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[nternational, Lt
ABSTRACT

This paper reports on the results of a study of the
international competitiveness of the U.S. shipbuilding
industry. It describes the results of a detailed
technology survey of 5 U.S. and 5 overseas shipyards.
It then discusses the relative levels of technology
application by the U.S. and overseas industries. A
detailed competitive analysis is then presented.
Finally, specific areas for improvement needed by the
U.S. industry are recommended.

INTRODUCTION

Over the past decade, large U.S. shipyards
involved in new construction have concentrated on the
building of vessels for the U.S. government, primarily
combatants and auxiliaries for the U.S. Navy. The few
merchant ships that have been built were for the Jones
Act trade, in which foreign shipbuilders were
precluded from competing. This workload was
sufficient to maintain the industry during the build up
to the "600 ship Navy” in the late 1980's. Events after
that have led to a dramatic  downturn in shipbuilding
for the U.S. Navy. Asaresult, U.S. shipyards must
seek other customers in order to remain in business.
Since the U.S. merchant ship fleet is relatively small,
U.S. shipbuilders will be forced to compete for
shipbuilding contracts for foreign ship operators. This
puts the U.S. shipyards in direct competition with
shipbuilders throughout the world.

As U.S. shipyards prepare to compete for
merchant shipbuilding for export, it will be important
for them to understand their worldwide competitive
position. The broad objective of this work is to help
provide that information. This report is the result of a
study sponsored by the National Shipbuilding
Research Program entitled “Requirements and
Assessments for Global Shipbuilding
Competitiveness’ (Storch, 1994). The study was the
result of a combination of three individual project

U.K., and Thomas Lamb (FL), Textron Marine & Land Systems, U.SA.

abstracts, two from Panel SP-4, Design/Production
Integration and one from Panel SP-1, Facilities and
Environmental Effects.

There were five objectives of this research. They
were:

to determine the relative technology levels in use

in shipyards in the U.S. and in leading shipyards
Oversess,

to determine the relative datus  of
shipbuilding/ship repair facilities in U.S. and
leading overseas shipyards,

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

to 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 to determine how overseas shipyards are
currently able to produce shipsin a shorter time
and for less cost than U.S. shipyards; and

to identify the major factors to be addressed and
actions taken in order to alow U.S. shipyardsto
enter the international shipbuilding/ ship repair
market on a competitive basis, relating to
technology levels, operational practices (both
internal and external to a shipyard), and facilities.

A key element of the research was a detailed
survey of 10 shipyards. 5 inthe U. S, 4 in Western
Europe and 1 in Japan. These surveys were used, along
with other sources, to obtain answers to the questions
posed by the 5 objectives of the research listed above.
The data associated with each individual shipyard
survey will he kept confidential. us agreed to by the



study team and the shipyards involved. Thus the
results are averages, used to determine trends and
general levels, rather than relating to specific
shipyards. The research team believes the cross section
of shipyards surveyed provides a valid description of
the current state of international and U.S. shipbuilding
competitiveness. Although 5 U.S. yards were
surveyed, this paper uses data from only the 4 large
yards, in order to provide a better base for comparison.

TECHNOLOGY SURVEY

The technology survey performed not only
examines how up to date a shipyard’s hardware and
facilities are, but also the procedures used to operate
them, the methods used to plan and control the work
and the production of engineering information. The
results of a survey are an important indicator of a
shipyard's performance and capability and can be used
to compare shipyards anywhere in the world.

For the proposes of a full technology survey the
overal shipbuilding process is divided into 72
elements which cover the whole operation (A&P
Appledore, undated). However, for this survey of U.S.
shipyards the three elements relating to amenities
(canteen, washrooms and other amenities) were not
addressed. The remaining 69 elements are shown in
Tablel.

The measurement of the efficiency of each
element, in terms of technology levels, provides a
consistent method of comparing different shipyards.
When more than one surveyor is used for the
examination the results become more objective. Three
surveyors were used for most of the shipyard visits for
this project. In order to take account of their relative
importance in the shipbuilding process, weightings are
applied to each element and group of elements.

Five levels of technology have been identified.
These correspond to the state of development of the
most advanced shipyards at different times over the
last 34 years. Those yards which are less advanced
remain at the level of technology of an earlier period.
The technology level is described for the whole yard,
for the seven mgjor areas of shipyard operation, and
for the 69 individual elements. In each case, the yard
under review is rated according to the description
which most closely matches its situation. In this way a
consistent assessment can be made, and the results of
the review used to compare shipyards.

For the whole shipyard, the five levels of
technology are described below:

Level 1 reflects shipyard practice of 1960. The
shipyard has small cranes, severa berths in use and
very little mechanization. Outfitting is largely carried
out on board ship after launch. Operating systems are
basic and manual.

Level 2 is the technology employed in shipyards
modernized during the late 1960's or the early 1970's.
Fewer berths are in use, or possibly a building dock,
larger cranes and some degree of mechanization.
Computing is used. for some of operating systems.

Level 3 is good shipbuilding practice of the late
1970's. It is represented by the new or fully
redeveloped shipyards in the U.S., Europe or Japan.
There are large cranes, some environmental protection
and a single dock or level construction area. A large
degree of mechanization and the use of computers is
evident.

Level 4 refers to shipyards that have continued to
advance their technology during the 1980's. Generally
a single dock is used, with good environmental
protection. Fully developed operating systems and
extensive early outfitting are evident.

Level 5 represents state of the art shipbuilding
technology in 1990. It is developed from level 4 by
means of automation in areas where it can be used
effectively, and by integration of the operating
systems, for example by the effective use of CAD. It is
characterized by efficient, computer aided material
control and by effective quality assurance.

COMPENSATED GROSS TONNAGE

Compensated Gross Tonnage (CGT) is used to
provide a common yardstick to reflect the relative
output of merchant shipbuilding activity in large
aggregates such as "World", “Regions’ or “Groups of
many yards’ (Bruce, 1992). The compensation of the
measured Gross Tonnage is to take into account the
influence of ship type, complexity and size on work
content. For example, the work content of a passenger
ship per Gross Ton islarger than that of atanker or
bulk carroer.

In 1984, the present system of calculating CGT
was adopted by the Organization for Economic
Cooperation. and Development (OECD), the



Association of West European Shipbuilders (AWES)
and the Shipbuilders' Association of Japan (SAJ). The
coefficients are currently under review, particularly to
accommodate double hulled tankers.

Because the system was intended to measure the
relative output of large groups of shipyards, it has had
to be modified dlightly for application to small groups
or individual shipyards. The coefficients for
converting GT to CGT cover bands of sizes within the
different ship types. Thus, each ship typeis covered by
a step function which can cause anomalies when ships
have only dlightly different deadweights and could
have coefficients with significantly different values
applied. To overcome this, and make the measure
useful for performance comparisons of individual
shipyards, the coefficients have been plotted for each
ship type and values located at the mid point of the
range of sizes to which they relate. Curves were then
drawn through the points and these curves we used to
determine the coefficient to apply.

The relative position of a shipyard gives guidance
as to the improvement in cost or performance needed
to become competitive. There is generaly a
reasonable correlation between the globa performance
of a shipyard and the performance of each part of the
shipyard. Mismatches between global and local
performance could indicate bottlenecks to productivity
improvement. The necessary global performance
assists target setting for local performance parameters.

The comparative measure used for assessing the
individual shipyard's performance is its labor cost of
producing a CGT. To compare with shipyards
worldwide, the cost is converted to U.S. Dollars. The
Cost/CGT is not based upon the total cost of building a
ship, as materials are not included. The measure is,
however, directly related to the efficiency and
competitiveness of a shipyard, as the labor costs are
those most under its control.

In order to derive the Cost/CGT the productivity
of the shipyard’ s employeesin terms of Employee
Y ears to produce a CGT and the Cost of an Employee
Year must be derived, i.e:

Cost/CGT = Cost/Employee Year
x Employee YearsCGT (1)

Another useful measure of a shipyard’s productivity is
the number of direct worker man-hours required to
produce a CGT.

REQUIRED INFORMATION

In order to evaluate competitiveness, a substantial
amount of information has to be obtained for a
shipyard. This information is described below.

Ship Production

To assess recent productivity, details of the ships
completed over the previous three years should be
obtained. Three year's data is required as a minimum
in order to average out the effects of shipsin the
process of being built at the beginning and the end of
the period. The required information is ship type,
deadweight and gross tonnages, and the applicable
CGT coefficient. The initial information is obtained
from the shipyard while the CGT Coefficient can be
obtained from the CGT Coefficient plots mentioned
earlier. CGT is obtained by multiplying the GT by the
CGT Coefficient. In order to obtain the average annual
output of the shipyard, the CGTs are summed and
divided by the number of years of output represented.

Shipyard Personnel

Productivity is measured by the effort, in terms of
man-hours required to produce an amount of work (in
this case CGT). Annua numbers are required for the
following people who are employed in shipbuilding
activities (i.e., excluding ship repair or any other
industrial activity):

. direct shipbuilding workers;

. direct shipbuilding subcontractors,

1 indirect shipbuilding workers; and

1 indirect shipbuilding subcontractors.

The definition of direct and indirect workers, and
subcontractors varies with country and with shipyards
within countries so some adjustments to the supplied
figures may be necessary. Occasionally the personnel
may be subdivided into direct, indirect and
administrative indirect. Whatever the subdivisions
used the total number of employees involved in
shipbuilding is given by the sum of the direct workers
and the indirect workers (including the relevant
subcontractors).

Ideally the above information should be obtained
for each workshop and department within a shipyard
as it may be useful in assessing the productivities of
the various activities in the shipbuilding process for
later, more detailed studies. It is however imperative



to obtain total numbers. Where shift working isin
force the numbers of workers on each shift should be
obtained, again subdivided as shown above.

Work Pattern

The number of hours which are worked by
shipyard personnel varies from country to country and
should be ascertained for each shipyard. The number
of hours which are used in calculating the cost of
personnel must relate to information obtained upon the
total salary costs and will include items such as
overtime and shifts worked. These items must be
included as they usualy attract a premium above the
base rate salary. As alarge proportion of overheads are
fixed, taking account of overtime and shift working
can actualy reduce the hourly charge rate required.
Information required includes

. hnumber of working days per week;

1 number of working hours per week;
number of days statutory, or public, holiday in a
year;

I number of days vacation in a year;

I average number of hours overtime worked by an
individual per year;
average percentage of absenteeism in a year; and
number of shiftsworked per day.

Man-Hours Used In production

In theory if the number of direct workers and the
hours worked per year are known then the total man-
hours used in producing the work in a year is the
product of these figures. In practice if the actual man-
hours charged against contracts is obtained and
summed, there is usualy a discrepancy. If there is a
discrepancy the reason for it should be ascertained.

To perform the check above, the actual recorded
man-hours of al of the direct workers (shipyard and
subcontractors) should be obtained for each ship
during the time period for which the information on
ships delivered was received. If the man-hours can be
obtained for each trade within each workshop, or
department, then this would provide useful
information for any subsequent, more detailed,
investigations. The annual average direct man-hours
will be obtained by summing al of the man-hours per
ship and dividing by the relevant number of years.
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Financial information

To obtain the cost of producing a CGT, full
financial particulars of a shipyard are required. These
particulars must include the following for the latest
available financial year:

total salaries paid to the shipyard direct workers
for work related to shipbuilding, including basic
sdary, overtime, and bonuses;

total costs of direct subcontractors employed for
shipbuilding;

total salaries paid to shipyard indirect workers for
work related to shipbuilding (these salaries should
include the same payments as for the direct
workers);

total costs of indirect subcontractors employed on
shipbuilding related tasks;

total social costs of employing the above direct
workers,

total socia costs of employing the above indirect
workers,

total cost of materials and services necessary for
running the business but not chargeable to specific
contracts, and

overhead costs (these should be divided into fixed
and variable overheads).

UPDATING OF DATABASE

A database of the results of shipyard productivity
and competitiveness surveys was used in this study
(A&P Appledore, undated). All data in this database
represents a snapshot in time and will be out of date
unless it is updated All information is dated and has
the relevant exchange rate against the U.S. Dollar
recorded with it. The information obtained from the
shipyards surveyed for this project is among the most
up to date available and was entered into the database.
It was also used to help update the remaining data in
the database.

METHODOLOGY

The average annual output in terms of CGT is
obtained from the ship production information. Man-
hours expended in producing the above output can be
calculated by using the average number of employees
over the same time period as the output information in
association with their working pattern. Alternatively, it
may be obtained by using the actual man-hours
recorded against each ship during the same time
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period. The average annual man-hours expended is the
total man-hours expended divided by the relevant
number of years. The annual cost of employing a
shipbuilding employee is derived by-first determining
the annual operational cost of the shipyard as the
summation of:

total annual salary cost of direct and indirect
workers;

total annual social cost of employing direct and
indirect workers;

total annual cost of direct and indirect
subcontractors;

total annual cost of materials and services
necessary for running the business but not
chargeable to contracts;

i annual variable overheads; and
1 annua fixed overheads.

The latest available figures should be used. The cost
per year of employing a shipbuilding employee is the
ratio of the annual operational cost of the shipyard to
the total number of shipbuilding employees. The
number of employees must relate to the time period
for which the financial information was obtained.
Total number of shipbuilding employees is used to
avoid confusion caused by different definitions of
direct and indirect employees.

The cost of producing a CGT is calculated as
follows:

EMPLOYEE MAN-HOURS/CGT =
AVG. ANNUAL MAN-HOURS EXPENDED

AVG. ANNUAL OUTPUT IN CGT )
EMPLOYEE YEARS/CGT =

EMPLOY EE MAN-HOURS/CGT

AVG. HOURS WORKED/YEAR 3)



COST/CGT =
COST
EMPLOYEE YEAR

EMPLOYEE YEARS
CGT 4

The COST/CGT calculated above is in the local
currency of the country with which the shipyard is
located. In order to compare with other shipyards
worldwide the value is converted into U.S. Dollars by
multiplying by the relevant exchange rate.

To compare shipyards throughout the world a plot
of employee years per CGT versus cost per employee
year isused. On this graph are curves of constant cost
per CGT. The calculated values for any shipyard or
shipbuilding country/region can be plotted on this
graph to indicate their relative performances (see
Figure 1).

The value plotted on the horizontal axis only
represents a snapshot in time for the various shipyards
and countries since costs and exchange rates change
continuously. To aleviate this problem, the dates
when each data item on the graph was calculated are
recorded and the salary levels and exchange rate used
are noted Salary levels in these countries are tracked
so that costs can be adjusted to suit and current
exchange rates are applied to obtain the latest values
for the cost per employee year. Productivity will also
change over time and if any reliable information is
obtained about this it is aso incorporated.

The overall productivity of shipyards has to be
measured over long periods of time, three years for
merchant shipbuilders and five years for naval
shipbuilder. Two pieces of information are required in
order to calculate productivity, including the output in
terms of CGT and the effort in terms of man-hours
required to produce it.

Information on costs is often difficult to obtain as
it is commercially sensitive and requires more effort
by the shipyard to produce. Some shipyards will
provide the information but if they do not then
recourse to other sources is made. A number of
industry associations of shipbuilding countries keep
track of the relevant wage rates of competitor nations.
Reports of this information adjusted to account for
overhead costs, can be used.

A shipyard’'s current competitive position is
obtained by multiplying the productivity in terms of
employee years required to produce a CGT by the total
cost per employee year to obtain the cost of producing
aCGT in U.S. Dadllars.
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ESTIMATE OF CGT COEFFICIENT FOR
NAVAL SHIPS

CGT Coefficients only exist for merchant ships
and, as the vast mgjority of the current output of the
U.S. shipbuilding industry is naval ships, an estimate
of equivalent CGT Coefficients for such vesselsis
required in order to compare productivity with
competitor shipyards. An estimate of such a
coefficient has been produced as a part of this study. It
should be stressed that this is only an estimate
produced in order to place the U.S. shipyards in their
relative competitive position in world shipbuilding,
and should not be taken as the definitive COT
coefficient for naval ships. To develop such
coefficients would require alarge scale study and the
cooperation of naval shipbuilders worldwide.

in order to produce an estimateof CGT
Coefficients for naval ships, data on 30 different
vessels was used. These were al first shipsin a series
because they include al engineering and other non-
repetitive man-hours and a significant number of
merchant shipbuilding orders are for single ships. The
naval ships for which information was available varied
between 33m (100 ft.) Fast Patrol Craft to 196m (650
ft.) Submarine Tenders and were built in Canada,
France, Germany, Italy, Spain, the U.K., and the U.S.
67% were built in Europe and 33% built in North
America

Figure 2 shows a plot of the values derived and
the resultant curve drawn through them. This figure
can be used to pick off the estimated CGT Coefficient
for any naval ship having a GT of up to 120,000. It is
stressed that the curve is based upon sparse data, but it
has the advantage of varying with size of ship in the
same manner as the coefficients for commercial ships.

U.S. SHIPYARDS COMPARED TO FOREIGN
COMPETITORS

As part of the study five foreign shipyards were
visited and their technology levels assessed. For three
of them their productivity was aso derived. The
foreign shipyards visited were;

. AESA Sestao Yard, spain;
. Harland and Wolff, U.K.;

. IHI Kure Yard, Japan;

. Kvaemer Govan, U.K.; and
1Odensc, Denmark.
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Figure 2 CGT Coefficients for Naval Vessels

These shipyards are all capable of building the ships
which the four large U.S. shipyards visited can build
and are thus direct competitors for building
commercial ships.

LEVELS OF TECHNOLOGY

Three average levels of technology were
calculated. These were for:

ithe four large U.S. shipyards visited,;

1 the five foreign shipyards visited;

1 world shipyards of about the same size as the
surveyed yards and which are direct competitors
(excludes U.S. shipyards but includes the five
foreign shipyards visited).

The average values for each of the surveyed
elements of the four large U.S. shipyards and the five
foreign shipyards are shown in Table |, together with
their overall technology levels. Table | shows that the
four large U.S. shipyards have an average technology
level of 3.4. while the five foreign yards averaged 4.0.
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The spread of overall technology levels for the
surveyed yards is shown in Table 1.

Table Il shows that the U.S. shipyards are grouped
very closgly together in terms of technology level, and
that they are as good as the lowest two of the foreign
shipyards surveyed. However, the best three
competitors which were visited are some five to ten
years ahead in terms of shipbuilding technology. At
least one of the foreign competitors having a low
technology level is known to be striving to rapidly
improve this with external assistance.

Technology levels of shipyards which are direct
competitors to U.S. shipyards, including the five
foreign shipyards surveyed, average 3.5, with a range
of from 1.8 to 4.6. Thirty five shipyards were
considered, from the following areas:

Croatia;

. Far East, excluding Japan and Korea;
rFinland;

. Japan;



Technology Level

Waighted Level

us Foreign us Foreign

Label Activity Shipyards Shipyards Weighting  Shipyards Shipyards
Al Plate stockyard and treatment 29 29 0.500 0.145 0.145
A2 Stiffener stockyard and treatment 28 29 0.040 0.112 0.116
A3 Plate cutting 38 40 0.090 0.342 0.350
A4 Stiffener cutting 21 34 0080 0.168 0272
AS Ptate and stiffener forming 28 32 0.080 0.224 0.256
AS Subassembly 26 34 0.120 0312 0403
A7 Fiat unit assembly .29 32 0.130 0377 0416
A8 Curved and conugatsd unit assembly 29 a4 0.150 0.435 0510
A9 3D unit assembly 3.1 39 0.110 0.341 0429
A10  Superstructure unit assembly 30 34 0.100 0.300 0.340
At1 Outfit steetwork 3.0 4.1 0.050 0.150 0.205
A STEELWORK PRODUCTION 0.158 2.906 3487,
Bt Pipework 33 a3 0.190 0.627 0627
82 Engineenng 28 30 0.130 0.384 0.390
B3 Blacksmiths 33 38 0.050 0.165 0.190
Sheet metal work 29 43 0.150 0.435 0.645
B5 Woodworking 35 37 0.100 0.350 0370
Electrical 35 40 0.090 0.315 0.380
B7 Rigging 30 35 0.050 0.150 0175
Maintenance 38 36 0.080 0228 0218

89 Garage 36 a8 0.040 0.144 0.152
B10  General storage 36 44 0.070 - 0252 0.308
B11 Auxiliary storage 3.9 45 0.070 0273 0315
B OUTFIT PRODUCTION AND STORES 0.115 3303 3743
c1 Module building 33 39 0.180 0.554 0.702
c2 Outfit parts marshatiing 5.0 40 0.200 1.000 0.800
Pre-erection outfitting 34 4.1 0210 0.714 0.861

ca Block assembly 38 42 0.220 0.835 0.924
Unit and block storage 36 47 0.070 0.252 0.329

cs Matenals handling 3.6 37 0.120 0.432 0.444
[+ OTHER PRE-ERECTION ACTIVITIES 0.187 3.828 4.080

Tabie I Summary of Average Technology Levels for Large U.S. Shipyards and Visited Forcign Competitors
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Technology Lavel Weightad Level

us Foreign us Foreign
Labei Activity Shipyards Shipyards  Weighting Shipyards Shipyards
DI Ship construction 3.0 37 0.090 0.270 0333
D2 Erection and fairing 28 40 0.100 Q0.280 0.400
D3 Welding 33 36 0.100 0.330 0.350
D4 Onboard services 34 44 0.060 0.204 0.264
D5  Staging and accass 26 35 0.080 0.208 0.280
D6 Pipework 35 4.1 0.100 0.350 0.410
D7 Engine room machinery 33 45 0.050 0.165 0225
8 Hull engineenng T 34 4.5 0.050 0.170 0.225
9 Sheet metal work 35 45 0.040 0.140 0.180
10 Woodwork 25 37 0.040 0.100 0.148
11 Electrical 3.1 40 0.070 0217 0.280
12 Painting 26 35 0.080 0.208 0.280
13 Testing and commissioning 43 47 0.090 0.287 0.423
M4 Aftertaunch ) 3.1 35 0.050 0.155 0.175
) SHIP CONSTRUCTION 0.167 3.184 3983
£l Layout and material now 26 31 0.320 0.832 0.992
E2 General environmental 3.1 3.5 0.300 0.930 1.050
E3 Lighting and heating 3.5 3.1 0.150 0.550 0.496
24 Noise. Ventilation and fume extraction 28 35 0.220 0.616 0,770
E LAYOUT AND ENVIRONMENT 0.083 2938 3308
Gl Ship design 31 4.0 0.120 0.372 0.480
G2 Steelwork drawing presentation 33 4.4 0.100 0.330 0.440
G3 Outfit drawing presentation 33 4.5 0.100 0.330 0.450
G4 Steelwork coding system 4.5 5.0 0.070 0.315 0.350
G5 Parts listing procedures 45 5.0 0.100 0.450 0.500
G6 Production engineering 31 4.0 0.330 0.403 0.520
G7 Design for production 31 41 0.160 0.496 0.655
G8 Dimensional and quality control 3.0 41 0.130 0.390 0.533
G9 Lofting methods 4.0 45 0.090 0.360 0.405
G DESIGN/DRAUGHTING/PRODUCTION ~ ENGINEERING/LOFFTING 0.166 3.446 4.334
Table | (cont.)
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Technology Level Weighted Level
_us Foreign us Foreign
Label Activity Shipyards Shipyards Waeighting Shipyards Shipyards
Ht Organisation 25 4.4 0.120 0.300 0.528
H2 Contract scheduling 38 4.8 0.060 0.228 0.288
H3 Steshwork production scheduling 4.4 4.9 0.070 0.308 0.343
H4 Outfit production scheduling 4.4 4.8 0.080 0.254 0.288
H5 Qutfit instaliation scheduiing 45 4.9 0.070 0.315 0.343
H6 Ship construction scheduli ng 4.4 4.8 0.070 0.308 0.338
H7 Steelwork production control 4.0 4.6 0.070 0.280 0322
H8 Outfit production control 4.0 4.6 0.070 0.280 0322
H9 Outfit installationcontrol 4.0 4.6 0.080 0.320 0.383
H10 Ship construction control 4.0 4.6 0.080 0.320 0.388
H11 stores control 4.3 438 0.070 0.301 0.336
H12 Performance and efficiency calculations 4.6 4.9 0.050 0.230 0.2451
H13 Computer applications 3.8 4.0 0.050 0.190 0.200
H14 Purchasing 4.9 4.8 0.080 0.392 0.384
H ORGANISATION AND OPERATING SYSTEMS 0.146 4.038 4671
H
SHIPYARD TECHNOLOGY LEVEL = z (Sum of Products x Grour Weighting) 1.000 3409 3589
A
| 34 4.0

Korea;

Poland;
Russia;

. South America;
Ukrain; and

1West Europe.

Table | (cont.)

The U.S. shipyards are therefore operating at
about the average technology level of their foreign
competitors but a cause for concern is that all
shipyards operating at a lower level of technology
have very much lower labor rates. This also applies to
Korean shipyards which have a higher level of
technology than the U.S. shipyards.
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DETAILED DIFFERENCES IN TECHNOLOGY
LEVELS

The relative strengths and weaknesses of the U.S.
shipyards have been compared with the five foreign
shipyards surveyed and these are discussed below. The
comments relating to the current good practices of the
competitors relate to all of the shipyards worldwide
which have high levels of technology. This discussion
is based on the actual observations of work being
performed at the five U.S. shipyards during April,
1994. All the shipbuilding was for U.S. government
orders (primarily U.S. Navy) or other militay vessdls.
The work practices in the U.S. yards for military
vessels are thus being compared to best commercial
shipbuilding practices worldwide.

OVERALL TECHNOLOGY LEVEL
YARD US. YARDS FOREIGN YARDS

1 3.2 3.0
2 3.4 3.3
3 3.4 41
4 35 44
5 : 4.5

Table Il Overall Technology Levels of Surveyed Yards

At the group level the U.S. shipyards have a lower
level of technology for each area The differences can
broadly be divided into large (over 0.75), medium (0.4
to 0.75) and small (less than 0.4).

LARGE DIFFERENCES
Ship Construction & Ouitfit Installation

Thereis no element of this group in which the
U.S. shipyards are the equal of the foreign yards. The
following elements all have a technology level at least
0.9 lower than the foreign shipyards.

Erection and Fairing All U.S. yards leave excess
stock upon the blocks which arc to be erected.
Accuracy control should be developed to the level
where this can be avoided. Although in most yards the
shell plating on blocks was fair, the internal decks and
longitudinal bulkheads suffered from a great deal of
distortion, leading to excessive times for fairing.
Welded fairing aids are also used extensively.
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(Onboard Services There was some evidence of pre-
planned routing of servicesin the U.S. shipyards and
the leading of the services overhead so that the decks
were clear. However, the foreign shipyards have
formal plans for routing of services and arranging
them in a modular form so that each can be expanded
or withdrawn without disruption to the remaining ones.
The foreign yards also required less onboard services
because a larger percentage of the work had been
performed prior to erection.

Staging and Access The amount of staging used in
the U.S. shipyards was far in excess of that used in the
foreign shipyards and alarge amount of it was of the
scaffolding and wooden plank type. The requirement
for a good deal of staging was avoided by the foreign
yards since they paint blocks before hull erection and
subsequently use “cherry pickers,” or similar, to paint
in way of berth joints, or even to paint the complete
exterior shell before launch. The pre-planning and
performing of work at the unit/block stage which can
be accessed without the need for staging also reduces
the requirement for staging. The foreign shipyards
visited were better than the U.S. shipyards at this.

Engine Room Machinery Although a considerable
amount of pre-erection outfitting in the machinery
spaces occurs at al of the U.S. shipyards surveyed, it
fals well below that achieved in the foreign shipyards
visited. One reason given by the U.S. shipyards is that
the machinery spaces in the naval ships which they are
building are extremely cramped and it is difficult to
get things in. In fact, this makes it more imperative
that as much machinery installation and other outfit
activities as possible take place while the spaces are
open and easily accessed. A number of the foreign
shipyards also have formal self-checking statistical
process control systems which means that their
processes are under control (in the statistical meaning
of the phrase).

Hull Engineering The comments on Engine Room
Machinery all apply equally to Hull Engineering.

Sheet Metal Work Apart from some ventilation
ducting there is very little sheet. metal work installed
before launch in U.S. shipyards. This not the case in
the foreign shipyards, where sheet metal for usein
accommodation spaces is often installed on-unit. A
good deal of the ventilation ducting installed on block
is actualy fitted in the overhead position with the
block in its final orientation. This work needs to be
performed earlier, when the deckhead is in the



inverted position. Again, a number of the foreign
shipyards have formal self-check statistical process
control systems in place.

Woodwork Although a number of the U.S. shipyards
subcontract the making of furniture and produce joiner
panels pre-cut to size in the workshop, this is all
installed after launch. As a minimum, all foreign
shipyards visited erected the superstructures and
deckhouses almost completely outfitted. Modular
cabins and sanitary spaces were also used to varying
degrees.

Electrical All of the U.S. shipyards visited pre-cut
cable to approximate size before installation, but there
was very little cable pulling performed before launch.
Some of the major electrical equipment was installed
before launch, but not hooked up. The foreign
shipyards bad all major electrical equipment installed
and hooked up before launch, had cables pulled on
block (to be completed/continued on adjacent blocks
when erected) and smaller items, such as lights, fitted.
Subsequent use was made of the ship’s lights (powered
by shore supply) in order to prevent a temporary
service being installed.

Painting A number of problems were noted with
painting in U.S. shipyards, of which three are most
important. First, primers were not usually of aweld
through type or were applied too thickly to allow
welding to take place upon them. At present this is not
amajor problem due to the fact that initial stiffener
locations marked by the burning machines are ground
off and remarked by hand after plates have been joined
to form panels. This is because the initial markings do
no take account of weld shrinkage. Secondly, due to
the length of time spent in storage or being worked
upon after the treatment line, all yards perform a
second blast and prime operation upon blocks. This
prevents any outfit items which would be damaged by
blasting being installed prior to this stage. After this
stage they are installed. with the block in its final
orientation. No foreign shipyard performed this second
blast and prime operation. They merely touched up
primer damaged during the production operations and
cleaned the structure prior to applying the finished
coatings. Only if a contract required it (e.g., for
product tankers' cargo tanks) would a second surface
preparation operation would take place. Finally, most
finish painting in U.S. yards takes place after hull
erection and launch and at present is associated with a
large amount of staging.
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Design/Drafting/Production  Engineering/Lofting

This group is the one in which the greatest
average difference between the U.S. shipyards and the
foreign shipyards occurs. The minimum difference in
technology levels is 0.5 and, even where the U.S.
shipyards score highly (Steelwork Coding and Parts
Listing) the competitors have a higher level. It is an
example of where an industry has superior equipment
but does not use it as effectively as competitors use
less sophisticated equipment. The foreign shipyards
have concentrated on getting methods correct before
assessing whether they require the use of computers to
support them. All elements discussed below have a
difference in  technology between U.S. yards and
the foreign shipyards of at least 0.9.

Ship Design Although most U.S. shipyards surveyed
have some design capahility they are all severely
limited in the commercial area. Thereis very little
knowledge or information about modem merchant ship
design, statutory requirements or classification society
requirements in the whole of the U.S. shipbuilding
industry.

Steelwork Drawing Presentation The major
difference in the presentation of the drawings is that
the foreign shipyards present the information to
support the manner in which the work is to be
performed and, as they produce steelwork in work
stations, then the drawings are smaller and only
include the information necessary to undertake the
work at the relevant work station. The smaller
drawings are easier to check so less engineering errors
end up on the shop floor. Engineering errors were
mentioned by the production departments of U.S.
shipyards as a major problem.

Outfit Drawing Presentation The U.S. shipyards
produce large, multi-trade drawings which cover a
number of blocks or zones. This applies to both
manufacturing and installation information. Usually
both the manufacturing and installation information is
contained on the same drawing. The foreign
shipbuilder tend to produce separate drawings for the
manufacture of work pieces and for their installation.
Installation drawings are related to where the pieces
are installed and could be work station related for
installation in a steel shop, or zone/stage oriented for
installation on-block or on-board. Installation drawings
will also include all items to be instaled in a
workstation/zone /stage by al trades, or installers.



Production Engineering All U.S. shipyards apply
production engineering techniques to their work and
have good communication between the Engineering,
Production Engineering, Planning, and Production
departments. The major advantage which the foreign
shipyards have is that they all have developed
standards (both physical and procedura) which apply
to merchant ships and which have been accepted by
flag states and classification societies. These standards
have been extensively production engineered and
refined over a period of time.

Design for Production An effort is made in U.S.
shipyards to include design for production in ships
which have become contracts. This needs to be moved
to the earliest stages of pre-bid design. There is a lack
of knowledge of modem production techniques and of
applying design for production among the naval
architects who perform the initial designsin U.S.
shipyards. The foreign shipyards have advanced the
design for production of outfit items to a far greater
extent than the U.S. shipyards.

Dimensional and Quality Control All of the surveyed
U.S. shipyards have started the collection of
dimensional information in their stedwork areas, but
no shipyard has had the information analyzed in order
to produce work instructions with acceptable
tolerances for any stage in the process. The collection
of data on the outfitting side has not been started yet.
Theforeign shipyards have all collected and analyzed
information on their steelwork production processes
and can be said to have them under control.
Comprehensive procedures and standards have been
developed and implemented. The result is greatly
reduced rework and minimal excess stock on steel
work. A great help in collecting information and
keeping the processes under control is the
establishment of work stations which produce
identical, or very similar, items repeatedly. Foreign
shipyards have gone onto apply the technique to outfit
work and have largely succeeded in bringing this work
under control. The foreign shipyards have instituted a
system of sdlf-checking at every stage and continually
assessing whether the processes are still in control.
The system is supported by the Quality Control and/or
Accuracy Control Department in their yards.
Continuous improvement programs are also in place.

MEDIUM DIFFERENCES

Steelwork Production
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In no element of this group are the U.S. shipyards
superior to their ‘competitor, although they are equal
in one (Plate Stockyard). The major differences exist
in the following elements.

Stiffener Cutting This is almost always performed by
hand marking followed by hand burning.

Sub-assembly These are produced in random |ocations
in workshops which also produce a variety of other
work such as outfit steel items.

3D Unit Assembly A variety of practices apply
including assembling where space is available, adding
individual stiffeners to webs and pulling shell plate
around, adding curved, stiffened panels to webs (the
latter two methods at the same yard), erection outside,
leaving excess stock on plates, and using welding
procedures which result in significant distortion.

Outfit Steelwork Ouitfit steelwork is often produced in
steel workshops in locations determined by where
there is space available. No group technology is used.

Outfit Production and Stores

In the maintenance element of this group the U.S.
shipyards are superior to the foreign yards. In most
other elements they are very close, but for the

following two elements there are significant
differences.

Sheet Metal Work The sheet metal workshops in the
U.S. shipyards are all extremely well quipped but
none is organized on a group technology basis. They
all appear to produce items which could probably be
purchased cheaper from outside suppliers.

Genera Storage This was a somewhat surprisingly
large difference, given that the warehouses in the U.S.
shipyards are large, well run, departments. The
difference is that each yard has huge warehouses in
which a tremendous amount of material and equipment
is held, whereas the competitors hold low levels of
stock and some have developed realy efficient just in
time delivery of the required materials and equipment.

Organization & Operating Systems

All the shipyards surveyed scored highly in this
group, but the foreign yards were consistently better,
apart from purchasing in which the U.S. shipyards
were marginally ahead. The two areas in which the



overseas competitors are significantly ahead are
detailed.

Organization of Work This relates to the flexibility
of the work force and the manner in which it is
supervised. It was found that, although there are signs
of trade flexibility and multi-skill training in the U.S.
yards, work is still mainly done on a trade related
basis. Supervision is also on a trade basis. All of the
foreign competitors have afar more flexible, multi-
skilled work force and agreements in place which will
allow the full benefits of this to be achieved. The
presence or absence of unions seemed to have little
impact on these differences. The foreign shipyards also
perform the work in workstations or zones and
supervision is related to zones and not to trades.
Contract Scheduling This is actually quite well done
inthe U.S. shipyards but it is extremely well done by
their foreign competitors. The major differenceis that
the foreign shipyards link strategic planning and
tactical planning using computer systems which allow
direct interaction between the two levels.

SMALL DIFFERENCES

Other Pre-Erection Activities

Although the average levels for the overal group.

are fairly close, there are large differences in the
individual elements. These occur in Outfit Parts
Marshaling, which is one of only four elements in
which U.S. shipbuilding is more advanced than their
competitors, and Unit a Block Storage where the
competition is more advanced than the U.S. shipyards.
The group as a whole has a fairly high technology
rating for both industries.

Outfit Parts Marshaling Thisis particularly good in
the U.S. shipyards due to the fact that planning issues
to stores and workshops timely lists of what items are
required when and where, which alows these
departments to produce “kits’ or “pallets’ of the
required items.

Unit and Block Storage This is the element in this
group in which the competitors are furthest ahead. It is
aproblem in most of the U.S. shipyards visited due to
lack of area and also to the length of time which
blocks spend in storage.

Layout and Environment

This group israted as fairly low technology for
both industries examined, and the differences within
the group are al in the medium range. One element,
Lighting & Heating, has a higher technology rating for
the U.S. shipyards and this reduces the overall
difference. With the exception of one U.S. shipyard
and two of the foreign shipyards, all layouts and
resulting material flows are constrained by the site and
the ad hoc manner in which the yards have devel oped
over the years.

COMPARISON WITH 1978 SURVEY

The technology survey of the U.S. shipyards
which was conducted in 1978 did not apply weightings
to the individual elements which were included in the
study, so to compare like items the currently used
weightings have been assigned to the results of the
earlier study (Lowry, 1980). The results for the groups
are shown in Table Il below. Certain elements are
now included in different groups than they were in the
1978 study, e.g., E2 E3 and E4 were previously F,
F2 and F3.

The results in Table 111 show that in 16 years the
average technology level in U.S. shipyards has
increased by 0.9, from 2.5 to 3.4, while the foreign
shipyards have increased by 1.1, from 2.9t0 4.0, i.e.,
the gap has widened dightly. The maximum attainable
technology level in 1978 was 4.0 while the current
highest level is 5.0, the increase in the level being
judged to have occurred by 1990, over 12 years.
Increases in average technology levels in the two
studies could therefore be expected to be between 1.0
(5.0-4.0) and 1.25 (5.0/4.0). Both of the actua
recorded increases are within the expected ranges, but
significantly, that for the foreign yards is greater.

A brief examination of the changes in the groups
shows the following. For Group A, Steelwork
Production, the actual level of technology at present in
the U.S. shipyards is now at the level it was in the
foreign shipyards in 1978. However, the U.S.
shipyards have actually progressed more than their
foreign competitors, the average differences being
0.66 and 0.55 respectively. Both sets of yards have
made the most progress in two areas, 3D Unit
Assembly and Ouitfit Steelwork. The increases for 3D
Unit Assembly are both 1.0, but the U.S. yards moved
from 2.1 to 3.1 while the competitors changed from
2.9 to 3.9. In Outfit Steelwork the U.S. yards increased
by 1.2, from 1.8 to 3.0, and the competitors rose by
1.6, from2.5t04.1.
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1978 SURVEY 1994 SURVEY
us. FOREIGN uU.s. FOREIGN
GROUP SHIPYARDS SHIPYARDSDELTA SHIPYARDS SHIPYARDSDELTA

A Stedwork 2.25 2.91 0.66 291 3.46 0.55
Production

B Outfit Production 2.36 2.43 0.07 3.30 3.75 0.45
and Stores

C Other Pre-Erection 2.06 2.76 0.70 3.83 4.06 0.23
Activities

D Ship Construction 2.48 2.36 0.38 3.18 3.98 0.80

E Layout and 2.33 2.89 0.56 294 3.31 0.37
Environment

G Design/Drafting/ 2.92 3.17 0.25 3.45 433 0.88
Production Eng/L oft

H Organization and 2.98 3.03 0.05 4,04 4.67 0.63
operating systems

OVERALL 25 2.9 04 3.4 4.0 0.6

TECHNOLOGY LEVEL

Table |1l 1978 Survey Results Compared To 1994 Survey Results

Group B, Outfit Production and Stores had an
average progress for both sets of yards of about what
was expected, 0.94 for the U.S. yards and 1.32 for the
competitors. U.S. shipyards have made the best
progress in:

Electrica 12
General Storage 1.3
Pipework 13
Maintenance 14

while the foreign yards produced the highest gains in:

Woodworking 14
Electrica 16
General Storage 2.0
Auxiliary Storage 2.1
Sheet Metal Work 2.2

In pipe work the U.S. yards have made enough
progress to be level with their competitors and in
maintenance they have actualy drawn ahead. In
electrical and rigging they were about the same level
in 1978 but have fallen behind by 0.5 now.

Group C, Other Pre-Erection Activities, is the
group in which, on average. the most progress has
been made, with the U.S. shipyards advancing by 1.77
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against their competitors' 1.30. The gap has narrowed
from 0.70 in 1978 to 0.23 at present. This is a
significant group to make progress in as it
demonstrates that more work is being performed in
workshops rather than on the building berths. The
major advances have been made in:

Block Assembly 1.6
Module Building 17
Outfit Parts Marshaling 3.1 to 5.0

In Group D, Ship Construction, the foreign
shipyards have increased their technology level by an
expected amount, 1.12 while the U.S. yards have
improved by 0.70. The only improvements of an
anticipated amount in the U.S. shipyards were in:

Welding 1.0
Pipework 11
Hull Engineering 1.2

During the period the foreign shipyards made
significant improvements in

Pipework 15
Engine Room Machinery 1.6
Hull Engineering 1.7
Testing and Commissioning 1.9



Sheet Metal Work 2.0

In the painting area the U.S. shipyards have virtually
stood still, only improving by 0.1.

Neither set of shipyards has shown a large
improvement in Group E, Layout and Environment
although the U.S. yards moved more than their
competitors, 0.61 compared to 0.42. For both sets the
element Layout and Material Flow has only increased
by 0.1, indicating that the shipyard sites :are still
constraints to an efficient layout and material flow.

Group G, Design/Drafting/ Production
Engineering/Lofting is one in which the foreign
shipyards have made twice as much progress as the
U.S. shipyards, 1.16 compared to 0.53. This was from
afairly close position in the 1978 study, U.S. yards at
2.92, foreign yards at 3.17. The competitors have
made the largest progress in:

Steelwork Dwg Presentation 1.3
Lofting Methods 13
Steelwork Coding Systems 1.5
Outfit Dwg Presentation 1.6
Parts Listing Procedures 1.9

Only in Lofting Methods have the U.S. shipyards
made comparable progress, 1.2. In three areas,
Steelwork Coding System, Parts Listing Procedures
and Dimensional and Quality Control, the U.S. yards
have lost leads they had. In Dimensional and Quality
Control they are recorded at a lower level than in the
1978 survey, 3.0 compared to 3.2.

The two sets of shipyards studied in 1978 came
out with identical technology levels in Group H,
Organization and Operating Systems, 3.0. However, in
the intervening 16 years the U.S. yards have improved
by 1.06, while the foreign yards have increased their
technology level by 1.64. The increase by foreign
shipyards was gained by an almost uniform increase in
every element of the group, while there were large
variations in the changes of the U.S. shipyards. The
largest increases produced by the U.S. yards were:

Contract Scheduling 13
Outfit Prod Scheduling 1.5
Ouitfit install Scheduling 1.6
Purchasing 19

In Purchasing the U.S. yards have actually overtaken
their competitors by a small amount, 4.9 to 4.8.
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PRODUCTIVITY

Using the information provided by the U.S.
shipyards and three of the foreign shipyards, it was
possible to estimate their productivities in terms of
total employee man-hours required to produce a CGT.
The world average productivity for similar sized
shipyards (excluding U.S. shipyards) was developed.

Because the U.S. shipyards are currently building
naval ships and relatively few of these are delivered
annually, the output from each of the four U.S.
shipyards was obtained over five years in order to
establish a reliable average yearly value. The total
output of the four shipyards visited over the past five
years in terms of CGT and the man-hours required to
produce it are shown in Table |V. The CGT produced
was calculated using the estimated curve of CGT
Coefficients shown in Figure 2.

TOTAL OUTPUT
CGT

REQUIRED TOTAL
W-HOURS
1,683,671 314,274,641

Table IV U.S. Shipyards Total Output and Required
Man-hours 1989-1993

The average productivity over the period was
184.8 mh/CGT, with arange for individual shipyards
of 237 mh/CGT to 119 mh/CGT. This probably
presents aworse picture for the U.S. shipyards than
actually exists, due to the fact that two of the yards
considered undertook a significant amount of ship
repair and conversion work. Also, some of the yards
have “planning yard” and other white collar Navy
support activities that produce spent man-hours
without producing additional CGTSs.

The three foreign shipyards for which productivity
was measured were assessed over the previous three
years. This was because merchant shipbuilders
produce a greater number of ships per year and a
reliable average annual output can be obtained over a
shorter period than required for naval shipbuilders.
The total output of the three shipyards in terms of
COT and the man-hours required to produce them are
shown in Table V.

The average productivity over the period was 40
mh/CGT, with arange for individual shipyards of 69
mh/CGT to 17 mh/CGT. Information on similar sized



YEAR TOTAL OUTPUT REQUIRED TOTAL

CGT MAN-HOURS
1991 358,960 13,589,511
1992 380,720 15,781,367
1993 348,090 14,466,253
TOTALS 1,087,770 43,837,13|

Table V Three Foreign Shipyards Total Output and
Required Man-hours 1991-1993

shipyards to the U.S. yards (but excluding the U.S.
yards) indicates the average productivity is 88
mh/CGT with a range of from 180 mh/CGT to 17
mh/CGT.

COMPETITIVENESS

The competitiveness of the U.S. shipbuilding
industry has been assessed in terms of the cost of
producing a CGT compared with the same measure for
its competitors. The competitors considered are again
the three foreign shipyards which were visited and for
which the productivity was calculated, plus the other
world shipyards considered to be competitors and for
which data was available.

In order to calculate the cost of producing a CGT,
the effort in terms of employee man-years required to
produce a CGT is multiplied by the total annual cost of
employing a shipbuilding worker. This is produced for
each individual shipyard and the average obtained by
dividing the sum by the number of yards. The results
areshown in Table VI.

U.S. VISITED
FOREIGN FOREIGN
AVERAGE AVERAGE AVERAGE

YARD

MAN-HOURSWORKED

PER YEAR 1,829 1,805
MAN-HOURS/CGT 184.8 40.0
COST/EMPLOYEE YEAR $52,500 $63,455
COST/CGT $5,314 $1,121

KEY EVENT TIME SCALES

The average key event time scales for European
competitors building merchant ships are shown in
Figure 3 for various ship types and sizes. Ships
considered are all first in a series (or one ship
contracts). The best Japanese shipyards will have total
time scales of about 80% of the European figures.
Since the U.S. shipyards were not building merchant
ships, the actual competitive position cannot be
ascertained, but the information will indicate time
scales which must be attained in order to become
competitive. There is a clear correlation between time
scales and cost, and thus competitiveness is

determined by a combination of these interrelated
variables.

RECOMMENDED AREAS TO TARGET IN
ORDER TO INCREASE COMPETITIVENESS

There are a number of areas of improvement that
should be targeted by the U.S. shipbuilding industry.
These are presented below, in two categories, for most
important and secondary areas.

Critical Areas for Improvement

Business Plan

The U.S. shipyards must focus on the product
range which they intend to build and determine their
capacity, targeted output and build cycles. They also
need to develop targets for costs and a pricing policy.

ALL ALL
FOREIGN
RANGE
1,963 1$50-2,600
88.0 17.0-180.0

$48,690 $11,290 - $104,960

$1,296 S697 - $1,653

Table VI Competitiveness Comparison
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Shipbuilding Policy

Once the target product mix has been determined
then the optimum organization and methods must be
developed in order to produce them in the most cost
effective manner. A shipbuilding policy should address
facilities development, productivity targets, ship
definition strategy, production organization and
methods, planning and contract procedures, and make,
buy or subcontract policies. Successful foreign
competitors have first rationalized the shipbuilding
system beforc addressing significant facilities
developments.

Marketing

Marketing must target the owners of the ship types
and sizes which are identified in the business plan in a
proactive manner. These owners should then be visited
to inform them what the shipyard can offer to satisfy
their requirements.

Design and Engineering
It is strongly recommended that all shipyards have

their own design and engineering departments
sufficient to fulfill their needs.
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If designs do not include “design for ease of
production” and take account of a yard’s facilities and
production methods, shipbuilding will be a great deal
more costly and time consuming.

Engineering information needs to be produced on
time and in the sequence specified by the planning
department and should contain information which
reflects the manner and place in which the work is to
be performed. It should also be produced in
accordance with a ship definition strategy.

It is unlikely that an outside organization could
satisfy all of the above requirements. If they are not
met then the shipbuilding process is not under control.

There is a lack of experience in modern merchant
ship operations, design, regulations and the associated
up to date building methods among naval architects
and engineering staff in the U.S. shipbuilding industry.
This expertise is essential and needs to be acquired
quickly if the industry hopes to successfully penetrate
the commercial markets.

Total Quality Management and Accuracy Control

U.S. shipyards have been slow to implement total
quality management (TQM) principles and to adopt
accuracy control procedures. TQM has proven to be a
requirement in any manufacturing system that requires
input from all levels of the organization in order to
continuously improve productivity. World class
shipyards employ TQM in some form, including
training from top to bottom in the organization.

The need for accuracy, based on statistical
techniques is described in the discussions of steel,
outfit and painting processes. Accuracy control is
directly related to improvements in cycle time, a key
factor in international competitiveness.

Material Management

U.S. shipyards do not employ just in time
approaches to material management. This includes
identification, purchasing, warehousing, marshaling,
handling and assembling. Overseas shipyards control
costs by the application of this manufacturing
philosophy. Significant waste, rework, and monitoring
is the result of the lack of just in time material
management.

Purchasing

The yards need to build up a database of suppliers
of equipment for merchant ships, together with the
means of recording their performance for future use.
These suppliers should be worldwide. Continuing
efforts to improve supplier relationships are critical for
achieving worldwide competitiveness.

Purchasing should aim for just in time delivery of
materials and equipment to the shipyard in order to
reduce capital tied up in stored goods and the storage
area necessary. Moving to the universal application of
this practice, even for U.S. Navy or other government
work, will provide long term benefits to both the
shipyards and the government. Suppliers are becoming
used to just in time deliveries that are being required
by all industries, which should help U.S. shipyards in
these efforts.

Second Blast and Prime Operation

This should be completely eliminated from the
shipbuilding process. It does not occur in any modern
merchant  shipbuilding yard and should be
unnecessary. The elimination of this operation will
allow additional outfit materials and equipment to be
installed on unit, or on block, earlier than at present.
This is because at present items which would be
damaged by blasting have to be omitted until after the
operation takes place.

Outfitting

Only one of the U.S. shipyards visited had
collected data on an outfit manufacturing or
installation procedure in order to have them analyzed
as part of a self-checking statistical process control
system. This should be addressed, as all aspects of ship
production must be brought under control in the
statistical meaning of the word.

Outfitting should be performed earlier in the
building process so that, for example, deckheads are
outfitted while they are in an inverted position in a
workshop. Too much deck level outfitting occurs on
block while the block is in its final orientation,
Equipment should be installed “blue sky” and not
moved in horizontally when the block ring has been
completed. More electric cabling could be installed on
unit and on block, with excess lengths which have to

be run to adjacent, or further, blocks left coiled in
place.
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The yards should develop standard equipment
units for merchant ships and incorporate them into the
designs for these ships. The framework for such units
should support the units without the need for
temporary stiffening, which occurs at present.

Ouitfit workshops should be organized on a group
technology basis with groups of similar work being
produced in dedicated workstations using standard
procedures and tools.

The use of welded studs and bolts for the
attachment of pipe hangers, cable ways, vent trunks,
electric lights and other outfit items should be greatly
extended.

When a ship is in the water the required services
should be led in planned routes, kept clear of the deck,
and arranged in modular form to alow for removal or
expansion without interruption to the remainder of the
services. The early hookup of the ship's electric lights
will alow them to be used via shore supply in order to
reduce the services required.

Painting

This is an area where Japanese shipyards are
making large investments in order to improve
productivity and quality. Painting should be so
organized that finish painted blocks go to the ship
assembly berth. The blocks should be painted in paint
cells or similar. During the build process any damaged
primer should be wire brushed and touched up to
maintain protection.

Mixing Naval and Merchant Ship Construction

There is some circumstantial evidence to suggest
that it is counter productive to build
commercial/merchant ships (of whatever type) and
military ships in the same shipyard using the same
engineering and production personnel. While some
internationally competitive shipyards successfully mix
merchant and naval shipbuilding, most world class
shipyards concentrate totally on merchant ship
construction.

In principle, some types of small to medium size
merchant ships have some characteristics that are
similar to those of naval combatant ships of
comparable size. The important characteristics are (1)
where the functional role of the vessal requires extra,

1-20

specialist crew members to operate the vessel while it
is underway, (2) it has special, often technically
sophisticated, on-board engineering systems over and
above those required to navigate and provide the
propulsion and crew accommodation services, and (3)
there is a high “packing density” of engineering
systems in compact machinery spaces.

Commercial vessels that have these characteristics
include:

I oceanographic survey vessels,

. deep sea fishing vessels;

i chemical, LNG, LPG carriers; and
. passenger liners and ferries.

The arrangement of these vessels and comparable
naval vessels should reflect a consistent approach by a
shipyard to the use of an assembly strategy that is a
consistent application of PWBS and GT principles.

There are a few features associated with the
construction of naval vessels that cause some
operational difficulties. These are the extensive
operationa and other documentation and the large
number of engineering change orders that arise from
requests from the Navy and from problems with
government furnished equipment.

One possihility is to build merchant and naval
vessels on adjacent, but operationally independent
sites. A second possibility is for the government to
significantly revise it's behavior as a customer to
shipyards building both Navy and merchant ships.

Whatever strategic approach is adopted, great care
is required to ensure that a shipyard's ability to
compete effectively with those shipyards that
concentrate on specific markets for merchant shipsis
not undermined.

ADDITIONAL AREAS FOR IMPROVEMENT

A second level of areas for improvement were
also identified. These are considered to be important,
but not as critical as the items described above. This
second level list includes:

. build strategy use;

1 steel stockyard, reduction in stock levels;

1 treatment line, use of weld through primers,

. plate burning and marking, use of shrinkage
allowances;



forming, use of line heating and nc machines
(especially for stiffeners);

sub-assembly, work performed in defined
Workstation,

flat panel assembly, updating of panel lines, use of
more automation and elimination of welded
fairing aids;

curved unit assembly, use of one sided welding
and improved distortion contral;

block assembly, produce larger, more fully
outfitted blocks and employ ground level transport
systems;

staging and access, dramatically reduce staging
requirements,

organization of work improve trade flexibility
and provide area rather than trade supervision and
production control, reduce and level work package
size and develop real time feedback and control
systems.

CONCLUSION

This paper is intended to provide information to
U.S. shipyards as they seek to become commercialy
competitive. To some degree, the fact that U.S. yards
have lost ground compared to their foreign competitors
since 1980 is cause for concern. Without commenting
on the reasons for this situation, the need to improve
should be very clear.

There are some reasons for optimism contained in
the results. Labor costs and average hours worked for
U.S. yards are world competitive. Additionally,
technology improvements needed are generally of the
soft or management technology type, rather than
facility or hardware type. Thus, major capital
improvements are not required to produce major
productivity improvements.

It is hoped that the recommendations will provide
a framework for U.S. shipyards to conduct internal
evaluations to set a course for international
commercial competitiveness. These plans must be
prepared and implemented in order to enable the
industry to survive in the coming decade.
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ABSTRACT

Since January 1993, the Estaleiros Navais de Viana
do Castelo (ENVC) shipyard in Portugal has been
engaged in a program of productivity improvement. In
many other shipyards, the traditional approach has been
to select wide ranging technology projects and to
employ large teams of advisors and counterman
managers. The approach here has been to involve key
functional areas with wide involvement of yard
personnel in driving the program forward. The
consultancy team has been small and has acted as a
catalyst and advisor on the management of change and
the specification and implementation of new
technology.

The central theme has been the establishment of
workstation operations. The emphasis of the project
has been in developing a structured approach to
productivity improvement through the implementation
of “best practice”. The objective has not been to
implement perceived latest technology, but to adapt the
approach to suit local conditions and culture.

To date the results have been dramatic and far
reaching. The yard is now adopting a radically new
approach to planning and production engineering, to the
preparation of production information and to the
organization of work on the shop floor.

BACKGROUND

Productivity improvement is a key issue facing the
European Community (EC) shipbuilding industry and it
will increasingly be so as subsidies are reduced and
eliminated under the recent OECD (Organisation for
Economic Cooperation and Development) agreement.
While there are differences in productivity levels
between Community and “best yards’ elsewhere, there
are also significant differences between the best and
worst within the Community. Major improvements in
productivity are possible now in most European yards
through the adoption of modem shipbuilding techniques
in terms of better systems and organization of work,
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better production engineering, better management and
better training.

The policy of the European Commission (the
policy-making body of the European Community)
towards shipbuilding includes in its objectives
- the promotion of a competitive shipbuilding

industry seen as of vital interest to the Community

and contributing to its economic and social
development; and
- increased efficiency in European Yards.

In January 1992, as part of its continuing
monitoring program of developments within the
industry and progress towards the achievement of its
objectives, the Commission appointed KPMG Peat
Marwick in association with First Marine International
to carry out a study to assess the factors which affect the
competitiveness of the Community yards and to
propose ways and means to enhance it. The study was
completed in October 1992.

The ENVC yard was part of this study - it was one
of the forty-eight yards visited and studied -- and the
story begins here.  Some additional information is
given in the Appendix on the assessment of the use of
technology in the shipyards visited at the time and
what, broadly, was considered to be best practice. One
thing that the study clearly showed was the correlation
between the use of best practice, productivity and
profitability.

The yard did not show well in the study (see Figure
1). In terms of productivity and in use of “best
practice”, it was well below average in its category. As
a direct result of the findings, the consultants were
invited to return to the yard for further investigations,
and to design and implement a program for
improvement. The object set was to draw up plans for
productivity improvement in the widest sense - not just
of the direct workforce - but of the whole organization
and its activities.

The motivation for the improvement program was
clear. The shipyard was government-owned and losing
money. Money could continue to be lost at the yard but
not for long. The tightening environment of EC



subsidy policy was expected to be increasingly feit.

Added to this was a strong political will for the
vard’s survival since it was, and still is, a major
employer in the northern region of Portugal. Thus
there was a strong commitment at the highest level to
improve the performance of the vard.
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Figure 1
Shipyard Use of Best Practice

THE SHIPYARD

The shipyard is located on a 95 acre site close to
the port of Viana do Castelo in northern Portugal. It
employs a total of approximately 1.400 people in
shipbuilding and ship repaic

Shipbuilding is carried out in a building dock and
vessels up to 30,000 dwt. can be constructed. Blocks of
up to 140 tonnes can be erected. The shipvard is well
equipped with a good range of supporting workshops
and other facilities. It carries out ship repair in two
graving docks up to 30,000 dwt. (see Figure 2).

BASELINE REVIEW

In January 1993, a detailed review of all shipyard
operations was carried out. The objective was to obtain
an up-to-date picture of the vard in an international
context in terms of competitiveness, level of
technology and productivity. It was to identify problem
areas, to establish what could be improved, to propose
how to mahage change and to propose when and what
new technology and new ways of working should be

- introduced.

The review involved interviews with department

" and section managers, study of systems and procedures,

Figure 2

Layout of Shipyard
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examination of engineering documentation and
production information, critique of the facility
development plans and study of working practices. The
findings showed nine common features which were
identified from the studies in each department,
summarized below.

Non Quality Organization

There was alow level of commitment to a“right
first time” philosophy with appropriate self checking
and feed back systems. This showed in the repeated
need for modification and rectification work

Excessive Movement

This related to both manpower and materials and
was primarily due to the absence of workstation
concepts with proper planning and control systems.

High Work in Progress

Stocks of raw materials and work in progress were
appreciably higher than in comparable yards.

Barriers to Change

The organization was heavily oriented towards
departments and trades with poor communication
between them and with significant barriers to
cooperation and change.

Low Customer Orientation

This applied both to external customers and to the
adoption of the concept of “supplier / receiver” in
internal workflows. This was reflected in the lack of
inter-departmental communication, the repeating of the
same errors, and the build up of frustration and inter-
departmental  friction.

Low Awareness of Work Content

Monitoring and control were ineffective in
production. Work was planned by large department /
section manhour budgets split between shop and ship
only. There were significant difficulties in reconciling
estimated material and work content with materials
consumed @nd Manhours used.

Global Control

At a high level, the company had relatively
sophisticated controls.  However, performance
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measurement methods at sub-department and production
levels were very under-developed.

Low Organizational Learning

There were few systems for organizing feedback of
actual performance or out-turn of activities.

Shipbuilding Technology

In terms of shipbuilding technology, findings
included the following.

planning dates were often missed, and poor quality

and incomplete work was often passed to the next

stage,

there was poor dimensional qudity, leading to

excessive rework;

there was no clear definition of stages of production

and virtually no workstation organization,

outfitting was generally carried out too late in the

build cycle and was compressed due to late

Steelwork activities,

there was strong trade demarcation, little flexibility

and evidence of overmanning; and

the engineering offices were not oriented to stedl /

outfit integration or ease of production.

In time all these issues would have to be addressed.
However, it was clear that it would be very difficult, if
not counter productive, to try to address al the issues
simultaneously. A phased program had to be developed.

PHASED IMPROVEMENT PROGRAM

The program had to achieve three fundamental
objectives
the introduction of new shipbuilding technology
and working practices,
- the break-down of the inter-departmental barriers,
and
- progressive development of workforce involvement
and commitment to the program.
It was decided to construct a three phase program as
follows.

Phase 1 - Proving the Concept

This would consist of a number of relatively short
term pilot projects aimed at “burning platform” issues
in key activities, and involving a wide cross section of
the management and workforce.



Phase 2 - Developing the Skills

This would include a series of training and methods
! procedures development projects involving transfer of’
technology which would develop the required approach
and skills to enable the concepts demonstrated in the
pilot projects to become “the way of life”.

Phase 3 - Making it Happen

This would aim to achieve full implementation of
the new technology and ways of working into the day to
day operations of the shipyard.

The projects were designed to implement change on
specific contracts in the building program. The phases
were structured to be self contained with definite cut-off
points so that at regular intervals, progress could be
reviewed and the future program modified as necessary.
In addition, the shipyard could decide what level of
external assistance (if any) was appropriate for the next
stage.
The elapsed time for completion of the total
program involving external consultants was expected to
be two to three years. Thereafter, the improvement

process was expected to be continuous and self °

generating.
MANAGEMENT OF THE PROGRAM

Critical to the success of any improvement
program is the project management organization which
must be set up to manage the change process.
Immediately following approval of the phased program,
a management of change organization was established as
outlined in Figure 3.

The Executive Committee was to meet about once
a month and was responsible for:

- demonstrating senior management’s commitment to

. and overall sponsorship of the whole program,

- agreeing on individual projects and resources in
each phase of the program,

-  monitoring progress and achievements, and

- resolving blockages and problems.

Project Steering Groups were established for each
project. They were to meet every two to three weeks
with responsibility for:

- ensuring the projects proceeded according to the
program,

-  ensuring the required results were achieved, and

-  implementing changes resulting from the projects
into their respective departments.

Project Action Teams were led by the project
manager. Each action team was made up of staff and

workforce from the departments affected by the project

and had responsibility for:

- developing and carrving out the project,

- developing the required technology, methods and
procedures,

- highlighting problem areas,

- documenting the results and benefits achieved,

- assisting with implementation in their respective
departments, and

-  assisting with training their own and other
department personnel.

* Board
¢ Directors / Senior Managers
¢ Consultant (Coordinator)
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e Chairman

Project (from Executive Committee)
Steering ¢ Project Manager

Groups {Lead Department)

¢ Relevant Department Managers
+ Consultant (Facilitator)

Executive
Committee

7

Project
A cti'ec * Appropriate personne! tasked
on with specific work
Teams
Figure 3
Project Management Organization

The external consultants supported the steering
groups and action teams in all aspects of their work,
particularly in terms of technical advice. Up to four
consultants were on site at any one time but with only
a maximum of two for continuous periods.

PHASE 1 - PROVING THE CONCEPT

Five key short-term projects were chosen to act as
the initial focus for improvement (see Figure 4). Three
were ship related and were designed to be in areas where
rapid improvement was possible. They also involved a
cross section of both technical and production
departments and provided the basis for introducing
management of change techniques to key people. Of
the other two projects, one addressed the essential area



of human resources, the other looked for short term
improvements in general steelwork production
operations.

The ship related projects were aimed at impacting
two sister ships in the building program to demonstrate
the practical effects of new production technology in the
areas of steelwork assembly and block outfitting.

1Build Strategy
SRZI| Qted * Steelwork Production
1Advanced Outfitting
Egﬁﬁ% 1Attitude Survey
%?a?r;t 1General Steelwork
Figure 4
Initial Projects
Build Strategy

The main object of the build strategy project was to
formally agree and document the construction
methodology to be adopted for the two ships. This
included the identification of potential problem areas and
aspects of the vessels which were unusual, together
with a description of how the problems would be
overcome. In addition, the build strategy described
improvements in technology and methods between the
first and second vessels, and demonstrated the use of the
document as a means of managing change. The project
emphasized the need for team work and successfully
brought together people from the principal departments
of the shipyard.

It was agreed to appoint a project manager for the
vessels whose principal task was to implement the
build strategy. However, in actua practice, the strategy
was not properly followed and the role of the project
manager was reduced to that of technical coordinator.
The main reason for this failure was the strong
departmental characteristics of the company and an
underlying resistance to change which was not
overcome at this time.

It was not until the third phase of the program that
the value of the build strategy and the role of the project
manager was properly understood and appreciated.
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Steelwork Production

The main object of the steelwork production project
was to demonstrate the principles and effects of the
workstation concept on engineering and production
activities.

Two stedl blocks from the subject vessels were
selected for the study. The project action team was
responsible for:

developing and documenting the detailed assembly

methods and the required production information,
- specifying the necessary equipment, tools and

manning levels,

organizing and training selected production workers,

setting up areas within the workshops to simulate

workstations,

overseeing the project through the production

processes, and

documenting results.

The project highlighted the changes in the approach
to design and development of production information
and in the organization and control of manpower and
materias required to implement workstation operations.

The concepts of process analysis and workstation
drawing were successfully introduced. In production,
the project was initialy successful but began to
deteriorate as the workforce was changed without
adequate training and the work areas were changed
without adequate setting up. However, the workstation
approach was appreciated by the production workers and
supervisors and was adopted for other steel blocks not
included in the pilot project. Figures 5 and 6 show
samples of block process analysis and workstation
drawings.

Advanced Ouitfitting

The main object of the advanced outfitting project
was to demonstrate the principles and effects of new
outfitting technology in terms of outfit unit assembly
and high levels of pre-erection outfitting in steel blocks
(see Figures 7 and 8)

Two sets of system equipment were selected to
demonstrate outfit unit assembly and two steel blocks -
afunnel and casing, and an upper fore - end were
selected to demonstrate the high levels of outfitting that
could be achieved. The project action team was
responsible for designing the outfit units, determining
the levels of advanced outfitting, preparing the necessary
production information and planning and organizing the
production resources and materials.

The project emphasized the necessity to integrate
sted and outfitting activities, both during the design and
production stages. It also highlighted the need for a



Figure 5
Block Process Analysis
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Steel Assembly Workstation Drawing
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new approach to the development of outfit design and of
the format and content of production information.

In the first of the two vessels, only one of the two
outfit units was successfully installed. Both were
properly installed on the second. On the two selected
steel blocks, a level of approximately 85% of targeted
pre-outfit was achieved on the first vessel with 100%
achieved on the second.

Figure 7
Advanced Ouitfitting of an Engine Room Deckhead

Figure 8
Outfit Unit Installed On-block before Erection
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Attitude Survey

The main object of the attitude survey was to
develop a better understanding of the different cultures
and methods of working which existed in the yard and to
develop a series of action plans to gain the commitment
of the whole workforce to the improvement process.

The emphasis of the project was to highlight the
human barriers which would hinder the progress and
implementation of change and to develop the means of
overcoming them. An anonymous questionnaire, which
al employees were asked to complete, evaluated ten
dimensions of human attitude in the company:

management style,

clarity of objectives,

organizationa integration,

decision making,

- performance orientation,
dynamism,
- professiona development,

image of the organization,

motivation, and

change.

The level of response was good, nearly sixty

percent of the staff and workforce completed the

guestionnaire. Answers in each section were rated
between 1 and 5 with 5 being the most positive
attitude. The survey showed a great variation in
attitudes between departments and levels within the
organizationa structure.

The company was found to be particularly weak in
the areas of organizational integration (the extent to
which the company achieves efficient communication
and cooperation between the different unitsin the
organization), management style (the level of
encouragement and support to individual initiative when
directed toward an improvement in organizational
efficiency) and professional development (the extent to
which the company provides opportunities for career
development when preparing people for higher level
positions). While there was a general willingness to
change, this was being prevented by the weaknesses.

Steelwork Operations

The object of the steelwork operations project was
to design and manufacture jigs, small tools and fairing
aids which could be used immediately in production to
improve accuracy, shorten process times and reduce
manhours in steel assembly.

The project emphasized the layout and operational
changes necessary to implement workstation
organization and the need for a structured, analytical
approach. This project was a success and implemented
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many beneficial aids to production. Figure 9 shows the
layout of workstations in the steel assembly area.
Figure 10 shows pin jigs which were designed and
manufactured in the yard and Figure 11 shows a number
of small production tools and fairing aids

- s

Telescopic Pin Jigs in a Curved Panel Workstation

REVIEW OF PHASE 1

Following the completion of the Phase 1 pilot
projects aformal review was carried out. This review
highlighted a number of problem areas affecting the
development and implementation of new technology.
The purpose of the review was to help define the precise
requirements and shape of Phase 2. The main findings
are listed.

Workstation Philosophy. There were widely
differing understandings of the workstation concept and
the implications for the key departments. For
successful implementation there had to be a common
understanding throughout the company.

Design / Production Information. The
traditional approach to the development of vessel design
and the format and content of production information
would not support and sustain workstation based
production operations and zone by stage outfitting. A
new approach needed to be developed.

Planning System. The existing planning
system needed overhauling to be effective at al levels
and, in particular, to control workstation operations
through defined small work packages.

Accuracy Control.  An accuracy control
program was needed to define and achieve the accuracy
requirements for each workstation.

Workstation Operations. The product types,
operations, equipment, tooling and manning levels in
each workstation needed to be clearly defined.

Figure 11
Small Reduction Tools and Fairing Aids

Management of Change. Broad based training
at al levels was required to equip employees and
managers with the techniques necessary to implement
change.

Professional Development. The process of
performance appraisal had to be improved by:

- face to face interviews on aregular basis,
- the setting of clear objectives,

communication to individuals (or teams) of their

performance against objectives, and

the design of afair and defendable promotion

system.

Organizational Integration and

Management Style. There was the need for a
clear definition of the management competencies and
style of organization needed to achieve the business
strategy. Also, a training program was needed for senior
and middle managers to improve team work,
communication, decision making and interpersonal
skills.

PHASE 2 - DEVELOPING THE SKILLS

Following the review of Phase 1, it was decided by
the board that the emphasis of Phase 2 should be in the
following four key areas.

workstation operations training,

development of the vessel design process,

development of senior and middle management

skills, and



development of workstation operations in steel
assembly.
Figure 12 shows the key areas where the

development of skills was required.

Figure 12
Key Areas for Skill Development

It was decided that the problem areas of planning
and accuracy control would be addressed in later phases.

For Phase 2 the executive committee maintained its
mode of operation. The steering groups were
reconstructed according to the four projects. Each of the
action teams formed for the Phase 2 projects included at
least one member from Phase 1. In addition, a
technology manager was appointed to assume an overall
coordination role and, with the assistance of the
consultants, to develop an overall technology plan.

Workstation Operations Training

The main object was to achieve a broad
understanding of the philosophy, benefits and
implications of workstation operations. The action
team developed extensive training programs at three
levels:

- general instruction for directors and senior
management,

- general instruction for middle management, and
detail training for production management.
Members of the action team conducted the training

sessions which were arranged for groups of six to ten

persons. The emphasis of the project was on group
participation through open discussion and the setting of
tasks for the participants aimed at developing their

understanding of the concept and details of workstation
operations.

Design and Production Information

The action team produced a “design strategy”
document which described the approach to developing
design and production information for a vessel through
the major stages of the design process. Each stage was
described in terms of functional requirements and
production considerations and included decision making
criteria and samples of the format and content of
drawings and documentation. The project emphasized
the need for integrating the steelwork and outfit design
from the earliest stage.

The strategy document was designed to act as a
guide for the engineering departments during the
implementation phase. It was to be a dynamic
document which could be updated as technology
developments called for changes to the design process
and the format of production information. Figure 13
shows a summary of the design strategy.

Management Skills Training

The object was to develop modem management
style and skills in senior and middle level managers,
promoting interdepartmental communication and
cooperation for mutual benefit. Training seminars were
held for managers at different levels in the
organizational structure. Following training seminars,
the managers were divided into small groups and given
various problems to solve which required joint
solutions. The project emphasized the need for close
cooperation between managers while providing new
techniques and approaches to problem solving.

Workstation Operations

During Phase 1, the layout of the workstations for
steel assembly were designed and agreed. The object of
Phase 2 was to define the detailed operations and to start
implementation.

Previous vessels were analyzed to establish the
product families and the throughput requirement for each
workstation. Methods and procedures for assembling
each product were developed and described in an
operations document. Manning levels were determined
for each workstation based upon the throughput and
methods to be applied.

The project successfully started the implementation
of steel assembly workstation operations. The same
principles were used to define workstation operations for
outfit production, beginning with pipework and
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Outline of Ship Design Strategy
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progressively moving to other activities. Figure 14
show’s the initial stages of developing the minor
assembly workstations.

Figure 14
Start of Minor Assembly Workstations

REVIEW OF PHASE 2

By the time the four projects in Phase 2 were
complete, the improvement program had been running
for approximately twelve months. While they had been
generally successful, with many new methods and
procedures implemented, it was felt that the individual
project approach needed to be expanded to a full
implementation program.

With the development of the new "design strategy”
and the eroding of departmental barriers, the major
obstacles to change were being overcome. However,
training needed to be extended, the planning problem
remained to be addressed and, in addition, two
organizational problems needed to be solved, as
described below. Figure 15 illustrates the key areas for
further development in Phase 3.

Management Skills Training. Phase 2
focused on basic management skills training for senior
and middle managers. This training needed to be
expanded to other levels of management and
supervision.

Workstation Operations Training. The
training needed to be extended to provide detail training
for engineering personnel and workstation supervisors.

Planning System. The existing planning
system needed to be restructured into a decentralized,
three tier system for the effective planning and control
of workstation operations.

Production Engineering. There was a need to
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establish a production engineering function which
would lead the build strategy preparation for each vessel
and would ensure that new methods and procedures
adopted by all departments were adhered to and
coordinated. The production engineering function would
also be responsible for leading the continuing
technology development effort.

Engineering Departments. The traditional
steel and outfit department organization was still in
place and needed to be changed to multi-disciplined
sections developing integrated design and production
information.

Extension . Management Skills

of . .
Training . Workstation Operations
Planning . New System

Solution to 'Production Engineering
Organizational

Problems 1Engineering Departments

Figure 15
Needs for Phase 3

PHASE 3 - MAKING IT HAPPEN

In late 1993, the yard won an order for the design
and construction of an 8,700 dwt. cement carrier.
Following the review of Phase 2 in January 1994, the
board decided to commit the company to the full
implementation of new technology on this vessel.
Phase 3 of the program started in earnest in April 1994
and is planned to extend to July 1995 at which time the
vessdl will be ready for delivery.

Methods and procedures developed in the previous
phases are being applied to the vessdl, starting with the
production engineering of the basic design, preparation
of assembly analysis and preparation of workstation
production information.

In addition, the following projects identified in the
review of Phase 2 are being carried out.

Workstation Training

Detailed training programs arc being written for
workstation supervisors and for staff from the
engineering, planning and production engineering
departments.  Applying the methods developed for the



previous training programs using the subject vessel as
the basis, attention is being focused on training for
workstation operations in both steelworking and
outfitting.

Workstation Operations

Implementation of steel assembly workstations is
well advanced (Figure 16 shows a hilge sub assembly
being completed at a sub assembly workstation). The
stages of assembly are clearly delineated in the
workshops with appropriate floor skids, jigs and
supports, equipment and cranage, access-ways and
intermediate storage areas. Implementation is being
extended to outfit production activities in preparation for

F|ure 16
Sub Assembly Workstation

Planning System

The existing planning system has been reviewed
and new methods and procedures are being written to
describe the detailed operations of a decentralized
planning function at three levels:

strategic planning,

tactical planning, and

detail production planning and scheduling.

The new system is being implemented
progressively during the design and construction of the
vessel. Figure 17 shows the basic principles of the
planning system.

Production Engineering

Organizational and personnel problems made it very
difficult for the company to establish a production
engineering department at the beginning of Phase 3.
However, a planning and production engineering
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department manager has now been appointed to manage
the planning and production engineering tasks which are
partly carried out by his own staff and partly carried out
by personnel in other departments. While this is not an
ideal situation, it is a satisfactory, temporary measure
which enables the production engineering principles,
developed in the design strategy to be incorporated into
the vessdl.

In engineering, planning and production areas. the
inter-departmental barriers are not totally dissolved and
applying certain fundamental production engineering
principles is difficult. One typica area involves the
block breakdown in the engine room where there has
been insufficient consideration of the best breakdown to
suit important outfitting requirements.

Figure 18 shows the shell seam at the engine room
tank top level whereasit should ideally have been
located above the engine room floor plate level. This
would have increased the level of advanced outfitting and
open-sky access.

Engineering Departments

In the period between the completion of Phase 2
and the start of Phase 3, the company was unable to
achieve full integration and reorganization of the steel
and outfit engineering departments. A partial
reorganization of staff on a ship primary zone basis was
achieved and the departments are applying the new
methods and procedures set out in the design strategy.
This is significantly changing the approach to the detail
design of the vessel and the format and content of
production information. Workstation drawings are
being produced for the steelwork assembly stages and
outfitting information is being prepared by zone and

stage.
Management Skills Training

The basic management skillstraining in Phase 2
was conducted entirely by the consultants. In Phase 3,
the training sessions are being conducted jointly by
consultants and yard staff. The training program is
planned to extend from September 1994 to February
1995. It will cover al levels of management and will
address the following area:

strategic management,

organizational behaviour,

- personnel management,
time management,
- production management,

resource administration, command and motivation,
- production results control, and

leadership.
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Principles of the Planning System

Figure 18
Shell Seam at Tank Top Level
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KEYS TO SUCCESS

While the principles of best practice shipbuilding
technology are applicable to al shipyards, their
interpretation and incorporation into a structured
productivity improvement program must be carefully
considered on ayard by yard basis. In thisway the very
different cultures, personalities, barriers to change and
local conditions found in any given situation can be
recognized and accommodated.

Throughout the program at the shipyard, much
effort has gone into adapting the approach to
performance improvement and technology development
to suit local conditions and culture. The importance
also of simultaneously addressing the elements of new
technology and human resources has been stressed, as
has the need to ensure that the applied technology is
balanced across all shipbuilding activities.

In many shipyards the approach has been to select a



wide variety of projects and to employ large teams of
advisors and counterpart managers. In this case the
approach has focused on a limited number of projects
which affect a wide range of activities and the
consultancy team has been kept small. This was
considered to give the best chance of success.

The principal role of the consultants has been to act
as a catalyst for change by providing the ideas and
stimulus through their knowledge of best practice
shipbuilding technology and their experience in other
shipyards and in other industries. They have acted as
advisors on the management of change and have
provided detailed, hands on, methods and strategies for
the implementation of new technology and ways of
working.

There have been compromises in areas where the
consultants have wanted to move faster or do thingsin
different ways; but where the shipyarrd, for its own
good reasons, has decided otherwise. Mistakes have
been made, of course, but some tolerance of failure is
necessary for learning organizations and continuous
improvement

The improvement program aimed to develop a wide
management and workforce involvement and
commitment. It was structured to involve a broad
cross-section of yard people at all times, and
encouragement was given to those involved in projects
to develop their own solutions to help avoid the “not
invented here” syndrome.

At predetermined intervals in the program, seminars
have been held for key employees at which senior
managers, supported by the consultants, have reviewed
progress, highlighted the successes and failures, and
described proposed future program activities. Asthe
projects have progressed, problem areas and results have
been presented and discussed with affected management
and workforce. This policy of communication at all
levels has been essential in gaining the confidence and
commitment of the workforce.

In a number of areas, methods and practices from
outside the shipbuilding industry have been introduced
to avoid traditional incest and inbreeding. Key areas
were those of attitude survey, personnel assessment,
management organization and management skills
training.

In shipbuilding technology, the emphasis has been
carefully focused on developing:

build strategies,

- design for production,

workstation organization, and

sted and ouitfit integration.

Success here has |ed directly to cycle time reduction
and manhour and cost reduction.

In summary, the key factors for a successful
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productivity improvement program include the
following:

not just commitment from the board and senior

managers but their full involvement in project

steering groups - this is not something that can be
delegated,

involvement and full communication with all

employess,

emphasis on the shipyard developing its own

taillored solutions,

consultants as trainers and mentors providing

solutions as requested,

- parallel development of technology and human
resources, and

clear technologica focus.

The object of this whole exercise was to improve
competitiveness. In the 1992 EC study,
competitiveness was defined as “the ability to win
orders in open competition and stay in business'.
Improving productivity is a means to the end - not the
end in itself.

Finally, it is pleasing to note that the yard's
orderbook has improved dramatically in the last twelve
months as can be seen from the building programs
shown in Figures 19 and 20. Continuous improvement
in performance is required to meet these new
commitments. When this paper is presented it is hoped
that further significant progress can be reported.

Yard Building Program - October 1993
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Figure 19
Yard Building Program - October 1993



Yard Building Program - October 1994
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Figure 20
Yard Building Program - October 1994
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APPENDIX

The above referenced EC study proposed that each
yard must maximize its use of resources by ensuring
that it is using best practice as appropriate to its size,
type and individual business objectives. The research
program and analysis demonstrated the link between the
use of best practice and output performance which is
shown in Figure AL.

The study also showed a clear relationship between
use of best practice, performance and profitability.
Summarized as shown in Table 1.

There are significant differences in the adoption of
best practice across EC yards. The features which
typify the above average and below average performers
in seven key areas of company activity are summarized
below.
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Figure Al
Best Practice / Performance Correlation

Best Practice  Perform. Profit
Measure Measure Measure
EC Above Av. 117 150 91
- ECAwv. 96 105 70
. EC Below Av. 88 65 23
Table 1

Best Practice / Performance / Profitability Correlation

On strategy and management issues, the above
average performing yards have a high degree of focus on
a specific target market. This focus links through to
clear management objectives and actions in each
functional area. In contrast, the below average yards
stress the need for flexibility and tend to be trying to
service a number of different markets with a mix of one-
off builds and short series. This leadsto confusionin
coordinating departmental organization structures and in
the allocation of resources.

On marketing, the higher performing yards tend to
have clearly identified and targeted owners, have a policy
of pro-active contact with shipowners, see after-sales as
another contract opportunity not just a cost, and use
their own resources with minimum use of agents. The
below average yards tend to be totally re-active to
enquiries, view orders as one-offs rather than part of a
long term relationship with shipowners, have no clear
product development priorities and have very few
resources in sales and marketing.

In purchasing, the above average yards tend to have
reduced to only two or three suppliers in each area, to
operate with few sourcing restrictions and to have
explored economies of scale by linking purchasing with
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other yards. The below average yards tend to operate
within more constraints imposed by their lack of
knowledge of external financing sources and to use
traditional buyer/seller relationships.

In human resources, the major differences between
above and below average yards are in four key aress:.

the emphasis on upgrading skills,

the effort to restructure the workforce through

recruitment,

- the degree of employee empowerment, and
multi-skilling and re-skilling.

On design and technical issues, above average yards
have invested heavily in CAD/CAM systems and
equipment with careful implementation, the production
of specific workstation information and increasingly full
CAD/CAM generation of production information with
DNC links. Some of the average and below average
yards have made the investment but implementation has
been ineffective and not integrated with other
operations.

Inplanning for production, the high performing
yards have decentralidized multi-level planning systems
with cleary defined outputs at each level, a work
package approach to organization of work, formal build
strategy documentation, computerized material control
systems and pre-production marshaling of kits of parts.
The below average yards are ineffective in these areas.

On production, above average yards have short
build cycles to maximize the use of facilities. This is
achieved by implementing workstation concepts with
clearly defined process flows, superior build sequences
and early outfitting techniques. There is a high priority
on accuracy control and on both designing and
organizing out needless work. Below average yards tend
to usc a more traditional sequential approach to ship
construction.
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ABSTRACT

. Defense conversion and commer-

cial shipbuilding competitiveness
have become major goals of the gov-
ernment in maintaining the U.S.
shipbuilding base. The government
enacted the National Shipbuilding
and Shipyard Conversion Act of 1993,
established a National Shipbuilding
Initiative, disbursed ARPA funds for
various enhancement projects, and
provided support to the industry
through Maritech. Yet these initia-
tives may not help to revive the
industry and reestablish it as world
class.

The reasons for the lack of
competitiveness and the effects of
the proposed government measures are
discussed in economic terms here.
The differences between U.S. and
foreign shipbuilding costs are ana-
lyzed in a rational manner without
subterfuge under clouds of real or
imagined protection or subsidies
offered. he conclusions are that
U.S. government involvement in en-
couragement or protection has a very
high price and that the U.S. ship-
burlding industry may have a better
chance of survival and revival with
less or no government aid, protec-
tion, and involvement.

INTRODUCTION

The U.S was the world’'s fore-
most commercial shipbuilder fifty
years ago and has since lost its
ability to compete globally in ship-
building. The initial decline in
the post World War |l period was the
result of shipping overcapacity
caused by left over World War 1l
tonnage which in turn forced the
shutdown of most u.s. shipbuilding
capacity. The increasing inability
of U.S. shipbuilders to compete and
even maintain an effective commer-
cial shipbuilding base in the U.S.
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was largely caused by government
aids, protection, and regulation as
well as the virtual monopolizing of
most major U.S. shipyards by a sin-
gle client, the U.S. government.

~ It _is a basic finding of eco-
nomics (Thurow, 1992) that govern-
ment subsidies, aids, protection,
and regulation of an industry will
cause Its productivity to decline.
Unless an industry is forced to
compete in an open marketplace with-
out aids, market protection, and
price fixing, it will not and cannot
attain effective productivity and
thereby a competitive position. The
industry is at a stage when govern-
ment demand for U.S. shipbuilding
output will continue to decline and
pro ablﬁ level off to where it re-
quires but a small fraction of the
current, already largely depleted,
U.S. shipbuilding capacity.

SITUATION AUDIT

The budget request for Navy
construction for FY95 is only $5.585
billion, and over the next five
ears, to the end of the century,
avy plans are just to build 15 DDG-
51s, four LX amphibious ships, one
MCM, and two TAGOS ships _FMarin,e
Log, 1994). This program will main-
tain a navy shipbuilding budget of
barely $5.00 billion per year. On
the commercial side Title XI ship
mortgage loan %uara_nte_es have been
increased to $1.5 billion for F Y9 -
4/95 domestic shipbuilding (Marine
Log, 1994). A large proportion of
these funds have now been allocated
but in a somewhat distorted manner
with only a small percentage of
these funds destined to the major
U.S. yards which were to be saved
from “serious decline under the de-
fense conversion policy.

_ Another relevant development
is the proposed ten-year Maritime
Security Program with a budget of $1



billion under which operators of
young (less than fifteen years old)
military useful ships could obtain
direct annual payments of $2.5 mil-
lion each for up to 32 cargo ships.

The government’s shipbuilding
program for conversion to competi-
tive commercial ship construction
includes ship construction loan
%uarant_ees to support sale of up to

3 billion of ships built in Ameri-
can shipyards, in addition to the
Maritech Program which is designed
to promote technology transfer,
process improvements, product devel-
opment, and productivity/ quality
enhancement in U.S. shipyards.
Maritech is supposed to also provide
for improvements in shipbuilding
competitiveness by encouraging in-
dustry and government partnerships
as well as mutual support arrange-
ments.

As a result of the demise of
the STP (Series Transition Payment)
subsidies program of the Organiza-
tion of Economic Cooperation and
Development (OECD) agreement this
only leaves two important federal
shipbuilding_programs in place, the
revitalized Title XI Shlﬁ Mortgage
Guarantee Program and the Maritech
R&D Program. The objectives of
Maritech are to develop new technol-
ogies and processes for the produc-
tion of commercial ships including
new commercially competitive designs
and marketing approaches. While
these may be important and may pro-
vide U.S. shipbuilding with new
products and production processes,
they will not in themselves make
American shipbuilding more competi-
tive. We do not need new product
and process innovation but need to
learn how to better use existing
process technology to build current
designs of advanced ships.

The private U.S. shipbuilding
industry now employs about 65,000, a
number still 20%  higher than the
number of workers employed by all
the major Japanese shipbuilding
firms (shipyards building vessels of
more than 10,000 DWT? which produce

close to 30% of world shipbuildin
output (Japan Maritime Researc
Institute, 1994).

THE COMMERCIAL SHIPBUILDING MARKET

World ship orders have increa-
sed since 1991 and 1992 and reached
over 18 million gross tons in 1993,
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a volume which is expected to be
exceeded in 1994 (Clarkson Research
Studies, 1994). This trend will
continue as a consequence of the
rapidly rising increase in world
ship sc_rap[[))lng which exceeded new
orders in both 1992 and 1993, not-
withstanding comparatively low scrap
prices.

_ The decline of world newbuild-
ing market share of Japan which
dropped below 30% in the first nine
months of 1993 is significant.
European yards share on the other
hand increased to over 20% during
that period.

The tanker and bulker tonnage
(dwt) delivered by the world ship-
bU|Id|n(E:1i industrieS is growing rap-
idly and reached 21.9 million dwt in
1994 and are expected to surpass
25.0 million dwt. These consist of

- 1993 - 1994
Tankers 10.8 dwt 12.0 dwt
Bulkers 11.1 dwt 13.0 dwt
Total 21.9 dwt 25.0 dwt
Table | - Tanker and Bulker Constru-

ction

At the same time requirements for
new tonnage has increased from a
total of 485.8 million dwt in 1993
to 532.2 million dwt in 1994. This
means that current shipbuilding
demand is only 1/23.66 of the cur-
rently required tonnage. Similarly
current supply of tonnage in 1994
was: tankers, 281.7 million dwt and

bulkers, 236.5 million dwt; for a
total of 528.2 million dwt, or about
7% above current (1994) required
tonnage.

In other words, with an aver-
age life of tankers and bulkers now
well below 20 years, particularly
for very large vessels, this replac-
ement rate is not only inadequate to
maintain required fleet strength at
the current average age of the
fleet; but also does not satisfy the
growth in demand for tonnage which
Is 3.0% per annum just in terms of
ton-mile transport requirements.
Adding the need for regulatory and
technological upgrading of the fleet
by substituting existing single hull
with double hull tonnage, and intro-



duction of more efficient and auto-
mated vessels, adds at least another
6.6% of eX|st|nP tonnage demand per
year for a total newbuilding demand
rate of 9.6% per year, well above
the actual 4.51% rate in 1994, which
was less than half the required rate
of replacement (Clarkson Research
studies, 1994). _ _

Considering container ships,
the situation is different. DWT on
order increased from 2.5 million in
1990 and 1.9 million tons in 1991,
to 2.9 million in 1992 and 4.0 mil-
lion in 1993 (Clarkson Research
Studies, 1994). Ships on order in
1994 are expected to reach 4.6 mil-
lion dwt. This rate is equal to
over 8.2% of existing fleet capacity
which has an average age of less
than 9.2 years (on a dwt basis) and
is therefore well above replacement
rate. The optimism by owners is
largely. based on an expected pros-
pects ‘of growing trade with China,
Russia, Eastern Europe, and the rest
of the Pacific/Far East.

Container shipping, though
currently oversupplied with an ex-
cess in slot-mile capacity of over
35%, is expected to continue to
generate a growth in demand of more
than 11% per year in slot miles.
The prospects for world shipbuilding
are therefore quite bright, notwith-
standing the fact that orders in
some segments of the market actually
declined in 1994.

In tankers, Suez Max and
handy-sized tanker orders qrew sub-
stantially in 1994, while among
bulkers Cape size bulker orders grew
marginally. All other tanker "and
bulker categories actually experi-
enced significant falls in orders in
1994.

Container ship demand similar-
ly dropped off marginally in 1994
when compared with 1993 orders, but
are still well ahead of 1992 orders.

Overall demand for new vessels
has shrunk somewhat in 1994, but the
value of orders has remained remark-
ably steady as price increases made
up for_volume of orders. _

The brightest segment in world
shipbuilding remains the special
vessel category such as chemical and
LNG carriers, ferries, fast special
craft, cruise vessels and various
types of special support vessels.

While Japan, South Korea, and
China still account for about 60% of
the orderbook, European yards have

made a remarkable comeback and now
supplz nearly 20% of the world orde-
rbook in millions of CGT. They
account for over 36.9% of the world
orderbook by value.

] ManK European and Japanese
shipyards have become very produc-
tive in the last ten z/)ears and have
more than doubled labor productivity
during those last ten years, a trend
which continues. This isolated them
from the effects of the declining
value of the dollar and other devel-
opments. _

For example Odense now requi-
res only 84% of the manhours of the
best Japanese yards and 40% of those
of a good Korean yard to build a
large tanker (J. Anderson, 1993).
U.S. shipyards not only have the
potential of attracting foreign
commercial orders with low cost
Title XI financing, but have in
addition the opportunity for replac-
ing the 200-odd average tankers in
the U.S. flag cabotage fleet. This
alone is a market with a potential
value of $10.0 billion over the next
6-8 dyears which is roughly the peri-
od during which most of these ves-
sels should be replaced.

Adding to this the prospects
of 1-2 cruise ships, 3-6 container
ships, and an array of other vessels
per year, U.S. shipbuilding could
easily establish a commercial market
of $3-4 billion per year, a volume
which would be adequate to support
U.S. commercial shipbuilding employ-
ing about 20-22,000 people. This is
only about one-third of the current
U.S. shipyard employment level.
This business furthermore would only
accrue to U.S. yards if:

1. U.S. shipbuilding pro-
ductivity increased ap-
preciably;

2. delivery times are re-
duced to a fraction of
tr:jose currently requir-
€d,

3. U.S. shipbuilding man-
agement is streamlined
and the ratio of white
collar to value collar
workers is reduced from
1to 3to 1l to 7; and,

4. government gets out of
regulating, subsidizing,
or otherwise interfering
with U.S. shipbuilding.

Total cost of cabotage is about
$3.1 billion/year.



Yards must become innovative

not just in product and process
technology but in management and
operations. The U.S. yards in gen-
eral are not just obsolete in facil-
ity and process technology terms,
but more importantly in terms of the
way they are structured, organized,
managed, marketed, and run.
_ The problem therefore is not
just one of assuring a level playing
field (often interpreted as elimi-
nating subsidies offered to ship-
yards abroad) and providing govern-
ment funding for product and process
technology innovation, but one of
restructuring the whole of the U.S.
shipbuilding industry and most im-
portantly most individual yards.

U.S. SHIPYARD LABOR PRODUCTIVITY

American shipyard workers are
competent, creative, and mostly
hardworking. This has been shown
repeatedl?;_ from evaluations of indi-
vidual shipyard worker output per
unit time and in their approach to
the solution_of shig?/ard_producti_on
problems. The problem is not with
the workers, it is with the environ-
ment in which the worker performs.
The principal factors influencing
]chﬁ shipyard worker performance are
ollow.

Lack of Effective Ship Production
Management

The lack of effective ship
production management includes the
following items: planning, supervi-
sion, inspection and physical facil-
ity/equipment provision. Management
is often incompetent, inexperienced,
or disorganized. As a result mate-
rial and production process flows
are not effectively coordinated.
Tools, equipment, and material (raw
material and material in process)
are not delivered just in time to
locations where they are required.

The same applies "to personnel.
Inspection is often ill defined and
not introduced in a continuous man-

ner into the production or assembly
flow. Similarly facilities are

often not ready when and where re-
quired.

Lack of Worker and Manager Training

Training in shipbuilding as in
all manufacturing must be a continu-
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ous process where workers and manag-
ers regularly wundergo training.
While European and Far Eastern ship-
yards spend 1.0-1.5% of revenues on
training (an average of 8.4 and 9.2
days per year) on full-time training
of everyone, U.S. shipyards spend a
dismal 0.25% or one-sSixth as much
and most of it is expended on mar-
keting, lobbying, and other manage-
ment type training. Practically
none goes for worker skill training.
This has slightly improved in recent
years and in response to Total Qual-
ity Management (TQM) requirements.
Yet even this type of training is
often wasted as many of the trainees
lack basic understanding of the ele-
ments of statistics which are essen-
tial for a proper application of TQM
tools and methods.

Working Conditions

Working conditions are usually
poor. Not only are facilities and
ships often ill maintained and
dirty, but workers and supervisors
often dress in indescribably filthy
and inappropriate clothing. This
compared to company-provided white
or other color coveralls in most
foreign shipyards which not only im-
proves worker morale but also work
safety and self esteem. Similarly
workers will treat equipment very
much like the way they are treated.

Multi-tiered Hierarchical Line Orga-
nizations

Most American shipKards are
organized as multi-tiered hierarchi-
cal line organizations with as many
as 18 levels between worker and yard
manager. Shipyards need to have
flat free form flexible organiza-
tions with some matrix characteris-
tics which empower workers at all
levels and assure proper feedback
and feed forward of information.
Decision functions and responsibili-
ties must be delegated to the lowest
competent level. This assures not
only better and more timely decisi-
ons but also assures proper sharing
and transfer of information result-
ing from and required for such deci-
sions.
Casual Labor
American shipyards are amon
the few who still maintain a casua



labor environment where people are
hired and fired all the time, inst-
ead of being allowed to move from
one department or job to another to
safeguard use of the workers skill
as well as his or her loyalty.

Similarly financial incentives
such as profit sharing, year-end
bonuses, and general recognition of
contributions, made by individuals
should be introduced. Workers
should also be given opportunities
to relate to the customer, learn
about the expected use of the vessel
and the conditions under which the
ship is expected to be used. Work-
ers must not only feel financial
satisfaction but also pride of own-
ership, personnel recognition, and
peer acceptance.

American shipyards have lots
of catching up to do in these areas.
Currently U. shipyard labor pro-
ductivity is only one-third that of
Japan as noted in Table I.

EC Jap an U.S.
Best 26 20 60
Average 44 23 82

Table | - Shipbuilding Productivity
(MH/CGT) (J. Anderson, 1993)

The most productive of EC shipyards
actually achieved just under 18
MH/CGT.  The average and best produ-
ctivities are in Japan. At this
time some of the differences in
labor productivity are absorbed by

the differences in shipyard labor
cost (Table I1).
South Korea 0.64
U.S. 1.00
Denmark 1.33
Japan 1.35
Germany 1.36

Table Il - Relative Shipyard Labor
Rates - in 1993 U.S. Dollar Equiva-
lents Costs (Including Overhead and
Benefits)

The continued devaluation of the
U.S. dollar since December 1993 has
increased the gap in relative ship-
yard labor costs by over 18% and

therefore today Japanese and German

shipyard labor costs are 52% and 54%

higher than those in the U.S.

There are many reasons why

U.S. yards did not achieve produc-

tivity gains, notwithstanding many

ears of research and development.
dhe reasons are manyfold and inclu-

e:

1. ineffective shipyard organiza-
tion and management,

2. piecewise introduction of new
process technology into ship-
yard plans and programs;

3. retention of traditional pro-
duction management approaches;

4. inadequate or non-existent
training of managers and work-
ers in the use of the new t-
echnology, as well as ineffec-
tive decision making and com-
munication;

5. lack of product design/prod-
uction and process technology
inte%ration;

6. insufficient performance in-
centives, _

7. inadequate production plann-
ing;

8. lack of enforcement of just-
in-time delivery and process
performance;

9. ineffective quality control
and management; ,

10. casual labor practices and
high labor turnover;

11. ineffective marketing?, custom-
er communications, long ship-
building lead time, and con-
sumer control over design, and
certain procurements;

12. ineffective, non-responsive,
hierarchical organization and
management structure;

13. comparatively low level of
education and training of wor-
kers, staff, and management;

14. lack of effective operational
integration and intra-labor as
well "as labor-management com-
munications and cooperation;

15. inadequate yardwide strategic
planning of technological.
change or piecewise technology
introduction;

16. ineffective procurement
inventory management,

17. restrictive union practices,
such as work rules, seniority
systems, and opposition to
technological change or chang-
es in work procedures;

18. lack of effective design for
producibility;

and



19. short horizon management;
20. lack of discipline, loyalty,
and commitment by staff and

workers;

21. ineffective incentive measu-
res, S .

22. lack of organizational flexi-
bility;

23. maakeshlft technology change;
and,

24. no yard direction or involvem-
ent in product development.

‘However, much of the invest-
ment in new shlpgard process tech-
nology in the U.S. was as a result
not wasted. With lower labor cost,
good quality labor, and currency
neutrality, an effective technology
base, and adequate support facili-
ties and industries should have
allowed U.S. shipbuilding productiv-
ity to close in on world class stan-
dards by now.

REASONS FOR LACK OF COMPETITIVENESS
OF U.S. SHIPBUILDING

While labor productivity is an
important factor of competitiveness,
other factors are also important.
These can be summarized as factors
such as: capacity and technology of
the U.S. shipbuilding industry;
industry structure; government in-
volvement; training; technology
development; management organiza-
tion; product development and mar-
keting; labor/management relations;
defense/industry relations; and
total quality management and pre-
scription for commercial revitaliza-

tion.

U.S. shipbuilding capacity is
highly imbalance in terms of com-
mercial shipbuilding requirements.
It has a large infrastructure but
insufficient support technology as
well as excess outfit capacity. At
the same time the industry suffers
under inadequate design and product
development capacity, and inadequate
design production integration capa-
biIit¥. Although many of the modern
manufacturing =~ technologies  were
developed in the U.S., there are
many examples of insufficient or
improper use of advanced manufactur-
ing methods and planning in U.S.
shipyards. Similarly technology
diffusion takes too long. Capacity

should be rationalized and process
technology be developed and intro-
duced truly as a part of an inte-
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grated product design, producibili-
tK, production, assembly plan. In
the past U.S. shipyards have often
introduced new process technology
because other advanced shlpP/ards had
done so and not as a result of dis-
covery of a real need for the new
process technology.

Another factor for lack of
competitiveness is the structure of
the U.S. shipbuilding and related
support industry which is highly
fragmented and often uses ineffec-
tive product strategies. It usually
relies on the customer to design the
product which is then constructed as
a custom-built ship. Supplier-ship-
yard relationships are not effective

with little mutual technical and
marketln? support. Relations with
financia institutions are also
either ineffective

non-exi_stinﬁ or i
as yards traditionally relied on the
U.S. government for financing ar-
rangements. As a result most yards
have little if any experience with
creative financing, particularly if
it involves international financial
markets. There is little coordina-
tion of strategy among the industry
and intra-industry as well as indus-
trTy/government relations are more
often adversarial than mutually

supportive or promotional.
Past an eX|st|ngi government
aid is fragmented and largely coun-
incentives. It has

ter to %ood
rarely helped to improve the compet-
itiveness of the industry. Even
government support of technology
development is oriented mainly to-
wards naval technology/science and
largel theoretical ~manufacturing
technology development. Government
in the past did not support product
development nor the development of
more effective shipyard management.

It is curious to note that
government frequently preferred to
offer aid with strings attached in-
stead of real incentives.

MANAGEMENT ORGANIZATION

The organization of most Amer-
ican shipyards did not change in
many years and traditional hierar-
chical structures (with 9-18 levels)
are still the norm. There is very
little delegation of decision making
to the lowest competent level nor
are there serious efforts being made
to level the structure to only 5-7
levels. Information systems are



still hierarchical and as a result
decisions take a long time, are
highly fragmented, and often inef -
fective. Few yards have real time
information feedback or real time
information management. Data base
management systems which also tie
into supplier and customer informa-
tion management systems.

Product development and mar-
keting have been a low priority and
few U.S. shipyards have well devel-
oped marketing organizations. Simi-
larly, product orientation has sel-
dom been backed up by formal market
research and market development.
The development of an effective
market strateg¥ IWould require:

u

1. meaning product definition,

2. effective comparative advan-
tage study,

3. fO(C:jused product development
and,

4. well structured product design

and concurrent design-enginee-
ring-procurement planning and
production.

It also requires product market
follow-up and audit as well as prod-
uct maintenance. Successful foreign
shipyards as well as U.S. aircraft
manufacturers, as two examples, do
all of this as a matter of routine.
U.S. shipyards had to be prodded by
Maritech funding into product devel-
opment and even then only developed
a new product or ship design but
performed little of the supporting
activities listed above.

The industry has little expe-
rience in the establishment and
nourishing of customers, and for
that matter supplier, relations. It
must learn to develop product-to-
client “performance” requirements
and build long-term relationships.
Although total quality management
(TQM) has been touted by the indus-
try for some time, it is now largely
introduced as a me-too perfunctor
exercise and not as an essentia
prescription for commercial revital-
Ization. TOQM requires: )

1. ‘customer first” orientation;

2. streamlined organization;

3. elimination or reduction of
government “aids” which are
unproductive;

4. improved, integrated, and co-
operative supplier relations;

5. market-oriented product devel-
opment;

6. effective technology develop-
ment and application;

7. management and worker train-
ing; and

8. effective relations with fi-
nancial institutions and cre-
ative financing.

TQM means a move toward excel-
lence not just in the product design
and manufacture but also in:
management commitment;
customer orientation;
employee involvement;
continuous improvement;
enablement and empowerment of
emtplc_)y_ees; and _
definition, control and impro-
vement of key processes.

The major reasons for failure
of TQM in some U.S. shipyards has
been the:
1. lack of strategic planing;
2. lack of focus on core compe-

tencies;

3. obsolete out-dated cultures;
and

4. lack of results oriented man-
agement.

These are necessary to make TQM
work. TOM cannot just be considered
a set of basic tools and methods.

The effective implementation
of TQM requires leadership, strate-
gic intent, and boundary setting
constraints. Similarly, metrics for
TQM in shipbuilding must be estab-
lished by the setting of effective
benchmarks. These in turn must be
more than simple goals - they must
be achievement plans.

The labor/management relation-
ship must be improved and changed
from adversarial to cooperative
relations. This will require in-
volvement of labor in many decisio-
ns, a move toward permanent emploké-
ment, and a real participatory work-
ing environment. Labor career trai-
ning should not just be restricted
to basic skill training but become
true opportunity training. The U.S.
shipbuilding industry spends less on
training than any other U.S. indus-
try and all foreign shipbuildin
industries. This cannot go on i
industry is to succeed.

The industry will only be able
to attract young, competent workers
and staff if it projects an image of
professional opportunity which it
does not do now.

The average age of workers in
U.S. shipbuilding is well above that
of any other U.S. industry including
shoemaking. Similarly the percent-



age of management and senior admin-
istrative personnel in U.S. ship-
building who have degrees in their
area or discipline is lower than in

any other industry. Few ever took
formal courses in shipbuilding,
manufacturing, engineering, or man-
agement.

COMPARATIVE PRODUCTIVITY AND COMPET-
ITIVENESS OF U.S. SHIPBUILDING

As noted before American ship-
yard workers are probably as good as
any other industry’'s individual
workers; yet U.S. shipbuilding labor
roductivity lags far behind that of
eading shipbuilding countries. The
reason for this apparent conflict is
the lack of effective workplace
organization and management. Ameri-
can shipyard workers often spend
less than 40% of their work time
actually performing their assigned
work. The reasons include:

1. _disor?anized work assignment;

2. interference with other on-
going work;

3. tools and/or material required
for the job not available,
incomplete, or wrong;

4. insufficient information sup-
plied for effective performa-
nce of the work;

5. wrong work assignment;

6. uncoordinated and often unnec-
essary inspection and tests;

7. lack of protection against
weather and inappropriate work
environment;

8. lack of effective work and
work sequence planning;

9. ineffective or wunavailable
guality control requirements
(these are often not measur-
able or interpretable);

10. inadequate supervision and
management; an

11. inadequate worker skill.

The last is usually the least impor-
tant in accounting for the low gross
labor productivity in American ship-

building.
As noted in Table I, U.S.
labor shipbuilding productivity is

onljy 35-50% that in good Japanese
and European shipyards. Much of
this difference is caused by manage-
nent, organizational and workplace
environmental deficiencies which
could be overcome by a radical re-
structuring of the industry.
Investigating typical work
environments, for example that of a
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structural welder, it was found that
the total time the average welder
actually welded was 141 minutes out
of 480 minutes of a work day (E.
Frankel, 1992/93). Furthermore part
of the time the performance of the
welder was less than optimum because
of various interferences. The low
percentage of actual work time was

caused by lack of materials, work
pieces or tools, ineffective align-
ment, unavailability of proper hold

down clamps or other tools, and
various other factors.

_ By comparison welders perform-
ing similar work in a Japanese
shipyard achieve actual weldin
times of over 308 minutes in a wor
day (E. Frankel, 1992/93).

U.S. shipbuilding ﬁroductivity
also suffers under a lack of learn-
ing curve effects which benefits
most foreign yards which usuall
have many repeat orders of identical

ships offered by one or more yards.
SUPPLY CHAIN MANAGEMENT

Shipyards require effective
coordination of supcj)l?/ to assure not
only just-in-time delivery but also

I: “integration of design of pro-
cured
design;

2. coordination of systems devel-
opment and integration as sys-
tems usually include supplied
equipment and components from
many sources;

3. integration of quality manage-
ment standards and procedures
of equipment and components
management;

4. interface management to assure
that suppliers coordinate in-
terface requirements;

5. standardization of test and
acceptance procedures; and

6. coordination of maintenance
and spares requirements.

items into the vessel

These and other supply requir-
ements are all part of effective
supply chain management which should
induce yards to work with suppliers
as one large procurement and manu-
facturing family in which each mem-
ber has an equal stake in the suc-
cess of the project - the delivery
of the vessel.

If suppliers are simply low-
cost sources of delivery of equip-
ments or components that meet the
basic specifications, without con-



tern for interface coordination and
the above-mentioned requirements,
then supply is not effectively man-
aged and will cause major overruns
in costs, schedules, and defaults.

Difference Between U.S. and Foreign
Commercial Shipbuilding Procurement
costs

The difference between Ameri-
can and foreign shipbuilding costs
includes labor cost, material cost,
equipment cost, facility use cost,
and financing cost differentials.
Labor cost differentials were dis-
cussed with comparative shipbuilding
labor productivity. There if was
found that while U.S. shipyard work-
ers are equally proficient as an
individual, their actual output is
only about 40% of that of the for-
eign shipyard worker.

Considerin? that actual. bur-
dened shipyard labor costs in the
U.S. are now about 68% of those in
Japan and Europe when taking the low
value of the dollar into account,
the comparative labor cost per unit
output becomes 58.82%.

Another issue related to is
higher management or overhead costs
which in a typical U.S. shipyard are
about 50% higher than in a compara-
tive Japanese or European yard.
This is due to both a larger per-
centage of administrative staff, and
larger inventory and tooling costs.
Both of these are the result of less
effective material and work flow
management. Another hidden cost to
U.S. shipbuilders is associated with
higher costs of government regula-
tion and inspection.

Material and supply costs in
an American yard for a tyBicaI com-
mercial ship will usually be 15-30%
higher than those of a comparable
foreign yard because of

1. higher U.S. prices,

2. low volume of purchases,

3. competitive procurement which
involves lengthy expensive
bidding,
special material and component
orders and requirements,
long delivery time,
financing costs of procurem-
ent,
test and inspection cost, and
administrative costs of pro-
curement.

Not only are U.S. shipyard procure-
ment costs higher but because yards

®~ oo &
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have no long-term relationships with
their suppliers, supplies are often
not delivered exactly to specifica-
tion, as only general and not de-
}ailded requirements can be speci-
ied.

FINANCING AND FINANCIAL COST DIFFER-
ENCBS

While most forei%n shipyards
have close links with financial
institutions and are therefore able
to assist clients with ship financ-
ing, U.s. shipyards basically rely
on government construction loan and
ship mortgage loan guarantees which
?_ermit_ reduction of certain ship
inancing costs. There are many
creative methods of ship financing
such as tax advantaged financing;
purchase-sale-leaseback financing,
which uses depreciation tax credits;
exchange credits; and prepaid char-
ter financing These are effectively
used by foreign shipyards in assist-
ing their clients in raising methods
the required investment capital.

Although U.S. government con-
struction and mortgage loan guaran-
tees may reduce the cost of ship
financing, they are mostly attrac-
tive to owners who cannot raise
investment financing at equal or
lower cost creatively in the finan-
cial markets because of their own
condition.

Although government guaranteed
loans usually carry interest of 1-2%
less than other collateralized
loans, the recent rapid increase in
U.S. interest rates may make even
such guaranteed loans expensive
compared with loans in lower inter-
est rate countries in Japan and
Europe.

Borrowing in these countries
exposes the borrower to the cost of
a continuing decline of the dollar.
But if the dollar does not decline
further but strengthen as a result
of higher U.S. interest rates, then
borrowing in foreign capital markets
may become a real advantage over
even U.S. guaranteed loans unless
the borrower is not credit worthy
abroad.

_ Another financial cost issue
is the financing of the cost of
construction. The average U.S. yard
requires 2-3 times as long to build
a similar commercial vessel than a
good Japanese, European, or Korean
yard. At today’s interest rates



this longer time adds 7-10% to the
cost of construction because con-
struction costs are extended by 9-18
months.

ADDED COSTS OF FACILITY USE

Longer construction time im-
plies longer use of major facilities
and equipment. If a building dock
is used 12 months versus 4 months
between keel laying and launch of a
commercial vessel, then the cost of
occupying the dock (and related
equipment) for the added 8 months
must be accouuted for. Furthermore
the cost of the loss in opportunity
of using the dock and associated
equipment for other construction or
repair work must be accounted for.

These costs readily add 10-18%
to the cost of construction of a
typical commercial ship but are
often ignored in calculating the
real cost of construction on the
false premise that the dock has been
fully depreciated. This is false
financial accounting.

U.S. SHIPBUILDING COSTS

As discussed before U.S. ship-
building costs differ from those of
foreign yards in

1. labor costs;

2. shipyard management and admin-
istrative costs;

3. supply and procurement costs,
including added inventory hol-
ding costs;

4. financial costs of construc-

tion in process;
5. facility wutilization costs ;
and

6. cost of ship financing.

Even if the cost of ship financing,
which is not under the control of
the shipyard, is left out, it has
been shown (E. Frankel, 1993) that
U.S. shipyards suffer under severe
cost disadvantages which, if all
accounted for, make them non-compet-
itive. A typical product tanker,
for example, costs at least 70-110%
more build in a US yad than

There are some exceptions
to this such as the low overhead and
basic facility yards on the Gulf
Coast which can build such ships at
a cost which is only slightly higher
than that of an average foreign
yard. They achieve this Y sticking
to basics in terms of facilities and
management and by attracting a com-
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petent, committed work force- Some
are nearly greenfield yards with
very low facility costs, 'but this is
not the case with most, and particu-
larly the larger, U.S. yards.

WORLD SHIPBUILDING PRICES AND COSTS

World shipbuilding processes
genera_lly weakened in 1993 but are
ecoming firmer now in 1994 (Table
111) .  Profit margins in Japan and
Europe for tankers and bulkers are
between O% and 11%, and only a lit-
tle better for container ships. The
average cost of constructing a tank-
er was about 95% of the price. A 5%
profit margin, while reasonable,
does not allow for large errors.

At the same time the average
secondhand price as a percentage of
newbuilding prices has steadily
declined from 55% in 1988-90 to 38%
between 1992 and 1994, even though
the average age of secondhand ton-
nage traded was less during the more
recent period (Fearnleys, (1990-94).
This implies a continued pressure on
newbuilding prices.

World

DWT Price
Tankers
Lcc 280,000 95.0
Suez Max 140,000 62.0
Aframax 95,000 44.0
Handy 40,000 32.0
Bulk Carriers
Cape size 155,000 46.0
Panamax 70,000 28.5
Handymax 40,000 25.0
Handy 30,000 21.0

TEUs
Containerships
Post-panamax 5,200 87.0
Post-panamax 4,400 78.0
Panamax 3,200 60.0
Feeder 1,200 24.0
Table IIl - Newbuilding Prices in

Millions of Dollars (1993)

This is a difficult market in
which to compete with a revitalized
U.S. sh|PbU|Id|ng industry, whose
costs will continue to be signifi-
cantly higher than those of its
competitors, notwithstanding the new



U.S. National Shipbuilding Initia-

tive.
ECONOMIC EFFECT OF NATIONAL SHIP-
BUILDING INITIATIVE

The National Shipbuilding

Initiative (Marine Lo?, 1994) an-
nounced with great fanfare, and
embraced by the industry in general,
as a savior will do Iittle If any-
thing for the long-term revival of
American shipbuilding. It provides
some basic funds for the development
of shipyard products (designs) as
well as for the improvement of some
facilities and, most importantly,
for construction and mortgage loan
guarantees. While product design
may, for the first time, provide
yards with unique products for offer
to shipping, the few products under
development by individual yards are
too specialized to interest a sig-
nificant market. They appear to be
designed more to aim at a particu-
lar, often small, customer than at a
significant global market segment.
In other words these product designs
are not broad enough for a deter-
mined world wide marketing effort.
Similarly investment in shiﬁz)-
yard production technology is highly
fragmented to an extent where it
will improve several ?/ards marginal -
ly but no yard significantly enough
to make it internationally competi-

tive.

Finally, the $1.5 billion in
uarantees are not going to
save the industry because they pro-
vide only a marginal incentive for
some U.S. and mostly foreign owners,
and are quite limited in scope con-
sidering current U.S. shipbuilding
costs .

The loan guarantees do not
attract large customers and they are
only offered briefly as their con-
tinued availability depends largely

loan

on future Congressional action.
IMPACT OF GOVERNMENT INVOLVEMENT IN
U.s. SHIPBUILDING AND
PROTECTION

~ Since 1921 (or 1936 depending
on interpretation), the U.S. govern-
ment has been involved in the direct
support and protection of U.S. ship-
building. _ _

~ Construction Differential
Subsidies. (CDS) to shipyards, a
major component of the government’s
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support system to shipyards, have
been a major cause for the decline
in U.S. shipbuilding competitiveness
and productivity. They isolated the
industry from competition and en-
couraged  productivity decline.
Together with large-scale reliance
on government contracts, they also
caused an inflation in shipbuilding
bureaucracy and administration. It
further isolated U.S. shipbuilding
from the international shipbuilding
market and essentially made it a
ward of the state, depending mainly
on Congressional budget decisions
for both commercial and naval ship
orders. Government dependence also
affected labor-management and sup-
plier-shipyard relationships as many
conditions were written into govern-
ment shipyard support and order
requirements.

Thus the industry puts its
faith and fortune at the mercy of
government programs at a time of
declining government orders and
ability to economically assist the
industry. True new government aid,
such as loan guarantees, are now
available for export orders as well,
but there is a serious question if
these aids will help improve ship-
building competitiveness or simply
P_royide some stop gap measures to
imit the rate of decline of ship-
yard orders or employment.

While it is difficult to esti-
mate the real cost of Maritech and
loan guarantees to the nation, these
costs will ultimately be on the
order of $400-600 million, depending
largely on changes in the rates of
interest and defaults on loans.

While this may be a small sum
to pay for the revival of an indus-
try which employs 65,000 directIK
and about 40,000 indirectly, wit
revenues of nearly $10 billion, the
guestion is if other strategies may
not provide better long-term payoff
in improvements in competitiveness.

The small efforts in product
development and process improvement
are too fragmented to really make an
impact. They may assist a few yards
to attract customers for a few
short-run orders, but will not make
U.S. yards real competitors in tank-

er, bulker, or container ship con-
struction in the world market.
SimilarITy loan guarantees will at-
tract a few, mainly foreign orders,

not

because they provide easY if
[T do Ilit-

cheap credit, but they wi



tle to improve American shipbuilding
competitiveness.

It is very likely that ship-
yards will become dependent on these
aids. whenever these aids are dis-
continued, which they ultimately
will have to be, yards will essen-
tially be where they were before -
dependent on government aid for
survival.

ALTERNATIVE APPROACHES TO U.S. SHIP-
BUILDING REVIVAL

American shipbuilding does not
need temporary financial aid and
protection, but a radical structural
change. It must reinvent itself to
become a mean, lean, productive, and
creative ship production industry,
unhampered by government rules and
restrictions. It must be able to
compete worldwide under terms and
conditions of other global indust-
ries without restrictive require-
ments in procurement of supplies or
sale and financing of its products.
It must be able to joint venture or
work with anyone worldwide.

If government wants to assist
the process of revitalizing U.S.
shipbuilding, it should offer real
meaningful incentives for productiv-
ity improvements. These could be-:

1. Income tax incentives;

2. free export or trade zone in-
centives (where shipyards can
import supplies free of duty
or restrictions for use in
ships for export or even do-
mestic clients),

3. export incentive credits (when
yards obtain direct or tax
|n)cent|ves on export earnin-
gs) ,

4. tax incentives for money spent
on training, and facility im-
provements, and more.

There is an array of opportu-
nities for productivity improvement
incentives. These in turn should be
tied to radical reengineering of
American shipyard firms. This must
be done using a bottom-up approach
with a view to strengthening the
productive sectors and reducing the
administrative sectors of the indus-

try .

Y There is no reason why U.S.
yards cannot build tankers and bulk
carriers in 6 months and container
ships in 10-12 months. It should be
possible to develop a whole series
of modern designs for families of
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the principal ship types which each
interested yard can then adapt to
its particular production approach
using an integrated design/product-
ion approach.

It should be possible to re-
vamp our yard/supplier relationships
by bringing in foreign suppliers and
developing families of suppliers and
yards which agree to long-term rela-
tionships, integrated coordinated
design, just-in-time planned deliv-
ery, and qualit%/ management stan-
dards.  Such families would also
work jointly in marketing and in
developing creative approaches to
construction or ship acquisition
flnancm%_.
Shipyard management must be
restructured by delegating decisions
to the lowest competent level and
reducing the levels of management to
less than half the current number.
In general shipyard management and
administration should be reduced by
50-60% over a 3-year period. At the
same time more and more shipyard
workers should be made permanent
employees. Training and retrainin?
should become an integral part o
work and productivity enhancing.

Total quality management ship-
gard procedures and standards should
e developed and adopted by suppli-
ers and yards alike, and test/ac-
ceptance procedures be standardized.
In parallel all workers and supervi-
%8'\55 should be trained-in effective

Most U.S. yards maintain old,
decrepit facilities which will or
should never be used again. They
should abandon them and consolidate
their activities in the more modern
effective facilities.

During the 1985 shipbuilding
recession, the Japanese shut down
all obsolete yard facilities, in-
vested onI%/ in modern facilities,
and significantly improved both
productivity and output capacity of
the remaining yards. Comparative
investment effectiveness in specific
yards should be determined before
Improvements are made and moneys
only invested where comparative
productivity improvements are high-
est.

CONCLUSIONS

_ For U.S. shipbuilding to re-
vive and become world class will
require more than temporary govern-



ment initiatives such as Maritech
and ship construction |oan guaran-
t ees. There is a need for radical
restructuring and reorganization of
the industry as well as governnent
relations wth it. The industry
must become truly free to perform as
a global industry beprovided
meani ngful incentives and not tenpo-
rary ald. This must be done to
achieve worl dwi de conpetitiveness in
U S. comercial shipbuilding and to
claimits rightful place anong the
| eadi ng shipbuil ders of the world.
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ABSTRACT

This paper analyzes the manufacturing of tee
shapes for stiffening ship structure. The traditional
method of deflanging hot-rolled I-beams (producing I/T
shapes) has been compared to the practice of fabricating
tee-shapes from plate. A group of more than 1700 I/T
shapes, used in the DDG-51 class vessel was used for
comparisons. To produce the I/T shapes for one DDG,
flanges are stripped from more than 700 tonnes (690
long tons) of I-beams. The flange material removed
amounts to 25% of the weight of the original |-beams,
totaling approximately tonnes 172 tonnes (170 tons).
This represents a material 1oss of 25%, easily in excess
of $90,000.

Prior review of design criteria for severd DDG
dtiffened plate structures showed that fabricated tees
could replace I/T shapes, resulting in weight savings
averaging 18%, while still maintaining required
strength. An evaluation of methods to produce tee
sections was undertaken and the concept of “net shape’
fabrication of tee stiffeners was discussed. Both
fabricating and stripping methods were considered
including newer technologies such as plasma cutting
and laser cutting and welding. Mock-up testing was
performed using several candidate technologies and the
results compared. Plasma-arc cutting reduced
distortion on 12.2m (40 ft) test beams by 50% compared
to oxyfuel methods. Economic analysis revealed that
fabricated tees were less costly to produce than
deflanged 1-beams, and that handling functions were
the greatest cost element of the traditional oxyfuel
cutting methodology.

7 o D

Figure 1. Split 1-beam

INTRODUCTION AND SCOPE

The information presented here is summarized
from the final report of a project funded by the National
Shipbuilding Research Program (NSRP #7-91-4). The
project was undertaken to compare the relative merits of
various schemes for producing panel stiffeners,
considering design aspects of fabricated tees versus
those stripped from I-beams, and evaluating various
methods of producing tee shapes, considering current as
well as new technologies. Although fabricated tees may
offer some benefits, it is not a foregone conclusion that
fabrication is the best approach for every situation.
Thus, the quality and relative economies offered by the
various processes for both stripping and welding have
been considered.

Most combatant ship designs have required tee
shapes for tiffening panels (decks, shells, and
bulkheads). Typical mill practice involves splitting
I-beams down the center of the web, e.g., a 304 mm (12
in)deep | is split into two 152mm(6in)tees, asin
Figure 1. This does not provide a shape with the best
section properties for ship panel stiffening, since
|-shapes are primarily optimized for building
construction. A convenient solution has been the
traditional approach of removing one pair of flanges, so
that the 304 mm (12 in) | becomes a 304 mm (12 in)
tee, asin Figure 2. This yields a section with adequate
properties for ship panel stiffening, and provides a
readily available source of materia of convenient length
for processing. Although this requires minimal |abor

Scrap

g . %

Figure 2. Stripped 1-beam



input on the part of the shipyards, it produces a
significant amount of scrap material. Also, current
production methods frequently cause distortion or
damage to the members.

Since the design process can yield values for
section properties (the “design shape”) which are not
necessarily exactly those of a section available from
steel producers, the “next larger” available shape is
chosen. Flange and web thicknesses, and widths of
available shapes, may also be disproportionte to those
of the design shapes. Thus, the convenience of
selecting from a catalog results in greater weight and
cost. The dternative is to design a shape to be built
from plate. Plausibly, plate materia is available in a
greater range of thicknesses, so that a fabricated tee
section could be made with dimensions conforming
more closely to those of the design shape. Furthermore,
rolled plate material thickness, and therefore weight
can be more accurately controlled by steel producers,
alowing better conformance to design weight
requirements.

Fabricating tees from plate is not at all new or
unique, 12.34,5 but has been limited to the X&emt?S
production of tee sections where the section size or
shape is not available as a hot-rolled I-bearn, especialy
in the case of deep webframes, or in the allowed
case of extremely lightweight sections Usually, custom
production of mid-range sections has not been
considered cost-effective. There can be severa reasons
for this, especialy when typical shipyard hand-lit and
manua or semi-automatic welding methods are used:

* A wide variety might be needed with perhaps little
repetition of specific designs,

1Desiging custom shapes adds time to the design
phase of the ship,

® Edstimated yard labor costs are typicaly high
compared to steel costs,

® Traditional fit-up and tacking of flange to web is
viewed as difficulty and

1 Traditional manua and semi-automatic welding
methods are labor intensive and produce excessive
distortion.

Newer welding technologies, such as laser
welding and high-frequency resistance welding have
challenged these assumptions, and mechanized
equipment for producing tees has been continuously
improved but neither have made significant inroads
into shipbuilding practice. Increasing mechanization
and computer integrated manufacturing (CIM) will
impact this decision process in the fixure.

PROBLEM STATEMENT

I-beam stripping is typically done using the
dual-torch Oxyfuel Cutting (OFC) process, with some
sort of mechanized gantry or other device to move the
torches over the beams. While this equipment is simple
and reliable, the use of the OFC process tends to result
in certain characteristic problems which frequently
require rework as shown in Figure 3. Unacceptable
warpage (camber) is caused by the high heat input
associated with OFC. Webs maybe damaged by gouges
due to errors in torch tracking. Frequently, the torches
are offset from the web to avoid this damage; this
practice leaves excess material and weight and can
make welding of a tee to a panel more difficult
especialy when mechanized panel line equipment is
used. Also, 25% of the purchased material is turned
into scrap.

Hot rolled shapes are manufactured to criteria
given by ASTM A-6”, which specifies tolerances for
overdl dimensions (such as section depth), allowable
camber, flange-to-web tilt alignment of the web with
the centers of flanges, and other criteria. The tolerance
limits of A-6 may exceed the limitations of fabrication
documents for structure alignment. In some cases, A-6
allows enough offset that webs maybe off-center in
different directions by more than the thickness of the
web material. Sections are allowed a difference in depth
that sometimes exceeds flange thickness. Shown in
Figure 4, these conditions are often discovered when
tees are butted together at unit erection and usually
require rework of some sort (patching weld build-up,
etc.). Imposing stricter tolerances on rolling mills
causes costs to increase. Fabricated shapes can be built
far more accurately as a matter of routine.

The use of I/T shapes may induce a weight penalty
on vessel design whereas a fabricated shape can

— ]

Figure 3. Problems in OFC Deflanging
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produce needed properties at reduced weight. The
NSRP report includesa design review which calculated
the true size of sections required”for stiffening several
deck bulkhead and shell assemblies. Using these
calculated design shapes, fabiricated tees were designed
from plate materia using thickness commonly
available. The fabricated tees had the same outside
dimensions as the I/T's in use. In every case, these
fabricated tees weighed less than the I/T’s, with an
average weight savings of 18% for the structures
considered. Fabricated tees may also save weight in
another way. Surveys of as-received product weight
revea that actua weights of hot-rolled shapes are
generally 4-5% over theoretical weights, whereas as
plates have been measured consistently at within 1% of
theoretical weight.

Design specifications may not alow fabricators to
take full advantage of these weight savings. The
DDG-51 Ship Specification for instance, allows
fabricated shapes to be substituted for stripped I/T's, but
only if the fabricated shapes have sections identical to
the 1/T's they would replace.

Finaly, many mechanized welding methods run
at faster speeds than burning methods. Depending on
the technology and equipment used for production
fabricating may require less shipyard labor. The
problem becomes one of overall strategy in evauating
how structures should be stiffened and producing the
required shapes in the most cost-and weight-efficient
manner.

Section Depth
Variation

Web-to-Flange
Center Variation

Figure 4. Some Variations Allowed by A-6

APPROACH
Analysis of tee beam manufacturing took these steps.

¢ Existing and advanced technologies for deflanging
[-beams were evaluated

¢ Technologies for welding tees were evaluated

1 Relative economies of the methods were compared
1Small-scale mock-ups evaluated promising
technologies as to speed, distortion and qudlity, and
1Where possible, large scale mockups verified the
results of small scale mockup tests.

This approach had to take into account some very
practical limitations. First a target population of tee
sections was needed for this analysis. To provide a
well-understood group, the DDG-51 class vessel was
chosen. Currently in production at Bath Iron Works
and Ingalls Shipbuilding Division the DDG hull uses
thirty different 1/T shapes produced from I-beams which
range from W6x9# to W20x55#. As shown in Tablel,
more than 26 km (80,000 feet) of 1-beams weighing 701
tonnes (690 long tons [of 2240 Ibs]) are deflanged
yielding 527 tonnes (519 long tons) of tee shapes and
174 tonnes (171 long tons) of scrap, resulting in a
significant loss (over $90,000 at recent prices).

Second any type of mock-up testing of new
technology had to be done on available equipment
developed to meet existing needs. Generdly, existing
equipment is not capable of making long, paralel
simultaneous cuts. Thus, laser and water-jet cuts had to
be done sequentially in two passes, on relaively short
pieces of materia. While cut-edge quaity and speed
could be compared it was difficult to estimate the kind
of distortion which might be experienced using these
technologies for comparison to that produced by the
traditional dual-torch oxyfuel method. Fortunately,
plasma-arc cutting equipment was loaned to this project
and installed on a production bar stripping gantry, so
that beams 12.2m (40 ft) in length could be deflanged.

Finaly, an economic anaysis Of production costs
and rates is limited in the number of potential scenarios
treated and relies on some basic assumptions. Review
of manufacturer’s data can provide much information
but the final cost will depend on the implementation of
the method and the degree of utilization (duty cycle)
actually maintained by production personnel. This
project has attempted to evaluate a number of these
factors to determine an optimum approach to
manfacturing stiffeners. Knowing that loca
conditions may require different solutions to the same
problem a further goal has been to provide enough
information to allow the reader to evaluate different
situations.

4-3



T I 0 T T R T T T R T R Y
I 3 7 R I A
I 7> Y7 N I
T Tavee: [ew| e wie))
[ veaw| e [
T s




PROCESSING AND PRODUCTION CONCEPTS

Two distinct scenarios have been used for
processing tee sections. Stripping methods have
generally used a batch-type approach with multiple
bars being deflanged simultaneously by a gantry
moving over the parts, and fabricated tees have
traditionally been produced by a continuous method
with a two pieces (web and flange) being passed into a
fixed welding head to produce a single tee. Stiffener
welding gantries, made to simultaneously weld severa
stffieners to plates, can aso be used to manufacture
hatches of tee shapes.

The advantage of batch processing is greatest
when the cost per process insulation is relatively low
compared to the cost of the gamy or station. If four
I-beams can be processed at once, many of the cost
elements per cycle are divided by four. An oxyfuel
deflanging gantry is a good example. Torch carriages
can be added to a gantry for arelatively low cost. In
contrast higher-speed methods like laser cutting may
cost 100 times as much as oxyfuel per cutting head and
can reasonably be expected to be more cost-effective
only in a continuous-process mode, gaining their
advantage from higher processing speed.

Continuous processing has been used for many
installations where high speeds are achieved and the
cost of the process is relatively high Usually,
continuous-mode production is not very flexible, as
machinery is designed 10 do large volumes of particular
sizes, ether very heavy sections (e.g. bridge beams) or”
very light, as in shapes for mobile home frames
produced by High Frequency Resistance Welding
(HFRW). The concept of making many different sizes
at a shipyard in any kind of “just-in-time” approach is
not intuitive. Nonetheless, if the entire volume of
stiffening elements is considered it maybe
economically feasible to justify more than one machine.
Further, the operating range of equipment may be
expanded by minor modifications in design.

Beyond the relative merits of batch and
continuous processing, other aspects producing
dtiffeners should be considered. Figure 5 shows the
production path horn as-received mill product to the
find detail, of three approaches to providing stiffening
elements for shipbuilding. Method A is the deflanging,
or I-to-T stripping, in which I-beams are received horn
steel mills and the flanges are burned off and stock
lengths of tees are inventoried for later cutting into
structural details. Scrap, averaging 25% of the new
material, is generated at the deflanging stage and must
be removal rework may be required significant
handling is incurred and material must be supplied and
inventoried both upstream and downstream sides of the

stripping facility, well in advance of production
requirements. When the schedule finally calls for
production of specific tee elements, the previoudy
deflanged beams are drawn from stock laid out. and cut
to the desired length and configuration. Scrap is
generated at this stage as well.

Method B shows the fabrication of stock-length
tee sections from plate or strip material. Steel bars or
strip are provided either by cutting plate or purchasing
hot-rolled flats. Scrap may or may not be generated
depending on the approach. Flange and web are
aligned and fit, typically with substantial manual effort
and joined usudly by semi-automatic welding methods.
For light sections, welds are usually much larger than
needed for strength. Significant distortion may occur
during welding, requiring rework. Little scrap is
generated but handling maybe extensive. Again,
materid is inventoried both upstream and down stream
in the production flow to assure that there are tees
available for cutting into detail pieces when schedules
require. The final step is the same as done in A.

Tees can also be fabricated from pieces of
standard “ Universal Mill” bar stock. One foreign shape
rolling mill provides such fabricated sections which fit
into gaps in the catalog of split hot-rolled I-beams. This
only establishes another catalog, and dtill forces
tradeoffs between required strength and final weight
because these shapes are till not optimized to the
design goals of the vessel. The thicknesses and widths
of universal mill ban are suffciently varied so that
weight compromises may be less severe than those
forced by stripping I-beams to tees. If a supplier uses
this approach fabricated tees produce no scrap until the
final detail cuts are made.

A and B are fairly well known and used the
differences being only of scale. The traditional
approach is that tees are produced by method A if there
is an | shape with reasonably close sectional properties,
and method B is used everywhere else. Because the
final use may not be known at the time tees are welded
welds are usually designed for 100% efficiency, even
though in many applications, welds which join these
tees to decks or shells need only be 60-70° efficient.”

For production of stiffening elements on a shipset
scale, method C is a different approach entirely. All
web and flange sub-pieces would be cut to final shape
from flat plate, and joined into a “net-shape” stiffener.
Scrap is generated only in the plate cutting phase, and
handling and inventories could be significantly reduced.
Through efficient nesting of material, scrap could be
minimized. The main concern is that tracking of pieces
is critical to success. The ideal reduction of inventory
would have flange and web piece being cut at nearly the
same time, and immediately being routed to automatic
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Figure 5. Practices of Tee Stiffener Production

welding workcells. The concept of efficient nesting,
however, might require that some inventory of web and
flange parts be maintained as the processing of different
thickness plates dictated. This implies a thorough
method of storage and retrieval on a scale not used
before. With the increased use of computraized job
tracking and bar-coding on the shop floor, the question
becomes more one of execution than one of possibility.

“Net shape” production of tee elements also
requires the use of automatic welding equipment to be
successful. Manual fitting and tacking must be
eliminated and.welding must be reliably done at the
highest practical speeds. Through computerized
integration of al job factors, including design and
welding data as attributes of part identity, the correct
size and shape of welds can more nearly match design
requirements. New methods, such as laser welding,
offer potential for full penetration welding at high
speeds with minimum overwelding.

A further demand on equipment flexibility is that
in addition to different sizes, many different lengths
must be produced. Typicaly, tee fabrication equipment
is used to produce standardized long pieces only.

At first it might appear that method C is not used
at all, but that is not really the case. Large and complex
fabricated web frames are tee sections nonetheless. The
use of method C to produce smaller or shorter teesin
any significant volume has not been reported.

An aspect of stiffener production which is seldom
considered comes from the fact that a shipyard must buy
and inventory a enough I-beams to meet the production
rate of a beam stripping fcility. This facility then
makes a “ second inventory” of shapes which are issued
out and processed later into useful ship parts. The cost
of the extra material needed and the lead time
necessary to support these schedules are difficult to
clearly state. A “net shape” approach does away with
al of this, but the implementation is no simple matter.



CUTTING AND WELDING METHODS FOR
STIFFENER PRODUCTION

The methods review catalogued a number of
cutting and welding technologies, emerging as well as
traditional, which could be applied to the
manufacturing of tee sections for stiffening ship panels.
The methods were screened and the more promising
techniques identified for further analysis of cost quality
and productivity, small-scale mockup testing, and
where appropriate, large scale mockup testing.

Machinery for producing welded tee stiffeners
should beat |east as productive as that currently used
for stripping, but more modem methods of deflanging
may exist or couid be developed. These methods
should be reviewed alongside the potential welding
techniques, and the method with the lowest overall cost
chosen for production.

This phase attempted to determine

11f a given process can produce atarget population of
various tee shapes,

1What production rates are possible,

¢ What acquisition and consumable costs for the
equipment are, and

1 The dimensional and surface quality the process
yields.

Relevant literature and experiences of those in
other industries were studied to determine the potential
of various methods for producing tee sections. New
technologies were considered especialy those which
promised greater efficiencies. Since there are so many
variables in the configuration of a system capable of
dealing with shipset quantities of tee sections, a study of
this nature must necessarily be qualitative rather than
quantitative.

Once methods were identified those most likely to
produce shipset quantities of tee sections were
scheduled for small scale trids, and evaluated to

establish modifications might be necessary for making
the method into an eficient production tool.

The following methods were selected for review,
based on demonstrated success in similar production
situations, or, in some cases, on the potential for high
speed or high accuracy processing. In the discussions
which follow, costs are estimated based on the process
equipment at its simplest level, without extensive
material handling equipment, In general, the addition
of in-feed and out-feed conveyors and stock and scrap
handling equipment could add as much as .$500,000 to
the costs listed

Cutting Methods

For deflanging of 1-beams, the process must cut
through the thickness of flange and some amount of
material in the radius region between the web and the
flange. Flange thickness for the target group shown in
Table | ranges from 5.2mm (0.205 in) for the lightest
section (W8x10#), to 17.7mm (0.695 in) for the
heaviest (W18x60##). Radius ranges from a minimum
of 7.62mm (0.30 in) to amaximum of 16.5mm (0.695
in). As shown in Figure 6, the maximum thickness was
estimated at the flange thickness plus one-half the
amount of the radius. Cutting methods identified for
this review are summarized in Table I1. A brief
description of each process follows.

Oxyfuel Cutting (OFC) is the most widely used
method for producing tees from |-shapes. The strong
points of OFC are the wide base of experience, inherent
flexibility, and low equipment cost associated with the
process. Its main disadvantages are low travel speeds
(.3-.6 m/min (12-24 ipm) as shown in Figure 7), high
heat inputs, and relatively large kerf(with the potential
for damaging webs when the flame is too close).

OFC equipment is relatively inexpensive to
produce and easy to maintain. When an installation for
producing tees has been designed the cost of adding
multiple torch carriages is only $2-3k, so that

Table Il Stripping Methods

Process Speed cost Consumables Flexibility Quality
OFC 0.3-0.6m/min (I-2 fpm) Low [Gas, Tips Med Fair/Good
PAC 0.6-1.8m/min (2-6 fpm) Med |Gas, Noz., Elctd., Tips, Pwr [High Good/Exc
LBC 0.3-1.8m/min (I-6 fpm) High |Gas, Pwr Meal/High Good/Exc |
AWJC 175-150mm/min (0.25-0.5 fpm) |High Water, Grit Nozzles High
Cold Saw | 1.2m/min (4 fpm) High |Blades, Fluid High
Arc Saw 1.5-9m/min (5-30 fpm) High |Power, Blades High Unknown
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Figure 6. Estimated Thickness of Deflanging Cut

significant parallel processing can be used to reduce the
labor costs per foot of processed bar. Fully adaptive
control of the OFC process, i.e. dynamic changes to
pressures and orifices, has not been explored OFC's
low speeds are a disadvantage for increasing the cost
and complexity of equipment. As aresulg (OFC suffers
from alack of fine control, and this can lead to a certain
amount of rework as a result. fine

Consumables used for OFC consist of oxygen fuel
gas, and cutting tips. Fuel gas may be propane, mtural
gas, or propylenet+based -, acetylene is not widely
used for large scale operations today.

OFC can cut any thickness of steel used in
stiffeners today. This is in contrast with laser and
plasma cutting, where the increase in thickness capacity
requires a greatly increased capital cost for equipment.

Thermally induced distortion is the highest in
OFC, since the process has the highest heat input.
Distortion may be reduced by optimizmion of
parameters, use of water sprays, and pre-cambering,
but OFC dtill generates significant quantity of material
which requires straightening. Other quality problems
aiewhen a cut is made too close to the web, leaving a
scarkd or gouged area which nnst be repaired by
wel ding and grinding.

Plasm Arc Cutting (PAC) provides significant
improvenents over OFC, especially in speed and
reduction of heat input. The process is well
understood equipment is rugged reliable, and
electronical Iy controllable. Prior to the introduction of
oxygen-capabl e plasma systems, PAC was not a
serious contender for use in |-heam defklanging hecause
the tolerance band of parameters which would produce
relatively slag-free cutting was too narrow, even
though cutting speeds could be generally faster than
OFC. This k even more inportant in beam deflanging
than in plate cutting. Since the cut is made through
the radius transition fromflange to web, one side of the

kerf cuts through thinner material than the other side.
Any variation in the torch position relative to the web
results in arapid change in thickness to be cut.

Oxygen plasma and inverter-technology power
sources have made PAC more attractive. The use of
oxygen has resulted in a broader range of travel speeds
which produces cuts with minimal slag adhesion.
Inverter power supplies offer greater energy efficiency,
produce a narrower kerf and are more tolerant of
variations in torch-to-work stand-off distance.

Plasma cutting offers the same boost to cutting
speed for I-beam processing as for NC plate cutting,
with speeds of 2.5 m/min (100 ipm) and faster. Figure
7 shows that speed improvements are significant only in
thinner materials (-9.5mm (3/8 in)). As thickness
increases, PAC travel speeds drop to values near to
those of OFC. For the current range of thicknesses of
tee sections in this study, plasma still enjoysaspeed
advantage over OFC, and as long as the work mix
favors the thinner sections, overall processing times are
significantly reduced

Plasma equipment is about ten times more
expensive than OFC, but is typically less than one-tenth
the cost of lasers, abrasive water jet machines, and cold
saws. Inverter-type plasma equipment costs in the
neighborhood of $I OK for a unit which will cut all the
thicknesses in the target group of tees. To strip one
[-beam at least two units are needed more for
simultaneous batch cutting.

Electrical power, cutting gases, and torch parts
(electrodes and tips) are the major consumables
required for plasma cutting. consumable parts life is
markedly shorter with oxygen plasma than that
experienced by the older nitrogen plasma systems, but
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mprovements in cut quality, speed and the wider range
of parameters at which dag-free cuts can be made have
made oxygen plasma dominant in this field.

PAC is reasonably flexible, athough for the
Purpose of this study, the ability to cut materials other
than steel is a moot point for most commercial ship
tees. The penalty for ability to cut greater thicknessesis
the aforementioned loss ofspeed, and the need to buy
much more expensive equipment capable of processing
the greatest thickness, even though these thicknesses
may be only a small percentage of the total work mix.
Comparatively, since OFC is slow even on thin
materia, the drop-off of OFC cutting speed with
increasing thickness is less noticeable.

Asin NC plate cutting, PAC can produce
acceptable edge quality. Higher travel speeds possible
should produce less distortion than that seen with OFC
due to reduced heat input The use of water sprays and
pre-cambering could further reduce distortion.

Laser Beam Cutting (LBC)*** i sis gaining in
acceptance in the manufacture of light-gauge materials,
and power levels have been increasing while cost per
kilowatt has been decreasing. The power density
available is the highest of the competing thermal
cutting processes, so thermally-induced distortion
should be the lowest with lasers compared to any of the
other available thermal cutting processes.

Carbon Dioxide (CO) lasersin power levels up to
25 kilowatts are available, athough the
highest-powered units are seldom used for cutting.
Multiple-rod Neodymium Y ttrium-Alminum-Garnet
(Nd:YAG, often called “YAG) lasers have been
produced in versions up to 3 kW, and programs are
underway to produce a solid-slab YAG device of 6 kW
capacity. Within the distinction of CO,and YAG, there
are several competing technologies, such as RF-pulsed,
fast -flow, diode-pumped, slab, etc. Each may offer
specific benefits in speed or quality within its power
range, and detailed discussion of these is beyond the
scope of this paper. YAG lasers maybe used with
fiber-optic beam delivery, alowing the laser to be
located in a favorable area while the flexible fiber can
be deployed in atypica shop atmosphere. This could be
a benefit for shipyards, as the specia attention to beam
delivery required for CO,devicesis avoided and a
greater choice of configurations for tee processing
equipment is afforded.

While laser technology is promising, the amount
of demonstrated success in heavy-section cutting
remains limited and cutting speeds tend to drop off
with increasing thickness for a device of any given
power level, Considering the high population of

relatively light sections used in surface combatants, this
may not prove a serious limitation.

There is potential for very high cutting speeds,
although there is not a large volume of industrial
experience in thick-section cutting to support this
claim. In addition attention to factors such as beam
quality, the design of nozzles and beam focusing optics
is critical. Development in this area has been
demand -driven and therefore limited to thinner
materials. Nevertheless, speeds of up to 1.25 m/min (4
fpm ) were demonstrated in the test phase of this project
using equipment clearly designed for thinner sections.

CO2lasers at power levels of 1-3 kW cost in the
neighborhood of $250,000 while the equipment of 10
kW and higher can cost several million dollars. YAG
equipment of 2.4 kW capacity is similarly priced to CO,
equipment of equal power. The cost is dependent on
severa factors, and due to technology growth may
change significantly in the near future.

Higher powered laser devices (14-25 kw) are
10-14% electrically efficient so electrical power is a
major cost element. Gases, and to a lesser extent
nozzles and lenses, are consumable items. Fiber-optic
cables are relatively durable, but terminations and
couplings are currently expensive to repair. As this
technology grows in popularity, costs for maintenance
can be expected to drop.

As with plasma cutting laser systems are
power dependent so that for a device of any given
power output as thickness increases, cutting speeds
decrease disproportionately. Thus, the co'st of
high-power CO0,devices limits the use of LBC. While
high quality cuts with 3-kW devices have been
demonstrated in materials 19mm (3/4 in) and thicker,
travel speeds are reduced Also, at some point thermal
attributes of the base metal begin to dominate the
chemical reactions in cutting, and some of the
advantages of high power density are mitigated.

For materials up to 6.3mm (1/4 in) thick laser
cutting yields near-machined quality surfaces.
Trandating this experience to thick carbon stedl with
surface rust and mill scale is a significant challenge.

Cold Sawing™ a machining method, is a
relatively low-temperature process, and has been
increasingly used for cutting structural shapes to length
in cut-off saws. Cold circular saws have provided a
high quality, cost-effective aternative to band saws and
oxyfuel equipment for transverse cuts. The potential
advantages of cold sawing are the production of
superior edge quality, the ability to cut arbitrarily close
to the web of the beam, and the potential for reduced
distortion offered by an essentially non-thermal process.
A significant consideration is the residue of cutting



fluid which if not removed can affect subsequent weld
quality.

Manufacturers claim that cutting speeds up to
1.2rn/min (4 fpm) can be achieved in flat plate cutting.
These systems oflen are rated either on volume of
material removed or the area of the cut face. Some
systems have quoted higher rates, such as 200-400cm’
(12-24 in") removed per minute, and thus travel speed
would depend on blade thickness. Since the saws are
very precise, the process may be adversely affected by
the tolerances for hot-rolled shapes dictated by ASTM
A-6, which allows significant flange tilt off-center
flanges, and other dimensional inaccuracies.
Equipment may be designed to overcome this, but it
will add to the expense.

Cold saw set-ups cost in the neighborhood of
$250-500k depending on the amount of material
handling equipment. In this case, they are amost
always configured with some conveying equipment and
the demands of material handling specific to tees may
alter this cost range.

Blades are the major consumables for cold sawing,
although they may be resharpened several times.
Cutting fluid is next in importance, especially
considering the impact of increasingly stringent
environmental regulations. Chips produced in the
process are recyclable, but may require special handling
due to the presence of the fluids.

Cold sawing can handle the entire range of
thicknesses required but like all processes, cutting
speed is a function of the thickness to be cut

Abrasive Water Jet Cutting (AWJC)”has been
used to cut many “problem” materials with great
accuracy, from very brittle ceramics and metals to foam
products. For |-beam stripping, the low heat input
would produce little distortion but slow production
rates and high installation and maintenance costs make
it economically unfeasible. The process can cut at
speeds upto 150 mm/min (6 ipm) on soft materials or
light gauges of metals. Cutting rates drop to below 25
mm/min (1 ipm) on 25 mm (I-in) thick steel.

Equipment including pumps, intensifiers,
distribution systems and manipulators can cost up to
$500K Since pressures up to 50,000 psi are used wear
is significant and maintenance costs are high.

Water and abrasive grit (typically garnet) are the
major expendables. Although garnet is not a
particularly hazardous material, it forms a sludge with
the cut metal particles in the water tables. This is not
recyclable because of the metal content and incurs a
fairly high disposa cost.

AWJIC isflexible in that it can cut awide range of
materials, but application of the process is limited due

toitslowtrowel speeds. Excellent cut surface quality is
produced by AWJC, and distortion to partsis minimal.

Arc Sawing19 is a recently-devel oped technology
that uses a spinning metal disc, or blade, which
transfers current from its edge to the work piece.
Extremely high currents, several thousand amperes, are
used, and incredibly high cutting speeds are possible.
The equipment runs completely submerged in water,
and all current installations of this equipment are being
used to cutup decommissioned nuclear reactor vessels,
limiting the amount of experimentation which might be
carried out at existing installations. Little work has
been done to establish the applicability of this
equipment in other environments, however, the
manufacturer reported a test in which an 203mm (8 in)
diameter high nickel alloy (625) round bar was
transversely CUC to compare with the use of abrasive
cut -Off saws. The abrasive saw took 10 minutes to
make the cut while the arc saw severed the bar in 8
seconds. Quality of the cut face was not as good as that
produced by the abrasive method and no devel opment
work was ever undertaken to determine if edge quality
mild be improved.

Based on work done on flat plate, speeds are
estimated to be nearly 9m/min (30 fpm) on 4.7mm
(3/16 in) material, dropping down to 1.5m/min (5 fpm)
on 25mm (1 in) thick steel.

This equipment would cost upwards of $750k not
counting any material conveying systems. Handling
equipment would have to be capable of coping with the
high electrical currents involved.

Electrical power (6,000 Amperes per head) is the
primary consumable, but blade usage is a significant
factor. Blades cost $250 each and blade life is
estimated at 150-300m (500-1,000 ft) of cut. At best
for 16m (49 ft) long I-beams, each pair of blades would
wear out after 20 cuts, thus deflanging 1700 beams
would consume 170 blades at a cost of $42,500.

It is not known how the geometry of |-beams
would affect cutting properties and cut-edge quality. In
contrast with heavy, flat plate cutting, I-beams present a
non-uniform cross-section (see Figure 6.) to the blade.
When high currents travel through non-symmetrical
paths, magnetic flux from the current interacts with the
magnetic flux of the arc, causing a phenomenon called
“arc blow.” Arc blow is often seen in welding at high
currents, and appears as erratic arc action resulting in
poor quality.

Welding Methods

Welding processes reviewed are summarized in
Table I1l. More traditional welding methods such Gas
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Table I11. Welding Methods
Process speed cost consumables Flexibility Quality
GMAW/FCAW ]0.6-1.8m/min (2-6 fpm) |Med Wire, Gas, PowerHigh Exc
GMAW-P 0.6-3m/min (2-10 fpm) [Med/High Wire, Gas, Power |High Exc
SAW 0.6-2m/min (2-7 fpm)  |Med/High Wire, Flux Power|High Exc
LBW 0.9-3m/min (3-10 fpm) |High Wire, Power Meal/High Exc
HFRW -60m/min (200 fpm] High Power, Coolant” |Low Exc

Metal Arc Welding (GMAW), Flux-cored Arc Welding
(FCAW) and Submerged Arc Welding (SAW) are
well documented and have an established range of
typical procedures, thus discussion is purposely
limited. Although some work has been done with
pulsed gas metal arc welding (GMAW-P) for high
speed applications, both that method and the field of
Laser Beam Welding (LBW) are relatively untried in
this form of manufacturing: i.e. long, heavy sections
with high production volume. Figure 8 shows
estimated welding speeds for GMAW (FCAW is nearly
the same), SAW, and LBW. Speeds for GMAW and
SAW are based on fillet welding to achieve 100%
efficient welds (weld strength equals base metal
strength). LBW speeds are based on achieving full
penetration welds (50+% penetration from each side)”

Gas Metal Arc and Flux Cored Are Welding
(GMAW/FCAW)”have been widely used to produce
fillet welds with mechanized equipment. Flexibility
and quality are outstanding and equipment is relatively
inexpensive, reliable, and readily available. Travel
speeds will vary with the size of the weld required and
will largely depend on the deposition rate of the
electrode and welding parameters chosen. Anew
variation of the process is the use of “Metal-cored”
electrodes, which have been seen to offer higher
productivity with excellent arc stability and weld
cosmetics. Major consumables are welding filler metal,
which generally costs on the order of $2.20/kg
($1.00/b), and shielding gas.

Pulsed Gas Metal Arc Welding (GMAW-P),
uses very specialized pulsed power supplies to achi eve
extremely high speeds 3-4.5m/min (120-180ipm).*“*
In general, weld sizes at these speeds have been small,
and base plates farily thin, so it is not known if this
approach will provide the flexibility to perform
large-scale welding of ship-sized structural elements,
especialy in the commercial arena. Costs of the
consumables are the same as above, but the equipment
is not widely available, and is more expensive than

traditional GMAW power sources. These speeds are

competitive with those achieved by high power lasers,

and double those offered by submerged arc welding.
Submerged Are Welding (SAW) has been used

toproduce nore fabricated tee shapes than any ot her

vel ding method. The process is well understood, and

al though equiprent is generally more expensive than

GMAW FCAW setups, it is still reasonably priced. The

process offers good flexibility and generally faster travel
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speeds than “open-arc” methods, especialy for large
welds, through the use of multiple wires. Other
advantages of SAW are the low level of smoke
produced and the lack of significant arc radiation,
although these not are major considerations for highly
mechanized equipment. Higher travel speeds result in
reduced distortion although straightening by some
means is required. This is often done in-process, by an
in-line heating torch applying balancing hesat to the
opposite edge of the web. Magjor consumables for SAW
are filler metal and flux and are similar in overall cat
to those required for GMAW and FCAW. SAW can
produce welds with excellent soundness and
metallurgical properties.

Laser Beam Welding (LBW),** has grown in
use in the last decade, producing high-quality, high
speed welds with low distortion on a wide variety of
materials. The fundamental disadvantage of the process
is high equipment cost, but prices may drop as systems
become more widely used. The cost of devices with
power levels sufficient for fast processing of thicker
parts has some impact on consideration of lasers for
commercial ship work.

In fabricating tees, one significant fact associated
with laser welding as opposed to cutting is that
penetration by one beam through the entire thickness is
not needed. Two opposing beams need only produce as
much penetration as the design requires, something
more than 50% if full penetration is required. One high
power laser may cost more than double the price of two
devices of half that power

Laser systems can cost from $300K to $3,000k,
but high-powered devices can make effective use of
beam splitters, increasing the number of welds which
can be made simultaneously. Thus, timer material
could be processed in multiple parallel operations, or
the system re-configured for single processing of thicker
work pieces. Card review of the of the whole
production scenario is required.

Laser welding at speeds over 4m/min (160 ipm) is
possible for thinner (<4.7mm (3/16 in)) sections
included in this analysis. Travel speeds drop off for
materials over 12.7 mm (12 in), especialy with lower
powered devices, but power level is not the only
criterion for evaluating lasers. Beam quality, spot size,
and brightness, can have bearing on an application.

Electrical power is a major consumable. Plasma
suppression gas (helium) is usually and it is
expected that some filler metal would be needed to
provide an acceptable weld profile.

Laser welding should yield the lowest overal
distortion in as-welded parts, due to its very high energy
density and fast welding speeds.

High Frequency Resistance Welding (HFRW)
has produced large amounts of lightweight I-beams for
truck trailers and mobile homes.*"*High current at
high frequency is passed between web and flange
connections, heating the junction quickly to forging
temperature. Pressure rollers force the parts together
for full-penetration welds. Machinery is large and
expensive (costing millions of dollars), and suited to
production of high quantities identical shapes, but runs
at extremely high speeds, up to 61m/nin (200 fpm).
The method is generally used on lighter materials
(9.5mm (3/8 in) and less), and works best with coiled
strip, handled by unloaders and on-the-fly coil splicing
stations. HFRW was recently used for producing
severd lightweight (8.92kg/m (6#/ft) and lighter)
sections for later-flight CG-47 class vessels, and should
be considered when large quantities of light weight
sections are needed. HFRW is not able to process the
full range of thicknesses of the DDG group of stiffeners.

COST ANALYSIS

To determine a baseline cost for producing the
target population of 1/T shapes, the literature was
searched for prior work relating to industry experience
in |-beam stripping. To validate this information a
time study of beam deflanging using the OFC process
was made.

Conducted fourteen years ago under funding by
the NSRP, the Semi-Automatic Beam Line (SABL)
Feasibility Study included a limited review of the cost
of I-beam deflanging. The SABL study compared the
productivity of “standard” methods, measured at a
shipyard to that of a proposed highly mechanized
facility for al processing of structural shapes, including
web frame fabrication angle and channel processing,
end cuts, copes and bevels. The proposed
Semi-Automatic Beam Line consisted entirely of
improvements to conveying and material handling
equipment. AU cutting including beam deflanging
was done by the OFC process. There was NO proposal
to change the processing technology or process
parameters used in any of the "standard” methods, and
the substitution of fbricated tees for stripped I-beams
was not suggested The SABL study did not go into
specific details for any of the functions, naming only
two cost elements, “handling” and “processing.”
Furthermore, the study did not look beyond the
boundaries of the processing facility. The issue of
material transport into and out of storage was tacitly
treated as a constant. Handling referred to movement
of materia within the facility only, and handling
functions were not reported or compared in any detail.
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Finally, neither overal product quality nor rework were
mentioned in the SABL study.

The SABL study did provide basic cost data
associated with using the OFC process for deflanging
5,000 |-beams per year. Using the SABL study data as
a base-ling, this project analyzed |-beam stripping
functions in greater detail, to verify that the current cost
of deflanging by the OFC process was similar to the
cost of the “Standard” method reported by the SABL
study, and to evaluate areas where process
improvements might have the greatest benefits.

Figure 9 shows this primary comparison the
“'Standard” method referred to in the SABL study (OFC
deflanging of batches of |-beams) required
approximately 1.3 labor hours (Lhrs) to strip flanges
from one |-beam. The “ Std verified” data (current
practice reviewed in this report) showed a similar time
per beam, when all in-process handling (rigging on and
off burning tables, set-up, and scrap removal) was
added to the actual OFC burning time under
“processing.” “Handling” for the standard and the
SABL comparison referred to the time spent on moving
material to and from the process, within the facility.
This was documented at 0.286 Lhrs per beam for the
standard method and less than 0.2 Lhrs for the SABL
method. For the verified standard data “handling”
referred to movement of material from storage areas to
the facility (approximately 0.57 Lhrs per beam).

While the SABL study concluded that handling
and processing times could be substantially reduced, it
is significant to note that the ratio of handling time to
cutting time did not change (Figure 10). Although
handling (as treated by the SABL study) was reduced by
40% (from 0.286 down to 0.171 Lhrs), it remained 18%
of the total cost of producing I/T shapes.

Since the SABL methodology did not propose to
change operating parameters of the OFC process, the
total time for burning flanges from the 5,000 |-beams
should be the same for both “ Standard” and SABL. The
reduction of 41% in processing cost (from 1.35 down to
0.8 Lhrg/part was not identified as the result of
changes to OFC process parameters. Thus, the ratio of
processing to handling time should not be equal, unless
some time-related process elements, such as setting up
and scrap removal, (which are really handling
functions), were also included in “processing” by the
SABL study.

Since any comparison of the relative cost of the
various new aternatives should include the entire range
of functions, it is necessary to break down the verified
data into greater detail and include information about
the amount of rework, as shown in Figure 1| Rework
consists primarily of straightening, but includes a lower
percentage of labor to repair damage to tees if the cut

has come too close to the web. Straightening is driven
by an internal standard which allows maximum camber
equal to half that allowed by ASTM A-6 for tees. Since
the tees are substantialy stiffer than the plates to which
by are joined camber must be kept to a minimum to
alow ship units to be accurately built. A-6 specifies
allowable camber for tee sections solely as a function of
length and 15.2m (50 ft) tees are allowed31.7mm
(1.25 in) maximum. Since structural shapes are
supplied to ASTM A-6 requirements, it has been used
as a convenient starting point especially when
deflanging of tees has been subcontracted. The current
internal standard was based on the experience that all
subsequent phases of ship structure fabrication proceed
more quickly when straighter tees are provided. The
decision as to the output tolerance of the processing
system can change the rework percentage greatly. If the
A-6 guidelines were followed exactly, only 10% of the
parts would need straightening. At a tolerance of
one-half of the ASTM allowed value, 50% of parts
produced by OFC typically will need straightening.

As a comparison to the standard and verified
batch-mode OFC stripping, Figure 12 shows a
percentage breakdown of the labor in continuous
submerged arc welding”. Rework is not added since
experience has shown that this equipment can
consistently produce accurate tee sections.

Projected Costs

To provide a cost comparison of fabricating to
stripping, seven different hypothetical production
scenarios were generated. Four approaches to |-beam
deflangiug were compared to three welding scenarios.

|-beam stripping concepts evaluated were the
standard oxyfuel cutting (Std-OFC) practice,
re-equipping OFC batch-processing gantries with
plasma-arc cutting capability (Batch-PAC),
continuous-processing plasma-arc cutting
(Contin-PAC), and continuous processing laser beam
cutting (Contin-LBC). Cutting speeds for these
methods were arrived at by estimating the thickness to

be cut as the flange thickness plus one-half the radius of

the transition of flange to web (Figure 6). This yielded
arange of 7.62mm (0.30 in) to nearly 25.4mm (1.0in)
for tees used in the DDG-51. Manufacturers data and
other published information were consulted to estimate
cutting speed for each thickness, as shown in Figure 7.

Three welding scenarios were al considered as
continuous-processing tee fabricating machines:
submerged arc welding (SAW), gas metal arc welding
(GMAW), and laser beam welding (LBW). Equipment
manufacturers and other sources were consulted for
performance data shown in Figure 8.
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In most cases, for other than laser and plasma
processes, these values are well documented-and easily
verified by virtue of many successful applications. The
use of PAC, LBC and LBW in applications of the
indicated thickness range and particular geometry has
not been reported so that estimates of expected rates
have been made based on available literature.

A number of basdine criteria were established.

| Capital cost of the equipment was not considered.

. Fina costs were the summation of production costs,
including handling times.

| Cutting speeds were based on thickness of the flanges
plus half the radius of transition from web to flange.

| Required weld size was based on the thicknesses to be
joined, and full penetration welds were not assumed
except for the case of laser welding, which also assumed
small-sized reinforcing fillets.

| Based on experience, rework was not factored into
the welding scenarios.

| Cutting methods had rework added in at the
experienced rate of the verified data for standard OFC,
and half that for the other cutting methods.

e A dstandard rate of 4 [abor hours per plate was used to
calculate processing time to produce strips for tees from
plates. The total of flange and web widths plus kerf was
used to estimate the number of plates required and the
scrap generated in this step.

Based on these assumptions, a production cost
sensitivity analysis was generatd comparing laker
cost material cost and machine utilization variations as
major elements in overall cost. Labor rate was factored
in steps from $15/hr to $40/hr. Material costs were
figured from $0.08/kg ($0.18/Ib) to $0.136//kg
($0.30/1b). Steel cost was treated as the same for both
plate and shapes. The price of plates and shapes can
vary widely depending on factors such as quantity, lead
time, and market demand, to name only afew. With a
competitive steel market and the recent emergence of
mini-mills, there is pressure on major steel producers to
control costs.

In assessing the effect of varying duty cycle, for
batch processes, the experienced standard data was used
throughout so the lines for Std-OFC and Batch-PAC
are constant. Since any machine is profitable only
when it is used however, duty cycles from 50% to 95%
were calculated for the continuous-process
implementations. Considering that a tee fabricating
machine usually only requires a 15-second delay
between finishing one section and starting the next the
95% maximum was somewhat conservative”,

As a further attempt to consider these scenarios
on a reasonably equal footing, the travel speeds of
oxyfuel cutting were based on manufacturer’s charts,
nearly two feet per minute in most cases, and were
substantially higher than those used in current
production. Since the burning time in the current
process amounts to only 4% of the total labor per piece,
there is no substantia reduction in overal costs from
the calculated increase in speed.

Once this data was entered time required to
produce the target group of tees was generated, and
l[abor cost, material cost and machine utilization
variations were varied to yield severa overall cost.
Tables1V, V, and VI show the detailed results of the
time and cost comparisons, and Figures 13, 14, and 15
provide the information in graphical form.

This analysis yields these conclusions.

| In every case, the overall cost to fabricate was lower
than the cost to ship, frequently by as much as 30%.

| The reason for the large difference isthe loss of 25%
of purchased material as scrap in the cutting operations.
| Even if processing scrap is not considered
fabricating methods are till lower in cost.

| Laser processes show the lowest cost in each review,
but there is little practical experience to back up the
performance estimates.

| Of the traditional processes, submerged arc welding
shows the lowest overall cost in each scenario, thus it is
not surprising that this process has the greatest industry
experience in the fabrication of tee sections.

The chart shown in Figure 16summarizes these
conclusions. Batch-type oxyfuel cutting and continuous
submerged arc welding processes have a considerable
experience base throughout the industry. The laser
processes, whether cutting or welding, have not been
used for work in this manner, so the data is predictive,
and may not be realized in production. Additionally,
lasers cost orders of magnitude more than SAW or OFC
equipment and since capital costs have not been
included this may skew the results depending on the
expected life span, maintenance, and other costs
associated with laser equipment.

Further, material is the dominating cost for all the
methods, and reduction of scrap is a major factor in the
savings. Total material cost for the shipped product is
very nearly equal to the total cost of the fabricated tee.
Considering strictly labor, the greatest potential of the
continuous methods is the reduction in set-up and
handling labor. Even without rework total cost for
deflanging still exceeds that of fabricating.
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Table IV. Processing Cost (x$1000)vs. Labor Rate

(@ $.22/1b and 95% Duty Cycle) €00 N
Labor Rates, $/hr
15| 20| 25| 30| 35| 40
Std OFC 404| 425| 446| 467| 488] 510
atch PAC 394| 411 429| 447| 464| 432
iContin PAC 377| 390| 402| 415 427 440
Contin LBC 369 379| 389 399] 409] 418] - 460
5 20 25 30 35 40
Contin SAW 280] 296| 311| 326| 342| 357} '
Contin GMAW | 289] 308| 325| 344| 362| 381 ) ]
Contin LBW 276| 289] 303] 317] 331] 3aq] 18w 13. Processing Cost (x51000) vs. Labor Rate (8/h)

Table V. Processing Cost (x$1000) vs. Steel Cost
(@ $35/Mr and 95% Duty Cycle) 700

Stee] Cost SdOFC
Skg % Baich PAC
04| 0.44] 0.48/0.53}0.57} 0.62| 0.66 Contin] BC
Contin PAC
$7b| 0.18] 0.2} 0.22/0.24}0.26} 028] 0.3 Contin GMAW
Std OFC 427] 457| 488 519 550! 581] 612 e Contin SAW
Contin LBW |
IBatch PAC 403| 434| 464} 496 527] 558] 589
{Contin PAC 365| 396| 427] 458| 484 520 551}
ContinLBC | 347] 378] 409| 440] 470 s01] “532] 2%
10 0. 048 053
- 040 44 0 057 062 066
Contin SAW 299] 320| 342| 363| 384| 406| 427 (©.18)  (020) () (024) (0.26) (0.28) (0.30)&31/%
Contin GMAW | 320] 341| 362] 384/ 405] 426] 443
Contin LBW | 2881 309| 331] 352| 373| 395] 416

Figure 14. Processing Cost (x$1000) vs. Steel Price

Table VL. Processing Cost (x31600) vs. Machine

Duty Cycle
(@ $0.49%/kg ($0.22/1b) and $35/hr)
- 500 Std OFC

Machine Duty Cycle — Batch PAC

Contin PAC

0.5{ 0.6] 0.751 0.810.85| 0.9{0.95 400 == Contin LG
Std OFC 4881 488] 488| 488 4881 488{ 438 Contin GMAW

T ————eee] Contin SAW

JBatch PAC 465]| 465] 465| 465} 465| 465| 465 300 Contin LBW

Contin PAC 460] 448] 437{ 434| 431] 429| 427
JContin LBC 424] 419| 413| 412| 411| 410§ 409] 200

~

Contin SAW | 3721 361| 350 348| 346| 344} 342] 100
Contin GMAWY} 4111 394| 377) 373} 368} 365] 362
Contin LBW | 351 344| 337| 335] 333| 332} 331

50% 60% 5% 80% 85% 90% 95%

Figure 15. Processing Cost(x$1000) vs % Duty Cycle
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Figure 16. Cost of Batch OFC vs. Continuous LBC, SAW, & LBW

MOCK-UP TESTS

Where appropriate equipment was available,
mock-up tests were conducted to test methods for this
review. Processing speed and cut quality were
evaluate and distortion induced by the process was
measured when possible. In many cases, existing
equipment was not configured to do a close
approximation of a stripping cut or to make tee-section
welds. In most cases, only one cutting head or welding
head was available, so the stripping or welding
operation was done in two sequential operations. This
provided some degree of judgment about how the
process might perform if adapted to the task of
producing tee shapes, although the effect of two
simultaneous cuts or welds could not be fully proved.
small-scale mockups were used to establish parameters
for a given speed and quality, and large scale mockups
were used to evaluate distortion. The ability to do large
parts was limited. Abrasive water jet cutting was
evauated to determine if beams deflanged by a
non-thermal process would show distortion due to the
release of residua stresses which might be present after
hot-rolling.

To provide a standard section for cutting tests,
wide-flange beams, W6X20#, were used. This I-beam
has a flange thickness of 9.5 mm (3/8 in), and a radius
transition from web to flange of 7.62mm (0.30 in),
which is in the mid-range of weight and thickness of
the target group. These were cut to the maximum

length possible for  processing at the given facility.
Most test pieces were only 600mm (2 ft) long, but a few
2.4m (8 ft) pieces were cut. Laser tests were made
using lasers of as many different types as possible.

Since the traditiona welding processes are well
document, only two welding tests were performed.
Using a CO, laser, two tees. were produced one welded
with filler metal, and one welded autogenously (no filler
metal added). The tee shape was approximated by
using 9.5x152mm (3/8x6 in) flat bars for both web and
flange. Since the 6x20# 1-beam has a 6.3mm (1/4 in)
web, this using thicker material was somewnhat
conservative, reqgiring greater weld penetration.

The mock-up tests are documented in greater
detail in the NSRP project report, which includes
appropriate photographs of the test pieces.

The following small-scale mock-up cutting tests
were performed
| Laser cutting of 600mm (2 ft) sections at Applied
Research Laboratory, PennState University, using
2.4kW YAG and 1.5 kW CO,lasers,
| Laser cutting of 2.4m (8 ft) sections at ARL using the
14 kW CO, laser;
| Laser cutting of 600mm (2ft) sections using the
kW GE Fanuc CO, laser at Edison Welding Institute;

aser cutting of 600mm (2 ft) sections using a 3 kW
YAG laser at Hobart Laser Products;

Abrasive water jet cutting of an 2.4m (8 ft) section a
Laser Applications Inc.; and
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| OxY-fuel cutting of 2.4m (8 ft) sections at Bath Iron
Works.

The following large-scale mock-up cutting tests
were performed
| Oxyfuel cutting of 12.2m (40 ft) sections at Bath Iron
Works, and
e ] Plasmaarc -cutting of 12.2m (40 ft) sections at Bath
[ron Works.

The following large scale welding test was
performed
. Laser welding of 6.Im (20 ft) sections using the 25
kW CO, laser at Stardyne, Inc.

Summary of Mock-up Tests

For most laser and plasma cuts, edge quality was
nearly as good as that attained with oxyfuel processes,
and for most cases, higher travel speeds were noted
than those used for traditional burning.

In general, the processes tested performed at
speeds lower than originally estimated Typicaly, this
was due to the difficulty of estimating cutting
performance radius at the flange to web transition.

Abrasive water jet cutting produced no measurable
distortion in a 2.4m (8 ft) but these pieces were
too short to evaluate distortion with any process.

PAC of 12.2m (40 ft) sections resulted in
approximately half the distortion produced by OFC.

For both OFC and PAC, water sprayed on the
parts being cut will reduce distortion by nearly 50%.

Autogenous laser welds in 6.Im (20 ft) parts
produced little distortion when filler metal was added
to provide fillet reinforcement< distortion increased.

Distortion measurements taken are summarized in
Table VII. The use of 2.4m (8 ft) sections did not
provide enough length to gain much insight into
potential distortion which might be produced by laser
cutting. The oxyfuel result for 2.4m (8 ft) partsis
contradictory, but the numbers are so small that it is
difficult to draw a valid conclusion.

Water spray is a useful method for reducing
distortion. A trickling stream from a small nozzle
positioned immediately behind the cutting head gave a
better than 50% reduction in camber for both the
plasma and oxyfuel processes.

CONCLUSIONS

Scrap material from the deflanging process
averages 25% of material purchased. Table |. shows
that the deflanging operation generates 172 tonnes (170
long tons) of scrap with the amount of scrap per item
varying from 20% to more than 30%. At $0.53%/kg
($0.24/1b), thisis aloss in excess of $90,000.

Processing costs for fabricating tees are generally
lower than for stripping I-beams. Welding methods and
machinery can operate at higher speeds and duty cycles
than traditional batch-type oxyfuel stripping gantries.
Also, in the fabricating operation the production of web
and flange strips results in scrap on the order of only
5% by weight of purchased material hence thereis a
large reduction in material cost when fabricating is
compared to stripping.

Handling is a major cost driver for both
fabricating and stripping Operations. Material
handling within the shipyard to support tee stripping
can amount to more than 70% of labor cost. Thus any
increase in cutting process speed may drop overall costs
only dlightly. In stripping, one piece is brought into the
facility, and three pieces must be removal , only one of

Table VII. Distortion Measurements
Measured Camber mm (inches)

Process 2.4m (8ft) Dry | 2.4m (8ft) 12.2m (40ft) | 12.2m (40ft) | 6.Im (20ft)

Water Dry Water Welded
AWJC, single cut 0
LBC (14 kW COzsingle cut 15 (1/16)
OFC, single cuts 0.8 (/32 15 (1/16)
DFC, double cuts 32 (U8) 3.2 (148) 118 (4-21/32) | 55.5 (2-3/16)
PAC, double cuts 70 (2-3/4) 30 (1-3/16)
LBW, autogenous 4 (5/32)
LBW, with filler metd 14.3 (9/16)
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them a useful product. When tees are fabricated
however, two pieces are brought in and only one is
removed. Most tee fabricating machinery is highly
mechanized to reduce handling, and conveyor systems
are amgjor part of the capital cast of such equipment.

Continuous-process machines can offer significant
cost reductions over batch-type methods. Due to more
efficient in-process handling, costs are lower even
though four operators may be required (batch-type
oxyfuel typicaly requires two). Large tee beam
fabricating machines align parts accurately, and provide
in-process straightening, resulting in minimal rework.

The plasma-arc cutting process produces less
distortion than the oxyfuel method. Test beams (12.2m
(40 ft) long) stripped using PAC showed camber to be
reduced by 50%, compared to beams cut by the oxyfuel
process.

A light water spray reduces camber distortion
significantly. On the 12.2m (40 ft) test beams, for both
oxyfuel and plasma arc processes, a trickling stream of
water directed immediately behind the cut reduced fina
camber by 50%, compared to beams cut without added
water spray.

Capita and maintenance were not included in this
cost analysis and could have significant affect on any
decision as to overal processing strategy. Since the
capital acquisition cost will depend on the work mix
and specific conditions of individual sites, this analysis
focused on operational cost of processes only.
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ABSTRACT

Alternative structural system concepts have been
developed for 40K and 95K DWT double hull tankers,
with the objective of studying their producibility in
existing U.S. shipyards, including labor hours and
construction schedules.  Structural components and
elements considered included aternative material, shell
plating, bulkheads, stiffeners and other structural
elements for both conventional and unidirectional
double hull tankers, together with shipbuilding
processes such as automation and accuracy control, and
standardization including design. It is concluded that
increased automation, accuracy control and
standardization are the areas where the greatest gains
may be possible to make U.S. shipyards more
productive and more competitive on a world scale.

INTRODUC'IION

It is generaly acknowledged that the labor hours of
constructing commercia ships in U.S. shipyards is
higher than foreign shipyards, particularly those in the
Far East, Southern Europe and Brazil. There are other
significant differences of atechnical nature which will
have a substantial impact, including labor hour
requirements for design and construction, materials,
equipment and machinery lead time, shipbuilding
practices and facilities, use of standards, contractual
processes, and ingtitutional constraints.

During the past twenty years, U.S. shipyards,
various agencies of the government and the Society of
Naval Architects and Marine Engineers (SNAME) have
tried to address the matter and improve producibility.
U.S. shipyards have acknowledged the advancement of
Japanese shipbuilding techniques and,. together with the
U.S. Maritime Administration (MARAD), have
imported technology from innovators like IHI Marine
Technology, Inc. (IHI), who has transferred
information to Bath Iron Works Corporation, Newport
News Shipbuilding, Ingalls Shipbuilding, Avondale
Shipyards, National Steel and Shipbuilding Company
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(NASSCO) and others. MARAD and later SNAME
have sponsored the National Shipbuilding Research
Program (NSRP) (now Under SNAME sponsorship with
U.S. Navy fundiug), which supports extensive and
varied research in shipbuilding technology from design
through delivery. However, a significant gap till
appears to be present between the U.S. and the major
world shipbuilders.

The time required for the construction of a vessel
has been identified as having a mgjor impact on vessel
labor hours.  Reported delivery times in foreign
shipyards are considerably less than U.S. shipyards.
The reasons for this must be largely tied to the nature
of the structure being manufactured and to the degree
it facilitates installation of outfit and much of the
painting prior to erection on the building berths. The
design phase and its integration with construction has a
significant influence on achieving this goal. These
matters, which are in the shipbuilder’s control, are
addressed herein.

It is acknowledged that the world's aging tanker
fleet must be replaced in the years to come. This will
provide a sigficant opportunity to revitalize
shipbuilding in the U.S. Furthermore, the passage of
OPA '90 has resulted in new requirements for tankers,
specifically double hulls, and this allows significant
latitude for the development of designs with innovative
enhancements for producibility. These could give the
developer a significant advantage over the competition.

The objective of this project was to “develop
aternative structural system concepts’ for 40,000 (i.e.
40K) and IOOK deadweight tons (KDWT) (reduced to
95K DWT later) Jones Act double hull tankers for
construction in existing U.S. shipyard facilities. These
should result in decreased labor requirements in the
design, instruction, and outfitting phases of the
shipbuilding program as well as providing for low cost
maintenance during the life of the vessdls. It is hoped
that addressing this type and these sizes of vessels will
provide information to shipbuilders which will be useful
in identifying improvements necessary for competing in
the upcoming boom for rebuilding the world tanker



fleet.

The objective of the project was approached by the
plan identified by Daidola[1]' under contract to the
U.S. Coast Guard on behaf of the Ship Structure
committee [2].

SHIPYARD FACILITY CONSIDERATIONS

Table | depicts what is considered to be an existing
U.S. shipyard, that is, one that would be capable and
interested in competing in the world commercia ship
market (adopted and modified from [3]). Table Il
depicts a notiona shipyard, which may be considered
typical of a modem foreign shipyard.

The study described herein is concerned with
existing U.S. shipyards without significant facilities
ehancements. Conseguently, the data contained in
Table Il is presented for informational and comparison
purposes only.

INSITIUTIONAL CONSTRAINTS

The burden of institutional constraints, in the form

of the added cost of compliance with U.S. regulations
in the marine industry, has often been cited as a
significant contributor to the high cat of building
commercial ships in the U.S.  This subject was
discussed in Reference [4], specifically with regard to
the impact of U.S. Coast Guard (USCG) regulations.
Some important points extracted from this reference are
as follows:
1U.S. shipbuilders have little choice, in many cases,
but to purchase marine machinery and equipment from
foreign vendors. According to a recent statement by
the shipbuilders Council of America (SCA), foreign
manufacturers of marine machinery charge premium
prices, adding an average of 15% to the material costs
of a U.S.-flag ship built in a U.S. shipyard, to cover
the costs - real or perceived - of compliance With
USCG design and inspection requirements for U.S. flag
ships. The cause of this is the erosion of the U.S.
supply base for marine equipment and material.
. The American Commission on Shipbuilding,
created by Congress through the Merchant Marine Act
of 1970 in its “Report of the Commission on American
Shipbuilding” cites an addition of 3-5% of the cost of
a U.S.-flag vessel for compliance with the technical
requirements of the Coast Guard, American Bureau of
Shipping (ABS), and U.S. Public Health Service.
Other added costs are cited which range horn a low of
1% to a high of 9% of total vessel cost. These

'Numbers in brackets indicate Reference numbers.
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differences in cost were largely attributed to
implementation of the International Convention for the
Safety of Life at Sea, 1974 (SOLAS 74) and its
Amendments. The impact of this was particularly
severe on the conversion of older ships built before
SOLAS 74. However, it should be noted that SOLAS
74, as amended, and Other IMO requirements, have
mmiinimized the difference between design requirements
in force worldwide and those in USCG regulations.

1 The cost of ABS classification has been cited as an
“add on” cost; however, all commercial shipsin foreign
trade must be classed by a reputable classification
society in order to obtain insurance, and the technical
standards and Service charges of the leading
Classification Societies are not al that different.

11t is not clear whether all percentages quoted are
based on total ship cost or the price the purchaser pays
the shipyard for the ship, which may exclude sizeable
foreign government subsidies.

1While the percentage figures quoted vary widely,
itappears that some small incremental cost of
compliance with USCG regulations exists. The USCG
is sengitive to this incremental cost and continues to
make efforts to reduce the regulatory burden. In any
case, a U.S. flag vessal built in a foreign shipyard or
withhin the U.S. is required to comply with the same
regulations. Therefore, the differencesin cost and
added time for approval may then be in favor of the
vessd building in a U.S. yard.

s USCG regulations are not applicable to foreign flag
shipseven if built in U.S. yards. The absence, until
recently, of foreign flag shipbuilding in the U.S. must
be attributed to factors such as long delivery schedules
and corresponding high costs at U.S. yards, not any
“added” cost of compliance with USCG regulations.

STRUCTURAL ELEMENTS

Structural elements are fundamental features of a
structure, such as individual components, type of
framing (longitudinal or transverse), flat versus curved
plating, incorporation of structural standards, etc., or a
production process such as plate forming, flame burning
or welding.

Candidate structural elements which can be utilized
in assembling alternative structural system concepts
having the potential for improving the producibility of
double hull tankers have been identified, including
components, material, processes, shipyard facilities or
design features, as shown in Table IlI.
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Element

1. Extra wide plating to reduce the number of
welded seams.
2. Tapered plating.

(8]
(#V]

3. High percentage of single curvature plate at
forward and aft ends.

4. Reduced numbers of piece parts in structural

assemblies.



5 Built up plate piece vs. single plate wth cut-outs  Use of Shipyard Facilities
(e.g. lower wing tank web)

6. Corrugated or swedged plating - see Figure 1. 1. Optimze block size to suit shipyard transporter and
7. Rolled VS. built up Sections. crane capacities.
8. Fabricated stiffeners and girders (possibly of two 2. Qptimize sturcture to suit shipyard panel line and
strength materials) vs. rolled section. other facilities.
9. Striugers - to facilitate construction and aid
i nspect i on. Design Features
10. Use of bilge brackets in lieu of longitudinals in the
bilge turn area. 1. No dead rise, camber or Sheer.
11, No longitudinal in bilge turn area and bilge 2. standardized stiffener spacing.
brackets negated due to thicker shell plating. 3. Standardized double skin separation (keep same in
12. Longitudinal girders without transverses. all size vessels if feasible).
13. standardized plate thicknesses in inventoxy. 4, Standardized aft end design - engine room
Establish liniting plate thickness to avoid weight moring etc.
gain from transition thickness plate. 5. standardized forward end design - nooring,
14, standardized stiffener sizes in inventory. anchoring etc.
15, standardized structurall details (good producibility 6. standadized transition of double skin to single
and weldabiity together with low failure rate). skin.
16. standardized equi pnent and foundati ons. 1. Formed hopper corner knuckle - see Figure 4.
17. Coiled plate. qPresurmbl yy inrolls and would be 8. Flat deckhouse sides and ends.
available in longer lengths. 9. Standardize deck heights to mininize nunber of
18. Stiffened el ements fashioned fromone frame space different heights.
width of plate with stiffener forned on one side - 10. standardize size and type Of closures, scuttles, and
see Figure 2. accesses to the smallest variation practicable.
19, Double bottom floors and girders lugged and 11 Align and locate all sanitary spaces to sinplify
slotted into bottom shell and inner bottom for pi pi ng.
gasier alignnent. Similar technique could be used  12. Collocate spaces of simlar tenperature
inwng tanks and on double plate bul kheads etc. - charcterisitcs tominimze insulation requirements.
see Figure 3. 13. Locate access openings clear of erection joints to
al low pre-installation of closures.
Materials 14, Provide specific material coating and equi pment
preferences and reasons for preferences i.e. types
Limt steel grades used to those which do not of punps, punp locations, equipmentt makers,
present problems with welding, fatigue due to less cattings, materials, cable types, cable trays, piping
than optinum detailing, etc. arrangements, valve types, valve locations;
windl ass arangenents, hose arrangements, etc..
Processes 15. Structurall trunks for cables and pipes (lower tween
deck height is then possible).
1. Robotic welding. 16. Design risk and possible failure should be
2. Robotic painting and paint touch-up. consi dered when proposrng new structural or outfit
3. Robotic Inspection.. concepts.
4. Numerically controlled frame cutting.
5. Line heating. Alternative Structural Concepts
6. Standardized welding details.
7. standardized accuracy.. L. Longitudinal framng with formed hopper side
8. Standardize statistical analysis of structural comer and corrugated bul kheads.
accuracy variations. 2. Unidirectional stiffening supporting inner and outer
9. Standardized modular/zone construction (interim shel I's, Figure 5.
products). 3. Dished plate unidirectional hull, wherein the added
10. Lapped joints in low stress areas. strength due to the curvature in the shell and ot her
11 One sided wel ds. plating increases the resistance to deformation and

buckling and therefore pernits decreased thickness
of plating for a given spacing of girders, Figure 6.
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Table 1V indicates those structural elenments
applicable to existing shipyards as set forth in Table I.
Table V indicates those alternative elements applicable
to a notional shipyard as set forth in Table II.

ALTERNATI VE STRUCTURAL SYSTEM
CONCEPTS

Eastern vessel and principal characterstics indicated by
previously built 40KDW tankers for the U.S. Jones
Act trade.  The general arrangement and mdship
section are shown in Figures 7 and 9 respectively. The
principal characteristics are given in Table VIII.

The unidirectional hulls have slightly different
dimensions to suit assumed proportions of the structural
cells in the double skin, as shown in Table X but

In order to assenble the structural elenenasgo capacity is essentially the sane as that of the
identified into alternative structural system conceptshaerine vessel.

a doubl e skin tanker, they were first grouped into
categories associated with the conponents of the
structural, machinery and outfitting systems, as shown
in Table VI.

In order to maintain a manageable nunber of
alternatives and facilitate an objective producibility

BASELI NE CONSTRUCTI ON SCHEDULES AND
LABOR HOURS

Typical schedules of construction, distribution of
l'abor hours as well as actual [abor hours, were sought

conparison, some elements and conponents had toibethe literature, from shipowner experiences and

selectively considered on a subjective basis.

As a result, a series of alternative structural system
concepts have been synthesized from the componenets
and el ements shown in Table VI Each alternative
consists of 24 components or elements generically
depicted in Table VII. As can be seen, of the 24
conponents or elenents, eleven are directly varied,
while the remainder are in accordance with baselines
described in Reference [2].

APPLI CATION TO SPECI FI C DOUBLE HULL
TANKERS

The next step is the application of the alternative
structural system concepts to Jones Act double hull
tankers to investigate the potential for inproved
producibility inthe US. A further objective is the
estimtion of baseline construction schedules and |abor
hours for construction of these vessels.

The sizes of tankers for application in this study
were in the 40K to 100KDW rauge. The Jones Act
trade has made use of tankers of approximtely
AOKDWT over the years, although they have been rarer
in the international mrket with vessels in the 30K+
and 54KDWI sizes being more prevalent. The
100KDWT size range tanker has also been used in the
Jones Act Trade. Foreign vessels in this size range are
general |y just under 100KDWT and of the "Aframax"”
type.

» As a result, the fol low ng procedure was adopted:
| A vessel resembling a 95KDWI 1993-95 vintage
Far Eastern built crude carrier was adopted as the
baseline vessel. The general arrangenent and nidship
section are shown in Figures 7 and 8 respectively. The
principal Characteristics are given in Table VI,

| Aforeign design exanple for the 40KDW vessel
was not available. Accordingly, a hybrid was prepared
utilizing the generic features of the 95KDWI Far
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through foreign - shipyard contacts. Pertinent
information was received fromall sources on
shipbui I ding schedules and distribution of I abor
However, virtually no current information on actual
| abor hours was obtained, presumably due to its
proprietary nature.

Construction schedul es have been identified from
the sources noted above. Figure 10 shows examples for
several types of vessels conatructed in the US. and
abroad, indicating months from start of fabrication to
l'aunch. Fabrication is defined as commencement of
steel cutting.

Figure 11 indicates two schedules from contract to
delivery for constructing double hull tankers. These
schedules are for a Danish yard (84KDW) [5] and a
Japanese yard, [6]. Note that the total schedules from
contract signing to delivery are 22 and 20% nonths
respectively..

Table X shows a 1992 conparison [7] of |abor
hours and period required for delivery of the first
80KDWT tanker after contract for an average US.
shipyard and a typical Japanese shipyard. It indicates
that the U.S is superior in outfit and piping
construction, but inferior in design techniques, casting
techniques and production control. A'though the data
conpares an average U S. shipyard and a typical
Japanese shipyard, no justificationis offered for the
large differences in the nunbers, nor is it clear if the
values are applicable to 1992, As shown, the |abor
hours are 594,000 for the Japanese and 1,374,000 for
the US vyard (Note: the reference indicated the US.
l'abor hours as 2,374,000, which is believed to be a
typographi cal error.)

Table X assesses the inpact of technologically
advanced shipbuilding techniques on |abor hour
requirenents and shipbuilding cycle tine, [8]. It is a
conparison between an automated and a conventional
yard in 1985, and indicates a 32%reduction in |abor
hours for the automated yard. In addition to labor hour

hourss.



Table IV: STRUCTURAL ELEMENTS

Table V: STRUCTURAL ELEMENTS

APPLICABLE TO EXISTING U.S. APPLICABLE TO A NOTIONAL
SHIPYARDS SHIPYARD

Table VI: COMPONENTS AND ELEMENTS O

Hull Form

Flat surfaces

Developable surfaces
Compound curvature

No bulbous bow

Cylindrical bulbous bow
Bulbous bow with compound

curvature

f"n‘l-np‘lnnn‘l 1-u“n
Nyl

Single screw stern
Single screw stern with bulb
Twin screw stern

Deckhouse
Block configuration
Straight sides and ends
Flat decks

& Saaash iasa

to double skm)
No CL or wing bulkheads

CL bulkhead (oil tight or non

tight)
Wing bulkhead P/S

Single or twin screw medium

speed diesels

Pumping System
Variable

Rudder

Horm type
Spade type
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Smooth plate
Dished plate

Shell and Deck Longitudinals
None
Flat bars
Angles

L JAP
1G5

Bulb flats
Rolled vs fabricated sections
Unidirectional system



Deck
No sheer
No canber
Parabol i ¢ canber
Straight |ine canber with
CL knuckle .
Straight line canber with
~ knuckle PIS
Single vs doubl e skin

Main Bul kheads
Stiffened Plate
Corrugat ed
Doubl e Plste

Grders
Stiffened plate
Swedged plate

Plate
Fist
Swedged
Corrugat ed
Di shed

Inner Hull Connection to |nner
Bott om
Bracket ed

Main Deck/ Sheer Strake
Connection
Square (sheer stroke extends
above deck)
Radi used

Bl ocks
Nunber of bl ocks
Size and weight
Structural conplexity
Nunber of pieces
Shoring, Pns or jigs

Number of turns
Mat eri al
MId Steel (M)

Hgh strength steel (HSS)
Conbi nation (HSS/ VG)

el di ng
Manual
Automat i ¢
Roboti ¢

Plate Forning
Rol Iing
Pressi ng

Accuracy
Nor el Standar d
Hgh standard

Shipyard Facilities
cranes
Transportation
Aut omat i on
Material throughput
Process |anes

structural Details
Stsndard
Special i zed/Fitted

coatings . .
Pre-construction priner
standard quality
Hgh quality

Design o
t andar di zation

Mi ntaiability, Strength and
Fatigue
cceSS|b|||tX
Smoth surfaces
structural intersection

Sloped hopper

Line Heating

Sloped hopper with formed

CONers

Radi used caner
(uni directiona
desi gns)

Table VII: GENERIC ALTERNATIVE STRUCTURAL SYSTEM CONCEPTS

Conponent or El ement

Hul | Form
Deckhouse
Tank
Arrangenent
4. Machinery

5. Punping System
6. Rudder
7
8

O MO

. Shell
. Shell and Deck
Longi tudi nal s
9. Deck
10. Main in Bul kheads
11, Grders
12. Plate
13. Inner Hul
Connection to
[ nner Bottom

Characteristics

Basel@ne
Basel i ne .
Per Alternative

Bssel i ne
Basel i ne
Basel i ne
Per Alternative
Per Alternative

Basel i ne
Per Alternative
Basel i ne
Per Alternative
Per Alternative
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Conponent or El enent

14. Min Deck/ Sheer
Strake
(Gunwal e)
Connection

15. Blocks

16. Mteria

17. Vel ding

18. Plate Formng

19. Accuracy

20. Shipyard
Facilities

21, Structural Details

22. Coating

23. Design
(Standardi zation)

24, Meintainability
Strength and Fatigue

Characteristics

Basel i ne

Basel i ne
Per Alternative
Per Alternative
Per Alternative
Basel i ne
Basel i ne

Per Alternative
Basel i ne
Per Alternative

Basel i ne



Table VIII. BASELINE DOUBLE HULL TANKER PRINCIPAL CHARACTERISTICS

40KDWT 95KDWT
Length B.P. (LBO) 183.00M 234.00M
Breadth B 31.00M 41.50M
Depth D 17.70M 19.75M
Design draft 11.28M 13.75M
Block Coefficient C, 0.80 0.83
SHP 8,500 13,000
|acement 52,790MT 114,280MT
ghtship 12,790MT 19,280MT
Wlng Tank Width 2.20M 2.70M
Double Bottom Width 2.20M 2.20M
Cargo Tanks 7@ 17.90M 7 @ 25.06M
Table IX: UNIDIRECTIONAL DOUBLE HULL ALTERNATIVES
95 KDWT u1 u2 ,
(Dished Plate)
Breadth B 40.75M 41.8 M 40.4M
Depth D 21.0M 224 M 21.2M
Wlng Tank Width 20M 22M 2.2M
Double Bottom Depth 2.6 M 22M 2.2M
Bottom Girder Spacing 1.75M 1.15M 2.4M
Side Grider Spacing 1.45M 1.15M 2.4M
Deck Void Depth 10M 22M 2.2M
40 KDWT U4 Us _
(Dished Plate)
Breadth B 305 M 30.85M 30.8M
Depth D 17.57M 19.35M 18.8M
Wlng Tank Width 20M 22 M 2.2M
Double Bottom Depth 26 M 22 M 2.2M
Bottom Girder Spacing 1.75M 1.15M 2.4M
Side Girder Spacing 1.45M 1.15M 2.4M
Deck Void Depth 10M 22 M(opento cargo)  2.2M

Table X COMPARISON OF PRODUCTIVITY (Baseline of 1.0 for Japan, unless
otherwise specified) (1992), PI.

Item u.s.* Japan
ships Construction of five 80,000 dwt class tankers.
Area of plant 2.5 1.0
Travel distance of materias 5.0 1.0
Number of built-up blocks 209 250
Period required for delivery of 140 Weeks (2.33) 60 weeks (1.0)
the first ShIP (after contract)
Labor hourstor first ship 1,374,000 (2.31) 594,000 (1.0)

superior points: outfit, p|p|n% congtruction. source; U.S. Maritime Adminstration
U S inferior points: desgnmg techniques, casting techniques, production control.
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Table XI1 provides data for five single hull vessels built and delivered at IHI Y okohama Shipyard in the year

1972, [6]:

Table XI: LABOR ALLOCATION (High-class cargo ship) (1985), [8].

Table X11: DATA ON
SINGLE HULL SHIPS
BUILT AT IHI in 1972, [6]

Labor % Labor %
Automated Yard Conventional Yard Type Size
Steel fabrication 3 4 OBO 224,070 dwt
Panel and shell 4 6 Tanker 230,906 dwt
outfitting: Tanker 227,778 dwt
Electrical 4 4 Tanker 219,803 dwt
Pipe 2 3 Tanker 232,315 dwt
Machinery 4 5
Other 5 5
Subassembly 22 1
Block assembly 3l -
Ship erection 14 30
Launch 1 1
Post-launch outfit 10 31
100% 100%
Total labor hours 68% 100%
Timerquired 54% 100%

savings, this effects a higher facility utilization (more
throughput), resulting in higher return on investment
capital. For this comparison, an automated yard is one
in which investments have been made into increasing
automation, i.e. automatic beam forming, cranes with
pneumatic or magnetic lift, self traveling staging,
welding, robots, etc.

The beneficial impact of Statistical accuracy control
on labor hours has been discussed in various references,
[9] through [14]. These studies indicate that potential
improvements of 15% or more are attainably by the
employment of this technique, which result in the
virtual elimination of unnecessary fitting and rework.
Such improvements have aready been achieved in some
Far Eastern yards.

Table XI1 provides data for five single hull vessels
built and delivered at IHI Y okohama Shipyard in the
year 1972, [6].

The new construction of Table X1l was achieved
with one building dock, supported by two 120-ton
cranes and one 30-ton crane, [15]. The area of the
yard used for such construction was just over 50 acres.
From details of the labor force provided in [6], it may
be deduced that an average of 988,000 labor hours per
vessel, excluding design hours, was required for
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construction.

Recent labor hour distribution data for construction
of 40 and 95 KDWT double hull tankersin Japan was
obtained from [6] and data for construction of an
84KDWT double hull tanker in Denmark was obtained
from [5]. This data is summarized in Table XIII
below. Tables X1V and XV give the steel and
outfitting breakdowns of Table XIII.

To produce the Table XIV breakdown of steel labor
hours, the origina categories received from the Danish
shipyard (steel processing, sub-assembly, flat and
curved panels, blocks, erection, transport and riggers)
were re-combined to better compare with those of the
Japanese shipyard so that a meaningful comparison of
labor hours could be made. Note that the Danish
coating of cargo and water ballast tanks were
subcontracted. It can be seen that if this item is added
into the Danish total, then their outfitting percentage
would increase and their steel percentage would
decrease, possibly coming into closer agreement with
the Japanese values.

If it is assummed from Table XIII that an average of
59% steel and 41% outfit breakdown in labor hours was
consistent with Japanese production in 1972, then the
988,000 labor hours derived from Table XII for single



hull tanker construction in Japan would divideinto
582,000 labor hours for steel and 405,100 labor hours
for machinery/outfitting. Some support for assuming
identical distribution of labor hours in 1972 and 1994
can be gleaned from a consideration of the advances
made in shipyard steel fabrication through automation,
and at the same time the modular nature of some of the
outfit delivered to a shipyard together with pre-
outfitting. The above data can then be used to estimate
the labor hours required in Japan in 1972 to construct
40K, 95K and 84K double hull tankers, and then to
project the estimates to 1994.

For this propose, it has been assumed that the total
steel labor hours vary in some manner with the total
weld length required for construction. To determine
the relationship between weld length and vessel
dimensions, a flat plate structural unit with longitudinals
and transverse webs was first considered. As shown in
[2], the total length of welds for the complete unit
varies with the area of the flat plate panel.

To extend this reasoning to a ship, it may therefore
be assumed that the total length of welds (and therefore
the steal labor hours) in similar ships, with similar
construction and block coefficients, varies
approximately with an area numeral such as L (B+D).
For a better account of welding on main transverse
bulkheads, a factor xBD may be added, where x is the
number of bulkheads. For comparing ships with
different internal arrangements however, such as single
hull and double hull tankers, the numeral must be
modified to take account of the inner bottom, the side
tanks and any additional longitudina bulkheads. Thus,
for asingle hull tanker with two longitudinal bulkheads
and say ten transverse bulkheads, the numeral becomes
Ns= (2LB + 4LD + 10BD). For a double hull tanker
with a center-line longitudinal bulkhead and ten
transverse bulkheads, the numeral becomes ND = (3LB
+ 5LD + 10BD).

The average Japanese tanker deadweight in Table
XI1 was taken to be 228,000 tons (single hull) and
estimated dimensions of the vessel were derived. The
dimension of the 84KDWT Danish double hull tanker
were obtained from [5], while the dimensions of the
40K and 95KDWT double hull tankers are those given
herein for the baseline vessels.

Table XVI was then prepared, providing a
comparison of labor hours for the construction of
tankers in Japan in 1972. The labor hours for
construction of the 228KDWT single hull tanker were
derived previously by assuming steel labor hours and
machinery/outfitting labor hours to be 59% and 41% of
the total hours respectively. The steel labor hours for
the 40K, 95K and 84KDWT double hull tankers were

then obtained from those of the 228KDWT tankers by
application of the factors Np/Ng. The resulting hours
were then taken to be 59% of the total, with the
remaining 41% applying to machinery/outfitting. Total
labor hours were increased by 50,000 for design, as
surmised from [16], although this figure appears to be
quite optimistic.

To estimate the increase in productivity in Japan by
1994 half of the improvement introducibility indicated
in Table XI for automation (i.e. 16%) and haf of the
improvement previously discussed for statistical
accuracy control (i.e. 7.5%) were taken as having
occured by 1972, as significant strides had been made
in the construction of large tankers by then. The labor
hours for construction in Japan in 1994 can then be
derived from those in Table XVI (excluding design
hours) by applying similar percentage improvements
from 1972 to 1994, i.e. by multiplying by 0.84x0.925
= 0.777.

Using the 1994 values of steel and machinery/
outfitting labor hours derived in this manner, a
comparison can be made using both the Japanese and
Danish labor hour breakdown percentage of Tables
X111 through XV to construct Tables through
XIX. These Tables represent am estimate of the labor
hour distribution for the 40K and 95KDWT base
dternatives and an 84KDWT tanker, using 1994
estimates of total labor hours. It should be noted that
the total hours for the 84KDWT data are based on the
Japanese data, but its labor hour distribution is based on
the Danish data. The latter distribution has been
included for purposes of comparison. It may be noted
that the total labor hours for the 84KDWT vessel
compare favorably with those for an 80KDWT tanker
given in Table X, dthough it is not known whether the
|latter vessel was a single or double hull tanker.

According to information recently received, [17],
the following labor hours for construction were
achieved by Japanese and Korean shipyards in 1992:

Japan Korea
280KDWT single hult tanker ~ 380450,000 700-500,000
280KDWT double hult tanker S50-650,000  850-950,000
150KDWT single hull tanker ~ About 300,000 About 640,000

This information indicates that the projected Far
East labor hours for 40K and 95KDWT double hull
tankers given in Table XVIII are supported by the
Korean data.

Reference [18] states that some medium and
smaller Japanese shipyards are building double hull
Aframax tankers (approx. 95KDWT) for 200,000
hours. These hours and the japanese labor hours above
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Table XI11: STEEL AND OUTFITTING RELATIVE LABOR HOURS FOR DOUBLE HULL TANKERs
Jspaneset Danigh**
steel 55-63% 70%

outfitting I, W

Table X1V: STEEL LABOR BREAKDOWN FOR DOUBLE HULL TANKERS

Japanese Japanese Danish

40KDWT 95KDWT 84KDWT
Parts Cutting & Bending 15% 14% 13.75%
Sub-assembly 13% 13% 12.75%
Assembly 45% 48% 45.25%
Erection 21% 25% 28.25%
Stedl Totdl 100% 100% 100%

TABLE XV: MACHINERY/QUTHTTING LABOR BREAKDOWN FOR DOUBLE HULL TANKERS

Jspsnese Jspanese Danish
40KDWT 95KDWT 84KDWT
Machine Shop 2%
Pipe fab. and machinery pkgs. 11%* l0%* 10%
Pipe installation 21%
Misc. steel outfitting 17%
Hull & Accommodation 25%* 23%*
Mechanical Installation 8%*
Joiners & carpenters 8%*
Machinery Outfitting 18% 16%
Electrica Outfitting 9% 9% 16%
Tests & trids incl. Dry Dockg. 6% 8%
Painting 31% 34% 18% Danish coating of cargo
----- & WE tanks subcontracted
outfitting totals 100% 100% 100%

*Affected by hull structural concept

Table XVI: ESTIMATED LABOR HOURS JAPAN 1972
(All vessels double hull except 228KDWT)

DWT LxBxD . Steel Machy/Outfit Total *

M.T.) meters Neor Ny, Np/Ns Hours (59%) Hours (41%) Labor Hours
228K 313x51x26.18 Ns=78055 - 582,920 405,080 1,038,000
40K 183x31x17.7 Np=38702 0.50 291,460 202,540 544,000
95K 234x41.5x19.75 Np=60437 0.77 448,848 311,911 810,759
84K 229x32.24x21.6 Np=53845 0.69 402,215 279,505 731,720

* Includes 50,000 hours for design [1

5-11



Table XVII: ESTIMATED STEEL LABOR HOURS (Japan 1994)

40KDWI 95 KDWI 84KDWI'
Parts Qutting & Bending 33,970 48, 826 52,972
Sub Assenbly 29, 440 45, 338 39, 846
Asserbl y 101, 909 167, 402 141,416
Erection 61, 145 87,189 88, 287
Steel Total 226, 464 348, 755 312,521
Table XIII: ESTIMATED MACH NERY AND OUTFI TTI NG LABOR HOURS (JAPAN 1994)
40KDWI 95 KDWI 84 KDWI
Machi ne Shop 4,343
Pipe Fab. & Mich. Packages 17, 311* 24, 235* 21, 717*
Pipe Installation 45, 607*
Msc. steel Qutfitting 36, 920*
Hul | & Accormodat i ons 39, 344* 55, 742*
Mech. Installation 17, 374
Joiners & Carpenters 17, 374
Machi nery Qutfitting 28, 327 38,777
Electrical outfitting 14, 4 21,812 34,748
Tests & Trials inc. Dry Docking 9,442 19, 388
Pai nting 48, 786 82,401 39,092
Dani sh- coating of
rgo and VB tanks
subcont ract ed
Machinery & Qutfitting Total 157,374 242, 355 217,175

*Affected by uniqueness of hull structural concept and difference from base vessel.

Table XIX: TOTAL STEEL, MACH NERY & OUTFI TTING (Japan 1994)

Total Steel & Machinery Qutfitting

are so low conpared with historical and other data
bases that for the purposes of this study the Korean
hours have been taken to be typical of Far East
constructi on.

Figure 12 provides the Danish B&Wyard's
"Learning Curve" for series production of 17 double
hull tankers of B4KDW, [51]. The production index of
that figure shows that after production of the 17 vessels,
the index dropped from 100 down to nearly 50. Stated
another way, a shipyard building such a series design
can construct the last vessel in one half the labor hours
of a shipyard with a one-off design. This displays a
clear case for series production and its effect on

383,838

591,110 529, 696

producibility which, on face value, is likely to
overshadow any other inprovenents on producibility.

However, the advantage of series production is
available to all shipyards. A learning curve is not a
fixed line and can be inproved (i.e. displaced
downwards) by superior work methods or design
changes. A shipyard that can inprove a learning curve
by constant sam| downward displacements will be nore
conpetitive.
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APPLICATION OF ALTERNATIVE

approximate calculations were performed to obtain
STRUCTURAL SYSTEMS

representative scantlings for the longitudinal girders.

From the list of generic aternative structural
system concepts given in Table VII, a series of
alternative concepts was identified for study and

For the dished plate unidirectional aternatives,
plating thickness was estimated by considering the

additional strength due to curvature over an equivalent

flat plate structure. It should be noted that the spacing

evauation for both the 40K and 95KDWT vessels. of longitudina girders for the dished plate vesselsis

For the identification of the various structural
adlternatives, a key code was established as follows.
The key number for each 40KDWT alternative starts
with 40 and ends in a number such as 10, assigned to
identify the structural configuration of the aternative.
For example, the 40KDWT base aternative has the
number 4010 assigned to it. The other 40K aternatives
have numbers 4020, 4030 etc. assigned to them.
Similar key numbers, such as 9510, 9520 etc. have
been assigned to the 95KDWT alternatives. A full list
of the alternatives investigated, together with their key
numbers, is provided in Table XX. These numbers
appear on al calculation sheets. Alternatives 9590
through 95112, 95130, 95140 and 95150 were not
eva uated since experience with other alternatives
indicated that the relationship of their producibility to
the remainder of the 95KDWT series would not differ
greatly from the relationship exhibited by the 40KDWT
Series.

A midship section was synthesized for each
structural system concept considered. The midship
scantlings for al longitudinal items were obtained from
the American Bureau of Shipping (AIM) program
OM SEC, Which incorporates all pertinent sections Of
ABS Rules.

It should be noted that stiffener sizes were selected
from a limited range of flat bars and built-up shapes
included in the program which can result in some
stiffenersbeing oversized.  This procedure was
followed since it is the practice in some shipyards to
restrict stiffener sizes to a limited range to simplify
storage, handling and design details.  However,
intermediate sizes of stiffeners were also added to the
program and alternatives 4030 and 9530 included in the
list of structural alternatives studied, so that any

greater than that of the other unidirectional alternatives,

asapproximately identical shell thickness was

maintained and the additional strength due to curvature

dlowed greater girder spacing. Also, the scantling of
the dished plate double hull were maintained constant
around the entire periphery of the midship section.
This feature, which can be applied to any of the
unidirectionall alternatives, enables the number of
unique structurall blocks to be considerably reduced, but
incurs some weight penalty.

To simplify the producibility investigation, yet keep
it meaningful, only one midship cargo tank length of
each structural alternative concept, including one
transverse bulkhead, was selected for initial comparison
and evaluation.

Since the producibility study required seams and
butts of plating to be located, it was then necessary to
break down the midship tank structure into suitable
blocks for erection, as shown in Figure 13 for the
A0KDWT vessels. The breakdown for the 95DKWT
vessdlsis similar.

The lengths of the blocks were based on the length
of cargo tanks (17.9m. for 40K and 25.06m. for
95KDWT dternatives) and the 3.58m. spacing of
transverse floors and webs. Thus, the block lengths are
7.16m. forward and 10.74m. aft for 40K and 10.74m.
forward and 14.32m. aft for 95KDWT alternatives.
These arrangements provide some repetitive blocks
within the parallel mid-body of the vessels. me
transverse bulkheads inside the double hull formed
separate blocks.

ESTIMATES OF PHYSICAL PRODUCTION
CHARACTERISTICS

oversized stiffeners could be replaced by smaller sizes. In considering the producibility of the various

Alternatives 4030 and 9530 are otherwise similar to the
base alternatives 4010 and 9510 respetively. Since they
are not included in the OMSEC program, the scantlings

dternative structural system concepts, it is necessary to
consider many characteristic aspects of the structure,
including the following, [20]:

of transverse structure and bulkheads were determined

from ABS Rules for the 40KDWT and were adapted
from similar ship’s drawings for the 95KDWT
aternatives.

For the unidirectional alternatives, an assumed
spacing of longitudinal girders was used to enable the
OMSEC program to calculate the required minimum
ABS Rule shell plating thickness. In addition, some

. amount of welding

. type and number of frames, and stiffeners
. number of unique pieces

. total number of pieces

- weight

. surface area for coatings

. number, type and position of welded joints
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Table XX: ALTERNATIVE STRUCTURAL SYSTEM CONCEPTS

NOTE All vessels 4010 through 4090 and 9510 through 9580 have high strength steel (grade AH32) in the

deck and bottom except 4020 and 9520. All unidirectional vessels are mild steel except 40112, which
has high strength steel in the deck and bottom. All vessels have conventionaly stiffened transverse
burl]kheads (vertical stiffeners) and center line bulkheads (longitudinal stiffeners), except where noted
otherwise.

40KDWT base vessel with square (bracketed) lower outboard corner of cargo tank.
95K DWT base vessel with sloped tank side (hopper] at lower outboard comer.
Same as 10, except al mild stedl.

Same as 10, except al mild stedl.

Same as 10, three times the stiffener sizesin order to minimize weight.

Same as 10, with additiona stiffener sizes, as in 4030.

Same as 10, with vertically corrugated transverse bulkhead.

Same as 10, with vertically corrugated transverse bulkhead.

Same as 60, but sloped hopper fitted with formed corners.

Same as 10, but sloped hopper fitted with formed corners.

Same as 10, but with sloped hopper at lower outboard corner.

Same as 10, but with square (bracketed) lower outboard comer of tank.

Same as 10, but with bulb plates in lieu of other stiffeners.

Same as 10, but with bulb plates in lieu of other stiffeners.

Same as 10, but with stiffened elements fashioned from one frame space width of plate with stiffener
formed on one side. Thisin lieu of plate stiffener combinations.

Same as 10, but with stiffened elements fashioned from one frame space width of plate with stiffener
formed on one side. Thisin lieu of plate stiffener combinations.

Same as 10, but with al floor, girder and web stiffeners assumed automatically welded.

- U4 - Unidirectional aternative with vertically corrugated transverse and center line bulkheads.
- U5 - Unidirectional aternative with vertically corrugated transverse and center line bulkheads.
- U5 - Unidirectional aternative with double plate transverse bulkhead and vertically corrugated center line

bulkhead.

- U5 - Unidirectiond aternative with high strength steel deck and bottom, vertically corrugated transverse

bulkhead and no center line bulkhead.

- U6 - Dished plate unidirectional aternative, with vertically corrugated transverse and center line

bulkheads. Dished plating formed by rolling.

- U3 - Dished plate unidirectional aternative, with vertically corrugated transverse and center line

bulkheads. Dished plating formed by rolling.

- U6 - Dished plate unidirectional aternative - same as 120, but dished plating formed by pressing and

credit given for unique welding. Also, floor, girder and web stiffeners assumed automatically welded.

- U3 - Dished plate unidirectional alternative - same as 120, but dished plating formed by pressing and

credit given for unique welding. Also, floor, girder and web stiffeners assumed automatically welded.

- Same as 10, but double bottom floors and girders lugged and dlotted into bottom shell and inner bottom

for easier alignment.

- Same as 10, but 50% labor hour reduction for series production of standard vessels.
- Same as 10, with use of design standards for contract/detail designs. Design labor hours reduced from

200,000 to 100,000 and schedule reduced to suit.

- self-alignment and support « number of physical turns/moves before completion
« need for jigs and fixtures « adsin dimensiona control
- work position * gpace access and staging
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e standardization
* number of compartments to be entered to complete
work

The quantification of these characteristics for
producibility considerations should generaly be in terms
of physical quantities, i.e. weight, number of pieces,
number and length of welded joints, etc., or the labor
hours and schedule time required for their construction
or application. The remainder of this sub-section
describes how the physical quantifications were made.

The structure of one complete midship tank section
for each alternative, port to starboard, including one
transverse bulkhead, was studied for the purposes of
considering producibility. Following the breakdown
into structural blocks, the quantification of the
characteristics noted above then required each one tank
length alternative to be broken down into al its
component plates, longitudinals, stiffeners, brackets and
chocks. A spreadsheet computer program was utilized
for this purpose to form the basis for quantifying the
various physical steel construction properties of the
alternatives, including the number of unique pieces,
total number of pieces, dimensions and thickness of
plates, type, length, thickness and cross section area of
longitudinal and stiffeners, surface areas of plates,
longitudinals and stiffeners, weights, weld type
(automatic, manual, fillet, butt), weld position and weld
length. These properties of the various alternatives
were derived for each structural block and then totalled
for al blocks. Metric units were used throughout.

Manual and automatic welding processes were
considered for both fillet and butt welds. Longitudinal
erection seams were assumed to be automatically
welded, while transverse erection butts were assumed to
be manually welded. Elsewhere, manual or automatic
welding was assigned.  Plate thicknesses were
subdivided for welding purposes according to whether
they were less than/equal to 19 mm or greater than
19mm, since the latter require significantly more edge
preparation than lesser thicknesses, such as 10 to 16
mm., [21]. Weld length for plates was split up into flat
and curved plate categories. Weld positions considered
were flat (i.e. downhand), horizontal (on sloping or
vertical structure), vertical and overhead.

The welding of the hull structure of the
unidirectional alternatives was assumed to be
conventional, i.e. longitudinal plate seams butt welded
clear of longitudinal girders, which are fillet welded to
the shell plating etc. However, for the dished plate
unidirectional aternatives, it is understood that a highly
automated welding process is being developed for the
welding of the longitudinal girders to the shell plating
etc.,, [22] [23]. As shown in Figure 6, the junction of

alongitudinal girder with adjacent panels of dished
plating forms a 3 way joint. Since it is believed that
this joint is welded completely by the above process, it
would appear that the welding must be performed with
the joint set vertically. Robotic welding of the girder
stiffeners has also been proposed.

For estimating steel Iabor hours for the dished plate
unidirectional alternatives 40120 and 95120, welding of
the 3 way joints was assumed to be equivalent to
automatic vertical butt welding, with manual welding of
the girder stiffeners. However, in anticipation that the
special welding technique referred to may be
transportable in some form to an existi ng_ U.S. yard
without existing facilities enhancements, dished plate
Unidirectional alternatives 40121 and 95121 Were
considered to be welded with this technique, to
represent the application of such technology. The labor
hours for the vertical 3 way joints were then taken
identical to those for the fastest conventiona welding,
i.e. automatic downhand welding. Automatic welding
of the girder stiffeners was also made, so as to mimic
the proposed robotic welding. It should be noted that
the 3-way joints could also appear in the smooth plate
unidirectional alternatives, and their application in
40121 and 95121 should be indicative of the benefit in
both types of alternatives.

LABOR HOURS AND SCHEDULES
Approach

As indicated earlier, it was decided to estimate
steel labor hours by adopting and modifying a method
proposed in References [24] and [25].

U.S. shipbuilding’s introduction of automation and
accuracy control has been advanci Er;é; but is
acknowledged as being behind that abroad [8]. Asa
result, they were taken as one half of the 32%
presented in Table XI for a Far Eastern automated
yard's advantage over atraditional yard in 1985 and
one half of the 15% improvement in overall production
by implementation of strict dimensional controls and
statistical accuracy, as discussed earlier for Far Eastern
yards. Then, U.S. yards can be expected to achieve
the labor hours and schedules of construction for the
base alternative vessals shown in Table XXI and XXII
respectivley. The schedules in Table XXII, also shown
in Figure 14, are from contract signing to delivery, and
have been developed to incorporate about 12 months
from the start of fabrication to launch, since this was
reguired in 1983 for the last series of tankersto be
constructed in the U.S. - see Figure 10. These
schedules have some potential slack at the beginning
and end (particularly from trials to delivery), alowing
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for meeting contractual dates. It may be noted that the
design labor hours were based on the anticipated
performance of U.S. shipyards. It may be further
noted that according to the data provided by Reference
[6], there is amost no difference between the 40K and
95KDWT Far East baseline building schedules.
Therefore no difference is shown in Table XXII.

Labor Hours For Steelwork

The following notes provide the assumptions,
approaches and details of the method used to estimate
the steel labor hours required for the construction of the
various one tank length aternatives.

a) In order to estimate the steel labor hours
required to construct one midship cargo tank section for
the various structural aternatives, the steel labor hours
required to construct the complete 40K and 95KDWT
base vessels were first obtained from the total labor
hours (excluding design labor) given in Table XXL
For this purpose, the average percentage breakdown of
steel versus outfitting hours given in Table X111 for the
construction of vessels in Japan was used, i.e. 59% for
steel construction and 41% for outfitting. Then total
steel labor hours to construct 40K and 95KDWT base
vessels are 291,460 and 448,848 respectively.

An estimate of the steel labor hours to construct
one cargo tank section for the base vessels was then
obtained from a consideration of the relative lengths of
the separate parts of the vessels (i.e. 7 cargo tanks +
bow + stern + Superstructure), the structural contents
of each part and the relative complexity (e.g. curved
shell plating) of the structure. Approximately 10% of
the total steel hours are required.

b) In order to study the various structural one
tank length alternatives, a method of estimating the steel
labor hours for each, as compared with the two base
designs, was now required. It was therefore decided to
utilize the method provided in References [24] and [25]
to obtain the labor hours to construct the various one
tank length aternatives.

c) For the application of this procedure to the
structura aternatives, surface preparation, coating and
testing were removed from the list of work processes
utilized for estimating  purposes, since they were
considered to be part of machinery/outfitting for the
purposes of this study. However, "rework” was
Included as an additional factor.

Labor Hours For Construction Of Complete Vessels
As previoudly indicated, the steel labor hours for

the construction of the midships one tank length
dternatives were estimated to be approximately 1/10 of

the total steel labor hours for the 40K and 95KDWT
designs respectively. However, to allow for the
transition of cargo tank structure into the bow and stem
portions of the vessels, it was decided to maintain the
steel Iabor hours for the construction of N21 cargo tank
section, the bow and the stem constant for the two sets
of vessel sizes and equd to the hours determined for
the 40K and 95KDWT base aternatives in these areas.
The steel |abor hours for the deckhouses were similarly
held constant. This resulted in a constant portion of the
steel labor hours for the 40KDWT alternatives of
134,300 hours and for the 95KDWT alternative
160,150 hours.

The machinery/outfitting labor hours required to
construct the complete 40K and 95KDWT base vessels
were taken to be 41% of the total labor hours
(excluding design labor) given in Table XX.

Table XV gives a percentage breakdown of the
labor hours required for machinery/ outfitting, and
indicates that the labor hours required by the Japanese
for painting were 31% of the total machinery/outfitting
hours for 40KDWT vessels and 34% for 95 KDWT
vessels. These percentages were applied to the two base
vessels, and for the remaining aternatives, the labor
hours for painting were varied in proportion to the
surface area of the steel components.

Design labor hours for the 40K and 95KDWT
adternatives were estimated at 200,000 and 225,000
hours respectively, except for aternative 40150
providing for enhanced standardization where
significant detail design data or working drawings are
on file, for which they were reduced to 100,000.

The total labor hours for the various aternatives
were then obtained by summing up the hours for steel
construction, the constant hours for
machinery/outfitting, the hours for painting and the
hours for design. For the baseline vessels, the resulting
total labor hours for the construction of the 40K and
95KDWT aternatives in the U.S. in 1994 were
712,800 and 958,100 respectively. The results of all
calculations are shown graphicaly in Figures 15 and 16
respecdvely.

Construction Schedules

Figure 14 and Table XXII provide the estimated
construction schedules in a U.S. shipyard for the 40K
and 95KDWT baseline vessels. These schedules are a
modified version of those provided by Reference [6] for
similar vessels building in the Far East. This reference
shows amost no difference in schedules for the 40K or
95KDWT vessdls, and this is reflected in Table XXII.
T'he Far East schedule was modified to reflect predicted
U.S. attainment in 1994 as follows:
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Table XXI: TOTAL ESTIMATED LABOR HOURS
FOR CONSTRUCTION OF BASELINE SHIPS IN U.S. IN 1994

Far East Base Labor Hours for construction (from Table XIX)

Increase for U.S. due to lesser
tomation and accuracy control.
Design Labor
U.S. Total Labor Hours

40KDWT  95KDWT
383,838 591,110
110,162 169,649
200.000 225.000
694,000 985,759

Table XXTI: ESTIMATED SCHEDULE FOR CONSTRUCTION OF BASELINE SHIPS IN U.S. IN 1994

Far East Baseline Schedule, including design (from Figure 11)

d accuracy control, applied from
abrication to sea trials.
Additional Design Period

En;crease for U.S. due to lesser automation

U.S. Schedule for Construction

. The design time was increased from 8 months to
%r_o)_(imatel 14 months &6 months increase) to provide
additional design time for one-off ships with less
incorporation of standard interim products..

* It I1s assumed that the time line between the
commencement of steel fabrication and sea trials
increase by 2.6 months to allow for the lesser utilization

of automation and accuracy control U.S. shipyards.

. The time line between commencement of steel

fabrication and launching was increased from 7.4 to
12.4 months, to suit the U.S. construction data for
40KDWT tankers in Figure 10. This 5 month increase
was overlap?ed into the design period. _

* The time line between sea trials and delivery (3.5
months) was unchanged assuming the same yard would
produce all aternatives with a 3.5 in month seatria to
delivery time. . _

Thus, the U.S. baseline schedule was increased to
29.1 months, and this was used as a basis for the
estimation of schedules for the various structural
alternatives. Key milestones such as the
commencement of fabrication, keel laying and launching
are included in F|Pure 14, which also incorporates time
lines for assembly, erection and painting. The time
spread of these time lines and the locations of the key
milestones given in the Far East schedule were modified
to suit the above changes. It should be noted that in
preparing the basic schedule for construction in U.S.
shipyards, it has been assumed that &l required material
and quclfment would be delivered to the shipyard as
required to meet the schedule. Any delay in such
deliveries would impact on the schedule and increase
vessel costs.

40KDWT 95KDWT
20.5 months 20.5 months
26 " 26 "
6.0 " 60 "
29.1 months  29.1 months
For estimating the construction schedules for the

various 40K and 95KDWT alternatives, the pertinent
information derived from their evaluation for this
urpose consisted of the total steel labor hours and the
abor hours (or surface areas of steel components) for
r?jngg . The machinery and outfitting |abor hours for

e
constant, with the exception of those required for
Fainting. Therefore, it has been assumed that the time
ines for steel assembly and erection are proportional to
the total steel labor hours, and the time linefor paintin
is proportional to the labor hours (or surface areasg
required for painti nc};. Labor hours for painting were
varied in proportion to the surface areas, so thal either
quantity may be used to modify the time line.

As previoudly stated, the base construction schedule
shown in Figure 14 shows key milestones in the
building process, and since it was considered desirable
to include these in all schedules, the following
procedure was adopted to estimate the construction
schedules for the structural alternatives:

. With reference to Figure 14, no change was made
to the location of the milestone for the cmmencement
of_steel fabrication. _

» The time line for steel assembly preceding keel
laying was modified in proportion to the total steel
labor hours, resulting in relocation of kel laying and
al subsequent key milestones. .

. The time lines for steel assembly and erection
located between keel laying and launching were
modified in proportion to the total steel labor hours.
The time line for painting preceding launching was
modified in proportion to the total painting labor hours.
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Since these three construction processes overlap in this
portion of the schedule, the changes in their
corresponding tine [ines were then averaged to Erow de
the accunul ative effect upon the time required between
keel laying and launching. Keel Iayi n% and al |
subsequent key mlestones were then again relocated to
stit.

| The time line for painting following launching vas
modified in proportion to the total ﬁal ntrng labor hours,
resulting in further relocation of the mlestones for sea
trials and ship delivery.

The resulting construction schedules for all of the
40K and 95KDWT" structural alternatives are shown in
Figures 17 and 18 respectively. For conparison
Burposes, the Far East schedul e of 20.5 nonths has al so
gen incnporated in these figures.

The labor hours and construction schedul es shown
in Figures 15 through 18 for baseline vessels’
constructed in the Far East are considerably smaller
than those for the various alternatives constructed in the
U.S. and show the effect of increased automation,
increased accurcy control and reduced design |abor
hours, as these were the only variables considered
significant in differentiating the US. and Far East |abor
hours and schedul es. . . .

In the interest of testing this hypothesis, the
automation, accuracy control, and design time were
improved for alternatives 4010, 4090 and 40110,
yielding alternatives 4010\, 4090N and 40110N. The
Inprovenents reflect the fol low ng:
| Floor and girder stiffeners are assuned

automaticall* wel ded. Field welds of side shell,

decks and [ongitudinal bulkhead are assuned
automtical [y wel ded.

| Accuracy control inproved by careful edge
preparation and increased statistical neasurenents

reducing rework from10%to 2%
| Design labor hours, due to standardization was

reduced to 100,000 hours.

A comparison of the alternatives before and after
these assunptions are shown in Figures 19 and 20 using
the method of evaluations contained herein. They
denonstrate that the inprovements noted reduce the
difference in [abor hours between the Far Eastern
Blagg/l ine and the US constructed vessel in the order of

0

CONCLUSI ONS

The physi cal characteristics, together with the
estimated [abor hours and construction schedul es,
provide a neasure of 1produm bility of the alternative
structural concepts.  The estimated [abor hours for
construction of the 40KDWT al ternatives, shown in
Figure 15, indicate that the labor hours for most of the
alternatives are within 20,000 (about 3% of the
712,813 hours estimted for the baseline alternative
4010. As an exanple, alternative 4070 shows the
benefit (about 10,000 hours reduction) of using rolled
sections (bulb plates) in lieu of built-up sections. The
results show that the effect of the different structural

elenents used in the various alternatives is generally

smal|. Exceptions to this trend include unidireuional

alternative 40100 (+80,000 hourse and dished plate
uni directional alternatives 40120 (+150,000 hourss) and
40121 (+40,000 hours). These results are perhaps
surprisi nq, since unidirectional designs incorporate
5|%n|f|cant y less structural pieces, but the increased
labor hours for these vessels apfears to be largely due
to increased flame cutting/welding hours etc.
necessitated by increased plating thickness. Also, the
scantlings of dished plate unidirectional alternatives
Wwere maintained constant around the entirelperiphery of
the mdship section, which again incurs additional |abor
hours due to oversized Scantlings in sone areas. More
notable exceptions are alternative 40140, which shows
the advantage of series production of the baseline
vessel, assumng |abor hours are halved, and alternative
40150, which shows the advantage of using standard
designs for structural details, assuming the design Iabor
hours are halved. Finally, the comparison in Figure 19
represents alternatives where the design labor hours
have been halved, welding automation Increased, and
accuracy control i,ncrea%ed reduce rework to 2%

The “estimated iabor hours for construction of the
95KDWT al ternatives, shown in Figure 16, indicate
simlar trends relative to the 958,082 hours estinmated
for the baseline alternative 9510 as exhibited by the
AO0KDW alternatives. Labor hours for unidirectional
altenative 95100 were not estimated, but dished plate
alternatives 95120 and 95121 show about +100, 000
hours and -10,000 hours relative to the baseline vessel
9510. This shows a somewhat inproved |evel of
producibility than that shown by the corresponding
40KDWT vessel s. _ .

Further to the increased Pl ating thickness for
uni directional alternatives referred to above, this
increase is due to the wider spacing of the [ongitudinal
girders as conpared with conventional [ongitudinal
stiffeners. ~ Some reduction in plate thickness is
achieved in dished plate unidirectional designs by the
adoption of curved plating, but the steel stee
both versions of the dished plate hull exceeds that of a
correspondi ng conventional double hull design. The
advantage of dished plating conpared with fiat plating
my be iliustrated by conparing the shell plating
thickness for each case, utilizing dished plate alternative
40120 with 2.4M girder spacing. A thickness of
25.4m was estimated for dished plating, but this
increased to 45mm for flat plating. The steel weight
of one m'dshidp cargo tank length would then increase
by 37.6% and the estimated steel |abor hours woul d
increase by 45%

The construcdion schedul es for the 40KDWT
alternatives, shown in Figure 17, indicate that the
schedul es for nost of the alternatives are equal to or
slightly lower than that of the 29.1 months required for
the baseline alternative 4010.  Exceptions include
40100, 40120, 40140 and 40150, referred to in the
preceding discussion of labor hours. It may be noted
that the schedule for 40140 is only slightly grealer than
the 20.5 nonths required for construction in the Far
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East, but of came a similar advantage for series
;]J_roducnon should be expected to aegply.there as well.
he schedule for 40150 shows a reduction of about 3

months from the schedule for 4010. _

Similar trends are exhibited by the construction
schedules for the 95KDWT alternatives, shown in
Figure 18. The schedule for the baseline alternative
20 11(3) 1$29.1 months, as for the 40KDWT baseline
~The labor hours and construction schedule shown
in Figures 15 through 18 for baseline vessels
constructed in the Far East are considerably smaller
than those for the alternative construced in the U.S.
Figures 19 and 20 demonstrate how improved
automation, accuracy control, and reduced deﬂ?n |abor
hours can reduce the labor hours significantly. This
suggests that these areas are where the greatest gains
may be possible to make U.S. shipyards more
productive and more competitive on aworld scale. It
Is likely that to maximize such improvements will
rquire facilities enhancements to mimic Table |1,
which is beyond the scope of this study. _

The differences between the design labor hours in
Japan and the U.S. can only be explained by the
existence of standard ship designs and design standards
in Japan. It should also be noted that the absence of
such standards incurs increased risk in time phased
material procurement.  These differences can also
suggest a production labor force which rquires fewer
drawings for construction,. which also suggests
standardization.
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ABSTRACT

The 1985 NSRP "Design For Production Manual"
(SP-4,1986) describes of a Build Strategy
basis for improved shipbuilding performance through
front end involvement of all departments and better
COmmunication. A number of U.S. shipbuilders are
known to have used the approach However, the extent
of its use and the experience of the users was unknown.

To remedy this situation the SF-4 Panel conceived a
project to determine;(I)how widely "the Build
Strategy approach” was known and used by U.S.
shipbuilders, and (2) a suitable Build Strategy
framework with examples of its use for two typica ship
types.
ypThis paper summarizes the performance of the
project and briefly describes the findings of the U.S.
and foreign shipyard surveys and visits, the rquired
prerequisites for use of a Build Strategy and benefits
from Its use. It also includes the contents list for the
proposed Build Strategy framework

INTRODUCTION

All shipbuilders plan how they will build their
ships. The plan may be only in someone's head or a
detailed and documented process involving many
people. Often different departments prepare
independent plans which are then integrated by a
"Master Plan/Schedule"..

A Build Strategy is much more than the normal
planning and scheduling and a description of how the
Production Department will build the ship.

Many shipbuilders use the term "Mild Strategy" for
what is only their Production Plan. In terms of this
project, this is incorrect. The term "Build Strategy" as
used throughout this paper has a specia specific
meaning. It Is aso recognized that some shipbuilders
have a process very similar to the Build Strategy
approach but do not call it such
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What is the meaning by the term Build Strategy for
this project? Before specifying this, the ams of a Build
Strategy are briefly discussed

It:

| applies a company's overall shipbuilding
policy to a contract

| provides a kprocess for ensuring that
deaign development takes full account of
production requirements, _

| systematically ' dmduces’ production
engineering principles that reduce ship
work content and cycle time,

| identifies interim products and creates
product-oriented approach to
engineering and planning of the ship,

| determines resource and skill
retirements and overal facility loading,

| identifies shortfallsin capacity in terms of
facilities, manpower and skills

| creates parameters for progmming and
detail planning of engineering
procurement and production activities

| provides the basis on which any eventual
production of the product may be orgainzed
Including procurement dates for "long lead"
materia items.

|« ensures dll departments contribute to the
Strategy,

| identifies and resolves problems before
Work on the contract beings, and

| ensures Communication, cooperations,
collaboration and consistency between the
various technical and production functions.

In summary:

A BUILD STRATEGY ISAN AGREED DESIGN,
ENGINEERING, MATERIAL MANAGEMENT,
PRODUCTION AND TESTING PLAN, PREPARED
BEFORE WORK STARTS, WITH THE AIM OF
IDENTIFYING AND INTEGRATING ALL
NECESSARY PROCESSES.



BACKGROUND

It was A&P Appledore that conceived and
developed the formal Build Strategy approach in the
early 1970's. It developed from the ideas and processes
generated to support the AZP Appledore associated
"Ship Factories” at Sunderiand and Appledore. The
detailed work breakdown, formalized work sequencing
and- very short build cycles associated with these ship
factories required the communication, coordination
and cooperation that are inherent in the Build Strategy
approach.

British Shipbuilders adopted the Build Strategy
approach for all their shipyards (Vaughan, 1983)* and
AZP Appledore consulting group continued to develop
the approach as a service to their clients.

The Build Strategy approach was introduced into
the U.S. by A&P Appledore’s participation in IREAPS
conferences, as well as through presentations to
individual shipbuilders and the SP-4 Panel (Craggs,
1983; A&PA, 1983; and A&PA, 1984).

A&P ' Appledore consulting to NORSHIPCO,
Lockheed Shipbuilding Company and Tacoma Boat
introduced the use of the Build Strategy approach to
U.S. shipbuilding projects Fmally the Build Strategy
approach was described in the DESIGN FOR
PRODUCTION Manual, prepared by A&P Appledore
for the SP-4 Panel (SP-4,1986).

The concept of the Build Strategy has existed for a
mumber of years, and there has been an ongoing
development of the concept in those shipyards which
have adopted the Build Strategy approach. During this

time, chmvardc in Britain and other countries, have

J e Sih Afsstiaiii, Getw Viliwd Woeees

had oonsxderable experience in applying this
technology, and it was appropriate to update the
original Build Strategy approach in the light of this
experience.
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practiced approach, that the performance of any
endeavor will be improved by improvements in
commumnications, cooperation and collaboration. A
Build Strategy improves all three. it communicates the
intended total shipbuilding project to all participants.
This communication fosters improved cooperation as
everyone is working to the same plan. It improves
collaboration by involving most of the stakeholders
(interested parties) in its development.

Why was ihis project necessary? it was perceived
by some shipbuilders and the U.S. Navy that the formal
documented Build Strategy approach had not been

enthusiastically embrawdbyU S shipbuilders.

* See REFERENCES

If the Build Strategy approach is thought to be such
a good idea and/or shipbuilding improvement tool, it is
surely worthwhile to try to find out if this is the case,
and, also to find out why it is not being used by U.S. -
shipyards.

PREREQUISITES FOR A BUILD STRATEGY

A Build Su'ategyoozﬂdbeprodmdasastandaionc

docnment for any ehan to be built by a shioy
oulit vy a uup]d.lu UllL ll

wouldbeag:mtdmlthxckerandwouldtakcalotmom
effort to produce if certain other documents had not
been prepared earlier.

The first of these documents would be the
shipyard's Business Plan, which will probably exist in
most shipyards. A DBusiness Plan sets out the
shipyard's ambitions for a period of years and describes
how the shipyard aims to attain them.

Next a Shipbuilding Policy should be in place. The

P, -4 3_£2__ _ A

poucyu:nnwmcprounamlxwmcnmesmpyam
intends to build plus the optimum organization and
procedures which will allow it to produce ships
efficiently. The Shipbuilding Policy will also include
methods for breaking the ships in the product mix into
standard interim products by applying a Product Work
Breakdown Structure. Areas in which the interim
products will be produced and the tools and procedures
to be used will also be defined.

Ideally, a Ship Definition Policy will also exist.
This specifies the format and content that the
engineering information will take in order to support

the manner in which the chins will be built.

A 2di VNAMAWAL Salw ST FAAA VW WALl

If any of these documents do not exist, then the
information relevant to a particular contract that would
have been in them will have to be produced and
included in the Build Strategy.

RELATIONSHIF BETWEEN SHIPBUILDING
POLICY AND BUILD STRATEGY

A Ol . 1.3l o L dlaa AL fal.. £ L
£ Swpvunuy I' chy IS e aSomuon Or we

optimum organization and build methods required to
produce the product mix contained within the
company's shipbuilding ambitions, as defined in the
Business Plan. The Slnpbmldmg Policy is aimed
primariiy at design rationalization and standardization,
together with the related work organization, to
simulate the effect of series construction. This is
achieved by the application of group technology and a
product work breakdown, which leads to the formation
of interim product families.
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A Shipbuilding Policy is developed from a
company's Business Plan, which usually covers a
period of five years and includes such topics as:

® the product range which the shipyard aims to
build,

¢ shipyard capacity and targeted output,

® targets for costs, and

¢  pricing policy.

The product range is identified, usually as a result
of a market study.

The relationship between a DBusiness Plan,
Shipbuilding Policy, and Build Strategy is shown in
Figure 1.

COMPANY
BUSINESS PLAN
f  I—
{sALES/ HUMAN | [ACCOUNTING
MARKETING RELATIONS | |& BUDGETARY,
POLICY & TRAINING| | CONTROL
pOLICY  ||POLICY
SHIPBUILDING POLICY
INTERPRETATION OF BUSINESS PLAN INTO POLICY INCORPORATING BEST PRACTICE
PRODUCT RANGE .
PRODUCTION PLANNING &
SEIP SHIY FACILYTIES CONTROLL
DEFINITION PRODUCTION SYSTEMS
® PRODUCT WORK | @ HE'I'EKDS ® CAPACITY ® CONTROL
BREAXDOWN ®  CAPABLITY DNFORMATION
STRUCTURE . ouu.m' OouTPUTS
& METHODS
®  PROCEDURES
o OUTIUTS
VESSEL
BUILD STRATEGY
APPLICATION OF POLXCY
TOPAXTICULAR CONTRACT

Figure 1 - Build Strategy and Shipbuilding Policy

The Business Plan sets a series of targets for the
technical and production part of the organization. To
meet these targets, a set of decisions is required on:

facilities development,
productivity targets,

make, buy or suhcontract, and
technical and production organization.

® 000

These form the core of the Shipbuilding Policy.
The next level in the hierarchy defines the set of
strategies by which this policy is realized, namely the
Build Strategy.
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In essence, the Shipbuilding Policy comprises a set
of standards, which can be applied to specific ship
contracts. The standards apply at different levels:

dimensions, and so on; applied at the
Conceptual and Preliminary Design stages.

® Tactical, related to analysis of planning units,
process analysis, standard products and
practices, and so on; applied at the Contract
and Transition Design stages.

®  Detail, related to work station operations and
accuracy tolerances; applied at the Detail
Design stage.

Because shipbuilding is dynamic, there needs to be
a constant program of product and process
development. Also thestandazdstobeapphedwﬂl
Chau5= over time with product type, facilities, and
technology development.

The shipbuilding policy is therefore consistent, but
at the same time will undergo a structured process of
change, in response to product development, new

morbﬂfe &)m‘hhne ﬂmmlmm-nf and athae smeiatianae
Ci0PICHL, anG Ot varigtions.

The pohcyhasahmarchy of levels which allow it
to be applied in full at any time to a particular contract.

Therefore, to link the current policy with a future
policy, there should be a series of projects for change
which are incorporated into an overall action plan to
improve productivity. Since facilities are a major
element in the policy, a long term development plan
should exist which looks to a future policy in that area.
This will be developed against the background of
future business objectives, expressed as a plan covering
a number of years.

These concepts are summarized and illustrated in
TablesIand I,

Work at the Strategic level provides inputs to:

the conceptual and preliminary design stages,
contract build strategy,

facilities development,

organizational changes, and

the tactical level of shipbuilding policy.

L N B BE N J

At the strategic level, a set of documents would be

prenared which address the preferred product
PaAvpca AUALWID v PIUIVIAAL PIRIULL xa.usc

For each vessel type, the documents will include:

®  definition of the main planning units,
®  development of type plans, showing the

seqmence of erection and
sequence of erection, and

@ analysis of main interim product types.



TABLE 1
ELEMENTS OF SHI PBU LDI NG
PCLI CY

[POLI CY OVERVI EW
Policy Based on Business Plan Qbjectives
Sets (objectives for Lower Levels

CURRENT PRACTI CE

Existing Standards

"Last Best" Practice

Procedures to be Applied to Next Contract

PRODUCTI VI TY ACTI ON PLAN
Covers Next Twelve Months

Plans Inmprovements in Specific Areas
Is a Set of Projects

FUTURE PRACTI CE
Devel oped from Current Practice
I ncorporates Qutcome of Action Plan

3.2 Work Bsreakdown Structure
3.5 coding

3.6 Technical Information

3.7 Wrkstations

3.8 standards

3.9 Accuracy Control

0 PHYSI CAL RESOURCES

1 Qutline

2 Planned Changes and Devel opnent s
3 Rel ated Docunents

4 Mpjor Equi pment

5 Steel Preparation and Subassembly
6 Qutfit Manufacture

1 steel Assenbly

8 outfit Assenbly

9 Pre-Qutfit Wrkstations

10 Berth/Dock Area

1

4,
4,
4,
4,
4,
4,
4,
4,
$.
4,
4.
4.11 Engineering Department Resources

Procedures to be Applied to Future Contracts ?iooﬁHl P~ PRODUCTI ON' METHODS
: ine
LONG TERM DEVELOPVENT PLAN 5.2 Planned Changes and Devel opnents
Covers Facilities Devel opment 5.3 Related Docurents .
Covers a Five Year Period 5.4 Standard Interim Products, Build
Vet hods,
5.5 Qitical Dimensions and Tol erances
ThaLe
TYPI CAL LI ST OF CONTENTS IN A 58 Hill Construction
DETAI LED SHI PBUI LDI NG POLI CY 59 Outfit Manufact
DOCUNMENT S et
5.10 Qutfit Assenbly
1.0 OVERVI EW 5.11 Qutfit Installation
1.1 Qpjectives 5.12 Painting
1.2 Purpose and scope 5.13 services
1.3 Structure 5.14 Productivity Targets
5.15 Subcontract Werk
2.0 PRODUCT RANCE
2.1 Product Definition 6.0 SH P DEFI NI TION METHCDS
2.2 Qutline Build Methods 6. 1Qutline
6.2 Planned Changes and Devel opnents
3.0 OVERALL PHI LOSOPHY 6.3 Related Docunents
3.1 Qutline 6.4 Ship Definition Strategy
3.2 Planned Changes and Devel opnments 6.5 Pre-Tender Design
3.3 Related Docunents 6.6 Post-Tender Design




7.0 PLANNING FRAMEEWORK

7.1 Qutline

7.2 Planned Changes and Developments
7.3 Related Documents

7.4 Strategic Planning

7.5 Tactical Planning

7.6 Detail Planning

7.7 Performance Monitoring and Control

8.0 HUMAN RESOURCES
8.10utline

8.2 Planned Changeds and Developments
B.3 Related Documents

8.4 Organization

8.5 Training

8.6 Safety

9.0 ACTION PLAN
9.1 Outline
9.2 Projects and Time scales

The strategic leve will also address the question of
facility capability and Capacity.

Documentation on the above will provide input to
the conceptual design stage course, in those
cases where agent is undertaking the design
work and the builder has not been identified.

Documentation providing input to the preliminary
design stage will include:

| preferred raw material dimensions,

| maximum steel assembly dimensions,

| maximum steel assembly weights,

| materid forming Capability, in terms of

preferred hull configurations. _
| "standard" preferred outfit assembly sizes,

The policy documentswill detine preterences with
respect to:

* standard interim products

| standatd product processess and methods,
« standartd production stages,

| installation practices,

| standartd material sizes, and

| sandard piece parts.

The capacity and capability of the mgjor shipyard
facilities will also be documented

For the planning units, sub-networks will be
developed which define standard times for all
operations from installation back to preparation of
production infomation. These provide input to the
planning function.

At the Detail level, the policy provides standards for
production operations and for detail design.

The documentation will include:

workstation descriptions,
workstation capacity,
workstation capability.
design standards,

accuracy control tolerances,
welding standards, and

Reference to the standards should be made in
contracts, and relevant information made available to
the design, planning and production funcitons.

Aswith dl levels of the shipbuilding policy, the
standartds are updated overtime, in line with product
development and technologica change.

A ship definition is a detailed description of the
procedures to be adopted, and the information and
format of that information to be produced by each
department developing technical information within a
shipyard. The description must ensure that the
information produced by each department isin aform
suitable for the users of that information.

configuration and weights, based on facility These users include:

| capacity/capability, and
I "%span ardqpprefgrred service routes.

At the tactical level standard products and

roduction practices related to the contract and
ransition design stages, and to the tactical planning

level will be developed. All the planning units will be
analyzed broken into a hierachy of

products.

shipownersortheiragen@
shipyard management,
classification societies
government bodies,
other technical departments
design and drawing offices,
CAD/CAM center,
lofting
planning
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production engineering
production control,
mterial control,
imating,
procurement, and
| production departments

Preferably the ship under consideration would also
be of a type which has been identified in the
Shipbuilding Policy as one which the shipyard is nost
Stited to build. . o

The next best scenario would be that the ship being
desi gned s of a tdype for which a build strategy exists
W thrn the shipyard.

BENEFI TS OF A BUI LD STRATEGY TO U.S.
SH PBUI LDERS

|f mess production industries, such as automobile
manufacturing are examned, there is no evidence of the
use of build strategies. o

Soreshi pyards, which have a very [imted product
Variety, in terns of interimand final products,
general Iy speaking, also have no need for build
Strategies due to therr famliarity with the products. If
such shipyards, which are armngst the most productive
in the world do not use buil strategles, then why
should the US. industry adopt the build strategy

h?
Approac The answer lies in the differences in the

comercial environments prevalent and the gearing of
operating systens and technol ogies to the product mx
and marketing strategies. In ageneral sense, the nost
prodcutive have identified market niches,
devel oped suitable standard ship designs, standard
interim products and standard build methods. By
various neans, these yards have been able to secure
sufficient orders to sustain a skill base which has
become familiar wthvthose standards. As the degree of
simlarity in both interimand final products is high,
there has been no need to re-examne each vessel to
produce detailed build strate?i es, but many of themdo
as they find the benefitss greatly outweigh the effort.

It is most likely that the U'S. sfipbuilding industry's
re-entry into major commercial international markets
Wll begin with one-offs or at best very limted series
contracts. ~ Furthernore, as many U S. shipyards
believe that it will be most effective to concentration
complex vessels the build strategy approach will be a
key factor in enabling the yards to obtain maxinum
benefit fromthe many advanced technol ogies, nost of
whi ch have been nade available through the work of
the NSRP Ship Production Panels. A'so, the Build

Strategy approach will ensure that the way they are to
reapplied s well planned and communicated to all
I nvol ved,

Mbst shipyards will have el ements of a Build
Strategy Document in place. However, without a
formalized Build Strategy Docunent the Iines of
conmuni cation may be too informal and variable for
the most effective strategy to be developed. .

A wel | organized shipyard will have designed its
facilities around a specific product range and standard
production methods which are supported by a variety of
technical and admnistrative
developed according to the requirements of production,
and detailed in a %m pbui [ ding Policy. In this case,
When new orders are received only work which is
significantly different fromany previously undertaken
needs to reinvestigated in depth in order to identify
possible difficulties.

Vhere it has not been possible to mnimze product
Variety, such investigations will become crucial to the
effective operation of the shlJ)yard. The out cone of
these investi gaﬂons Is the Build Strategy Docurent.

A Build Strategy is a unique planning tool. By
integrating a variety of elenents together, it _provides a
holistic beginning to end perspective for the project
devel opment schedule. It is also an effective way of
capturing the conbined design and shipbuilding
knowl edge and proceses, so they can be continuously
improved, updated, and used as training tools.

A Build Strategy effectively concentrates traditional
meetings that bring all groups involved together
evaluate and decide on how the ship will redesigned,
procured, constructed, and tested before any tasks are
comnenced or any information is " on"

fTh|e| objectives of the Build Strategy Document are
as fol | ovs:

| To identify the new vessel.

| To identify the design and features of the new
vessel

| To identify contractual and management
targets,

| To identify degartures fromthe shipyard's
shi pbui [ ding Policy.

| To identify constraints based on the new
vessel being designed/constructed particularly
with reference to other work underway or
envi saged.

| To idenlify what must be done to overcone
the above constraints.

The ast ob&ecti_ve Is particularly important as
decisions taken in one department will have
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implications for many Others. This means that
effective interdepartmental communication isvital.

The very act of developing a Build Strategy will
have benefits due to the fact that it requires the various
departments involved to communicate and to think
rationally about how and where the work for a
particular contract will be performed. It will also
highlight any potential problems and enable them to be
addressed well before the “traditional” time when they
will arise.

If a Shipbuildng Policy exists for the company,
then it should be examined in order to ascertain if a
ship of the type under consideration is included in the
preferred product mix. If such a ship type exists then
certain items will aready have been addressed.

These items include:

| outline build methods

| work breakdown structure,

[ C\(/)vg}l?géti ons,

| standard interim products,

| accuracy control,

| ship definition methods,

| planning framework,

| physical resources atshipyard,and
.human resources.

One thing which is unique to any new ship order is
how it fitsin with the ongoing work in the shipyard.
The Current work schedule must be examined in order
to fit the ship under consideration into this schedule.
key dates, such as cutting steel keel laying,launch
and delivery will thus be determined.

Using the keydates other events can be planned.
These events are:

| key event program,

| resource utilisation,

* materia and equipment delivery schedule,

| material and equipment ordering schedule,

| drawing schedule,

| schedule of tests and trials, and

| stage payment schedule and projected cash
flow.

Once the major events and schedules are
determined they can be examined in detail to expand
the information into a complete build strategy. For
example,the event program can be associated with
the work breakdown to produce planning Units and
master schedules for hull, blocks, zones, equipment
units, and systems.

The Build strategy Document should beused by all
of the department listed above, aud a formal method
of feedback of problems and/or proposed changes must
be in place so that agreed procedures cannot be
changed without the knowledge of the responsible
person. Any such changes must then be passed on to
al holders of controllcd copies of the build Strategy.

The Build Strategy is used to facilitate and
strengthen the communication links. It should bring
Up front and be used to resolve,potenlial conflicts
between departments N areas of design details,
if a manufacturing process,make by desicions and
inthe delivery godls. _

ABuIld Strategy can be usd as an effective people
empowerment tool giving Participants the
opportunity to workout al their needs together in
advance Of performing the tasks.

The intent of a Build Strategy is to disseminate the
information it containg to al who can benefit from
knowing it. Throughout this report it is described as a
hard copy document but today it could well be
electronically stored and disscmstesmmhr ough | ocal
area network stations.

Producing a Build Strategy Document will not
guarantee an improvement in _productivity, athough,
as stated earlier, the process of producin the document
will have many benefits. Full benifits will only be
gained if the strategy is implemented and adheredto.

Positive effects of the Build Strategy approach are
two-fold

. During production managers and foremen
have a guidance document which ensures that
they are fully aware of the construction plan
and targets,even those relating to other
departments. This reduces the likehood of
individuals making decisions which have
adverse effects in other departments.
Although often quoted by shipyards as being
the reason for a Build Strategy, the benefits
accruing from this are not major.

| Prior to production, the use of the Build
Strategy approach ensuresthat the best
possible overall design and production
philosophy is adopted crucia
Communication between relevant departments
is instigated early enough to have a significant
influence on fina costs. It is therefore the
structured, cross-discipline philosophy which
provides the down stream reductions in costs,
and this is the mgjor benefit

A yard which develops a strategy by this method
will gain all the advantages whether or not a single
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Build Strategy Document is produced. However, the
imposition of the requirement for a single document
should ensure that the development of the strategy
follows a structured approach.

Perhaps the single most beneficial aspect of a Build
Strategy is, that by prepanng one, the different
deparimeiiis have io iaik io each other as a ieam at the
right time. A Build Strategy is a "seamless" document.
It crosses all traditional department boundaries. It is
an important step in the direction of the seamless
enterprise. The most evident benefit is improved
communication brought about by engaging the whole
company in discussions about project goals and the

bhect wav to achieva them Tt eliminates nracecefrewnrle
oSS WAy 1o achueve ¢ SaMInalts process Wik

problems due to downstream sequential hand-over of
tasks from one department to another by defining
concurrently how the ship will be designed and
constructed.

Some of the advantages mentioned by users of the
Build Strategy approach are:

serves as an effective team building tool,
requires that peopie share their viewpoints
because they need to reach a consensus,
places engineers face to face with the
customers - purchasing, production, test, etc.,
® expands peoples view of the product (ship) to
include such aspects as maintenance,
customer training, support service, etc.,

frctore otrnneo Intaral Aammyuniratian
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@ saves time through concentration on parallel
versus sequential effort,

® facilitates resolution of differences and

misunderstandings much earlier,

greatly improves commiiment ("ouy in") by

participants and the effectiveness of the hand-

over later,

®  serves as a road map that everyone can see

and reference as to what is happening,

facilitates coordinated communication, and

® develops a strong commitment to the process

and encoessfnl commietion of the Prgjgg!_

Qe
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There are a few disadvantages mentioned by users,
such as:

¢ effort and time to prepare the formal Build
Strategy document,

@ total build cycle appears longer to some
participants due to their earlier than normal
involvement,
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@  cross functional management is not the norm
and most people currently lack the skills to
make it work,

®  experts who used to make indenendent
decisions may have difficulty sharing these
decisions with others in developing the Build
Strategy, and

® aBuild Strategy describes the complete
technology utilized by a shipyard and if given
to a competitor, it could negate any
competitive advantage.

However, the users felt that the advantages greatly

Atvvoioh tha dicadvmntnons
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PERFORMANCE OF THE PROJECT

Although it was known that a mumber of U.S.
shipbuilders have utilized Build Strategies, it was not
known how many and how effective they were,

A number of shipyards and the U.S. Navy believed
in the benefit of the Build Strategy approach and this
project was undertaken to accomplish the following

objectives:

® To determine, for a number of U.S. shipyards
involved in building the selected ship types,
capabilities and limitations, and to classify
them into common U.S. industry criteria.

T Aatasmnina han: sname TTQ ottt t13.
AV UBIauae 2UW dialdy U.O. SMpusnacts

currently use formal documented Build
Strategies.

® To familiarize U.S. shipbuilding personnel
wuhtheBnﬂdStrategyapptoach,
requiremenis, and benefiis.

® To determine U.S. shipyard perceived need for
a formal Build Strategy.

® To prepare a generic Build Strategy that can
be used by U.S. Navy program office during
concept, preliminary, and contract design, as
well as U.S. shipyards, as the basis for the

Rnild Strateov far a cnecific nriect
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® To prepare specific examples of the use of the
generic Build Strategy for two selected ship
types.

¢ To provide a final report on the findings of the
shipyard survey on the use of formal Build
Strategies, the perceived requirements,
shipyard capabilities and limitations and how
they were used/incorporated into the generic
Build Strategy.
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SELECTION OF SHIP TYPES

Four ship types were offered as potential examples
to the Pansl Proiect Tpam namelv

siva 2 avjewe asasiswayy

Destroyer,
Fleet Oiler,
RORO, and
Container.

The Team selected the fleet oiler and the container
ship in January 1993. As the project developed and the
industry interest shified even more from military to

roammerrial chine 2 nimher af comirreac recammendad
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that the fleet oiler example be changed to a products
tanker. Therefore, the final examples that were
selected to demonstrate the use of the Build Strategy
Development framework were a 42,400 tonne DWT

Dierrdse vt Tanlas ned 2N 1nn Sanmna nuarr
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Container/RO RO ship.

Attempts to get ship design information from U.S.
sources, for ships of these types recently designed
and/orconsﬁucted,wercunsumsﬁi Therefore, an

AOT™ A___1_ .3 __ 2 e dmeatonn oY AL .

Al Appxeuorc g[l mr a prouucts WIIECT diid WieC
MarAd PD-337 Commercial Cargo Ship (mon-
enhanced) design were used for the examples.

-
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UESTIONNAIRES

CAPABILITIES AND LEMITATIONS questionnaires
were prepared for distribution to U.S. and Canadian
shipbuilders. Their purpose was to determine current
understanding and use of the Build Strategy approach
and to determine current capabilities and limitations

xegardmgblmmngofselectedshxptyp&ssotha:
"common capabilities and limitations” could be
developed and used in the two Build Strategy
exampies,

Both questionnaires were sent to 22 private and
Navy shipyards. Questionnaires were received back
from three shipyards. The Build Strategy
Questionnaire was completely filied out in all three
cases. The Shipyard Capability and Limitation

QOuestionnaire was only completaly filled out by one

shipyard, with the other shipyards completing from 30
to 50 percent. Only onc of the shipyards that
responded to the questionnaires was willing to meet
with the project team. Two other shipyards agreed to a
team visit during telephone calls to solicit support for
the project. The Build Strategy Questionnaires were
also completed for two shipyards that were visited but
had not completed the questionnaires.

o

All five shipyards responding to the Build Strategy
Questionnaire were familiar with the Build Strategy
approach. Only one had nmever prepared a Build

Strateov document althouch even that chinened Jid
talegy eocumeni, anhougn oven {hat shipyard did

prepare many of the listed content components and was
of the opinion that it was not worth the effort to
produce a single Build Strategy document.

There were wide differences in the need for many of
the listed content components to be in the Build
Strategy document. However, 18 out of 51 components
were identified by at least four shipyards, and another
11 components by at least three shipyards. These 29
components were identified as Build Strategy

“mﬂnmmnﬂﬂnﬂ" anmmnnants Tom sascmacacte So 4o
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Construction Data group, namely: Number of Plate
Parts and Number of Shape Parts, were considered
unnecessary by all five shipyards. They will not be
incln&dintheBuildSn'ategyDocman The

23 __atem_ 9
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COmpOnEnts were

xsuuuuxug
"optional”.
The lack of response made it lmnossible to
determine common capabiliies and limitations.
However, the following findings are presented:

an
LU

Two shipyards have existing Marketing
Departments which are involved in Market
Research. Interestingly, they both have only
been involved in Navy or government

One shipyard has a central planning and
scheduling department_ the others have a
Master Planning Group that integrates the
planning and scheduling of the various
departments.

Two shipyards have separate Material

Plannmgl(‘nmml Gnmne and all three

shxpyaxds that xwponded to the questionnaire
use material coding MRP I or similar
systems.

Only one shipyard has a complete in house
engineering capability. Both the other
shipyards subcontract most of their
engineering to marine design agents.

Two shipyards use CAD concurrent
engineering, production oriented drawings,

ctandard snminasring nenscdnnes and
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engineering standard detaiis,

All three shipyards have complete in-house
lofting capability that are part of the
engineering department.

Two shipyards have Manufacturing Industrial
Engineering groups that are part of the
Production Department.
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® Engineering in all three shipyards is
functionally organized into the traditional
hull, machinery and electrical although their
work is prepared for block construction and
zone outfitting.

® Two shipyards use self-elevating, seif-
propelied transporters up to 250 ton capacity,
and both self and non-elevating trailers from
50 to 80 ton capacity. Fork lift trucks from 1
10 14 ton capacity are used for general
material handling.

®  All three shipyards claim to use block
construction, zone outfitting and packaged
machinery units. They all claim to use
Accuracy Control for structure and one
shipyard uses it for piping, ventilation and
electrical components.

® Al three shipyards have state of the art
painting capabilities.

U.S. SHIPYARD VISITATION

The project team visited BethShip, Awvondale
Shipyards and NASSCO. Each visit lasted a minimum
of four hours with one taking six hours. A proposed
agenda was sent to each shipyard prior to the meetings,
along with a number of additional questions which
would be asked during the visit The project team first
presented background information on the project, such
as description, objectives, and approach. Then the
purpose of the meeting was presented, which was to
discuss face to face the questionnaire responses and
clarify any questions. It was also to see what each
shipyard had done, and was doing, with regard to
Build Strategy. In addition, the Shipbuilding
Technology Office of the Naval Surface Warfare
Center at Carderock, Maryland was visited. The
purpose of this visit was to learn about the Generic
Build Strategy activity being worked on for the Mid
Term Fast Sealift Ship (MIFSS) program. The
purpose of the meeting was to determine how the two
projects could and should interact. The Navy reported
that there was considerable confusion in the industry
because of identical project titles, and concemn
regarding the relationship of the SP-4 Panel Build
Strategy project and the U.S. Navy's Mid Term Fast
Sealift Ship program. Questions being asked ranged
from "Are they connected?” to "How are the two
projects going to be differentiated? There is no
contractual conmection. The MTFSS program is
interested in using the Build Strategy approach for one
specific ship in a number of shipyards to reduce the
time taken from contract award to delivery of the ship.

The SP-4 project is interested in showing many
shipyards how to use the Build Strategy approach for
any ship type. The visit was most beneficial in
determining this difference and resulted in agreement
that it was necessary to differentiate between the two
projects to the maximum extent possible. It was
mutually decided to rename the SP-4 project and
further, to concentrating entirely on commercial
shipbuilding and ship types. It was decided to clearly
differentiate between the two projects by changing the
title of the SP4 project to BUILD STRATEGY
DEVELOPMENT.

All shipyards and the Shipbuilding Technology

Office were very cooperative and gemerous in the
giving of their time and sharing of their experiences
and information.
Strategy approach and had prepared a number of Build
Strategies in preparation of bids. Ship types involved
Build Strategies for at least one complete design/build
cycle. Ship types involved were container, sealift
conversion and T-AGS.

The departments having the major responsibility for
the Build Strategy Development were under Production
in two shipyards and part of Advanced Product
Planning and Marketing in the other shipyard.

All three shipyards were committed to using the
Build Strategy approach in continuing greater scope. -
This was entirely based on their own perceived
needs/benefits and was not being driven by external
demands or pressure.

The project team was able to review recent Build
Strategies at each shipyard and was impressed by the
level at which they were being used. Build Strategy
size ranged from 100 to 300 pages. Typical effort
ranged from 400 to 2000 man bours. However, it was
pointed out that most of the effort would be required in
any case. It simply was being performed earlier, up
front, in a formal and concurrent manner. Based on
this, the additional effort to prepare a Build Strategy is
likely to be about 400 hours. Obviously, the first time
it is done, the additional effort may be considerably
more as the new approach must be learned in a team
environment and many traditional barriers broken
down,

By this review and discussion of the Build
Strategies, it was possible to determine the items which
were considered by the shipyards to be essential, which
itemns were optional, and what should not be included
in the Build Strategy document.

The project team emphasized that it was necessary
for each shipyard to have a documented Shipbuilding
Policy on which to base their Build Strategies.
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Otherwise, each Build Strategy must contain the
required policy components.

The shipyards had a number of concerns and
emphasized the following requirements:

® Build Strategy document should not be so

structured that it discourage innovation or the

Dea smweres Gaavas Va

introduction of improved methods or facilities.
It should not attempt to tell shipyards how to
prepare drawings, build ships, define or limit
block size or dictate required production
information.

It should incorporate need for design for
producibility and be a guide for continuous

- o "TYYR
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The Build Strategy document and examples of
its use should be based entirely on commercial
ships of the type likely to be built in the U.S.
in the foreseeable future.

It should not address military shins of any
type.

The Build Strategy document must treat all
components of the design, build, and test
process with equal attention. So often the
"simpler” or "better known" front end design
and production decisions are more than
adequately treated, but the back end processes,
such as systein iesis and compariment check
off, are given minimum consideration in a
Build Strategy.

The two examples of the Build Strategy
document use should emphasize the ship type
major differences and their impact on the
Build Strategies.

The project should emphasize the benefits of
the formal Build Strategy approach. In doing
this an attempt should be made to determine
which world class shipbuilders use the Build
Strategy or similar approaches.

The project should also clmly describe the
Ppre-requisites that a shipyard shouid have or
develop before undertaking a Build Strategy to
ensure the best chance of an effective Build
Strategy being developed and implemented.
The use of preliminary and detailed Build

Strategies should be clearly described.

The project should provide documentation
that is suitable for use as an educational tool.

Because of the reluctance of most shipyards that
were contacted to share the detailed information
requested by the Shipyard Capabilities and Limitations
Questionnaire, no renewed attempt was made to obtain
this information during the visit. Imstead, each

6

shipyard visited was asked what were their two or three
major limitations. All three shipyards mentioned crane
capacity. They would all like to erect larger blocks
than currently possible. One shipyard would like to
increase crane capacity throughout the fabrication and
assembly shops, as well as for block erection on the

ways or m the M Annthar e‘lmpyard ""'G'\ﬂd ) 1 o

have more covered (out of the weather) buildings for
assembly and block construction. Finally, one shipyard
mentioned that its major limitation was timely
engineering.

U.S. SHIPYARD COMMON ATTRIBUTES

As previously mentioned, due to lack of response to
the Shipyard Capabilities and Limitations
Questionnaire, it was not possible to determine U.S.
shipyard common attributes which could be used in the

Bnild Suaﬂlmr Document In order to have a basis on

which to prepare the project Build Strategy Document
and examples of its use, a hypothetical shipyard was
defined by the project team. The hypothetical shipyard
represents no existing U.S. shipyard but rather
attempts to reflect some of the facilities and capabilities
of a typical U.S. shipyard that would be interested in
competing in the world commercial ship market. It
does not reflect the lowest common capabilities.

FOREIGN SHIPYARD VISITATION

Eight foreign shipyards were contacted, but only
four responded and three of them agreed to a visit.

Visits to the three foreign shipyards were made in
June and July, 1993. The shipyards were Ferguson's in
Port Glasgow, Scotland, a successful small shipbuilder,;
Odense Steel Shipyard in Denmark, a successful large
shipb\ﬁlderrepmedtobeoneofthebestshipbnﬂdemin
the world today; and Astilleros Espanoles in Spain,
another successful large shipbuiiding group which has
utilized many of the NSRP project publications to
assist them in their improvement program

All shipyards visited gave outstanding support in
time and effort to the team, and their hospitality was
exceptional. They were most open in showing and
describing their facilities, processes, goals, and
problems, and all stated that their willingness to
participate in projects to help the U.S. shipbuilding
industry improve was based on the belief that everyone
benefits from an open exchange of technology, a
sharing of problems, and the development of solutions
for their resolution.
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Ferguson's does prepare a Build Strategy for each
contract. They cover most of the recommended items
in the study proposed Build Strategy Document List.
Most of the optional items are omitted, although they
do include budgets. Build Strategy with budgets are
given restricted distribution. The Production

Enoinesrine Groun hag the mcnnncﬂuhiv to nrenare
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the Build Strategies with input ﬁ'om other
groups/departments.

Ferguson's Build Strategy is relatively simple (that's
how they like it), but even with their small size they
still see and achieve benefits from using the Build

Strategy approach. Ferguson's uses previous ‘Build
Strategies as the basis for new Build Strategy.

Ferguson's approach was to accept mid-1980
facilities and to concentrate on using their people more
effectively throngh integrated processes.

Odense Steel Shipyard (OSS) has excellent facilities
with up to date equipment and processes. They have
an extensive ongoing facilities improvement program.
They are not satisfied with any phase of their operation

and are alwavs cpplnnv continuons improvement, Thev
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arecurrentlybuﬂdmgtodaywhattheydldmthcpast
with 40% of man hours. OSS believes productivity is
the key to future success in global shipbuilding. They
have a goal of 6% annual productivity improvement.

Tvnical bnild cvcle is 12 month with 3 month in the
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building dock, one month outfitting and 3 weeks deck
trials and sea trials. Sea trials are normally 3 days and
once the ship leaves the shipyard for sea trials it does
not return to shipyard.

0SS does not use the Build Strategy approach, but
has a planning system that covers most of the Build
Strategy components and recognizes the need to
communicate this information in a formal manner to
the many users in a shipyard. OSS was not aware of
the Build Strategy approach. However, the way they
prepare and formally document and distribute their
planning documents achieves some of the same
objectives. OSS does have a long term business plan
and the Phase I part of their planning process is similar
to the Shipbuilding Policy. Their planning is totally

mtegrated. OSShasalwaysusedstandardprom
and standard details to the maxirmim extent. They are
an effective part of OSS high productivity in ail
departments and processes. OSS has very up to date
capabilities and is in the fortunate position of having

no known limitations for the foreseeable future.
Astilleros Espanoles is a grouping of diverse
shipyards covering all sizes of commercial ships and
ofishore vehicles/rigs. They have a central office in
Madrid. This central group performs much of the
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business planning and setting of each shipyard policy.
However, at the meeting with representatives of all

shipyards in the group, and at meetings at Sestau and
Peurto Real Shipyards, the enthusiasm of individual
managers for continuous improvement, including the
use of a Build Strategy approach, was very clear.

Each shipyard has its own 5 year plan covering
goals, productivity, ship typx and employew A major

naint 1!\ kar nea n{-'n“ va-nnn" ist +ha
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of a catalog of interim products for each shipyard.
Build Strategies were reviewed in two shipyards. They
covered most of the recommended items in the study
proposal Build Strategy Contents List In addition,

ﬂ\m added interectine information aghout tha chis
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owner, his existing fleet and operations. The study
proposed Build Strategy Contents List was modified to
incorporate this additional item as an option.

Astilleros Espanoles shipyards cover the range from

old chinvarde to ralativalv new facilitise it in all
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cases they have had significant modernization in the
last few years, some of which is still underway. Only
one shipyard acknowledged any limitations, and that
was the clear width of a bridge through which its ships
hadtopasstogettothesea

All of the shipyards visited stated that improvement
in productivity was the key to survivability and futnre
success in the global shipbuilding market place.

'BUILD STRATEGY DOCUMENT CONTENTS

LIST

A contents list, shown in Table III, was developed
for the Build Strategy Document from the
questionnaire responses, as well as from shipyard visit
discussion. The actual Build Strategy Document and
the two examples followed this contents list. An
introduction outlining the purpose of the Build
meeov Document, its mcapctpﬂ distribution in 2
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shxpyard andthcprereqmsxm for a successful Build
Strategy was also provided.

6-12



TABLE IIT 3 .4 Installation Drawings R
PROPOSED BUILD STRATEGY 3.5 Installation Procedures R
DOCUMENT CONTENTS D&slgn & Engineering Schedule
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ABSTRACT

From the very inception of the Preliminary
Design phase of the U.S. Navy’s new am-
phibious assault ship, which at the time was
designated only as the LX, there has been an
emphasis on generating a design which is pro-
ducible; one that requires a minimum of redes-
ign by the building yard and which can be
built efficiently using modern ship construc-
tion techniques. This emphasis resulted in
establishment of a Producibility Task Manager
as a member of the LX Preliminary Design
Team and in the creation of a Product-Oriented
Design And Construction (PODAC) Working
Group. The functions of this Group were to
mimic a shipyard production planning effort
and to interact with the Design Team on a
regular basis. This paper describes the results
of their efforts, including the development of a
Generic Build Strategy (GBS) and numerous
Design for Producibility improvements during
the LX Preliminary Design Phase.

NOMENCLATURE

The nomenclature used throughout this paper
complies with that in use in most of the Na-

documentation and with that used in Refer-
ence 1. No attempt is made herein to describe
elements of the Zone-Oriented construction
processes or procurement processes used in
current day shipbuilding, since these matters
are thoroughly covered in numerous other
NSRP documents.

BACKGROUND

Use of a GBS has been proposed as a means to
incorporate ship production considerations
into the early stages of naval ship acquisition
with the objective of reducing ship acquisition
cost. Any world class organization developing
and acquiring a new item requires the concur-
rent development of the product design and
the process by which the product is fabricated
and/or assembled. During the feasibility
study, preliminary design and contract design
phases of ship design, namely the early stages
of ship acquisition, there are not only systems
engineering benefits of having a GBS, but
there are also potential benefits to program
management efforts.

The Navy’s early stage ship design manage-
ment, recognizing that changes in the design
process were necessary in order to respond to
the changed ship construction methods used in
the nation’s shipbuilding yards, assigned a
Producibility Task Manager to the team that
was assembled to develop the Preliminary
Design (PD) of the LX. His responsibilities
included overseeing and driving design for
production efforts as a part of general acquisi-
tion cost reduction efforts. Since an inherent
part of designing a ship to be most producible

4 Wi . isto have a reasonably good idea of how it
tional Shipbuilding Research Program (NSRP)

will be built, one of the major tasks of the
Producibility Task Manager was to develop a
GBS. That is, in addition to emphasizing the
need to design the ship to be more producible,
it was necessary to provide the designers with
a general idea of how the ship would likely be
built. This build strategy would necessarily be



generic, in that it could n
unique capabilities of any
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construction contract. Nevertheless, this ge-
neric build strategy was expected to reflect the
actual current capabilities of U.S. shipyards in
order to effectively evaluate the impact of de-
sign decisions on ship production and to lev-
erage the design efforts towards a more pro-
ducible and cheaper acquisition cost. This
effort was the first application of the concept

of development and use of a GBS fora U. S.
Navy in-house early stage ship design.

PODAC WORKING GROUP

- -y

The LX Preliminary Design effort was initiated
in the second quarter of FY '93 at a Navy collo-
cated design site. This phase of the design was
divided into five design iterations, with the last

iteration of the design to be completed during
the firct qnnrfpr of FY 'OA nnnnc PD non chin-
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builders were under contract to support devel-
opment of a GBS, so, under the leadership of
the Producibility Task Manager, a simulated
ship production department was assembled
using experienced non-shipyard-affiliated ship
production experts. This “surrogate shipyard”,
more fnrmal]v called the Product-Oriented
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Des1gn And Constructxon (PODAC) Working
Uruup, was established in June 1993 to mimic a
shipyard planning effort, and to interact with
the LX ship designers and engineers during PD.
This group was comprised of members who
had firsthand knowledge of the amphibious

designers, especlally during the early stage
dcaxsu, are typ yu.«au ]' isolated from p yl.uuut.uUIl
facilities, working either at a design agent's
office or a Navy collocated design site, under
short deadlines and to stringent operational
requirements. The PODAC Working Group
was tasked to enhance the design team's ca-
pabilities by "thinking" for the design team as

a chrnyarﬂ would think if the an:gn were be-

ing done at the shipyard.

a more production-friendly design. Navy ship

From the inception of the early design stage
effort it was intended that shipbuilders be

11U1L So 2L gt QPP RARNLS

given the opportumty to part1c1pate in evalua-
tions of the Contract D ucugu (CD) of the bmp,
through the use of on-site representatives and
funded support for design evaluations, specifi-
cation reading sessions and studies of detailed
aspects of the design as it proceeded. It was
intended from inception of the design that the

GBS developed by the PODAC Workmg

Crminm wranld ada availalla tha
UIUUP wuUulliu UG ulauc an.udUlG l-U u‘c blup'

builders for their critical analysis, suggested

* changes and identification of any specific as-

ship construction process and who possessed an :

understanding of modern (advanced) ship con-

oftrrsAatemm sanwnatsans

suuLliuvii piavuvid.

One function of the PODAC Working Group
was to interface with the ship design team

dlrnno Pn and hv introducine shin desion for
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productlon concepts ea.rly within thc various

design disciplines, to guide the achievement of
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pects of that strategy which would degrade
their ability to compete equally for the ship-
building contract and build the ship for mini-
mum cost.

It has never been the Navy’s intention to im-
pose the build strategy upon the shipbuilder.

One of the primary purposes of the involve-
ment of the shipbuilders during the CD proc-

AAALAIL VL Yle B D

ess was to 1dent1fy aspects of the desxgn, that
would n negatively unpau the competitive as-
pects of building it. The primary purpose of
the GBS was to help ensure that the design
generated through CD would be capable of
being built efficiently without major redesign
efforts by the successful shipbuilding contrac-

tor.

The PODAC Working Group accomplished
three primary functions during the Preliminary
Design phase. They developed a Generic

Ruild thtpo-y which was used as a guide i
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FIGURE 1 - LX INBOARD PROFILE

evaluating and revising the location and con-
figuration of spaces in the General Arrange-
ment Plan and in the structural design of the
ship. They provided Design for Producibility
guidance to the system designers in develop-
ing system details and arrangements that
would enhance the producibility of the sys-
tems without negative impacts on maintain-
ability or operability of the systems. In addi-
tion, the team provided some cost estimates
based on work content instead of weight, as
guidance to NAVSEA cost estimators in as-
sessing the results of design modifications.
The approach to each of these three efforts and
the major results are analyzed in the foliowing
sections.

DESCRIPTION OF THE SHIP

The LX (since designated the LPD-17) is the
U.S. Navy's next generation Amphibious
Transport Dock ship with a primary mission to
embark, transport and debark marine landing
forces in assault by helicopters, LCACs, and
assault amphibious vehicles. It is intended to
be a functional amphibious lift replacement for
41 ships of the LKA 113, LPD 4, LSD 36 and
LST 1179 Classes. In early PD it was
established that the design was to be hybrid
metric.

Figure 1 shows the PD inboard profile of the
LX. Frames are numbered from the bow aft,
based on the number of meters from the for-
ward perpendicular. Thus Frame 100 is amid-
ships. At the end of PD, the LBP and LOA of
the ship were 200m and 208.4m, respectfully,
with a beam of 31.9m.

GENERIC BUILD STRATEGY DEVEL-
OPMENT

General

The major part of the PODAC Working
Group’s efforts were directed toward the
identification of design features that would
enhance the ability of any prospective ship-
builder to build the ship in a logical fashion
using modern Zone-Oriented construction
techniques. Since significant savings can be
realized during Detail Design if a shipyard re-
ceives a Contract Design arrangement that
recognizes where construction joints will be

. located and ensures that minimum interfer-
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ences with those welding paths are created, a
Generic Build Strategy was developed by the
PODAC Working Group. This strategy was
considered generic in that it was intended to
result in a design that would be capable of
being built efficiently by any of the potential




builders without major changes in their pro-
duction facilities.

The first step taken in the development of a
build strategy for the LX was to identify the
major zones which would likely control the
construction process. The inputs to this proc-
ess were the first draft of the General Ar-
rangement and Midship Section drawings.
The General Arrangement Drawing included
the Inboard Profile shown in Figure 1, an Out-
board Profile and plan views of each deck.

These documents were used to identify the
major zones of the ship and then, with a set of
block break criteria established by the team, to
identify the block breaks. A block numbering
sequence was developed that related each
block to alocation in the ship. With the block
breaks identified, a notional block erection
sequence was identified. By putting atime
scale on that sequence and utilizing historical
time frames between block erections, an erec-
tion schedule was developed. A list of major
equipment was developed. The block into
which each piece of major equipment was to
be located was determined. By correlating the
lead time for the various elements of the
equipment procurement process with the block
erection schedule, it was possible to develop
an equipment installation schedule and a first
cut at a the dates by which major equipment
would have to be ordered. Thisinformation
could be used to identify what long lead
equipment, if any, would have to be ordered
before the shipbuilding contract is awarded in
order to minimize the time of the shipbuilding
process. A more detailed description of each
of these elements of the Generic Build Strat-
egy follows:

Zone ldentification

In commercial ships the machinery space is
normally a single space located aft, the ac-
commodations (for the small number of crew

members) are all located above the main deck
in a separate deckhouse and the rest of the
ship is configured for the type of cargo that the
ship isto carry. It is common practice to
identify each of these portions of the ship asa
separate zone; namely the Machinery Zone,
Accommodations Zone and Deck Zone. Each
of these three major zonal volumes of the ship
entails significantly different functions, com-
plexity of construction and material ordering
requirements, as a result of different design
requirements. Therefore, it is customary to
treat each of them as a separate zone, and to
assign to each, separate design teams who are
familiar with the peculiarities of construction
of that zone.

The entire ship is considered as a fourth zone,
since certain work can be done most effi-
ciently onboard the ship before or after it is
being erected. Where the work in a particular
area of the ship is more complex than that in
another area of the ship, that particular part of
the ship may be treated as a separate zone or
subzone.

In military ships, where, largely for surviv-
ability reasons, there normally are multiple
machinery spaces, and where accommodations
(for much larger crews) are spread throughout
the ship, the identification of the basic three
types of zones is not as straightforward.

Zones can be identified, but several functions
may exist within each zone. In the case of the
L X, with the configuration shown in Figure 1
as a given, the PODAC team identified the
following zones.

Machinery Zone. The machinery spaces
contain many large, heavy pieces of equipment
arranged in relatively dense configurations,
involving major distributive system interfaces.
On the LX, the Machinery Zone was taken to
be the volume extending from Frame 62.5 to
142.5 longitudinally and from the keel to the
01 Level vertically. This volume includes the



two Main Machinery Rooms and the two ad-
joining Auxiliary Machinery Rooms.

Deckhouse (Accommodations) Zone. Al
vol ume above the 01 Level was treated as a
single zone. Although there are few accom
modations in this volume, it was treated as a.
separate zone, primarily for convenience
since it is above the strength deck. For this
ship; this zone is not significantly different in
most production considerations than the rest
of the ship outside the Machinery Zone.

Hul | Zone. Although the rest of the ship be-
low the 01 Level would therefore be consid-
ered the Hull Zone, on the LX, because the
Machinery Zone separates the forward portion
of the ship fromthe stem the after portion of
the ship was treated as a separate zone. The
forward portion of the ship was treated as two
separate zones because the work in the bow
area, forward of the bulkhead at Frame 17.5, is
significantly more difficult to construct than
the vol ume between Frames 17.5 and 62.5

SubZones. Each of the zones on the ship was
further subdivided into subzones, based pri-
marily upon the location of transverse bul k-
heads, recognizing that these bul kheads woul d
be used ultimately to establish the houndaries
of hull construction blocks and this subdivi-
sion would be used in the block numbering
sequence

Zone Nunbering. The zone from the bow to
Frame 17.5 (a Hull Zone) was identified as
Zone 1000. Two subzones were identified as
1100 and 1200; the division being at Frame
10.

The vol une between Frames 17.5 and 62.5
fromthe keel to the 01 Level, was identified
as Zone 2000, with Subzones 2100,2200 and
2300 separated by Frames 32.5 and 47.5. Al-
though Zone 2000 includes a generator space
the configuration of this portion of the ship is
sufficiently different than that of the volume

-5

forward of it and of the portion aft, that it was
treated as a separate zone

The Machinery Zone was designated Zone

3000, with Subzones 3100, 3200, 3300, 3400

and 3500 separated by the transverse bul k-
heads at Frames 80,95, 110, and 127.5.

Zone 4000 extends fromjust aft of the
bulkhead at Frame 142.5 to the stem and
includes cargo carrying and ine handling areas
It is separated into Subzones 4100,4200, 4300
and 4400 by transverse bul kheads at Franes
157.5,172.5 and 187.5.

Zone 6000 is conprised of the volume above
the 01 Deck. In an earlier version of the ship's
topsi de conjuration there was a Zone 5000
An arbitrary decision was made to |eave the
6000 zone designator unchanged when Zone
5000 was elim nated

Block Identification Considerations

Because modem shi pbui |l ding techniques in-
vol ve construction and outifittting of the ship in
maj or three-di mensional assenblies conven-
tionally called blocks, one of the nost essen-
tial elements of a build strategy is the identifi-
cation of the boundaries of each of those
blocks. All elements of the entire construc-
tion, outfitting and ship erection sequencing
(the primary elements of a build strategy) are
bui It around the definition of the blocks. For a
ship design to be a producible design, the ar-
rangenent of spaces and |ocations of equip-
ment nust take into account the block break
| ocat i ons

This is also the area where individual ship-

yards, with different facilities or different
construction philosophies, my have signifi-

cant differences in approach. The ahbility to
create a generic build strategy that does not
penal i ze specific shipyards is dependent upon
selecting locations for block breaks that are



logical and based upon actual current ship-
building practices and shipyard capabilities.

The PODAC Working Group recognized the
following elements as affecting the deftinition
of block break locations and block sizes:

. To provide the structural stiffness required
for transporting and lifting blocks, it is normal
for one end or side of ablock to be located
close to, but not at the location of a transverse
or longitudinal bulkhead or deck. To facilitate
the welding of this end or side to the adjoining
block during erection, the erection joint islo-
cated roughly 300 mm (6 -12 inches) horn the
bulkhead or deck and the stiffeners are located
on the opposite side of the bulkhead or deck
from the erection joint.

Normally, one end or side of ablock is"hard,"
meaning that the stiffeners are welded to the
plate al the way to the extreme end of the
block while the other end or side is "soft" with
the stiffeners remaining unwelded for the last
half meter (say 18 inches). This allows the
stiffeners of the "soft" end to be aligned to
those of the adjoining block more readily dur-
ing erection. The "hard" side normally is the
side near the bulkhead or deck of course.

. To facilitate as much installation of under-
deck items such as pipe hangers, piping, €lec-
trical wireways, ventilation ducting, etc. as
possible prior to erection, the block breaks are
normally made roughly 200 mm (3 -6 inches)
above a deck. The completed assembly can
then be turned right-side-up and landed in place
on top of another block.

Given the above considerations, in defining
block boundariesit is necessary to consider

. Location of major longitudinal bulkheads
and other major structures.

. Transverse bulkhead spacing.

. Length and width of plates available from
steel manufacturers.
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e Maximum weight and size of outfitted
blocks which can be handled and transported
inayard.

. Amount of pre-outfitting to be accom-
plished in the block before erection.

« An effective method of erecting the blocks.

Block Break Criteria

The following criteria were established by the
PODAC Working Group as standards, to be
atered only when some particular characteristic
of the structure or arrangement could be shown
to override the producibility aspects of the
construction sequence:

. All block breaks would be above the deck
and aft of a transverse bulkhead.

. All stiffeners on transverse bulkheads
would be located on the forward side of the
transverse bulkhead, wherever practicable.

. Blocks would extend from each major
transverse bulkhead to the next.

. Block widths would not exceed 10 meters.

« Block heights would be one deck high, ex-
cept along the sides of the ship and in the bow,
where space arrangements permit multiple
deck high blocks.

Block Break Definition

optimization Of plate width or plate length
was not actively considered in the develop-
ment of the block break plan. Instead, the
Group was confined to finding a logica block
break scheme within the constraints of the de-
sign that had been developed to meet the op-
erationa requirements.



For thisinitial effort the most immediate
concern was the distance between major sub-
division bulkheads. Except for the Main
Machinery Rooms (MMRs) this distance is 15
meters (approximately 49 feet); very near the
maximum plate length traditionally available
from steel manufacture without special
orders. The MMR bulkhead spacing may
require piecing of plate lengths, but this was
accepted for the PD, awaiting further comment

from shipbuilders during their CD participation.

The mgjor subdivision locations were
established prior to and independent of the
block break scheme outlined here, having been
selected during the feasibility design stage.

Throughout PD no significant shell straking
effort was undertaken, with the exception of
locating the crack arrestor plating.

Block Width Bottom Shell and Inner Bot-
tom. In the block break plan, the double bot-
tom of the ship is generally broken trans-
versely just inboard of each wing wall and 1.5
meters outboard of the CVK to accommodate
the standard 3 meter plate width flat keel. At
its widest point the distance between wing
wallsis 19 meters. Therefore, one inner bot-
tom block is approximately 8 metersin width,
while the other is 11 meters. These can be
fabricated from combinations of plates of 2
meter width and 3 meter width.

Block Width: Interior Decks. For the decks
above the inner bottom, each hull block
includes the half width deck inside the wing
walls and the bulkhead(s), stanchions and
associated structure beneath the deck. The
straking scheme and widths selected for plates
are as described above.

Side Block Dimensions. The Well Deck and
Vehicle Stowage Decks extend through two
thirds of the ship length. As described later in
the paper in the section on parallel shaping of
the hull, the shape of the shell for virtually the
entire length of the ship represents parallel
sections of flat plate with identical cross sec-

tion. For much of this length the wing walls
of the well deck and vehicle stowage decks are
straight. Consequently, the block breaks along
this entire length of hull are just inboard of the
wingwall and just aft of the transverse bulk-
heads. Inmost of this length of hull, the
blocks were selected to be two decks high,
partly because tank structure and tank dimens-
ions dictated the selection of block breaksin
the lower portions of the area and partialy
because of the customary construction prac-
ticesin U.S. shipyards.

Block Numbering Scheme

Although a block numbering system is a
relatively trivial concern, in that almost any
consistent numbering system will meet the
needs of the shipyard and certainly has no effect
on the early stage design development the
PODAC Working Group developed a four-digit
numbering scheme for the blocks.

The first digit identifies the zone in which the
block islocated. (i.e. 2xxx for Zone 2000)

The second digit identifies the subzone in
which the block is located. (i.e. 21xx for the
first subzone in Zone 2000)

The third digit identifies the deck level of the
topmost deck in the block. The Inner Bottom
was identified as deck level 1, the 2nd Plat-
form aslevel 2, the 1st Platform aslevel 3,
2nd Deck as level 4, and so on. For blocks
which are more than one deck high, the high-
est deck level was used for numbering the
block.

The fourth digit identifies the transverse loca-
tion of the block with 1 being the inboard
starboard block, 2 being the inboard port
block, 3 being the outboard starboard block
(since there were never more than two blocks
on either side of centerling) and 4 being the
outboard port block.



Block Break Drawing

After identifying the block breaks by marking
up the general arrangement drawings, an iso-
metric drawing was prepared to provide a
visual description of the results of the effort.
The LX product model sub-division model
was used as the basis for devel opment of the
block break plan. Using the criteria described
previously, the LX was divided into 186
blocks; 7 in Zone 1000,33 in Zone 2000,95
in Zone 3000, 38 in Zone 4000 and 13 in Zone
6000.

BLOCK ERECTION PLANNING

Having the blocks defined and numbered, the
next step in the development of a building
strategy is to produce the schedule by which
the blocks will be erected at the building site.
This effort is not critical for the devel opment
of aPD, but was felt to be of use for assessing
where Navy resources might best be expended
in additional design development.

Block Erection Sequence

When developing the block erection schedule,
the PODAC Working Group found it helpful
to develop a notional block erection sequence.
The technique used by the PODAC Working
Group is described below, but is recognized as
only one possible way to achieve the same
objective.

A table, similar to that shown in Table I, was
prepared. Each column represents one sub-
zone of the ship. The subzone numbers were
listed at the top of each column. In each col-
umn, al of the block numbersin that zone

were listed from top to bottom in the order in
which they would be erected.

On a separate sheet, using the same genera
format, the sequence of joining each of the
blocks was laid out. The numbers of the first
blocks to be erected were placed in the top-
most horizontal line, located directly below
the subzone of which the blocks were a part.
The numbers of the next blocks to be erected
were placed in the next horizonta line, di-
rectly below their own subzone numbers. This
process was continued working down the
page in the order in which each set of blocks
would be joined to the blocks in the preceding
horizontal row. Table |1 illustrates the form of
the table that was generated. A spacing of two
lines was placed between sequential blocks in
subzone 3300, from which the erection proc-
ess initiated so that the fore and aft sequenc-
ing of block erection would not be obscured.

Block Erection Schedule

The final step in the process of developing the
block erection schedule is to evaluate the
number of weeks required between each of the
blocks in one horizontal line and the blocks in
the next lower horizontal line, thus converting
the vertical dimension on the page to atime
scale. The scale can be measured in terms of
weeks after erection of the first block or weeks
before erection of the last block or both.

Since the overall time between erection of the
first and last blocks is but one part of the total
detailed design and construction period of a
ship, estimates also must be made of the time
span between Contract Award and the erection
date of the first block and of the span from
erection of the last block to delivery of the
ship. The sum of these three values is the total
ship construction duration that must be al-
lowed for in a prospective ship owner’s



LX SUBZONE NOTIONAL BLOCK ERECTION SEQUENCE CHART
P, |
/6300 5100\
3400 /6303 1 6203 | 6103\
[3593] 3493 | 3393 [ 3193 | 2393 | 2393
/ \

4363 | 4263 | 4163 3573 | 3473 | 3373 | 3273 | 3173 _53-7;3- -52-75 ] _2-171 1261 nso/
/

4343 | 4243 | 4143 | 3553 | 3453 | 3353 | 3253 | 3153 0343 | 2241 | 2141 mmm7

U4421] 4321 | 4221 | 4123 | 3523 | 3433 | 3333 | 3233 | 3133 [53171 | 2221 | o1py | 44 2’—0)

‘|-4300{ 42004 4100| 3500 | 34003300 | 3200 |:3100-] 2300 | 22007/ 2100.]. 1206 1100.

4321 | 4221 | 4123 | 3501 | 3401 | 3301 | 3201 | 3101 | 2301 | 2201 | 2120 | 1251 | 1120

4322 | 4222 | 4124 | 3502 | 3402 | 3302 | 3202 | 3102 | 2302 | 2202 | 2141 | 1252 | 1150

PV L]

1 112N
1] 110V

4343 14243 | 4121 13
4344 14244 1412213

4263 | 4143 | 3521 | 3421 | 3321 | 3221 | 3121 | 2343 | 2241 | 2172

4364 | 4264 | 4144 | 3522 | 3422 | 3322 | 3222 | 3122 | 2344 | 2242

4361 | 4261 | 4163 | 3553 | 3453 | 3353 | 3253 | 3153 | 2321 | 2273

4362 | 4262 | 4164 | 3554 | 3454 | 3354 | 3254 | 3154 | 2322 | 2274

3594 | 3493 | 3393 3193 | 2391 | 6101
3591 | 3494 | 3394 3194 | 2392 | 6102
3592 | 3491 { 3391 3191 | 6203 | 6100
3492 | 3392 3192 | 6204
Table I

7-9




planning. It is then possible to convert the
time scale on the block erection schedule to
weeks before delivery or to weeks after con-
tract award. Both of these sets of values are
useful in acquisition planning.

LONG LEAD EQUIPMENT SCHEDULE
IMPACTS

Procurement of Long Lead Time (LLT) mater-
ia isasgignificant part of the preconstruction
effort in shipbuilding contracts. For the pur-
pose of this study, equipment having manufac-
uring lead times of 12 months or more were
considered LLT items.

The Navy's historical material data base
maintained by NAVSEA Shipbuilding Sup-
port Office (NAVSHIPSO) was used to de-
velop alist of the major equipment on the ship
and, from that, to identify the LLT items. For
planning purposes, worst case lead times
based on historical data from recent amphibi-
ous assault ship construction programs, such
asthe LSD 44, were used.

The first step in developing the LLT schedule
was to identify the block into which each item
will be located. In cases where identical
pieces of equipment are located in several
blocks, each of those blocks must be included
in order to determine which of them reguires
the earliest in-yard receipt. For each LLT
item, an estimate was made of the time dura-
tion before or after block erection that the item
must be ready, based on experience with past
shipbuilding programs.

Estimates for durations of each of the follow-
ing activities in the procurement cycle were
made (further explanation of these activities is
found in Reference 2):

| Preparation of Requests for Quotation (by
the shipyard),

. Preparation of offers (by vendors),

. Evaluation of offers, approval and negotia-
tion (resulting in purchase order issue),

. Manufacturing lead time (including ship-

ping),
| Shipyard receipt inspection

| Preparation for installation.

When the sum of these durations is subtracted
from the block erection date (measured in
months after contract award), a positive resul-
tant means that the procurement process can
begin after contract award. When the answer
IS negative, however, it means that the pro-
curement process for the equipment must be
initiated by the ship owner before the ship-
building contract has been awarded. There are
several options available to a ship owner to
accomplish the procurement of such equip-
ment, but it is important that this information
be known as soon as possible so that the ac-
quisition strategy can reflect this need.

The overall detailed design and construction
schedule selected for the LX by the program
office was such that no LLT material and no
advanced procurement contract was required.

USE OF THE LX GBS

One of the results of the LX PODAC Working
Group effort is an intemal NAV SEA docu-
ment reporting on the results of the study and
describing the methods used in devel oping the
LX Generic Build Strategy. This document,
after being updated during the Contract De-
sign period as aresult of evaluation by the
shipbuilders, will serve as guidance to future
NAVSEA ship design efforts in development
of aGBSfor their programs. However, there
were direct benefits to the LX Design Team as
well.
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‘LXNOTIONAL BLOCK-ERECTION SEQUENCE CHART
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6100\
3400 /6308 ] 6203 | 6103\
[3503] 3493 | 3303 | 3193 | 2393 | 2393
A oL A
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\4443| 4343 | 4243 | 4143 | 3553 | 3458 | 3353 | 3283 | 3158 | 5545 | 2241 | 2141 | “5’/
24421
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3301
3302
3401 3201
3402 3202
3501, 3101
3502 3102
3333 2301
3334 2302
3433 3233° 2201
3434.-- 3234 2202
3523 3133
3524 -3134.
4123° 3321. 2311
4124. 3322, 2312
3421 3221 2221
3422 3222 2222°
3521 3121 2121
3522 3122 2122.
4121 3353 " 1120
4122, 3354
4221 3453 3253
4222. 3454, 3254
4321 3553. 3153.
4322 3554 3154
4421 4143 3331 2343
4423 4144 3332 2344
4243 3431 3231 2321
4244 3432 3232 2322
4343 3531 3131 2221
4344 3532, 3132 2222
4443 3530 3351 2341
4444 o 3352 2342
3473 3273 2241
3474 3274 2242
Table I
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General Arrangements - Severa changes
were made to the General Arrangement of the

LX in response to the location of block breaks.

. Transverse passageways were moved to the
after side of transverse bulkheads, to thus
minmize the number of longitudinal bulk-
heads that would exist in the way of a block
erection joint.

« 1O locks, escape trunks, etc. were relocated

to the forward side of transverse bulkheads, to
remove these complex structures from being
directly in the way of erection breaks. This
aso allows them to be completed during the
block construction period rather than having to
be constructed on board after the block erec-
tion, thereby saving both time and labor-hours
in addition to improving quality.

Structures - Numerous recommendations
were made to the structural design as a result
of considering the location of block breaks
and erection joints.

« Stiffener Location - Stiffeners on transverse
bulkheads were placed on the forward side of
the bulkheads to achieve compatibility with
anticipated block breaks aft of the bulkheads.
Later, as the Preliminary Design structural
details became available, the block break at
Frame 32.5 was shifted to a location forward
of the frame. This was necessary in order to
alow the stiffeners to be located on the after
side of the bulkhead in line with the stiffeners
in the superstructure, the forward bulkhead of
which is located at Frame 32.5, as can be seen
in Figure 1. Thisled to a decision to locate
the erection joint at Frame 17.5 to the forward
side of the bulkhead, aso, in order to have that
bulkhead part of each block in Subzone 1200.

. Bilge Radius Joint- In the original mid-
ship section drawing, the longitudina butt
weld for the crack arrestor strake at the bilge
radius joint was located outboard of the longi-
tudinal bulkhead that is in line with the wing-
wall throughout the length of the ship. Since

the erection joint for all of the blocks along
the wingwall will be inboard of the longitudi-
nal bulkhead the weld location was changed
to align with the block break, thus eliminating
an extraweld aong virtually the entire length
of the ship on both sides of the ship.

DESIGN FOR PRODUCIBILITY

Even before the PODAC Working Group was
created, the LX Design Team had established
Producibility as a major design goal and, as
stated earlier, had assigned a Producibility
Task Manager. His responsibility included
review of all elements of the design, to iden-
tify areas where design changes could reduce
cost without changing the functionality of the
design - functionality being understood to in-
clude maintainability and reliability as well as
operationa functionality. Some of the design
changes that were made while not apart of the
GBS effort per se, were done keeping the ship
construction process in mind.

Hull Form Simplification Efforts

The hull form used at the beginning of PD was
a conventiona hull that had been developed
based upon the LSD 41 class and on hull form
energy efficiency work done during the AE-36
preliminary design. The intention was to de-
velop a producible hull form based on this
design. The hull form design team with input
from the PODAC Working Group and from
past hull form producibility efforts, proceeded
to eliminate or ssimplify the curvatures in the
hull. The areas of the shell above the water-
line received the primary attention, but some
changes were made to the underwater struc-
ture as well. The following changes were in
troduced:
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Straight Frames. Curvature was eliminated
to the maximum extent in frames forward of
Frame 95. Only afew sections at the very
forward portion of the bow are curved above
the waterline. Similarly, a significant effort
was made to obtain straight frame sections
forward of Frame 95 in the region above the 9
meter waterline.

Bulbous Bow. The LX hull form features a
bulbous bow which, though optimized hydro-
dynamically, incorporates some characteristics
believed to be beneficial from a producibility
standpoint. A knuckle isformed at the bulb-to-
hull intersection in order to avoid the tight and
complex curvatures associated with afillet.
Furthermore, the bulb contains sections which
are, for the most part constant born Frames O-
5.

Sheer and Camber. The decks have no sheer
aft of Frame 25, where the forward section of
superstructure intersects the 01 Level. For-
ward of Frame 25, the sheer isa straight line
in the profile view. With the sheer providing
ample allowance for water to flow off the
deck, there is no need for camber. Thus there
IS no camber on any of the decks.

Flat of Bottom. The LX hull form incorpo-
rates awell defined flat of bottom region ex-
tending approximately from Frame 10 to
Frame 125. Aft of this, a cylindrical (and
therefore devel opable) "bottom plate” forms
the transition into the flat half-siding.

Parallel Midbody. Parallel midbody has

been provided in the amidships area, between
Frames 95 and 110. Although thisisonly a
single watertight subdivision, the parallel sec-
tion extends beyond each of the two transverse
bulkheads involved to alow for simple con-
struction.

Skeg. The centerline skeg on the LX hull form
consists of single curvature plate. It abuts the
hull, forming a knuckle at the skeg/hull inter-
section.

Parallel Hull Shape. The shape of the LX
hull above the third deck isidentical in cross
section from Frame 95 &ft i.e., for more than
haf the length of the ship. Moreover, that
shape is composed of al fiat plate sections,
with a horizontal knuckle that is located above
the second deck, at the anticipated location of
ablock break. Similarly the shape of the side
shell between the 1st Platform and the Third
Deck consists of flat panels of identical cross
section for about 1/3 of the length of the ship.

Ruled Surfaces. Ruled surfaces were used in
the region aft of Frame 110 below the main
knuckle and above the design waterline.

Deck Edge. In profile, the LX hull form fea-
tures a horizontal deck sheerline from the
transom to Frame 25 at which point thereisa
knuckle in the deck sheerline and then straight
sheer to the stem. In plan, the deck edge is
straight and paralléel to the centerline from
Frame 47.5 to the stem. From Frame 47.5
forward to Frame 25, it is straight, then fairs
into the stem in a convex curve.

Flat Plate. The entire region above the main
knuckle consists of flat plate as does the raked
transom.

Crack Arrestor. Consideration of the loca
tion of the crack arrestor joint raised the ques-
tion of whether crack arrestors are needed on
modem ships given the fact that the composi-
tion of steels used for ship construction has
been changed greatly since the W.W. 11 era.
As aresult of this question, a study has been
initiated to evaluate the requirements for crack
arrestors in modem warships. If the need for
crack arrestors is validated, the study will be-
gin to look for more production friendly ma-
terials that might be used for this function in
the future.

The improvements described above were
made with the expectation that production.
man-hours for hull construction will be sig-
nificantly reduced and that there will be addi-
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ional labor and material savings through the
decreased extent and complexity of jigs and
fixtures required for forming and joining the
hull and superstructure. An estimate of the
anticipated cost savings was made, using the
techniques described in References3and 4. A
reduction of 10-15% of the man-hours used to
construct the shell plating of the hull was pre-
dicted.

System Simplification

One major simplification effort made during
the Preliminary Design stage was to use zonal
distribution systems for the electric power and
lighting systems.

In warships design, electrica equipment is
designated as either vital or non-vital. Vita
equipment must be capable of being powered
from one of two independent sources or
switchboards. Non-vital equipment need only
be powered from one source.

In theinitial phases of PD, there were two
main switchboards, one located in the forward
part of the ship and the other located aft. The
distribution systems for non-vital systems
were run from the equipment to only one of
those main switchboards. Vital system
equipment was connected to both switch-
boards. This approach has been designated a
radia distribution system because all distribu-
tion runs radiate out from the main switch-
boards.

The zona approach uses two main distribution
buses running the entire length of the ship,
both of which are connected directly to the
main switchboards through load centers lo-
cated in the buses. The ship is segregated into
several zones, in each of which there is one
load center in each bus. All equipment lo-
cated in a zone is connected to one (non-vita
systems) or both (vital systems) of the load

centers in the zone. The net result is signifi-
cantly less length of electric cabling, simpler
and shorter wireways, and many fewer pene-
trations of decks and structural members.

The studies have shown that the zona ap-
proach results in a significant material and
consequently, aweight savings. However, the
labor reduction is not proportiona to the
weight reduction since there is no change in
the number of equipment hookups that must
be made. That effort represents a major por-
tion of the total electrical system installation
cost.

Standardization

The LX design accommodates severa stan-
dardization philosophies, including those that
have been developed by the Affordability
Through Commonality (ATC) team at

NAV SEA. These include the following:

. Modular Sanitary Spaces. A separate effort
has been undertaken by the ATC team to de-
velop standardized, pre-outfitted, modular
crew, CPO/NCO or officer sanitary space
which will replace traditional sanitary spaces
at designated locations within the LX.

. Hatches, Scuttles, and Doors. Mgjor open-
ingswill be of standard size and closures of
standardized construction. Location of major
openings also consider facilitation of equip-
ment removal and installation.

. Standardized Space Arrangements. Repli-
cation of space arrangements was pursued
within similar spaces such as the AFFF,
CONFLAG, troop living, crew living, and fan
rooms. Wherever possible, these spaces are
identical in configuration, rather than the more
traditional practice of having spaces on op:
posite sides of the ship be mirror images of

one another. In addition to the reduction in
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design and construction man-hours, this pro-
vides for standard operating procedures for
each such compartment

. Stiffener Standardization. LX structural
engineers made an analysis of the number of
different stiffener sizes that were originally
proposed in the structura drawings. They
then reduced the number of different sizes by
about 1/2, while remaining within the design
constraints. Also, smpler stiffener shapes
were used as aternatives to built-up members.

Machinery Space Arrangements

Throughout the PD phase, the PODAC
Working Group reviewed and provided com-
ments on machinery space arrangements to the
cognizant Task Leader. The comments pri-
marily related to the grouping of system com-
ponents to facilitate a shipyard’sease in as-
sembling machinery package units for instal-
lation as a unit on block or on board. Re-
arrangements were recommended for the pur-
pose of locating equipment close to other re-
lated equipment, thus minimizing piping runs
and conserving space.

CONTRACT DESIGN EFFORTS

Shipbuilder Involvement

During the Contract Design Phase, which be-
gan in FY '94, five shipbuilders were selected
to participate by sending full time representa-
tives to be collocated at the design site with
the Navy Design Team. These representatives
participated in weekly staff meetings of the
design team and the separate weekly meetings
of the Hull, Machinery and System Engineers

with their several Task Leaders. The ship-
yards have been funded to carry out about
twenty different studies during the CD period
to date. They participated in reading sessions
and provided comments on the each draft of
the Ship Specifications.

CONCLUSIONS AND RECOMMENDA-
TIONS

The efforts of the Working Group were very
well accepted by the members of the design
team. The design of the LX at the end of the
Preliminary Design period was a much more
producible ship than it would have been with-
out the establishment of the PODAC Working
Group and the acceptance of their presence
during the design period. All of the Task

L eaders were very responsive to the recom-
mendations of the Group and frequently initi-
ated contact in order to obtain an opinion con-
cerning the relative producibility of design
alternatives that were being considered.

There was sincere interest by the design team
in assuring the affordability of the design and
numerous producibility improvements were
generated by design team members independ-
ently of the Group. Credit for this must be
given to the NAVSEA Ship Design Manage-
ment from the top level to the LX Ship Design
Manager, al of whom gave serious emphasis
to this aspect of the design effort.

It is strongly recommended that a Producibil-
ity Task Manager be assigned in every
NAVSEA design project. However, this as-
signment should not wait until the PD phase.
Onthe LX project, the spacing of the trans-
verse bulkheads was determined during the
Feasibility Design phase and was essentialy a
given at the inception of PD. There had been
no consideration to producibility aspects, such
asthe available steel plate lengths, when es-

7-15



tablishing the bulkhead spacing. This aspect
of the design might have been overridden by
other design requirements, but it would not
have been overlooked if a Producibility Task
Manager had been assigned during the feasi-
bility study.

while the products required of this effort
could have been comfortably accomplished
with the traditional pen and paper approach,
the PODAC Working Group decided to use
the digital data being developed by the indi-
vidual design disciplines to the greatest extent
practicable. This was intended to keep the
products of the Working Group effectively
tied to the evolving ship design and minimize
the data or drawing maintenance requirements
that would have been necessary to keep up
with those changes. It was also felt that this
might allow some additional future capability
to analyze the products. This was only par-
tialy realized. Therefore, it is concluded that
the CAD system that is to be used for the de-
velopment of early stage ship design products
must include provisions for the production
planning functions necessary to develop and
implement a GBS. This will ensure that pro-
duction specific information that is placed in
that database is available to all designers, and
that production constraints may be imposed on
the designers where necessary.

The GBS Study conducted during the LX Pre-
liminary Design only addressed a few aspects
of the Hull, Mechanical and Electrica
(HM&E) systems design and production. In
addition, to be complete, the study should
have included Combat Systems design and
production and total ship integration. There-
fore, it is recommended that the continued
studies of the GBS concept be expanded to
include al HM&E systems as well as combat
systems and the integration of these systems
and equipment.
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>hipyard Pipe Production

Emlyn L. Jones (M), Jesse Engineering Co., U.S.A., and Terry Watne (V), Advanced Control

Technology, U.S.A.

Jesse Engineering Company
of Tacoma, Washington is the
parent company of the Wallace
Coast Machinery Company, which
has designed and built pipe
bending machines for many years.
Working on a pipe bending
machine application led to a
complete pipe production modern-
ization project in Southern
China. Engineers jointly devel-
oped the design specifications
for the machinery and automated
controls.

Piping runs in shipboard
designs are rarely the same.
Each pipe assembly that is pro-
cessed in a shop is different.
The shipyard had developed a
sophisticated computer system
that identified and technically
described every pipe or venti-
lation spool on the ship. The
pipe shop however, was essen-
tially a manual operation.
Pipes were routed manually
through the shop, welding was
done manually, i
bent using

handare
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pipes.
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GENERAL DESCRIPTION SHIPYARD
SYSTEM

The new factory layout uses
three production 1lines. The
small line handles pipes from 15
to 50mm (1/2" to 2%"), the medium
line from 65 to 150mm (2 1/2" to
6"), and the large line from 200
to 500mm (8" to 20"). The small
and medium lines are semi auto-
mated production 1lines with
similar equipment. All pipe
transfer operations on the large
line are manual and the equip-
ment is Dbasically manually
operated.

For ease in presentation
this paper only describes the
medium line. Figure 1 shows the
medium line as installed. Figure
2 shows the equipment layout of
the medium 1line with arrows
showing the production flow.

The medium line is designed
to produce 41,000 cut pipe
spools per year or 17 per hour.
BEach pipe has particular end
treatments, and many have holes
or saddles. Pipe assemblies are
completed in the facility ready

A
for installation aboard ship. 14

cut pipes per hour are sent to

the auntomatic
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station and 6 pipe spools per
hour are bent in the CNC Pipe
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All pipe production activ-
ity is scheduled in the office
using a 486-PC computer. The
cutting and bending schedules
are transferred to the 1line
control computer and the CNC
pipe bender control computer on
the factory floor. Production
status data from these computers
are sent back to the office com-
puter. Figures 3 and 4 are
simplified information flow dia-
grams for the medium line.

Accommodating long produc-
tion runs using pipes of the
same diameter, thickness, and
material was a key design con-
sideration. This provides two
major advantages.

1. Equipment can be designed
with manual setups for
different size pipes. The
time involved making these
equipment changes detracts
little from the overall
production rate if the
changes are made infre-
quently. This also reduces
the automatic mechanisns
required. The machinery is
simpler and ‘less expensive
to manufacture and maintain
than fully automated equip-
ment which can make all
size changes automatically.

2. The greater number of cut
pipe pieces that can be
nested onto the uncut pipe
inventory at one time re-
sults in less pipe waste.

OPERATING FEATURES

Bundles of the same size
pipe are placed on the storage
silo loading table. The pipes
are ordered on the loading rack
by the descrambler mechanism.

They are automatically
transported to the appropriate
storage tray in the silo by the
loading elevator.

Pipes to be processed are

automatically scheduled and
efficiently nested onto the
stored pipe inventory. The

correct size pipes are auto-
matically drawn from inventory.
Each pipe piece is then auto-
matically cleaned (sanded) for
welding as required; marked by
an ink jet printer; saw cut to
the correct length; and conveyed
to one of six stations for fur-
ther processing. Pipes are
automatically marked with unique
pipe numbers assigned by the
shipyard. Each pipe is also
marked with a series of numbers
indicating its work flow
sequence. Flanges are auto-
matically engraved with the
associated pipe numbers at the
flange marking station.

The correct flanges are
aligned and mounted to the cut
pipe pieces in the flange tack
welding machine. They are tack
welded and conveyed to the
flange welding machine.

The pipe is positioned in
the flange welding machine and
four automatic welding guns
simultaneously weld the two
flanges to the pipe.

The CNC Pipe Bender stores
all of the scheduled bends in
its computer memory including
the machine setups. The oper-
ator selects a pipe from the
bender collection table, enters
the pipe number marked on it,
loads the pipe, and the bender
performs the bends.

The work station sequence
numbers show the work sequence
in which a pipe piece must flow
on the factory floor. End
beveling, hole cutting, saddle
cutting, and final assembly are
typical work station areas.
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Wrk station operators are
rovided  conputer printouts
I sting the pipes which have

been scheduled for their work

station and pertinent infor-
mat i on concerning each piece.
The line control conputer
and the CNC pi pe bender control
conput er send pipe status back
to the office conputer. Auto-
matic st at us i nformation
includes: pipe is cut, flange is
mar ked, flanges are tack wel ded,
and pipe Dbent. This status
information is wused by the
office conputer operators to
either reschedul e the pipe or

?pye the pipe data to an archive

ile.

DESI GN FEATURES

conmputer System

The control program uses a
commercial ly avail able database
pro?ranlas the basic scheduling
tool. Data for each cut pipe is
entered at the office PC or
be entered by neans of fl oppy
discs. The discs are devel oped
by the shipyard' s engineering

can

and production departments. The
engi neering departnment provides
the technical data for the pipe
including its nunmber, its bend
definition, and its end treat-
ment s.

. The ﬁroductipn depart nent
provi des the routing sequence
t hrough the shop for each cut
pipe and its required date

Aut omati c dat a | ook-up
tabl es keyed to pipe size, bend
data, and end requirements sim
plify the entry requirements for
each cut pipe. These |ook-up
tabl es provide data required by
the various machines.

The production schedul e and
all necessary data is passed to
the |ine control conputer and
the CNC pi pe bender control com
put er.
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The schedule data is passed
from the control conputers to
Programmabl e Logic Controllers
(PLCS) which control the auto-
mated, sequential functions of
the various machines.

Speci al Prograns

The pi pe bendi ng program
converts the desired bend re-
qui rements into machine instruc-

tions for bends, carri age
tangent noves, and carriage
chuck rotations. The bend in-

structions produce the desired
finished bent pipe. The bend
instruction calculations con-
sider pipe spring back and
provide for over bending to
insure the finished bends are
the desired angles. The tangent
| engt hs between bends are al so
adjusted to insure the final

total spool length is as speci-
fied. Pipe material spring back
val ues are used as the basis for
these calculations. The sprin

back values are determ ned an

entered by the operators. An
I mportant output of this program
Is the cut-length of each pipe.

It is an adjusted length that
I nsures the flange to flange

length of the finished pipe
spool is correct after it 1Is
bent . _

The cutting optimzation

program is an adaptation of a
proprietary program used to
order and cut steel shapes. The
program uses an iteration pro-
cess to fit cut pieces onto the
inventory in a manner that mni-
m zes pipe waste.

A special flange orien-
tation program was devel oped to
cal cul ate: (1) The required
of fset angle between flanges on
a cut pipe such that holes con-
tinue to be aligned after the
pipe is bent; and (2) the ini-
tial pipe rotation required at



in the bender to cause the
fl ange holes at each end of the
pipe to line up correctly aboard
t he shlg. The flange orien-
tation aboard the ship is set by
rul es provided by the shipyard.
The input bend data for each
pi pe spool includes its XY Z
Bro;ectlon I'engths on a ship-
oard coordinate system The
data also indicates flange
orientation of 2 holes up or 1
hole up.  The shipyard already
characterized all of their pipe
bendi ng coordinates in a ship-
boar d coordi nate system
Know ng the shipboard orien-
tation of the bent pipes is a
necessary requirenent for this
type of program
The data base program
presents a suggested |ist of cut
pipes to the office conputer
operator sorted by pipe size and
prioritized by required date.
The operator approves or changes
the |list. The sel ected pipes
are automatically nested and
scheduled for cutt|n?2 The
operators have the ability to

change this schedule at the
office conputer or at the line
conput ers.

Li ne Conputer Conmunications

The line conputer is an indus-
trialized 386 PC and comuni -
cates with the PLC using a Data
H ghway network. This provides
the nmeans for the |ine conputer
to send. and receive data for
processing the pipe. The PLC
can alert the operator through
the line conputer of any equip-
ment failures or error condi-
tions that may occur while the
pi pe is being processed.
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After a pipe is selected
for processing by the operator
the l'ine conputer sends the rack
| ocation to retrieve the pipe,
l ength of the pipe, where each
operation on the pipe is to be
performed (sand, mark, cut), and
the |ocation where the pipe is
to be kicked off the conveyor.
The PLC sends status to the line
conmputer as the PLC retrieves
the pipe fromthe rack |ocation
and processes the pipe. In turn
the line conputer updates the
data in the | ocal database to
reflect the status of the raw

mat eri al inventory and the
current status of the cut pipes.
The line conputer also

provi des communi cations to the
Ink jet marker. When the PLC
has positioned a pipe to be
marked, it sends a signal to the
| ine conputer to initiate the

mar ki ng of the pipe. The |ine
computer sends the required
commands to the ink jet marker
to performthe mark.  \Wen the
mark 1s conpleted, the line
computer signals the PLC to

continue processing. A simlar
systemis used at the Flange
Mar ki ng and Fl ange Tack Wl di ng

machi nes. These machi nes have a
key pad and small display. The.
operator signals the line com

puter when to start a sel ected
process. The |ine conputer then
sends the proper commands to the
PLC .

Storage System

_ The Medium Line storage
silo (See Figure 5) stores nore
t han 600 pi pes. 15 different
si zes between 5M (16ft.) and 8M

(28ft) long are stored in 15
sl oped storage trays. It is a
steel silo approximately 8M
(26ft) high, 9.5M (31ft) wi de
and 6M (201t) deep.
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The pipes are deposited in the
trays by the | oadi ng el evator
and roll to a stop at the other
end. Bundl es of the sanme size

pipe are |oaded on the feed
tabl e. The loading elevator
I ndi vidual |y transports the

Ipes to their designated trays.

he unl oading elevator is sent
to the appropriate slot by the
line control conputer where it
automatically strips a single
pipe fromthe tray and deposits
It in the saw line carriage. The
el evators are simlar in design
and are driven by electric
motors. Various pneumatic arns
on the elevators acconplish the
pi pe transfers. There are no
actuators located on the silo.

Saw System

The saw carriage (See
Figure 6) consists of a series
of grippers, sone configured for
rotation and others for |ongitu-
dinal transporting of the pipe.
The grippers are designed to
sel f-center pi pes o any
diameter.  Three transporting
?rlppers pi ck the sel ected pipe

rom the unl oading el evator and
swing the pipe to the carriage
center line axis. A pneunmatic,
rot at abl e chuck noves forward
and gri ps the pipe. The chuck
positions the pipe for all
operations. A position seeking
AC notor drives the carriage and
pipe to precise linear |ocations
wthin a tolerance of +/- |mm
Each pipe piece is first cleaned
by a 6" belt sander in the areas
to be wel ded, and then marked by
an automatic ink jet marker
before it is cut.

The pipe is cut while it is
rotating using a band saw. This
insures a straight cut and also
elimnates any saw burrs on the
out side of the pipe.

_ The pipe breaks a sensin
light beam as it is nove
forward by the chuck. This
sensor sets all pipe neasure-
ments. The conputer cal cul ates
sequential stops as it noves
forward to be sanded, nmarked, or
cut. The longitudinal or radial
grippers are air operated and
grip or relax depending on the
pi pe notion. The grippers sw ng
conpletely out of the way to
allow the chuck to pass. There
is a radial gripper on the out-
feed side of the saw The saw
out f eed conveyor al so automat -
ically adjusts its height to the
bott om edge of the pipe being
sawed. The conveyor is fitted
Wi th an adjustable fence that
holds the pipe in line as it
rotates under the saw. The saw
line conveyor is a chain
conveyor t hat automatically
transports the cut pipe pieces
to one of five kick-off |oca-
tions. Air operated kick-off
arms automatically sweep the
pi pe to holding tables or other
conveyors. The work flow
sequence nunber assigned to the
piPe_piece determ nes the kick-
off it is sent to.

Tack Weld Statien

Pipes that are to be
flanged are sent to kick-off #1.
They roll down a conputer con-
trolled, pneumatically operated,
cascade conveyor. The conveyor
can store up to 10 cut pipes and
delivers themindividually to
the tack wel d machine. The tack
wel d machi ne has two scrolling
type chucks operated by air
motors (See Figure 7 & 8).
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The chucks are nmounted on air
actuated slides which nove
toward or away fromthe posi-
tioned pipe. There is a fixed
and a novabl e carriage assenbly.
An AC el ectric notor autonat-
ically positions the novable
carriage. The home position of
the novabl e carriage is close to
the fixed carriage. A digital
di spl ay shows the operator the
number of the next pipe as well
as the setup information re-
quired. The operator places a
pi pe spacing ring and an in-
dexing pin on each chuck face.
This setup is the sane for each
size of pipe. The operator
pl aces the flanges in the chucks
with the indexing pins through
one of the flange holes.  The
flanges are held flush against
the chuck by magnets inbedded in
the faces. = The operator uses a
push button to close the chuck
Jjaws. The operator manually sets
the required flange hol e of fset
angle using a digital readout.
The system was designed to set
the flange offset angle with .1
degree. The novabl e ca(rla?e
automatically positions itself
to accept the | pe piece
waiting in the cascade conveyor.
Gippers, simlar to those used
on the saw line carriage, pick
t he pipe fromthe cascade con-
veyor and center it between the
chucks. The chucks are automat -
ically pushed forward by the air
cyllnders positioning the
flanges on the pipe. The oper-
ator manually tack welds the
flanges to the pipe. _ _
Wien the tack welding is
conpl eted the chuck jaws auto-
matically open, the chucks are
retracted, ‘and discharge armns
automatically nove the pipe to

anot her cascade conveyor. The
novabl e carriage positions
itself for loading the next
fl ange.

Fl ange Wel ding Station

The flange wel di ng machi ne
(See Figure 9) uses 4 conmmer-
cially available, automatic
wel di ng machi nes. There is one
fixed and one novable carriage
with two guns nounted on each
carriage. The guns are on air
operated arns which swi ng the
guns into or away fromthe work
area. The guns are manual
adjusted for a particular pipe
fl ange configuration and w |
hol d that adjustment as they are
swung in and out of the work
area. Cuide rollers ride the
wor k pieces and keep the guns in
position while the pipe turns.

The operator aligns the
noyable_carrlaﬂe wth the in-
comng pipe. The pipe automat-
ically rolls onto the carriages
and rests on 4 turning rolls.
The pipe is automatically posi-
tioned and the four weld heads
swi ng down. The operator in-
sures the heads are positioned
correctly then starts the
wel ding process. The pi pe
rotates under the weld heads.
When the weld is conpleted the
operator turns off the weldin
machi nes. The operator nakes al
wel d settings and can manual |y
operate any or all the heads as
required. The roller arnms auto-
matically |ower the wel ded p|ﬁe
to the secondary conveyor at the
conpl etion of welding for trans-
port to one of two Kick-offs.

Fl ange Marki ng Machi ne

Pipe nunbers are perna-
nently engraved on the f!anges
using a commercially avail abl e
autonmati c marking machine (See
Figure 10).
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The machi ne consists of a
conputer control nodule, an
automatic positioning arm an
automatic rotating chuck, and an

air operated pin stylus that
makes a mark in the netal. The
flanges are nounted on the

rotating chuck. The arm aut o-
natically sw ngs over the center
of the flange edge, the stylus
is turned on, and the proper
characters are engraved into the
flange.

The starting position of
the arm and the character size
are preprogrammed into the
machi ne. The |ine conputer
sends the marking machine the
character string to be stanped
and the pattern nane to be used.

A digital display pronpts
the operator wth the next
schedul ed flange nunber, its
speci fication data, and its des-
tination. The operator nounts an
appropriate flange on the chuck
and pushes a button. The flange
Is automatically marked

CNC Bendi ng Machi ne

The nedium |ine uses a 1006
CNC Pi pe Bendi ng Machi ne (See
Figure 11%. The basic machi ne
comes with the ability to | oad-
and store bend requirenments by
nunber for later recall.  The
machi ne has automatic spring
back conpensation and automatic
radi al gromﬁh conpensation as a
standard feature. This appli -
cation required bending pipes
already cut to Ieng{h and
fl anges wel ded on both ends.
The follow ng changes were made
to the standard machine

1. Provided a scrolling hy-
draulic chuck which could
grip flanges as well as
pipes. The chuck has an
i ndexing slot in the face
that accepts an indexing
pin inserted through a
flange hol e.

This provides for manual
i ndexing of the flange.
The flange hole is indexed

within .1 degree.

2. Provided a laser hole
finding device. This device
drops in front of the

flange after the pipe is
| oaded. The pipe is auto-
matically rotated and the
| aser device signals the

bender conputer when it
detects the edges of a
hole. This provides for
automati c indexing of the
fl ange.

3. Provi ded a conputer inter-

face that accepts the pre-
cal cul ated and presched-
ul ed bending information
from the office conputer.

The operator selects a pipe
fromthe collection station and

reads its pipe nunber. The
nunber is |located on the bender
conmputer screen. The ~ screen
automatically  displays the
bender information required for
that pipe. The operator insures

the bender is setup properly and
| oads the pipe. The bender
automatical 'y nakes the proper 3
di mensi onal bends.

ADDI TI ONAL FEATURE

A system has been devel oped
that incorporates an automatic
pi pe measurement device as part
O the storage silo |oading
el evator. The length of each
pipe is measured as It is |oaded
on to the elevator and the val ue
automatically recorded by the
l'ine control conputer. The
cutting program considers the
| ength and |ocation of each plﬁe
in the rack as it calculates the
optinum nesting arrangenent.
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CONCLUSION

~ The equi pment described in
this paper was designed, nmanu-
factured, and delivered to the
shipyard within 9 nonths of the
contract date. Conmbining state
of the art automation with
manual operations produced an
efficient system using sinple
and reliable machines. The pro-
ductivity rate of the working
line is high. Overall shipyard
efficiency 1s increased by auto-
matically |inking the pipe shop
scheduling data, the shipyard
production dat a, and  the
engi neering requirenents data.
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ABSTRACT

Standard outfit package units for reverse
osmosis plants, fire pumps, steering gear, and sanitary
spaces were proposed for the LPD 17 amphibious
transport dock ship design. The ship was in the
preliminary design stage, and it was necessary to
determine how this shift to outfit modularity would
affect the ship procurement program. Because the use
of package units would not have a significant impact
on the overall characteristics and performance of the
ship, the focus of the investigation was on material
ordering and production scheduling. The analysis took
account of zone-area-stage outfitting methods and also
more traditional practices. With either approach, it was
found that the package units did not present any
schedule or procurement problems. This particular
study was focuced on a very specific issue, but the
approach is applicable to a wide range of production
impact assessment problems.

INTRODUCTION

A new series of standard shipbuilding outfit
package units for naval construction is being developed
by the Navy's Affordability Through Commonality
Program (ATC). These package unmits are also
variously known as common modules, standard outfit
modules, or other similar names; the nomenclature
has not yet been standardized. This production impact
study was undertaken in order to help integrate four
types of package units into the design of the LPD 17
class amphibious ship. The four units studied were
ATC's reverse osmosis, sanitary space, fire pump, and
steering gear outfit package unit designs.

The goal of this study was to identify production
process implications of using the four ATC package
units in the LPD 17 design, and in particular to
determine construction schedule impacts. This was
accomplished by integrating the modules into a
notional construction strategy that was under
development for the LPD 17. The general outline of
the analysis was as follows.

a) The LSD 49, whose principal characteristics
are compared to those of the LPD 17 in Table 1, was
identified as the most similar ship which had already
been built. The analysis started with an existing ship
because the notional LPD 17 construction strategy was
not detailed enongh and did not include a compartment

i fyentraf Ui e T R
208 m (684 ft) 1
319m(1058) |
Tm((23 f) |
approx 24,000 lonsl
tons

186;1-;(610 f) ‘
25.6m (34 1)
6.1 m (20 ft)

approx. 17,000 long
tons

Table1 Selected characteristics of LSD 49 and LPD 17.
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closeout schedule or a block erection schedule.

b) The time frame or insertion point for fitting
each ATC module into the LSD 49 baseline schedule
was determined.

¢) The findings were extrapolated to the LPD 17.

d) The material ordering lead times for the
modules were derived.

e} m mat-ﬂ‘al crﬁmnn land hmn was & AMM

against the baseline schedule to ascertain whether or
not a potential conflict existed.

In conducting this study, the LPD 17
construction planning information used (block breaks,
scheduling information, and related information) was
taken from preliminary elements of a notional build
strategy which was under development by the LPD 17

Aacion tanen T‘L‘W 'u\!‘cnn'l Ty u‘ld stratesy a’r was sntandad

to help the ship design team to incorporate
producibility considerations into the design of the ship.

PRODUCTION IMPACT STUDIES: CONCEPTS
AND METHODS

Dunngﬂleplanmngofanewshxpacqmmuon

program, feasibility studies are performed to determine
how various design constraints will affect ship
acquisition. A baseline ship design is developed, a
change is specified, and the design is modified to
accommodate the change. A comparison of the
modified ship design to the baseline reveals the impact
of the change. Ship impacts may be broken down into

mpacls on pnncxpal d1mensmns, wenght, stabxhty,

different design options whose major impacts will be
on production processes rather than the final product.
The value of doing production impact studies at
increasingly earlier stages of design is becoming clear,
and some progress has been made in developing
techniques and criteria for evaluating the construction
cost differentials of ship design options (Wilkins,

Kraine, and Thompson, 1993). This study of the LFD

17 program looked at the impacts of the proposed
design change (incorporation of ATC package units)
on production scheduling and material ordering.
Because the LPD 17 was in the preliminary design
stage, construction planning had not vet been done to a
level of detail which permitted production impacts to
beinvsﬁgated. ’I'heLSD49waschomasthe

hncaline fas s o oY
UAdLILL 101 uuaplu_;mmu was uwmuasnmxar

existing ship; then, the methods and findings were
transferred to the LPD 17.

The basic idea behind this analysis was to find
construction blocks which contained a function that
could be served by an ATC module, replace the
existing equipment with the module, and find the point
in the ship construction schedule where the module

el L. Las_ 3 [ o NP PP 2 o__ b ___ .3 @

VUUIU OC Lucd. 1msuate—wncnmcmomuels
attached to the next higher assembly — is called the
insertion point. Subtracting the module's material
ordering lead time gives the date when the shipyard
must award the purchase order to the manufacturer, or
alternatively, when the yard must begin to build it at its
own facility. The ATC module insertion point and
purchase order award date are studxed m re.fcmnoc to

andsoon Thcrmdtsareusedmevaluaungpmposed
future ship configurations and systems, and, at a higher
level, in developing ship operational requirements and
in planning and prioritizing research and development
projects (Sims, 1993).

Ship impact studies are an essential tool, but for
certain kinds of design decisions they do not reveal all
of the significant consequences. A ship impact study
looks at a ship only as a finished product. However,
some design changes are intended to affect the
acquisition process more than the final ship. In these
cases, an appropriate type of process impact study must
be carried out

Incorporating the four ATC common modules
into the LPD 17 design is expected to have relatively
little final ship impact (Modularity, 1993). Instead,
the modules are intended to benefit the program by
reducing shipbuilding cost and time. In other words,
the completed ship will not change significantly, but
there will be improvements in the way the ship is built.

This production impact study was conducted to study
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mcorporaung the modules will cause any dxsmpnons in
the production process or schedule.
This procedure may be summarized in eight

Stcpas) Identify compartment locations on the 1L.SD 49
where ATC common modules could replace existing
systems.

b Associate each such compartment with a
construction block.

¢) Lay out the construction schedule for each
block containing a module, from start of fabrication to

erection.
ﬂ\ Select the start of on-block outfittine as the

WAWEE AV UL WA WAL W Vl-lu:l“l-l-lb GO Wi
module insertion point.
¢) Identify LPD 17 compartment locations for the
ATC modules, and associate each such compartment
with a construction-block.
f) Estimate construction schedules for the LPD
17 blocks using the LSD 49 schedules, step (c), as a
guide. For each LPD 17 block, identify the start of on-

blnbb cuf‘f‘ff'f}g’ and neca Ok‘e as tha ATC mwu}e

insertion point (similar to LSD 49, step (d) above).



g) Estimate module ordering lead times.

h) Obtain the purchase order award date by
subtracting the estimated material ordering lead time
from the module insertion point.

The delivery date, step (d), is the earliest and
therefore most demanding from the standpoint of
production planning. Actal dates will vary with
differences in facilities, production processes, labor,
order book, and other operational factors. The earliest
delivery is required in cases imvolving large pre-
outfitted blocks built away from the erection site. This
process depends on delivery of modules during the on-
block outfitting stage. Shipyards which do less
extensive block pre-outfitting are able to take delivery
of the modules at a later stage of construction.

ATC STANDARD OUTFIT PACKAGE UNITS

The sanitary space module design is a pre-
outfitted, box-like, non-structural enclosure equipped
with toilets, urinals, sinks, showers, a service sink
enclosed in its own mop and broom locker, peripheral
amenities, compartment lighting and power, heating,
ventilating and air conditioning services, and
associated piping. It may be open at the top, bottom, or
at both (Modularity, 1993). The design of this module
is subject to change in virtually all respects including

geometry and capacity.  However, the material

ordering lead time and insertion point will not change
significantly as these design issues are resolved.

The fire pump module is built around the Navy
standard 3,785 liters/min. (1,000 gal./min.) fire pump,
which is designed to provide pressurized sea water for
fire fighting, sanitary uses, wash down, and primary or
back-up cooling service. The pump-motor assembly is
resiliently mounted to a sub-base. Bolted to this sub-
base is a frame assembly that supports the pump
ancillaries including a motor controller, automatic bus
transfer, gage board and casualty power terminal. The
pump inlet and outlet will be fitted with flexible
connections by the shipbuilder because their length and
arrangement are best left to the detail design of ship's
piping and machinery arrangement. The weight is
approximately 1,700 kg (3,800 Ib.) The sub-base is
approximately 180 mm (7 in.) deep and the scantlings
have been selected to support the equipment weight
using naval surface combatant shock design criteria.
This module is intended for use aboard a combatant
type vessel. For ships where noise and shock criteria
do not apply, the resilient mounting and flexible
connections could be deleted or replaced with solid
mounts and pipe, but otherwise the design and
production process would be identical (AModularity,
1993). Offering an optional mounting would not

introduce enough variety to significantly impair the
commonality of the module. In fact, the provision of
application-specific mounts or foundations can in some
cases advance commonality by allowing standard outfit
package units to be installed in a wider range of
operational environments than they would otherwise be
able to serve. In these cases, effective module designs
must strike a balance. The number and scope of
options must not be so great as to impair commonality,
but on the other hand options that greatly increase the
potential applicability of the module should be
evaluated for possible incorporation.

The reverse osmosis module is a 45,420
liter/day (12,000 gal./day) unit which processes sea
water into fresh water. The ATC module is made up of
a pump sub-module, a reverse osmosis sub-module and
a filter sub-module which are resiliently mounted for
structure borne noise reduction. The module also
incorporates a motor controller and gage panel, which
are hard mounted. The interconnecting piping
incorporates the necessary instrumentation and control
devices and is flexibly connected to the pump and
reverse osmosis sub-modules. The piping is resiliently
supported from the module sub-base. The estimated
wet weight of the module is approximately 6,800 kg
(15,000 Ib.) The sub-base is approximately 23 cm (9
in.) deep and the scantlings are sized to support the
equipment weight using naval surface combatant shock
design criteria. Structure-borne noise control features
are consistent with DDG 51 Class criteria (Modularity,
1993),

The steering gear module is made up of sub-
modules including rudder actuator assemblies,
hydraulic power units, a hydraulic fluid power supply
system, a hydraulic fluid storage system, and an
emergency fil/drain pumping system. Some recent
U.S. Navy ship designs (DD 963, FFG 7, CG 47, and
DDG 51 classes) already show commonality in the
power units, service tank units, storage tank units, and
fill/drain/emergency pumps (hand and motor driven).
The rams and cylinders and type of steering gear are
diverse, being determined by rudder stock position,
tiller flat space and torque requirements at a 30 degree
rudder position. All power units are presently in a
modular form. The omotors, pumps, trick
wheel/differential controllers, filters, valves, and servo
control valves are mounted on a skid (Modularity,
1993).

SHIP CONSTRUCTION PROCESSES AND ATC
PACKAGE UNITS

The overall processes of ship construction are
considered in finding the right schedule point for the
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insertion of the ATC modules. Ship construction work
may be classified in several ways depending on what
aspect of the work is of interest. Under the product
work breakdown structure concept, shipbuilding work
activities are grouped into three primary types: hull
construction, outfitting, and painting Hull
construction and outfitting are further broken down
into fabrication and assembly, which are sequential
stages of production.

The notional construction strategy for the LPD
17 uses the hull block construction method and zone
outfitting. Zones are geographic parts of the ship. The
boundaries are laid out in the construction plan and
cover functional parts of the ship; for example hull,
machinery, and superstructure. For warships, zones
may be added for combat systems (Storch, Hammon,
and Bunch, 1988, p. 62). Within a zone, work is
organized by problem area (production process
attribute) and by production stage, thus giving the
complete zone-area-stage product oriented work
breakdown system.

For outfitting work, the object is to plan the
work to take advantage of the optimal environment for
the particular production process involved. There are
three stages for outfit work: on-umit, on-block, and on-
board. High outfitting productivity is most readily
achieved when the work is performed at the earliest
possible of these three stages (Chirillo, 1983). For this
reason, and because it represents the most difficult
constraint on planning, the earliest feasible stage was
chosen for the insertion of each ATC module into the

ship production schedule.
On-unit Qutfitting

The assembly of components into package units
constitutes on-unit outfitting and this is the earliest
outfitting stage (Storch, Hammon, and Bunch, 1988, p.
81). The best place for this activity is an indoor shop.
Shop work provides a controlled climate with good
lighting, access to tools, and the opportunity to work
down hand. Work may be grouped according to the
type of production machinery and processes required.
The ATC modules are examples of interim products
designed for on-unit assembly. They are expected to be
treated as purchased material, or to be built at a
(preferably indoor) manufacturing facility at the
shipyard. After being assembled on-unit, the ATC
modules may be used as components for the assembly
of larger package units, or they may be designated as
final outfit units and then installed on-block. For this
study, the ATC package units were scheduled to be
assembled on-unit and subsequently installed (inserted)
on-block.

On-block Outfitting

Outfitting on-block is the assembly of outfit
components on a structural subassembly or block, prior
to its erection (Storch, Hammon, and Bunch, 1988, p.
81).

On-board Outfitting

Outfitting on-board includes, and theoretically
would be limited to, the connection of units and/or
outfitted blocks, final painting, and tests and trials. In
practice, however, this stage includes some installation
of outfit components, in a hull at a building position or
outfitting pier, which are not incorporated on-unit or
on-block.

SCHEDULE INSERTION POINTS

There may be several opportunities for inserting
ATC package units into the ship construction schedule.
The designs of the four modules are subject to change,
but they are likely to remain suitable for on-unit
assembly followed by installation (insertion into the
ship construction schedule) during the on-block stage
of construction. For this study they have been
scheduled for insertion into the blocks at the start of
the on-block outfitting stage in the block erection
schedule. Assnming that the ATC modules are final
units and that they are not used as subassemblies for
further on-unit outfitting, this is a conservative
approach because the beginning of on-block outfitting
is the earliest possible point that final package units
might be required in order for other work to proceed.
When the design becomes more firmly fixed, the
degree of precision in planning and scheduling by the
shipyard can increase. At that time, a later insertion
point may be chosen for reasons such as the need for
the block to be in an upright position, a requirement to
lIand large, heavy equipment by overhead crane, late
delivery of material, or a need to install a module after
blasting and painting.

ORDERING LEAD TIMES

Modules and vendor supplied components
should be ordered for just-in-time delivery, with a
prudent amount of positive slack time to allow for
contingencies, especially for items on the critical path.
Unnecessarily early ordering is wasteful because
carrying costs are increased and module or component
purchasing expenses are incurred earlier, and late
delivery is costly because it causes rework in planning
and production. Timely material identification,
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ordering and receipt is therefore a prerequisite for
efficient ship construction.

Order scheduling depends on accurate lead time
estimates, Ordering lead time for modules is the time
between award of the purchase order and the ATC
module insertion point. This study does not include an
analysis of shipyard actions prior to purchase order
award. There are five tvnes of activities to consider,

a) Manufacturer's planning: design, technical
dataapproval,andothcrplanmngﬁmcuons

b) Material lead time from subcontractors:
material and parts procurement, especially for
components on the critical path.

¢) Manufacturing, testing, and preparation for
shipment.

d) Shipping time.
¢) Shipyard  receiving, inspection, and
pmpamtion.

s I _a® £ ar JRPL I Y ~ at
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ATC module ordering lead time. Subtracting this from
the module insertion point gives the date that the
module purchase order should be awarded to the
vendor. This date does not include consideration for

additional lead time that may be needed if the order is

iV Viwwa

largecnoughtocxmdthempacxtyofthe
manufacturer(s). In addition to material ordering lead
time, some additional time before the order point will
be required by the shipyard for acquisition planning
activities. Shipyard actions which take place before the
material order point are not analyzed in this study.

The information used in the module ordering
lead time estimates came from the Navy's annual
survey of the shipbuilding industrial base
(Manufacturing Lead Times, 1993). This study is a
planning guide based on peacetime conditions and does
not include wartime or mobilization considerations.

LSD 49 ANALYSIS

Examining the LSD 49 was the first step in
determining the production impact of the ATC
standard outfit package units.

Locate Compartments Where ATC Modules Could
Replace Existing Systems

Compartment completion schedules and general
arrangement drawings were studied for the functions of
each comparimeni. Ali comparimenis where pianned
ATC modules could fit were tagged for analysis. Asan
example, the LSD 49 general arrangement drawings
show a sanitary space in compartment 02-56-4-L, in
the superstructure. This sanitary space will be traced

thngh ths pﬁ%eﬁ 1mpact nnn‘l-ys}s Prnﬁnce

Associate Compartments With Blocks

Each identified compartment was associated
with a construction block using the LSD 49
compartment completion schedule. The compartment
completion schedule assigns compartment 02-56-4-L to

block 430, Production planners at Avondale

s iatwd & LAV

Industries, Inc. selected block breaks to suit their
construction strategy for the LSD 49. Different block
breaks could be used depending on the availability of
facilities, material, or manning at the time of
construction of a particular hull.

Derive Construction Schedules

The block construction schedule, ship erection
schedule, and other documents were used to derive a
construction schedule for each block containing an
ATC module, from start of fabrication to erection. Not
all schedules were referenced to the same milestonc, SO
all were normalized to start of construction of the ship.
Start of construction is a major milestone, and is
usually defined in naval shipbuilding contracts to occur
when the first structural pieces are cut. The start of
construction was estimated at six months before keel
laying; this was the approximate average of the LSD
49 class ships built by Avondale

The block erection and outfitting schedule
showed the following sequence for block 430,

a) Pre-fabrication begins 5 months after start of
construction.

b) Fabrication begins 6 months after start of
construction.

©) On-block ontfittin
of construction.

d) Final assembly begins 10 months after start of
construction.

¢) Erection begins 15 months afier start of
construction.

This information is plotted in Table II as the
"Duration of block construction” bar for Iitem No. 3.

g begins 8 months after start

vc-—.v.--

Identify Start of On-Block Outfitting as Module
Insertion Point

The first scheduled on-block outfitting point of
each applicable compartment of the LSD 49 was
selected. These module insertion points are shown by
a letter "I" in the block construction bars in Table I,
On-block outfitting of block 430 began eight months
after start of construction, and this point is marked on
Tahle T with an "‘" at Ttam Nn 3

ACUAW A4 VAL G QL bWk SV,

9-5



Baseline Mlsetane => SC*
Months After
Start of Consuction w=> 011213 |4]s5l6l7]1e|olojnf2j13{14|15l16{17]18119]20}21] 22
Block
Numbers
SANITARY SPACE COMMON MODULES
241 (Assumed to be first) i 1
293 (Assumed to be last) ! 1
FIRE PUMP COMMON MODULES
2121, 2122 1
3423,3424 I
3123,3124 : 1
332,334 1
3023, 3024 I
REVERSE OSMOSIS COMMON MODULES
3323 I
3023 ‘ 1
STEERING GEAR COMMON MODULES
4321, 4322 I
Legend:
i # = Duration of block construction from

start of (structural) fabrication until erection. .
'T" = Earliest insertion point of module within this block.
*SC = Start (structural) construction (of ship).

Table I Insertion points for ATC common modules in LPD 17 notional build strategy.
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EXTRAPOLATION TO THE LPD 17

The next phase took the LSD 49 block
construction durations and module insertion points,
and applied them to the LPD 17 plans.

Identify LPD 17 Compartment Locations

LPD 17 compartment locations for the common
modules were identified, and each suich compartment
was associated with a comstruction-block. The
preliminary general arrangement drawings were used.
The locations for fire pump, reverse osmosis and
steering gear common modules were proposed by the
ATC Program (Modularity, 1993). Sanitary space
common module locations were not yet fixed, so the
two potentially applicable compartments that were the
carliest and latest in the notional block erection
schedule were selected for analysis in order to bracket
the problem. These were blocks 2241 and 2293.

Estimate Construction Schedules

Construction schedules for the LPD 17 blocks
were estimated using the LSD 49 block construction
schedules as a guide. For each LPD 17 block, the start
of on-block outfitting was identified, and this was used
as the ATC module insertion point, as was done for the
LSD 49 analysiss The major milestones and
construction schedule of the LPD 17 were taken to be
the same, or slightly longer than, the LSD 49. This is
a conservative estimate. The notional LPD 17 erection
schedule (LPD 17 Hull Erection Study, 1993) showed
the block erection points. The blocks were then
assigned the same, or a slightly longer, construction
schedule as the corresponding block from the LSD 49.
Longer schedules were used when the LPD 17
compartment or block configuration was more
complex. Within these block construction schedules,
the insertion points for the ATC modules were located
at either the same point as for the LSD 49, or at a pro-
rated point if the LPD 17 block construction schedule
was estimated to be longer.

Block 2241 was scheduled to begin fabrication
approximately six months after start of construction,
and erection was estimated at fifieen months after start
of construction. The start of on-block outfitting and
therefore the insertion point of the sanitary module into
this block was then estimated at eleven months after
start of construction. These points are shown in Table
I

Estimate LPD 17 Lead Times

The sanitary space module design was
examined and potential long lead components were
identified. These are non-stock items that have to be
fabricated or manufactured to order, and are listed in
Table IV. For each module, two months was allowed
for manufacturer’s planning, and this is shown as Item
1, Table V. This is probably conservative, because the
ATC modularity is intended to streamline this process.
The longest lead times, five months each for the relief
valve and exhaust fan, determined the duration of Item
2, material lead time from subcontractors, on Table V.
Item 3, manufacture, test, and prepare for shipment
was estimated at four months. Items 4 and 5, shipping
time and shipyard receiving, inspection, and
preparation are variable and one month was allowed
for each. The same process was carried out to
calculate the lead times for the other three ATC
modules,

The total ordering lead time for the module is
not equal to the sum of the individual sub-process lead
times described above because of task overlap. For the
sanitary module, there are three months of overlap so
the module ordering lead time is ten months rather
than thirteen, as shown in Table V.

The purchase order award date was determined
by subtracting the estimated material ordering lead
time from the module insertion point. The order award
date is shown by an "O" in Table VL

The insertion point for an ATC sanitary module
to be placed into block 2241 of the LPD 17 notional
build strategy is eleven months after start of
construction (Tables Il and VI). The sanitary module
purchase order award date is estimated at ten months
prior to that (Table V). The purchase order award date
is then one month afier start of construction. This is
marked on Table VI with an "O". This estimate is
intended to be conservative and if it is, then the actual
purchase order award dates could be later. If, for
example, the modules are purchased from existing
stock, or if they become a commodity item and are
manufactured using efficient series production
processes, the delivery times could be significantly
shorter and the ordering lead times reduced
correspondingly.

CONCLUSIONS AND RECOMMENDATIONS

The results of this study are shown in Table V,
*ATC module ordering lead times®, and Table VI,
"Order points for ATC common modules in LPD 17".
The module ordering lead times chart is useful for
ATC systems engineers. It shows that material lead
time from sub-contractors is the critical item to address
if module lead times are to be reduced. The module
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ATC Sanitary Space Common Module

Component Material Lead
Time

2 weeks
Resiliently mounted water closet 2 weeks
Overhead lighting 4 months

Over mirror lighting 4 months
‘ Door, non-watertight 4 months

Bulkhead penels 3 months

Heater (hot, fresh water) 2 months
Exhaust fan 5 months

Reducing valve (flushing water) 4 months
Relief valve (flushing water) 5 months

Stee] plate for deck 2 months

ATC Fire Pump Common Module

1,000 gpm fitantum (prop) fire |
pump

Motor 150 HP 11 months

Motor controller 440 AC 1 speed 7 months

Automatic Bus Transfer (ABT) 6 months

Gage board 1 month

Casualty power terminal 1 month

ATC Reverse Osmosis Common Module

Reverse osmosis unit

*Includes pump, motor, hydraulic fluid stowage tank,
ram, tiller, and angle indicator.

Table TV Material lead times from sub-
contractors for selected components.
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Activity

Months After Award of Purchase Order
[]

1] 2] 3] 4] 3| 6] 7 9} 10} 11} 12] 13} 14] 15} 16] 17} 18} 19
| ]
Sanitary Space Common Module
111 (CEstaustion & relist vabve have 5 montins MLT )
1 |Manusfacturer's planning -
2 |Material lead time from sub-contractors
S'Mmm-ﬂmht&nﬂ
4 | Shipping time
5 | shipyard seceiving inspection and prepacation 11 ]
‘Total duration 10 months order lead time
N N I O |
Fire Pump Common Module
1 |Manufacturer's planning
2 |Material lead time froen sub-contractors
3 |Mamfactore, test and prepece for shipment
4 |Shipping time
5 | Shipyard receiving inspoction and preparation .
Total duration t———  15monthsorderlead time ——pnl
I 0 R
Reverse Osmosis Common Module
(RmesmosismlthsiSmonﬂasMLT
1 |Manuactarer's planning AT
2 |Mstesial lead time from sub-contractors
Slmnn‘lmhm %
4 | Shipping time |
[ Oy —— - S
Total duration “t——— 17 monthsorderlead ime ————p»
P T TP
Steering Gear Common Module
1 |Menafecsorer's planning
2 |Misterial load time from sub-contractors
3 |Mannfacture, test and prepare for shipment
4 | Shipping time
5 | Shipysrd receiving inspection snd prepenation
‘Total durstion

Table V. ATC common module ordering lead times.
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Baseline Milestone® w>
Moaths Before (<) or After (+)
Start of Construction=> H 18 |7 46 |-S |4 13 12 ] [of1)2]3j4a|sie|l7|s|ofjo|n|12]3f1al1sli6]17
Block
Nombers
SANITARY SPACE COMMON MODULES fei- | 10 months order lcad time | —a|
Zai_| Cwmedwieton, | | [ ] ] ] | of 111 I :
293 (Assomod to be Last) Pl %) i
- Order first sanitary modul?
FIRE PUMP COMMON MODULES
2121, 212 0 1
3423,3424 o 1 '
[ 15 months order lead time i
3123,3124 0| : I
3323,3324 / O I
‘ 302,3024( O:-daﬁrstﬁremmodtﬂe) o] I
REVERSE OSMOSIS COMMON MODULES
L L L] [ e 17 months order lead time —
3323 Order reverse osmosis modul (o) (]
05 o i
STEERING GEAR COMMON MODULES
20 months order Iead time —
4321, 432 o] BEEEE L] |
/
@m Eearmoduls )

Note:  Award of contract to start construction assumed to be approximately 2 years for the lead ship.

333331

Z = duration of block construction from
start of (structural) fabrication until erection.
*O" = Order award point for ATC common modules
'I" = Earliest insertion point of module within this block.
*SC = Start (structural) construction (of ship).

Legend:

Table VI Order points for ATC common modules in LPD 17 notional build strategy.
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With the greatest standard commmercia parts content
the sanitary space module, is the module with the
Shortest lead time.

The order point chart, Table~shows that the
earliest order award point for any of the four ATC
Standard outfit modules occur's nine months before start
of construction. If three months are allowed for the
shipyard’s pm-purchase order activities such as the bid
process collection of vendor furnished information
another actions, then the shipyard must begin the
module procurement Process twelve months before  the

Historicaly, for lead ship of a class similar in
size and complexity to the LPD 17, construction has
started approximately two years after award of the
shipbuilding contract Twelve months prior to star tof
constrution is then equivalent to twelve months after
contract award, and so there is twelve months of slack
time available before any module procurement action
must take place. It is reasonable to conclude, then that
incorporation of the ATC standard outfit unit modules
will have no adverse impact on the construction of the
LPD 17 class lead ship.

This one year buffer is based on historical data
on the time needed to achieve construction start-up.
Maintaining existing schedule norms is not the goal of
the LPD 17 design for production; significant
reductions are sought. The ATC module lead times in
this analysis, however, werealso based on historical
performance and the ATC program through its
streamling of the design,

intends not only to support but also help drive the
reductions in overall ship procurement ti mes.

There should be few problems in the
implementaion of the ATC standard outfit package
unit system All domestic shipyards capable of
building the LPD 17 are familiar with the use of outfit
Package units similar in planning requirements to the
our ATC modules studied so the modules introduce
no unproven production technologies.

The aspects of ship procurement which have a
potential impact on the resuits of this study are the
contacting and construction processes and the
capabilities of the shipbuilding industrial base. If the
lag between award of a shipbuilding contract and the
Start of construction is reduced to less than twelve
months, then it will be necessary to make
corresponding gains in the speed of module
procurement. The capability of the shipbuilding
industrial base becomes factor if all of the module
manufacturers are overloaded by large orders, in which
case the material ordering lead times could be
prolonged. Furthermore, if the construction strategy

planning material
ordering and production tasks for its module system

differs significantly from the baseline LSD 49 process
used here, then the insertion points could be earlier.
Investigations of these issues could be the subject of
follow-up study.
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Robot Technology in the Shipyard Production
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ABSTRACT

This article presents the current status of robot
technology in the shipyard production environment
We focus on a case study in which a computer
integrated and robotized web and component line is
presented. This production line will be folly operationa
mid-1995.

An overview has also been included of the most
relevant technologies with regards to robot production
in the shipbuilding industry, and how these
technologies contributed to the introduction of robots in
shipyards. The need for integrating the robots with the
rest of the shipyards materia flow, computer systems
and organization is first discussed, while a brief survey
of emerging technologies which may be useful for the
shipbuilding community is presented afterwards.

INTRODUCTION

International shipbuilding is in a process of
change. The established order of shipbuilders, with
Japan being the major builder and South Korea being
in second place building predominantly “simple ships’,
is changing. Japan is experiencing cost problems due to
high labor costs and currency depreciation. South
Korea is taking the opportunity to increase capacity and
to improve productivity. At the same time South Korea
is building more complicated ships such as LNG
tankers and container vessels. The combined market
share of Japan and South Koreais, however, likely to
remain a approximately 65%.

The rest of the market is experiencing rivalry from
established Shipyards in Europe and China, with
newcomers from Russia and Ukraine entering the field.
In addition, the US shipyards are making serious
efforts to enter the commercial shipbuilding market to
compensate for the reduction in naval work With
relatively favorable labor costs and a determined effort,
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it is probable that they will experience some degree of
SUCCESS.

To some extent the competition is between low
labor cost countries who are investing in low to
medium level of technology to improve their output and
quality, and the high cost countries who are investing
in high technology. The days of the simple shipyard
consisting of a berth and some cranes is coming to an
end, even in countries with low labor cost. Manhours
per tonnage of steel and the time in dock must
continuously be reduced as has been done in the last
hundred years, see Figure 1.

In this article we will look a some of the "High
Tech" developments now being implemented. The
introduction of robotics in the shipbuilding industry is
now gathering momentum after severa fase starts. It is
being recognised that the robot itself is only one of
many tools required for the introduction of CIM
(Computer Integrated Manufacturing) in the
shipbuilding industry. However for the robot to work
the dimensiona accuracy of the pieces to be welded by
the robot must be exact. The extensive use of robotics
in the steel fabrication requires heavy investments
the material preparation of plates, profiles and
manufacturing of subassemblies. The successful
introduction of robots to the shipbuilding industry has
been made possible due to the technological
developments over the past three decades. The
challenges and obstacles have been many. The main
challenge can be formulated as.

How do we efficiently use robots in small or one part
production seriesin  an environment with alow
degree of dimensioral accuracy of both the raw
materials and the subassemblies?

The dimensiona accuracy of the steel profiles from
the steel mills was, and till is for some yards, a
problem for automatic manufacturing. A human
operator has no problem adapting his welding or
cutting job to inaccuracies in the dimensions of the

n



material. However, thisis a problem for the robots.
There are two ways to compensate for this. First, the
yard can install milling machines which correct the
dimensional deviations so that accurate profiles are
used in the production. Second, we can equip the robots
with sensors so that the robots can adapt their
programs to the actua instead of the planned profile
geometry. The disadvantage with the first approach is
that it is costly, while the second approach may reduce
productivity. The robot can weld plates with distortions
from its designed geometry, but the amount of manual
repair work and adjustment of the robot program may
also reduce productivity. A combination of these two
methods is recommended as a compromise. However,
some yards have a third option. They can buy high
quality profiles with the necessary dimensional
accuracy directly from the steel mill. No or little
milling is necessary and the robot uses very little time
searching. There exist yards which are directly
connected to the steel mills ordering computer, so that
orders can be placed directly. The delivery time is
down to less than three weeks and the dimensional
accuracy is very good.

The yard will achieve high productivity from its
robot production lines if it focuses on dimensionally
accurate production. On the other hand, robots produce
with very accurate dimensions, so that this is a self-
fulfilling situation. A robot-based profile cutting line is
a good starting point for introducing robots at
shipyards since accurate cut profiles are, together with
plates, the starting point for al the subassemblies. It is
important to notice that the key to dimensional
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accuracy, which forms the backbone of the efficient
shipyard, liesin adetailed practical knowledge of the
application of the shipbuilding technology and not in
robotics, CAD or any other more narrow technology.

The other mgjor challenge is how to efficiently
program the robot system. We use the term robot
system and not robot since the whole production line
must be programmed, not just the robot manipulator
itself The material transport, the printing device, the
robot’s external axes, the robot motions and the robot
tool must all be programmed in a coordinated manner.
This programming task must be performed efficiently
since we have small series production, and most robot
programs are used only once or twice. A natura
starting point for the robot program is the geodetical
data which aready reside in the yard's CAD (Computer
Assisted Design) system. The problem is now how to
transfer design data in CAD format to production data
in a robot source code format. This can be achieved in
several ways and is discussed later in this article.
However, this paper focuses the reader’s attention on a
method called macro programming. Macro
programming builds on the fact that most tasks a robot
performs are similar to one another. It can almost be
said that the robot performs mass production on a
smaller scale, a so-called task scale, see Figure 2. This
fact is taken into consideration in macro programming.
The importance of having an efficient off-lime
programming system should be stressed. A skillfull off-
line programmer can produce off-line robot code for a
complete ship asit is being built.



A third issue that is important to consider design
for production. The term design for production
indicates that the production process is taken into
consideration aready at the detailed design phase of
the production process. The detailed design engineer
must know the capabilities and the limitations of the
production equipment in order to be able to optimize
yard productivity. Compromises with respect to
material selection, dimensions and detailed layout may
be necessary in order to achieve higher productivity
and a lower cost for the ship from an overall
perspective. Several yards have successfully
implemented the design for production principle in
their CAD offices, and, as a result, have substantialy
increased the efficiency of their off-line programming
process and robotized production lines.

Figure 2. Example of robot welding macros for
double bottom assemblies.

Contents

Section two introduces the reader to the present
situation regarding robots in the shipyard production
environment. Section three presents the current status
of some key technologies for robot production. Section
four stresses the point that robots should be treated as
integrated parts of a production system and not as stand
aone products. Section five presents an example of a
robotized production line for the manufacturing of web
and components. All the corresponding software and
hardware components are discussed. Section six
presents some work which may result in promising
technologies which the shipyard production
environment may benefit from.

PRESENT STATUS- A CHALLENGE

It is possible to divide the shipyard industry into
three categories the yards which have no experience
whatsoever with robot production systems, the yards
which unsuccesfully employ robots at their yard, and
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the yards which successfully employ robots in their
production.Only the two latter categories will be
discussed in this article.

At shipyards which unsuccessfully employ robots
in a stand alone production cell for welding or cutting
small partsin small to medium sized series, the robot is
usually programmed on-line by the "lead through" or
"tech in" technique-no interface to the CAM
(Computer Aided Manufacturing) system is present or
needed. Material infeed and outfeed is usually manua
or semi-automatic. This category of robot production
units lacks two essential elements to be efficient: first
and foremost, an efficient programming system for the
robot and second, an efficient integration of the robot
with the rest of the yard's materia flow. This category
of robot installations was installed in yards in the
1980's when robot manipulator technology had
matured. However, instal