility. It is a cooperative program involving shipyards, university
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personnel, vendors, design consultants, and the NAVSEA Shipbuilding Support Office,
Philadelphia. Objectives of the program include construction contract cycle reductions of
40 to 60 percent, initial acquisition cost reductions of 15 to 25 percent, replacement of
MILSPEC equipment with commercially acceptable versions, enhanced CAD capability
with on-screen “lessons-learned,” creation of equipment arrangement and packaging
concepts, and to identify and recommend candidate activities for change within the
NAVSEA acquisition process. [Wade, 1995] Projects include:

+ Infrastructure Study in Shipbuilding (ISIS) [Wade and Karaszewski, 1992]
«  Generic Build Strategy [Wilkins, Singh, and Cary, 1995]

+  Product-oriented cost estimating

+ Engine room arrangement modeling (ERAM)

» Commercial standards development

 Auxiliary Ship Acquisition Model (ASAM)

» CAD-2 Producibility Software Module.

Participation of shipbuilders, U.S. and foreign, is a strong plus for the MSSTDP.
Shipyards, vendors and design agents, along with the USCG and the University of
Michigan are major participants in the four primary producibility studies (ERAM,
Commercial Standards, SSAM and CAD-2 tools).

E. FINDINGS

As stated at the beginning of Chapter II, design and production are closely related
and should not be separated in practice. Consequently, this section covers concepts
analyzed in this chapter as well as in the previous one. The industrial performance of the
U.S. shipbuilding industry is determined by complex economic and political interactions.
The market structure is characterized by a monopsonistic buyer (the U.S. government)
and oligopolistic sellers. The product market is characterized by cyclicality and resulting
risk averse behavior on the part of the industry. The reliance on the U.S. government has
resulted in a labor intensive industry, the effects of which are amplified by restrictive
government acquisition regulations. All of these factors affect the investment patterns and
production methods chosen by the firms within the industry. Although a great deal of
effort is being expended to encourage the industry to enter the world shipbuilding market,
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there seems to be no compelling reason for them to do so right away. As long as the Navy
continues to pay a premium to acquire ships under the current rules, it is likely that the
industry will continue to respond to their primary customer.

Uncertainty and risk aversion drive production, and the adoption of modern
production methods is encouraged by a market which rewards efficiency. The current
system of unilateral contract cancellation, option ships, and dual sourcing adds to the
uncertainty of the market and dual sourcing reduces the throughput for successful bidders.

The Navy has initiated many innovative programs which have the potential of
reducing the shipbuilding construction cycle time and reducing life cycle costs. The DAC
project, ATC, the LPD 17 program office initiatives, and the Mid-Term Sealift Ship
Technology Development Program all provide practical answers to making Navy ship
production more cost-effective. However, all of these programs are structured around
current NAVSEA, DoD and Congressional policy. Efficient ship production requires
revolution rather than evolution. The U.S. Naval shipbuilders are unlikely to become

world class until the U.S. government becomes a world class buyer.

The practice of NAVSEA retaining strict control over design, through contract
design, inhibits shipbuilders from developing fully capable design organizations which are
integrated with production, accuracy control, planning, and production or material
control. Inviting potential bidders and suppliers to be part of the design IPPDT, and the
Generic Build Strategy go a long way toward making producibility a driving force in Navy
ship designs. However, these are still only ways to reduce the undesirable effects of the
shipbuilder not having control over contract design--what an economist would call a
“second best” solution. Figure 19 shows the design stages for an integrated
engineering/production approach to product oriented ship design and construction
compared with the conventional Navy approach. This figure appears in several briefings
of the GBS and in [Bosworth and Hough, 1993]. The product oriented approach (b) is in
close agreement with standard GT shipbuilding practice. Although the figure is only a
schematic, the zone oriented arrow should perhaps be extended in both directions. The
main difference between the approach as presented and world class is in who does the
contract design. If the contract design were done by the winning shipyard (industry team)
as part of a design competition, there would be no need to extend the GBS beyond the
preliminary design phase. The bidders could then prepare contract designs based on their
own facilities, build strategy and supplier arrangements.
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CONVENTIONAL APPROACH INTEGRATED ENGINEERING/PRODUCTION APPROACH
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Source: [Hough, 1995].

Figure 19. Comparison of Conventional Navy Design/Production with an Integrated
Engineering/Production Approach

The current practice of the government retaining control over procurement and
integration of the weapons systems removes control of the total ship production process
from the shipbuilder, and inhibits organizing for integrated product oriented design and
production. Joint ventures such as the Trinity-McDonnell Douglas King Cobra team and
those formed to compete for the LPD 17 include firms experienced in dealing with
electronics and weapons systems. Such partnering would enable the prime contractor to
assume responsibility for procuring and integrating the weapons system, and would thus
offer an alternative to extensive reliance on GFE.

The current design cycle and requirements for open competition further dilute the
prime contractor’s control over the production process by necessitating Navy procurement
of long lead items. One alternative is to select the prime contractor prior to contract
design (allocation). However, it is not clear that this would be an acceptable course of
action. It has been done in the past, but it is unlikely that Congress or the courts would
allow the complete absence of competition from the process of selecting the prime
contractor. The feasibility of each bidder identifying long lead time items as part of their
contract design, with orders being placed after contract award should be investigated.
This was essentially the design strategy used for the FFG 7, considered to be a very
successful program by operators and the Navy design organization. [Tibbetts and Keane,
1994] Any lost time between contract signing and keel laying (the time generally
determined by the delivery of long lead time items) would not affect total cost nearly as
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much as the current excessive construction time for each ship. Partnership arrangements

between the bidders and suppliers of long lead items would also facilitate the elimination
of this part of GFE.

Several additional findings regarding production follow:

Unique government contract requirements and management practices impose a
premium on all defense procurements including Navy shipbuilding. Although
the exact percentage that applied to ships is not known, the premium has been
estimated at 30 percent for government procurement in general. [Perry, 1995]
The requirements for 400+ SUPSHIP personnel at each major shipyard
represent some portion of this cost and should be reviewed. The review
should include examining the change order process, different progressing
systems for the purpose of payments--including payments at major milestones--
and the need for government hands-on quality testing. Greater reliance on the
prime’s internal system for progressing, and quality assurance should be
examined. Wherever possible, hard copy CDRLs should be replaced by
computer access to designated contractor data bases.

Navy insistence on the contractor using the SWBS for progressing is
counterproductive. Not only does it require time consuming and inaccurate
conversions, it has been observed that some yards define work packages based
on system rather than zone. This is in direct conflict with group technology
shipbuilding. Product-orientation should be introduced during contract design
and used for all planning, purchasing, progress reporting and cost collection
throughout production, with the possible exception of some final testing. The
MSSTDP includes a project, scheduled for 1996 completion, to provide the
Navy with a product-oriented cost estimating system capable of supporting the
PWBS developed by the GBS task.

Rules for pricing and competition at the sub-contractor level should be revised.
This is part of DOD’s Acquisition Reform program and the details are beyond
the scope of this study. At a minimum, however, use of partnering of prime
and subcontractors and sole source subcontractors for fixed price contracts
should be considered.

Navy requirements which inhibit on-block/on-unit outfitting are in need of
review. Brazed and welded pipe joints, long cable runs, second blast and
prime, and requirements for extra paint coats are the most often mentioned.
Painting and accuracy control appear to be the weakest areas with respect to
cost and schedule among US Navy shipbuilders. A reevaluation of prohibitions
on pipe couplings and cable splicing, and painting and blast requirements,
along with studies of advanced painting systems, should be initiated. Accuracy
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control systems should perhaps be required by contract and monitored for
contractor compliance just as quality assurance systems are supposed to be
now.

«  Cyclicality of the market and small size of the industry has resulted in an acute
supplier/sub-contractor problem. Every effort should be made to remove
restrictions and accounting practices which inhibit suppliers from entering the
U.S. naval ship market. Partnering arrangements should be encouraged and
pricing and quality standards should be based on the market and ISO-9000
certification and compliance where possible.

There appear to be no significant barriers that would preclude the U.S.
shipbuilding industry from re-entering the world market provided that foreign subsidies are
eliminated as planned. In fact, in the absence of subsidies, the combination of relatively
high U.S. shipbuilding technology (albeit not the very best) and lower compensation rates
could give U.S. shipbuilders a comparative advantage. By adopting the kind of innovative
manufacturing methods outlined in this chapter, U.S. shipyards could improve productivity
and lower costs, and thereby enhance their competitive position. In the following chapter
we will explore the broader economic consequences of doing this. On the other hand
there is no compelling economic reason for U.S. shipbuilders to compete in the world
market as long as the Navy work lasts. It is not clear that the U.S. shipbuilding industry
can catch up in the areas of marketing and organization (soft technology) in time to
become world class. It is incumbent on the government to remove bureaucratic and
administrative barriers to the extent possible in order to give the U.S. yards a chance to
become internationally competitive. The declining Navy backlog and each yard’s own
ability to compete will then result in their making the decision one way or another. It
seems desirable from the industrial base standpoint for at least part of the industry to enter
the world market for commercial ships. Even if this does not happen, the benefits to be
derived from the government becoming a world class customer could significantly
decrease DOD’s acquisition and ownership costs.
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IV. POTENTIAL FOR U.S. SHIPBUILDERS IN
COMMERCIAL MARKETS

A. SCOPE AND METHODOLOGY

The President's Initiative with respect to the strengthening of U.S. private

shipyards in the world commercial shipbuilding market [President, 1993] raises a variety

of important economic, political and strategic questions. Among the more important

questions with economic implications are the following:

1.

After having abandoned the export market for commercial shipbuilding for 37
or more years, can American shipyards reenter a highly subsidized world
market with technologically advanced rivals and attain an economically
competitive position which can be sustained over time?!

Does the possibility of success imply the need for an active U.S. government
industrial policy and subsidies to counter their widespread use by foreign
nations?

Are the subsidies and capital funds that may be necessary an efficient usage of
national resources? If so, should such support be extended to all existing
shipyards or limited to a subset judged to be the most promising candidates?

Is this an industry in which a technologically advanced economy like the
United States or Japan has a potential comparative advantage, either across
the broad spectrum of ship types or in niche markets?

To what extent do the national security benefits of a domestic commercial
shipbuilding capacity override the potentially lack of competitive viability?

Although the primary focus of this chapter is on the first two of these economic questions,

the assessment casts some light on the last three as well.

1 The last commercial ship exported from the United States was in 1957 [Carson and Lamb, 1990]
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1. Structure of the Analysis

Demand projections for shipyard new building over the next 10 and 15 years were
obtained from existing literature. These forecasts we found to be highly uncertain, even
from the consulting firms judged the best in the field. Indeed, the more qualified the
forecas