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Executive Summary

The object of thisvideo isto present a video short course on Basic Ship Production to the skilled
trades in a shipyard. It assumes that a typical viewer has a certain knowledge of the skills needed
to produce a snip, but is not fully conversant on the subject. It is not directed towards planning or
production engineers, or towards management or government administrators. Therefore, some of
the concepts may seem simplified or too quickly explained. However, the goal wasto keep it basic
for the primary intended audience.

Production of the video was funded throu%h the National Shipbuilding Research Program and
the Training and Education Panel, Panel SP-9, of the Society of Naval Architects and Marine
Engineer’s (SNAME) Ship Production Committee. The SP-9 Panel statement of work for the
project requested a video training program directed towards hel ping the typical skilled
tradesman understand the basic philosophical principles of advanced sh|Tp production. _
Previoudy, when craftsmen wanted to develop a better understanding of advanced production
concepts, they were given material prepared for engineers that was too complicated.

A study of how competing foreign shipyards achieve high levels of ﬁrod_uctivi_ty reveals that the
workers have a greater understanding of advanced ship production than is typically found in
the United States. The foreign workers--especialy in Japan and in Germany--have received
training in group technology, in statistical process control (and its relationship to quality and
productivity), and in the importance of process analysis and information feedback. For the
U.S. shipbuilding industry to become truly competitive, the U.S. craftsman must also have an
understanding and appreciation of the advanced production processes.

Thisvideo isintended to give the various trade workers an idea of what modem shipbuilding is
and how their skills are applied in modem shipbuilding. For example, those who have welding or
painting skills and experience, but may not know how it is applied in shipbuilding, would use this
tape for introductory material. It could also serve as areference for outside vendors in applying
their Products in shipbuilding. The Instructor’s Guide is Haresented as areference for a
knowledgeable person presenting the video to a group of trade workers or trainees. Space has
been |eft in the guide for instructors to write in their own notes. Scene numbers from the origina
development of the video were retained in the guide as areference to the original scriptsin case
changes are required in some future development. An outline of the major topics covered is
provided for the “students’ as a reference and an outline for note taking. The video is divided into
three roughly equal length programs. The full text of the programs provided in this guide, as
well as notes and additional explanatory information for instructors.
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BASIC SHIP PRODUCTION FOR THE SKILLED TRADES
INSTRUCTOR’S GUIDE

The object of this video is to present a video short course on basic ship production to the shipyard
skilled trades. As such, it assumes a certain knowledge of the skills needed to produce a ship, but
it isnot directed towards planning and production engineers or management.

Production of the video was funded through the National Shipbuilding Research Program and
the Training and Education Panel, Panel SP-9, of the Society of Naval Architects and Marine
Engineer’s (SNAME) Ship Production Committee. The SP-9 Panel statement of work for the
project requested a video training program directed to helping the typical skilled tradesman
understand the philosophical principles of advanced eoFrOdUCtl on. Previously, when craftsmen
wanted to devel e%'o a better understanding of advanced production concepts, they had to use
materia prepared for engineers.

A study of how competing foreign shipyards achieve high levels of Erod_uctivi_ty reveals that the
workers have a greater understanding of advanced ship production than is typically found in
the United States. The foreign workers--especially in Japan and in Germany-have received
training in group technology, in statistical process control (and its relationship to quality and
roductivity), and in the importance of process analysis and information feedback. For the
.S. shipbuilding industry to become truly competitive, the U.S. craftsman must also have an
understanding and appreciation of the advanced production processes.

This video isintended to give the various trade workers an idea of what modem shipbuilding is
and how their skills are applied in modem shipbuilding. For example, those who have welding or
painting skills and experience, but may not know how it is applied in shipbuilding, would use this
tape for introductory material. It could also serve as a reference for outside vendors in applying
their products in shipbuilding.

This Instructor’s Guide is presented as a reference for a knowledgeable person presenting the
video to a group of trade workers or trainees. Space has been |&ft in the guide for instructors to
write in their own notes. Scene numbers from the original development of the video were retained
in the guide as areference to the original scriptsin case changes are required in some future
development. An outline of the major topics covered is provided for the “students’ as a reference
and an outline for note taking. The video is divided into three roughlgl equal length programs. The
full text of the programsis provided in this guide, as well as notes and additional explanatory
information for instructors.
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Tifle and Opening

I\'_:':t

Introduction

ShipbulTding has changed dramaticaly over the past
century. These changes have been fueled by
advances in technology, government policies, and
economic factors. However, the single largest
motivation for change has been competition.

- (NE Key Nere IS impremented - we
know of these technologiesin the
U.S., we are just behind in
implementation

Japanese, Korean, and European shipbufders have
implemented technol ogies and manufacturing methods
which have made them world leaders.

Thekeysto their [eadership Tie In their use of new
technologies, their advanced production techniques,
quality products, and their commitment to training.

For the U.S. 10 rgoin this international commercial
ship market, we need to look carefully at these new
techniques and apply them where they will help usthe
most. The purpose of this video series is to introduce
you to these advanced techniques of ship design and
production. We will be doing this in three parts

ba

-there are 3 programs DUt they are
al on onetape for easier
distribution - you will see the
break at the end of each

[n thisTirst tape we will begin with aTook at the
shipbuildi ngi]methods of the past and how they
contrast with more modern techniques. The second
segment will look at the whole shipbuilding process
and some advanced techniques, the third studies some
Specialized Techniques and programs

ob

HiStory of Shipbuitaing

We have a proud history of shipbuifding herein the
United States and change has always been a part of
that tradition.

until the late 1800s, wood was the primary material
used for the construction of seagoing vessels.
Craftsmen would bend and cut frames to form the
ship’s skeleton. Planks were then fitted around this
framework to form the hull. Chisdals, saws, and
planes, as well as experience, were the main tools
needed. Sails provided the power and the ship
systems were simple.

Then the indusirral revorution rntroduced the World to
Steel and steam, and wood ships slowly disappeared.
The year 1910 saw production of the last commercial
wooden ship. At first, steel construction was slow.
Steel was cut with hand-held torches and formed into
curved plates by hand-operated chainfallsand
wedges. The ship’s plates Wereeéj oined together with
rivets. In order to rivet two steel plates, holes were
drilled or punched through both. A red hot rivet was
inserted through the hole and pounded to form a head.
Eventually, riveting gave way to welding, which was
a better joining method.

Welding dramatically 1ncreased productivity and cut
costs at the same time. Shipyards were now able to

build larger ships, a alower cost.
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10

Larger snips and snorter fabrication times required
better planning. Instead of planning construction “on
the fly,” shipbuilders had to develop production
drawings ahead of time.

11

These drawings were transterred into full scale plans
used to make wooden templates or “molds,” usually
in the loft of the design office. This technique became
known as lofting - in the mold loft. The wooden
templates were then used in the shop to mark and cut
steel, and to shape frames.

12

13

14

15

16

17

By 1960, numerical control for cutting steel was also
available, but due to the relatively high expense of this
technol ;)((}?jy, it was not widely used until the later in
the decade.

Traditional Shipbuilding Method

these are the characteristics which
need to be changed FROM

The result of these years of effort and improvement

resulted in a construction method still used by some

Kards today. This “Traditional Shipbuilding Method”
as 5 distinct characteristics.

On-Site Planni gg

Trade Organized Production
System Oriented Work Orders
Limited Access To Work Sites
Simple Accuracy Requirements

On-gite planning, trade organized production, system
oriented work orders, limited access to work sites,
and relatively simple accuracy requirements.

On-Site Planning

With On-Site Planning,
done on an “as needed”
shipyard managers.

planning and scheduling are
basis by the foremen and

Trade Organized Production

Trade Organized Production means that trades work
independently of each other in trade specific shops or
in trade groups on board the ship.

System Oriented Work Orders

The Ship Work Breakdown Structure categorizes all
the work to be done according to the various systems
on a ship. All of the materials and information
needked to complete the work are then supplied to the
workers.

18

19

20

System Oriented Work Ordersinclude materials,
instructions, working drawings, and other items
needed for the completion of a certain type of work
related to a particular system. These are divided
according to a Ship Work Breakdown Structure, such
as deck structure, steam piping, ventilation, etc.

Limited Accessto Work Sites

The fourth characteristic is Limited Access to Work
Sites. Since much of the work must be performed
within the ship, cor gestion is a main concern. Trades
must compete for access to small areas, leading toidle
time, interference, and increased amounts of rework.

Simple Accuracy Requirements

The last characteristic of the traditional method 1S
relatively Simple Accuracy Reguirements. Accuracy
requirements are only considered in relation to
Separate systems. In most cases, accuracy problems
are corrected using a cut-to-fit approach, resulting in
low efficiency.
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Thetraditiona shipbulTding method may have been
adequate before, particularly in a domestic market
where naval and government customers were
plentiful, but in the competitive global market of
today, ships must be built in lesstime and at a lower
cost. Moreover, dynamically changing economic and
socia conditions require that vessels equipped with
advanced technology be prepared for national
defense. The timely construction of these vessels is
necessary to maintain this country’s economic and
military superiority.

Basic Changes Needed:
Adopt New Technologies
New Production Techniques
Produce Quality Products
Continuous Improvement
Train

To boost productivity and obtain these results in
shipbuilding, a number of basic changes need to be
made. We need to: Adopt New Technologies, Adopt
New Production Techniques with Supporting
Technologies, Produce Quality Products, work on
Continuous Improvement, and Train at al levels.

Many of these practices have been perfected by
successful shipbuilders. These techniques have been
used to reach new levels of accuracy, production
efficiency, minimization of rework and overall cost
reduction.

New Technologies

FirstTet’sTook at new technologres that have a
potential to boost productivity. -

CADICAM

The increased use of Computer Aided Design and
Computer Aided Manufacturing - CAD/CAM - has
severa benefits. Firgt, it increases the cooperation of
detpartments by providing the same up-to-date
information from shared databases.

Secondly, 1t aTows designers to get a better view of
the finisned product before it is actually committed to
production. This eliminates the need to make scale
models of complex areas such as machinery spaces.
Further, when a design flaw or interference is found,
changes can be made quickly and easily, eliminating
costly rework.

Finally, CADICAM alows a design to be analyzed Tor
ease of construction. Production processes can be
simulated to find the design which is easiest to build.

With an Increased Uuse of CAD/CAM, more
automation may take place. Instead of manually
taking dimensions from a drawing to make a part,
production machines take information directly from
the shared database.

CNC Machines

Many shipyards have automaiion In the form of
Computer Numercially Controlled plate cutters and
welders, but automation can also be extended to time
consuming tasks such as pipe work.

A semiautomaied pipe shop can Store, refrieve, Toad,
cut, bend, and flange pipe. Skilled workers oversee
the machines and preform tasks too difficult for the

m
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Aavanced Welding Methods

Aavanced welding methods, such as this submerged
arc beam welder, have developed hand in hand with
shipbuilding techniques and give high quality at high
deposition rates.

Adopt New Production
Techniques

The second tactor in improving productivity Is the
adoption and perfection of new production techniques
in the workplace.

Some examples of these Include Integrated Product
and Process Development, Hull Block Construction,
and a Commitment to Quality.

The key concept is Teamwork!
al the way from initial concept to
handing over the keys.

Integrated Product and Process Development means
that development of the product - design of aship in
our case - is done hand in hand with the development
of the shipbuilding process. It used to be that a ship
was designed THEN passed to the planning
department to figure out how it would be built, THEN
it was built. This was especially true for designs
developed by outside designers, then the low bidding
shipyard had to figure out how to build it. Now
design and planning must work together as ateam to
produce a design that can be efficiently built in that
shipyard.

34a

BUILD

Integrated Product and Process Development includes
functional system design as well as the detailed design
of the ship, all performed with ship production in
mind. As the design gets more detailed, the
production plan takes-shape.

(S%)
()

Build Strategy

ToIntegrate all the stages effectively, the Build
Strategy approach was developed. A Build Strategy
IS a_coordinated design, engineering, material
management, production, and _testlrcljg Elan, prepared
for each ship type for each shipyard. Recently the:
U.S. Navy has introduced the concept of a “Generic
Build Strategy,” for building a single ship typein a
number of different yards.

Input of line production workers during the design
stage results in significant savingsin time and cost.
They are the group likely to be most familiar with
process capabilities, limitations, and ease of
construction principles.

37

Thisinteraction 1s aided with a Computer [ntegrated
Manufacturing, or CIM, system. Thisis linked to the
CAD/CAM system so that changes are updated
continuously. Each department Is provided with the
most current design, production, scheduling, and
material_information available.
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30

JIT includes deliveries from shop
to shop within the yard.
However, JT from outside
suppliers would eliminate much
of the storage shown here

Integraied process development a'so involves the use
of Just-in-Time manufacturing. Scheduling provides
for lead times so that deliveries are made just in time
for use in the production schedule. This reduces the
warehouse, tracking and handling requirements, and
reduces the amount of capital the yard hastied up in
earlier atlhan necessary purchase of equipment and
material.

Y

Hull Blink Construction

FOr the bulld Sirategy, a snip 1S divided to broad

geographic zones with similar construction features,
or commercial shipsthisis usually the

machinery zone,

the cargo area,

the deckhouse, and

the bow section. More complicated vessels, such as

combatants, are more finely divided. _

The ship is then broken down into discrete pieces or

blocks that can be assembled into the whole ship, thus

the term “Hull Block Construction Method” of

shipbuilding.

4U

HuIT Block Consiruction also icludes Zone-Outfitiing
and Zone Painting.

4la

The HulT Block Construction Method Invorves
building ever larger parts of structural frame work and
plating In an enclosed production line typefacility.

41b

Different terms 101 these assembly
stages may be used in your yard -
this may be a good place to stop
and discuss the terms used

locally.

[T Starts with part Tabrication, moves through part
assembly, to subassembly, to assembly, to block
assembly - each of these stages of construction
produce interim products.

4lC

Shipyards WITh Targe transport and [ITting capacity
may Join blocksinto a“grand block” size of structure.

41d

FamiTies of SmiTar bIOCKS are bullt In a process Iane,
which resembles an assembly line. After the
structural completion of ablock, it ismoved to
another areafor outfitting or painting.

a

Zone Outritting

Zone Ouifitting 1s an efficient technique Tor outfitting
aship by geographic zones at the earliest possible
stage of construction. It utilizes Advanced Ouitfitting,
which is performed on-unit, on-block or on-board.
Small amounts of outfitting are usually built into the
on-block outfitting. However, if a mgority of the
zone is composed of outfitting, it is constructed as a
free standing unit - fabricated in the shop and built
into ablock before erection or into the ship during
erection.

73

Zone Fanting

Zone Paniing encompasses the applicaiion of
primers, undercoats and finish coats of paint to
outfitted blocks. The only painting remaining after
erection is touchup for the block joints.
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New Supporting Technologies

‘These techniques have proven their ability to Increase
productivity, but in order to take full advantage of
these productivity improvements, a number of New
Supporting Technologies must be perfected.

45

Accuracy Control to avoid

Rework

Non Vaue Added Work

For example, better accuracy control IS required.
Ships fabricated from blocks must have the blocks fit
together during erection. Rework is very costly and
time consuming at this stage, so proper accuracy must
be an integral part of the whole process from the

begi lEming. Rework is aso caled “Non Vaue Added”
Work.

46

Vaue Added Work

A snipyard adds value to raw materialswhenit
performs work on the material to make it into a ship -
such as taking steel plate and cutting and bending it
into the right size and shape.

47a

value added work must be performed, usual Il))/I ina

When these activitres are not properTy done, or not
done with the most efficient method, additional non

less efficient way, to make the part or assem

y ready
for the next process.

470

Each ship requires a certain amount of material and

value added work to complete, but the shipyard that

reduces the non-value added work will be the most
successful.

48

Accurac?; Control should actually
start in the design office, where
critical measurement locations are
defined and shown on the
drawings

[T acertain part of the production process IS working
as it should, the dimensions will be within tolerarance.
In order to apply accuracy control, statistical records
of dimensions are kept to alert workers to a process
which is out of control. To be effective, accuracy
control needs to be performed at al levelsof
fabrication, including panel lines, subassemblies, and
full sized blocks.

10

Work Packages

also called kits and pallets - are
terms used in many places,
students should be made aware of
terms used locally.

Work packages must be clearTy defined, Maternals,
drawings, instructions and manpower are divided into
pallets, or discrete units of work. These pallets
contain all of the information and resources necessary
to finish a portion of work within a specific zone.
Workers are only given the material and information
needed to complete the task. This eliminates the need
to search for parts and to look at drawings with too
much information.

50a

Material Classification and
Control

Material classification and control methods must be
improved. Automated storage and retrieval stock
yards, automated and semiautomated movement of
steel plate and structural members, and well defined
pallets decrease material tracking requirements.

50b

Thisincreases the percentage of effort and valuable
human labor time spent on production. In other
words, workers spend less time searching for parts
and moving material, and more time putting it all
together with value added work.
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Increased use of standard parts cuts Costs In a number
of Wags. Standard parts not only decrease acquisition
time, but decrease required storage space and design
times. Standard Parts are often Purchased from
certain suppliers - for several reasons.

51b

First, designers always know the specifications of the
parts, which speeds up design.

51c

Secondlé/, eaggood relationsnip between a supplier and
shipyard leads to parts which better meet the
shipyard’' s needs:

51d

Just in Time

Further, when the supplier and the snipyard have an
arrangement for purchasing and delivery based on the
shipbuilding schedule, parts can be shipped only
when required, or Just in Time. -

52

Proper Tacility layout ads new construction
techniques. World class facilities have expanded off
the waterfront and have begun to resemble ‘ship
factories' rather than traditional shipyards where most
of the construction has moved toward an assembly
line approach to construction. This encourages
orderly and efficient flow of material and interim
products, such as assemblies and blocks.

93

Produce Quality Products

The whole snipyard needs to be involved In

producing quality products. Traditionaly, quality
meant meeting secifications,

and was Insured by rejecting defective partsby a
separate “Quality Control” organization. But quality
is more than areduction in faulty parts.

25

Customer Satistaction

[t involves the customer’ s total satisfaction with every
aspect of the ship Erocurement process and the
finished product. But quality and customer
satisfaction is not just limited to satisfying the final
customer - the ship owner.

o0

uality also involvesthelinternal customersof the

ipyard. As production moves through each stage in
the process, each unit is responsible for providing the
next group down the line with a quality product. For
example the blast and prime people are responsible for
supplying the panel line welders with plates properly
coated with weld-through primer so that the
aué%mated welding machines can produce quality
welds.

of

Or In another Instance, desi 3r_1 engineersneed to
supply quality drawings and instructions to the pipe
fitters so that piping bent in the pipe shop fits properly
into the outfit units.

58

Continuous Tmprovement

Continuous Improvement IS a philosophy of aways
looking for better, more efficient ways to do value
added work, or to eliminate non-value added work.
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continuous improvement will be the most

Many of the methods and technologies previoudy
described are the result of continuous improvement
evolution, but evolution can be a Sow process. Most
%/ards have incentive programs to reward suggestions
or improvements. Shipyards that actively practice

ficient.

Traning
- thisvideo isa part of the overall

training

management to the laborers.

TheTinal change Tor U.S. Sipyards (o make 1s the
continuous Training of al personnel, from senior

MOST SUCCESSTUT Toreign yards Invest In training et
higher rates than U.S. yards do. Even in other U.S.
companies, those that have an aggressive training
program show better results, and advance in the
marketplace faster than their competitors.

62

Versaile Work Force

described.

Traning beyond the DasiCS Tor a particular trade
makes for amore versatile work force that can adapt
to changing priorities. Cross-trained workers are
more efficient members of building teams that work
together to build and outfit blocks. Training such as
this video give all parts of the work force an idea of
how the shipbuilding process functions because the
whole work force needs to be involved in the changes

63

of the required changes.

he U.S. shipbullding mMausiry has proven to be quite
dynamic in the quest to improve operations; however,
significant improvements must still occur to match
foreign standards. We have already discussed some

64

The Tolfowing two programs wiTT Turther explore
group technology and modular construction, accuracy
control, and advanced process methods. Please rejoin
us for amore detailed look at these topics.
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ThiS1SThe Second 1N a Seres of three programs on
new techniquesin the American shipbuildin

industry. In the first program we discu

traditional shipbuilding and introduced some of the
more modem approaches to ship construction. In this
program we will take amore detailed |ook at several
of the techniques which shipbuilders around the
world today are using to decrease the cost and
increase the efficiency of ship production. Let’'s
review some characteristics of the traditional
shipbuilding method and compare it to what we have
described as the advanced - but now considered “ State
of the Art,” - methods.

Review Of Tradifiond
Shipbuilding Method

Thetradifronal shipbulfding method had the Tealures
of on-site planning, trade organized production,
system oriented work orders, limited access to work
sites, and relatively simple accuracy requirements.

SIATE-OF-THE-ART
PRODUCTION TECHNIQUES
Advanced Planning
Organized Production Systems,
Process Oriented Work Orders,
Open Accessto Work,
Tighter Accuracy Requirements.

TN contrast, State-of-the-art production techniques are
characterized by: Advanced Planning, Organized
Production Systems, Process Oriented Work Orders,
Open Access to Work, and Tighter Accuracy
Requirements.

4a

Why Is the change to the new production techniques
S0 important?

40

SImply because they enable the adoption of hull block
construction, the most efficient method of large
shipbuilding in the world today, and a virtual _
necessity for any shipyard which seeks to competein
the global marketplace.

4c

Newer Techniques Support Hull
Block Construction Methods

Next well ook at how newer techniques support and
relate to the hull block construction methods.

Ship Factory

First, the ship Tactory, or production Tine type
processes used in hull block construction drive
planners to more advanced planning, so possible
problems are detected and corrected early in vessel
design. The latest computer design applications
support this more complex and demanding approach
to the production cycle. Planning for a ship divided
into manageabl e pieces is more accurate. Material
needed to produce those pieces can be made available
just in time for production.

oa

Production Organized By Process

Production IS organized Dy Process, Not by trade.
Workers are arranged in production teams to work on
anumber of jobs, such as welding, fitting, and
electrical, at one time. Services of the size and type
needed for that stage of work are provided to the
workers at their team’ s work station.
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Group Technology Introduced

All parts of the snip requiring Smilar construction
processes are grouped together. For instance, curved
and complicated shapes are on a curved block process
lane. This enables tradesmen to become more familiar
with a certain type of work and eliminates or reduces
changes in construction techniques.

A's much as possible, the work 1S performed 1n shops
rather than on the ship, reducing the non-value added
time of moving workers, material and tools from
shops to the ship. The chart shows the relative cost of
doing work on-unit, such as an outfit unit, on
block, and on board the ship.

Process Oriented Work Orders

Process oriented work orders are given on a job bas's
instead of a system oriented basis. Discrete amounts
of work can be clearly defined and performed with
better accountability. Planners can base the _
production time and cost for the whole ship on adding
up all the discrete work package times.

9a

Open Access to Work

Another Tealure of State-of-the-art production
techniques is Open Access to Work, provided by the
open nature of assemblies and blocks.

9P

Blocks are planned to be open on &t Teast one side so
that access for outfitting and painting is generous, as

10

opposed to the cramped, enclosed spaces on the snip.

ITa

Tighter Accuracy Requirements

Thetinal Teature of state-or-the-art production
techniques that we will look at here are Tighter
Accuracy Requirements.

1D

‘The necessity of having each subassembly, assembly,
and block fit together well requires tighter accuracy
requirements and accurate measurement of
dimensions at each stage of assembly.

12

The combined applicaiions of these techniques and
their suﬁjportlng technologies alow quick and efficient
shipbuilding. Many of these technologies are
currently being perfected by American shipyards.

15

LooK al the-
Whole Shipbuilding Process

In the next part or the program Iets ook at the snip-
building process as a whole to discover how these
new techniques enable usto build shipsin a more ef-
ficient manner. Once we understand that we can move
on to study some of the processes in more detail.

15

‘The snippuilding process starts with the basic
materials of plate and shapes. Here the materials are
inalogical arrana?ement_ for quick retrieval by
dedicated, specially designed cranes.

16

Plate Blast and Prime

Plates are sent through a blast and primer paint area so
that thg?/ are clean and ready for cutting and welding.
The weldable primer protects the metal from getting
rusty through the other processes and is easier to

mark for placement of stiffeners. It is also formulated
o that it does not interfere with the welding and
cutting process.
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1

Paint fiTm thickness 1s frequently checked o ensure
that the processis “in control.”

18

Meefing these tolerance Timits s important so that the
plates have adegiate coverage and that excess primer
Is not applied. Excess coverage would not only waste
primer and interfere with welding, it would also likely
require the thickly painted plate to be sent back
through for another run at blast and paint.

19

Interim Storage - automatic
transfer system

Primed plaies are moved to an interrm siorage areaby
éafr]lc automatic transfer system that is quick and
icient.

20

Plate Cutting

The next stage of manufacture 1S cutting the plaie info
assembly parts or making sure rectangular plates are
true to shape and have proper bevels cut for one sided
welding.

21

Accuracy Control

Accuracy control a this stage s critical to proper Tit-
up and welding at the beginning of the panel line.

22

Simiar processes are used to develop pallets of
accurately cut and shaped stiffeners that are packaged
injob quantity orders and delivered to the panel line
just in time for attachment to the “ plate blankets.”

235

Fanel Line

The panel Tine s the beginning of the ship Tactory.
Sincea Ia_\ra?e part of all ships, even more of
commercia ships, are made of flat plate sections; such
as bottom, deck, and bulkhead panels, it is crucial that
the panel line be as well organized as possible.

L

oY=

Advanced Welding Techniques

Advanced welding techniques alfow one Sided
welding of various thickness plates as long as the
edges are true and properly beveled. The plate
thickness and heat input of welding are known to
provide a certain amount of shrinkage, so designers
can plan theinitial plate widths so that the finished
plate blanket is the proper dimension.

o)

o0

A ship designed with production in mind will be able
to take advantage of this production technique. The
detailed design, which breaks the structure into hull
blocks, will be done for the size and weight capacity
of the panel line.

0

Sutrener Marking

TheTinished plaie blanket 1S marked Tor the Stiffeners
with highly accurate steel tapes prepared specifically
for this purpose.

Frame posifioning

A specid station in the panel line Is dedicaied t0
positioning and holding the framing in place. This
eliminates the need for excessive tacking to hold the
framesin place for welding.

26

Two-Sided Beam Welder

The automated, high efficiency, two-sided beam
welder quickly attaches the stiffener to the plate. The
weld penetration is not affected by the properly
applied weld through primer.

29

Starting from two places at one time reduces distor-
tion and increases the efficiency of the operation.
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30

A"Small amount of manual Welaing IS required to
wrap welds where stiffeners pass over holes pre-cut
for later inserts.

3l

TheDbase of the welded Trames are primed {0 eliminaie
corrosion and reduce the amount of future blasting
and painting required.

32

‘The stutrened plate blanket IS moved 10 the next Stage
of assembly.

33

SimiTar operaiions are performed In a Separate process
lane for curved sections.

e

Subassemblies to blocks

Other names for the various
stages of construction as: 1) Part
Fabrication, 2) Part Assembly, 3)
Sub-Block Assembly, 4) Block
Assembly, Grand - Bloc
Assembly and 5) Erection.

Subassemblies are aftached T0 other subassemblies o
form blocks. At this stage of assembly, accuracy, or
the lack of it, in previous cutting, fitting, and
welding, becomes apparent. The delivery of quality
products from the previous stages to the downstream
customers makes for an efficient shipbuilding
Process.

Pre-Outfitting

As much outfiting as possible is done inside the
“factory” to movethistask as earI%/ aspossiblein the
production process. Prepared outfit units and large
pieces of outfitting are installed here.

36

Thelater this outfitting Is performed the more costly It
becomes.. What takes 1 manhour to outfit “on unit”
takes roughly 5 manhours on-block and 10 manhours
on board the ship.

37

Aavanced planning and engineering have determined
where lifting eyes are needed to handle the block
when it is moved. It aso helps to turn the block so
that work can be done downhand as much as
possible.

38

Block Storage Buiter

Mostly completed blocks are moved to a storage
buffer and (preferably minor) completion area by
multiwheeled transporters.

39

Even though services, such as compressed ar, oxy-
gen, acetylene and power for welding, are provided,

70

the access for workers and materials 1S not as
convenient asit isinside, and weather can become a
factor in productivity-

41

that 1s why the advanced planning and team design
efforts of a build strategy, that move the work
upstream and inside. are so important.

42

Blast and Paint Facility

Completed blocks with most of the heavy outfiiting
installed are given afinal detail blasting and paint job

43

Inside atemperature and humidity controlled facility.
The only structural part painting required after thisis
at the erection butts and seams.

Again, Services such as these dedicaled transter carts
are provided to speed the units on their way.
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Erection of the blocks Isthe final step i bullding a
ship’s primary hull structure. Accurate fit upis
ensured by continuous practice of accuracy control,
basic to the whole construction process from the
beginning.

46

Accurate fIT up 1ISanecessity 1T these Seams and butts
areto fit proEerIy and alow the use of advanced
welding methods such as electroslag or electrogas to
weld the whole butt in one pass. The only painting
left to do is on the seams and butts of the erection
joints.

47

Now thal we have gone through the main part of the
shipbuilding ﬂrocess, the Stsjﬁporti ng technologies and
methods that help us build ships more efficiently can
be studied in more detail, and in relation to the whole
Process.

78

We have seen many of the operaiions around a
shipyard, now let’s see how-yard layout affects
efficiency.

49

Facility Layout

Faciity Tayout aids new construction by arrangi n?
materia and work flow like afactory production line.
Shops in old shipyards evolved from supporting
construction at the waterfront, so the shops were all
located close to the waterfront. In the more modern
shipyard the layout permits an assembly line approach
to construction. This encourages orderly and efficient
flow of material and interim products, such as stegl
assemblies, outfit units, and blocks from the remote
shops to the waterfront. Y ou can see how materia
and interim products flow toward the building berth.

50

Many of the production processes are grouped
together, such as pipe outfit unit production and
similar shaped stee! fabrication. Thisis an outgrowth
of aformalized production technique called Group
Technology.

51

Group Technology

Group Technology was originaly created as a Sysiem
to group parts requiring similar production processes.
Eventually Group Technology expanded to include
the ar_ran(%ement of manufacturing machinery,
alowing for alogical flow of materials.

22

Here we see a poor arrangement of machinery. Parts
follow no logical path during their progression
through the snops. The result is excessive material
handling and wasted time when parts are transported
longer distances. Take-down and setup times are also
increased.

23

[T thissame area s rearranged using the 1deas of
Group Technology, we see that material follows an
organized path through production. There is less
materia handling and less time between machines.
The result isasignificant cost savings and increased
productivity.
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54 We can al'so see thal work processes can be Smulaied

with a computer program, not only to apply group
technology techniques, but to refine the process to get
. the best work flow.
55 HulT BTock Construction, aso referred to as " Modular_|
_Construction,” is enhanced through the application of
Group Technology. The principles of Group
Technology are used to produce the interim products
of hull blocks through process lanes with similar
work type and content. These modules are grouped
b¥] the production processes needed for construction.
H IS process can also be simulated to get the best
OW.
56 For example, lal blocks for a ship’s bottom, Side, or
deck sections, do not require special support during
construction. So it is more efficient to build all flat
. blocks together in a dedicated process lane.
57 Curved biocks, on the other hand, require the use of
pin jigs or other specia support to conform to their
shape and hold the part to that shape during
fabrication. Fitting of internal structural members and
outﬂttmg areincreasingly difficult with more shape in
the block, so there is more work content in curved
blocks than in similar sized flat blocks.
For this reason they are grouped together and
fabricated in a separate process lane.
Zone Technology The concept or perrorming work by zones has been
mentioned a number of times. Let's study that ideaa
bit further.
Here we see an ITTusiraiion of the Concept of azone -
versus - a system breakdown of work. “At each
stage, geographic zones are designated that include
several functional systems, such as the fire main, fuel
oil piping, and ballast systems. The result is that each
zone of outfitting may require the use of severa
different trades for its completion, rather than one
trade assigned to each functional system.
30a Howisa" zone™ different from a block?’ A block 1S
a structural piece of a ship. We have been looking at
_ blocks in various stages throughout this series.
50b A"zone1s ageographic designation thal may extend
across two blocks, such asalarge outfit unit in an
engine room.
51 There may be two zones on one block, such asthe
under side of the deck being one zone and the upper
side another.
2 | Zone Outfiting Zone Outtiting may be performed on-unit or on-
block. Pumping systems, machinery, and related
catwalks, aswell as other larger outtitting items are
fabricated into these units. The units are later placed
in the ship or into a hull block.

Ull

Y
o)
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63 When outfitiing 1S performed on-block, OutfItiing
components, rather than completed units, are incor-
porated into the hull block asit is being built. Pipe fit-
ters, electricians, and other tradesmen work within the

. same block to complete portions of alarger system.

64 | Zone Panting Zone Panting IS planned sSimilarly to zone outritting.

As each block entersinto the Block painting facility,
most of the block is blasted - but only where
necessary due to the already applied primers.

The next stage is painting, including the application of
primers, undercoats, and finish paint.

BUT, different sides of the same plate may be
designated different zones - such as when the
underside of adeck isatank that gets a tank coatin
and the uEper sideisavehicle deck that gets a totally
different kind of coating.

Design stages

These shipbuifding methods must be supported by
good design and planning including material and
production planning. There are four design stages
that a ship goes through before it is ready for
production.

DESIGN STAGES:
1. Basic or Contract,
2. Functiond or System,
3. Transitiond,
4. Detail or Work Instruction

'nese stages sometimes have ditterent names but the
basic goals of each are always the same. The first
stage isthe Basic or Contract one, the second is the
Functional or System Deﬂ?n stage. The next isthe
Transitional stage, and the final component isthe
Detail or Work Instruction Design stage. These four
stages are necessary to move from basic conceptsto a
very detailed production plan.

Basic or Contract Design

Basic or Contract Design defermines the basic
specifications for the ship. Dimensions,

performance, and equipment, theflagand
classification society, are set. The design definition is
complete enough to-form the basis for alegal contract.

For Instance, a this Stage, tradeofts can be made
between afine shape for reduced resistance through
the water, or alonger parallel midbody for ease 0
production and increased cargo capacity

Even at this early stage of design, possibly without
even knowing which shipyard will build the vessel, a
designer can start to break the vessel into blocks and
plan for production.

Functional or System Design

Functiona or System Design consists of creafing
details of the vessel’s structure and systems including
plate thickness, stiffener details, piping, and pump
sizes, to name a few. The shape should be detailed at
this stage and coded into a computer database that will
carry through production.
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/70D

Sizes and weights of blocks and outfitiing can be
figured and, if necessary, block divisions can be
adjusted. At this stage major items, such as engines
and specia machinery, can be specified in aMaterial
List by System. Long lead materials should be
ordered. Thisis the beginning of the Integrated
Product and Process Development discussed in the
previous program.

/1

Transitional Design

In the Transitional Design Stage, designers regroup
information organized by systems so as to organize
the same information by blocks and zones. This first
development of block and zone information, based on
a particular shipyard's production processes, is
needed to guide the development of specific work
instructions. A number of yards develop this level of
detail in design before bidding on a building project.

12

Detailed or Work Instruction
Design

Defaled or Work Tnstruction Design finalizes
structural and system details and material
requirements for construction plans after a contract
has been signed. It breaks the work into small
packages so materials can be ordered to arrive when
needed for a projected production schedule.

13

[T also generaies manufacturing and assembly
instructions which give workers very detailed
instructions. At this point detailed material lists are
made for fittings, components and piping. These
work packages are called pallets and specify when,
where, and with what materials work is to be done.

4

Throughout al of these stages, production constrainis
must always be considered. As the build strategy
dﬁz'vgllq ops, care must be taken to insure that pieces of
the ship

[6

go together in alogical manner, Tor example: so that
outfitting units can be installed with adequate access
from above.

1§

Parts of the construction process can be checked
through computer models of a vessel. Difficulties
with construction processes may be found on the
computer during the design and planning phase and
corrected before construction has begun. This cuts
the cost of rework, or non-value added work.

U

Summary Progam 2

We have Tooked ai the whole shipbuilding process
and the desire states that get us to the beginning of
that process. We have also begun to look at the
design, planning and materia purchasing work that
gets us to the point that we cab begin building a ship.
In the next segment, we will ook in more detail at
some of the supporting technologies and there
relationships to each other.
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TRIS TS the third and Tast_ segment of This VIdeo Seres
on modern ship production. In the first part we
looked at old methods of shipbuilding and some of
the newer technol ogies and approaches that brought
us into the modern era of ship production.

Review

TN the Second pro%ram WE compared old methods _
with the new and followed the whole ship production
sequence from plate blasting to block erection. We
also looked at practical procedures and methods that
support the newer production techniques, such as
Group Technology and Integrated Product and
Process Devel opment.

Preview

Materia Control And Movement

InthisTast program, WE'TT begin by Studying Some
material control and movement methods that support
modern ship production.

* Tnterrm products are 1iems

produced within the production

process, such as stiffened plate

gtanels, subassemblies, blocks,
C.

Efficient movement of malerials can play aTlarge role
in material control and overall production efficiency.
All materials, from raw materials - to interim*
products - to purchased items, need to reach the right
place a the right time.

Detalled planning tor production brings together the
materias and instructions for pallets, the basis for
work packages. Some yards refer to these as kits.
Each pallet contains the materias and just the
information for that unit of work, such as work
instructions, schedules, work locations, material lists,
tools, and resources. Each pallet should be delivered
to the proper work site at the proper time.

Material Classticalion System

A materia classiTication system Is developed during
the design to support material control. Classification
of material is broken into Allocated Material,
Allocated Stock, and Stock Material. Some yards use
material control as the basis for progressing work.

Allocaed Material

AlTocated materias are 1tems purchased for a Specific
ship, such as structural material, and outfitting
equipment like main engines and propellers. Long
term planning determines when these items are needed
in the yard

<

for preparaiion and InstaTation, Here the _
manufacturer’ s tech reps are doing engine preparation
before the engine is installed.

10

Allocared Stock

Allocaled Stock 1S Stock materta purchased

ecificaly for a shipbuilding contract and alocated to
that contract, such as specific pipe fittings. The
amount of allocated stock is usually slightly more than
the quantity specified by the design to account for
drop-off and damage.
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11

Stock Material

Standard nuts, bolts, common
pipe fittings and other _
consumables are Stock materials.

Stock materials are common t0 Most vessels and are
|[3|urchas;ed in the most economical quantity.

owever, atradeoff analysis must be made between
the economic order quantity and the cost of _
purchasing material and paying to store and handle it,
not to mention the cost of having ayard’s capital tied
up in extramaterial.

12

Material Tracking
Bar Code Tracking System

Materid tracking as material comes infor acontract 1S
an important item. Even if items are purchased “just
intime” for installation, thereis usually some amount
of time that they are stored prior to use. Large
warehouses can swallow materia if it is not
meticulously tracked. Here we see a large warehouse
with abar code tracking system tied into a central
computer and also color coded to a contract.

13

Pipe Movement - Pipe Shop

Automated control of pipe movement through a prpe
shop isagood example of efficient materia handling,
in addition to the related automated production
features. Here we see steel pipein a stack that drops
the right piece onto a conveyor. The stack inventory is
automatically updated. Next, the pipeislead right into
the dedicated blast and prime machine. The pipe
comes out of paint and goes to a buffer before
processing.

14.

Pipe Cutting and End Prep

Then the cleanly painted pipe goes to a cutting and
end prep Site before it gets a flange welded on by
another dedicated machine.

15

Pipe Bending

Pipe bending, with the use of this computer controlled
machine, allows quick, accurate bending of pipe with
clear, individual pipe piece instructions supplied
diergescetlly from the computer database for the whole

\

16

Thisetficient collection of machines, connected by
conveyers and handling equipment, allows workers to
concentrate on the more difficult construction tasks,
Ii’;\ksle< pipe outfit unit manufacturing, and other difficult
tasks.

17

Thisorganized and somewnhat automated handling
arrangement reduces relatively dangerous manual
handling.

18

Pipe Outfit Units

Production of prpe outfit units1s performed in stations
arranged to group similar work functions together in a
basic application of Group Technology.

19

Standards and Standardization

The use of standards and standardization has abig
influence on shipbuilding in a number of different

ways.
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20

Mil-Specs

Coast Guard Regulations

Classification Society
ABS DNV

M SAE
1 IMO

Theterm " STANDARDS NCIUdES a wide range of
items, such as Military Specifications, Coast Guard
Regulations, Classification Society requirements,
voluntary standards such as ASTM and SAE, and
International Standards such as SO, IMO and IEC.
These standards become requirements for a ship when
an owner specifies where the ship isto be flagged -
such asfor aU.S. Flag ship, on international
voyages, classed with ABS Class. Such a ship will
also have to meet U.S. Coast Guard regulations and
IMO. A U.S. naval combatant is likely to be built to
Military Specifications.

21

Shipyard Standards

Some yards will produce Specific * shipyard
Standards’ that take into account the requirements of
the other standardsin a guidance document that fits
that yard's design and production methods.

22

KnowTedge of which Slandards are being aPpH ed on
the waterfront is important to many parts of ship
production. The Navy is likely to have an inspector
check nearly every aspect of construction for a
combatant. The Coast Guard may check a
commercia ship on aregular but lessintense basis.
On an uninspected vessel, such as a deck barge, the
owner may ;qot check afew, but expect the yard to
deliver a quality product according to the contract.

23

Welding Standards

The application of standards 1S more common than
you might think. Most weldi ng applications are based
on standards that specify the alowable types of
electrodes, the welding current and travel speed.

24

Plates

Steel plate Is designated by ABS or ASTM
specifications for alloy content and the preocess that is
used in manufacture.

20

Shapes

Shapes are made not only according to stee! type but
also to the dimensions of the shapes including details
such as the radius between the legs of angles.

20

Standardized Units

Inaditterent application of standardization 1dess,
standard units are designed to satisfy specifications
but allow production in an assembly line fashion.
Accommodation modules, such as staterooms, can be
built as duplicate modules and installed quickly.

AffordabiTity Througn
Commonality

SimiTar methods are being used by a special NAVSEA
design code to designate standard head modules and
water makers. This program is called “ Affordability
Through Commonality” and is saving the Navy
money by being applied in early design stages.

20

Standardized Parts

Standardized parts decrease acquisition time and cost,
rggw red storage space, and reduce design times by
reducing specidized, custom design of new items.
Manufacture and installation of standard itemsisa
repeated and well rehearsed activity, so production
efficiency isincreased.
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29

Accuracy Control

We'veTooked a accuracy control In various Parts of
other processes, let’'s look closer at this crucial aspect
of shipbuilding that allows us to bring together
assemblies, blocks, outfit units, and purchased parts

into gight fitting final products that are the worlds
largest moving objects.

30

Aaaded Material

Past practice of mana?/ shipyards was to add maierial 10
one end of structura blocks. This alowed for weld
shrinkage and other distortion during production.
This extra material was 'cut-to-fit' as necessary,
usually at erection where the extrawork is more
difficult and riggers and cranes are tied up until the
block isfitted.

31

Eliminate Cutting to Hit

Currently, most world class shipyards have
eliminated the need for cutting to fit at erection, or at
any other stage of the production process. Thisis
accomplished through systematic use of modern
equipment and methods, application of statistical
accuracy control at every stage of production, and

pl gr(]jni ng ahead for distortion and shrinkage during
welding.

mold loft, then manually cut.

3 2 | CAD systems give accuraie In the design stages, use of Computer Alded Design,
dimensions or CAD, systems give accurate dimensions for eac
sub-assembly, assembly and block of structure as a
ship is broken into the interim products of the Hull
Block Construction Method.
3 3 [ OId Methods - hand drawn plans | Old methods of shipbullding used hand drawn plans

that were expanded to full scale templatesin amold
loft, then transferred to parts to be manually cut.
Each of these phases were vulnerable to errors. This
mold loft is only used for making curved templates,
and for making steel tapes to check marking of
stiffeners on plates.

34

CAD dimensionsted directly to
cutting machines

Exact CAD dimensions are fed directly Inio the plaie
cutting machines. The same machines have paint
heads that can just as accurately mark plates and cut
out parts for future attachment of stiffeners or other
parts.

35

Control Dimensions detailed from
computer

A'ssemblies have therr conirol dimensions defailed
from the computer buildup of that stage of
construction so that each assembly can be checked as
an interim product.

36

Advanced Measurement System

Carge asSanbiTes and DIockS eed arm advanced
measurement system to accurately determine the
dimensions, such as this computer controlled
theodolite with alaser range finder. It can pin-point
the position of the plates and stiffeners at the end of a
block and compare them to the dimensions of the ship
it isto be fit into to make sure it will fit beforeit is
lifted into place.
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AT any poInt INthe_construction of_ a bIock, IT apat1s |
found out of tolerance, it can be corrected.
Furthermore, the reason for that inaccuracy can be
determined before other parts are also built out of
tolerance.

38

Curved parts are difticult to bend and must be
checked closely against templates so that they fit to cut
parts or bent frames used as stiffeners. In other
words, every assembly must be checked to insure that
accuracy is maintained.

39

Tnaccuracy and poor tolerances at any point in the
construction process will build throughout
production, resulting in poor fit-up, and added
rework and disruption of the production process.

40 | Accuracy Control

Aftention 10 accuracy Contror IS CUrrently one of the
best techniques available to minimize disruption. The
concept of accuracy control is not new.

Edward Deming

[T was Iintroduced by Eaward Deming In Japan arter
World War Il as a means of improving the state of
Japan’s poor industrial base. Deming’s philosophy
wassimple: in order to improve a process,
measurement and quality control tests must not be
done at the end of production, but must be performed
throughout the production process. Tests performed
at the end of construction revea errors, but do not
provide information asto wherein the processthe
errors are occurring. Tests performed at each stage
show points in the process where the errors occur so
they may be corrected.

Statistical Control Charts

Statistical control charts Tike these are just one of the
methods Deming used to analyze processes. These are
used to determine whether or not it is necessary to
correct the process, and can show trends in a process
that can get it corrected before that process delivers a
bad part.

Ranges are set to denote the allowanle values. These
are the tolerance limits. Measurements of a particular
item are taken and plotted on achart. Any
measurement which falls within thisrangeis allow-
able. Measurements which exceed, or are outside
these limits, signal the need for reevaluation of the
process. In some cases, athird areais added to the
charts which lies between these two areas. Measure-
ments which fall here are accepted, but signal that the
process needs evaluated and corrected.

Quality

Another phiTosophy, somewnhat refaied 0 accuracy
but much broader in scope, is %UALITY. Doing
businessin a Quality way should become an everyday
part of doing business.

Aswe saw Defore, quality 1S no Tonger the act of
checking the ship after it is built. ItisNOT paaeﬂr)g?1
problems downstream for someone else to deal with.
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[t [Strealing everyone downstream as a valued
customer and giving them a quality product, from the
next station on the assembly line to the end customer,
the owner of the ship.

47

SO 9000

TSO has a Sandard Tor quality called 150 9000.
Many shipyards are getting certified to this standard
because customers are demanding it AND because it
forces the yard to conduct business in a methodical
quality format.

48

There will come atime when having an SO 9000
certificate will become anormal part of business -
those that do not have it will be out of business.

29

There are many phrases, management phifosophies,
and terms with "Quality” in them somewhere, such as
- Total Quality Manatr:;ement, Quality Circles, and
Total Quality Control. Quality Function Deployment
seems to have the best all around application.

o0

Quality Function Deployment

QFD, 1n general terms, ISaway 0f getling _
EVERYONE in an organization to work at generating
Quality products. QFD is atype of product planning
and development in which customer needs and wants
are deployed throughout an organization. It isa
philosophy of planning and development that is
driven by ‘the voice of the customer. QFD carries the
concept of a product or service through the final
delivery, thereby insuring that the customer’s
expectations are met.

ol

There are SO many Quality programs, In their various
forms, that it would be confusing to figure them all
out. The important thing to remember is that having a
quality philosophy throughout the shipyard is a
necessary part of achieving success.

YA

Repar And Overnal

SO far, we have only discussed advanced
shipbuilding techniques in relation to new
construction. However, the conce;})]ts apply equally
well to the area: of repair and overhaul of ships.

53

Damaged areas may be removed and treated as
separate geographic zones. Highly accurate
measurement techniques, such as photogrammetry,
can be used to transfer the exact dimensions of the
edgie of the damaged area to a computer so that
replacement structure can be fabricated in much the
same way parts of new vessels are built.

o4

Hull construction, outfitting, and painting are done by
methods similar those discussed before.

95

Zone Planning for Overhaul

Zone planning IS # ust as applicable to overhaul of
vessals, where different areas of the ship are
designated as zones and all repairs and subsequent
painting are does independent of the other zones.
Hull painting is it zone painting designation.
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Advanced Methods

The various techniques and methods we have been
discussing are basically the norm for current modern
ship production. Some yards are perfecting these
methods. Many others are applying more advanced
methods and are involved in advanced research for
even more advanced methods.

S7

Robotic Welders

Robotic welders are being used to perform some of
the remaining manual welding tasks. Robots can be
programmed from the computerized picture of an
assembly and made to do some of the complicated
joining work.

58

Lasers

[asers are aready used Tor alignment and measure-
ment chores. They are aso being used in specialized,
limited applications for steel work. Researchis
ongoing to use lasers for cutting and welding of ship

59

Composite Maeras

szesed in ashiglbuilding environment.

COMpOSIte materials are ganing Wider acceptance 1o
replace wood and steel in some applications.
Fiberglass pipe is being used for a number of
shipboard applications where corrosion of steel pipe
iscostly in the life cycle of aship. The primary
structure and much of the secondary structure of these
new minehunters are all composite, asisthis stealth
technol ggy demonstration vessel built for the Navy.
Pultruded fiberglass structural members are used in
offshore structures and for catwalks.

60

Research 1S ongoing m computer applicalions SO thet
the many different programs used in different parts of
the world can share detailed information.

61

Investment 1n Lapor Force

Regardless of how much development 1S done with
computers and lasers and advanced planning
methods, nothing can replace the investment a
shipyard has in Is labor force.

62

Agoressive Traning Program

We've seen how companies thal have an aggressive
training program show better results, and have better
performance than their competitors.

Traning beyond the basics for aParficular trade
creates awork force that jumps ahead of those on the
traditional learning curve of repetitive task perfor-
mance. Even the most advanced shipbuilding proces-
ses require a highly trained work force to execute.

64

This video series has been designed to Introduce you
to advanced shipbuilding techniques and methods,
and explore its effects and relation to shop floor
production processes.

65

Through the use of various production techniques,
processing machinery and computer aided design and
construction methods; along with awell trained and
motivated work force the U.S. shipbuilding industry
has the ability, not only to expand, but to become a
dominant force in the construction of the world’s
commercia and military ships in the future.




Basic Ship Production For The Skilled Trades Page 1
Student Notes Program 1

Introduction
History Of Shipbuilding In U.S.
Traditional Shipbuilding Method
1. On-Site Planning
2. Trade Organized Production
3. System Oriented Work Orders
4. Limited Access To Work Sites
5. Relatively Simple Accuracy Requirements
Basic Changes Needed
1. Adopt New Technologies
Computer Aided Design And Computer Aided Manufacturing - CAD/CAM
Computer Numerically Controlled (CNC) Machines
Advanced Welding Methods
2. Adopt New Production Techniques/Supportirlg Technologies

Integrated Product And Process Development



Basic Ship Production For The Skilled Trades
Student Notes

Build Strategy
Hull Block Construction
Zone Ouitfitting
Zone Painting

New Supporting Technologies
Accuracy Control
Eliminate Non Vaue Added Work
Work Packages
Material Classification And Control
Standardization

3. Produce Quality Products

Customer Satisfaction - External And Internal

4. Continuous Improvement

5. Training

Versatile Work Force

Program 1

Page 2



Basic Ship Production For The Skilled Trades Page1
Student Notes Program 2

Review Of Traditional Shipbuilding Method
State-Of-The-Art production Techniques
1. Advanced Planning
2. Process Organized Production Systems
3. Process Oriented Work Orders
4. Open Access To Work
5. Tighter Accuracy Requirements.
Newer Techniques Support Hull Block Construction Methods.
Ship Factory
Production Organized By Process
Similar Construction Processes Grouped Together
Process Oriented Work Orders
Open Access To Work
Tighter Accuracy Requirements.
Whole Shipbuilding Process
Plate Blast And Prime

Plate Cutting



Basic Ship Production For The Skilled Trades Page 2
Student Notes Program 2

Accuracy Control
Panel Line - Beginning Of The Ship Factory
Advanced Welding
Sub Assemblies To Blocks
Pre- Ouitfitting
Block Storage Buffer
Blast And Paint Facility
Block Erection
Facility Layout
Group Technology
Zone Technology
Zone Outfitting
Zone Painting
Design Stages
1. Basic Or Contract Design
2. Functional Or System Design
3. Transitional Design

4. Detail Or Work Instruction Design Stage.



Basic Ship Production For The Skilled Trades
Student Notes

Review
Preview
Material Control And Movement
Work Packages - Kits - Pallet
Material Classification System
Allocated Material
Allocated Stock
Stock Materia
Material Tracking
Bar Code Tracking System

Pipe Movement - Pipe Shop

Standards and Standardization

Mil-Specs

Coast Guard Regulations

Program 3

Page 1

Classification Society ABS DNV Voluntary Standards ASTM SAE

International Standards ISO IMO  Shipyard Standards

Standardized Units Standardized Parts



Basic Ship Production For The Skilled Trades Page 2
Student Notes Program 3

Accuracy Control
Added Materid
Old Methods - Hand Drawn Plans, Mold Loft, Then Manually Cut
CAD Dimensions Accurate Dimensions Directly To Cutting Machines
Control Dimensions Detailled From Computer
Advanced Measurement System

Statistical Control Charts - Ranges - Tolerance Limits

Quality
SO 9000 Quality Function Deployment
Repair And Overhaul Zone Planning For Overhaul

Advanced Methods
Robotic Welders Lasers Composite Materials
Investment In Labor Force

Aggressive Training Program



Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu




	Report Cover
	Disclaimer
	Title Page
	Executive Summary
	Acknowledgments
	Basic Ship Production..
	Program 1-Basic Ship....
	Program 2-Basic Ship.....
	Program 3-Basic Ship....
	Program 1 -Student Notes
	Program 2 -Student Notes
	Program 3 - Student Notes
	For Further Information...

