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THE ANNUAL REPORT OF THE NATIONAL
SHIPBUILDING RESEARCH PROGRAM: PART 1

V. W.RINEHART, Maritime Administration

| NTRODUCTI ON

Founded by shi pborne inmmigrants
from various seagoing nations, and
bl essed by deep rivers and natural har-
bors along their eastern coasts, the
North American colonies early in their
hi story devel oped a vigorous and suc-
cessful  shipbuilding industry. The
shi ps produced in these shipyards not
only supported a thriving trade anmon
the coPonies and between them an
Europe, but also formed the backbone
of the fledgling navy of the Anerican
Revol uti on. Since “that tinme, S.
shi pyards have continued to serve both
the commercial and-defense needs of the
Nat i on.

By t he beginning of
however, two factors had devel oped
whi ch had detrimental effects_ on the
U.S. shipbuilding industry. The first
was the continued westward expansion
during the nineteenth century which de-
creased the relative role of shipping
in the national econony as donestic re-
source devel opment and trade increased
The second was the conpetition of for-
eign technology -- specifically, iron
hul'ls and st'eam propul sion -- which
gradual |y displaced the wooden-hulled
sailing "vessels at which US. yards
excel | ed. The result was that by the
begi nning of Wrld war I, U S. ship-
yards were hard put to meet the demands
of war shi pping.

this century

) For the first time. in the Ship-
ping Act of 1916, the Government found
It necessary in the national interest
to pass legislation “for the purpose
of encouragi ng, devel oping, and cre-
ating a naval auxiliary and naval re-
serve and a nerchant marine to neet
the requirements of the comrerce of the
United States and its Territories and
possessions and with foreign countries
o Subsequent | egislation, nanely,
the Merchant Marine Acts of 1920, 1928,
and especially the landnmark Merchant

Marine Act of 1936, greatly increased
the role of the Federal Covernnent in
the nmaritinme industries, i ncl udi ng

shi pbui | ding. Supported by this body
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; Loar R g
Trgzeporiciion

DA»A a,-unga rmﬂa;é‘l*ﬂ

of legislation and under wartime de-
mands, U.S. shipyards produced ships at
an amazing rate during Wrld War 1l. By
1945, the United States possessed a Nav
and Merchant Marine unequal ed in worl
history.

By 1970, however, the naritinme in-
dustries once nore found thenselves in
a depressed state, and additional Leg-
islation was deened necessary to stim

ulate them One of the specific. re-

sults of this legislation was the es-
tabli shment of a greatly expanded re-
search and devel opnent R&D) program
under t he Maritime  Administration
(MARAD), which had energed in 1950 as

the Agency responsible  for naritine
olicy. One of the new R&D prograns
egun in 1971 was the National Ship-

bui I di ng Research Program (NSRP).

GOALS OF THE NSRP

The initial goal of the NSRP was
to respond to the direction given to
the Secretary of Commerce in the Mer-
chant Marine Act of 1970 to “col | aborate
with . . . shipbuilders in developing plans
for the econom c construction of vessels”
[Section 212(c)]. To-provide industr
management anti  technical input, MARA
selected the newy . forned sm§) Pr o-
duction Conmittee (SPC) of the Society
of Naval Architects and Marine Engineers
(SNAME).  While the content and techni-
cal thrust of the NSRP has varied over
its 15-year life, its basic goal has
remai ned the sane: to reduce produc-
tion costs and to accelerate deliveries
t hrough inproved shipbuilding nethods

In addition to responding to the
Congressi onal mandate, the Governnent
has additional reasons for wanting to
i mprove shipyard efficiencies. Title V
of the 1936 Act provided for payment of
Construction Differential Subsidy (CDS)
of up to 50 percent of the cost of con-
structing a new vessel in a GS. vyard

VWile the CDS program is now |nactive

| arge suns were expended on this pro-
2;an1each year for a nunber of vyears.

the adm nistrator of the program
MARAD had an obvious interest in



basi ¢ mechani sns are wel |

reduci ng construction costs, and hence
CDS paynments. Furthernore, reduced
construction costs result-in |ower do-
mestic shipping costs and contribute to
the conpetitive position of U S. ship-
pi ng conpani es operating in the foreiﬁn
trades -- hence, contributing to the
viability of the U 'S, nerchant marine

Finally, 1in recent years, inprovenments
intro&hced through the NSRP have re-
sulted in enornous savings to the U S

Navy’ s shipbuilding program

Pr ogr am Approach and Mechani sns

the NSRP and its
under stood b
its participants. However, because o
their inmportance and because of recur-
ring evidence that they are not under-
stood throughout sone elenments of both
overnnment and industry, they are brief-
sunmari zed here. Shipbuilding in
the United States is carried out by a
nunber of independent private conpani es
in conpetition with each other, and to
sone degree with the shipyards of other
countries. while each conpany obviously
has an interest in inproving its pro-
ducts and reducing its costs, the frag-
mented nature of the industry and the
severe variations in work |oad overtinme
have made it very difficult for even the

The approach of

| argest shipyards to maintain formal R&D
rograns. furthernore, anti-trust |aws
ave discouraged conpanies -- until

recently -- from banding together inco-

operative R&D prograns. { the sane

time, however, shipyards in both Europe
and the Far East have inproved their
construction technol ogies dramatically
through cooperative and governnent-
sponsored research prograns.

The NSRP seeks to overcone these
di sadvantages to U S. yards by estab-
lishing a framework for a cooperative,
cost-shared program across a w de spec-
trum of shipbuilding activities. The
Gover nment ( MARAD, and nore recently
Navy) provides broad guidance and direct
fundi ng of a nunber of technical pro-
jects each year. Projects are selected
and monitored by 10 techni cal panels of
the SNAVE/SPC. These projects are per-
formed on a cost-sharing basis through
contracts w th shipyards and, in one
case, an acadenic institution. Results
of all research projects are made avail -
able to all participants through pane
neetings and formal reports.

The net results have been a sub-
stantial inprovement in productivity of
the entire U S. shipbuilding industry
at a fraction of the cost of subsidies
or individual research prograns. Pro-
jects selected through a conpetitive
screening process in the panel struc-
ture tend to be both relevant and broadly
aﬁplicable. Wde industry participation
t hroughout the selection and execution
process virtually guarantees inplenen-

tation of results. Some additional bene~
fits, not anticipated- at the program's
inception are discussed in a later sec-
tion of this paper.

A more detailed description of the
program structure and recent activities
is given in an excellent paper by
F. Baxter Barham, Jr., entitled "The
SNAME Ship Production Committee -~
Overview,” presented at the January 25,
1984, meeting of the Hampton Roads Sec-
tion of SNAME, and reproduced in the
SNAME  Journal of Ship Production
(February 1985, Vol. 1, No. 17.

Program Accomplishments

Since the beginning of the NSR?,
well over 200 individual projects have
been completed and another 100 are on-
going. Results of completed work have
been disseminated@ to the entire ship-
building industry through seminars such
as this, written reports, books, and
since early 1985, the Journal of Ship
Production, the quarterly SNAME publi-
cation referred to earlier. Some of
these projects, especially earlier ones
have been oriented towardé hardware and
shipbuilding processes. Later projects
have tended more toward planning and
organizational techniques, with generous
attention given to education and better
use of the human resources in the in-
dustry.

Technical Accomplishments

A comprehensive review of NSRP
technical accomplishments --- even a
complete listing --- is beyond the scope
of this brief paper. dowever, it is
appropriate to list a few of them to
impart some flavor of the direction and
scope of the program. Those listed be-
low are examples of the early emphasis
on hardware/process subjects:

. Automatic machine for painting
structural shapes (1975);

. Improved vertical butt welder
(1976);

. Semi-automatic pipe handling
and fabrication facility

Concurrently, other projects have
sought to apply advanced scientific or
engineering developments to ship manu-
facturing methods. Examples of such
projects are:

. Shipbuilding alignment using
lasers (1974);

. Photogrammetry in shipbuilding
(1976); .

. Plasma cutting and welding
processes for shipbuilding
(1976):



cabl e

Apr)roved el ectrical
sp (1979);

i cing procedure.

Eval uation of waterborne
coatings (1981).

A special category of projects has
focused on applications of conputer-
aided design and manufacttiring tech-
ni ques. Research projects in this
category incl ude:

Li censing of the AUTOKON auto-
mated plate cuttin S)]/stem for
use in US. vyards ?19 6);

Shi pyard planning and schedul -
ing applications usi n? the MOST
system écorrputeri zed [ abor
standards) (1982-1984);

Software tools for shipbuilding
productivity (1984).

as the program devel oped, and as
know edge grew of concepts devel oped in
other industries and other countries to
better utilize human resources, a series
of exploratory projects was launched to
deternmine the applicability of these
concepts to the shipbuildi ng i ndust r){
These areas inclcded: the devel opmen
and utilization of robotics and flex-
i ble automation techniques; social tech-

nologies related to human resources,
specifically wor ker participation/
i nvol venent ; devel opnent of national

marine industry standards; devel opment
of reports, texts and other |earning
materials to further education and
training for all levels of shipyard
enpl oyees.

However, one of the nost signifi-
cant areas of research and devel opnent
to emerge has been the study and appli-
cation of advanced manufacturing tech-
nol ogies to work organization using
group technology principles. An inpres-
Sive data base has been accunulated to
hel p in the understanding and inpl emen-
tation of an integrated concept of de-
sign and production to pernit zone-
oriented ship construction. Projects
inthis area dealt with:

Qutfit planning (1979):
Product work breakdown structure
(1980);

Process anal ysis using accuracy
control (1982);

Pi pe-piece famly manufacturing
(1982);

Line heating (1982);

Integrated hull construction,
outfitting, and painting (1983);

Design for zone outfitting (1983);

(7]

. Product-oriented material
management (1985);

|722L3

. Design-for-production manual
(1986). .

The results of these projects ini-
tiated in individual ship-yards have
rapidly spread and are now used inten-
sively in all nmejor U S. shipyards.
Their use has been di rectla/ responsi bl e
for large cost savings and significant
schedul e acceleration in the naval con-
struction program

Non-techni cal Acconplishnents

While solution of technical prob-
lems is an inportant element of pro-
gress, there are other areas of equal
Importance, as | was reninded on a re-
cent trip to Philadelphia to attend a
joint neeting of the SNAVME SP-6 Panel
and the ASTM F-25 conmittee on nmarine
st andar ds. | took the opportunity to
visit the Franklin Institute, on the
third floor of which | found an area
dedi cated to ship design and ship-
bui I di ng. One exhibit 1'n particular
caught ny eye. It was a rather |arge-
scal e nodel "of an open boat with a prim
itive steam engine installed. Besi de
the nodel was a placard, which read:

“FITCH (1743-1798)

“John Fitch lead an adventurous
life. He was a clockmender, brass-
f ounder, silversmth, gunsmi th,
and frontiersman. He was captured
bK I ndi ans and published a map of
the Northwest Territory.

“Then his life took a turn which
made Fitch a significant figure in
Anerican history.

"I was so unfortunate in the month
of April 1785, as to have an idea
that a Carriage might be carried by
the force of Steam al ong the Roads.
| persued (sic) that |dea about one
week, and gave it over as inmpracti-
cable, or in other words turned ny
thoughts to Vessels, which appeared
to me that it might be applied to
advantage on the Water . it has
been the nost inprudent schene
that | ever engaged in.

“Fitch joined forces with Phil a-

del phi a cl ockmaker Henry Voight --
‘the first Mechanical Genius that
| ever met in the whole course of
ny life' -- and formed a stock

conpany in 1785. They began build-
ing a steanboat. Unable to buy an
Engli sh steam engine, Fitch and
Voi ght had to design one and build
it themsel ves.

“Continui ng nechani cal

. . : troubl es,
unreliable financing,

and the public



resistance to steanboating resulted
in Fitch’s commercial failure. He
died in Kentucky in 1798, a broken
man. ”

The depth of Fitch's frustrations
are revealed in this excerpt from his
writings:

“l know of nothing so perplexing and
vexatious to a man of feelings, as a
turbulent Wfe and Steam Boat build-

ing. | experienced the fornmer and
quit it in season. and had | been in
ny right senses, | should undoubtedly

treated the latter in the same man-
ner, but for one nman to be teased

with Both, he nust be |ooked upon as
the nost unfortunate nman of this
world.”

W may not agree with John Fitch
in all respects. I am sure that his
attitude toward marriage is not a typi
cal one. Furthernore, if he had known
the term “R&D,” he would have included
it as one of the nagging curses of man-

ki nd. But | am sure many of those in
toda?/’ s industry will agree that he was
absolutely correct about the problens

of “Steam Boat building.”

The reasons cited for Fitch’s com
mercial failure were “mechanical trou-
bl es, unreliable financing, and the pub-
lic's resistance to steanboating.” Today
simlar problenms exist which | wll re-
fer to as technol ogy, organization sup-
port, and narkets. As indicated earlier
in this paper, great steps have been
taken by the NSRP to assist U 'S. ship-
yards in upgrading their technology. The
other two issues are addressed briefly
bel ow.

Organi zati onal  Support

The past role for financial support
of the US nmaritime industries has been
alluded to in an earlier section which
di scussed related Federal |egislation.
It is not the purpose of this paper to
di scuss national maritime policy nor the
support nmechanisns required to inplenent
it. it is appropriate, however, to dis-
cuss some serendipitous organizational
benefits of the NSRP.

The NSRP organizational structure
as it evolved was designed to facili-
tate the inplenmentation of the program
and to nmaximze its benefits by: (1)
suppl ementing the mninmum staffing (I1-3
persons) of the MARAD program office;
(2) obtaining the active participation
of the shipyards which would use the
results; while at the same time, (3)
avoi ding the appearance of industrial
collusion. The attitude of the industry
before the beginning of the NSRP, and
indeed during its early years, could be
described in tw terns -- mistrust and
anti-trust. Shi pyard personnel --

especi ally nmanagenment -- found it diffi-
cult to understand that cooperation in
solving technical problenms could be both
mutual Iy beneficial and |egal.

These-concerns were overcone |argely
ly by the patience and w sdom of two
MARAD officials, Jim Hggins and Jack
Garvey, and the first chairman of the
Ship Production Conmittee, Ellsworth
Peterson. By restricting early projects
to basic comon technologies such as
wel ding, and by insisting that comittee
menbers workout organizational problens
with mmnimm governnent involvenent a
set of strong, conmitted, and sonetines
fiercely independent panels and program
managers was forged.

The resulting organization has
served the NSRP well. It has had two
other benefits which, while not fore-
seen, are probably as inportant as the
one originally sought. First, the or-
gani zation provides a ready and active
mechanism for technology transfer.
“Hands-on” participation in the selec-
tion and managenent of research pro-
jects provides many opportunities for
exchange of new technology, not only
between participating shipyards, but

from foreign shipyards and non-maritine
industries into the U S shipyard
i ndustry.

The second unpl anned benefitis the
unifying effect of this organizational
infrastructure. Results achieved in a
cooperative nmanner have (generated a
feeling of comon purpose and a sense
of pride in the quality of the Anerican
shi pbuil ding industry that other indus-
try ozgani zations, specifically the
Shi pbui l ders Council of Anmerica (SCA)
and SNAME, had not achieved because of
their different purposes. The NSRP
organi zation forns a highly valuable
link between the technical interests of
i ndi vidual SNAVE nmenbers and the busi-
ness interests of the corporate nenbers
of the SCA.

Mar ket s
Now, what about narkets, and how
does the NSRP relate to that issue?

Certainly, the Navy shipbuilding pro-

gram benefited from the NSRP results.

On the other hand, the Navy program
provided an opportunity for application
of research results that might other-

wi se not have been available. There is
no doubt that new technology without

mar ket application is sterile.

However, there is also no doubt
that without technological refurbish-
ment, new nmarkets are hard to come by,

anti existing markets fade away. Cer -
tainly the benefits to the Navy of pro-
ductivity inmprovement will affect their

attitudes toward Anerican yards, and if
properly publicized, will not go



unnoticed by U S. comercial ship opera-
tors when they consider new buil dings.
Furthernore, the new attitudes toward
R&D and Anerican yard quality can have
a positive effect on the thinking of
shipyard nmanagenent as they contenplate
noving into new narkets, sa}q, i ndustri al
plant “vessels. Finally, the attitudes
of the yards will certainly be consid-
ered by those now in the process of de-
vel oping new maritine policies.

In  summary, mar ket s, organi za-
tions, and technical inprovenments are
all related and support each other. It
will be a mstake to neglect further
efforts to inprove productivity even
t hough narkets may be tenporarily de-
pressed, or to allow the valuable in-
frastructure already established to
crunbl e and di sappear.

QUTLOCK TO THE FUTURE

As Charles Dickens wote in the

Q?eni n% Iihne% of A Tale of Two Cities?

t was the best O—trnes, 1t was the
worst of times.” Certainly, there are
aspects of the maritine industry that
are not very bright at present, nor
t hat | ook Erorri sing for the near future
However, there are some very positive
factors in the current shipbullding
busi ness. From the standpoint of the
NSRP, one of these is that great pro-
lggress has been made in increasing ship-
uilding productivity, thereby reducing
costs and accelerating deliveries.
Properly used, this record can be used
to advantage in seeking new markets.
The second factor is that a highly ef-
fective organization to pronote trans-
fer of existing technology and to en-
courage further productivity inprove-
ments is in place.

W areas invite further attention
in the future. One is the narket de-
vel opment area addressed previously.
The second is the ship repair and refit
mar ket . Previ ous conventional w sdom
had it that productivity inprovenents
in new construction could only be real-
i zed by design stantiardization or by
multiple orders. The repair and refit
mar ket was considered an even nore dif-
ficult area for inprovement. New con-
cepts denonstrated under the NSRP and
now widely in use in new construction
meke it clear that these concepts are
also applicable to a large degree in
the ship repair and refit market. as
the Navy construction program draws to
a close, the other. nmarket should be
addressed nuch nore seriously.

Finally, what will be the role of
government in the future?

Present Administration policy is
clear that research and devel opment for
i mprovenent of industrial technology is

the primary responsibility of the pri-
vate sector. On the other hand, it is
clear that both as a major customer (Navy)
and as a. responsible agent (MARAD) for
ensuring an adequate merchant marine
“supplemented by efficient facilities
for shipbuilding and repair” as required
by national policy as set forth in the
Merchant Marine Act of 1936 (as anended),
the Governnent has an interest in the
future quali t%/ of U S. shipyards. Wile
it is likely that future governnent in-
vol verent will be less direct than be-
fore, it seems unlikely that involvenent
will cease entirely.
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1986 SHIP PRODUCTION SYMPOSIUM.

THE ANNUAL REPORT OF THE NATIONAL
SHIPBUILDING RESEARCH PROGRAM:PART 2

J. W.BRASHER, Ingalls Shipbuilding

ABSTRACT

The highly successful Nat i onal

Shi pbui | di ng Resear ch Program is
creating a revolutionary change in how
we build ships. In one and a half
decades, the benefits of inprovenments

shi pbui I din managenent processes
have resulted in significant cost
reductions to custoners -- bhoth
nmlitary and comercial.

The  program i mpl enented by
the Ship Production Committee and
supported by nost shipyards, design
agents, and the Governnent, provides
mitual transfer of technology, thus

benfitting all -- even some who do not
parti ci Fat e in the program The
use 0 product - ori ent ed, nmodul ar

construction t echni ques has been
wel | set forth in nonographs published
by the National Shipbuilding Research
Program in a tutorial and applicable
format. Thus, the yards who have
adopted the technol ogy have a standard
to which to work.

The cost of the programis
shared by the Covernnent and industry,
at a payback factor of 25 tines the
cost . This was reported in the
Ef fectiveness Report of 1985, which
showed that the National Shipbuilding
Research Pr oqram enj oyed the highest
payback of all the projects of the
Manuf acturing Technol ogy Program

However well received the program
has been by Governnent and industry,
the current curtail ment of Governnent
funding is jeopardizing the program
It is the intent of the Ship Production
Conmmittee to maintain the work and the
structure of the Ship  Production
Committee and its transfer of tech-
nology, even if at sone |evel |ower
than currently realized.

/***/

The National Shipbuil ding Research
Program is a successful program
has led the way on a national scale to
an unprecedented | evel of cooperation
among shipyards to achieve a better
&uallty product at a lower cost.

her = speakers  will fill in the
details, but the bottom line is
substanti al cost savings to the
pur chaser of ships. At this time,
the  principal shi buyer is the
u. S Navy; therefore, the savings

are to the taxpayer.

The Ship Production Conmittee

one of the committees within
the oversight of the Society of
Naval Architects and Marine Engineers
(Figure 1). The committee menbership
represents di verse private sect or
groups (Appendix I), primrily ship-
yards, educat i onal Instituti'ons and
sever al government  agenci es. Most
nmenbers are experts in their field.

The Committee was formed in
1970 to provide industry nmanagenment
and technical input to a governnent

sponsor ed cooperative effort to
devel op nore econonical construction
aPPr oaches to  shipbuilding. Thi s
effort has become known as the
Nati onal Shipbuil ding Research Program
(NSRP) . Oiginally, this was a

partnership of the Maritinme Adm nis-
tration and the private sector.

In 1982 the U S. Navy joined the
part nership, and the ~program has
greatly benefitted by the participation
of this “new’ nenber.

Although the collective effort
bears the nane of a research program
in fact essential Idy all of the effort,
and it is considerable, would nore
accurately be described as a program
to apply  engineering, managenent ,
and technical devel opnents to ship-
building or ship acquisition situ-
ations. Whi chever words one chooses
to use, it brings the shipbuilding
know how of the shipyards, the needs
and requi rements of the federal
agencies and the technical expertise
0 the academic institutions into
sharp focus. The contracted projects



[NATIONAL SHIPBUILDING RESEARCH PROGRAM|

- } TECHNICAL AND RESEARCH COMMITTEE )
SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS (SNAME)

[SHI P PRODUCTION COMMITTEE
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FUNDING
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SP-1 FACILITIES & ENVIRONMENTAL EFFECTS SP-2 OUTFITTING & PRODUCTION AIDS
SP-3 SURFACE PREPARATION & COATINGS SP-4- DESIGN/PRODUCTION INTEGRATION
SP-5 HUMAN RESOURCE INNOVATION SP-6 MARINE INDUSTRY STANDARDS
SP-7 WELDING SP-8 INDUSTRIAL ENGINEERING
SP-9 EDUCATION SP-10 FLEXIBLE AUTOMATION

FIGURE 1. ORGANIZATION CHART FOR MANAGING AND FUNDING OF NSRP

approached by the Committee are choose not to be represented on the
managed by the ten research panels Commi t t ee.
(Appendi x 2), each concerned with _
some specific phase or area of the _ I npl enentation of nore nodern
shi pbui | di ng process. panel shi pbui I ding technology was initially
has vol unt eer chai rman, about and primarily in the  production
30 volunteer nenmbers, and a funded of commercial vessels. Most  publ i shed
Program Manager . It is the Program enpiri cal data have been commercial
Manager’s job to oversee, coordinate, rel ated. W t hout question, the
and disseminate information on the construction of a large bulk carrier
various authorized  projects under is relatively sinple and cheap conpared
hi s cogni zance. Appendi ces 3 and 4 with a man-o-war. It is not necessar
list the top priority projects of the to go into great detail to establis
panels for Fiscal Year 1987 and the this fact. One has only to consider
ongoi ng proj ects, respectively. the density of the outfitting elements
and the difference in both quantity
Fi nanci al partici pation by and types of distributive systens,
the program partners is clearly such as pipe and electrica for
the facilitator that permts this Naval shi ps. Nevert hel ess, t wo
programto work, and in particular, i mport ant things  happened, t hr ough
work at the level that it has since the this programwe refer to as NSRP, to
Navy joined as a funding partner. But facilitate a t echnol ogy transfer
what was made the program successful to rrilitar?/1 ship construction. (One
has been the active participation was that the gospel of nodern ship-
of marine experts from both the bui l din t echnol ogy, according to
private sector and the public sector, the SPC Panel Program Managers and
fromlarge and snall organi zati ons others, was made avail able and public,
across the Nation. This bl end of and two, on the SPC and its panels
talent and excellent conmmunication there existed = experts interested
facilitated by the Conmittee and lowering ship construction cost
its project has made it possible- to receive the nmessage and take
Si nce projects are ocunent ed it back hone. The absence of either
and reported as a matter of public of these factors would have greatly
record, all shipbuilders share in i npeded our progress. Was the war
the benefits, even those yards who over when the messenger t ook the



word back home? Each. of you will
remenber that was when the war began.
Application of the nore nodern nanage-
ment and construction technol ogies
had to be assinilated by old Iine
shipbuilders, and it had to be nodi-
fied in many-cases to apply to warship
constructi on. | mpl enentation is
a_ subject we shipbuilders approach
with a Dr. Jekyll and M. Hyde per-
sonality. We are quick to point
out and discuss those elements of
noder ni zati on that have been picked

up by the various yards. W' never
bring up all the other elements
and all the other yards that have

not adopted practices which have
been docurmented as effective cost
reducers. The fact is that it is
a little enbarrassing to us, because
we take it as a program failure,
and in a way, it is. It is not,
however, quite as sinple as a failure
to communicate properly, nor a lack
of desire to inprove productivity.
There are businesses with little or
no business; others have a contract in
hand, with 1little or no prospects
for follow work; and still others
are loaded with work, but struggling
to  make budget s and  schedul es.
All are capital constrained.

Al t hough al'l have different

situations, _the  basic factor
controlling major shipbuilding changes
is still the same -- lacking protec-

tive financial i ncentives, “VWho
is going to cover my | osses during
a transition phase or if it doesn't
wor k?” Mostly what has happened,
therefore, has been an evolution,
rather than a revolution. Al t hough
the rate at which we as an industry
are noving can always be |abeled
as too Iittle and too slow, ["m
not sure that approach is all bad.
There have been no fatalities to
whi ch skeptics can point as an excuse.

Rather, the successes have built
confidence and trust, both in the
i mpl ement ors and observers, and

encouraged them to do nore to take
the next step, or perhaps to “eat the
whol e thing”. It is also evident
that nmore and _ nore nodernization
technol ogy is being applied in over-
haul  and ship alteration work on
mlitary ships in_ both private and
public yards. This is a natural
step to inprove productivity in
an enornous narket.

| believe the environment is
right to quicken the pace and, in

fact, there is anmple evidence of
that taking place even today. The
industry is doing better, much better,
and those that survive will partici-
pate in a new day in Arerican
shi pbui | di ng. That = doesn’t mean
the U S.  industry can look forward

in the foreseeable future to head-to-

head conpetition. with the Far East.

There are sinply too nmany factors
totally outside the control of the
shipbuilder to achieve that state.

To mention a couple is adequate
to make a point:

1. The cost of material pur-
chased in the United States.
2. CGovernnent al requirenents.
VWhat we will see, however, is for
a conparabl e ship, conparable nanhours
for vessel construction. Those are
careful ly chosen wor ds, desi gned
to carve out the ship acquisition
cost element nost directly in the
control of the shipbuilder. O the
various participants control I'ing
ship acquisition cost, the shipbuilding
industry is, in fact, | eadi ng the
way in real cast reduction efforts.

Mich has been witten encouragi ng
the shipbuilder to diversify, to
build anythi n’v% Iand everyt hing made

st

of steel. y, this comes from
experts out si de the shi pbui | di ng
i ndustry. The industry has and

does work that marketing strategy
in the absence of or to supplenment
shi pbui | di ng. Today, however, one
finds that so nuch of that narket
has al so been shipped  overseas,

the  vani shing i ndustrial base is
not adequate to  support existing
machi ne  shops. There is much nore
supply than denand. The opportunities
are sinmply not there. Taken to
the other end of the spectrum assumn

the steel fabricator market inprove

and shipbuilding opportunities remained
limted, this situation could |ead
to a sinple “iron works” masquerading
as a shipbui | der. That is actually
happeni ng at shipyard in Japan
| recently visited. FEffective February

1987, the shipyard wll no |onger
build ships, but will be a lar %e
machine  shop/iron works. \What t he

Uni t ed States shipyards want is
to build ships.

What do the outside experts
say about industry/government coopera-
tion? The Conmittee on the Role

of the  Manufacturing Technol ogy
%rogram in the Defense Industrial
ase of the National Academy of
Sciences, in an outstanding detailed
report recently i ssued, stated:

1. Despite the significance of
manuf act uring t echnol ogy,
many in the governnent and
private sector hold m scon-
ceptions t hat lead, in
part, to t he i ncorrect
conclusion that satisfactory
progress in such technol ogy



will occur as a mtter of
course.

2. Evidence refuting these ms-
conceptions can be found in
conpani es from many industries
that invest in advancing-their
process technol ogi es.

3. The Conmittee concludes that
continuing DOD investnent in
manuf acturing process devel op-
ment is essential that
manuf acturing technology is es-
senti al for mai ntalning a
strong industrial base.

4, The Committee al so found that
industries and countries that
activel?/ process technology are
general |y conpetitively
successful over tinme.

In the interim report of the
Conmittee on Strategies to |Inprove R&D
and its Inplementation in the Marine
Industries, the Marine Board of the
Nati onal Research Council had this to
say concerning the NSRP:

1. The R&D program of the Maritime
Admi ni stration ( MARAD) has
contributed in several ways to

i nprovi ng _or mai nt al ni ng
the conpetitiveness of the
u. s. maritine  industries.

2. Wthout governnment participa-
tion, t he i ndust ry-based
col | aborative R&D institutions
that are now in place (as a
direct result of the activities
of the MARAD R&D program are
not likely to continue.

3. Regardless of the direction of
future activities, It is
essential to maintain at |east
a mninmmlevel of funding and
program activity, if the U S
government is to namintain its
techni cal capability to under-
stand and reap the benefits of
t echnol ogy devel opments in the
wor | d maritime i ndustries.
Furthernore, it is essential to
continue to nonitor techno-

| ogi cal devel opnent s around
the world, and to make that
i nformation avail abl e to

U S industry.

In a recent speech, Congressman
Wal ter Jones, Chairman of the House
Marine and Fisheries Conmittee, enpha-
sized that "there is a need for a

nati onal maritime policy and that
it nmust be devised jointly by the
f ederal government  and private

sector”.

Ot her references supporting this
program and this program objective
are available to concerned individuals.

Reducing the cost of ship acquisi-
tion is a gigantic task in itself.
Today the entire program is faced
with chal |l enges which nust be mastered
if our primary mission is to continue
unabat ed. Even before the current
budget ary convul si ons wer e begun,
the” winds of change were Dblowng.
As you have heard many tinmes, this

nati onal program is a partnershi

of three government agencies, severa
acadeni c institutions, and  about
fifty private conpanies working as
one. The |evel of experience, educa-
tion, and talent brought to bear on

this problem from t hese diverse
participants is nothing short of
over whel ni ng. The additional challenge
with which we are now faced is the
Possibility of Government withdrawal
fromthe program Can we do better?
Can we neet the challenges? You bet!

What can we do? First, ny recorm
mendation is sinply, “Don’t panic --
keep working”. Second, we must seek
to ensure government - participation
in the partnership at a sustaining
and expanded | evel. A nonent ago,
| indicated that it would be ny option
to express the program bottom'line --
cost  reductions. As an exanple,
one el enent of the program has docu-
mented savings of $183,000, 000, based
on a program investment of $7,200, 000,
and these savings are acknow edged
as conservative. The projected cost
savi ngs through 1990, based on current
ship construction data, are
$675, 000, 000. By any neasure, that
is an acceptable return on investment.

Sone have expressed an opinion
that the NSRP is a private sector
matter and have initiated withdrawal
procedures.  Lest anyone of the opinion
that this program at this level wll be
continued solely by the private sector
be msled, let me clearly and publicly
state that, in ny opinion, you are in
error. | have long contended that the
industry financial contribution to this
program which is substantial, is far
overshadowed by the immense but unde-
fined value of the pool of talent and
experi ence bl ended together to neet
this national  challenge  --increased
Broducﬂwty and | ower cost of ship-
ui ldi n%. The industry has other
tasks for this talent, and we are
al ready seeing sonme of it reassigned.
O course, this valuable asset is



not all found in the private sector;
t he governnent agencies also contri-
but e. Any  reduced participation
by the government will result in
a  corresponding decrease in the

level of the program activity and
financi al danage to government
agenci es buying ships. In a fixed
price environment and with no produc-
tivity devel opnent interest expressed
by the governnent, | believe that
it is not even open to debate.
That leads ne_ to ny next
recommendat i on. This program is
too good, there has been too much

[ abor put into it

by too many out-
standi ng peoPI e,

and it has been
too successfu to allow it to die.
| propose that this program must
continue, al beit at significantly
reduced levels, should the principal
beneficiary of these savings, the
government,  wi t hdraw. Finally, there
are some other concerns that have
to be considered by this body if
for no other reason than that they
have been a matter of concern and

debate by other reasonable  men.
These have to do wth such issues
as project selection criteria, inple-

mentation ratios, results measurenent
and consensus. Pragmatically, it
woul d be easy to turn these questions
or concerns asjde with a quick
reference to the savings nentioned
earlier and a comment that the current
process, whatever its faults, has
generated a 25 to 1 return on invest-
ment with a projected 94 to 1 return

on investment. That is, of course,
not an acceptable answer.  Wether
or not gover nment participation
conti nues, these i ssues must be

deliberated by the Committee.

There are other reasons  why
government withdrawal is unacceptable.
[ will cite only two, the industrial
base and t he def ense-i ndustri al
base. In a recent publication, the
conpari son between a nmanufacturing
econom ¢ base and a service economi ¢
base was crystallized in a few words.
The?/ are: Manuf acturing  produces
weal t h; services  not onlel depend
on the manufacturing base for their

bei ng, they are consumers of wealth.
Now the entire shipbuilding industry
is only a small part of the gross
national product, 'but its inportance
to the industrial base and the
defense-industrial base is far nore

significant than the naked statistic
woul d i mply.

i Ir(lj a recent slituati on z?t one
shipyard, a particular type o i pe
could not be obtained in the Un[|3t ed
States and was, therefore, ordered
from an overseas supplier. The
supplier had twice rescheduled the

10

delivery date, wthout
concern that he was hol di ng up
producti on. Wen the foreign flag
ship carrying the foreign nade pipe
docked in New Ol eans, you can bet
a truck was alongside with the notor
runni ng. This Irttle example clearly
says that for some products, t he
industrial base is not even there,

not to nention a defense-industrial

base or a surge capability.

much or any

Technol ogi cal excel l ence cannot
be sustained in the Ion% term w t hout
a manufacturing capability on which
it can feed. The technol ogi cal
excel lence of today is, to some degree,
Livi nt]; off the past, and its continued
viability is in jeopardy as our manu-
facturing base continues to shrink.
Consi der the naval and air excellence
dermonstrated in a "for real” encounter
in the @lf of Sidra earlier this

year. Such excel | ence was not born
of a service econony. Nei t her
t echnol ogi cal excel | ence nor its
conpani on, manuf act uri ng t echnol ogy,

is an automatic product

| of a large
manuf acturing base,

but neither wll

long exist wthout it. Mintenance
of our standard of living, and perhaps
our way of life, depends on our
comm tment to these entities or condi-
tions. O course, we are speaking
of only one area of the defense-
i ndustri al base, and only a smll
art of the defense-industrial base;
ut as such elenments are being incre-
mental |y abandoned, the total effect

has been crippling. Thus,

facing our  governnent partners in
this endeavor should not be one of
ﬁal’tl ci pation, but sinmply one of
ow and to what degree.

the questions



PARTICIPANTS IN-THE SHIP PRODUCTION COMMITTEE,
EXECUTIVE CONTROL BOARD, ARD TECHNICAL PANELS

Advanced

Amariran
NG | wwus

American
American
AMERON
ARINC Research
Avondale Shipyards,
Bath Iron Works

Bay Shipbuilding Corporation
Bechtel Group, Inc. .
Bell Aerospace Textron

Bell Aerospace/Bell Halter

Rathlaham Staal Fnrnnraf1nn

Casde Corporation

CDI Marine, Inc.
Certain-Teed Corporation
Charles Stark Draper Labs
Charleston Kaval Shipyard
Cornell University

David Shipbuilding, LTD
David Taylor Naval Ship Re

Development Center

Marine Enterprises, Inc.
Roat & Yacht Council, Inc.
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Bureau of Shipping

Inc.

Des1gners and Planners, Inc.
Devoe Marine Coatings Company

EG&G Sealol

Eness R&D Corporation

Engineered Systems and Development -
Corporation

Equitable Shipyards,

ESCO Corporation

Exxon Shipping Company

FMC cgrporatign

Fraser's Boiler Service

General Dynamics, Inc.

uéﬁrQTG Institute of

Georgia Tech

Gibbs & Cox, Inc.

Grumman Aerospace

Grumman Data Systems Corporation

Hemple Marine Paints, Inc.

Hyde Products, Inc.

H. B. Maynard & Company,

Ingalls Shipbuiiding Division

Institute of Industrial Engineers

Trneislabs Dacanwerae
inSUiation mesdurces

Jacksonville Shipyards,

Jeffboat, Inc.

J. J. Henry Company

J. J. McMullen Associates,

Kaiser Steel Corporation

Kuh & Associates

Lockheed Marine

Lockheed Shipbuilding & Construction
Company

Long Beach Naval Shipyard

D, Chirillo Acsociatas

Inc.

Inc.

Inc.

Inc.

Hare Island Naval Sh1pyard

Society for Testing & Hater1als .
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Marinette Marine

-Maritime Administration
Massachusetts
McDermott Shipyards

Mil3+ame Caalsf+s Camman
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Mobot Corporation -
Horr1son Molded Fiber Glass Company

Institute of Technology

[+8

Nashville Bridge Company

National Steel & Shipbuilding Company
Naval Industrial Resources

Naval Sea Systems Command

Naval Ship Systems Engineering Station
Newport News Shipbuilding

Norfolk Nava] Sh1pyard

florfoik Shipbuiiding Company

North Star Navigation Systems

0ffice of the Assistant Secretary of the
Navy

Incorporated

Pearl Harbor Naval Shipyard
Pennsylvania Shipbuilding

Peterson Builders,
Dhiladalnhia Naval

CHIIGUC I pPitI U snavase

Inc.
Chinuvanrd
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Portsmouth Naval Shipyard
Puget Sound Naval Shipyard
RAM Corporation

Riley-Beaird Company

Robotics International of SME
Robotix Corporation
Rosenblatt & Sons

Incorporated

R. D. Jacobs & Associates
Science Applications,

thnhuv?dnr'e Council
SHipous I GeT

Shipbuilding Consu]tants, I
Society of Naval Architects
Engineers
Southwest Marine,
Stanley Associates,
St. John Shipbuilding & Drydock Company

Inc.
nF Am

a
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Inc.
Inc.

Louis Ship

Tacoma Boatbuilding
Tampa Shipyards,
Tano Corporation

Thea Jonathan Cornaration

Inc.

H VeV awe e

Todd Pacific Shipyards Corporation
University o
University of
University of
University of
University of
U. S. Coast Guard

Yarious Union Representatives

Virginia Polytechnic Institute & State

University
Webhh Ingtitute of Naval Archi

of Delaware

Massachuseiis at Amherst
Michigan

New Orleans

Washington

tecture
taval tecture

Wilkins Enterprises, Inc.
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THE SHI P PRODUCTI ON COWM TTEE
TECHNI CAL  PANELS

FACI LI TIES & ENVI RONMVENTAL
EFFECTS

QUTFI TTING & PRODUCTI ON Al DS

SURFACE PREPARATI ON & COATI NGS

DESI GV PRODUCTI ON | NTEGRATI ON
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VEELDI NG

| NDUSTRI AL ENG NEERI NG

EDUCATI ON

FLEXI BLE AUTQVATI ON

PROGRAM  MANAGEMENT

APPENDI X 3
PRI ORI TY PROPOSED PRQJIECTS
FOR FY 1987
6-01 Cost Effective Mnagenent
Program for Smal 1 and
Medium  Sized Shi pyar ds
5-01 Det er mi ni ng Rewor k and
Block Fits to Facilitate
HULL Erection
5-01  The Economics of Shipyard
Pai nting, Phase -
Control System Devel opnent
for Earlier Recognition
of Cost Variances
5-01 Engi neering Dr awi ng
Practices for Conput er
Produced Drawi ngs
5-01 Human Resource |nnovation
and Safety
5-01 Accel er at ed Publ i cation
of Nat i onal St andar ds
6- 01 Manual of Welding Planning
and Design Cuidelines -
Phase 111
6-01 Shop Floor Control Systens
for Shi pbui | di ng
Envi ronnent
6-01 SQC/AC ~ Eval uation and
Application
36-01 Design Production Inte-
%r ation for Robot i c
hi p Manuf acture
36-01 Program Management
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APPENDI X 4

SH P PRODUCTI ON COWMM TTEE
PRQJECTS I N PROCESS

PANEL SP-1

G oup Technol ogy/ Fl ow Appli -
cation in Production Shops

Portabl e Fl ushi ng System
for Ship Pi pi ng System
Cl eani ng
Sheet  Metal Shop  Anal ysis
Moving Personnel  and Light
Mat erial Onto and  About
a_ Shipyard
Pipe Storage and Movenent
Devel opnent and | mpl enen-
tation of an On-Line Mterial
Control System
Conparison of U S and
Foreign Cost for Shipbuilding
Materi al and Conponent s,
Phase |
cost Effective  Maintenance
and Repair of Air Conpressors
Eval uation of Snoke Extrac-
tion versus Ventilation
St agi ng %st em for Shi ps
During w Construction
and Repair
PANEL SP-2
Zone Oiented Schedul i ng
| ndi ces for Monitoring
Manhours, Program and Produc~
tivity
U. S.  Shipbuilding Accuracy
- Plhase II
Anal ytica Quality Circles
Saf ety and Health K/Bnagenent
Program
U S.  Shipbuilding Accuracy
- Phase 11
Product Wor k Breakdown
Structure for Over haul s
Precut Electric Cable Lengths
PANEL SP-3
Ship Desi gn Consi der ati ons:
Adapt ati on of Japanese Pre-
Fabrication Primng
Recl amation of M neral Abrasives

Work Pl anning for
Trai ni ng
Overcoating of Zinc
Ctric Acid Ceaning -
\Wat erborne Coatings

Shi pyard SP&C

Primers
Phase 11 -

Econonics of Shipyard Painting
Performance Testing of Marine
Coat i ngs

Cat hodi ¢/ Parti al Coati ng Eval u-
ation - op. |11l

Desi gn of Accel er at ed Test
Equi pnent

Econom cs of Shipyard Painting
- Part Il
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PANEL SP-3 (continued)
of Weld Through

Certification
Primers
Ef fect of Contam nants

cost Ef fectiveness of  Flame
Spr ay
Automated  Painting of Smal 1
Parts
Cal cite-Type Coatings in Salt

Water Ballistic Tanks

Top Side Conponents and Equi p-
ment Corrosion

Estimating SP&C Bids

Degree of Coating Cure Effect

PANEL SP- 4
G oup Technol ogy: Parts
Classification and Coding -
Phase || ‘
i ncorporatin Moder n Shi p-

bui I ding Technol ogy Early. in
the Ship Design Cycle
Conput er Ai ded Process Pl an-

ni ng Phase |

Desi gn for Production Manual
- Phase 111 .

Study of Required Content/

Format of Engi neering Docu-

nent ati on for Productivity

Enhancenent

I nformation Flow Requirements
for Desi gn/ Pr ocur enent
Processes

Interface Inpacts - Systemto
Zone Transition

Devel op System for Specifica-
tion Driven Pipe Arrangenent
Drawi ngs and Pipe Details

I nvestigation Desi gn/
Pl anning organi zations

St udy Application of
Advanced Measuring Techni ques
t o Shi pbui |l di ng

Conput er Ai ded Process Pl an-
ni ng Phase |1

Interface Inpacts - Systemto
Zone Transition - Phase ||

Wor kshop on  Managenent of
Advanced Technol ogy in Ship-
bui | di ng

PANEL SP-5

{Probl em Sol ving Teams in Ship-
toui | di ng

{or gani zati onal

and Shipyard Saf et
{Cross-Crafting,

I nnovati on

em - Aut ononmous

Wor k Gougs

Probl em Sol ving Teans in Ship-
bui | di ng Phase |1

Product - Ori ent ed \Wr kf orce
(Or gani zat i onal Correl ates of
Statistical Accuracy  Control

Gai nsharing in Shipbuilding/Ship
Repai r

Empl oyee Invol verent and Organi -
zational Redesign in U S

Shi pbui | di ng
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7-SP-1
7- SP-8
7-84-01
7-84-02
7-84-03
7-84-04
7-84-05
7-84-06

Publ i cation Transl a-
PANEL SP- 6.
Devel oprment  of St andar d
Equi prent  Purchase  Specifi -
cations _ .
HVAC  Design Confi gurations

Accel erated Standards Devel op-
ment

SO TC-8

Di esel Engine

Shaft Alignment

W ndow Standar ds

Portlights

Hul | Construction  Standards
Devel opnent Support

Cabl eway St andar ds for
Surface Ships

Standard . Practice for the
Sel ection and Application
of Mar i ne Deck Coat i ngs
Navy Docunent Conver si on

Program (Todd/ LA, BI'W CASDE)

St andards Devel oprment  Support
Accel er at ed ubl i cation of
Nat i onal Shi pbui I ding  Stan-
dards - Oher Subconmittees
Navy Docunent Conver si on
Program - Phase ||
Navy Document Conversi on
Program - Phase ||
Accel er at ed Publ i cati on of
Nat i onal Shi pbuilding Stan-
dards - Phase 11

PANEL SP-7
Tracking System for Autonatic
Wl ding - Phase 11
Benefits of Low  Hydrogen
Vel di ng
Plastic Wl di ng Model s
for Vis. Ref. Standards -
Phase |1
Design and Planning Mnual

Robotic Arc Wl ding Tech. -
Phase |

Automatic UT I nspection
Revi ew
Substitute Eddy Current
Inspection for ~Hag. Part.
Eval uate Benefits of New
HSLA St eel
Devel opnent of Fitting
and Fairing Aids

PANEL SP- 8
Quality Defects  Measurement
and Control System
Proj ect Support for Task EC 21

Appl i ed Qperations Research:

Anal yti cal Solutions to
Conpl ex  Shipyard Scheduling
Probl ens
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- 8-84-1

8-84-2
8-84-4
8-84-5
8-8;-1
8-85-2

8-85-3

PANEL SP-8 (continued)

Computer-Assisted Methodology
for the Determination of the

Optimal Number and Location
of Tool Sheds
Improved Planning and Shop

Loading in Shipyard Production

Shops .
Shipyard Training Packages for
Industrial Engineering Pro-
cedures - Phase I

Optimal Use of Industrial
Engineering Techniques in
Shipyards .
Analysis .of Current Manpower
Ectimating and Control Pro-
cedures
Shipyard Training Packages for
Industrial Engineering Pro-
. cedures - Phase II
Materials Handling and
Facilities Layout Training
Module .
The Cost of Quality - A
Quaiity Assurance Cost
Measurement and Control

System for Shipyards

Anaiysis of the 1Impact of
Workload Variability on
Shipyard Productivity

PANEL SP-9
Video Lecture Course on
Basic Naval Architecture
for Trade Schools
Improving Communication
Skills of Shipyard Workers
Industry Indoctrination
Program for New Professional
Employees
Ship Production Textbook
Publication
Condensation of the INI/
Avondale Technology Transfer
Reports
Engineering for Ship Pro-

duction Textbook

Journal of Ship Production -
Phase I1

Microfiche Library Service -
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THE ANNUAL REPORT OF THE NATIONAL
SHIPBUILDING RESEARCH PROGRAM:PART 3
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ABSTRACT

Thi s paper reviews the benefits of
the National Shi pbui I ding  Research
Program (nskRP) to the shipbuilding
industry, and nore specifically. its
benefits to the Navy and the ship-
bui I ding and ship repair nobilization

base. The aper also identifies
significant additional benefits that
the Navy can gain in the next few
years if the NSRP can not onl

continue on its present course 0

sol ving productivity problems in
bui I ding new ships. but also address
additional targets of Opportuinty in
solving productivity problems in the
overhaul, repair and nodernization of
Navy  ships. The labor part here
appears to be an even |arger budget
item than the |abor part of new ship

construction.

| NTRODUCTI ON

The NSRP provides a forum where
experts from the entire shipbuilding
industry can identify and transfer the
best proven shipbuilding methods in
the world and also develop new
t echnol ogi es.

_The. research and _ devel opnent
activities under the NSRP have been
very successful in reducing ship-
buil ding costs by reduci ng manhours.
Two reasons for this success have been
the high level of participation by
shipbuilders in recent years and the
free exchange of information between
shipyards which the Mritime Adninis-

tration (Marad) requires in its. NSRP
contracts. The panels and program
activities have grown in nunber.
attendance and sophi stication. The
quality of these NSRP projects and
their “resulting benefits 'have also
i ncreased.

H STORY OF INTIAL | MPLEMENTATI ON

The National _Shi pbuilding Research
Program started in 1970 when the Mer-
chant Marine Act of 1936 was anended
to charge the Secretary of Commerce
(now the Secret ar)(] of Transportation)
to “collaborate with . . shi pbui | der's

in devel oping plans for the economc
construction o vessels.” The key
word is. ‘collaborate. " This was not
to be a typical governnent directed
research program to help industry.
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rather it
i ndustry
one Stip
program
recently

was to be a governnent/
col l aboration. MarAd took it
further and established a
structure with the t hen
formed Society of Naval
Architects and Mari ne Engi neers
SNAME) Ship  Production Committee
SPC) which provided for full industry
participation and responsibility for
project identification. nmanagenment and
I npl ement ati on. It was this innova-
tive structure which ©provided the
"magic” in the program

, In 1971, the NSRP started devel op-
ing 1ts programto identify and attack
problems  common to the industry.
Progress was slow in the beginning
because the industry participants did
not trust the Government nor did they

trust each other. It took awhile
before they felt confortable with each
ot her. After the NSRP' S industry
participants learned that they could
work  together on facilities and
equi pment devel opnent projects. they
started to investigate | ore conplex

things such as nanagenent

] J and shipyard
organi zati on.

In 1976, the NSRP started to
uncover sone  of the best proven
met hods of  shipbuilding anywhere in
the world.

. _The breakt hrougfh_ began as
a sinple project by the outtitting and
production aids panel of the SPC to
Investigate outfit planning techniques
utilized by shipyards worldw de. It
identified the Japanese nethods as the
most promising and followed by issuing

contract to | shi kawaj i ma- Hari na
Heavy Industries (IH) CO.. Ltd. of
Japan to describe these nethods in
detail. The resulting report denon-
strated that the reasons for high
producti vi t%/ in Japan were not only
what we often thought them to be
i.e.. quality circles. superior work
ethic. calisthenics, uniforns and the
supposed cradl e-to-grave enpl oynent
security. They  were al so very
systematic and analytical up front
pl anning activities which led to an
entirely different way of building
shi ps. Vell before the report was
issued in 1979, it generated a | ot of
i nterest t hr oughout the  industry.
However.  nost industry participants
were still skeptical.

_ . Inm 1977,  14MrAd  contracted
Li vingston  Shi pbui | di ng in Orange,
Texas (the parent of Penn Ship in
Pennsyl'vania) to i npl ement outfit
planning. The NSRP funded 50% of the

Wi th



effort with the provision that Leving-
ston fund the renmining 503% and share
the technology with the shipbuilding
i ndustry. Li vingston  brought shi p-
bui I ding experts from IH into their
shipyard, tried sone of the Japanese
methods and verified t hat outfit
pl anni ng could work in an American
shipyard with Anerican workers. They
also learned a significant |esson (not

uni que to. but ~ enphasized by the
Japanese) that nost construction prob-
lems start in the design and Pl anni ng.
stages. not in production. The tech-

nol ogy was subsequently transferred to
Penn Ship with personnel relocated due
to closure of the Texas Shipyard.

But the  shipbuilding i ndust ry
remai ned skeptical: all, how
man% i ndustries have remai ned
unchanged for so many years? The
shi pbuil ding/ship repair industry had
becone a mature. consecrative indus-
try. A protected market existed due
to the lack of cost reducing incenti-
vized contracts and the existence of
subsi di es such as the Navy reserve for
donestic shipbuilders. the construc-
tion differential subsidy (CDS). and
the Jones Act (for American coastal
ships). The U. S. shipyards were not
conpeting with foreign shipyards; they

only had to conpete anong thensel ves.
Meanwhile. the rest of the world was
advanci ng. The shrinkage in demand
for Anerican ships in the nid-70!s

made the shipbuilding industry realize
it had fallen behind the rest of the
wor | d. A technical survey performed
under the sponsorship of MrAd and the
NSRP in 1978 denonstrated to the U S.
yards how they conpared technologi-
cally with the rest of the world.

In 1979,

after obtaining a con-
tract from

the NSRP and gaining a
comm tment from their upper manage-
ment. Avondale Shipyards agreed to
split the costs” 50% 50% and to try the
met hods identified by the NSRP. ~ Wen
they conpleted their inplementation.
favorable results were reported al nost

i medi atel y. These results  caused
ot her shipyards to hire IH on their
own .

At the same tine.
| ooki ng at
Thi s nmeant

g i me. the NSRP began
shi Ebw Iding as a systém
| ooki ng at such things as

design/ production integration i.e..
design "married" to production). the
creation of national standards. educa-

tion and training, and hunman resource
i nnovati ons. The Program becane a
truly national effort to inprove
Br oductivity with active_ participation

~all major United States private
shi pyar ds.

In 1982. Bath Iron Wrks (BIW,
having seen the inprovements at
Livingston and Avondale. also began
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i mpl ementi ng advanced
met hods. BIWhired I H
funds to assist them.

Also. in 1982. eight nore ship-
yards were significantly involved in
the NSRP effort. including Puget Sound
Naval Shipyard a public yard special -
izing in overhaul. nodernization and
repalir work. The NSRP was now act
in both public _ private yards.
Al'so, the Navy. seeing the potential
benefit to its shipbullding program
started participati n? in the NSRP by
contributing two mllion dollars per
year from its Manufacturing Technol ogy
(ManTech) Program  Wth this addi-
tional noney. the NSRP could now fund
a nore conprehensive program Tech-
nol ogy devel opnent accel erat ed. Since
the Navy had become the.. doninant
customer to the shipbuilding industry.
t he advanced nethods were now being
applied to Navy ships.

shi pbui | di ng
with its own

In 1983. nmore shipyards began
tryi ng the advanced “shi pbui | di n?
met hods. Today, practically  al
private shipyards are participating,

to sone extent. in the NSRP.

DI FFI CULTI ES I N QUANTI FYI NG BENEFI TS

There are many difficulties in
quantifying the benefits of the NSRP
to the Navz. the shipbuilding industry
and the defense industrial base with a
reasonabl e degree of accuracy.

One problemis that the nagnitude
of the data is extrenely large. Mny

man-years have been spent analyzin
data and regenerating this data an
information in many summaries. theses.
reports and publicati ons. Some
conflict. Many do not contain enough
i nformati on. Sonme need clarification

of sources.
t erni nol ogy,
condi tions.

definitions,
covered or

assunptions,
time spans

Standard definitions of words and
phrases do not exist. One person’s

"cost" is another person’s “price” and
another person’s ‘bid." There are
many different types of l|abor. There
is direct and indirect |abor. There
is also labor included in "naterials”.
One shipyard' s "Cost" my include a

di f ferent anount of overhead, profit
or burden conpared to another shipyard.

It is difficult to allocate costs
and track progress. Open job orders
attract charges |ike a magnet,

ing questionable ones. Cosed job
orders attract charges. which nmay
require nmonths to adjudicate. Pr og-

ress is often driven by contractual
terns. Drives to accel erate progress
payments in the past led to hull
conpartments being assenbled too early

and too enpty and too inconplete. PiPe

Vv

i ncl ud-



pieces being left to rust in open
fields for nonths. Schedul es were not
schedules . that controlled work Pro-
gress. but instead were a related
Sequence of events and a history. of
sl ippages.

Proprietary interests-and contrac-

tuar  requirements of confidentiality
mke it difficult to quantify the
benefits. Under cost type contracts.
the Navy was contractual|y bound to
guard cdst and progress Information.
Al so under

fixed price tYpe contracts
a conpany wll Zzealously guard Its
cost and performance data.

Donestic and worl dwi de econonic.

political and social conditions change
continually. some of these factors
lead. while others Iag. [f one were

preparing a five year plan in 1982.
where woul d he or she have placed the
dots in figure 1 for the increases in
the consumer price index for the years
1983 through 1987?  Try predicting
1986 and 1987 today. It is difficult
to filter the “‘cause’ from the
"effect"” How does one neasure the
value of "work ethic” or |ack of
"civil strife”?

Annual increases in the Consumer Price Index (In psrcent)
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Fig. 1 Annual increases in the

consumer price index.

Ships differ Some ships have had
over 30,000 “Md’'s” (modifications to
contract). Equi pnent becones unavail -

able or late and a substitution has to

be nade, or better equipment becones
avai | abl e. It is difficult to make
valid conparisons anpbng shipyards in

the same country. |et alone between

different countries.

M CROANALYSI'S OF BENEFITS

The proprietary nature of cost
data in the private sector precludes
the type of discussion which would be

desirabl e here. However. sone infor-
mati on has been obtained from Puget
Sound  Naval Shipyard in Brenerton.
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Washington, the only public shipyard
to substantially inplenment those NSRP
initiatives applicable to repair work.

Puget Sound documented the follow ng
four projects which resulted in sched-
ule enhancenents directly attributed
to the NSRP:

a. CIWS5 and Electrical Shop
Modi fications -(CV 61).

b. Submarine Tank Repairs -
SSN 650 and 679).

C. omahawk Installations -
(CGN 9, 39 and 41), and

d. Special Hul | Tr eat nent

Program - (SSN 637 cl ass)
Unfortunately, a cost tracking
system to neasure costs was not in
place for the first three projects.
The Special Hull Treatnment project was
tracked though and the cost savings

were estimted to be 353 of the total
estimated cost (not just 35% of the

| abor Partg and a schedul e enhancenent
of about 45 days.

A cost tracki n? system is in
devel opment for the follow ng projects
being I mplemented in 1986:

a. Sonar Done " Modification -
(SSN 637 class).

b. Transducer Mbdifications -
(SSN 637 dass). .

c. Ballasting Codification -
(SSN 637 cl ass).

d. Tank Repairs ( SSN 637
cl ass)
e. Electronics Packages
(front end of SSN 637
cl ass).
f. Main Sea Water Bay Over-
haul and Repair - 8/SSN 637
cl ass)
g. Rubber Booted GRP  Done
Installation and Ref ur -
bi shment - ( SSN 637
class). and
h. Zinc Cathodic Protection
(SSN 637 class).
MACROANALYSI S OF BENEFI TS
Obtaining a global view of the
benefits of "the NSRP to the ship-

bui | di ng i ndustry can be acconplished
by investigating the information made

public in official Navy publications,
trade journals, masters and doctoral
theses and interviews wth experts

possessing many years of experience.
Depart ment of

The the vy's
Report to the Congress for Igsca{\laY)éar
1987 cites large bid reductions for
its shipbuilding and conversion, Navy
(SCN) program for fiscal years 1983,
1984 and 1985, as shown in figure 2.
Many factors have caused these bid

reductions including increased conpe-
tition (through iIncentivized con-
tracts). technol ogy devel opnent and



i npl erentation. profit
age. mar ket forces s marke
PFEdi ctability and narket Size. infla-
ion.- facilities inprovements, nulti-
i nproved managenent,
i mproved edu-

[ hri nk-
rrarg|an S “Et

ship procurenent.
organi zati onal changes.
cation and training etc.

COST REDUCTION IN BUILDING 600 SHIP NAVY

BELOW BUDGET
TOTAL: $4.6 BILLION

$ Billion Bolow Budget Estimatos

Pig. 2 Dramatic” bid reductions in
recent years are due to many factors.

Mbst of these factors were put
into three najor groups in order to
Study their interaction with the
NSRP'S efforts to inprove  produc-
tivity. An inflation index is not
included since it would affect bids.
but-not productivity.

Profit is inpossible to assess
publicly since profit figures for a
private  shipyar are conmbined wth
profit figures of other operations
within a ~conglonerate. The  other

factors nentioned above are addressed
as follows:

The Forces of Technol ogy, Market and
Conpetition are Applied to  Produc-
tivity Problens
TABLE I
NSRP FUNDING SUMMARY - $M
FY MARAD NAVY INDUSTRY
71 .7 2
72 1.8 6
73 5.3 .8
74 2.4 .8
75 2.3 8
76 2.4 .8
77 2.7 .9
78 2.6 .9
79 2.6 .9
80 3.3 1.1
81 2.6 .9
82 2.2 2.3 2.2
83 2.0 2.2 2.0
84 2.1 2.2 2.1
85 2.0 2.2 2.0
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Table | Shews the government
funding history of the NSRP which was
aﬂproxi mately $2 nillion per year for
the first ten years and then greater
than $4 nmillion for the next three.
Fi gure 3 shows the approximate nunber
of projects started each year. There
were approximately twenty projects per

year in the 1970's. thirty projects in
1982 and 1983 and forty Projects in
1984 and 1985. In the the early

1970’ s these projects addressed
t echnol ogy devel opment such as facili-
ties inprovenments. In the late 1970's
the projects concentrated on “soft”

t echnol ogy devel opment such as nanage-

“har ¢

ment. ~ organization, education and
trai ni ng.
Project Starts Per Year

<
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Fig. 3 The number of
increased in the early 1980°'s.

projects

Initial Implementation

Todd
Blectric Boat
Bath
Tocoma
Avondale
R T TE T R
Fig. 4 H story of initial inplenen-
tation of Zone Qutfitting at twelve
shipyards.  Shading indicates relative
degree of NSRP,,)?,n -product technol ogy
utilization. is approximte tjne

when shipyard recognized the benefits
of zone ofiented ship construction and

started inplenentation.
. Figure 4 Shews the ap{)roxi mat e
initial  inmplenentation date o
oriented ship construction at twelve

ZC



sh| yards. Not e the  significant
Femantanon rate in the early
1980’ Presently, alnost all major

pr|vate shi pyards have recogni zed the
benefits of zone oriented ship con-
struction and have begun inplemen-
tation.

Evolution of New Shipbuilding Tech (% of Implementation)
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Fig. 7 NASSCOlnltlaIIy i mpl erment ed
thé advanced sh||\E1 uildi'ng  nethods
identified by the t|0nal ShlprlId

ing Research-Programin

New Naval Vessels Ordered From Private Yards
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Fig. 5 | ropl mentation of the D) sumbac of snips =
National  Shipbuilding Research Pro- e Tons 15 Thowands
Pram s zone oriented ship construction
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de3|gn engi neerin for zone outfittin L 2
Ver e mpl enent e Pr ocess i =~ g
| anes V\as i mpl enent ed in 1983 ; 2
x w?
: - 5
Figure 5 shows details of Avondal e =
| ndustries i npl ementation starts. 0 o
Figure 6 shows the history of inple-
mentation starts at Bath Iron Wrks. _I
Figure 7 shows an inplenmentation plan ) = L ¢
for National Steel and Shipbuilding i niiadipodotodinisnieianaithanhanhonthont
Conpany’ s ( NASSCO) Shi pyard. So. —
technol ogy was applied to product ivity
pcoblenms in the early 1980's
New Merchant Vessels Ordered
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Fig. 6 Initial inplenmentation of the .
advanced shi pbui | ding methods identi- Fig. 8 The “600 Ship” Naval expan-
fied the National _ Shipbuilding sion policy gave the shipbuilding
Researc Program started in the early i ndustry  narket %red| ctabi] | ta/ and
1980"s at Bat [ron Wrks. mar ket quant|ty In the early 198
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Figure 8 shows comrerci al

ship orders. The "600 ship” Naval
expansi on policy gave the depressed
shi pbui | di ng industry some  market

demand and predictability in the early
1980’ s, So market forces were applied
to shipbuilding in the early 1980's.

Figure 9 shows that the pressure

of conpetition was al so bei
i ncr easi ngly appl i ed to Navy
acquisitions in the early 1980's.

These three  forces. shown in

figure 10, were al nost simultaneously
berng applied to the Navy's new ship
gurchases inthe early 1980’s. Figure

shows dramatic bid reductions fol-
lowing shortly afterward, Suggesting a
cause and effect relationship.

The NSRP does not trigger invest-

ment . The NSRP is the vehicle to
develop new technology and transfer
existing technology from a massive

technol ogy base. It is inportant to
note that without technology inprove-

and Navy

Parcentage of Navy Contract Acticns Awarded Competitival:

o8 8888 8388

Fig. 9 . The relentless pressure of
conmpetition had been applied to Navy
contract actions in the early 1980's.

The |ack of market

edictabilit
and market volunme wll

"
pIead to hig

ments. conpetition and market predict- risk ganbling; i.e.. operating under
ability and size will trigger invest- conditions of  business uncertainty
ments, but they might be In the wong caused by short-term st op- and- go
areas.  Lack of conpetition will |ead cycl es. This ganbling wll cause
to bid increases. sporadi ¢ bi d reductions. buy-ins,
MASSIVE
TECHNOLOGY
BASE

TRIGGERED BID

REDUCTIONS

INVESTMENTS | ACCOMPLISHABLE

BIDS
INCRERSE

TECHNOLOGY

APPLIED

Fig. 10
I ndustrial Base.
also play a part.
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Many factors affect the long term economic health of the Navy's Defense
Donestic & Worl dwi de economic.
(Circles not to scale)

political and cultural factors




bankr uptcies and h the d -
p nd perhaps e E\éﬁ% 8E

ment of the wong types of

When the three forces of conpetition.
market (predictability and size) and
t echnol ogi cal i nprovenents are
applied. acconplishable bid reductions
are possible.

FY-85 = $6.1 Billion

REPAIR, OVERHAUL AND
MODERNIZATION

FY-§5 = $§¥8 Billion

NEW SHIP CONSTRUCTION
AND CONVERSION

FUTURE ADDI TI ONAL BENEFI TS

The Navy spends about $4 billion
annual ly on “labor to repair, overhaul.
noderni ze. and maintain its ships in
Private and public yards, as shown in
igure 11. uget Sound Naval Shipyard
has started to inplement sone of the
NSRP devel oped net hods applicable to
ship repair. Pear| Harbor. Phil adel -
phi a. Por t smout h. Norfol k and Mare
| sl and Naval Shipyards are |ooking for
"targets of oppor t uni tﬁ" to get
started. There coul d be hundreds of
mllions of dollars of additional cost
and bid reductions in the years ahead
if we fully inplement the applicable

NSRP initiatives in all shipyards.
Figure 12 is a proposed plan for the
future inplenmentation of the NSRP
sponsored nethods in a repair. over-
haul and nodernization vyard. Not e
that with full. top-down nanagenment
- conmitment and a market. it shows full
$2.7 3lltcn inplenentation in approximtely five
SOURCE: ° SOURCE: yar ds.
SCN BUDGET OFFICE SEA 01,07 OFFICE
AND TODD EST. Figure 13 shows that the noderni-
zation of ships is increasing. This
Fig. 11  The Navy's FY-85 program will spread and increase their com
- included almost seven billion dollars plexity. Mbderni zation  will al so
for direct and indirect labor in the Increase  testing time and  cost.
public and private shipyards. Testing time is fast approaching
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