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BACKGROUND _AND | NTRCDUCTI ON

| NTRODUCTI ON

Mar Ad, over the past several years, sponsored a series of stu-
dies on the level of technology in U S. shipyards and on the
ossible transfer of Japanese technology. In-fiscal year 1980,
rAd and Avondal e cooperated on a “Technical Evaluation of
Avondal e’s Production Operations and Organization, the Devel op-
ment of a Long Range Facilities Plan, and the Integration of
Both ," under Contract No. MA-80 DOC-0O1017. The technical eval-
uation of Avondale’s Production Operations and Organization was
perforned by Ishikawajima-Harinm Heavy Industries (IH). In
this stud%,_AMondale concluded that they could significantly
i nprove their productivity by using the IH technol ogy. But,
there are so many areas that could be affected - nanr of which
are outside the shipyard control - that Avondale could not
i npl enent all of the recommended changes at one tine.

In order to improve productivity the most with the least amount
of disruption, Avondale proposed to implement four of the IHI
systems recommended in the Technical Evaluation. They are:

Accuracy Contro

Producti on Pl anning .

Conput er Application

Desi gn Engineering for Zone Qutfitting with Procurenent
Speci fications.

This effort was to be a denonstration intended not only for the
benefit of Avondale, but of all U S. shipyards. Avondal e was
required to work closely with MarAd and the U S. shipbuilding
comunity to insure adequate dissemnation of all information

OBJECTI VES

The objectives were to decrease the tinme between the contract
date and ship delivery and to increase productivity and reduce
cost.

The follow ng specific objectives arose out of the Technol ogy
Eval uati on:

i npl enent the IH system of accuracy control at Avondal e;

i npl enent the IH system of production planning at Avondal e;



i npl enent the IH system of conputer application it Avondal e;

inplenent the I H system of design engineering with procure-
ment specifications at Avondal e.

Each of the four systens were broad and extensive. In order to
i mpl ement the systens, the follow ng action was taken

A) W selected the specific elements within each of the four
systens which realize the nost significant inprovenent in
productivity with the [east amount of disruption during the
I ntegration period.

B) W determned to what extent the selected el ements nust be
tailored for adoption for Avondale and for use as an Aneri -
cani zed version of Japanese technol ogy.

C) W determ ned what elenents of the four systenms are neasur-
able and that a conparison can be made between the method
previously being used and the nmethod finally adopted.

We will tell you the organization adjustment problenms encoun-
tered and how they were overcone.

Presentations will be made as foll ows:

- M. Chuck Starkenburg, Hull Planning and Scheduling, Qutfit-
ting Planning and Scheduling;

- M. Donald Sours, Details of Hull PlIanning
- M. Geer Ginsley, Planning and Scheduling;

- M. Tom Doussan, Design Engineering Interface for Production
Pl anni ng and Schedul i ng Presentati on;

- M. Eugene Blanchard, Mld Loft and Production Engi neering
- M. Frank Logue, Material Control

- M. Walter Weidman, Accuracy Control as Interface of Produc-
tion Planning, and Distortions of Units

- M. Jim Taylor, Accuracy Control in the Shipfitting Depart-
ment .

The subject of this semnar is on the zone construction
aﬁproac. to Production Planning and Scheduling. An agenda of
the semnar is included in the handbook. For future planning
U{ oses, all the semnars we plan to hold are schedul ed as
ol [ ows:



- Production Planning & Scheduling - + May 18-19, 1982
Desi gn Engineering for Qutfitting - July 21-22, 1982
- Conputer Applications - Septenber 8-9, 1982

- Productivity Control Lifting
Accuracy Control & Line Heating - Novenber 3-4, 1982

Each semnar is organized to cover in-depth the primry subject
- exanmple: Production Planning and Scheduling. Additionally,
we W Il present the influence or interface and effects of Pro-
duction Planning and Scheduling to the other departnments or
subj ect areas.

This may not be the best approach; however, we feel it is suit-
able to dermonstrate that inplementing this technol ogy requires

that all departments of a conmpany nust work as a team an

re-align their thinking in order to succeed.
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HULL
PLANNI NG AND SCHEDULI NG

| NTRODUCTI ON__AND BROAD APPROACH

The histor% of Japanese technology_transfer to Anmerican ship-
yards has been adequately covered in nany previous semnar dis-
cussions and, so, will not be discussed further here.

In this session, which is one of four different semnars, we
wi |l be focusing on hull and outfitting production planning and
schedul ing at Avondal e Shipyards, Inc.

Qur subject for the next two days will be a presentation of the
planning and scheduling functions being perforned at Avondal e
as a result of inplenenting and applying those principles

| earned and assimlated fromIH . These nethods were intro-
duced by the National ShlprI|dIn% Research Program of the
Maritime Admnistration through the Shipbuilding Production
Comm ttee of SNAME.

A) GENERAL APPROACH

The general approach taken to absorb the nerits of the tech-
noIo%y transfer fromIH is sinply shown in the illustrated
Graph No. 1 HL.

Over the course of several contracts since 1980, varying
deg{eﬁg of the IH technology have been inplemented and
appl i ed.

Shown in Graph No. 2 HL is the percentage of application
that was given to each contract in the Main Plant.

The bar chart is based on the approxinmte nunmber of people
that were actively engaged in Engineering and Production
given to i Ienent|n? the technology as a percentage of the
total probable work force on the contract at that tinme.

You will notice on the Exxon contract that approximtely 90%
of the probable work force will be actively engaged durin
the construction period and from design to delivery on al
three ships.

The term “work force” includes Engineering.



B) GENERAL HULL PLANNI NG AND SCHEDULI NG

Before the advent of the new shipbuilding technol ogy, hul
pl anni ng and scheduling was very conventional, low profile
and resulted in many |nPronptu pl anni ng and schedul I ng
changes made in the field during the production process.

These changes were necessitated only because the origina
Plan was not in great enough detail, nor was the |ogic of
product work breakdown” used to any great extent.

Under these circunstances, top managenent had to rel t he
schedul i ng and pl anni ng nade gy the work force durin

many “fire drill” situations which arose.

on
é t he

The authority to allow the individual work forces to nake
these changes was, therefore, surrendered by management out
of a necessity to keeP the production of stéel noving,
regardl ess of the inetficiencies along the way.

This surrender was only due to a |ack of any other specific
program avail abl e that could, with precise logic and vision
produce each piece in a predictable and, at the sane tine,
In a reliably scheduled effort. W began our efforts by
anal yzing how nmuch of a percentage, nol'd |oft and cutting,
assenbly and erection, each represented in the total hul
construction.  The results of this breakdown are shown here
in Gaph No. 3 HL.

The next IH study at Avondal e was a conparison of stee
breakdown production, using a base of 7,000 short tons per
mont h whi ch was conparable to one of their shipyards. This
is shown in Gaph No. 4 H..  You will notice that the main
assenbl i es have been divided into several categories and we
wll discuss this is a few m nutes.

The first question to be answered was, "Is there enough
steel production real estate at Avondale in which to build
the various categories and sub categories of nodular struc-
tures, using the IH nethods of product work breakdown?”

A study was made to identify those categories of nmain assem
bly blocks or units used to construct an average product
carrier or container vessel. Thi s categorization is shown
clearly in Gaph No. 5 HL and G aph No. 6 HL.

Pl ease note that the five different categories are al
grouped nore or |ess by problem and by shape.



VW then took the estimted category percentages by weight
per nonth in tons for each category. This was targeted for
a reasonabl e total nnnthlﬁ production at ASI of approxi-
gahfly 8,000 tons. This breakdown is shown in Gaph No.

Next was a determnation of square neters in work area
required to produce the necessary tonnage for each cate-
gory. If we refer back to Graph No.4 HL, this graph shows
the square neter area used in the Kure Shipyard in Japan to
produce the tonnage of each category based on their 7,000
tons each nonth. As you can see, productivity varies with
each category.

Ve then assumed that Anerican production was one half that
bei ng produced at Kure, Japan. Graph No. 8 HL shows that
the existing Avondale work areas or platens have sufficient
sqwﬁge meters available to produce 8,000 tons of steel per
nont h.

On this basis, we felt reasonably secure that whatever tech-
nol ogi cal hull planning and scheduling principles we would
wish to adopt could be done without a great expenditure of
capital funds for real estate.

Qur next step began with the total overall general requir-
enments necessary for a neaningful and realistic approach to
the entire planning and scheduling process. Qoviously, hull
pl anning and scheduling is only one part of many integrated
parts and efforts from beginning to end.

Qur basic approach to hull planning and scheduling begins
before contract by the use of a document called:

"Job Description At Each Stage In New Hull And Qutfitting
Engi neering Procedure At A S I."

Gaph No. 9 HL shows the overall effort in a very sinple
format. You will find this docunent in nore detail printed
In seven separate sections throughout your handout.

Al the items listed to the left of the contract stage are
required to be finally resolved prior to the signing of the
contract .

At contract signing, a neeting is held to insure that al
this information is available for further processing.

A Dbrief walk-through of this portion of the document will
perhaps highlight the necessity for it. Gaph No. 10 HL
Section No. 1, Gaph No. 11 HL Section No. 2, and G aph No.
12 F} %ﬁctlon No. 3 show in nore detail the nmany itens

i nvol ved.



The marketing stage definitions are fairly well detailed and
are really the key pieces of infornation necessary for al
of the subsequent stages.

Contract specifications, along with the ship’s proportions
and |ines of course, are essential.

The general arrangenent of hull and machinery, along with
3u erséructure and quarters arrangenent, should be well
efi ned.

The m dship sections, scantling sections, and prelimnary
shel | expansion definition are also nade avail abl e.

Cargo system diagrams and supporting ancillary diagrans
shoul d al so be known.

Engi ne room and rel ated other piping diagrams are also
farrly well resolved for system sizes, etc.

As you can also see by the list, nunerous cal culations and
ot her technical data should be established at this tine.

The procurenment sepcifications nust be in the stage of reso-

lution by contract date. W had sone problemwith this
early on, particularly with the inert gas system

Qther data is, of course, |isted below and will be covered
later in the semnar:

initial regulatory body review,

- prelimnary unit definition
identification of the construction nethod:;
establish outfitting zones for purchasing;

study and prelimnary assignnent of package units, on
unit and on board.

We refer again now to Gaph No. 9 HL where we find that one
month after contract the second neeting, or “go” neeting, is
held with Engineering, Planning and top managenent to insure
that the preparation stage and finished design drawi ngs are
ready to start the key plan stage. A nore detajled discus-
sion of Engineering’s role in hull and outfit planning and
scheduling will be discussed in the second halt of the sem -
nar tomorrow, under integration of hull and outfit engine-
ering.



Four months follow ng the "go" neeting, a third neeting
identified as the "K' meeting (or key plan stage) is held to
insure that approvals have been obtained fron1regu|ator¥
bodi es and the owner, along with the conpletion of the key
plans in hull, md cargo section, the engine room and super-
structure. A pallet schedule is issued at this time on all
outfitting material for on-unit and on-board work. The pal-
let systemw || be discussed in a |ater session

Four nmonths after the “K’ meeting, hull drawi ngs are issued
to the Mold Loft to start their unit control manuals. A
nmeeting is held at this time, called a “M.” (Mld Loft)
nEet|n?, to insure to top managenent that this schedule is
being fol | owed.

Parts programmng, tenplates, nunerical control tapes, out-
fitting drawings, jig instructions are delivered to Produc-
tion starting three nonths later.

This particular engineering hull and outfit schedule was not
used on the A P.L. Container Ship contract due to the entry
of the technology systemtoo |late after the A P.L. contract
was signed; however, many of the other IH nethods were
incorporated into A P.L. as we will eventually see

Comparing the time used fromcontract to, draw ng rel eases,
and drawng releases to production (nmold loft), and from
this release date to keel laying, then from keel laying to
| aunch, some inprovenents beconme evident. This is Il us-
trated by Gaph No. 13 HL.

The longer period, in the case of the A P.L. contract,
between issue of hull draw ngs and launch resulted from a
design change from steam to di esel propul sion

As of today, the hull drawings for the Exxon contract have
been delivered to Production on schedule, and future perfor-
mance still |ooks good

The eight nonths between draw ng issue (end of nonth number
9% and keel laying (end of nmonth nunber 17) are divided into
the follow ng activities:

- Mold Loft production of the work plan - 3 nonths

- Issue of work orders and assenbly of
mat eri al - 1 nonth

- Fabrication, sub assenbly and assenbly
of units - 4 nont hs
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PROCESSES AND FUNCTI ONS OF HULL PLANNI NG AND SCHEDULI NG

The word “unit” will be used frequently during this presen-
tation. Pl ease note at this point that “unit” corresponds
to the IH term “block.”

To keep productivity high, primary planning and scheduling
shoul d be devel oped beforehand for the follow ng stages:

material procurenent
- fabrication

sub assenbly
- assenbly

erection

The work in these stages should be executed in accordance
wi th planning and scheduling instructions. These instruc-
tions should be sub-divided into each group that has the
sanme nature of work and should be the bible of hull con-

struction. In other words, the plan and the schedul e shoul d
drive the work and not allow the work to drive the plan or

t he schedul e.

The functions of hull construction relate to each other and
flowin a sequence as shown in Gaph No. 14 HL

The basic process for hull planning is:

- how to divide a hull into units to neet the best require-
ments of the erection sequence,;

- how to assenble each unit into something with high pro-
ductivity and quality, wusing a product work breakdown

groupi ng.

The basic planning for unit sequence and unit erection is
made bY Avondal e, using these IH methods and by considering
the follow ng:

- determne the first unit to be put down (as a rule this
is generally selected to be the engine roomunits to
allog conplicated outfitting to conmmence at an early
stage);

capacity of the cranes, both in assenbly and erection;



the area facilities in the assenbly yard, making sure
deformation during assenbly does not occur due to the
Si ze being too |arge;

mai ntaining the accuracy of the unit when turning for
position welding;

- the fitting and welding | engths of each unit which wll
determne their length of stay at each construction stage;

consideration of on-unit outfitting;

the size of the unit which should be determned and
adjusted with the outfitting. schedule so that the nerits
of both hull construction and on-unit outfitting can be
achi eved.

The first hull document made is the “Preliminary Unit Defin-
ition," Gaph No. 15 HL.

A portion of this plan is shown here and a full size com
plete plan is shown in your handout book.

This unit breakdown is made from hull scantling contract
drawings and is developed prior to the “contract” meeting
illustrated in Gaph No. 16 HL Section No. 4.
Between the “contract” neeting and the “go” neeting is a
period of one nonth we call the preparation stage. Mst
| mportant here are the:
- faired lines by frame and station,
- basic unit arrangenent,
- drawi ng issue schedul e,

sea chest design
- prelimnary mlestone schedul e,
- labor and naterial estimte.
Sonme of these itens are extremely essential for further
devel opment breakdown of the final unit arrangement docu-
ments 1n the “key plan stage.”

Bet ween the “go” nEetinﬂ and the “K’ nmeeting, there is a
time frame of four nonths.

This period is called the "key plan stage" and is shown in
Gaph No. 17 HL Section No. 5.



The key-plans devel oped during this stage are basically done
in conjunction with the three main zones of the vessel

- cargo block and fore body - Zone “D’,
engi ne spaces and aft construction - Zone “M
superstructure - Zone “A’.

Pl ease note that they are grouped slightly different in this
illustration due to the sequence of design priorities.

Al'so during this period, 70%to 75%of the required steel is
requisitioned and the number of steel plates that have to be
furnaced are resolved by the Mdld Loft. This 70% to 75% of
initial steel order generally consists of rectangul ar shaped
shel |, bul khead, and deck plating.

The final unit breakdown and arrangenent is conpleted in
this period by the “K' neeting.

Every effort is made at this time to standardi ze as many
units as possible in the area of the flat m dbody.

Al'l master butts in the mdbody are held to approxi mately 8"
forward of the frames wherever feasible ,in order to achieve
the | argest standard m dbody unit length. |n the case of
Exxon Product Carriers, the midbody unit length is 48 feet.
Pl ate edge seans are generally held above and parrellel to
the various decks and flats, where possible, in order to.
prevent crossing the flat or deck. This makes fitting and
wel ding easier to perform

An order of sequence in unit erection is then established,
using the same hull document in Gaph No. 15 HL and entering
the sequence unit nunbers on this docunent. This sequence
I's then charted out on an erection sequence master diagram

Incidentally, please note on Gaph No. 18 HL that the ship
has al so been divided into three (3) mjor zones and
twenty-four (24) sub zones. This, also, is established
prior to the “contract” nmeeting. The details of these zones
and sub zones wi |l be discussed during the portion of the
an1nar that deals with outfitting later in the programthis
aft ernoon.

The erection sequence master diagram shown here in Gaph No.
19 HL illustrates how much advantage or disadvantage we
shal | have in unit erection fromrepetitive performnce.
For exanple, in this graph after initial keel laying of
Units Nos. 1, 2, 3, 4, and 5, there are two nore centerline



i nnerbottom units to be layed two weeks apart, after which
the outboard innerboard units are laid approximtely ever
one week up to week No. 5, then every two weeks to week

9, then skipping two weeks, two nore are laid, followed by

two additional units the next week, skip a week, then one
more, etc.

In Gaph No. 20 HL, we find a nore evenly distributed
grouping of units that fall into a nore regular cadence of
erection. This provides us with a greater advantage to
utilize the sane people and the same equi pnent in predeter-
mned and production line type of erection sequences.

You will note that a simlar cadence occurs with longitudi-
nal bul kheads, transverse bul kheads, deck sections, and side
shells. This, then, would be the ultimte erection sequence
and should be used, if at all possible. This type cadence
also allows a nmaximum efficient movenent of personnel, from
ship-to-ship in mlti-vessel construction, performng the
sane | obs.

Once we have decided on the erection sequence, the schedul e
is made and everything in hull and outfitting is reflected
fromthis hull erection schedule.

PRELI M NARY UNI' T ASSEMBLY PLANNING | S NOW ACCOWPLI SHED BY
UTI LI ZING THE KEY PLANS FROM ENG NEERI NG DESI GN SECTI ON AND
| S PERFORVED BETWEEN THE “K" MEETI NG AND THE “M." MEETI NG
(SEE CGRAPH NO 21 HL SECTION NO_6).

This sub unit breakdown planning is devel oped by the |ead
hul | production planner 1n charge, giving every considera-
tion to the follow ng:

- hull unit categories
- fitting sequence
- fitting jigs (pin & fixed), facilities, etc.

wel di ng processes

sub-assenbly and assenbly areas
The next step taken by the lead hull planner is the division
of the ship’s units into hull shape categories. Gaph
22 HL shows the nature of these categories, the shapes of
the categories and the source from wnich each category
derives I1ts fabricated pieces and sub-assenblies. These

categories becone the keystone for establishing the process
| ane nethod of hull construction.



These six categories are further divided into subassenblies,
partial sub-assenblies, and pieces.

Using this as a basis, the lead hull planner then starts
witing his construction nmethod instructions in great detai
assigning partial sub-assenblies, sub-assenblies, and main
assenblies to the specific manufacturing process |anes as
generally depicted by Gaphs Nos. 23 HL, 24 HL, 25 HL, 26 HL

The above planning produces a docunment called “The Unit
Breakdown Summary Sheet,” Graph No. 27 HL.  Shown in the
graph is a partial wite-up of Unit No. 36 (a deck section)
and the routing and work instructions for processing the
unit fromstart of construction to blast and paint ?a ful
size exanple of this sheet is included in your handout).

This unit breakdown summary sheet will be explained in
g{eater detail later in the sem nar under “Details O Hul
anning.”

This document has considered in its devel opnent the
fol | ow ng:

classification of parts (partial sub-assemblies, sub-
assenbl i es, assenblies, pieces, etc.),

- lines and type of weld connections,
- beveling of welded edges,
extra stock for adjustment,
- provisions for accuracy control
- pre-outfitting and blast and painting.

Rational i zati on and standardization of the work packages in
this manner inproves construction ﬁroduct|V|ty by doi ng
basi cal |y the sane the work, in the sane place, with the
sane people, wusing the sane tools, and encouraging new and
better methods through repetitive operations.

The unit breakdown summary sheets for each unit becone the
work instructions to hull engineers and draftsmen to make
the detailed unit-by-unit yard plans which are sent to the
Mol d Loft with a unit parts Ti1s ¥ aph 27 KHL Section

No. 7 shows the breakdown of the various stages between the
“M.” nmeeting and keel laying. This shows the tine franes
previously nentioned of three (3) nmonths for Mdld Loft issue
of the first UCM book, one (1) nonth for work orders, and
four (4) nonths for fabrication and assenbly.

-10-



Wth the yard plans and unit parts list, the Mld Loft then
creates a work instruction booklet for each unit called a
hgn|58caftrol Manual ," a sanple of Wwhich is shown in Gaph

The unit control manual is so printed by draw ngs and stages
that it can be easily divided and distributed to each wor
group in each of the stages of process lane construction on
a need-to-know basis.

This unit control manual shall be discussed in detail during
the second day portion of our sem nar.

THE UNIT BREAKDOAN SUMMARY SHEETS HAVE NOW CREATED THE
" PRODUCT WORK BREAKDOMN' TO FIT INTO THE STAGES AND
SUB- STAGES OF THE PROCESS LANE TYPE OF CONSTRUCTI ON

For each of these sub-stages, at each |ane and at each
stage, controls are assigned to shop planners. The shop

| anners nust control the daily schedule unit by unit,
ooki ng ahead approxinmately six to eight weeks. This noni-
toring of the short term schedule is based on the long term
schedul e devel oped bY the Production Planning Departnent.
ghese schedules are loaded to the platen forenen on a weekly
asi s.

In the long term schedule there are certain allowances for
certain unpredictable adjustnments. You can identify these
as “work queue” periods and/or storage tine.

Gaph No. 29 HL shows a section of [ong term schedule for
pre-fabrication, sub-assenbly and pre-outfit.

These schedules will be discussed in greater detail later in
this semnar.

Thus, the unit sub-assenbly and assenbly process progresses
on schedule up to and including erection, each stage of
whi ch becones one section of what we call the hull construc-
tion method.

THE ASSEMBLY STAGE IS THE FINAL HULL CONSTRUCTI ON STAGE
BEFORE THE ERECTION OF THE UNIT.

The functions of this sta?e consi st of the assenbly of sub-
units from other process lanes and panel lines into |arger
and conplete hull units.

As previously nentioned, the grouping of these unit assem
blies is by category and is dependent on the follow ng:

-11-



the supporting facilities of the area (flat jigs for flat
units - fixed and pin jigs for curved units);

the staying tine in process (short tine or long tine) of
fitting lengths, welding lengths, pre-outfitting, etc.

The long term schedul e for assenbly, pre-outfit, blast and
paint, storage and erection is shown in Gaph No. 30 HL.

Sub-schedules at this stage are made for each assenbly area
we call process |anes for nain assenbly.

The assenbly step sequences, welding lengths for each step
crane hours, etc. can be graphed and determ ned before
hand. A sanple of this type of data and the tinme franes
used is shown in Gaph No. 31 HL.

This is the basic scheduling network that is typically used
for all parts fromcutting to erection.

This nmechanismw |l also be described later in the sem nar

Up until now, no mention has been nade of the significance
of an itemvery inportant to hull and outfit planning and
scheduling. That 1temis the coatings applied to the vari-
ous parts of the steel fromstart to finish during hul
assenbly construction.

Pl anni ng and scheduling the coating systemis just as much
of the total hull picture as scheduling the hull and out-
fitting stages.

The purpose of planning and scheduling the paint systemis
to acconplish as nuch surface preparation and undercoating
as possible during hull construction and prior to the vessel
being erected.

Zone painting nmethods will vary depending on many factors,
such as:

shipyard space for unit storage,
capacity of cranes,
construction nethods.
A ratio of the work volume before [aunching and after
| aunchi ng depends on whether the units are assenbled on the

ground and finished painted before erection or finish
painted after erection.
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The following Gaph No. 32 HL shows the advantages of
finished painting prior to erection.

Unit construction and unit painting before |aunch:
before launch : 70%to 80%
after launch : 20%to 3070

Panel construction and panel painting before |aunch:
before launch : 45%to 50%
after launch : 50%to 55%

These percentage achievements seem to make for suitable and

appropriate conditions for safe work and high productivity
once the vessel has been |aunched.

When coatings are less than these percentages, productivity
onboard should be expected to be lower and quality not to
the optimm

The expense of equi pment on-board al so increases, due to
nmore blowers, scaffolds, etc. Paint coatings are very
greatly intermngled with the hull construction picture. It
I's only briefly nmentioned here to highlight its inportance
in hull and outfit planning and scheduling. There'is now a

separate program being prepared by SPC Panel 023-1 on this
subj ect

THE ERECTION STAGE IS THE FINAL STAGE OF HULL CONSTRUCTI ON
WORK. | TS SCHEDULING IS THE KEY TO ALL THE OTHER precedi ng
STEPS .

Defaults at this stage can affect the ship’s launch data and
delivery; therefore, special attention should be paid at
this tine to safety.

The work sequence of the erection stage is that of joining
hul | units together performed for each tank or zone accor-
ding to the erection schedul e.

It is at this time that the units |ose their individua
identity and start to become part of the zone.

The erection stage is divided by sequences into a series of
foll owon schedul ed sub-stages shown here in Gaph No. 33 HL.
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These sequences are |isted and schedul ed for each tank,
zone, and sub-zone and are generally performed by the sane

groupi ng of personnel per stage: a shipwight crew - a
rough frtting crew - a finish fitting crew - a welding crew
- an inspection crew - a testing crew - and a painting crew.

The dates of unit erection are determned by the hull erec-
tion schedul e, previously shown in Gaph No. 30 HL.

Fitting manhours and wel ding | engths are obtained by control
charts simlar to Gaph No. 34 HL.. Wth this data, tge
sub-schedul es are nmade which tell us the predetern ne

amount of tinme needed to performthe fitting, welding, and
other sub-stages for each unit, each tank, and each zone.

The execution of the erection sub-stage work, tank by tank

and zone by zone, should be conpleted with no work
remai ni ng. Unfini shed work negatively influences the tota

shi pbuilding process; it slows down the progress of produc-
tivity and of pre-outfitting.

This influence is especially detrinental in engine room
boiler room and cargo oil punp roons.

Enough cannot be said about this subject of unfinished work.

To show sone exanple of the cost disaster of unfinished
work, an exanple was taken from one garticular ship of a
contract and 1s shown in Gaph No. 35 HL.

Thus, for everK ton left to be finished after |aunch, the
cost is nore than doubled.  The costly delays to other
crafts are, of course, not shown here but they becone per-
haps the nobst serious.

The Progress_and productivity of each tank and each zone
conpletion will be checked at Avondal e by the erection shop
planners. This will_ include the progress of each trade by
ut|I|Z|n? their particular parameter of gauging progress,
such as feet of fitting, length of welding, weight of pipe,
numbers of pipe pieces, square footage of paint, and so on

THE ERECTI ON STAGE PROGRESS DEPENDS TO A LARCE DEGREE ON THE
ACCURACY CONTROL MEASURE TAKEN BY THE PRECEDI NG SUB- ASSEMBLY

AND ASSEMBLY PROGRESSES.

Accuracy control problens at the erection stage are mainly
classified into tw cases:

the accuracy of the finished condition at the conpletion
of main assenbly;
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- deformed conditions occurring due to heating in the
erection process such as welding, fairing, etc.

The first case at ASI is being approached by inproving

accuracy procedures in the sub-assenbly and assenbly areas.

This was Initiated by formng a know edgeabl e team headed

gf by a qualified engineer and called the “Accuracy Control
oup.”

This team wunder IH, has devel oped various procedures to
I mprove accuracy through all the processes up to erection.

The results of the team have been very successful in
improving the final accurate dinensions on the units being
erected on the APL contract. This has nade a significant

I mprovenent in the anount of time used by a burner in
fitting a unit in the erection stage.

For exanple, we will refer to Graph No. 30 H.. This graph
first gives us what the significance of the burning ratio
means.

A very meaningful reduction has taken place at ASl in
burning manhours in the erection site as a result of the

di mensional and accuracy control program instituted at Avon-
dal e Shi pyards.

This accuracy control check in the sub-assenbly and assenbly
areas has also elimnated a great deal of deformation of

pl ate edges caused by inproper use of plate heads and
wel di ng deformations.

The subject of accuracy control wll be further expounded on
in the second half of our semnar tomorrow. This presenta-
tion today will not cover it in any detail

In the second case, Avondale has had, over the |ast year
31981-1982), a six-nmonth sta?gered program from IH in the
emonstration and teaching of "line heating," shrinking,
fairing, and plate bending techniques; This has assisted in
our planning and scheduling of hull construction by elim-
nating sone furnacing and, nore inportant, by elimnating
many of the fixed steel jigs.

To illustrate the cost associated with the fixed jigs, the
followi ng data was taken from one of our past contracts
where fixed jigs were used (see Gaph No. 37 HL):

ot e i @ 18 = 750 0
nuf acture in , X 8. =
Fixed Jigs Total Cost = $326, 023
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As a result of line heating technology, six (6) pin jigs for
formed plate will be utilized at a considerable savings on
the Exxon contract now being started. Al so, line heating is
used to correct ﬁlate and structural deformation at the
erection site, thereby elimnating the cost of installin
strong-backs and the use of excessive fairing of plate edges.

THE HULL PLANNI NG AND SCHEDULI NG THAT WE ARE REVI EW NG
DURI NG THI'S SEM NAR |'S CONCEPTUALI ZED AND FORVED BY THE
COVPLETI ON_OF MANY SEQUENTI AL ACTI VI TI ES.

These activities, as we consider nore of their individua
details further into the program all hinge on one strategic
item the schedul ed successful delivery of the proper
material to the designated manufacturing site.

Material handling and delivery to inplenment the process
| anes concept is of extrene inportance. | would like to
dwel I on this subject for a few mnutes because of its
tremendous inpact to planning and schedul ed events.

The basi c concept of good plant layout is effective materi al
flow. ~ The objective is to mnimze the nunber and | ength of
routes and elimnate any unnecessary novenents such as back-
haul s, crosshauls, transfers, etc. Material flow problens
can ari se because of changes in the design of a process, or
may devel op because of gradual changes over time that
finally manifest thenselves in terns of bottlenecks in pro-
duction, crowded conditions, poor housekeepin%, failure to
meet schedules, and a high ratio of material handling time
to production tinmne,

The material flow analysis, which was perforned at Avondal e,
concentrates on some quantative measure of novement between
departments or activities. Since the shipyard |ayout should
be_des!Pned to facilitate the flow of the product, we are
rimarily concerned with the flow of materials. Sone of the
actors that affect naterial flow are
external transportation facilities,
the nunmber of itens to be noved,
the nunber of units to be produced,
material storage |ocations,

- location of manufacturing service areas.
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The devel opment of the charts and diagrams presented in this
anal ysis were generated from information collected during a
ten-week period in March, April, and May of 1981. The
information was extracted fromreports derived by the Mter-
lal Control Departnent and nobile crane servicing area.
These reports reﬁresented actual nmaterial novements wthin
the shipyard. The trip and distance information was summa-
rized and is presented here in Gaph No. 38 H.. The (from -
to) charts were devel oped representing a neasure of the
steel material flow between work areas. These (from- to)
charts provided

information concerning the nunber of material handling trips
made between centers of activities, the volunme of nmaterial
noved between centers of activities, and the total nmaterial
handl i ng di stances.

Using information devel oped by the process |anes conmttee
concerning future work locations and working with the pre-
sent nethods, the proposed material flow nethod and its
associ ated charts and flow diagrans were devel oped. The
proposed flow method was devel oped by keeping in mnd the
process |anes concept of elimnating nulti-hull cutting and
the concept of work site storage queues. The charts of the
proposed methods have incorporated present production rates
for ease of analysis. Since the process |anes concept wll
elimnate steel material flow (except outfitting% to the
fabrication storage area and direct this material to work
site storage queues, proposed charts were devel oped by

mat hematical |y shiftin% related material from the fabrica-
tion storage area to the work site storage queues. The end
result is a large reduction in material going to fabrication
storage, structural bulk storage and an appropriate increase
iP material going to the work sites fromthe plate shop and
pl at ens.

As we can see fromthe Gaph No. 39 HL, under the present
facility layout and stora?e met hod, we nove 9,174 pieces of
steel materiral per week of which 60.7%is noved to or from
the fabrication storage area. The proposed process |anes
method will rnove 6,571 pieces per week of which 8% w Il nove
to or fromthe fabrication storage area. The reduction of
2,603 pieces per week will be due to the large reduction in
doubl e handl ding due to elimnating nuch of the naterial
novenent to the fabrication storage area. Thus, a projected
reduction of 18.4% in the nunber of pieces handl ed per week
may be realized by the process |anes concept.

Presently, we make 170.5 triﬁs per week noving an average of
53.8 pieces per trip of which 47.8%is noved to or fromthe
fabrication storage area. The process |anes method wll
make 145.2 trips per week noving an average of 45.3 pieces
per trip of which 6.4% wll nmove to or fromthe fabrication
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storage area. Thus, a 14.8% reduction in the nunber of
trips per week will be realized while handling 15.8% | ess
material per trip. If we fill the loads to capacity (assune

d
t
educe the triBS b
e . 6%

53.8% pieces/load is capacity), we wil
duction of 3

| r
an additional 15.8% and project a total r
on the total nunmber trips per week.

The present facility layout has a total steel material nove-
ment of 66.6 #ln plant) mles per week of which 60%is to
and fromthe fabrication storage area. Under the proposed
process |anes nethod, novement will be 43.4 nmles per week of
which 13.6% w Il be to and fromthe fabrication storage
area. A projected reduction of 23.2 mles per week (34.8%
may be realized under the process |anes concept.

There are 177 distinct noves fromarea to area under the
present naterial flow method. Under the process |anes
method, there will be a reduction of these noves by 58 for a
total of 119, resulting in a 32.8% decrease in the nunber of

di stinct noves.

Thus, evaluating the four areas above, it can be projected
that a savings of approximately 30%in the handling of steel
material will be realized due to the inplenentation of the
process |anes concept. The appropriate cost savings can be
obt ai ned by eval uating the manpower, eqqi pment, and energy
reductions which will result froma 30% reduction in the
handl ing of steel material. Thus, it has becone evident
fromthe analysis, that a major reason for process |anes

i mpl ementation is the need for the evolution of an ideal
material handling and flow system

ORGANI ZATI ON CHANGES DUE TO THE | MPLEMENTATION OF | H METHCDS

Many changes in the engineering planning and production
pl anni ng organi zation had to be made in order to plug in
much of the IH technol ogy.

By the sane token, sonme of the |H tephnoIoPy had to be
nmodi fied to fit those social and traditional parts of our
organi zation that could not or should not be changed at this

tinme.

1) New functions had to be absorbed by the Mld Loft to
i mpl ement |ine heating and the UCM book

2) A new departnent was created and called “Qperation
Services” to handle all the various lifting devices
and turning nethods as a result of process |anes.
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3) The Production Planning Department was reorganized
into two divisions - Hull and Qutfitting.

4) A nodified system of planning hull construction
Snt|éled “Unit Breakdown Sunmary Sheet" was intro-
uced.

5 A conpletely new system of unit breakdown and manu-
facturing called "Process Lanes" was introduced.

6) The yard construction, fabrication and assenbly pla-
tens were all nodified to accormodate the process |ane
concept .

7) A new group of skilled burners has been forned to
create a "Line Heating Crew. "

8) An accuracy control team of four people under a qual-
i fied engineer has been initiated to inprove dinen-
sional control

9) A Production Goup called Shop Planners has been
{oranlto Je-enforce the process lane concept at the
oca evel .

10) The budgeting system of IH has been nodified to
accommodat e the concept of process |anes and will
continue to develop until it forms the proper Inte-
grated system necessary.

11) Conputer-oriented engineering, production, and mater-
ial control programs have been initiated and are
presently being eval uated

Changes still need to be made to bring about a balanced and
productive effort:

I n Engi neering,

in Production,

in Material Control
in Adm nistration,

Mbst changes, to be worthwhile, nust be done deliberately
wi th much planning, slowy, over a long period of tinme.

So it is with the changes of methods by any type of organi-
zation. There are no sinple answers; there never shall be.
If we are to get anything like the real productivity in

shipbuilding we are all striving to achieve, we nust first
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realize the problems. Second, we must act with a spirit of
consensus and recogni ze that we all have the same probl ens.
Third, we must acknow edge that the problems can be sol ved
only by using all of the solutions available. Fourth, we
must begin by using the solutions that are within our grasp
- nanely, the inplenmentation of "product work breakdown"
technol ogy as demonstrated by the techniques being des-
cribed. These are really inproved upon Anerican techniques
that we have allowed to atrophy and the Japanese have recog-
nized themfor what they are:

"Keys to Conpetitive Survival."

We hope at Avondale they will provide us with the sane
advant age.
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AVONDALE SHIPYARDS, INC. i
i CATEGORY UNIT NAME ASSY WT. AREA M2 | PRODUCTIVITY OF AREA i
. TON MONTH TON ‘MONTH M2
— = e |
MID PART: i
l PANEL UNIT 1 p gOoTTOM T.BHD. 4,060 7,700 0.53
| S. SHELL  U. DECK ]
| SEMI-PANEL A & F PART: \ i
UNIT DECK, FLAT, T. BHD. 1,314 3,200 0.41 ;
A & F PART: 1
3 DIM. UNIT D. BOTTOM 450 1,000 0.45 3
A & F PART: a
CURVED UMIT CURVED S. SHELL 1,176 2,700 0.44 i
ASSEMBLED MOMTHLY TOMN. | TOTAL 7,000 14,600 0.48 '
- y,
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AVONDALE SHIPYARDS, INC. | |
|

CATEGORY % WT. /MONTH (TONS)
FLAT PANEL UNIT 52.8%" 4,224
SEMI-FLAT PANEL UNIT 8.2% 656
CURVED UNIT 14.8% 9,184
3 DIM. UNIT 8.5% 680
A & F END UNIT 9.6% 768
OTHERS 6.0% 480

A

TOTAL

e
St

AVOMDALE PROJECTED MONTHLY TONNAGE

- 8,000 TONS MONTH
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PRELIMINARY SHELL EXPANSION
CARGO OIL SYSTEM DIAGRAM (3)

INERT GAS, DEHUMIDIFICATION AND CARGO VENT DIAGRAMS (3)

[ SVSZT VT u Y AT ARIM ATILIE N NINAALNS M mAsan

ENGINE — RELATED AND OTHER PIPING DIAGRAMS
— DIAG. MAIN ENGINE LUBE OIL SYSTEM
— DIAG. MAIN ENGINE CYLINDER LUBE OIL SYSTEM
— DIAG. LUBE OIL FILLINGS, TRANSFER AND PURIFIER SYSTEM
— DIAG. STERN TUBE LUBE OIL SYSTEM
— PiPING MATERIAL SCHEDULE
— DIAG. ENGINE ROOM BILGE & BALLAST SYSTEM
— DIAG. SEGREGATED BALLAST SYSTEM
— DIAG. FEED AND CONDENSATE SYSTEM
— DIAG. FIREMAIN — ENGINE ROOM
— DIAG. FIREMAIN — ACCOMMODATIONS
— DIAG."FIREMAIN AND FOAM SYSTEM — MAIN DECK
— DIAG. CENTRAL FRESH WATER COOLING SYSTEM
— DIAG. MAIN ENGINE JACKET WATER COOLING SYSTEM
—NIAG MAIN FNRINFE PIQTNAN ANNL IR WATED OV/OTERS

— 43 TANKS

NOILD3S - 3OVLS DONILINHEVIN TH-0!L



. JOB DESCRIPTION AT EACH STAGE
IN NEW HULL AND OUTFITTING
ENGINEERING PROCEDURE AT ASI

— DIAG. MAIN SEA WATER COOLING SYSTEM

— DIAG. AUXILIARY SEA WATER COOLING SYSTEM

— DIAG. VENTS, SOUNDING TUBES AND OVERFLOWS

— DIAG. STEAM SYSTEM

— DIAG. SHIP'S SERVICE, STARTING AND CONTROL AIR SYSTEM

— DIAG. FUEL OIL SERVICE SYSTEM

— DIAG. FUEL OIL FILLING, TRANSFER, AND PURIFICATION SYSTEM
— DIAG. DIESEL OIL SYSTEM

— DIAG. FUEL, SLUDGE AND MAIN ENGINE CLEANING SYSTEMS

— DIAG. TANK HEATING COILS

— CALCULATION OR OTHER TECHNICAL DATA
WEIGHT ESTIMATE
LONGITUDINAL STRENGTH
HYDROSTATICS
TANK CAPACITIES
BONJEANS CURVES
INTACT TRIM AND STABILITY DATA
LOADING CONDITIONS
DAMAGED STABILITY EVALUATION
WAKE SURVEY
RESISTANCE AND SELF-PROPELLED TESTS
ELECTRIC LOAD ANALYSIS
ELECTRIC ONE LINE DIAGRAM
VENT SYSTEM DEVELOPMENT AND DUCT OPENING

11-HL MARKETING STAGE - S

ECTlON 2



JOB DESCRIPTION AT EACH STAGE
IN NEW HULL AND OUTFITTING
ENGINEERING PROCEDURE AT ASI

CONTRact

— PROCUREMENT SPECIFICATIONS

MAIN PROPULSION ENGINES

DIESEL GENERATORS

CARGO OIL PUMPS

BALLAST PUMPS

WASTE HEAT BOILER

ANCHOR WINDLASS

MOORING WINCHES

INERT GAS SYSTEM
DEHUMIDIFICATION UNITS

LUBE OIL, FUEL OIL, AND DIESEL OIL PURIFIERS
PLATE HEAT EXCHANGERS

ENGINE ROOM CONSOLE

CARGO SYSTEM CONSOLE

ELECTRIC MOTORS FOR CARGO PUMP
BOW THRUSTER

STEERING GEAR

BLENDING UNIT

AUXILIARY OIL FIRED BOILER

FUEL OIL PUMP/ HEATER SETS

-OTHER REQUIRED DATA

v

“ N SN S

INITIAL REGULATORY BODY REVIEW
PRELIMINARY UNIT DEFINITION
IDENTIFICATION OF CONSTRUCTION METHOD

ESTABLISH OUTFITTING ZONES FOR PURCHASING
STUDY AND PRELIMINARY ASSIGN PACKAGE UNITS

ON-BOARD AND ON UNIT MATERIAL




ENGINEERING, DRAWING AND BUILDING TIME COMPARISONS

STEEL MONTHS AFTER CONTRACT
% |tonnacel 1121314 |6]6 7|89 [10]11]12{13]14]16]16]17{18] 19|20 |21|22|23 |24]25 |26 |27|28]|29{30|31|32}33

CHEMICAL CARRIER |16] 9836 | 3 _.1_ L L 4 1 f . l.dti— S s s Bt »

v

CONTAINER VESSEL |47] 120833 | |1 L |-J-J—-}—-}--]—-4—

F— - I it ot a VR [ U S
PRODUCT CARRIER 00} 129866 p 11} 1L »
v & v
CONTRACT {SSUE KEEL LAUNCH
DATE HULL DWGS —

13-HL ENGINEERING DRAWING & BUILDING COMP.

e



(& T XY

THE FUNCTIONS FOR HULL CONSTRUCTION

RELATE TO EACH OTHER AND FLOW

IN SEQUENCE.

14-HL FUNCTIONS OF HULL CONSTRUC'

| l
PLANNING I SCHEDULING ! MATERIAL REQUISITION
] |
l |
KEY - l l
PLANNING ]
UNIT I
PLANNING
w
g |
=
7)) l ’
E | ERECTION
= MASTER
3 SCHEDULING
o |
z
o h 4 I
UNIT ASSEMBLY
ATER
ASSEMBLY i P MASTER :Emi SlI?'lLON
PLANNING | SCHEDULING
v
w | DETAIL UNIT l : '
< | AssemBLY [« ; \ 4 i
% | PLANNING
2 !
=
§ WORK. (UCM BOOK) SUB - MATERIAL
S | INsTRucTION - CONTROL &
PLANNING SCHEDULING WAREHOUSING
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| PRODUCT ION




NOoTM)
MASTER BUTT 8" AFT EK 44
@« MAIN DRECK {STBD) ONLY

& ¢ 43'0" FLAT
{STBD. ONLY)

TREY BHD ..,

@ SIDE SHELL

ROTE: LEATR § STOCK OM
TANK TOP & CYR AT PR. 18
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q\g\ (/ /@'\ ‘ A
L R
4 ‘ 79__
9 2
N, A
D Y
3 f/ /.
FANK TOP

15-HL PRELIMINARY UNIT DEFINITION



CONTRACT SIGNING

JOB DESCRIPTION AT EACH STAGE

IN NEW HULL AND OUTFITTING

ENGINEERING PROCEDURE AT ASI
1 MONTH

GO MEETING

PREPARATION STAGE

(B) — FAIRED LINES (BY STATIONS) FAIRED LINES

- LABOR AND MATERIAL ESTIMATE

— PURCHASE REQUEST FOR MAJOR ITEMS

— BUDGET

— ADJUSTMENT OF SPECIFICATION AND DRAWINGS

— BASIC UNIT ARRANGEMENT
- DRAWING ISSUE SCHEDULE

- SEA CHEST DESIGN (LOCATIONS AND NOZZEL LOCATIONS)
— OUTFIT PALLET LIST (PRELIMINARY)

3 MONTHS

$

(BY FRAMES)—>

-PROPELLER DESIGN
— FINALIZED APPLICATION OF PACKAGE UNITS,
ON-UNIT AND ON-BOARD INSTALLATION OF MATERIAL
— OUTFIT MILESTONE SCHEDULE REVIEW
— TORSION ANALYSIS
- SHAFTING ARRANGEMENT




JOB DESCRIPTION AT EACH STAGE
IN NEW HULL AND OUTFITTING
ENGINEERING PROCEDURE AT ASI

MEETING 4 MONTHS K MEETING
2 MONTHS ~L 1 MONTH J‘ 1 MONTH )
KEY PLAN CARGO BLOCK —I AFT, PEAK AND E. R. FORE BODY
SUPERSTRUCTURE FWD. OF CARGO BLOCK

KEY PLAN STAGE
- FRAME BODY PLAN (BASED ON FAIRED LINES)
— SHELL EXPANSION
— FORE CONSTRUCTION
- DECK, FLAT AND STRINGER
- ELEVATION (LONGITUDINAL BULKHEAD AND GIRDER)
—-EVERY FRAME SECTION AND TRANSVERSE BULKHEAD
—HOLD PAR CONSTRUCTION
—DECK AND FLAT
-ELEVATION
-EVERY FRAME SECTION AND TRANSVERSE BULKHEAD
-ENGINE ROOM AND AFT CONSTRUCTION
-DECK AND FLAT
-ELEVATION
—EVERYFRAME SECTION AND TRANSVERSE BULKHEAD
-SUPERSTRUCTURE CONSTRUCTION
-SET-UP OF SPADE DATABASE
—APPROVAL OF REGULATORY BODY AND OWNER
-FINAL UNIT ARRANGEMENT AND LIST
-70%-75% STEEL BILLED-BUY STEEL AS NEEDED
DETERMINE PLATES TO BE FURNACED BY K" MEETING
—ISSUE FINAL OUTFIT MILESTONESCHEDULE
—ISSUE FINAL PALLET LIST

STYLE OF DRAWING:
OVERVIEW OF STRUCTURE

17-HL "c o" MEETING TO "K" MEETING - secTioN 5
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JOB DESCRIPTION AT EACH STAGE
IN NEW HULL AND OUTFITTING

K MEETING ENGINEERING PROCEDURE AT ASI ML MEETING
4 MONTHS

ENGINEERING DRAWINGS STAGES
— STRUCTURE DERAILINGS
- PENETRATION CUT-OUT
— PIECE NAME
— STEEL PLATE TAKE-OFF
— UNIT PARTS LIST
— DEFINITION OF EDGE PREPARATION AND EXCESS
— SETUP OF PARTS DATA BASE
— SUB-UNIT BREAKDOWN
— HULL CASTING
— RUDDER SUPPORT SYSTEM AND RUDDER
— CLOSURES (DOOR AND WINDOW LIST)
— ANCHOR HANDLING SYSTEM
- MOORING ARRANGEMENT
— CARGO HANDLING SYSTEM
— SEA CHEST
— CARGO CONTAINMENT
— UNIT OUTFIT DRAWINGS DEVELOPMENT AND PALLET L/M
-START WEEKLY OUTFIT MEETINGS - ENGINEERING AND PRODUCTION ,

STYLE OF DRAWING:
UNITS BY UNITS

21-HL "K" MEETING TO "ML" MEETING - SECTION 6



PLATEN SUPPLYING ASSEMBLY
CATEGORY UNIT NAME FABRICATED PARTS SHAPE

DOUBLE BOTTOM| {7
FLATPANELUNIT  [SIDE SHELL .-
'LONG BHDS

®

PLATEN
MID PART @
T
|
f?lala||||||7
i l /

AFT & FORE
PART
CURVED SHELL UNITS | SIDE SHELLS

®
®

DECKS —

/ 7

FLATS / d

SUPERSTRUCTURE BULKHEADS ‘ | © o VRS 7/
UNITS HOUSES ETC.

LARGE AND '

VERY HEAVY
FORE PEAK 3£:¥SENS'°N T
AFT PEAK I .J/

®
®

ENGINE ROOM INTRICATE
INNER BOTTOMS UNITS

. | ‘

BULBOUS

SHAPES

STERN
SPECIAL UNITS ‘
SKEGS CASTINGS o (19)
RUDDERS

ETC.




PROCESS LANES FOR THE PREFABRICATION STAGE

AND WORKING INSTRUCTION PLANS

nscgu:mu R :;?:;33' 0 EQ PARTS AND PIECES OF PLATE
MATERIAL OF MAiEﬂIM. Wﬁr
£ CUTTING
 Bor . , ATAGE
TSTEEL MATL FAINTING 1 CRD & BRT e »| “oFPants ' D@
Lruﬂn:;g«:e ' (2 MARKING CUTTING @—} AND PIECES
——'—’—L' B & FCPL FLAME
Sl F DARKING i o T
SKIN AND PANEL PLATES B
—— m BLHD PIT, sus
| "','.{}',’,‘“ " MARKING FLAME @‘tl COLLECTION pAY
od f \a' o PLANNER .
4 g L™= TR | _-oF panTs
Sa p— MARKING
Z
281 "".';23'“ —’( ) : - -
ablL._— - -
E E o ) DENT PLATES .

BENDING ,@ b NC ne sue
gz| nm_ | MARKING MANUAL I*| heating coLtecTion |, TAGE
et W OAS OF PARTS »(©)

[ onr MARKING . @ :I BEHDING :
! PARTS LIST ""’C) |
L.~ o _ — _ o
MISCELLANEOUS OPERATIONS ——»¥ Auocaren
T FABWATL stocx
MANUAL prLAME WELDING FAINING v Siane
WA : —M cotecrion | !
ANGLE WANUAL  — " oo |
J  wANUAL 0As ,{,’,‘5,’50 ¥
'MARKING CUTTING

23-HL PROCESS LANE FLOW FOR PRE-FAB

g



PROCESS LANES FOR THE SUB-ASS LY
STAGE AND WORKING INSTRUCTIO _ANS
INTERNAL STRUCTURE OF FLAT UNITS
5UB
DISTRIBUTE STAGE
COLLECTION OF
PARTSE |1  FiTup WELDING  }—{  TUANING FAIRING | _..;®
PIECES SUB-UNITS
(2 )(b) ® I ~
INTEANAL STRUCTURE OF CURVED URITS
Sus
DISTRIBUTE COLLECTI SIASE
. paRTse. - RTup wetone |~  TumNing Faring | COLLECTION OF --5(F)
PIECES

—~— &

00)

@ A

- —

UNIT

! PARTS LIST

' UB PLAN

\L_/‘\'

UNIT CONTROL MANUAL

WORK INSTRUCTION PLANS

[ I




UNIT CONTROL MANUAL

WORK INSTRUCTION PLANS

Flg 2-3 PROCESS LANES FOR THE ASSEMBLY STAGE
(FLAT UNITS) AND WORKING INSTRUCTION PLANS

FABRICATION OF FRAME /WEBS ' l
: FITTING OF
DISTRIBUTE DISTRIBUTE FRAME t WELDING
E Lonos  [] wessaaims [ Fmine  [—] WELDINO PIECES _’l
® 3 —t- : 8‘—-1 ‘
A | > GRINDING
I - - - u s FaRmg  |!
JOINING OF PLATES 3
—

' PLATE TEMPORARY FINISH GAS CUTTIND '
0 ARRANGEMENT weLoiie || MARKiNg |1 WELDING (ALL SIDES) \ 4
. | l 3 ON UNIT
- — j — . OUTFITYING
E . ——-—L—

TURNING
(X

:ZSLS—AINY _:]_’(D ' MARKING !

A

HARKINB l FITTING ON
Pl. AN BACK SIDE
>
ol
= |
":ﬁ'}#@ __ ‘Har
]
FAIRING
“*H —
ONUNIT
OUTFITTING
v

ramntivg | [) enecrion

25-HL PROCESS LANES FOR ASSEMBLY (FLAT UNITS)

£



UNIT CONTROL MANUAL
WORK INSTRUCTION PLANS

PROCESS LANES FOR THE ASSEMBLY STAGE (CURVED
UNITS) AND WORKING INSTRUCTION PLANS

@ .I na ’ .|
ASSY g PP ToELone’ ¥ wetoine MARKING
| é L V*
o0 s
CUTTING

X

DISTRIBUTE
LONGS

JIGs —-b@ ﬂlﬂli:l'ggste
L
PAR —(b) —Ul DISTRIBUTE L3 weLoiNG —’I GRINDING
L
' v
PARTS LIST —(c) ' FAIRING
v
m -—D@ OUTHTIING
v
PAINTING

ERECTION D



UNIT #36 (CATEGORY #1) WGT. (TONS) 38.0
DATE: 03/03/82 REV. #2

CENTER SECTION OF MAIN DECK FROM 8" FWD. OF FR.
61 to 8" FWD. OF FR. 65

(48°0°'x35°8%")

A.PARTIAL SUB UNIT #036-001 -001
WORK CENTER — PLATEN #23
FABRICATE AND PARTIAL SUB ASSEMBLE THE
CENTER SECTION OF TRANSV. DK. WEB AT FR. 62,
WITH WEB FR. BKTS.

(1) 036-001-002 =— W E B FR. 62
(2) 036-001-003 — BKT.ON CL.
(3) 036-001-004 = BKT. 71 11%" OFF c|  pORT

(4) 036-001-005 BKT. 7'11%" OFF CL. STBD.

B. PARTIAL SUB UNIT #036-001-006
WORK CENTER — PLATEN #23
FABRICATE AND PARTIAL SUB ASSEMBLE THE
CENTER SECTION OF TRANSV. DK WEB AT FR, 63,

WITH WEB FR. BKTS.

(1) 036-001-007 — WEB FR. 63
(2) 036-001-008 — BKT. ON CL.
(3) 036-001-009 — BKT.7'11%4" OFF CL. PORT
(4) 036-001-010 — BKT. 7'11%" OFF CL. STBD.

27-HL UNIT BREAKDOWN SUMMARY SHEET



JOB DESCRIPTION AT EACH STAGE
IN NEW HULL AND OUTFITTING '
ENGINEERING PROCEDURE AT ASI

$ML MEETING 4 MONTHS

\\\ ISSUE OF ENGINEERING DRAWINGS TO MOLD LOFT
\

g; 3 MONTHS ) 4 MONTHS G’
MOLD LOFT STAGE V' COMPLETE MOLD LOFT
\
— PART PROGRAMMING \
— NESTING FOR N/C BURNING v
— TEMPLATE _é; 1 MONTH GP
— UNIT CONTROL MANUAL :\Sggliﬁ %25&{1% _\
—JIG DRAWINGS FAB. SHOP A
. — START ISSUE UNIT OUTFIT DWGS. \ .
— FINAL UNIT OUTFIT
: 4 MONTHS
SCHEDULES ISSUED ,
7 PRE—FAB & ‘
' \
UNIT OUTFIT MATERIAL 1 MONTH ASSEMBLE. \
_G G" MONTH G 1 MONTH G COAT AND \‘
: . PREPARE \_ \
START|FAB. \
ISSUE FAB WORK ORDER - ... _
1 MONTH; ;=" "~ -~ 3 MONTHS ﬁ
« > START ON-UNIT KEEL
OUTFIT
STYLE OF DRAWING: . ISSUE ON-BOARD
STAGE BY STAGE & WORK-BY WORK | OUTFIT SCHED.
INCLUDING PKG.
1INITS -




TITLE SKT #/8 9/81

28-HL UNIT CONTROL MANUAL TITLE PAGE

)
j
v
RESERVATIONS
NO DESCRIPTION
i ; i
UniT CoNnTrRoL MANUAL

2335

2336 ' {

337 (6
AS1 HULL NO NANE OF VESSEL

AVONDALE ~ | A1 Job Mo

SHIPYARDS INC C ] - ] 5

Ty] 7 0 DOX 50260 [

| 0::'[;:3. LA E x x O N

ORAWN BY  DATE 42,000 DWT

A, HURLEY 4-14-82 MULTI-PRODUCTS' ' CARRIERS

CHECKED BY DAYE - UNIT"]B STBD
APVD DOUBL_E, BOTTOM WING UNIT FRS., 29-44

' 1ssueo =) CUTTING LISY 'fv

= il
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LEGEND PRE FRB AND SUB ASSEMBLY SCHEDULE

@ PRE FAB
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® ERECT
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¥ BLAST & PAINT

G GRAND ASSY ,
@ FINAL ASSY. & BLAST & PAINT-SAME WEEK

ARSI JOB NG, C1-015
AS1 HULL NO. 2335

HAIN ASSEMBLY AND ERECTION SCHEDULE
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UNIT NO. 46 ENGINE RN FLAT CATEGORY 3
SUB UNITS

ENG. PLAT.

SO,

SIDE SHELL

BULKHEAD

SCHEDULING MECHANISM AND NETWORK

DECK

STRUCTURALS

SKIN PLATE

L STRUCTURALS

P

P wa B sus
-t

b b b b

P wa
«m—l———-l——-—

5 5

wa

BULK HEAD d,| - ..I_.__.
5 5

80

70

P wWa PL SuB

—H a0

N e e

FAB

P wa

>

6 wQ

SuB
MN

60

10

.-
A

50 40 30
DAYS

r'S

PRE-FABRICATION
WORK QUEUE

PANEL LINE

SUB ASSEMBLY

MAIN ASSEMBLY
OUTFITTING

BLAST & PAINT
BENDING

MATERIAL ASSEMBLY

20 10 0




VESSEL PAINTING

PRIOR TO & AFTER LAUNCH

UNIT CONSTRUCTION METHOD

BEFORE LAUNCH 70% TO 80%
AFTER LAUNCH 20% TO 30%

PANEL CONSTRUCTION METHOD

BEFORE LAUNCH 45% TO 50%
AFTER LAUNCH 50% TO 55%

32-HL VESSEL PAINTING



THE SUB-STAGES OF ERECTION

1. UNIT ERECTING

2. SHIPWRIGHTING

3. SCAFFOLD ERECTING

4. MAIN STRUCTURE FITTING
5. MAIN STRUCTURE WELDING
6. SUB STRUCTURE FITTING

/7. SUB STRUCTURE WELDING
8. CLEANING

9. INTERNAL VISUAL INSPECTING
10. SCAFFOLD REMOVAL

11. AIR TEST

12. PAINTING (COATED TANKS)
13. WATER TEST

14. COMPLETION

33-HL SUB STAGES OF ERECTION



CATEGORY RECAP SHEET

JOBNO.C1-15 PAGE 3
CATEGORY TYPE SUB-ASSEMBLY REV. 1
UNIT | WT. Y_VEE.{,‘g ° SIZE Bkﬁﬂ OUTFIT | ASSY {FiT NO’WEL HN(','?,'\:{S NOTE
LBhd 22800 . 2 5 |4 6 | 4500 5.1\ FT/HR
TBhd 7920 2 5 |2 3 | 2475 | 3.2FT/HR
BS 4890 5 10 |4 6 | 2250 | 4.3FT/HR
T 24224 5 10 |4 6 | 9000 | 2.7FT/HR
sS 15124 2 5 |4 6 | 2700 | s6FT/MR
i
TBhd 6040 | . 2 5 |2 3 | 1575 | 32FThnR
TBhd 1670 2 5 |2 3 | 6756 | 25FT/HR
CBhd 378 | 4560 . 5 5 10 |2 3 | 2025 | 23FT/HR
BhdC 210 | 2266 5 2 5 |2 3 | 675 | 3.3FT/HR
upc 974 | 3900 6 5 65 |2 3 | 1125 | 35FT/HR
BhdC 2056 2 5 |2 3 | 900 | 23FT/HR
SuB
ToTAL | 1552 | 94440 | 27900 | 2.4 FT/HR
34-HL CATEGORY REéAP SHE‘ET




THE TOTAL COMPARATIVE COST
OF HULL WORK PRIOR TO LAUNCH
AS OPPOSED TO COST OF HULL WORK
AFTER LAUNCH

BEFORE AFTER

LAUNCH LAUNCH
FIT
WELD
42.6 M/H PER TON 86.3 M/HPER TON
HYDRO
CHIP & GRIND

APPROXIMATELY 10% OF THE TOTAL TONNAGE OF THE
VESSEL WAS LEFT TO BE FINISHED AFTER LAUNCH AND
AMOUNTED TO FITTING - WELDING - CHIPPING -

GRINDING - AIR TESTING - WATER TESTING AND
INSPECTION.

35-HL HULL COST BEFORE AND AFTER LAUNCF



BURNING RATIO AND IMPROVEMENT
FACTORS AT AVONDALE SHIPYARDS
AS A RESULT OF IHI ACCURACY

CONTROL TECHNIQUES
TOTAL SEAM AND BUTT LENGTH
BURNED BY BURNERS IN THE
ERECTION STAGE

BURNING RATIO =
TOTAL SEAM AND BUTTLENGTH
OF SHELL + SKIN PLATE

IN THE ERECTION STAGE
1880 1081 1982 1983
IHI BURNING RATIO 16% 16% 16% 16%
ASI BURNING RATIO 00% 80% |t | o
premm———]|

TN

:
\

— S———————

36-HL BURNING RATIO AND IMPROVEMEP'TS

£



COST OF FIXED JIGS
COMPARED TO PIN JIGS

STEEL COST- |
725 TONS @ 400.00 =4200,0002°

LABOR COST- =¢ 36,0230

TOTAL FIXED JIG
COST LIMITED TO
SINGEL CONTRACT- =¢336,023%

PIN JIG COST LABOR
& MTL CAN BE USED
FOR ALL CONTRACTS =¢175,000%

NOTE- DOES NOT CONSIDER UPGRADE
TRAINING FOR LINE HEATING
BURNERS TO IMPLEMENT THE
PIN JIG CONCEPT.

37-HL FIXED.JIG COST VS. PIN JIG COSTS




HULL STEEL

MATERIAL MOVEMENT

COMPARISON
BY TRIPS AND DISTANCE

| PRESENT PROCESS LANES| DIFFERENCE
Material Handling i
Distance/week {Miles) 66.6 43.4 23.2
Material Handling Distance
To-From Fab. Storage 39.3 5.9 33.4
Percent M. H. Distance
To-From Fab. Storage 60.0 13.6
Trips / week from
Plate Shop 42.3 62.3 {20.0)
Trips/week from
Platen 18 5.3 11.4 { 6.1)
Trips/week from
A-Crane Storage 31.3 7.7 23.6
Distinct Moves 177 119 58

————

38-HL HULL MATERIAL BY TRIPS & DISTALCE



Geael 40 W

HULL STEEL
MATERIAL MOVEMENT
COMPARISON
BY PIECES
DESCRIPTION ';nﬁs‘?rs,fgg_- PROCESS LANES | DIFFERENCE
Pieces/week 9,174 6571 2,603
P T P 50 s 52
Percent To - F
Fabrication Storage 60.7 8.0
Trips/week 170.5 145.2 25.3
Pieces/trip 83.8 45.3 8.5
Trsiuesk To- Fon s | 3. | 7
Percent To - F
F:t;ﬁ?:attio?'n Sté?arge 41.8 6.4
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DETAILS OF HULL PLANNING AND SCHEDULING



SEM NAR ON HULL SCHEDULI NG METHODS
AS QUTLINED BY PROCESS LANES PROCEDURES
AVONDALE SHI PYARDS, | NC.

Prepared By: DON SOURS



PROCESS LANES PROCEDURES

INTRODUCTION

Roughly thirteen (13) months ago, ASI undertook a project to
re-direct their hull construction and outfitting methods. With
the joint efforts of ASI personnel and consultants from IHI,
Japan, a very intense study was conducted and the following
methods of module construction were arrived at, through the
process lanes method.

The area that needed to be resolved first, which was very evi-
dent from the study, was a method to control and handle mater-
ials quickly and in the most efficient and economic way. The
best way to accomplish this task was through the process lanes
method. Process lanes means the categorization and separation
of like kinds of work, and the development of work centers spe-
cifically designed to efficiently and economically produce that
kind of work. Process lanes establish the greatest amount of
"learning curve'" efficiency by having the same people, at the
sme work centers, doing the same type of work every day with a
constant organized efficient flow of material.

Procéss lanes, as defined above, did not exist at ASI. Here,
different types of units are assembled at the same location.
Assembling different types of units at one location requires
the following:

- different types of assembly periods of time,
- different types of assembly platenmns,
- different types of construction methods.

When units having different characteristics are produced in the
same loctions, those obstacles must be overcome. This tends to
decrease productivity and accuracy because of the use of dif-
ferent types of material. The establishment of on-site storage
becomes very difficult, resulting in increased material hand-
ling costs.

When process lanes were established at ASI, there were controls
to create detailed process lane schedules based on the volume
and quantity of work for each process lane work center, thereby
enabling ASI management to determine work center cost and effi-
ciency.



At ASI, shop planners are assigned to work centers for each
stage of construction to study and establish detailed work
center schedules, collect and nonitor actual performance from
the work center foreman on a daily basis, and prepare effi-
cjenc% charts or graphs for management. The charts. and graphs
wi |l be the controls by which managenent can determ ne each
work center’s cost, progress regarding schedul es, and act ual
manhours per ton versus projected manhours per ton efficiency.

UNI T CATEGORI ZATI ON

Process | anes require the units of a vessel to be divided into
C?teg?rles based on the size, shape, weight and nethod of con-
struction.

You may ask, why would we want to categorize units? To help
explain, imaginé the follow ng:

- Ford Mtor Conpany produces the Lincoln, using a conveyor
assenbly line, at one every five mnutes., Ford also pro-
duces Pintos at the rate of one every mnute. Should a
Li ncol n be put on the conveyor that had been producing
Pintos, repercussions would be felt. The Lincoln frane is
w der and adjustnments nust be made to the conveyor.  Produc-
tion would stop for three hours for required alterations,
causing 500 workers to be idle. Because engine settings
require higher torque tools, workers had to go to the too
room for proper equipnent. This would cause units produced
to decrease and manhour cost, per unit, to increase.

A simlar parallel can be considered in shipbuilding. W have
flat units, curved units, large conplex three dinensional units,
etc. to construct. A Pinto would relate to a category one (1
flat panel unit. A Mercury would relate to a category two (2
curved panel unit. A Lincoln would relate to a category three
(3) large three dinensional unit. They each require different
assembly jigs and specialized tools. %brkers who are famliar
with buirlding flat units would not be efficient on curved
units. Add nmaterial flow problens, and you may understand the
need for categorization and the establishnent 0f process |anes
for each category of hull unit at Avondale.

Cat egorization of hull conponents is required, primarily by the
Pl anni ng Departnment and |ater by shop or work center planners.
This wll assist themin basic and detailed planning and sche-
duling, as well as establishing an orderly flow of materials.
Categori zation also allows us to determ ne where a conponent
will be constructed, as well as elapsed tine in, and control

t hrough, the process |anes.



To acconplish this, we have divided the hull units into six
basic types.

A) CATEGORY NO. 1, FLAT PANEL UNI TS

These units are conprised of panel |ine conponents and
assenmbled on a flat surface as the base of a unit. This
flat surface could be a deck, innerbottom bulkhead, or even
the shell. This category is conprised of relatively sinple
units, with short construction tine required. Category

No. 1 units usually conprise approximately 50% of the total
hull weight, across varied type hulls.

Wth this category containing the largest anmobunt of units to
be constructed, we at ASI designated our nost productive and
| argest platen for Category No. 1. This platen is also very
sui tabl e because of its relationship with the panel line and
the material flow fromthe fabrication platens. There wll
be four 54) designated construction stages on this platen as
indicated on the |ayout drawing (see Graph No. DHL-1). They
are as follows:

- Sub- Assenbl y

- Pre-Qutfit (in unit)

- Main Assenbly

- Final Assenbly & Qutfitting, Welding & Inspection

The above establishes a specific [ocation at the work center
for sub-assenbly, pre-outfitting, and nain assenmbly, fina
assenbly.

The establishment of the four (4) construction stages on the
platen will allow for the same kind of work to be done by
the same people every day in that specific |oction where al
of the work tools, welding machines, etc. needed for that
work are readily available. This concept is the automatize
assenbly line concept, whereby the work noves to the workers
rather than having the workers relocate to the work,
requiring the novenent of all their special tooling.

The learning curve efficiency that this assenbly |ine con-
cept will bring wll provide |ower manhour expenditures,
resulting in a management choice to decrease the nmanning at
each stage and naintain current schedules, or to contract

for more work. This is our equivalent to the Pinto assenbly
line - fast noving, easy construction units.



B)

CATEGORY NO_ 2, CURVED SHELL UNITS

These units are assenbled on curved shell, knuckled |ongitu-
di nal bul khead or innerbottom in fixed or pin %igs. Exam
ples woul d be wing tanks or outboard sections of W ngs
assenbl ed on curved shell plating or possible knuckled | on-
gi tudi nal bul kheads. These units are, in general, nore com
plex in construction requiring different construction

met hods and techni ques and nore el apsed tine in assenbly
position than the Category No. 1 units. The l|ocation for
this category is also convenient to the pre-fabrication shop
for econom cal naterial flow and convenient-to the pre-

outfitting area and bl ast and paint shop.

CATEGORY NO. 3, SUPERSTRUCTURE UNI TS

Category No. 3 units are the superstructure units, along
with engine flats with bul kheads for side shell below.

They consi st of nmany different thes of units, such as
poop-deck, navigation bridge deck, pilot house, machinery
casing, and boat deck. Because Category No. 3 units are
generally so large, a significantly large area wll be
designed for their construction. These units are typicaIIK
those being built wwth a deck or a flat as the base of the
unit. Such an exanple is the pilot house. The house top
woul d be used as the base of the unit - fit and weld m scel -
| aneous bul kheads and exterior bul kheads to the base. There
may be partial sub-assenbly for this type of unit. After
the fitting and welding is conpleted, the unit would be

rel eased for the pre-outfitting work and final inspection.
Category No. 3 units will stay on the platen |onger than
most Category No. 1 and No. 2 units because of their out-
fitting and piece-neal construction. Therefore, a separate
process lane is required.

CATEGORY NO. 4, LARGE AND HEAVY MODULAR UNI TS

Category No. 4 units consist of |arge and heavy nodul ar
units which are difficult to build. Due to close fitting
tol erances and sone confined areas, they require (along with
Category No. 5 units) the nost qualified mechanics avail -
able. The units are usually piece-meal with limted sub-
assembly work. Category No. 4 units are fore and aft peaks,
along wth some engine roominnerbottons. These units are
required to stay on the building platens for a | onger period
than the Category Nos. 1, 2, 3 types of units. Because of
this, a separate process lane is required.




E) CATEGORY NO 5. MACHI NERY SPACE DOUBLE BOTTOM

These units are typically those with the engine room inner-
bottom as the base. The assenbl ¥ period is long, wth close
fitting tolerance, extensive outfitting, and usually piece-

meal ed rolled shell plate work.

F) CATEGORY NO 6. SPECI AL WELDVENTS

These units are specialty itens, such as rudders,  skegs,
anchor pockets, etc. There was no change with this category
from current procedures.

PLANNI NG CONTROLS

Wth the inplenentation of process |anes, there were numerous
pl anning controls required.

Wth the inplenentation of process lanes on future contracts,
the Planning Engineering Departnent will be required to study
platen | oad and schedule, wthin process l|anes guidelines, to
Insure realistic achievable schedul es.

These follow ng guidelines are thus established and should be
scheduled with the Planning Departnent in the proper sequence
upon inquiries for new contracts:

A) Determ ne Present Platen Loading

B) Establish Key Dates
Q Divide Hull into Units and Devel op Erection Sequence
D) Categorize Hull Units

m

) Weight Calculations by Unit (Rough)

n

) Platen Load to Capacity

(D)

) Establish the Erection Schedul e
H Insure Conparability with Key Dates
Prepare G ound Assenbly Schedul e

[ S

As Detailed Drawi ngs Become Available - Refine Wight Esti-
mates and All Schedul es



Summaries of the planning effort required for each of the above
gui delines are explained as follows:

A)

DETERM NE PRESENT PLATEN LOADI NG

Study the present and long termloading for contracts in
rogress. This should be constantly nonitored, and the
oading for any given week shoul d be |nned|ate|K avai |l abl e

for each platen and all contracts on hand for the period of

their durations.

ESTABLI SH KEY DATES

The Planning Departnent nust establish the possible key
events dates (start pre-fabrication. keel. |aunch. and
delivery) as soon as-possible, based on the reqU|fe3

delivery date set by the custoner and within the overal

mast er {Iong term yard schedule. ~ This effort nust be rough
cut or prelimnary for contract bid purposes an then
refined upon signing of contract (or-letter of intent).

DI VIDE HULL I NTO UNITS AND DEVELOP ERECTI ON SEQUENCE

The unit arrangement draw ng nust be prepared for purposes
of unit dividing and nunbering and the devel opnent of
desired erection sequence

The list of units, along with basic unit descriptions,
shoul d be prepared.

CATEGORI ZE HULL UNI TS

The hull units are to be categorized within the process

| anes concept, and a separate |ist of units should then be
prepared within each of the six (6) process |anes catego-
ries, along with basic unit descriptions and weight (to be
added |ater). The planning engi neer should study the con-
struction method of each unit and determ ne the proper cate-

gory in which to place the unit.

VEI GHT  CALCULATI ONS

Wei ght estimates nust be done for each unit in all Catego-

ries Nos. 1 through 6 for the purpose of proper platen
| oading on all platens.

-6 -



F)

PLATEN LOAD TO CAPACITY

An exan'ﬁle of this at AS | would be Platen No. 20. After
thoroughly reviewing the loading of a platen for the period
of time of the duration of a contract, based on the estab-
l'ished prelimnary key events dates, the platen should then
be | oaded (week by week) to capacity.

In an earlier study conducted by the process |anes commttee
to supﬁort the contract, it was established that Production
woul d have to have an average tonnage of 1,000 tons per week
to maintain production schedules, wth 600 tons per week
comng fromPlaten No. 20, Category No. 1 type units. For
the first vessel of the contract, this should be 600 short
tons per week. The quantity of units per week, based on
their weight, can then be determned and this, then, estab-

| ishes the number of units per week that will be available
for erection during any given week fromstart to |aunch from
Platen No. 20. The nunber of units per week, thus estab-
l'ished, is now applied to the unit erection sequence and the
erection schedule can be established.

ESTABLI SH ERECTI ON SCHEDULE

Using the sequence of erection devel oped. and the nunber of
units Iper week available from Platen No. 20, the erection
schedul es can be devel oped. For exanple, if the first five
(5) units to be erected are numbered In sequence #1, 2, 3, 4
and 5, and the unit weights are:

Unit #l = 86.5 tons,
Unit #2 = 125.0 tons,
Unit #3 = 125.0 tons,
Unit #4 = 86.5 tons,
Unit #5 = 86.5 tons,

Total = 3509.5 tons

then Units # through 5 can be erected in one (1) week,
| eaving 600 - 509.5 = 90.5 tons (based on 600 tons/week out-
put, Platen No. 20) available for units on another ship.

It is inportant to note that the quantity of Category No. 1
units per week to be erected (all jobs) cannot exceed this
maxi mum tonnage output per week available from Platen No. 20.



H | NSURE COVPATI BI LI TY W TH KEY DATES

Revi ew the prepared erection schedule to be sure that all
units can be erected in a tinely fashion with the rough
draft key event dates established and consistent wth
machi nery requirenents. Adjustnents to platen |oading
should be made, if required.

|) PREPARE GROUND ASSEMBLY SCHEDULE
The ground assenbly, or short term schedule should be

prepared as a two (2) month schedul e, updated and issued
once a month for all platens.

J) DETAILED DRAWNGS - REFINE SCHEDULES

As detail ed dram@n%s are devel oped and become avail able,
review of all weight estimates Is necessar¥, and fitting
wel ding I engths may be used as desired to further refine ¢
update all platen [oading schedul es.

PROCESS AND EFFI CI ENCY CONTROL

Ve currently believe that keeping control of the process |ane
means nmintaining current production |evel by producing accu-
rate products in the planned nanhours. This nmeans. sendi na or
the planned material to each stage within tﬁe requireg tIﬁE

period. However, in order to maintain and increase our conpe
titive edge, this line of thought is not enough. oyr efforts
shoul d be in one of two directions, depending on the conpany

| ong term production plans:

- Increase the amount of production per manhour.
- Decrease the manhours per a given production anount.

In order to achieve this goal, various controls are availﬁble
In the case of material handling, that i's, nmoving material to
iIts aﬁpointed location in a tinely manner, we have materi al
control, storage control, and transportation control.

tools used in the effort are the unPt parts |ist and thghﬁ.c
(both will be discussed in the Mld Loft presentation). Wen
considering the accuracy of the product, accuracy control is
necessary. This includes manufacturing standards, tolerance
standard, etc. Standards should be established as part of th
production net hodology to pe used at ASI.



In the case of controlling the amount of production and the
nunber of workers at a work center, a detailed schedule is nade
for each stage.

The detailed schedule is used, also, for efficiency control by
being able to plot actual working status against the planned
efficiency. You can also see good and bad efficiency trends
devel opi ng.

Sanpl e efficiency control charts have been made, using the
actual amount of production and consumed manhours in pre-
fabrication. This is data froma recent three (3) nonth period.
Pre-fabricatin is divided into two (2) sections:

- marking and burning,

- bendi ng.

Therefore, the objects for efficiency control are:

- total pre-fabrication efficiency tendency,

- marking and burning efficiency tendency,

- bending efficiency tendency.

Q her control charts may be used for sub-divisions of the two
(2) main sections.

The basis of initial process scheduling #prior to contract) is
the manhours needed for a given amount of production. It is
very difficult at this stage to accurately gauge work vol une;
so, we find a factor which is directly proportionate to manhours
and use it instead of work vol ume.

In the case of pre-fabrication, we use the pre-fabrication
wei ght which is proportionate to the manhours and may vary
depending on the type of vessel.

Suppose that the follow ng budget was given to pre-fabrication
prior to construction of the vessel:

Hul | Steel Weight 14,000 tons

Mar ki ng and Burni ng 21,500 hrs. 1.5 HT

Bendi ng 3,000 hrs. 0.2 HT
Tot al 24,500 hrs. 1.7 HT



The expected efficiency is calculated to be 1.7 HT and the
sanpl e control charts (Fig. 1-3) indicate this. The actual
manhours consunmed on the contract from March through May have
been plotted using 1.7 HT as the guide.

The primary purpose of these charts is to identify bad tenden
cies, investigate the causes and take apPropriate count er -
neasur es. On the other hand, when the efficiency shows good
tendencies, investigate its causes also and take appropriate
steps to keep them  Wen using the charts, we see the

fol [ ow ng:

- Figure 1 and 2

- April 30: Investigate why the efficiency decreased.

- Nh% 14 - May 30: Investigate, if not already known, wh
the efficiency increased. ‘

- Table 3

- March 16: It is required to determ ne why the bending
costs were del ayed.

- ril 30 - May 30: Check if bending work delayed?
ncrease bending efficiency? Check job site conditions.

It is felt that the efficiency control charts are very useful
tools at each production stae, and inplementation can be
acconplished in the near future by the shop planner/engineer.

STAGE PLAN

The processs |anes have primarily addressed four stages of hul
construction - pre-fabrication, fabrication, sub-assenbly, ant
mai n assenbly. There are two other areas of hull constructiol
here at ASl that have been mentioned, but not discussed in
detail. They are the panel line and erection, two inportant
work centers. These two operations will remain in their pre-
sent location and will fit in with our process |anes operatior

Stage plans are docunments vital to process |ane operations.
Stage plans are docunments used in |H shiFyards. Avondal e’ s
stage plan will be the Unit Control Manual. CQur UCM was devel
oped in the MldLoft with other IH representatives in the pas
year. It is produced on CADAM CRT's based on:

-10-



VI

the unit parts list from Engi neering;

the unit draw ng from Engi neering;

the unit summary sheet from Production Pl anning;

the SPADES hull data base and N.C. parts file which is used

to deternmine what information goes in each stage plan. The
| anni ng summary sheet and the Engineering parts |ist nust
e witten, based on the policies of construction nethods,
as established by process |anes.

The UCM was nade for yard use, to establish feed back and pro-

duce an effective document. It contains all the information in
our present unit book, plus detailed drawi ngs for each opera-
tion of hull construction. It is broken down into six sec-

tions: (1) cutting list, (2) partial sub-unit, (3) panel line,
(4) sub-assenbly, ?5) mai n assenbly, and (6) erection.

The UCM along with material transfer, work orders, and sche-
dul es, are necessary for supervision and workers to perform
their operations efficiently with uncluttered, detailed infor-
mation. Worker will be given only the sheets of the UCM t hat
are required to performhis operation for his job site. Shop
pl anners and superintendents will have the conplete UCMto aid
In production control and planning.

The process |ane production systemcalls for the level |oading
of work centers, based on their capacity. is is acconplishe
f k based h Th li shed
by the establishment of stage scheduling, produced by shop
planners. Their purpose is to ensure proper material flow and
devel op detailed shop schedul es and the capabilities of the
work center, as preV|ousI¥ di scussed. Shop planners also need
fitting and welding |engths (now produced in Production Engine-
ering), as well as weights of conponents (from Steel Control
Departnent), to acconplish his task.

Qur conmttee reviewed the UCM as it relates to process |anes
requirenents.  Wth only a couple of mnor additions, we feel
those requirenents woul d be satisfied. The entire plan should
be studied from key plan, hull draw ngs, nunerical control,
UCM planning, material and production engineering to further
elimnate duplications and to inprove the overall operations.
(The UCM wi Il be explained in full detail later during the
presentation on Mld Loft operations.)

PROCESS LANES EFFECT UPON COST

The process |anes committee, for several nonths, has been eval -
uatin% the process |anes concept and the subsequent effect it
wi Il have upon the cost of the steel hull construction of the

-11-



next contract. After nuch debate and anal ysis, the process

| anes committee established (see Figure 4) that a cost reduc-
tion of 21%in hull manhours was achi evabl e under the propose
process |anes concept. The individual percentages which com
prise the 21% reduction are shown in Figure 2 and consist of

t he savings achievable in each area at each stage of construc
tion.

To illustrate the manhours savings which will be projected on
the next contract for a 21%reduction in hull manhours, we us
the actual. manhours per ton cost of the first vessel of the

| ast contract. The vessel cost fiqures were chosen prinarily
due to the simlarities of the hulls. Aso, the contract is
recent commercial vessel for which the hull construction has
been conpleted; thus, very little change in skill |evel and
facilities have occurred since construction. Under the pro-
posed process |anes concept of construction, a reduction of 2
In the hull manhour cost will be obtained through the process
| anes nethods. Thus, a sizeable savings is achievabl e under
the process |anes concept.

As also shown in Figure 4, there are five (5) main areas that
are affected by(Prqcess | ane i npl ementation.  These areas w |
be addressed individually. They are:

A) Area 1. Process Lanes

) Area 2. Material Flow and Handling

Area 3. New Production Methods

D) Area 4. Accuracy Control

E) Area 5. Qhers

As each area is discussed, itenms will be listed that are now
cost factors that process |anes inplementation will affect.

There are some itens that may belong in nore than one area,;
however, these items will be listed in only one.

O

A) AREA 1. PROCESS LANES

The inplenentation of Process | anes will allow for the clar
ification of material Tlow with proper flow procedures.
This will help overall production efficiency and will pro-
mote the inprovenment of material handling methods. A so,
the large reduction in nmaterial delays and the establishmer
of material queues, which will occur with the process |anes
concept, will reduce the idle time of workers waiting on
material, resulting in considerable manhour savings in the
fabrication and assenbly areas.

-12-



Schedules will be witten and platens |oaded, which wll
permt material and workers to progress sequentially from
operation to operation until the product has been con-
structed and outfitted at the nost optinmm manufacturing
cost. The process lane will allow work functions of indivi-
dual workers to remain simlar. The worker efficiency wll
I ncrease as the worker becomes nore famliar with his work.
The |ine-balancing of each process lane will allow for the
cal culation of the nost econom cal nmanpower distribution
thus allow ng the evaluation of manpower reductions or
allowing for the reduction of the fabrication and assenbly
time periods by allowing us to specify work areas as pro-
?reSS|ver related operations with approximtely equal times
or each operation.

The process |anes concept will allow for the establishment
of a stage control system for each production area which
wlj allow area managers to evaluate each area on a regular
asi s.

This continuous efficiency check will allow the area nanager
to nonitor and control each area for optinum efficiency.
Reconmendations for the format of the stage control system
wi |l be presented in the scheduling portion of this presen-
tation.

B) AREA 2. NMATERI AL HANDLI NG AND FLOW

A projected cost savings of up to 45% in the main storage
area can be realized through the inplenmentation of process
|anes. Process lanes wll elimnate the need to send nate-
rial from pre-fabrication to storage and then to the work
center. Material flow will by-pass general storage and, in
most cases, go to smaller work centers’ storage queues. The
material flow reduction will result in a reduction in the
amount of manpower and equi pment needed to perform the nate-
rial handling operation. so, the elimnated storage area
may be developed into a productive area.

Material handling is a major cost to shipyard operations.

In many cases, it requires capital that 1s not working for
the production operation; thus, material handling procedures
should be established which allow shipyard operations to
work efficiency. A material control system should be devel -

oped which will insure that shipyard production is not
hanpered due to the lack of required material or, for that
matter, a surplus of material. Mterial Control personnel

shoul d be assigned to specific work areas responsible for
the receiving, verification, |ocational assignnent, and the
exiting of construction material, and have the responsi-
bility of monitoring work queue buffers so as to expedite
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any material problens. Mterial Control personnel should
fol  ow procedures devel oped for obtaining and storing
required material such that a mninmum cost is expended on
the material handling function. Process |anes wll allow
for the establishment of a hull work pallet system The
palletizing systemw || greatly reduce the anount of mater
lal handling 1n the fabrication and assenbly area. The
systemw || result in less material damage and a |arge
reduction in material loss. Material will be easy to |oce
and will be grouped in one area, thus reducing the tinme
spent in material search by the field personnel.

AREA 3.  NEW PRODUCTI ON METHODS

Process lanes will require the early study of piece nestin
bY the Engineering Departnent. Proper nesting plans wl|
allow for greater utilization of steel and inproved scrap
ratios.

with process lanes, the division of the ship into specific
units for process |ane production will be required. The
Pl anni ng Departnent nust divide the units of a ship so tha
these units can be adaptable to a particular process |ane
and can be produced at optimum efficiency. Process |ane
will require manpower to prepare detailed schedul es of al
area activities. The cost of these area planners will jus
tify itself by the coordination of all shipyard activities
fromraw material to finished product. These planners w |
prepare proFer_area_Ioadlng schedul es which will assure
proper conpletion tines and costs. Reconmendations for th
use of area planners will be elaborated in Part Two of the
presentation, which wll cover scheduling.

The process |anes concept will require the elimnation of
our present nulti-hull cutting system and the establishnen
of a single hull cutting system The single hull cutting
systemw || require nmore cutting time for multi-hull con-
tracts. The cost of this extra cuttig time may be of fset
the savings incurred by not having to recut material due t
mstakes or revisions. Also, the single hull cutting syst
will allow for a large reduction in cut steel storage.
Savings on the investment of previously stored nmaterial an
the excess of usable estate wll help offset the cost of t
extra cutting tinmne.

The committee acknow edges the fact that proper accuracy
controls must be established for the proper devel opment of
process |lanes. Thus, with proper accuracy controls, the
elimnation of the stock on paralleled m dbody sections w
allow for the ease of the fitting activities and will resu
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in a reduction in fitting manhours. A projected savings of
9.5% in erection cost could be realized as a direct result
of elimnating stock as hull erection joints. The elinmna-
tion of scribing, burning, and meldin% edge Preparations,
along with the elimnation of the double pulling in of sec-
tions, will result in considerable savings.

Wth process Ines, the fairing of distorted plates should be
performed by the nost econom cal nethod available and in the
nmost econom cal stage of construction. The Accuracy Control
Department should issue guidelines on when, where, and how

this work is to be perforned by field personnel. Process
Ianes_MAII_PronDte_the i ncreased use of pin jigs. However,
pin jigs Wil require precisely curved shell plates. Stu-
dies you have seen this norning indicate that the use of pin
jigs Wll reduce the conmpany’'s expenditures in the fabrica-
tion of fixed jigs.

AREA 4.  ACCURACY CONTROL

Proper accuracy control procedures is one of the nost inpor-
tant prerequisites to process |anes devel opnent and mainte-
nance. The inplementation of proper accuracy controls _
throughout the shipyard will result in a sizeable savings in
fitting manhours in the fabrication, assenbly and erection
stages of construction. The amount of necessary checks in
the shipyard can be drastically reuduced by the introduction
of a system of coordinated activities which prevent the
manuf acture of a product deviating fromwhat is typically
expect ed.

A Brojected direct |abor cost increase of 0.5% at the pre-
fabrication stage is anticipated to establish the dinen-
sional and accuracy control program and the docunentation
necessary for anticipated cost reduction in fabrication
assenbly, and erection stages. A proiected savings of up to
6.0% at the assenbly stage can be realized as a direct

result of accuracy controls in preceding stages.

|f pre-fabricated parts and fabricated parts are dimen-
sional |y accurate, assenbly work should be constructed wth
appreci abl e savings. A projected cost savings of up to 13%
at the erection stage can be realized through dinensiona
and accuracy control by the elimnation of racked or dis-
torted assenmblies, the reduction of internal nembers having
to be left loose for alignnent and the subsequent welding of
sane in erection
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E) AREA 5. OTHERS

The establishment of process lanes will reduce the anmount
stored material and subsequent lost material and will all
for the establishnent of material flow procedures. These
changes, in conjunction wth proper accuracy control, wll|
reduce the total pre-fabrication, fabrication, and assenbl
Lenakes and result in a direct savings of material and mal
ours.

If the drawing schedul es precede the process | ane schedul ¢
in all Engineering Sections, the decreased number of draw
revisions and subsequent UCM revisions wll greatly reduce
the cost due to remakes. Also, the standardization of
wor ki ng pieces, such as lifting lugs and padeyes as con-
trolled stock items, will greatly reduce the cost of
material and manpower to produce these itens.

Thus, a projected savings of 4.0%in the pre-fabrication,
fabrication, and assenbly stages is anticipated in the cos
of remakes due to the elimnation of nulti-ship burning,
anticipated decreases in drawing or unit book revisions, t
establ i shnent of material flow procedures, and the standar
i zation of working pieces.

Wth the establishment of process |anes, there will be an
initial creation of specialized platens for the manufac-
turing of different types of ship units with little or no
future platen nodification; thus, platen nodification cost
will Dbe reduced. Also, since process lanes will require
detail ed schedules of all area activities, it will assure
proper conpletion dates and may allow for a reduction in
ni ght shift personnel.

Thus, after investigating the five (5) areas nentioned, the
commi ttee concluded that inprovenent in work efficiency wll
evi dent throughout all stages of ship construction. Conclu-
sions show that uPon the establishment of the process |anes
concept at Avondal e Shipyards, with all the necessary Sup-
porting functions, that there will be a 21%reduction in hull
manhours cost and subsequent increases in platen productivity

Wth the devel opment of the process |anes method, the prepari
of the unit breakdown to the |[owest |evel of construction was
?reatly defined. ~In order to properly identify the |owest
evel of fabrication, the Hull Production Planning Departnent
had to conpletely re-vanp their unit breakdown procedures and
unit, sub-unit, and partial sub-unit nunbering. Using the ne
met hods of construction, the |ead hull planner then prepares
the unit breakdown summary sheets. This is a detailed unit
breakdown from fabrication through erection. At the present
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time, the key drawings are used by the hull planner to prepare
the unit summary sheet. Once this docunent is finished, it is
forwarded to the Hull Engineering Section where the hul
drawi ngs are prepared for each unit. Upon conpletion of the
hull drawi ngs, a copy of each unit drawing, along with the unit
Eupnary sheets and unit parts list, are forwarded to the Mld
ort.

Wien these docunents are received by the Mld Loft, the Unit
Control Manual is then prepared. ese are the actual working
drawings that-will be issued to the production trades. (This
m4||)be explained in full detail during the Mld Loft presenta-
tion.

CONCLUSI ON
Gentlenmen, | would like to take this opportunity to thank you
for your attention and patience. Today, | briefly touched on

the hull planning procedures at Avondal e Shipyards. There were
nunerous changes brought about by the process l[anes nethod. |
would like to |eave you with this phrase.

It is easY to state required changes and to justify
change. t is nore difficult to bring about changes.

Many organi zations resist change, sonetimes quite uncon-
sciously, perhaps because of insecurity. Health organizations
wel come and actively encourage change when it is related to
sensible, long term strategy. In particular, the organization
should see itself evolving to enbrace the relevant devel opnent
in ship and production technology. This careful evolution
shoul d be seen as a function of the organization.
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PROCESS LANE LAYOUT FOR CATEGORY 1 HULL UNITS
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COST BREAKDOWN BY HULL

GROUP

PERCENTAGE CF
COST CENTER MANHOURS PER TON
PRE-FAB 8. 25%
FABRI CATI ON 20 . 46%
ASSEMBLY 24.26%
ERECTI ON 47. 03%
TOTAL 100. 00%

COST SAVINGS OF PROCESS LANE METHOD VERSUS CURRENT METHCD

CURRENT WETHOD | PROCESS LANES METHD
QBT CENTER % oF witon | savmes | % oF m/a-Ton
PRE- FAB 82577 . 12% LESS 8.13%
FABRI CATI ON 20. 46% 3.45% LESS = | 17.01%
ASSENBLY 24. 26% 5.48% LESS = | 18.78%
ERECTI ON 47.03%  [11.77%LESS = |  35.26%
TOTAL 100.00%  [20.82% LESS = |  79.18%
PROCESS LANE SAVINGS BREAKDOWN
CATEGORY PRE-FAB | FABRICATION  ASSEMBLY ERECTION | STORAGE
PROCESS LANES 1% 5. 5% 4% 1%
1
MATER AL FLOW| 1% 3% 1. 5% 5% 47%
NEW PRODUCT- C1
|ON METHODS 1. 5% 5% 4% 9. 5%
ACOURACY AT 0T ET
CONTROL 5% 1% 6% 13%
B1 B2 B-3
OTHERS 4% —
TOTALS 7% o 18.5% 057 5% 47%

ClAIPE NN A
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ZONE QUTFI TTI NG
PLANNI NG AND SCHEDULI NG

| NTRODUCTI ON

A) THE ZONE OUTFI TTI NG METHOD

The conventional method of outfitting used in the past at
ASI was designed on draw ngs that were concerned wth whole
systens and system functions. The outfitting material was
installed, for the nost part, after erection of the hul
units and after conpletion of the hull work, by system

Performng the outfitting in this manner is an extrenely
costly operation because of the nunber of people and the
amount of material required to be in the sane area, at the
same time, in order to conplete the work according to sche-
dule. These conditions result in Poor | abor cost returns
because of the condition. The scaffolding costs are also
very high because of the access needed to do the work.
Additional ly, safety records are poor because of the
crowded, confined working conditions. The conventional
method is also a yastk% conplicated operation, due to its
bei ng concerned with whole systems, sone of which could
cover alnost the entire length of the ship.

Ve, in Qutfit Planning, recognized sone ?QOd_tiﬂE ago that
there nmust be a better way to do the outfitting. nmade an
effort to “pre-outfit” the hull units on the Ogden contract,
the Cccidental tug and barge contract, _and also on the |ast
two hulls of the Navy A.Q “contract. This was done by
taking the existing engineering draw ngs which were made in
the conventional manner, by system and “breaking’” them down
to suit on-unit outfitting prior to erection. is only
proved to be noderately successful, however, due to the man-
ner in which the drawings were made. Many valuable |essons
were | earned, though, by all involved in establishing our
criteria concerning what could be installed and what could
not .

Qufitting in any nmanner is a conplicated business, consis-
ting of thousands upon thousands of details, each one_ inpor-
tant in its own right; but, there is now a nore organized
met hod than any that we have tried before.

The zone outfitting method, Wwhich has now been adopted and
which is currently being inplenented at ASI, was devel oped
over a period of time by the Ish|kamaﬂ|na-Har|na Heavy

I ndustries Conpany, Ltd. of Japan (IH) to avoid the nany
probl ems and higher costs of conventional outfitting.



At ASI, we have been involved with the IH zone outfittin
met hod now on two contracts - three container ships for tl
President Lines and a hopper dredge for Zapata. (n these
two contracts, which are presently in various stages of

conpl etion, the drawi ngs were nade, for the nobst part, to
refl ect the zone outfitting philosophy and the outfitting
was, and is still being, pertormed In the manner prescribe
as best we can manage this early in our evolution. Fy||

{nplenentat|on, we realize, will not be conpleted for sont

i me.

The IH zone method of outfitting is an offshoot of the ur
or block nmethod of hull construction, which was to build i

place on the building ways.

In the unit or block method of hull construction, the shig
is broken up into relatively smal | sections which are fabr
cated and assenbled renpte fromthe erection site to pre-
clude the unsatisfactory conditions caused by on-site

buil ding, then brought individually to the erection site f
assenbl ing together to make up the hull.

The zone outfitting nethod is simlar, whereas the out-
fitting conmponents are separated into relatively snmall, le
conpl i cat ed packaPes that have been designed, for the nost
part, to be installed on the units or blocks at the proper
st age Of_ th_ell‘ construction, away from the erection site.
The outfitting drawi ngs, as they are now made, ignore Sys-
tens per se and concentrate in smaller areas in order to
maxi m ze the anount of interimmterial that can be
installed in these smaller areas (on-unit) renote fromthe
bui I di ng ways in safer, open areas, and nost usually
requiring no scaffolding.

The remaining outfitting material that nust be installed
after the units are erected follows the sanme principle of
relatively small, |ess conplicated packages of naterial
confined to a specific area (on board), which is not over-
crowded due to the work previously performed on unit and
whi ch a m nimum of scaffolding is now required.

Also, following this sane principle are machinery and pipe
rack packages which are conponents of various sytens, but
are designed to be fabricated and assenmbl ed conplete with
supporting structure, nachinery, pipin? wal kways, etc, aw
fromthe unit and hull assenmbly site, hen installed eithe
on the hull units prior to erection or on the hull (on
board) at the proper tinme.

The various systenms are only recogni zed and approached, as
such, at the stage of construction where system progress
rqu|res assessnent, such as at the beginning of testing,
etc.



So, then, we have these advantages in using the zone out-
fitting method:

- less conplicated,;
- better working conditions;
- less scaffolding;
more cost efficient;
safer working conditions;
more work is conplete at launch; consequently, the ship
is at the conpletion dock a shorter time after |aunch,

whi ch enhances tinely delivery or possibly earlier
del i very.

PRODUCTI ON_OQUTFI TTI NG _PLANNI NG PROCEDURE

The phrase “outfit planning” describes the plannin? and sche-
duling necessary to install and test and operate all the conpo-
nents of a ship, other than the hull structure.

The objective of this procedure is to explain the Production
Planning effort required to deveIoF the information, docunents
and the schedul es necessary to inplenent and acconplish zone
outfitting at ASI and, also, to show the interface between Qut-
fit Planning, Hull Planning, and the Engineering Departmnment
during this process.

A) PRE- CONTRACT

- As early as possible in the pre-contract negotiatinﬂ
period, the Production Planning Departnent establishes
the major mlestone dates of keel, launch and delivery.
After contract” S|?n|ng, these dates are shown in the
Master Yard Schedul e.

- Production Qutfit Planning then devel ops the zone out-
fitting master planning schedule, which is a schedule of
schedules, activities, and events. This is acconplished
by applying dates to the standard format.

- Production Planning receives, from Advanced Prograns/ Hul |
Techni cal and Design Section, updated Key Pl ans:
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- Contract Specifications
- Mdship Section
- Scantling Plans, Sections and Details

In addition, during the pre-contract period, Productio
Pl anni ng receives relatively “fixed” contract:

- Ceneral Arrangenent
- Machi nery Arrangenent
- Key Systenms D agrans

- The ship is then divided into |arge purchasing zones b
Qutfit Planning for the advance ordering of naterial a
equi pnent. A date for the earliest required itens is
assigned to each zone. These Iar%e pur chasi ng zonesd
subdivided at a later date, and then becone distinct ol
fitting zones for drawi ng and work schedul i ng.

- Production Hull Planning develops the prelimnary unit
arrangement, wth master butts, and devel ops the preli
nary pre-fabrication and sub-assenbly schedul e and the
mai n assenbly and erection schedul e, which are the basi
for the Production Qutfit Planning and Engineering Pl ar
ning Sections’ early activities

NOTE: Hul | and Qutfit Planning Sections nust work ver
cl osely together during this period, so that
what ever advantages that can be gained for the
outfitting, in the manner in which the shipis
broken up, are fully utilized.

- Production Qutfit Planning and the Engineering Qutfitti
Sections study the KeV_PIans concurrently and deci de
prelimnarily the application of:

machi nery package units;

pi pe package units; o _

the various types of on-unit outfitting (innerbottons
flats, etc.);

zone outfitting on board.

B) CONTRACT S| GNI NG

- Production Qutfit Planning develops the detailed zone
arrangenent and the prelimnary pallet |ist.

- Engineering develops the Prelimnary Drawi ng Schedul e,
which is submtted to Production Planning for need date

- Production Qutfit Planning devel ops the Master M| eston
Construction/ Zone Qutfitting Schedul e.



- The Hull Construction and M estone Schedul es are reviewed
by Production Operations, Production Engineering and Pro-
duction Planning, and joint neetings are held to finalize
them  Concurrent with these reviews, Engineering is
develop|n% hul | drawi ngs and review neetings are held
between them Production Planning, and Production Qpera-
tions for further developing and finalizing the unit
breakdown.  Sone conprom ses to acconmopdate the out-
f|t1|gg or hull construction may be made during this
period.

(The early definition and finalizing of the unit arrange-
ment are vital to the Engineering Qutfitting Section for
the making of the working drawings to neet the schedule.)

- Al the schedules previously discussed are submtted to
upper management for approval and, upon approval, are
distributed to the yard.

- Unit construction plan (where and how) is finalized by
Production Hull Planning at a series of neetings wth
Production Operations, tfit Planning, Mld Loft,

Engi neering, and all other interested parties.

- Qutfit Planning begins publication of the Unit Qutfitting
Synopsis, a brief description of the outfitting procedure
for each unit.

NOTE: After it has been decided how and where each unit
IS to be constructed, e.g.: upside down on
Platen 20, then turned for weld conpletion, noved
to blast and paint in the upright position, etc.
it is of the utnmost inportance to the zone out-
fitting philosophy that this plan be maintained
by the field. It is upon this plan that the out-
fitting plan is built, which includes the engine-
ering draw ngs, the assignment of pallet nunbers,
and the marshaling of the outfitting material
for delivery to the site at the proper tine.
Therefore, the plan should not be changed until
all the ramfications have been considered and
t horoughl y di scussed before the decision is made.

- The Pallet Schedule is finalized by Production Qutfit
Pl anning and issued to the yard.

- The Engineering Drawi ng Schedule is finalized and weekly
nmeetings begin between the Engineering Qutfitting Sec-
tions, Production Hull and Qutfit Planning, and Produc-
tion Qperations to review and discuss as they devel op
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advance design conposite sketches,
the working draw ngs, _ _
pall et codes and the pallet. lists of material.

NOTE: It is inperative that, during the drawing .
devel opment stage, Engineerifng and ProducCtion
mai ntain very close contact and conmuni cations

for it is during this period that the fina
criteria are apPlled as to exactly what out-
fitting material will be installed at each sta
of construction, and the contents of the palle
are cast as final.

- Qutfit Planning begins publication of the “Unit Qut-
fitting Lists of Material,” and the “Zone Qutfitting
Lists of Material.”

- Wrk orders are issued by Production Engineering, and i

fabrication, sorting, collection and packagi ng of out-
fitting material begins.

- On-unit and package unit outfitting begins.
- On-board outfitting begins.

- Production Qutfit Planning issues the Conpartnent Conpl
tion and the Machinery Testing Schedule, which are deve
oped frominformation contained in the Master M| estone
and Pal |l et Schedules and fromthe Test Menoranda devel -
oped by the QA Section of Engineering.

NOTE. This procedure is pnlr one of many which are requir
in the process to inplenent zone outfitting. Each
section of the yard nust also have a procedure tﬁat
I's consonant with the philosophy and which dovet ai
with all the others.

THE PALLET CONCEPT I N ZONE QUTFI TTI NG

The key instrunents for outfitting in the manner that is bein
presented here are the pallets, under whose nunmbers the pack-
ages of oquittin? material are grouped, and which will be
explained in the follow ng text.

NOTE: The pallet nunmbers with the drawing required dates are
i ssued to Engineering early in all jobs. TPE p ,Iet
nunbers that are assigned bK Production Qutfit B anni ng
for use by Engineering at this stage may be best under-
stood if the analogy is made that, the pallet nunbers a

at this point “enpty buckets,” because no one knows at
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this time what the “buckets” contain. Production has
furnished them Engineering is to fill themand return
them to Production via the draw ngs.

The pallet, as discussed here, requires that you put aside what
You_usually think of when You hear the word. which is the
am | ar wooden framework platform used to nove material about
with a forklift truck. Pallet material, for the pallet as
defined here, may be stored or noved using a variety of
containers, including the famliar wooden platform

For the purposes of this discussion, the pallet, as the termis
used for zone outfitting, has an entirely different meaning.

A) THE PALLET FOR ZONE QUTFI TTI NG CONSI STS OF

1) A work package, or kit of outfitting material, that is
designed Dby Englneerln?, based on pre-establlshed
criteria, to be installed in the hull of a ship in a
specific place and at a specific advantageous tine,
during construction.

2) The manhours allowed for its installation. |Ideally, the
pal et should require approximately 100 nmanhours to
install, or one week’s work for two men. (Engineering is
not being asked at this point at ASl to desigfnate the
Pallets to this parameter. Production will break the
large pallets into snmaller ones to suit need. However,
in the future, Engineering is expected to be cognizant
and to pallet code the material accordingly.)

3) A pallet number which identifies the material and which
I's both significant and unique.

The pallet nunbering system currently in use at ASl was
devel oped by Qutfit Planning, using certain well-known
yard termnology in its structure. We have used this
system wi th success on the two contracts previously
ment i oned.

B) THE PURPOSE OF THE PALLET NUMBER AS USED AT ASI |S:

1) To identify the material it represents by [abor cost
code, which allows cost collection by pallet.

2) To identify where the nmaterial is to be installed.



3) To identify the naterial by a serial nunber, which al
segregation into nanageabl e packages.

4) To identify the stage or tine at which the material is
be installed.

THE THREE APPLI CATI ONS OF PALLET NUMBERS TO QUTFI T NMATER
ARE!

1) Organizing material for the hull units at their variou
stages of construction conpletion before they are erec
on the ways.

2)Organi zing material for the various outfitting zones (
board) after the hull units are erected that formthe
zones.

3)Organi zing material for installation on machinery and
pi pe rack packages.

ON- UNIT QUTFI TTI NG PALLETS
1) Typical On-Unit Pallet Nunbers
06- 001-01S
09-001- 01U
16-001- 01T
07-001-01V
20- 001-01J

2)Pal | et Nunber Breakdown

a) The first two characters represent a craft |abor co:

code:
06 - Piping ........ Pipefitters
07 - Machinery ... . . . Machi ni st s
08 - FElectrical . . . . Electricians
09 - Ventilation . . . Sheet Metal Wrkers
16 - Fittings ... .. Shipfitters
17 - Qutfitting . . . . Shipfitters
20 - Foundations . . . Shipfitters

b) The m ddle three characters establish hull unit nunt

001 . ............... O Unit (ne
060 . ............... On Unit Sixty
etc



c) The sixth and seventh characters establish seria

nunber :
0. ... . Serial Nunber One
OE ................. Serial Nunber Two
etc

The eighth character represents a code for the stage
of unit construction at which the material is
installed. There are five (5) stage codes:

S

To be installed on a unit sub-assenbly piece
before it is joined with other sub-assenblies at
mai n ﬁssenbly to make up the unit (prior blast and
paint).

To be installed at main assenbly or while the unit
is at the pre-outfitting position on the platen.
Normal [y, while the unit Is upside down and open
before closing in with shell plating, deck plating
(prior blast and paint).

To be installed after the unit has been turned for
welding (prior to blast and paint). Some types of
material that are installed prior to paint:

steel piping, including valves;

CUNI piping, including valves (except snal
t ubi ng) ;

- gal vani zed pi pi ng;

- splash plates, striking plates, doublers,
coam ngs;

- independent tanks;

- lifting devices, padeyes, monorails, overhead
crane rails;

electric cable hangers, collars, transit franes,
ki ckpi pes;

- foundations, vertical and inclined |adders,
docki ng pl ugs;

- chocks, bitts, cleats, manhol es, hatches, heavy
doors;

-vent spools, heavy gauge duct, heavy construc-
tion [ouvers.



NOTE:

V = To be installed after the unit has been bl asted
and painted. This stage is usually reserved fo
the installation of material and equi pnent that
woul d be danmaged by the blast and paint process
Sone exanples are: sheet netal gauge duct, pla
tic pipe, machinery, etc.

J ="To be installed after the unit has been joined
bl ocked with another unit, after blast and pain
and prior to erection.

Every effort nust be nmade by all sections of Engineeri
to place the nmaxi num anount of material on the units i
all stages of their construction, so that on-board
installation is confined to an absolute mninmum Thig
i nvol ves great attention in design to suit the unit bd
daries and its conditions.

The ideal design would allow all work to be perforned |
t he down- hand Position and woul d require no scaffolding
0

The reality, course, is a conpronise that asks for i
m ni mum of work to be performed in difficult positions,
and in which a mninumof scaffold is required.

Ceneral On-Unit Design Criteria, all Engineering G oups

a) Do not place material nearer than one foot to either
side of an erection joint. This two-foot area is
required for fitting and wel ding of the joint.

b) Study the adjoining unit structure, also, before
placing material near the allowable distance fromtf
joint. There may be protruding structure or equipne
that extends into the unit you are working.

¢c) Relocate material, whenever possible, that falls on

too near an erection joint. Exanples would be: fo
dati ons whose exact |ocation are flexible, reach roé

operators and rods, nooring bitts, etc. FEach case
nmust be studied individually.

d) Tools for the engineering of material to be installe
on the units and on board:

the Unit Arrangenent (Production Planning);

the Unit Summary Sheet-Construction Procedure
(Production Planning);

structural draw ngs show ng unit breaks (Produc-
tion Planning, Hull Engjneerjng;;

i sonetric draw ngs (Engineering

-10-



E) ON BOARD QUTFITTING PALLETS
1) Typical On-Board (Zone) Pallet Nunbers

06- ML2- 01X
07-M21-01X
08- M32- 01X
09- A10-01Y
16- D00- 01Z

2)On-Board Pallet Nunmber Breakdown

a) The first two characters represent the |abor cost code
as they did for the unit pallets:

06 - Piping . ...... Pipefitters
07 -Machinery ..... Machi ni st's
etc.

b) The mddle three characters are the |ocation code.
The first character denotes the main zone:
M = Machi nery Spaces

A = Accommodati on Spaces
D = Deck and Hold Spaces

(These nmain zones are now standard on all jobs.)

The second character of the |ocation code is used
to establish the sub-zone (see zone arrangenent).

The third character of the location code is used
to designate either the port or starboard side of
the sub-zone or the sub-zone in its entirety:

1 = starboard side
2 = port side
3 = whol e sub-zone
Hence: M = Machinery Space
M = Machinery Space Lower Level
M| = Machinery Space Lower Level,
starboard side
ML2 = Machinery Space Lower Level
ort side
MLO = Machinery Space Lower Level,

t hroughout .

-11-



c) The sixth and seventh characters are the serial numr

of the pallet. The serial number may be used to
divide pallets that contain |arge amounts of materi
into smaller packaﬂﬁs for easier handling, etc.
Exanpe: Pallet 9-ML0O-01Y contains 60 pieces of fab
cated ventilation duct and 40 pieces of spi
duct. This pallet could be divided thus

- MLO-OLY - 30 pieces fabricated duct
20 pi eces sprial duct

®-MLO- @2Y - 30 pieces fabricated duct
20 pieces spiral duct

The eighth character establishes at what tine or st
of hull construction the material is installed and
algo Its priority. There are three on-board stage
codes:

X = Load Aboard Prior To Closing In - First Priority

To be installed prior to closing in an area whel
the existing openings will not accomodate the
material or equipment after erecting a hull unit
over alongside, etc. The weight of an itemis
also a consideration, where extra effort would I
required to nove the iteminto place, even thoug
it would fit through existing openings

Y = Easy Access - Second Priority.

Material and equi pment that nmay be passed or
carried through existing openings because of its
smal ler size or lighter weight. This stage code
Is also used for itens on open deck areas.

Z = Final Qutfitting Itens - Third Priority.

This code is reserved for final outfitting itens
that would not nornally be installed until just
rior to sea trial or delivery (pilferables, fir

ose, portable test instruments, spare parts,

etc.). Location codes for this type of materia

usual ly are given to the whole nain zone.

Example: 06-MOO-OlZ - install throughout zone M
1t7-A(I}012 - install throughout zone A
etc.

-12-



F) SPECI AL PALLET NUMBERS THAT ARE USED TO GROUP ASSOCI ATED

1) Exanples

- ME = Main Engine . . . . . ... ... Pallet #07-M E- O1X
Associ ated |temns:
ME Chocking and Bolting . . . . Pallet #07-M E-OLY
ME Sway Bracing .......... .. Pal et #16-M E-OLY
ME Spare Parts . ..... ... Pallet #17-ME-QOLY

- BBR=Boiler ... .......... Pallet #07-B/ R OLX
Associ ated |tens:
Snoke Indicator Piping .. .. Pallet #06-B/ R OLY
Safety Lifting Gear ....... Pallet #07-B/ R QLY
etc.

NOTE: One of the main features you should not miss in the

pra! | et system concerns the organization of the material.
his organi zation allows the control of people through
the scheduling of the pallets. The workman cannot work
out of phase, which usually lessens the effectiveness of
others 1nvolved, if he does not have the material. The
material is controlled and, thereby, the people in the
system are controll ed.

The significance of this fact is pointed out in a foot-
note in the “Product Wrk Breakdown Structure” publica-
tion, “In Japan W Have To Control Mterial Because W
Cannot Control People.” (Y. Mkam to L.D. Chirillo,
June, 1980)

I'V. CLOSI NG REMARKS

It is now possibly clear to you that the zone outfitting nethod
is a highly organized and met hodi cal approach to integrate the
outfitting of a ship with its construction and erection. There
are many advantages in the system that are inherent and not
readi | y apparent, but of which you will becone aware once it is
decided to inplenent the system In closing, allow nme to
briefly cover some of the innovations that have been introduced
since Inception and the effects of them on the yard.

-13-



A) ENG NEERI NG PLANS

1)

Draw ngs are made to suit unit construction and the un
construction schedule. This establishes a realistic
schedule for engineering. It is very easy to see wher
the “tight” spots are and the man loading required to
meet the schedule. Piping arrangement drawi ngs are ma
to cover nulti-units wth a separate P/ D and L/ M bookl
for each unit. Pipe down through two inch is devel opec
and bel ow that is dinmensioned on the arrangenment. Thel
is no “field run”hfiping_except smal | tubing. The
material in the L/Mand pipe pieces in the P/D are pal
nunbered and coded to the proper stage.

Ventilation arrangement drawi ngs are made to cover
multi-units with a separate L/ M booklet for each unit.
Each piece of duct is nunmbered on the arrangenent and ¢
material, includng the duct pieces, are nunbered and
pall et coded in the L/M

Qutfitting section drawings cover nulti-units and |ist
the material by pallet numbers. Additionally, paintinc
information is listed for each itemand also the wei ght
of the finished assenbly. Mst of their drawi ngs are
organlzed in a manner that allows separation of the
fabrication fromthe installation sections, so that the
gorkn%? only sees what is necessary for his work, if sc
esired.

Mechani cal Section draw ngs, also, follow suit (reach
rods, exhaust piﬁing, cargo punp installation, etc,) w
multi-units in the arrangenent and a separate listing k
pal | et numnber.

One principle that has been enphasized to Engineering i
all our po ic¥ di scussions is, “Production does no mate
ial take-off fromthe drawings.” They have responded
?dn1rably and, to date, have nmade great progress in con
or mi ng.

2)It nust be pointed out that naking the drawings, in the

manner required to suit zone outfitting, requires a nuc
greater effort and expenditure “up front” in Engineerin
than was necessary previously. The drawi ngs are nore
difficult and, therefore, nore tine consumng

-14-



B)

PRODUCTION MAY ALSO MAKE MORE REALISTIC PLANS AND SCHEDULES

FOR ALL ITS FUNCTIONS. THIS INCLUDES LONG TERM FABRICATION

AND INSTALLATION PLANNING. PRODUCTION'S VARIOUS FACEIS ARE

ENHANCED BECAUSE:

1) Fabrication

a) Now geared to actual need dates.
b) Shop level loading easier to plan and execute.
c) Material storage problenms are |ess.

2) Installation

a) On- u)nit at the proper time and attitude (down hand,
etc.).
b) On-board at the proper tine, in a nore orderly fashion.

)
) Working conditions are better and safer overall.

o O

) Managenment has better control.
e) Better physical progress assessment at any given point.
f) More cost effective.

3) costs

a) Easier to nonitor.

b) Easier to manage.

c) Easier to pinpoint individual perfornmance.

d) Easier to gauge overall perfornance.

e) Better and nore accurate feedback to Estinmating on

what the job actually cost.

-15-



LEGEND

ZONE “M” - MACHINERY SPACE

ZONE “A” - ACCOMODATIONS

ZONE “D” - DECK & HOLDS

v

OUTFITTING MATERIAL - ADVANCE PURCHABING ZONES

ZONE STANDARD _TIME DATES
FAB MAT'L .REQ. PURCHASED ITEMS REQIFAB MAT'L.REQ. | PURCHASED ITEMS REQ.
papongl Kavowms | K-2montws | B ERE | i Rl
Mo K-a | Kk | Biv | mid
A K | we R
smavel el | Koz | b | ik
FLEGTRICAY K4 *K+1 )

LENGTH O.A.

BREADTH MLD.

DEPTH MLD.

’;

635'-¢"

106'-10"

60’ 0"

NO.

NO.
NO,

1
2
3

C1-0015
EXXON PRODUCT CARRIER

KEEL
9-14-82
12-1-82
3-1-83

EXAMPLE B

LAUNCH DELIVERY
5-14-83 10-15-83
8-6-83 1-7-84 PRODUCTION PLANNING JAN. 1081

10-29-83 3-31-84



aQ-15
EXN

20E A - Accomdations

Al-Service Desk - Main Deck to 65'6" Level Fr. 34 - 57 & Main Deck
to wnder side of boat deck (75'6" Ivl.) Fr. 3% -
57 - Extexior Areas, Fr. 57 to Mach. Casing

A2 - Boat Deck - 75'6" Ivl. to under side of a deck 84'9" Ivl. & Exterior
azea Fr. 34 - 57,

A3 < A Deck -84'9"Lvl.mmde:singDe=k94'0"Lvl.&Exce:ia:-
area Fr. 34 - 57
44 - B Deck - 94'0" Lvl. to under side C Deck 103'3" ILvl. & Exterior
- area Fr. 34 - 57
A5 - C Deck - 103'3" Ivl. to under side of Mav. Bridge Deck 112'6" Iwvl.

& Exterior area Fr. 36 - 57

A6 - Bridge Deck - 112'6" Lvl. and P.H. top including Main Mast & Exterior
) area Fr. 39 - 56

EXAMPLE C



. PALLET NUMBERS AND CODES PALLET CODES
CONTRACT: __C1-015 S - During Sub Assy./ On a Sub. Assy.
HULL ng* 2335 U - Before Turning - During Mn. Assy.
T - After Turning - Prior B-& P
. V - After B & P - Prior Erect
ON UNIT QUTEITTIN
PALLET QUTFITTING | START
200 |uMIT | DESCRIPT. | FRWE  foc. | EEER ORMNG o eaT RESUeRED
O S S TR —— -
01 2 I8 58-61 | P | s,u,T.v 3/22 5/17 7/19
3 18 5861 s | ST,V \ \ %
1 18 61-65 | cLl su,T,v 3/29 5/24 7/26
; 4 I8 65-69 | CL] SuU.T.V
_}L 5 IB 69-73 | CL| S.UT.V
M1 8 1B 44-58 | P | S.U,T.V
9 I8 28-49 | CL| S:U.ToV¥
. 10 IB 44-58 | s | s,u,T,v
03 | 16 | BHD 64 gL | ST Y v
01 6 18 61-65 | P | S,U,T.V 4/5 5/31 8/2
' 7 18 61-65 | s | STV .i
\ 13 18 73-77 | cL| STV
M1 17 I8 29-44 | p | S.UTV
18 18 29-44 | s | S.U,T,V \l/ A/ \
01 12 18 65-69 | S | s,u,T,v 4/12 6/7 8/9
D2 13 1§ 73-77_| cL| SU.T.¥ |
05 14 INB WG| 58-61 | p | SsU.ToV ’
05 15 INB WG| 58-61 | s | S.U.T.V \5, N .
01 19 18 69-73 |.P | STV 4/12 6/14 8/16
D1 20 18 §9-73 | s | S:U.T.V
05 23 INB WG| 61-65 | P | S,UT,V
D5 | 24| INBwe| 61-65 | S | <y ;
M1 25 18 15-29 | CL| sy.1.v ;
02 29 18 77-81 | cL| S,U,T.V !
D2 30 LB 73-77 P-| s,u,T,v \V4 \!, v
D5 27 0BD W6l 58-61 | P | S.U,T,V 4/26 6/21 8/23
D5 28 0BD WG| 58-61 | s | SiU.TuV l ! "
02 31 18 73-77 | s | s.ut.v | I
02 77-81 1 P | suTwv \l/ v v

EXAMPLE D




- - e e e ———
SPECIAL DESIGNATION .CODES INSTALLATION CODE
A7W Anchor Windiass X = Prior Closing
l 8/R Bofler PALLET NUMBERS7CODE Y = Easy Access/Prior LauncH
8/T Bow Thrustar Mach'y ORAWING REG. SCHEDUL
l C/W Const. Ten Winch ORAWING REQ. °‘jl“‘ ULE ‘
-l 0/G sS Ds1. Gen. €1-0015 "B"
£/G Emerg. Gen. CONTRACT
E/C Eng. Rm. Caonsole HULL 2335 EXXON
M/E Main Eng.
B/R Bropalier
R/D Rudder
S§/8 Main Swhd.
S/H Shaft
S/G Steering Gear
W/H Waste Heat Boiler .
I L ON BOARD OUTFITTING l
—————-ﬁ—————_—'——_'——-r—__—__m
ZONE QUTFIT START START
I SUB-ZONE LOCATION PALLET NO/CODE | OWG. REQ. FAB INSTALL
| |
I M1 ENG. RM.LWR.LVL
I M-1 ENG. RM.LWR.LVL| 20-M11-1X 6/28/82 8/23/83 10/25/82 i ‘
I M-1 ENG. RM.LWR.LVL| 20-M12-1X , ~ l
| :
M-l ENG. RM.LWR.LVL] 07-Mi1-1X ! ’
! M-1 ENG. RM.LWR.LVL| 07-M12-1X
I M-1 ENG. RM.LWR.LVL] 06-M11-1X I
I M-1 ENG. RM.LWR.LVL| 06-M12-1X I
! M1 ENG. RM.LWR.LVL] 16-M11-1x I
M-1 ENG. RM.LWR.LVYL! 16-M12-1X
M-1 ENG. RM.LWR.LVL] 08-M11-1X
M-1 ENG. RM.LWR.LVL| o08-M12-1X :
M-1 ENG. RM.LWR.LVL| 09-M11-1X l
i M-1 ENG. RM.LWR.LVL] 09-M12-1X l
. l
M-1 ENG. RM.LWR.LVLJ 17-Mii-1X : I
! |
l M-1  _ | ENG. RM.LWR.LVL! 17-M12-1X s <7 NE
I M-1 ENG. RM.LWR.LVL| 20-M10-1Y 7/26/82 9/20/82 11/22/82 I
I M-1 ENG. RM.LWR.LVL] 07-M10-1Y I
l M-1 ENG. RM.LWR.LVL| 06-M10-1Y I
M1 ENG. AM.LMR.LVL] 1s5-MI0-1Y ;
l H-1 ENG. RM.LWR.LVL] 08-M10-1Y i ‘
i M-1 ENG. RM.LWR.LVLJ] 09-M10-1Y f i
I M-1 ENG. RM.LWR.LYL] 17-Ml0-1Y v W I
l M-2 ENG. RM.24'3"Lvll 20-M21-1X 7/12/82 9/6/82 1178782 !
l M-2 RM.24'3"LVl 20-M22-1X !
| -EXAMPLE D1... T 1

N




UNIT 24 - REV. 1 - 27/

24, INiT 28 (Car. 1 Puaten 20) Steo, Dnmd, Wine FR. B1 - €5

PRIOR BLAST AND PAINT
p 186" BHD, I's BASE PLT.

B. UNIT passes THROUGH QUTFI T AREA IN TWO SECTIONS, M\, DK, SECTION
& LONG L BHD, SECTION, NOTE: TRUNK SECTION ASSEMBLES QN PLATEN
23

C, QUTFIT SUB ASSY'S

(1) W DK SECTION
A HATCHES, ETC
B. Tive REQD 2 pars

(2) LONGL BHD. SECTION
A FIELD RN PIPE
B, INCL, LADDERS, (FD, BHD,) FDNS.
C. TINE REQD 2 DAYS

(3) TRUNK SECTI O

A GRATING ETC, NOTE: FOLD BACK FLAT AGAINST TRUNK BHD. W
TOGGLE PRIOR ERECT

B, TINE reg 01 VEEK DIRING sssy,
D MNVETOM ASSY. & JONDK & BHD.
E MOVE TO END OF PLATEN (NO TLRY

FoOUTFIT
(1) COWP. [NSTALL PIPE
(2). TINE REQ D 5 DAYS

PRICR TURN AFTER & BLAST AND PAINT

G OUTHIT
(1) BOMDSTRAND
(2) TINE REQ D 2 DAYS

H TURN UNFT AND INSTALL PRECOATED TRUNK & BRKTS.

1. QUTFIT
(1) VERT. LADDERS, ETC.
(2) Tive REQ D 1 VEEK DUR NG GRAND ASSY.

J. TOUCH WP PAINT
K, ERECT

EXAMPLE F



|
| UNIT OUTFITTING PALLET L
|

PRODUCTION. PLANNING M

A _ S A T ¥ e o e - ‘ N\
I__J_M. C\-\S____uywmit 10 PALLET NO.§ 0'°° '~ ¥
- i

HULL R zoN PALLET Rea'D. AS PER SCHED.
o UNIT DESCRIPTION
ol wl unet RoTm  (S) SHEET,
2| 2 - - -..... .|DETAIL,
€| 2 IFRAME(S)___44-T3 - BEMER
DESCRIPTION _| DRAWING |PIECE MK.| REMARKS |
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ZONE OUTFITTING PALLET L/M

PRODUCTION PLANNING

1
D50\ \
Ll-15 zone D PALLET NOW

PALLET REQ'D. -AS PER SCHED.
ZONE DESCR_IPTION ]
w il Maw DNeeg SHEET,
§ FRAME(S) _<s7.- 49 !DTEETh:lo.R
] DESCRIPTION DRAWING |PIECE MK REMARKS
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DESI GN ENG NEERI NG | NTERFACE FOR
PRCDUCTI ON  PLANNI NG AND SCHEDULI NG PRESENTATI ON
AVONDALE SHI PYARDS, | NC.

Prepared By: J. J. O CALLAHAN



DESI GN ENG NEERI NG | NTERFACE FOR
PRCDUCTI ON  PLANNI NG AND SCHEDULI NG PRESENTATI ON

| NTRODUCTI ON

- Yesterday you heard the presentation on Hull and Qutfitting
Planning for Zone Qutfitting, today Engineering, in the tine
allowed, will provide a “thunbnail sketch” of the inpact of
zone putf|tt|n% on its operation and procedures. As will be
explained in the brief presentations which follow, Avondale
Engi neering has had to change the type and nethod of prepar-
atron of nuch of the documentation It prepares in order to
acconmodate the inplenentation of IH shipbuilding technol-
ogy at Avondal e Shipyards. In review ng engineering oper-
ating practices and procedures, the goal” was always to
change only what had to be changed so that the inpact of the
nove to zone outfitting could be cushioned as nuch as pos-
sible with things famliar. For exanple, only two Engine-
ering Sections underwent slight reorganizationh. The Mechan-
ical Section added a “Machinery Package G oup” to handle the
entire devel opment of machinery package units, and the
Engi neering Adm nistration Section added an “Operations Ser-
vices Goup” to handle the lifting arrangenents required by
Production so that outfitted structural units could be
lifted with safety. Avondal e Engineering has denonstrated
that zone outfitting can be absorbed into the design organi-
zation without the need for violent internal reorganization

Because design devel opnent under zone outfitting proceeds
unlt-b¥-un|t rather than systemby-system the engineering
work effort nust be acconplished in an earlier tine frame
than is the case, utilizing conventional design methodol -
o%y. The earlier the start that Engineering has, the better
the chance that all required engineering work will be com
pleted at start of pre-fabrication. To this end it is nost
desirable that engineering work start prior to contract
signing, if at all possible. This can be done through a
“letter of intent” arrangement or through some other neans,
but the owner, as well as the shipyard, will reap benefits
for noney spent during the “pre-contract” phase. If a
“pre-contract” start is not possible, the engineering effort
must commence inmediately upon contract signing. In either
case, potential problems will come to light at an early
stage, the chance for timely material procurement of |ong
lead itenms will be enhanced, the shortened building period
that zone outfitting offers will be protected and Tnitial
regul atory reviews can be conducted early.

Pre-contract engineering effort should include work on
mechani cal system diagrans, weight estimte, |ongitudina
strength, hydrostatics, tank capacities, bon jeans curves,



intact trimand stability data, |oading conditions, damag
stability evaluation, wake survey, resistance and self-
propel led tests, electric load analysis, electric one-lin
di agram vent system devel opnent and duct opening, as wel
as the devel opment of procurenent specifications on |ong
| ead material itens such as main propul sion engines, dies
generators, cargo oil punps, anchor w ndl ass, steering ge:
etc.

During the Bre-contract phase, a constant dial ogue nust b
mai nt ai ned between Engi neering and Production concerning
such areas as prelimnary unit definition, identification
construction nethod, the establishment of outfitting zone:
for purchasing and the prelimnary assignment of nachiner:
package units and pipe racks for main deck. This dial ogut
whi ch begins during pre-contract is essential to the suc-
cessful rnplenentation of zone outfitting techni ques and
must continue throughout contract design devel opnent and
construction. In fact, the naﬁpr beneficial “fall out” of
the inplementation of zone outfitting at Avondal e has beel
the renewed spirit of cooperation between the Engineering
and Production organizations.

You heard yesterday about the inportance of plannin? and
scheduling for the Production Departnent in the inF ement ¢
tion of zone outfitting. Good planning and scheduling te
niques are just as |anrtant for the Engineering Departner
in order for zone outtfitting to be successfully inple-
mented. This is due to two mgjor factors: (1) nore

drawi ngs are required than with conventional design tech-
niques, and (2) the draw ngs nust be produced in a nuch
shorter period of time than with conventional design tech-
niques. Avondal e’s Engineering Planning and Scheduling
Section works with the Technical Engineering Sections to
establish drawi ng schedul es and material procurenent sche-
dul es and then nonitors these schedules weekly, reporti
the results to Engineering Mnagenent.

Thus far, Avondale Engineering' s inplenentation of zone ot
fitting techniques has been npbst satisfactory. By and

| arge, the problens encountered are nanY of the same ones
whi ch pl ague the engineering effort utilizing conventional
desi gn technlgues -- lack of vendor information, |ack of
industry standards, customer changes, etc. However, with
zone outfltt[n% t he consequences of these problenms are nor
acute than with conventional de5|%? techniques. The philc
Oﬁhy that nmust be adopted by an n?!neer|ng organi zation
that is going to inplenent zone outfitting techniques cou
be condensed into the follow ng key itemns:

- START ASAP - before contract signing, if at all pos-
sible, you will need all the time you can get.



- COVMUNI CATE - with Production fromthe start.

- MATERI AL _SPECI FI ED AND ORDERED ASAP - have vendors
ready to go upon confract signing - the sooner you
i ssue purchase orders, the sooner you'll get vendor
information required for draw ng devel opnent.

- PLAN & SCHEDULE ENG NEERI NG WORK - with all the
draw ngs you IT have to do and the short anount of
tlHEdﬂo do them vyou'll need a good plan and a good
schedul e.

- REMEMBER TO MAKE | T HAPPEN -with zone outfitting, you
won't have tine to sit around and wait for the “other
guy” to call you - if you need sonething, push until
you get it.

The follomﬁn? sections are brief presentations on the way in
whi ch Avondale’s Engineering Sections have been affected by
the inplenentation of zone outfitting.

1. NAVAL ARCH TECTURE AND HULL STRUCTURES

A) NAVAL ARCHI TECTURE

- Since the introduction of zone outfitting at Avondale, the
Hul | Technical & Design Section which handl es the Naval
Architecture function, has shifted the nmajority of its
work effort to a nmuch earlier time frame within the con-
tract period. The primary reason for the shift is the
fact that zone outfitting requires the Hull Technical and
gFS|gn Section to produce structural draw ngs called “Key

ans.”

Sinply stated, Key Plans are very detailed scantlin? Plans
whi ch” show the entire overall structural envel ope of the
vessel and detailed information of all decks, frames,

bul kheads, stringers, flats and shell plates. The Key
Plans must al so Incorporate na*or interfaces from all
Engi neering disciplines (e.g. foundations, vent trunks,

| arge penetrations, etc.). By having these Key plans, all
Engi neering and Production Departments can proceed wth
their planning and drawi ng preparation using a conmon
drawing. Therefore, by design, the Key Plan nust be
available to all departnents very early within the con-
tract period so that the accelerated IH draw ng issue
schedul es can be met.



In order to issue the Key Plans early, support tasks th
are used to develop the Key Pl ans must be conpleted soo
than under conventional systems. Scantling plans, dama
stability studies, hull girder strength calculations,

fairing and finite el ement studies nust all be conplete
prior to issue of the Key Plans. The early cometion o
these support tasks assures that major changes to the v
sel wll not occur after issue of the Keg Pllan, thereby
avoi ding cascading disruptions of all subsequent work.

Aside fromthe Key Plans, the next mjor inpact of zone
outfitting on the Hull Technical & Design Section has b
the added responsibility of |oading and maintaining the
computer data base used in the entire phase of devel opm
and construction of the vessel under contract. This da
base allows drawi ngs to be prepared from conputer con-
trolled drafting machines and, ultimately, for steel to
mar ked and cut by conputer controlled burning machines.
The information contained within the data base nmust be
devel oped and | oaded to the faired hull form created
during the line fairing process. Under the conventiona
system the Ml d Loft had the responsibility to | oad an
mai ntain the data base once fairing was conplete. How
ever, since the Hull Technical & Design Section was

| oading the data base with “Key Plan” information, ASI
managenent decided that the remainder of the hull [ oadi
shoul d be acconplished by the same departnent so as to
avoi d any duplication of work.

This new job function has created a good deal of daily
interface with the Production Department and the Hul
Techni cal & Design Section. Before zone outfitting, the
Mol d Loft communicated with Engineering through the Hul
Structures Section. It is also envisioned that the Hull
Techni cal & Design Section could becone involvd directl
with field problems once the yard begins to cut steel ol
ASI Job C1-15 (Exxon Product Carriers). This added rol:
of the Hull Technical & Design Section will eventually
define both design and production problenms so that futu
designs can circunvent these problenms, thereby reducing
overall cost and construction tinme.

B) HULL _STRUCTURES

- Prior to the introduction of zone outfitting at Avondal €
the hull structural draw ngs were devel oped and presente
to the Production Department utilizing a system by-syst
approach.  The drawi ngs were devel oped presenting the
decks as a system the shell as a system the web frames
as a system and so on. W can think of these various
structural components as systens of the hull envel ope.




The system by-system approach presented the entire shell,
deck or longitudinal bul kheads to the Loft, from which the
various structural units had to be extracted. The

system by-system drawings did indicate the unit breaks or
erection joints, but the individual unit’s demarcation
lines and extent was not so easily discernible gra-
phically. Additionally, the system by-system approach
required the user to possess other syStem plans i1n order
to obtain the know edge of all of the conponents of a
particular unit. Mny reference plans were necessary.

- The greatest influence that zone outfitting had on the
functions of the Hull Section was in the devel opment of the
hul | structural plans.

Zone outfitting introduced four (4) major ideologies
aegardlng met hodol ogy for producing the structura
rawings. :

1. ghe structure would be devel oped and presented unit
y unit.

2. The individual units would be devel oped from a Key
Plan rather than a rough scantling plan. The Ke
Plan conceptually is a nore conplete scantling Yan
?ellneﬁtlng secondary structure to a nore detailed

eve

3. The structural drawi ngs would have their respective
unit’s various conponents identified by a designa-
tion systemthat was keyed to the intended con-
struction sequence or stages for that particular
unit.

4.  Each unit dramﬂn?, or yard plan as they are
referred to, would be acconpanied by a conplete
accounting list of material for that unit, known as
a Unit Parts List.

- ASI still maintains the obviously required system
drawi ngs, such as the rudder support system nooring
system and anchor handling system Their devel opnent
met hodol ogy has essentially remained unchanged under the
zone outfitting concept.

- Standards - The adoption of zone outfitting has led to the
creation of a large nunber of standardized structural
details. The adoption of standardized structural details
has led to uniformty in configuration and application
Repetitious detail requirenents are sinply referred to the
st andar ds.



Sone standardized notations, where certain letters of tl
al phabet singularly, or in conbination, are assigned
certain neanings, are used in the yard plans. These st:
dardi zed notations are directly tied to ASI’'s Standard
Structural Details.

Synmbolic Logic - The next area where the adoption of zoi
outfrtting has had an influence is in the use of synbol
logic. Prior to zone outfitting, ASI structural plans
utrlized symbolic logic to some degree. Now, the use of
synbolic logic has increased significantly. Symbolic

l ogic is now enpl oyed to denote nold |ine side, dinen-
sioned side of nenmber, stock allocations, etc. In the
future, additional synbolismw |l be utilized in an eff¢
to further standardize repetitious nmeaning or intent, ar
t hus reduce wording or graphic presentations on the
IaPs. The attending cost saving is an obvious initiat
actor.

Unit Parts List - The next area, where the adoption of
zone outfrtting has a significant influence, lies in the
decision to create a document known as the Unit Parts
List, or UPL. Essentially, the UPL is a docunent that
accounts for all the pieces in a unit. In addition to
accounting for every piece, the pieces are presented to
the user in the order of ascending stages of constructic
grouped into the various partial sub units, sub units, ¢
pi eces required for both the assembly and erection stage
of construction. The UPL is an accounting system that
presents its information in the sane order as a document
Broduced bg the Production Planning Departnent, the “Uni
reakdown Summary Sheet.”

The UPL is constructed fromthe “Unit Breakdown Sunmary
Sheet." There are additional items of information that
are contained in the UPL. These additional items of
information are notations to the Loft as to what pieces
require “lofted” dinensions, what pieces require stock,
what pieces require special attention in the lofting anc
manuf acturing stages, etc. The UPL will be used at the
various work stations.

It is envisioned that the UPL will Dbe a baseline documen
that can be used by other groups or departnents in the
Production Establishment for such functions as material
accounting, sorting, routing, storage, etc.

Penetrations - Penetrations in structural conponents, du
to piprng, ventilation, nechanical and el ectrical
routings, are presented in the yard plans when those pen
trations fall into either one of two categories: penetr
tions requiring structural reinforcenent, and those that
can be cut by numerical burning.




Until the advent of zone outfitting, only the penetrations
that required structural reinforcenment were shown. Zone
outfitting has provided for earlier identification of
system routings, with the attending benefit of being able
to include those penetrations into the yard plans.

Process Lanes Integration - As mentioned earlier, under
The discusston of the Unrt Parts Lists, the concepts of
grocess | anes have been incorporated into the yard plan.
he notations for the various structural conponents,
designating them as sub units, partial sub units, comnbined
artiral sub units or just individual pieces to be left
oose until assenbly or erection, are a function of the
area or location of their manufacture.

This designated manufacturing location is one of the basic
concepts of the Process Lane ﬁrlnC[pIe. The yard plan
notations are obtained fromthe Unit Breakdown Summary
Sheet prepared by the Production Planning Department. By
know ng the neaning of the process |ane coding notations,
one can determne the location of manufacture of a partic-
ular structural conponent.

Interface between the Hull Section and the Production
Establ i shment can be broken down into two (2) broad

types. The first tYpe of interface is one which is neces-
sary for the acconP I shment of Hull Section responsible
work. This type of interface is termed primary inter-
face. The second type of interface is one which the Hul
Section engages in, in order to assist other entities to
acconplish their assigned tasks. This type of interfac,
is termed support interface.

Primary Interface - The prinmary interface between the Hull
Section and the Production Establishment lies mainly in
the information that the Production Establishment provides
to the Hull Section prior to, and for use in, preparing
the yard plans. This primary interface provides Inforna-
tion for three (3) distinct “systems” which appear on the
yard pl ans:

a. Ship Erection Breakdown
b. Plate Edge Preparation
c. Ship Unit Construction Method

The three (3) above nentioned “systenms” are governed by
production considerations, and the need to acconmodate
production techniques and nethods. The three (3)
‘systems” and their interaction profile with the Produc-
tion Establishment will be briefly reviewed.
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a. Ship Erection Breakdown - Ship erectiom breakdown
starts with the Production Planning Department
"breaking up" the vessel's hull into main and sub
assemblies. Once the major planes of division are
established by the Production Planning Group, this
information is passed to the Hull Section in the
form of a document known as the "Hull Unit Arrange-
ment," whereby the yard plans are developed incor-
porating the desired erection planes. If a Produc-
tion Department desired erection plane is not
desirable from an Engineering consideration, then
this structural division line is brought back to
the Production Planning Department where a compro-
mise new erection joint line is established. This
interface, therefore, establishes a structural
erection line that preserves both sound technical
parameters and production fabrication methodology.

b. Plate Edge Preparation - Every yard plan addressing
itself to main hull and superstructure comstruction
displays plate edge preparation weld identification
notations. The selection of the proper edge pre-~
paration is a result of interface between the Pro-
duction Welding Department and the Production Plan-
ning Department and the Hull Section, whereby the
joint design is discussed and the Production
Welding Department recommendations are incorporated.

c. Ship Unit Construction Method - The Production

Planning Department issues a document to the Hull
Section known as a "Unit Breakdown Summary Sheet."
This document describes in great detail the
intended methods to be used to manufacture the unit
in question. This document assigns partial sub-
assemblies, sub-assemblies and main assemblies of
the unit to the specific manufacturing process
lanes. This document is utilized to develop the
yard plan and Unit Parts List. Interaction discus-
sion is carried on between the Production Planning
Department and the Hull Section, whereby refine-
ments are made to the Unit Breakdown Summary Sheet
incorporating Engineering consideratioms.

There is one more area of primary interface and that
consists of establishing drawing production need dates.
The Production Planaming Department provides the Hull
Section with production required need dates for all struc-
tural drawings. After receipt of the production need
dates, a review is conducted in the Hull Section and, if
any changes are desired, the Production Planning Group is
requested to review their initial requirements and provide
revised dates, if possible. The production required need
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dates provide the Hull Section with the necessary informa-
tion for the devel opment of the draw ng schedul e which in
turn delineates the required order of draw ng devel opment.

Secondary Interface - The secondary interface between the
HUl I Section and the Production Establishnent exists
primarily in providing the Production Establishment wth
Information on Hull Section responsible material and
providing the Production Establishment with yard plans and
shop drawings in the case of systens such as nnor[n%,
anchor handling, etc. For exanple, discussions with the
Machi ne Shop Superintendent are carried on during the
devel opnent of the rudder support systemin order to
apPra|se the shop of specific engineering requirements as
wel | as receive information on manufacturing limtations,
procedures, requirenments, etc.

Wth regard to the yard plans, the Hull Section is in
constant comunication wth the Mld Loft during the
Loft’s devel opment of the Unit Control Manuals.

[11. MECHANI CAL

- GENERAL

The concept of producing zone outfitting type draw ngs for
the various nechanical systens requires a new design philos-
ophy and requires that the Mechanical Section change its

met hod of devel oping drawings. This change increases the
engineering tine required to produce the vessel's design,

but should be offset by the manhour savings which can be
realized by Production.

W will touch on the najor engineering/design effort
required by the Mechanical Section and try to briefly show
the differences between traditional mechanical design and
design incorporating zone outfitting.

- SCOPE OF THE JOB

The scope of the en?ineering required for any job is put
into definition by formulation of the plan schedule required
for that job. Traditionally, this has been easily obtain-
able by the Mecahnical Section at the beginning of the con-
tract, since engineering drawings were systemoriented. The
pl an schedul e devel oped provided an early and fairly accur-
ate definition of the job.



However, wth zone outfitting, nost Mechanical Section
drawi ngs are not systemoriented but rather are unit or zo
oriented. After a unit breakdown is made by Production
Pl anning, the Mechanical Section nmust determine its draw n
breakdown by units. Tinme nust be spent for advanced pl an-
ning in order to define what systens are contained in
various units, This is acconplished with a conprehensive
advance planning program for system routing.

At ASI, the Mechanical Section has inplenmented what is
cal l ed “Advance Design Conposite Study” (ADC%). ADCS' s ar
produced by top designers taking the functional system

di agrams and neking a schematic one line routing of the
systens on scaled arrangement draw ngs. \hen the designer
are routing the systems, they nust insure that the routing
shown is realistic and can bé obtained. The ADCS is great
improved if the designer has good scantling draw ngs and
maj or equi pnent drawings. A well thought-out ADCS by top
designers wi |l conpletely define the scope of the job. _
Then, fromthe ADCS, a realistic plan schedule for Mechani
cal Section draw ngs can be obt ained.

It should be noted that as the zone outfitting method is
bei ng devel oped at Avondale, the Engi neering scope of work
Is constant|y being changed as Production realizes addi-
tional information they require on the drawings. Thjs has
made it difficult at times to estimate manhours required f«
drawing conpletion. As both Production and Engineering at
Avondal e becone nore famliar with zone outfitting, this
probl em of expandi ng work scope should be m nim zed.

- COMPOSI TES

Devel opment of detailed conposites has changed fromthe
traditional devel opment nethodol ogy as follows:

- The breakup of the conposite area follows the unit
breakups rather than the traditional |evel breakups.

- Devel opnent of the conposites is done basically unit-by-
unit in lieu of systemby-system The proposed routing
whi ch has previously been determned on'the ADCS s is
followed as closely as possible.

- ARRANGEMENT DRAW NGS

Since Production personnel are outfitting small pieces of
the ship which are basically unrelated to the ship as a
whol e, arrangenent drawi ngs are done unit-by-unit with
acconmpanying lists of material done unit-by-unit in lieu of
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the traditional systemby-system In addition, all materia
and p|Pe spool s nmust be coded to the unit, so that Mterial
Control can palletize the material and deliver it to the
unit outfitting site.

Following is a list of problens which had to be overcone by
the Mechanical Section in the inplenentation of zone out-
fitting as it relates to arrangement draw ng preparation

1. The total quantity of drawings is increased which
i ncreases the basic burden of interface control,
drawi ng handling and distribution.

2. A system change which would have only affected one
drawing in the traditional design may now cause revi-
sions to many arrangement draw ngs and associated L/Ms
and pi pe spool s.

3. Additional detailing is required in dimensioning the
drawi ng, since such traditional itens such as frane
l'ines and ship’'s centerline may be non-existent on
particular draw ngs.

4, Since finished painting is part of the zone outfitting

philoso?hy, al | pipe spool draw ngs nust contain the
Internal "and external coating requirements which are
dependent on system and | ocati on.

5. Designers nust be nore aware of each systemis require-
ments, since many systens are involved in each unit
drawing. Materials can be easily confused since nany
di agrams nust be used for one drawi ng. There can be no
system speci al i st desi gners.

6. Designers nust be aware of which materials can be
installed at various stages of construction (e.g.
fiberglass piping cannot be installed before blasting
wi t hout danmge).

7. The system arrangement nust be devel oped to be conpat-
ible with the method of fabrication for a particular
unit (e.g. if a unit is fabricated with a bul khead
faci ng down, pipe should not be routed on the underside
of that bulkhead if at all possible).

PACKAGE UNI TS

Engi neering has organized, W thin the Mchanical Section, a
Package Unit Design Goup. This group is responsible for
the conplete design of all Mchinery Package Units,
including piping, structure, outfitting, instrunentation
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painting, |abel plates, etc. Fhvinq this design in one
group insures the integration of all design facets. This
met hod also sinplifies the devel opnent of the Machinery
Space Conposites, since a package unit becomes a “mni-
conposite.”

Pl PI NG_RACKS

As nuch as possible, ASI tries to rack piping on structura
frames which then can be installed as one conplete assem
bly.  The Mechani cal personnel responsible for the piping
racks are also responsible for the detailing of the rack
structure in order to insure integration of structure and

pi pi ng.

COVPUTER Al DED DRAFTI NG

ASlI is presently devel oping a conputer aided drafting syste
with Lockheed and |BM known as CADAM A pipe spooling pro-
gramis presently being used to inprove tﬁe accuracy of the
pi pe spools and increase productivity.

MATERI AL _PROCUREMENT

Material procurement nust be done at a very early stage of
the contract for all systems due to the possibility that th
first unit planned by Production for zone outfitting may
have contained within that unit a small portion of many
systems.  Therefore, in order to have material in tine for
Production’s needs, advanced ordering of material nust take
place. Advanced ordering of long lead material is done frc
the conplete ADCS's, rather than the functional schematic
dLagrang, since a nore accurate material take-off can be

obt ai ned.

Al material on systems is coded to coincide wth actual
fabrication and installation sequence. This requires close
wor ki ng contact with Production personnel

VENDOR | NFORVATI ON

In order to do worthwhile advanced pl anni ng, vendor inform
tionis required at a nuch earlier stage in the contract.
This is required for feasibility of equi pment hook-up and
determ nation of any problenms wth the P ysical |ocation of
the equipnent. Also, the arrangenent of certain systens is
dependent upon individual manufacturers.
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V. OUTFITTI NG

- GENERAL _OVERL OCK

As aresult of the inplementation of zone outfitting, Qut-
fitting Engineering has had to undergo a significant

change. It’s not that CUthttlng Engi neering had to create
new data, but that the old data had to be expanded and
placed in different order on the drawings and, in sone
cases, additional details developed in order to support the
zone outfitting concept.

The mpjor inpact of zone outfitting on the Qutfitting
Section is the pallet system of material nunbering for

handl i ng and routing. _Follomﬁn? Is a nmore detailed view of
the various changes which Qutfitting Engineering had to

undergo in order to inplement zone outfitting.

-PALLETI ZI NG SCHEDULES AND PALLET NUMBERS

The assigning of material to “pallets” has caused Qutfitting
Engi neering, like all Engineering sections, to generate
material l1sts broken down for one unit (or “pallet”) at a
time and to provide the field with a list of all units
(pallets) which may be covered in the drawi ng. Generally,
this has been handled by adding schedules of pallets
included and for material per pallet to the draw ngs.

- UNLT DI VISIONS | N LARGE DRAW NGS

The Qutfitting Section’s large drawings had to be broken
down into unit books to accommpdate zone outfitting. On
sone draw ngs, such as wal kways which extend into nore than
one unit, it is necessary to provide “fit-up” details to be
used when the units are assembled into the hull form

- METHOD OF DI MENSI ONI NG_DRAW NGS

“Datum lines” and “nearest structure’” type dimensions, in
lieu of the conventional off-centerline”and off-franme dinen-
sions, had to be utilized on drawi ngs. This probl em was
common to all Engineering Sections.
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- PI'LE- PLANNI NG OF DRAW NGS

Pre-planning of drawi ngs, while not newto Qutfittjng
Engi neering, has assuned a much nore inportant role.” It
PfOVIdeS an efficient nmethod of pin-pointing potential pr
em areas and provides a vehicle for communication wthit
t he Engi neering Departnent which is nore effective than v
the case with the conventional nethod of draw ng devel opr

SEPARATI ON OF FABRI CATI ON & | NSTALLATI ON | NFORVATI ON

Because nore and nore Qutfitting material is comng to tf
assenbly site in a “finished” or “package” state, the nee
for fabrication information at the assenbly site has gree
dimnished. As the worknen at the assenbly site becone r

and nore “installers” and “handlers,” thejr neeﬁ for inst
lation information supersedes their need %or ot her types
information. This has lead to a natural separation of th
two types of information (fabrication and installation) ¢
t he draw ngs.

Wiile the need for nore infornmation and planning increase
the Engineering effort, this is expected to be nore than

conpensated for by savings in Production tine. A pi N-0f
of this devel opnent is the possibility of i ncreaded N elis?
details for future jobs and easier standard devel opnent a

application.

- ADDI TI ON OF WAEI GHT | NFORVATI ON

Wth much nore material being added to the units before t

are assenbled one to another, the meigpt of the added Qut
fitting material becones an inportant “factor 1n unit hand

ling. It has, therefore, become necessary to jndjcate th
wei ght of the Qutfitting material (sub-asSenblies) on the

draw ngs.

- M SCELLANEQUS

The use of automated equi pment for material control, pal-

letizing schedules, and generation of work orders, while t
part of zone outfitting per se, are |ogical extensions of

the systemand in thensel ves generate changes to Qutfittir
Engi neering procedures. Standard raw material . catal ogues

sub-assenmbly concepts and sub-assenbly parts lists are am
some of the itens that have had to be devel oped.
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The learning curve, wunit “break recognition, the frustration
factor of suddenly finding that the "ol d way” is not good
enough and the increased time and degree of difficulty in
drafting and checking in the new procedures, all conbine to
produce a need for re-education of engineers, designers and
drafters; a need which is continuous as we becone nore
famliar wth the new nethods.

v. ELECTRI CAL

- | NTRODUCTI ON

The inmpact of the Electrical Engineering inplenentation of
zone outfitting primarily concerns wreway design changes
and changes in the list of material format for deck plans
and isometric wiring diagrams. NMost electrical equipnent
and cabling is installed during the “on board” phase of zone
outfitting. This is necessary to insure that the electrical
components are not subjected to adverse factors such as

weat her, sandbl asting, dust and paint spray, during the
early stages of zone outfitting. FElectrical equipnent
installed “on unit” tends to be concentrated on vendor
suppl i ed nodul e packages and shipyard built machinery
package units.

- W REWAY DESI GN

Wreway design is well suited to nmodular construction tech-
niques. The wreway hangers are nmade of steel and can,
therefore, be phased in with the orderlg erection of a unit
during main assenbly prior to blast and paint. In designing
the wreways for “on unit” installation, ASI has experienced
an increase in design time of anrOX|nater 50 percent due
to the increased level of detail required for nodular con-
struction as opposed to the manner in which wreways have
historically been designed.

Using the zone outfitting concept, W reway arrangenment
drawngs are segmented by unit nunber to allow the produc-
tion foreman to identify exactly which hangers are in each
unit. The list of material is broken down by unit to show
t he nunber of hangers of each type required. Each type of
hanger is detailed. For zone outfitting, the number of
hanger types can be in the hundreds. Each slight variation
of one hanger from another generates a new hanger detail.
The end result of the additional detailing is to generate a
uni que piece mark nunber for each hanger which can then be
entered into a conputer program for tracking purposes by
Production Planning and Managenent.



The fabrication and installation of wreway non-watertigf
collars is an area where zone outfitting has made a signi
cant contribution. Using the traditional manner of colle
fabrication, the production foreman obtained di nensions f
hole lists and then had the collars constructed by a spe-
cialist in his Electrical Department. Before installatic
of the collars in the bul kheads, the holes would be burne
out by_the | ayout crew utilizing dinensions provided by t
hole list. In zone outfitting, the production field crev
work effort is reduced considerably. Collars are standar
dized to a limted nunmber of conmonly used sizes.

Early in the design of the vessel, dinensional informatic
for nunerical hole cutting b¥ automati c burni ng machi nes
provided to the Mld Loft. his allows the holes for the
Wi reways to be accurately cut by the automatic burners
during the erection of the unit in main assenbly. Effec-
tively, the electrical field Froduction crew s responsi -
bility for non-watertight collar fabrication and installce
tion 1s reduced to S|nply obt ai ning the pre-nmade nonwat er
tight collars and installing these collars in precut hole

- DRAW NG FORVAT CHANGES

To facilitate zone outfitting, the formats of electrical
deck plans and isonetric wiring diagrans have been revise
to include additional unit construction information. Pre
viously, these draw ngs depicted the electrical systemir
the body of the plan with a |ist of material which |isted
total quantities for the material distributed throughout
drawing. For zone outfitting, these sanme draw ngs now he
| eader lines in the body of the ﬁlan whi ch segment the sk
into the various zones. Also, the front of the drawing I
a table above the title block which flags for cursory
drawi ng reviewers that the drawing contains material whic
must be installed in any of twelve different stages of cc
struction; such as, during subassenbly on unit, or before
closing in on board. As a further aid, the title block
itself identifies the ship zones affected by the electric
system shown on the draw ng.

The list of material for deck plans and isonetric draw ng
I's sub-divided by the pallet codes associated with each u
or zone. Under each pallet code is |isted the electrica
material contained on the drawing which will be installed
a particular unit or zone. An exception to this techniqu
of material listing is the listing of cable quantities.
Cabl es are summarized at the end of the list of material
with no reference to any particular unit or zone. The
reason for this apparent anonoly is related to the nanner
whi ch cable is handled and installed in the shipyard.
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Cabl es are purchased, stored, and transported to the work-
site on reels. As the cable is being installed, the elec-
trical crew cuts the length required for the installation
fromthe reel. The Production foreman coordinates the over-
all cable installation to mnimze cable waste. Since cable
IS expensive and is a long lead item for procurement, cable
footage nust constantly be nonitored. Therefore, to
identify specific cable lengths in each pallet would not
contribute to a nmore efficient, less costly installation

- PACKAGE UNI TS

Machi nery package units constructed by the shipyard require
coordination during the design phase of a job to insure that
al | devices belon |n%]on the package unit are installed
during assenbly of the package unit. Typical electrical
devices which are installed on the package unit are motors,
motor control | ers, pushbutton stations, solenoids, sensors,
and heat tracing cabling. The locations of these devices
are established by the package unit designers with inputs
supplied from the various Engineering disciplines, including
Electrical. Particular attention is paid to electrica

equi pnent and cabling which will be installed on tanks, that
are a part of the package unit, to insure that the proper
provi sions have been made for foundations and cable studs.
Since the tank will be fully constructed and tested before
it | eaves the package unit shop, any welding to the tank
exterior in the field would result in damage to the tank
interior coating and require the tank being retested. In
sone instances, the machinery package unit s designed
before certified drawngs are received fromthe electrica
equi pnent vendors. To mnimze the disruption to the
package unit design, the size of devices such as notor
controllers and pushbutton stations is estimated based on
previ ous experience with the particular equipment. Al so, by
using notor control centers, many of the vagaries of nmotor
controller sizes are elimnated as the controllers would
then be part of a motor control center renmote fromthe
package unit.

On the main deck of the Exxon Milti-Product Carriers, _
presently being designed at ASI, there are a nunber of pip,
rack package units. As an integral part of these pipe rack
package units are a number of wireways. In the past, wre-
ways were provided for the main deck based on capacity
requirements of the wireways at various points along the
main deck. This technique allowed w reway SIZIH% to proceed
in the early stages of the ship design w thout the know edge
of exact |ocations of equipment on the main deck. |t was
left to the production foreman to run local runs of cables
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fromthe wireways to individual pieces of equipnment scat-
tered around the main deck. Since the pipe rack package
units are essentially conplete when installed on the ship,
exact |ocations of main deck cabling nust be known nuch
earlier in the contract to allow the wireway devel opnent to
be conplete on the pipe rack package units. This requires
significant increase in the work effort of the wreway

desi gner since he nmust now determ ne exact |ocations of

el ectrical equipnent and provide small branch wireways to
this equipnment fromthe main wWreway runs

- FEEDBACK FROM APL JOB

Feedback fromthe electrical production crewin our yard in
their working with zone outfitting indicates that the prob-
| ems have been minimal. Msalignnent of wireways between
units has not occurred to any appreciable extent. \Were it
has happened, the production crew has repositioned the han-
gers at the unit break point to allow a snmoother transition
of the cables through the wireway fromone unit to the

next. Another area where sone dislocations of equipment ha
occurred is the positioning of equipnent in units which do
not have the ship’s centerline in the unit. In these units,
it is necessary to neasure |ocational dinmensions of equip-
ment from the nearest substantial structure. The Electrica
Section, as well as other Engineering groups, have attenpte
to alleviate this problem by providing di mensional inforna-
tion of equipnent In these units fromthe nearest substan-
tial structure, as well as fromthe centerline of the ships.
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QUTFI TTI NG PLANNI NG AND SCHEDULI NG
AVONDALE SHI PYARDS, | NC.
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QUTFI TTI NG
PLANNI NG AND SCHEDULI NG

| NTRODUCTI ON

As a result of IHI technologK i mpl enent ation of planning and
scheduling at ASlI, certain changes to Mld Loft procedures were
required ?see G aph No. M).

The following (Gaph No. 1 M) depicts the flow of information
through the Mld Loft operation.

The areas which are shaded represent those functions which have
been influenced by IH technology at Avondal e Shipyards.

Wth assistance from IH personnel, a Mld Loft Planning G oup
was established. The need for this group was necessitated by
the amount of data flow ng through the Mld Loft from other
depart ments. From the Engineering Department cane draw ngs,
unit parts list, material list, and conputer data base inform-
tion. Fromthe Steel Department we receive screened nateria
list and material transfer list. The Production Planning
Departnment sends to the Mld Loft unit schedules, unit sumary
sheets, and hull unit jig designations.

Previously, this information was Processed by the group |eaders
and parts programmers. Because of this, there was a |ack of

continuity in our MIld Loft output due to different evaluations
by these individuals of how and where parts shoul d be produced.

Now, the Mdld Loft planners, equipped with standard planning
procedures, direct the Mld Loft operations and the results are
consistent and accurate information released to the field.

Some of the duties of the Mdld Loft planners are as follows:

- Review all documents for any errors, om ssions or inconsis-
tencies and feedback and resolve any deficiencies.

- On the unit parts list, Mld Loft processing information
required for each part will be noted such as nunerical con-

trol part, tenplates, declevity, servograph, roll, knuckle,
etc.

- The planner will gather all information fromreference
drawi ngs and “red pencil” on Engineering draw ngs such

information as datum lines, stock, bevels, tangent |ine, and
any other information needed by the programer or [|oftsman
whi ch does not appear on that draw ng.



- Notes shrinkage factor to be used by progranmer and |oftsman
at each stage.

| ndi cates where steel tapes are required and assigns tape
nunbers.

In conclusion, it is believed because of the Mld Loft plan-
ners, the loftsmn and(er?ranners wi || becone nuch nore effi-
cient in their work and will forward to the field docunents gpq
information thatlwll be accurate and consistent in its for-
mat. This will result in increased productivity and reduced
cost during construction.

A) PLANNING AND SCHEDULI NG

On previous contracts, the Ml d Loft workl oad was schedul ed
and furnished to the Production Department on a unit-by-unit
basis. Nunerical control burning information, as well as
conventional Ml d Loft tenplates, cane together on the day
on which the unit was schedul ed to be processed as per the
Pl anni ng Departnent schedul e.

Presently, the Mdld Loft nmust schedule its workload to the
pre-fabrication level. This requires that for each stage of
construction - Pre-Fab (PC.), Fabrication (P.S. U.), Sub
Assembly (S.U. ), Miin Assenbly (MA ), and ‘Erection - a

| evel | oaded schedul e nmust be produced to control the Mld
Loft efforts to nmeet the schedul e requirenents. Wb | gnger
can the Mol d Loft schedule their work to the unit evé1.

The prime rea.on for this type scheduling performed today
was the inplenentation of the process |ane approach to con-
struction. Simlar hull parts routed to work stages which
required | evel |oad scheduling of these stations causes com
ponents within a particular unit to be processed at diffe-
rent times; thus, Ml d Loft information nust be produced to
accommodate |evel |oaded process |anes.

B) UNIT CONTROL MANUAL

Anot her aspect of Ml d Loft work effected by process |ane
concept is the production of "Unit Control Manuals."

the case with nunerical and conventional loft information
the U C M nust now be produced and schedul ed stage by stage.

Al though the UC M wll be discussed in great detail at a
later semnar, | wll briefly discuss the subject.

The Unit Control Mnual (U C M) is a docunment associated
with hull work only, produced by the Mld Loft from Hull
Engi neering drawings. This docunent is designed to address




each stage of construction, pre-fabrication (cutting list),
fabrication (partial sub-units), sub-assenbly (sub-unit),
Kglnlgsﬁfybly and erection (see Gaph No. 2 M through G aph

The objective of the UCM is to give to the worker at each
stage only the information he “needs to know to performhis
work task. The format used on the U C. M docunents does not
require the worker to access any other information to do his
job. It allows the worker to work accurately and quickly.

he sinmplicity of the instructions on the U C M draw ngs

rel eases the supervisor from drawing research and allows him
more tine with his workers. This will inprove both quality
of work and productivity.

The productivity of UUCM drawings is perforned with an

i ntegrated SPADES/ CADAM system  Parts from the SPADES data
base are pulled upon a CADAM tube, additional infornation
added from CADAM standards file, then the drawing is plotted
gy g %ersa-tex plotter for reproduction and distribution to
roducti on.

STEEL TAPE SYSTEM

To maintain continuity across units during the construction
stages and to assure the accuracy of l|ayout work, Avondale
has adopted the use of “steel tapes” as a measuring medium
These steel bands are provided for all stages of ship con-
struction. They relieve the production worker of conven-
tional measures and elimnate costly errors in msread
dimensions. Since the sane information is used over a
nunber of units, more consistency in construction becones
possi bl e.

The steel bands are produced on a specially built table,
housed in the Mld Loft. Conputer data provides the lofts-
man with accurate information for structural |ocations such
as:

1) shell 1ongitudinals

2) seans

3) deck longitudinals

4) sight edges

5) franes |ocations



6) girder |ocations
7) expanded girths, transversally, and |ongitudinall:

These locations are marked with a steel scribe on the ba
and appropriately labeled. Expansion for steel shrinkag:
al so included. Each tape is uniquely identified by a nul
assigned at the Mdld Loft planning stage.

U C M documents guide the workers by indicating where a
whi ch steel tapes are to be used.

Pl ECE NUMBER SYSTEM

Al'so affected by the process |ane inplementation was the
hul | parts piece nunber system Wth assistance from |HI
Avondal e established an entirely new twelve (12) digit h
pi ece nunber system Each hull part receives a unique PI
number; this piece nunber also identifies the routing o
that part through the different work stages.

Perhaps it should be noted that in order for the piece nt
bering systemto be effective in its routing node, each
pi ece nust be considered at the production planning stage
The hull'work production planner, therefore, nust record ¢
the unit summary sheet the stage of construction each pic¢
will be used (see Gaph No. 11 M).

After many neetings and countless hours, we feel the fin:

version is a visable piece numb ring systemthat wll
satisfy our shipyard s need.

LI NE HEATI NG

A method of heating steel plates in lines, rather than cc
ventional furnacing of plates, has been devel oped by |IH .
It is very effective and works on sound scientific princ
ples. It can be used to nmove and nold steel into many
shapes. Proper application of |ine heating can produce
rolled, twsted, and conpound shaﬁed pl ates, or any conbi
tion of these. It is a science that takes workers time t
becone efficient wth.

The Mol d Loft provides roll tenpl
(usual |y made at frame lines) wt _ _ (
aﬁprOX|nater normal to the roll axis, with a sight line
the declevity angle the template will be held at the plat
The roll set portion gives the desired transverse shape.
The plane gives the anmount of tw st. The sight line (or
thread line) gives the amount of conpound shape. A plate

tes w si ght edges st

ate th {

h a plane established
| t

I
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has the correct shape only when the roll sets fit the plate
conpletely at the prescribed declevity, the plane is sighted
to be ﬁ good flat plane, and the thread or sight line is
straight.

A simlar method is used to twi st formed |ongitudinal.
This wll be used on nenbers that require excessive force to
pull twist themin the field.

To date, Avondale has used the line heating method to form
145 shell plates. The results are very encouraging. The
average cost of the 145 plates, line heat vs. furnace
formng, is about equal. However, this has been a learnin
and training phase and expectations are that this cost wl
reduce considerably with time (see Gaph No. 12 M).

UBin? the heat formng nethod, the entire cost of solid
stee jI%S used in formng furnaced plates has been elim -
nat ed. he cost of these jigs is usually 3 to 4 times the
actual cost of formng; therefore, savings is considerable.
Further intangible savings have been realized at the assem
bly stage of construction due to the accuracy of the line
heat forned plates.

F) THE KEYLINE METHOD OF MARKING LAYOUTS FOR CURVED SHELL UNITS

To assure accuracy of the curved shell units, we have inte-
grated into our Mdld Loft the IH nmethod for checking nune-
rical control or manual |ayouts on curved shell units built
inasolidor pinjig. This method of verification is
called the “Key Line Method” by IH.

The Key Line Method has been tested by ASI on units in solid

and pin jigs. The results were very favorable and the

met hod received well by the field personnel. The benefits
expected from “Key Line Method” wiil be accurate [ayout to
insure continuity of menbers and seans and accurate cutting
of the shaped units_peripherx which will produce faster and

cost efficient erection of the shaped areas of the vessels.

1. 1 H TECHNOLOGY TRANSFER
A) | MPACT _ON PRODUCTI ON ENG NEERI NG

1) Process Lanes

Wth the inplementation of process |anes concepts at
ASl, certain traditional production engineering poli-
cies and procedures will be inpacted.



a)

Labor Cost Coding - The process |anes concept of
categorrzing nurl structure into "like" or
"simlar" kinds of work and in setting aside
specific work centers to acconplish each of the
categroeis of work, allows the groductlon
engineer the flexibility to establish a cost code
systemwhich will be conpatible with the specific
work center and the specific category of work
that the center will acconplish

The new cost code will, in effect, make each work
center a “costcenter,” thereﬁy enabl i ng manage-
nent to observe work center efficiency, "as wel

as monitor job cost. The concept of scheduljng
the same category (type) of work to a specific
wor k/ cost center opens up a new spectrum of cost
collection and analysis.

In the past, with "module" or "unit" type con-
struction, our |abor cost coding systemwas.
designed toprovide detailed returns regardin
actual direct labor cost for ech unit or nodule
construction and becane, tosone degree, uynman-
ageabl e due tothe quantity of work orders
required and issued. The new concept wil| now
provide for direct |abor cost collection by cate-
ory of construction at agiven work/cost center
or apredetermned or scheduled period of tine.
The new result will be considerably fewer work
orders to acconplish the sane amount of work amd
a much nore nmanageabl e system -ﬁos returns on
work orders under this systemw | %e sore accu-
rate, providing a sound basis on which to devel op
and refine labor rates and standards.

b) erational Savings - Operating costsfor the

roductron Engneering Department will be consi-
derably less. = The need for fewer work orders
denotes the need for |ess people, or the option
toreassign responsibilities to other productive
effort. ~Fewer orders in the field or shops
becone nore nmanageable in terns of production
engi neering effort to nonitor the activity, thus
produci ng ﬁreater production engineering effi-
ciency. This, in turn, can free the groduction
engi neer to devote nore tine to devel op resources
I n other areas.

The cost savings also "dom nos" into other

depart ments. he Data Processing department has
fewer work orders to Process and”mai ntajn, thus
elimnpating the need tor people or, again, the

-6-




option to re-assign. The nanufacturing superin-
tendent or shop departnent head also in turn has
| ess paperwork, reducing the need for ancillary
people who m ght otherw se be needed only to pro-
cess the paper and not be directly involved in
active production work.

For purposes of conparison, when considering the
average nunbers of work orders prepared and
issued to the field under the old system for
basic hull construction, we note the follow ng:

a d System (Actual) New System (Projected)
8, /00 (4 ships) 2,230 (3 ships)
2,175 per ship 843 per ship

This represents an approximte 61% reduction in
paperwork effort.

Pre-Qutfitting Efficiency - The process |anes

concept appropriately addresses the pre-
outfitting activity _¥_sett|n asi de a specia
process |ane or specific work/cost center for
installing “on unit” those outfitting pallets of
material that lend themselves to installation in
a unit or nodule prior to erection of that nodule.

The effort inpacts the Production Engineering
Departnment (as well| as other Engineering and Pro-
duction manufacturing departnents) by reducing
the need for the quantity of work orders prepared
under the old system This, again, has the net
result of providing for nore efficient, cost
effective production engineering wthin the Qut-
fitting Section of the Production Engineering
Depart nent.

A nore detailed review of the overall concept
will be presented in another conference in the
all of this year



“MOLDLOFT OBJECTI VES”

oMOLDLOFT PLANNI NG & SCHEDULI NG

ODEVELOPMENT OF UNIT CONTROL MANUALS
oDEVELOPMENT OF STEEL LAYOUT TAPES
OoDEVELOPMENT OF NEW PIECE NUMBER SYSTEM

ODEVELOPMENT OF LI NE HEATI NG

OoDEVELOPMENT OF “KEY LINE METHOD '™ LAYOUT
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$PECIAL NOTES

ERECTION OF UNIT-#1

(THRU-QUT) = 7°-7 1/8* ADY B.L.
3=PLATE THICKNESS OF VANK TOP = 9/18*

4-FRAME RPACING = 12°'-0°

8-ALL DINENSIONS GIVEN ARE MOLDED,

SPECIAL MCTES 9/81

8-1°0TO0CK AT AFV END L (/2°870CK AT OUTPD EDGE P/8.

1-HEIGHT OF VANK YOP AT CL SHIP,(THRU-OUT) = 7/~3* ABY B.L.

R-HEIBHT OF TANK TOP AT 18°-3° OFF CL SH1P,
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KEEL PLATE AND SIDE SHELL PLATE AROUND STERN FRAME.

APL - UNT#46 & UnT #106
THeSE PLATES WERE APPLIED LI NE HEATI NG METHOD | NSTEAD OF
TRADI TI ONAL  BENDI NG METHOD.

|.H 1. RecOMVENDs THAT ALMOST ALL PLATES TO REQUI RE THE FORM NG
JI'GS SHOULD BE APPLIED LINE HEATING METHOD EXCEPT SPECIAL CASES,
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MATERI AL CONTROL PLANNI NG AND SCHEDULI NG
AVONDALE SHI PYARDS, | NC
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MATERI AL CONTROL
PLANNI NG AND SCHEDULI NG

| NTRODUCT! ON

Material Control is one of the most inportant functions for
shlpr|Id|ng. In _this heavy indgstry, material costs account
for about 60%to 70%of all the shipbuilding costs. Therefore,
the material cost directly affects and may increase interest
payabl e, handling cost, storage area, as wel|l as the dlsrugklon
of “the production schedule and the cost of the material. e
fundanental_tarPets for material control are the saving of
these undesirable surplus costs.

It is felt that the application of the IH technology wll
greatl% i npl ement cost savings through material control at |
Sl hese cost savings are not necessarily to be realized in
the Material Control Departnent itself, but” throughout the
various crafts served by the Mterial Control Branch.

In the past, the basic rationale for the listing, requesting
rocuring, rece|V|n%, and issuing of material was on a system
asis, as conpared to the new technique of unit, zone, and
sub-zone method enpl oyed today. The basic physical control of
material is enhanced by this new technique in that it presents
snmal l er increnents of material to be handled with much |ess
storage time on site in the field.

Hstorically, material handlin% b% the Material Control Section
at Avondal e does not include the handling of raw steel. This
is handled by the Steel Control Section.™ Mterial handled by
the Material  Control Section is categorized into the follow ng
areas:

Pre-Fabricated Steel

- Fabricated Pre-Qutfitting Itens (such as Manholes, WT.
Doors, Deck Fittings, Foundations, etc.)

- Raw Piping Material-Input to Pipe Shop
- Fabricated Pipe Details fromthe Pipe Shop
- \Warehouse (Purchased) Materials



A

PRE- FABRI CATED STEEL

Prior to ut|!|2|nP the zone outfitting and process |anes
technique, virtually all pre-fabricated steel moved from
Plate Shop to interimstorage at the fabricated steel st
age area. Under the new concept, the reverse sjituation
occurs in that only a small portion of pre-fabricated st¢
moves into the fabricated steel storage area for interim
storage, with the vast bulk of material noving directly t
the work queue storage areas.. This is possible as a rest
of detailed process [ane schedul es based on the Volume ar
quantity of work for each process | ane.

Those itenms of Pre-fabricated steel that will continue tc
flow fromthe Plate Shop to interimstorage will be neste
ﬁlates fromthe numerical control burning machines that r
ave the tabs cut and then be palletized.

The pre-fabricated steel listed on the UCMS for PSU S
sub-units, and units will, in general, be tracked througt
the Plate ShoP and the work platens by the supervision of
the shop and the platens. |t will not be tracked by the
Material Control Goup. This is a change from forner prg
tice. It is felt that due to the IH coOncept of categor
tion of units and the tinely scheduling of events coupled
with a direct flow that significant cost savings will be
affected here.

An overall material marshalling plan has been generated t
acconplish the total logistics for recording, expediting,
pal letizing, and delivering the various categories of mat
lal to the process |anes.

In the case of pre-fabricated steel, a contingency has be
built into this plan to allow marshalling to proceed in
orderly manner, even if the process |ane schedul es are
del ayed, perhaps by inclenment weather, and thus result in
the process |ane work centers falling behind the Plate
Shop”s pre-fabrication schedule.

In an average week, pre-fabricated material for fourteen
(14) sub-unrts nust be issued to the process |anes, By
reviewing the various units to be fabricated, the size” of
the storage grid, or Brpcess narshalllng area, can be
readily determned. Unit 67, a double bottomunit, was

selected as a large unit for this purpose. This unit wil
require a grid 20" x 53'.



Since there is a requirement for fourteen (14) units per
week, a three (3) week delay contingency was plotted with
the result that forty-two (42) %rlds mn%ld require an area
approxi mately 200" x 275, incltding a burning and sorting
area.

The point to be made here is that even with this built-in
contingency for three (3) weeks schedule interference, the
size and scope of the storage requirenents is overwhel mngly
reduced in physical size and the capability to track the
material is vastly sinplified due to the new techniques
bei ng enpl oyed.

| wish to breifly review for your benefit one of the view
graphs presented yesterday, to denonstrate the effectiveness
of this streamlining of pre-fabricated steel flow.  The
resent method of producing and nmoving pre-fabricated steel
rom the shops and glatenslto interimstorage requires hand-
ling approximtely 9,174 pieces_per week as opposed to 6,571
pieces per week, and requires 177 noves per week as opposed
to 119 noves per week, or a reduction of 28.4%in pieces and
32.8%in noves.

In evaluating all facets of this novenent study, a savings
of approximately 30% in the handling of pre-fabricated steel
material will be realized due to the inplenentation of the
process |ane concept.

The much smaller quantity of pre-fabricated steel that wll
continue to flow to interimstorage, primarily nested
plates, will be controlled by utilizing the In a manua
mode as opposed to fornerly using the unit books.

FABRI CATED PRE- QUTEI TTI NG MATERI AL

Fabricated pre-outfitting itenms, such as foundations, |ad-
ders, WT. doors, etc., iere fornerly fabricated in entire

j obsets, thus creatln% many material handling problens, such
as requirenents for physically large storage areas, nuch
doubl e handling with normal attrition taking its tool wth
resultant |oss, or damaged nmaterial and possible deteriora-
tion due to long term storage in the weather

The process |ane concept, with its thrust for [evel |oading,
wll dictate a new apProaph in this category of material
Wth few exceptions, fabricated pre-outfiting items wll not
be fabricated in entire jobsets, but instead will be con-
trolled in snaller rpupln?s conpatible with short term
schedul i ng needs. his wrl verr effect|velr el imnate nost
of the handling and storage problens presently encountered.



In the former nethod, some fabricated pre-outfitting item
noved directly fromthe fabrication shop to the jobsite,
whereas, now, all of this material will move to interim
storage for palletization by unit, or zone, thus necessi -
tating nore overall line items to be handl ed by Mterial

Control.  The cost of this small additional volume of pieces
to be handled w il be greatly conpensated for by the redu-
tion in remakes and resultant | oss of tine in the field when
work is not conpleted due to the need for remakes.

The control of this material wll be acconplished on a pal-
let basis for each hull. Requirenents for pallet |oadjng
W |l be obtained fromthe unit and zone outfitting losts
prepared by the Planning and Schedul i ng Department.

By utilizing this method, Material Control will be in a
position to effectively expedite this material through the
shops, using the pallet release date mnus a two to four
week lead time. Fornerly, this expediting effort was
lacking and thus, with a much more clearly defined manage-
ment system greater cost savings can be acconpl si hed.

RAW PI PI NG MATERI AL | NPUT TO SHOP AND FABRI CATED PI PE
DETATES FROM™THE PIPE_SHCP

Fabricated pipe details are presently being inplenented for
fabrication in our sem -autonmated Pi'pe Shop. The engi ne-
ering and shoip fabrication effort will be driven by a
CADAM COPI CS EDP program \Mile the vast detail. involved in
this systemfor enhancing the engineering and fabrication
effort "is the subject for a separate discussion, ul d
like to review the inpact of the process |ane concept on
material control aspect of this operation.

Under the old systemof outfitting procedures, the Mechan-
cal Section of the Engineering Departnent woul d produce a
pi pe. detail draMAn% for each piping system -TPi P D
draMAn% and its attendant L/ M gave the Mteria Eepartnent
both shop fabrication and “on ship”jnstallation informtion
which had to be separated. \Men_ the ﬁpteriaL Depar t nent
received the P.D. and L/M lists from Engineering, S
necessary to do a material take-off on each P.D. to de'6r>
mne which materials were “shop |oad” and which were to-be
installed “on board.

Wth the new unit/zone outfitting procedures, the Mechanical
Section of the Engineering Depariment produces a pipe detai
drawi ng for each unit. = These dramﬂngs i nclude al | shog f ab-
rlcateddp|p|nglv¥th|g theﬁf?nf}ne% 0 tfe unit, and each Is
assigned a pallet code. of this information is input
CCPI%S for gchedul|ng through the Pipe Shop. Fron]thig

- 4-



information, a weekly load list is produced contalnlnP al |
materials for the P.D.”s that are scheduled to be built for
that week. This list of material is reviewed by the Mter-
ial Control Department to determne if all mterials are on
hand. ~ Since only parts of srstens and, in fact, only parts
of units are fabricated weekly, a manual material take-off
woul d be very inpractical. e conputer generated naterial
listing makes this procedure unnecessary.

The procedures followed under the old systemoriented nethod
for 1ssuing materials to the P|Ee Shop was tr!??ered by the
production work order. One work order was witfen to sche-
dule a whole piping system of fabricated pieces through the
shop at one tine wth only a tentative start and conplete
date. \When this work ordér was received at the Miterial
Departnment, the material take-off that had been nmade earlier
and kept current with any revision was reviewed and materi al
requisitions were witten for all materials on hand at that
time. Before releasing any material to the Pipe Shop, how
ever, it was necessary to confer with the Pipe Shop superin-
tendent to determine if the shop load was such that this
material could be accommodated at that time, since shop

| oadi ng was not considered in the overall schedule. IT it
was determned at that time that the Pipe Shop could handle
the systemin question, the Mterial engineer released the
material requisitions to the Warehouse for issue and, at the
sane tine, sent a cogy of all shortages listed against that
systemto the Pipe Shop for information and to the Expedi-
t|nP Deﬁartnent of Purchasing for action. The Warehouse
woul'd then fill all the material requisitions and send al
the material available to fabricate the whole systemto the
Pipe Shop. Al mterials not on hand were assigned to the
“deliver on arrival” cate?ory and sent to the Prpe Shop
whenever they arrived. If, "after consultation wth the pipe
superintendent, it was decided not to fabricate the system
due to shop loading or overloading, the nmaterial requisi-
tions were held by the Material engineers-until called for
by the pipe superintendent.

The system for issuing materials to Pipe Shop under the new
“shop” management, wunit outfitting" procedures is somewhat
reversed fromthe old nethod. After reviewing the material
listing from Data Processing's detailing all mterials
required for one (1) week's shop loading, the Mterial

engi neer determnes those P.D.’s for which 100% of the
required materials are on hand. These P.D.’s are then
released via a CRT in the Material Control Departnent and
become available for fabrication on the schedul ed date

This information is fed to Production engineers so that work
orders can be witten only for those P.D.’s released and to
the Pipe Shop so that the materials and the P.D.”s to be
built will coincide. As with the old system material

-5-



requisitions are then witten to the Warehouse for issue t
the Pipe Shop. The materials sent to the Pipe Shop will |
separated by categories, such as flanges, elbows, reducers
etc., for ease of machine station loading in the Pipe Shor
P.D.”s that were scheduled during this tine period, but n
rel eased due to a lack of material, are reviewed each weel
and rel eased to the Pipe Shop when the material arrives.

The storage and issuing of finished pipe details under the
systen1tyFe met hod presented the Material Departnment with
many handling and record keeping problens as can be seen
fromthe brief system overview discussed bel ow. As pipe
details were fabricated in the Pipe Shop wth perhaps
several systems being built at one time, they were sent
directly to the fabricated pipe storage yard where they_m&
of f-1 oaded on to other trailers depending upon the coating
required; or, if no coatings were required, palletized,
stored and |l ocated in a nanual |ocator system As coated
pipe details were returned to the storage area, they too
were palletized, stored at random and recorded.  This res

ted in one systen]belnP stored on nany pallets in many | oc
tions. Wien'the installation work order was witten, it \
to install the entire systemover a rather |ong period of
time. OF course, it would be inpractical to issue all the
P.D.’s for an entire srsten1at one tine; so, what usually
happened was the installing foreman would call for P.D.’ 5
he needed them This resulted in taking the appropriate
P.D.”s froma pallet containing other P.D.’s, in effect,
doubl e handling nearly all P.D.’s  The length of tine the
P.D.”s remained in storage often caused other problens suc
as deterioration, danmage, or |oss.

Toda%,,Plpe details are received fromthe Pipe Shop as the
are built and off-loaded to the various coating ares much
under the old system However, each P.D. is now pallet
coded and placed into a netal container with only P.D."s
designated for that particular pallet. Since the Pipe Shc
is building to a much shorter schedule due to the fewe
P.D.”s required in a unit as conpared to a system P.D.’s
remain in storage a relatively short tine. en all P.D.’
required for a pallet are received and ready for |nst? | a-

e .
hi <

Ir

I
tion, the metal containers are banded and only await th
scheduled installation date to be issued. Chviously, t
method will result in a smoother flow of fabricated par
the building areas, along with a reduced amount of hand
by the Material Departnent.



D) WAREHOUSE (PURCHASED) MATERI AL

Waehouse, or purchased material other than piping, is still
for the nost part purchased on a system _or group basis, but
al located against unit and zone aréas. This material is
received and stored in material famly groupings by job and
pur chase order nunber

Wrking with the unit and zone pre-outfitting lists, this
material is Ralletlzed_at the Warehouse by craft. In con-
junction with the fabrication and erection schedules, this
material is then delivered to the work site

B% way of summation, the total logistics of material flow to
the unit and zone concept, under the process |ane technique,
has been enbodied in our naterial narshaILln? plan. This
plan essentially establishes four #4) physical Iy designated
marshal ling areas. The overall effort 1§ then nmonitored and
coordinated so that materials fromthe various areas wll
arrive_in a timely manner to forma conplete material pack-
age. This coordinated effort represents a big inprovenent
over the former “system nethod.”
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TYPICAL STORAGE GRID
FOR PRE-FABRICATED STEEL

( UNIT 67 )
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MARSHALLING AREA FOR PRE~FABRICATED STEEL
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ACCURACY__ CONTROL
IN THE SH PFI TTI NG DEPARTMVENT

| NTRODUCTI ON

A) GENERAL

The primary goal of Accuracy Control in the Shipfitting
Departnent “is the devel opnent and inplenentation of proce-
dures that enhance the construction process of conpleted
ship units so that they will, within prescribed, tolerances
and with a high degree of predictability, coincide with all
desi gn di mensions and details, thereby mnimzing the anount
of rework on units at the tinme of erection. Secondar¥ goals
are the devel opnment and inplementation of procedures 1hat
enhance the burning process of individual pieces and the
construction processes of sub-units and partial sub-units so
that they will, within prescribed tolerances and with a high
degree of predjctability, coincide with all design dinen-
sions and details, thereby mnimzing the anount "of rework
In the sub-assenbly, main” assembly and final main assenbly.

These goal s are achieved through a three-fold effort:
1) Checks
2) Controls
3) Statistics
These efforts should have a dual inpact: the inprovement of
I medi ate work and the inprovenent of future work (see Fig.
1-1) . Although these are distinct and separate activities,
they are so thoroughly interrelated that ang one cannot be
effectual wthout the’involvement of the other two.
B) CHECKS

Checks are utilized for three primary purposes:

1) The isolation of specific problens that present
denmand for controls.

2) The monitoring of construction to insure that:



a) proper controls are being utilized
b) controls are, in fact, effective

3) The monitoring of construction to assist in the mn
mzing of hunan errors.

¢) CONTROLS

Cbnt{pls arekenplo ed for the sole purpose of enhancing
existing work practices.  Control. mght be called the na
word in Accuracy Control, but it |s,g|n reality, t%e nag?c
word in any typé of endeavor. The fost necessary prer equ
site for success in any venture whatsoever Is a gr dictal
end result. It is control that makes an end result predic
abl e, whether that control be over Personnel, Machinery,
stems, or even Yourself. Aflack of control neans. |iter-
ally that SOﬂEthlng_IS out of control,” resulting in a ve
|

poor degree of predictability.

STATI STI CS
Statistics may be divided into two categories:

1) The devel opment of statistics that are applicable t¢
shipfitting work throughout the ship.

2) The devel opment and mai ntenance of statistics applic
?8;; to a specific unit. |n other words, a unit hics

COORDI NATI ON - OF ACTI VI TI ES

The coordination of these activities is grafhically di s-
?Ia ed in Figures 1-2 through 1-5. Figure 1-2 indicates

hat without the utilization of an Accuracy Control Progran
a poor product is the predictable end result, both for 1me
diate and future work.  Figure 1-3 indicates the inplementa
tion of checks.  Checks al one cannot inprove the end pro-
duct. Figure 1-4 indicates the devel opment and inplenent a-
tion of controls in addition to checks. This results. in an
|nProved product for imediate work but deveFops_s |gh{
potential for the inprovement of future work. Figure 1-5

I ndicates the results that may be expected with the inple-
mentation of a well coordinated Accuracy Control Departnent

utilizing checks, controls and statistics.




The results fromthis are not.onIY a good product in the

| medi ate work nor the potential for a good product in the

future work, but the potential has also been devel oped for

i mproved design concepts, inproved engineering concepts and
I mproved production concepts.

The amount of tinme spent on each of these three distinct but
interrelated activities will vary wdely, contingent upon
many factors such as the stage of devel opment of the
Accuracy Control Department or the conplexity of the work at

hand. In the early stages of the devel opnent of an Accuracy
Control Department,” it I's likely that checks will be the
single nost inportant activity.  Initially, the checks are

necessary to develop a cognizance of all the problens that
are at hand. As these various problems are recognized and
eval uated, controls may then be devel oped and inplenented to
alleviate the problenms. As the work progresses and the
effect of controls becomes pronounced, the need for checks
should begin to taper off until ultimtely it is used prima-
rily as a nmonitoring procedure. Simlarly, in the early
stages of devel opnent of an Accuracy Control Program a very
consi derable anount of time will be utilized in the devel op-
nent of generally applicable statistics. As these statis-
tics are evaluated and utilized in the devel opment of con-
trols, the need for statistics will also tend to taper off.
TP? Ta|ntenance of unit histories nust be a continuing
effort.

1. OUTLINE OF ACCURACY CONTROL ACTIVITIES
A) CONTROLS
1)  Control Lines, Control Points and Backside Marking

N

Burning Procedures

wW

Uni form Shrinkage Factors

~

Erection Procedures

(&3]

)
)
)
) Construction Procedures
)
)

6) Construction Aids

B) CHECKS
1) Measuring Procedures
2) Mathematical Checking Systens



3) Forms For Reporting
4) Establishment OF Unit Profiles

C UNIT H STORIES
1) Engineering
2) Mld Loft and Nunerical Control
3) Plate Shop
a) Burning

b) Panel Line
4)  Structural
5) Shipfitting
6) Welding
7) Handling
8) M scel | aneous
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\Y—lmpmvbd design concepts
Improved engineering concepts
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Good Product . Good 'Product

Fig.1-5




2.0 Outline.oz Accuracy Control Activities
2.1 Controls
A. Control Lines, Control Points and Backside Marking
B.  Burning Procedures
C. Uniform Shrinkage Factors
D. Construction Procedures
E.  Erection Procedures
F. Contruction Aids

2.2 Checks
a. geasuring Procadures
B. Mathmatical Checking Systens

C. Forms for Reporting
D. Establishnent of Unit Profiles

2.3 Unit Histories
A Engineering
B. Mold Loft and Numerical Control
C. Plate Shop

1. Burning

2. Pamel Line

Structurals

Shipfitting

Yelding

Eandling

¥iscellaneous

Fig 2-1
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ACCURACY CONTROL AS AN | NTERFACE
OF PRODUCTI ON PLANNI NG

GENERAL

Al'though all activities of an Accuracy Control Program are
interrelated to Production Planning and the effectiveness of
such activities is positively correlated to the stage in the
work process in which such activities are planned and inple-
nmented, in sone areas of activities this interrelationship is
nuch nore pronounced. In the time available today, we wil
briefly explore some of these activities with an enphasis on
the profound effect that they can have on an end product. The
Accuracy Control Program at "Avondal e Shipyards was started
early in the production of a contract to build three AP.L.
Contai ner Ships and, to date, the activities of the departnment
have been restricted Iargely to the A/P.L. Contract. | of
the follow ng have been devél oped while working on that con-
tract. Three areas of activity have been selected to discuss
at this time, not because they are necessarily of any ?reater
I nportance than other activities but, rather,” because they nore
?raphlcalty illustrate the advantages that can be derived from
he functions of a well coordinated Accuracy Control Program

Time does not permt a detailed analysis of these procedures.
Today we will only attenpt to touch on the highlights of the
procedures and advantages to be secured from themwth nore
extensive details deferred to later discussion

CONSTRUCTI ON SEQUENCES

I's probable that the nmost inmediate and nost positive
nprovenent that can be achieved in the work process is through
he devel opment and inplenmentation of well conceived fitting
nd wel ding sequences. This is quite likely a valid assunmption
n that the conmplete lack of such established sequences can
irtually negate all other inprovements. Dozens of such con-
truction sequences were ultimtely devel oped for use on the

A P.L. Contract. A typical unit has been selected for mninal
el aboration at this tine.

Unit #7 is a fairl thlcaI innerbottom unit such as is likely
to be found on most ships of contenporary design (see Fig.

3-1) . Three nagor areas of heat introduction, in the form of
wel'ding, present the potential for building in stresses or
actualTy deformng this unit:



1. butt welds;

2. vertical welds, floors to girders;
3. welding of |oose shell Iongitudinal

Since this unit was built upside down and the tank top was
delivered to the platen fully welded with all |ongitudina
stiffeners fitted and welded; it in no way contributed toward
any deformation of the unit. The |ongitudinal girders were
delivered to the platen with the floof's i mediafely outboard

already fitted and welded. This then necessitated fitting of
al | glrders and attached floors to the tank toE, the fitting o
all floors to ?:rders I mredi ately inboard of them the fitting
of all loose shell longitudinal "and the fitting of all shell

plating to girders, floors, longitudinals and to the tank top.

Each of these areas of fitting presented a very distinct poten
tial for deformng the unit. "No formal construction sequence
what soever was utilized in the building of Unit #7 of Hull 1
Figure (3-2) is a Proflle that was devel oped fromthat unit,
shown to a scale of 1/8" - 1' - O athwartship and full scale
vertically. A crown in excess of 5/8" developed on this unit,
Other simlar, but larger, units devel oped crowns up to 7/8”

Various attenpts were made to mnimze this deformation inclu-
ding the building in of a reverse crown, but nost of these

efforts tended to be ineffective (see Fig. 3-3). Uiljmately,
a detailed construction sequence was devel oped and |np|enented

(see Fig. 3-4).

This procedure isolated and controlled the three basic problen
areas: butt welding of all shell plates, welding of all floors
to girders, and welding of all |oose shell longitudinals. The
procedure in no way mnimzed the heat introducCtion but only
permtted it to shrink the conponents in such a manner as to
mnimze the potential for deformation. The resulting unit on
Hull 3 was virtually flat (see Fig. 3-5).

The deformation of such units as innerbottom Unit #7 resulted
primarily fromthe introduction of heat, in the form of

wel ding, "at the shell plate side of the unit while the tank to
of the unit was totally restrained by prior fitting and
welding. This resulted in horizontal novenent in excess of
5/16 of an inch on the shell plate side of the unit. Since th
tank top side of the unit was restrained and not permtted to
nove, the crowning of the unit was the unavoi dable result.

This result is both predictable and cal cul atable as is shown ol
acconpanylng cal culations which will be elaborated on in detai
in later” di Scussions.



The entire construction sequence was devel oped to permt a uni-
form novement of the conponents of the unit, thereby precluding
the possibility of deformation.

CONTROL LI'NES, CONTROL PO NTS AND BACKSI DE MARKI NG

Early in the production phase of the A P.L. Contract, it became
evi dent that accuratelﬁ ocated control lines on a unit would
be advantageous in both the building and erection of the

units. Figure (3-6) shows the layout of control [ines on a
typical tank top unit. The buttock is used for setting the
unit athwartship and the frame line is used for setting the
unit longitudinally. For this procedure to be practical, these
lines nust be |ocated with unvarying accuracy. To enhance the
potential for a high degree of accuracy, future contracts wll

I ncorporate these lines into the Engineering Draw ngs and Panel
hlng kegches that are used for building flats, decks, bulk-
eads, etc.

CONSTRUCTI ON_AI DS

Many tools may be developed to assist the Shipfitting Depart -
ment in con?letlng accurately built units, but perhaps the one
of the greatest practical value is the erection joint tape bat-
ten. These battens indicate proper position of all structurals
at erection joints. \ere utilized properly and in conjunction
with other procedures, it is possible to locate such structu-
ral within a tolerance of one quarter inch or less. This pro-
cedure has proven itself so effective on the AP.L. Cbntracp
%hat pn.f#ture contracts battens will be developed at all erec-
ion joints.
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Main Assenbly Construction Sequence

Lay down tanks top panels on platen.
Hang girders to which floors have been previously fitted and wel ded.

F|t glrders to talk top. = (22 -0" fud. and aft. of each frame should
free of tacks)

Level unit. (Tack to platen wclips)

Fit floors to griders (Do not fit floors to tank top)

Wld all floors to griders, backsstepping four tjnes.

Fit floors to tank top.

Flat weld all girders and floors to tank top.

Fit all stifeners, collars, brackets, clips, etc. at tank top

Veld stiffeners, collars, 5? at  tank to%h
Note: No piping to be installed prior to this stage of construction

Hang and fit all |oose shell |ongitudinals.
VWl d clips or collars at shell |ongitudinals.
gPaﬁEd L et e kel S add iy o 1o g ders! and Tongl S
tu I nal s)
Hang adj acent shell plate.
Vel d shell plate butt.

Repeat procedure prescribed in item #14 for each of remaining shel
plates up to extreme outhoard plate.

Fﬁn e trene out boar d sheII f sheII Iong|tut|als fall under
t ? ate, M as re wﬂJw%%H Qherwse fit shell plate
% ors, utilizin d|n|g c (Do not fit to floors) DO not
It to tank top at
Weld last shell plate butt.
Fit shell plate to tank top
Flat weld shell plate to tank top.
Turn uzit right side up and finish fitting at shell
Flat weld floors, girders and longitudinals and backgouge and weld butts

Check ends of all girders and longitudinals for proper alignment with
adjacent units. Fair if necessary.

Fig 3-5
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DI STORTIONS OF UNITS

For the sinplicity of discussion, we analyzed the unit in the form
of a sinmple bean1¥see F|?. 4-1 and 4-2). " Using a standard \B6 x 194
beam we derived the follTowi ng conparison: the distortion from

wel ding can be conpared to sinple beam action when the beamis

| oaded with a uniformy distributed |oad.

Eroglthe Al SC Handbook on sinple beans with unifornmy distributed
oads:

4

Where: A max = maxi mum deflection in the vertical direction
w = load in kips/inch
1 = length of the beamin inches
E = nodul us of elasticity (30 x 106 PSI)
I = monent of inertia in inches to the fourth.

If w= .5 k/in and 1 = 480" and | = 12,100 in‘for a standard
VB6 x 194 shape, then:

5(.5k/in) (1000 1b/k) (480 in)%
(384) (30 x 10° 1b/in%) (12,100 in™)

Amax =

Amax = 0.9521 in = 15/16"

V¢ can easily measure the horizontal deflection, but the vertical
deflection is nmore difficult to determine and is very inportant. To
determne the vertical deflection that would occur as a result of
the horizontal deflection, we need to derive sone nore fornulas.

Hori zontal deflection" A " caused by a force "P" can be
described by the follow ng formila:

Pl
EQ.I AH = 3E

Where: A g = horizontal movement of the shell
P = the force in the shel
A = cross sectional area of the plate
1 = length (varies with the size and anount of tack
wel ds)
E = modul us of elasticity.



Since stress « g« = P[A
then EQ | becomes

EQl Ap= & %

. Mc
but 6 = =5
Wer e: M= nonent

C = distance tothe neutral axis

so:  EQII Ag = % by substitution
2
Since M = 2’_;-__

3
EQIV AH = %—; also by substitution

To obtain the vertical deflection " A y" ip terms of the hoti-
zontal defflection A g," multiply both sides of the following
equat i on:
4
= = oWl
A \' Amax 384 EI

By equation IV

. 3 4
wlc _ 5wl .
C Ay St = g7 (A p

AV AH gO.éOMl

To prove this equation we substituted the values we used in
the D nax equation into our equation IV.



3
- wWlec
Ay

“8EIL
Wien: w = .5k/in
¢ = 17.61 in (steel handbook)
1 = 480"
E =30 x 10°PSI
| = 12,100 in’

A . = L:5k/in) (1000 1b/k) (480 iny3¢17.61 o)
H 8(30 x 10° 1b/in%) (12,100 in%)

AH = (.3353 inches

- (0.104)1
Ay Ay C

- . 0.104 (480 in) -’
A v (0.3353 in) (1781 in)

Ay = 0.9505 in = 15/16"

This conmpares with our earlier results of 15/16" in the equation
for A ITAX.
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LONG_TERM SCHEDULES

| NTRODUCTI ON

The training began in Cctober, 1981, with an indoctrination of
the pinciples of process |lanes as described in Phase | of the
rocess lanes theory. Upon conpletion of the indoctrination
th training turned toward the devel opment of long term sche-

ul es.

The schedul es and the system of nethods used to produce themis
yet another spoke in the wheel that will be a total production
system  The theory behind the schedules is very sinple. They
are based on the actual production efforts and the facilities
used in the production effort. The next step was to apply this
theory to the principles of process |anes applicable to Avon-
dal e “Shipyards.

The %oals set forth by the schedules are realistic because they
are based on facilities available and a cal cul ated period of
time to acconplish each task required for proper and accurate
conpletion of all units.

The first step is unit breakdown and categorization. Process

| anes require the units of a vessel to be divided into catego-
ries based on their size, shape, weight and method of construc-
tion. Categorization of hull conponents is required primarily
by the Production Planning Department and later by the shop
planners. This will assist themin basic and detailed planning
and scheduling and establishing material flow  Categorization
also allows us to determne where partial sub-unit and sub-
units wil|l be fabricated and help determine time required for
construction. To acconplish this, the hull has been divided
into six (6) basic types. They are as follows:

A) TYPE | - FLAT PANEL UNIT

These units are conprised of panel |ine conponents and
assenbled on a flat surface as the base of the unit; how
ever, it is not limted to strictly panel |ine conponents,
This flat surface can be a deck, innerbottom bul khead, and
sometinmes a flat shell plate. This categor¥,|s conprised of
relatively sinple units with short constfuction tine
required. ~ Weight would be aPprQX|nater 140 tons.  About
al(_)gA)lo)f total hull weight falls in this category. (Gaph No.




B)

TYPE Il - CURVED SHELL UNITS

These units are assenbled on curved shell, knuckled |ongi
di nal bul khead, or innerbottoms in a fixed Ll g or a pin
jig.  Such units would be outboard with tanks or outboarc
sections of shell gl ate for engine roomflats and fore
peak. \Weight is 75 tons. (Gaph No. HLS-2)

TYPE |1 - SUPERSTRUCTURE TYPE UNI T

These are usually built on a deck or engine roomflat as

base of the unit. These units st aP/ in main assenbly for
| onger periods of tine due to the Targe amounts of gre-

outfitting in this area of the ship. ~(Gaph No. Hs-3)

TYPE |V - LARGE AND HEAVY MODULAR UNITS

These units are large and very heavy with a [ ong assenbly
and outfitting period. They require much piece-neal and
close tolerance fitting, suych as fore peak with bow thrus
and bulb, aft peak with rudder post and stern frame
castings, and engine room double bottomw th nmain engine
foundation. (Gaph No. HLS 4)

TYPE V - MACHI NERY SPACE DOUBLE BOTTOM

These units are usually built with tank tops as the base
the unit, and the%/ require a long period of time of nmain
assembly.  Pre-outfitting requires nore time in this area
t he sh||o (due to enormous amounts of pipe). Shell oplatin
is usually piece-nealed, requiring nore time for fitting
wel ding. ~ (Gaph No. HLS-5)

TYPE VI - SPECI AL WELDMENTS

These are specialty units, such as rudders, skegs, anchor
pockets, bilge keel's, Coam ngs, box girders, and bul warks.

(Gaph No. HLS-6)




| SOMETRIC UNIT ARRANGEMENT (GRAPH NOS. HLS-7, HLS-8, HLS-9,

HLo>- 10
After all units have been placed in the final category list,
bui I ding locations have been determned, the breakdown of unit
starts. = Each unit is divided into the follow ng categories:
Sub- Assenbl y;
Partial Sub-Assenbly;
- Panel Line;

Items that are piece-meal, such as Shell Plate and Struc-
tural Menmbers;

Final Erection Itens, such as Trunks, Brackets, and Wb
Frame Stubs.

The category of unit determnes the building Iocation of conpo-
nents, and schedules for each work center determne critica
points at each assembly area.

RECAP_SHEETS

Using key plans and unit arrangement draw ngs, we group all
|ike units in the same categories. W then put all like units
into stages of construction such as grand assenbly, main assem
bly,_and sub-asseanY: V& then use the key plans to attain

wel ding lengths, fitting lengths, and size of each unit. ce
the above steps are taken, you have to look at the units an
determ ne how many nen you can put on one (12 section and work
eff|C|mnIJ. From the tornula we determne the number of
assenbly days for both welding and fitting. Once the fittin
and wel ding” assenbly days are known, the outfitting time neeged
at each stage of construction is obtained fromthe Qutfitting
Section of Production Planning. Knowi ng the capacity of our
shot house, we also incorporate the days needed for blasting
and painting of each unit.  Operation Services furnishes us
with the werght of the units, which is added to the recap

Sheet . Ve then take the total meldln? | engt hs and divide them
by the total manhours to come up with the efficiency of man-
hours per foot. Wth the conpletion of the category recap
sheet, we have established the follow ng information

the nunber of units by type per category,

total weight of units per category,



- total welding length of units per category,
- total manhours of units per category,

- efficiency of units per category.

|'V. ASSEMBLY PLATFORM LAYQUTS

| would like to explain to you how our Assenbly Platform 20
laid out and the unit assenbly flow associated with it.

A) PLATEN NO_ 20 - CATEGORY 1 UNITS

The Assenbly Platformis designed primarily for the produ
tion of fla Panel units. The production effort on It is
divided into four stages.

1) First Sub-Assenbly

At this stage, nost typically two or three web franes
the floors and girder are fitted and wel ded to the bas
ganel of the unit which was Produced at the panel I|ne
hetareatpas befﬁ FIVIdeg8ln OS% grldmork of twelve (1.
uni attorns al are X |s eco nded
t hat gach grid be clearly dlstlngU|shed { ngg
colored with paint. They are known by the nane S1, S2,
S3, etc. Upon conpletion of the work at the sub-assen
stage, the units are noved to the pre-outfitting stage

2) Pre-Qutfitting
Qutfitting work is acconplished in this-area while the

unit is open. |t al so reduces substantlally hi gh p03|

tion work and, t us |ncreases efficienc There |

gridwork  of etg platforns, which also shouId

Clearly identifie U on conpl etion of outflttln% th(
e

sub-units are sent to the main assenbly stage
exceptions would be centerline main decks and simlar
type units which are finished at this stage.

3) Main Assenbly Stage

Here, sub-units are conbined to make cubic units. Thjc
i s where scaffol ding work, as necessarK IS acconp
|ished. A total of SIXLS pIatforns ave been dedlcat
for use bK this stage pon conpl etion, the unit wll
sent to the final assenbly stage.




4) Final Assenbly Stage

Most typically, the connection work of outfitting, .
i nspection, and weld conpletion is acconplished 1t this
st age. UPon conpletion, the unit is sent to blast and

pai nt . Gaph - Platen 20 Lay Qut)
LONG_TERM ASSEMBLY SCHEDULE DEVELOPMENT

Following is an explanation of the devel opnent method of |ong
term assenbly schedul es.

The follow ng documents are required
Master Yard Schedul e
- Erection Schedul e
- Key Pl an
Unit Recap Sheets
- Unit Arrangement
Pl atform Arrangenents
First of all, the date that each unit is in its last day of

I
construction is determned by the erection schedule and consi-
dering outfitting time and blast and paint tine. This date for
each unit is then transferred to the appropriate assenbly stage
chart. Using Category 1 as an exanple, the grand assenbly
schedul e, which is the last assembly stage for Category 1, is

the first schedule for which these critical “dates are deter-
mned. Wen all the dates for each unit that goes to grand
assenbly are transferred to that chart, the first schedule can

be prepared. The units are then level |oaded, considering the
information in the unit recap sheets and the platform arrange-
ment appropriate to the grand assenbly construction stage

After the grand assenbly schedule is conpleted, ensuing sche-
dules - final asseanY, main assenbly, pre-outfitting, and
sub-assenbl¥ and panel line - are made, each one dePendlng upon
the critical dates established by the previous construction
stage schedul e.

Then, from the panel |ine schedule forward in tine, we refined
| oading and dates to insure critical dates are not in conflict
and that work areas are not overloaded, adjusting the panel
line schedule so as to acconmodate the refinement of the
various schedul es.
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An inportant point in acconplishing level loading is keeping
mnd the capacities of work areas at each stage and backi ng
tinme, where necessary, to meet critical dates wthout ove
ding those work capacities. Also inportant to |evel |oad
the grouping and |oading of simlar work groups together.
When the work i's arranged in this manner, because the work
%ﬁoups are simlar, the construction tinme periods are sinmlar
P

In
| oa
IS

ese two points, capacities and simlar construction periods
ermt the snooth flow of material and the inprovement in co
struction efficiencies. This is the principle of not nixing
rlntos and Continentals on the same conveyor |ine or process
ane.

As these same schedullnP principles are apFlled to each indi
dual cate?ory, the resulting sumis a |level |oaded constructi
schedul e Tor the duration of the contract.

Bear in mnd that these schedul es are not neant to be an abst
lute final product. They are long term assenbly schedul es al
will be continually updated and refined as efficiencies chang
and as new contracts are taken into account. Theb arecger-
fectly adequate at this stage for preparation of Unit Control
naPuaIs, tenpl ates and for the scheduling of purchasing mater
ials.

Planning for a process |anes system should provide realistic
schedul es at each stage of conStruction, resulting in a snoot
and even flow of materials required for each subsequent stage
of construction, against which can be neasured the eff|C|enck
of that particular "stage. Wthout a level |oaded and realis
scheduu& |Ffé|0|ency or cost can never be accurately predicte
or controlle

LONG TERM FABRI CATI ON SCHEDULE

As explained earlier, we have studied and deci ded which plate
woul d be best suited to support each stage of construction
using the process lane theory. |'ve explained our assenbly
platen for Category 1 units. Now, I'Il briefly cover our
fabrication plafen for Cate?ory 1 units. In this case we mus
use the sub-assembly schedule fromPlaten No. 20 so that the
partial sub-assenblies can be conpleted before the critical
dates needed on Platen No. 20. The platen choosen was divide
into two (2) fabrication |ines:

- Line 1 - Longitudinal bulkhead webs, side shell webs,
transverse bul khead, and horizontal girders.

- Line 2 - Floors, girders, and small pieces.
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V% have dedicated each of our platens for sugport of specific
categories. Qur main objective is to have the same people
performthe same work at the same |ocation.

LONG_TERM BENDI NG_SCHEDULE

To insure proper material flow to develop detailed shop sche-
dules fromraw materials to a finished product, there are
certain factors required at each work center

For bending schedules, the factors are:

Need Dates: Using sub-assenbly schedules and main assenbly
scﬁg%yles, you determne the date material is
needed.

Total number of plates and structural that require bending:
Using shel| expansion draw ngs and Mld Loft
bending criteria, plates are classified as to
the bendi ng process.

- ﬂ$t?[ nunber of plates and structural that require Iine
eating: . . .
Using shel| expansion draw ngs, Mld Loft
bending criteria.

- Total nunber of plates & structural that require formng
Using shell expansion draw ngs, Mld Loft
bending criteria and need dates for formng

jigs.

- Length and thickness of plates:
To tdet ermne work center or alternate work
centers,

- Capacity of rolls and frame bender:
Largest-smal | est T.

- Production out-put at each work center: . .
Capacity of rolling, frame bender, line heating
and press.
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PRE- FABRI CATI ON SCHEDULE

The pre-fabrication schedul e should be nade for each type
cutting machine or work area, such as structural and flat ba
pre-fabrication area.

Therefore, in preparing the pre-fabrication schedule, the
foll owi ng shoul'd be incCluded:

Exactograph - for straight skin plates
N.C. (3 axis) - for curved shell plates and internal plate
N.C. (2 axis) - for internal plates

- Servograph - for small pieces

- Shearing - for small pieces

- Structural Cutting Area

- Flat Bar Cutting Area

The pre-fabrication schedules are made up fromthree schedul e
- the panel |ine schedules, fabrication schedule, and the
bendi ng schedul e.

VW used these three schedul es and back off the correct anount
of days it will take for cutting, marking, punching, and
stacking of nmaterial for the next stage.

Exanpl e:

- The skin plates are taken off the panel |ine schedule and
cut on the exactograph machine, where we will allowtw da
for cutting and frve days in the work queue where we
assembl e all plates and check to make sure all plates are
there and ready to go to the panel I|ine.

- The longitudinal are taken off the panel |ine schedule,
where we allow five days for cutting, marking Punchlng an
five days in work queue and then send to panel i ne where
they are fabricated.

- The internals are taken off the fabrication schedule for t

N.C. (2 axis) burning machine. W allow five days for
cutti%g and %ive day% in a work queue and send tg Platen No

16 for fabrication.



- The curved shells and structural are taken off the bending
schedul e for the N.C. (3 axis) burning machine. W allo
five days for cutting and five days in the work queue tﬂ%n
send to, the bending roller and/or line heating, and the
frame bender for structural.

There are some cases where we will not be level |oaded. For
exanpl e, on superstructure units, the plates will not go to the
panel line. The material will be sent to Platen No. 10 to be
assenbled, but we will make adjustments on our nonthly schedul e
to level load the exactograph.” (Gaph - Exanples of Pre-Fab
Schedul es)

SCHEDULI NG MECHANI SM AND NETWORK (GRAPH NO. HLS-11)

The next topic of discussion deals with our scheduling mechan-
ismand network and how each stage schedule is retained, using
a longitudinal bul khead Category 1 chart as an exanple

The first thing we do is break down all units into sub-units.
These |ongitudinal bul khead units are broken down into three
sub-units which consist of:

Longi t udi nal Bul khead
Transver se Bul khead

Upper Deck
After we have the unit broken down into these three sub-units,
we then take each individual sub-unit and break it down into
into pieces. For exanple:
A) LONG TUDI NAL BULKHEAD, which is a sub-unit that consists of:
1) Skin for Longitudinal Bul khead
2) Longitudinal for Longitudinal Bulkhead

3) Internal Menbers, such as Wb Frames

B) TRANSVERSE BULKHEAD is a sub-unit that consists of:
1) Skin of Transverse Bul khead

2) Longitudinal for Transverse Bul khead
3) Internal Menbers, such as Horizontal Grders



C) UPPER DECK, which consists of:
1) Skin Plate for Upper Deck
2) Longitudinal and Headers for Upper Deck

After we have each sub-unit broken down, we then schedul e et
i ndi vidual piece. The reason for scheduling each individua
?lece at a certaintime is to allowa constant flow of mater

hrough each stage, so that each piece can neet at the prope
stage at the proper tine where they can be fabricated and
become a sub-unit and, finally, a unit.

You will notice on the scheduling and mechani sm and netv
chart everything is keyed on the erection date. The unih ha
to be conplete prior to that date; fromthere, we have the
final outfitting stage. In this stage, all work on the unit
nust be conpleted prior to the erection. W allow five days
this stage. Prior to outfitting is grand assembly, where we
install the brackets and the trink to the |ongitudinal bul k-
head. W allow two days. Prior to ﬁrand assenbly is bl ast
paint, where the unit 1s sent through the shot blast and
painted. Prior to blast and paint i's the fjnal assenbly sta
where all the welding, fitting, and outfitting of all the pr
I ous stages are to be conpletéd so the unit can be inspected
and accepted prior to blast and paint. W al|ow seven da
this operation. Prior to final assean% IS the main asse%%l
stage where we join the upper deck to the |ongitudinal bulkh
and transverse bul khead. allom1f|¥e daxs at this, stage.
Prior to main assenbly is the pre-outfitting stage where we
outfit the sub-units with %lplng, | adders, etc. " Pprior.to ﬁh
re-outfitting stage is sub-assenbly stage where we join the

ransverse bul'khead to the longitudinal bul khead. vygyu 'w
notice on the scheduling mechani sm and network chart thg¥ h
| ongi tudi nal bul khead and transverse bul khead are made up of
the same three pieces and are schedul ed exactly alike, but y
w |l also notice thﬁ t{ansyerge bﬁlghffﬁ |§ schedul ed one we
rror to starting the longitudi nal bul khead. The reason for
PhIS IS so the t?ansversegbulkhead will be conppete tﬁe same
week that the |ongitudinal bul khead starts sub-assenbly, whe
they can be joined together.

You will also notice that the upBer deck starts approxi matel\
five weeks after the transverse bul khead, the reason being tI
u?per deck does not have to go through the sub-assembly step.
It will meet the transverse bul khead and the |ongitudinal bul
head at the main assenbly stage where both will becone a unit

t
e
I
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In pre-fabrication, prior to sub-assenbly, on the |ongitudinal
bul khead and transverse bul khead is the panel [ine where we
install the stiffeners to the skin ﬁlates. Vi allow four days
on all panels to be fabricated at the panel |ine.

Prior to the panel line is a work queue area for the skin
plates and longitudinal. W allow five days to nake sure al
material is avarlable for the panel line. ©On the internals we
al low ten days. skin plates, prior to the work queue, is
the pre-fabrication where the skin plates are cut on the

exactograph. W allow two days for cutting.

On longitudinal we allow five days for punching, narking, and
cutting. Prior to the work queue on the internals, we have
fabrication where we fabricate the girders and web frames. W
allow ten days. Prior to fabrication on internals, we have
anot her work™ queue which we schedule for five days to gather
all material for fabrication. Prior to the work queue-is pre-
fabrication for the internals where the cutting is done.

You will notice at the bottom of the scheduling mechani sm and
network chart it will take sixty-six days to conplete one |ong-
i tudinal bul khead Category 1 unit.

Now you understand why the UCM books are separated by sub-units
and also the sub-unit divided into three parts (skin plates,

| ongi tudinal, and internal nenbers), due to the different
pre-fabrication start dates.

MONTHLY PRODUCTI ON_ VOLUME

The schedul es shown to you here today were devel oped, based on
the current Master Yard Schedule and the Erection Schedule.

As a result of these schedules, a Master Yard Schedule Il was
devised containing additional information. | would now like to
explain the information contained in it.
- The shipbuilding programis indicated show ng:

Keel Laying Date

Launch Date

Del ivery Date

- The monthly assenbly and erection weight is also indicated.

-11-
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- The accunul ative erection and assembly weight curves are
ghomn. Rre assenbly weight is also inscribed by use of a
ar graph.

The assenbly mei%hts were calculated fromthe conpletion of
main assenbly. here is also some difference in monthly wei
due to the faact that some nonths contain five weeks.

Based on this schedule, we can eéfect mont hly assenbly wei ght
of 3,500 tons from November, 1982 to April, 1983. W can al<
see that new contracts are required fromJune or July, 1983,

that is, if we want to keep a 3,500 ton per month production
system This particular chart was nmade after conpletion of t
|ong term schedules. Essentially, this is the basic schedul e
fromwhich all other schedules are derived, because it is bac
on the production policy decided on by top shipyard managemen

In addition, this chart is also valuable for the follow ng
functions:

Mar ket i ng: I ndi cates when new construction contracts are
requi red and how nuch vol une is necessary.

Material : Roughly, when and how nuch material should
arrive’ in the shipyard.

Engi neering: How nmany and at what time drawi ngs shoul d be
acconpl i'shed.

EFFI Cl ENCY CONTROL

The work volume of each stage of operation has an efficiencg
based in terns of feet per hour or manhours per ton. This ba
I's determ ned by past production history of the nmost efficien
numbers of men fo performan operation and the time required
days to conplete an operation. This equates to a standard wc
day for each stage, i ch gives the-base for monitoring and
controlling efficiency.

W see that each stage of construction is considered in such

detail that it provides the production operation with weights
wel ding lengths, and manhours required for each stage of oper
tion and, en conbined, shows total hull progress and effi-

ci ency.

-12-



In the process of nonitoring progress and controlling effi-
ciency, each production stage must be controlled. |t is imor-
tant 'to note that in pIannln% stage devel opment, the planning
stages are inter-rrelated. and that each stage is developed to
conplinent critical dates for the previous stage, thus Indi-

cating criteria for level |oading each production stage.
The information that was presented here today is a concrete
met hod of devel oping long term schedul es and their mechanisms.

| would now |ike to address the function or purpose of each
type of schedul e.

First of all, there are basically three types of schedul es:
- The Master Yard Schedul e

Long Term Schedul e
- Short Term Schedul e (such as nmonthly schedul es)

A) THE MASTER YARD SCHEDULE

The Master Yard Schedule is the long term scheme of the
assenbly based on the ship construction program

For exanple - the usa%e of the building ma¥s, drydock, etc.
and the hull construction work schedul'e. The MaSter Sche-
dule not only sets forth the assenbly stage operation, but
al so the shipyard operation policy. ~Therefore, this sche-
dule is fundanental in establlsh|n? each production stage
schedule in the shipyard. The following itens are indicated
on the Master Yard Schedul e.

1) Ship construction program for each contracted vessel
a) Keel Laying
b) Launching
c) Delivery

2) Erection and assenbly weight per month.

3) Amcuqulative erection and assenbly weight curves by
vessel .

The function of the Master Yard Schedule is to give manage-
ment the follow ng:

- 13-



B)

an understandi ng of the necessary manhours and require
assenbly area,

ability to make adjustnents to the assenbly platform
capabilities,

ability to adjust manpower to suit hull construction
schedules.

LONG TERM ASSEMBLY

Assenbly platforns are being specialized to correspond w
the unit categorization. For exanple:

1) The Fabrication Platform
a) Specialized platforns for conmon partial sub-units.

b) Specialized platforms for non-conmon partial sub-un
c) Special weldnent platform
2) The Assenbly Platform
a) Specialized platforns for flat panel units.
b) Curved shell units.

¢) Three dinmensional units.

d) Superstructure.

The long term assenbly scheme is made for each specialize
platform based on its usage which was dictated by unit
categorization and the category recap sheets.

The purpose or function of the [ong termassembly schedul
I sas follows:

Smoot h rel ationship between prior and subsequent produ
tron stages. It is very inportant that the relationshi
that fabrjcation, for exanple, has with pre-fabricatiol
and assenbly be as snooth as possible.

-14-



Level load the work volume at each assenbly stage. The
work volume for units, sub-units, partial sub-unrts and
pi eces should be established at this tine. The necessary
nunber of manhours can then be calculated. The work
centers are level |oaded, based on the standard work day
found on the category recap sheet.

- Make adjustnments to the manhour schene cal cul ated for the
purchasing of steel material and arrival designations.
c) SHORT TERM SCHEDULE (MONTHLY - VAEEKLY)
The production activities are acconplished based upon the

| ong term schedules. The short term schedul es are issued on
a reqgular basis considering the follow ng points:

gives an understanding of the work progress status for
prior and subsequent stages,

i ndi cates exceptions to normal routine working methods of
i tens.

Wth the long term schedul es now established, each shop
pl anner can then ﬁrepare a short term schedul e based on the
capacities of each machine and work area.

The objectives of the shop planner and short term schedul es
are:

1) Material Control

a) Preparation of necessary material.

b) To know previous stage, conditions, or status

2) Process Control

a) To maintain schedule by know ng

- status of material,

- status of units,

- scheme of nmanning flow,

- scheme of platforns flow.

3) Accuracy, Safety, and Manufacturing Method Control

a) Strive to achieve an accurate unit.

b) Reduce cost with safety.

-15-
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4) Efficiency Control - Control Chart

a) Collect data fromwork centers to control volume de
col lected is:

weight,
wel ding/fitting |engths,
consuned manhours.

Proper |oading and use of these schedul es shoul d provide
steady flow of material and a constant-work |oad through

shi pyard.

CONCLUSI ON
Process lanes is no more than an orderly and tinely nmethod o
doing our work. It was no easy task to change the thinking

mnds of the old time shipbuilders. Wt he il enent ati on
the process |ane system %e here at Ayongafe argpconn1tted t

the goal of being nmore conpetitive in the shipbuilding indust

-16-
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OUTFIT PLANNING AND SCHEDULING



ZONE QUTFI TTING
PLANNI NG AND SCHEDULI NG

GENERAL APPROACH TO ZONE QUTFIT PLANNING AND SCHEDULI NG

For many years Anerican shipyards have been building stee
bul | s and deck houses and fill |n?.these structures with all
manner of sinple and conplex outfitting itenms nunbering in the
thousands and tens of thousands.

This amounted to a philosophy domnated by hull construction

Prior to the advent of the IH technology_transfer i ntroduction
at Avondale, this was nore or |ess our driving philosopby.

The efforts that were made to inprove the fitting out costs
were usually the result of a few individual efforts and the

| earning curves that developed in nulti-ship contracts through
trial and error

The advent of recognized shipbuilding technology introduced by
the Maritime Admnistration' s Natjonal Shipbuilding Research
Program through the Ship Production Commttee of SNAME, spot -
|I8 ted the highly organized methods of both building the hull
and outfitting the vessel.

Upon first review, the nmethods appeared sinple; however, when
an attractive piece of the process was selected and tried by
itself, it resulted in disappointment. Over the past five

ears several shlgyards have bad this experience, not only with
H techniques but” with sone of the European nethods, also

Avondal e’ s approach to the problem was to try and recognize
that what we were about to undertake would bée a four or five

¥ear project, which would slowy develop over a long period of
ime and would require a program of patience and training.

Like planting seeds in the ground, we are experiencing simlar
devel opments shown here in Gaph No. 1 ZO

- Planting
CGerm nation
- Gow ng
Har vesti ng

To carry the conparison a little further, Gaph No. 2 ZO brings
out the analogy In greater detail



A) TO PLANT
- the ground nust be prepared;
- %he ﬁorporate managers nust be able to keep the idea
resh.
B) TO GERM NATE

- the tenperature, rainfall, drainage and climate nust b
acceptabl e;

- the shipyard management must provide the Proper.envirp
nment, continued enphasis on performance, the elimnati
of negativismand establishing realistic objectives.

0 TO GROW

- the proper amount of nutrients and constant checking f
debilitating influences (insects, diseases, etc.);

- the Proper amount of feedback usin? realistic schedul e
and the constant encouragement of those ideas, activi-
ties, and people that are productive.

D) TO HARVEST

- pick and enjoy;

prosper and be conpetitive.
effort was started at Avondal e on Februa

?ornation of what was called an “Expert
the el enents shown in Gaph No. 3 Z0.

The zone outfitti
4, 1980, with the
G oup” nmade up of

n

THE PLANNI NG AND SCHEDULI NG I N ZONE QUTFI TTING IS Al MED

Prl VARI LY Al:

- naxinizin? t he Bre-fitting.of components of all systems i
ﬁOPFS oft he onboard divisions and into the sub zones of
ull units;

- maximzing the assenbling of conponents of systens in the
zones of onboard divisions into the sub zones of nachiner
and pipe package units;



- mnimzing the effort of outfitting after hull erection;

- orienting steel fitting and foundation work, especially in
overhead work froma difficult “position to an easier posi-
tion assisted by gravity rather than opposing gravity;

- transferring work environments from closed, narrow, unsafe
and high locations to open, spacious, |low and safe |octions,
and also to facilitate transportation of material accessibi-

lity.

IN PRINCI PLE, THERE ARE THREE ASPECTS TO ZONE OUTFI TTI NG
PRACTI CED AT AVONDALE AS A_RESULT OF | MPLEMENTING THE NEW TYPE
SH PBUI LDING TECHNOLOGY, THIS IS ILLUSTRATED IN GRAPH NO 4 ZO

- Package Unit Pre-Qutfitting
- On Unit Qutfitting
- On Board Qutfitting

A) PACKAGE UNIT PRE-QUTFITTING

Basi cal |y, conponents are assenbled into package units as
long as ‘their 'independence can be preserved with rigidity
and stability without the help of Intensive tenmporary
re-enforcenents or supports. You can readily see the
|ncreaS|ng_nunber of package units that have been devel oped
on succeeding contracts due to the influence of IH technol-
ogy. This is illustrated in Gaph No. 4 ZO

Types of package units are grouped as follows:
1) Machinery Package Units

An assenmbly of nachinery, conmbined with adjacent conpo-
nents such as the foundation, pipe pieces, valves,
gratings, ladders, supports, etc. An exanple of this
KB“'% 28 a salt water service punp unit shown in Gaph

2) Zone Package Units

An assenbly of Pipe pi eces, pipe racks, combined with
val ves, access [adders, grat|ngs, etc. A good exanple of
zone package units are the main deck pipe racks of a



B)

©)

Product Carrier, shown in Gaph No. 6 z0. This graPm
taken fromthe nodel, shows how these pipe racks wll
look when conpleted. W also refer to zone package units
as pipe package units.

ON UNIT _QUTFI TTI NG
The primary objective of on unit outfitting is, of course,

to conplete the outfitting on ceilings and in doubl ebottons
before hull unit erection

A unit involves various types of outfitti
working in a small volune; therefore, it
create an unbal ance in the work schedul e.

ng tradesmen
by itself tends to

One pec&ﬁmxded solution to this problemis toallocate the
mul ti-trade type of worker per unit and create a new trade
wor ker cat Tel ‘an assembl er.

s are undertaken with the
and wel ding on floors are

ed. _(One exanple of on

No. 7 ZO and in Gaph No.

The fitting and wel ding on cei
unit upside down while the fitt
i npl emented after the unit is t
unit outfitting is shown in Ga

a Z0.

| ng
i ng
urn
ph

ON _BOARD QUTFI TTI NG

On- board outfittin?.on.first si ght sounds like the conven-
tional type of outfitting. However, this work is designed
to be as’mninmumas possible and is limted to the fol Fow ng:

- outfitting itenms or package units too heavy or big to
| oad onto the unit prior to erection

fragile components and water vul nerable conmponets that
are inpractical to be fitted on unit such as joiner
ﬁanels, insulation, etc., itens subject todamage from
andling and weat her

- connection conponents between package units and hul
units, such as pipe make-up pieces, cable, etc.

On board outfitting is planned and schedul ed zone by zone,
sub zone by sub zone.

hown in G aph No.
A.P.L. engine room

An exangLe of this t¥pe of outfittingis s
IS
oup of pre-packaged

9 zo. view is taken of the No. 1
area, \What you are seeing here is a gr
machinery units.




|'V. THE PROCEDURE FOR QUTFIT PLANNING AND SCHEDULI NG

W start planning and scheduling by u%jng th saq; even sec-
tion document we used this morning in describing bu éﬂ anni ng,
this docunent with the |ong name~ Job Descripti'on at Each Stage
in New Hull and Qutfitting Engineering Procedure at ASI.”

Qutfit planning conmences at about the sane tine as the Hul
P!annln? G oup has established the prelimnary unit defini-

tion, n Gaph No. 10 ZO, Section No. 1, and Gaph No. 11 ZQ,
Section No. 2, Wwe can see that there are many items prelinn-
arily resolved by the contract date.

The illustration in the previous graphs and in Gaph No. 12 ZQ
ngti?n Po. 3, shown here denpnstrates this to be a consider-
able |ist.

Paramount to answering the questions where, when, and how, are

the items |isted under other required data shown in Gaph No
12 ZO, Section No. 3, nanely:

identification of construction methods;
- prelimnary unit definition
establish outfitting zones for Purchasing;

study and prelininary assi gnnent of package units, on unit
and on board material.

Once construction nethods are established and prelimnary unit
definition and sequencing is decided on, outfit planning and
schedul ing can begin at once.

The document entitled “Advanced Purchasing Zones” is shown here
in Gaph No. 13 ZO and is one of the standard,plannlngoa?ﬂe

scheduling tools used by ASI. This document is sent

Engi neering and Purchasing Departnents prior to contract
si gni ng.

Pl ease note that all of the material listed in the “Engineering
Hul | and Qutfitting Job Stage Description” is advance ordered

by this method, using this document 1mediately after contract
signing and before the “go” neeting.

Long lead tine material is or%ﬁred 3t this the by conponent
and by diagrammatic system e oraering takes pface long

before working draw ngs are conpl eted.
This allows a lead time not always enjoyed in Anmerican ship-

building contracts. For these advanced orders, material lists
are produced for each zone and each sub zone that you see on
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the docunent. Please notice the fabrication and conponent
dates specifically standardized and denoted in the advanced
purchasing zone schedul e.

Using this system it now becones possible to determn
verx dates and order long lead time itens nore quickly t
with conventional methods.

e deli-
han

In other words, the advanced ordered material list is system
oriented, which benefits the Estimting Department and, "al so,
IS zone oriented in a way that facilitates early material pro
curenent tied to proper need dates.

Wien the advanced ordered material lists are prepared, the
requi red dates for each Rgrcha3|ng zone and sub zone are
readily defined for the Material Purchasing Department.

- Al the advanced outfitting materials placed on order are
based on lead tines by referring to the advanced purchasin
zone schedul e.

- Al the material for outfitting, which is purchased after
the conposite and working draw ngs are conpleted, is place
on order with the required dates shown on the later devel-
oped pallet list schedule. A relationship_between nateria
|1sts and required dates is shown here in Gaph No. 14 20.
A standard schedule for material procurenent is shown here
in Gaph No. 15 20. This schedule is. divided into given
time frames for each Avondal e responsible event you see on
the chart. The added days are the delivery tines.

Early in the pre-contract phase of the schedule, an integrate
study is made by Enqlneerlng and Production Planning to deter
mne the best possible conbination of machinery conponents th
can be devel oped into package units.

Shown here in Graph No. 16 Z0, Gaph No. 17 Z0, and G aph No.
18 Z0, you can see a few package units that have been_ con-
structed and are about ready for transporting to the installa
tion area. In Gaph No. 19 Z0 we have a picture of a node
representing a package unit that wll be constructed for the
engi ne room bilge and bal | ast punp system for the Exxon Produ
Carrier program

The Engineering Departnent has nade organization changes in
this area, notably formation of an established fully |ntegrat
package unit design group. This group does all design and,
englneerln work Tor package unit ~foundations, wal kways, pipe
and all other conponents of the package unit.



There will be further discussion about this department in nore
detail at our semnar session tonorrow, which will deal wth
the engineering integration phase of the job planning effort.

Gaph No. 20 ZO, Section No. 4, shows the next series of steps
after contract.

ShortIY thereafter and before the “go” nEetin?, the draw ng
schedule from Engineering is issued to Production Planning for
schedul ed dating of each drawing. This dating follows the sane
basi c zone and sub zone scheduling process as the one used for
material ordering in the advanced purchaS|nE zone schedul e.
However, refinenents in sequencing are cranked in using the
hul | sequence and erection schedule. The draw ng schedul e now
shows each drawing as a reflection of the unit definition and
construction nethods nentioned earlier.

The outfit pallet schedule shown here in Gaph No. 21 ZOis now
conposed, dated, and delivered to Engineering b% the Production
Planning Department. This particular pallet schedule is for on
unit work. ~The pallet schedule at this stage is of a prelimn-
ary nature, but 1s used as a basis for datlng material going to
the various stages of machinery and pipe packages, on unit out-
fitting, and outfitting on board. The pallet system at Avon-
?ale wll be discussed in nore detail followng this presenta-
ion.

The bsic unit erection sequences previously discussed in this
morning’s hull semnar, along with the prelimnary outfit mle-
stone schedule, is also produced and issued by the “go” neeting.

An illustration of the mlestone schedule and another illustra-
tion of the pallet schedul e documents are shown here in Gaph
No. 22 ZO (M |estone Schedule) and Gaph No. 23 ZO (Pallet
Schedul e). = These are cut out portions of the entire docunment
shown in your handout. The pallet schedule you see here is
made for on board outfitting. There is also one for machinery
package units and pipe rack package units.

These schedules will be discussed further in the “Details of
Qutfit Planning and Scheduling” later in the sem nar. However,
the main purpose of the pallet and mlestone schedule is to
define the dates of installing fabrication work, various conpo-
nents, various fittings, piping, testing, painting, and to plot
these dates in an integrated manner with the erection dates of
the hull units. Additionally, all this is anchored to the
major mlestone dates of keel, bore stern tube, launch, trials,
and delivery.

Referring back to Graph No. 20 ZO, Section 4, you will notice
that within three (3) nmonths after the “go” neet|n%, the fina
deci sions have been made on the application of package units
and pipe rack units.



Also in line with these final decisions, the machinery conpo-
nents for on unit outfitting, as opposed to on board outfit-
ting, have also been resol ved.

In conjunction with all of this, the mlestone schedule has I
been sent out for reviewto the top levels of managenent.

V& cone now to the Key Plan neeting, which we call the “K’
meeting, shown in Graph No. 24 ZO, Section No. 5.

B% the “K' meeting, which occurs sone four (4) nonths fol | ow
the “go” meeting, .the approved outfit mlestone schedule is

I ssued as a cast-in-concrete document to all responsible par-
ties and departnments in the shipyard organization.

Distributed al so, ann? with the m|estone schedule, is the
inal |y approved pallet schedule which sets all the dates for
|1 the major outfitting material to be delivered to each ste

of construction in the entire ship manufacturing process.

G aph No. 25 7O, Section No. 6, ShOW§ the next series of proc

dures and leads into the “M." or Ml d Loft neeting.

After the “K' neeting, outfit drawi ngs start being devel oped

a unit-by-unit basis, and the bjlls of material for construc-
tuﬂntland manufacturing stages begin to be identified pallet

pal | et.

It is as though the Production Pl anning EEﬁartnent supplies t
Englneerlng a nunber of enpty buckets, each with a stage code
and a date.” In turn, Engineering then begins to fill the buc
kets with selected materials for "the appropriate stage.

A series of neetlngs bet ween Production planners and Engi ne-
ering draftsmen and section |eaders has now been in operation
since the “go” maetln%S These have been the meetings where
Production Planning, Production Engineering, Eng|neer|ng _
draftsmen and section | eaders have, by conCensusS, been decidi
the appropriate stages where all the outfitting material and
components should be installed, that is to say, in sub ass,-
bly, main assenblﬁ, before turning, after turning, before bi'a
and paint, after blast and pajnt, or on board. TheFe are _the
neani ngs of the stage codes that you saw on the pallet sche-
dule. "Beginning with the “K' neeting, these feedback foruns.
now take place on a schedul ed basis évery week, wth Producti
personnel now entering the process on a regular basis.

Met hods of fabrication, assenbly, and installation are dis-
cussed in greater detail. Unit drawi ngs are reviewed and
changes initiated.



From this interchange of thought processes enmerges the nost
Productlve nmethods that can be utilized using the yard facili-
ies, equipnment, and manpower. The draw ngs produced now
becone a reflection of this process.

The Ml d Loft neeting, shown in Gaph No. 25 KZO, Section No
7, as the “M.”" neeting, is purely for verification that the.
MWl d Loft has all the necessgé% Information to start producing
their draw ngs for the hull book.

Two nmonths after “M.” or eleven months after contract signing,
Engi neering starts delivering the unit outfit drawngs to Pro-
duction on a unit-by-unit basis.

For exanmple, the first drawings to be sent are those of fit- .
tings and pipe pieces requiring fabrication for installation in
the initial partial sub-assenbl’y stages of hull construction
and for the Tirst units appearing in the fabrication and sub-
assenbly schedul e.

Work orders are issued and fabrication begins for all fittings
and pipe pieces. On the next contract we expect to cut the
delivery time of outfitting drawings to Production from the
eleven (11) nonths nentioned here to ten (10% mont hs and
eventually to the nine (9) nonths shown for hull draw ngs.

SCHEDULI NG_FOR _ZONE QUTFI TTI NG

One of "Mirphy’s Laws” states, “Anything left to itself goes
from bad to worse.”

Thi's aPﬁlies to hull construction and zone outfitting. There-
fore, e scheduling in detail of the outfitting effort becomes
extremely inportant.

Scheduling in zone outfitting is basically done froma |ong
term and short term basis.

The long term schedule is used for summation forecasts and a
check to insure that execution and level loading is realistic
and falls wthin budget parameters.

The short term schedule is used for the detailed execution of
the work that is set forth in the long term schedule. The
short term schedule is generally made and nonitored by the shop
planners and is structured to reflect work loads to craft fore-
men over weekly periods.



In Gaph No. 26 ZO, we can visually see the overall tree str
ture of schedul es now being devel oped at Avondale. W can a
see who is involved in schedule creation, and nore inportant
who becones responsible for the checking of schedul e progres:

This, in turn, breaks down all work effort into detail sche-
dules for execution. Participation effort in making these
schedul es originates all the way fromfront |ine fofenen and
mechanics to mddl e and upper managenent.

It is extremely inportant that schedules be:

- REALISTIC That is to say safely within the facility and
personnel maxi mum | oadi ng capability.

RECOGNI ZED This neans they are official documents of top
na?ﬁgenfnt and can only be changed by top
authority.

- RESOLUTE This indicates they are regarded by all
enpl oyees as steady and determ ned work gui des

In Graph No. 27 20 is an illustration of sone of the overal
types of schedul es made and their distribution in vessel con-

struction at ASI.

Schedul es are very much like road maps. Everyone knows exact
wher e they are going and how to get there wthout one until
they get [ost That is when they refer to the docunent that
t hey should have been referring fo fromthe start.

It is this nental attitude that has to change if “Product Wor
brakdown structure” is to be inplenented toits fullest effi-
ci ency.

The designed |ayout for the schedule format is an individual
thing in each yard and depends on types of conputer facilitie
rinting methods, and traditional forns that personnel are us
0 seeing.

To dwell on this would acconﬂllsh no purpose in this sem nar
So, for now, we will |eave the subjects of ﬁeneral Iannlnﬂ ¢
schedulln% and review sone of the other nethods of the technc
o%y that have had an influence on productivity and on various
changes that nust take place,

W have, in the Planning Departnent, established in a very
crude manner an overall "goal for ship production performnce.

Shown here in Gaph No. 28 ZOis a tentative fornula that .
establ i shes one of the broad goals we are hoping to acconplis
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You will note the factor of_acconPlishnent Is equal to the
8ercent conplete at launch in outtitting, divided by the
uilding time in months.

The percent conplete at |aunch is conposed of only those itens
that have to do with outfitting craft work.

No hull or superstructure percentages are counted into these
outfitting nunbers. However, the Tength of time to build the
hul | and Taunch it are totally dependent upon hull performance.

W have established a target of fifteen (15) points or a 90%
conpl etion of outfitting Itens b¥ launch.  'In using this
formula it nust be undrstood that all hull requirefents nust be
conpl eted 100% as schedul ed.

On this ?raph, al so, you can see sone of the performance num
bers thal have resulted so far from previous contracts. These
gre from contracts inplemented by the technology to varying
egr ees.

The problemwith this type of projection is that it does not

rely on specific paramefers. he outfitting parameters in this
case are nanhourcpercentages of their final or projected budget
costs. This could be a variable. Also, the hull could |aunch
|& less tine and not be 100% This would also be another vari-
abl e.

To reduce these variables we are now adopting the “product work
breakdown” method of outfitting weights. An example of these
parameters are shown here in Gaph No. 29 ZO

Everything from steel plate to waste cans on the ship has a
given weight. This weight is a necessary piece of information
needed in any case by the Design Goup, as yer% often a con-
tract will assess penalty points if a ship is built in excess
of specific weight tolerances.

Each Engineering Departnent at ASI now is responsible for cal-
culating and recording all the individual weights of their
articular section. th this information_ in hand, we should
hen be able to come up with particular weights by craft
grouP|ng and also include lineal and square footage for those
crafts not accountable by weight.

By using these parameters as a gauge of physical Progress,
tota# gutflttlng acconpl i shment can readily be determned on a
rough basis.

In addition to the overall physical progress, another benefit
accrues fromthe use of the weight system
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Each pal | et now can be given a predetermned wei ght val ue
Using” these weight values against the appropriate cost stan-
dards rough budget forecasts can al so be achieved from shop
fabrication to outfitting installation.

A concentrated effort was made to investigate and decide the
framework of information flow and the pariicul ar changes tha
woul d be necessary in order for zone outflttln? to be succes
sful and effective. The expert group previously nentioned
convened for three nonths determning this.

It was agreed.uPon during this stage that some of the fundam
tals in material tracking and cost accounting codes woul d ne
changing. Along with these observations, certain aspects. of
the shipyard organization woul d need to be changed, nodified,
and new procedures injected

Shown in Gaph No. 30 Z0 is a |ist of the basic changes reco
nended by the IH team Bear in mind that all established
organi zations have general |y devel oped by the add-on process
because of special influencés:

- growth of the business
newfields of endeavor
weat hervane | nfluence

organi zation changes to accomnmodate probl ems or speci al

rojects. TE: Very often these changes occur and the
organi zation is set into ?Iace. However, when the proble
has dlsappeared, t he probl em organization is not always
re-structured or totally elimnated.”

The organi zation changes we tal k about here, however,

basically to accormpdate a new field of endeavor in process

Tanufacturlng. Their objectives have the sane target, namel)

0:
control material and |abor;
control manufacturing costs.
One of our problens experienced at ASI,

intr
all of this, developed out of cultural and bu
and out of the Ianguage problens.
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Let me state here for the record that it is absolutely essen-
tial that all the parties be able to understand and speak a
conmon Iangua?e, whoever they may be. | night also add that
the nenbers of IH were very patient with us in all of this.

It is also paramount that consultants be menbers of the upper
echel on of their shipyard nanagenent.

VW can now briefly review these changes and what these changes
nmeant as far as our shipyard was concerned. Shown here in
Gaph No. 31 ZOis a general presentation of the over-change
A) RE- ORGANI ZE ENG NEERI NG FUNCTI ONS

This will be addressed during the semnar tonorrow on
“Engi neering Integration and Interface.”

Briefly, however, all processes of engineering at ASl had
previously been system by system

In order to apply zone outfitting, the Engineering Depart-
ment had to be transformed fronlsystem.%y system fo zone b
zone, after the system diagrans and gui dance draw ngs, suc
as machinery arrangements and general arrangenents, were
conpleted. "That is to say, the conposite draw ngs and.
working drawi ngs are prepared zone by zone, together wth
the material Irsts we now call pallets which contain all
conponents for work packages.

B) RE- ORGANI ZE PRODUCTI ON PLANNI NG AND PRODUCTI ON ENG NEERI NG

Previous to the start of the IH technology techniques, the
Production Planning Departnent at Avondal e functioned al nost
| ndependent|y of Engineering and the Advanced Program
Depart ment.

Al'though there was a valient attenpt at pre-outfitting by
Production Planning, wthout the precise recognition of top
managenent the pre-outfitting was a “cry in the wlderness.”

Production Engineering was known as “the group upstairs,”
and while there was good communication between the two
departnents, the common link seemed to be m ssing

Production Engineering issued all their work orders by
entire systems. This led to work orders being in the field
sonetimes for nonths. I\/br% damagl n%, however, it meant that
much material had a good chance to De msplaced as the ves-
sel s moved fromthe building ways to the wet dock.
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It was recommended to organize the Production Planning ar
Production Engineering together into a Hull Goup and an
Qutfitting Goup. The Qutfitting Group, then, woul d be
sub-organi zed into the sane threé zone groups as Engi ne-

(?cnng.OI This, basically, is how we are now tentatively be
or ned.

Production Planning is now responsible to establish the
m | estone dates such as keel laying, |aunching, delivery,
erection dates for hull units, etc. through joint neeting
wth all departnments concerned.

also_respon5|ble for setting and preparing the sche
showi ng the start dates and conpletion dafes for al
ed materials, called pallets, and other activities
ut material, such as machinery testing and conpartne
uling on the basis of the mléstone schedule.

It is
dul es
group
Wt ho
sched
It is also responsible for level |oad forecasting of the
manpower and resources of the shipyard.

The Production Engineering Department now has the respons
bility to estimate the manhours for each material pallet
also all activities without pallet materials which are
utilized by Production.

Production Engineering is also responsible for evaluating
the actual performance by conParlng the estimated nmanhour:
and actual manhours based on the pértinent paraneters, su
as MEI?ht, | ength, square footage, reported to themby th
Production Department.

More of these changes will be discussed during our sem na
t onor row nor ni ng

RE- ORGANI ZE PRODUCTI ON_WORK GROUPS

Avondal e’ s Production Departnent has, over the past numbel
of years, followed the traditional nmethods of outfitting
pursued by most American yards, i.e. systemby system

This brought with it the various craft trades, each trying
to do therr assigned work |oad after the hull was devel-
oped. This method, of course nost of now realize, is not
the nost efficient process.

It was reconmended to re-organize into the same groups as
Engi neering, Production Planning, and Production Engi ne-
ering. This is shown here in Gaph No. 32 20.
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This type of organization which you see here is basically an
[ H type organization that developed over many years. \Wile
it is 1deal for their concept, it presents problens for some
yards to adopt.

No. 1 - You nust cross and integrate traditional craft and
political boundaries.

No. 2 - Certain radical changes such as presented in the
al | -enconpassing Hull and Qutfitting Departnents
tend g%jbe resisted for many reasons, some good,
some bad.

W are in the process now of making our Production organiza-
tion changes, but it will be several years before we can
hope to reach our optinum objectives.” This should not, how
ever, detract from obtaining our nost inmediate goals.

Shown in Graph No. 33 ZO are the particular parts of these
reconmended changes that show how we are structured and how
far we have yet to go, if we are to be organized along the
recomended [i nes.

CHANG NG THE CODE SYSTEMS

- The code is not only a synbolizing conbination of alpha-
nunerics which are handl'ed by the total system from
Engi neering to Production, but,

- The code also acts as a tool to operate the total system
snmoot hly and effectlvel¥ by connecting software, hard-
ware, and human ware. TheSe changes are extensive in
concept and length of time to pursue and conplete.

- Therefore, nore tine is needed for the final adoption of
all these systens. They are, however, presently being
nodi fied at”ASI

Previously at Avondale, the shipbuildin? process from esti-
mation to production was controlled system by system (the
system oriented code system), namely, all draw ngs, all
material control, all work orders, and all cost accounting’
procedures were controlled by a system oriented code process.

The follow ng changes were recomended by IH
In order to develop zone outfitting manufacturing, the
system oriented engineering procedures nust be transformed

into zone oriented procedures at the state of conposite
drawi ngs as foll ows:
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- The Engineering Department fitting type drawi ngs and
na%er|al lists nmust be issued zone by zone/sub zone by
sub zone.

- The Production Planning Department nust devel op and
produce the zone outfitting schedul es.

- The Mterial Control Departnent nust prepare naterial
pal lets required for zones and deliver themto the
required place, at the required stage, at the required

i e

- The Production Engineering Departnent, then, must issu
work orders for pallet, for zone, and for sub zone.

- The Production Department, then, nust carry out the ou
fitting work pallet by pallet, zone by zone, and sub z
by sub zone, using the work instructions prepared by P
duction engineers.

Therefore, an integrated code which controls the above
activities is absolutely necessary and identifies in whicl
zone and at which stage the materials are installed.

over, a classification of material piece nunbers of the
conmponents and departnent codes are necesary to keep good
communi cation anmong the various departnments operating at
maxi num efficiency.

The changes recommended by IH were to establish key unif:
codes for all materials, draw ngs, palletizing, and work
processes.

The changes that were made in draw ng designations and cl:
sifications will be addressed in the Engineering Interface
seninar tomorrow.

However, Dbriefly here in Gaph No. 34 ZO are a few exanpl ¢
of how the draw ngs were changed and the pallet codes were
| mpl ement ed.

Further classifications and piece marking codes are steadi
being studied and recomrended to nanagenent for inplenent:
tion.  Mst coding changes taking place at ASI at the nont
are those codes dealing w thout Sem -automated Pipe Shop,
pallet lists, and draw ngs.

This will be discussed further following this presentation
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E)

CHANG NG THE SCHEDULI NG SYSTEM

Schedulin% becomes the disciplined roads and highways to
achieve the final destination or objective.

Wthout these roads and highways being properly maintained
and used, efficient novenent in production becomes inpos-
sible and all the other disciplines lose value. These
changes eventually will prove to be nost inportant and bene-
ficial to the proper operation of the zone outfitting system
and will subsequently be described later in our program

Scheduling at Avondale was traditionally prepared nmore or
| ess independent|y between Production and the Engineering
Depart ment's.

Several attenmpts were made to utilize the “Pert” type net-
work techniques. This was discontinued for the follow ng
reasons:

- Mdification occurred too frequently for this systemto
be believed.

- Feedback effort to inplenent this systemwas extrenely
| abor intensive and not always reliable.

Changes that were recommended are in various stages of

i npl ementation and are generally oriented around the stan-
dard network processing system associated with “product work
breakdown structures.”” These changes are interwoven wth

the process |ane concept discussed earlier.

CHANGE THE MATERI AL CONTROL SYSTEM

Avondal e’s established material control system worked in a
traditional manner.

Materials were purchased with an advanced material order
list prepared bK the En |neer|n? Departnﬁnt, system by
system ~Wen the work drawing for the system was conpleted
screening between advanced material orders and final mater-
ial orders was done. But materials issued to manufacturing
shogs and production shops were carried out in accordance
with separate material requests. These were divided into
several groups fromthe system material |ist shop b¥ shop
because the amount of material in the systens were too large
a scale to manage.

Changes recommended were rather extensive and were directed

at establishing a conpletely computerized material control
systemtied to a new piece coding catalog for the entire
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shipyard. Al coding for installation was recomrended to
directed toward the zone concept. These are the” same thre
basi ¢ zones of zone outfitting which you have seen earlier

Under these recomended systens, the activity of screening
bet ween the advance ordered materials and the final ordere
itenms in the material list for pallets can be finished
earlier than the old eX|st|n%_system Thi s execution con-
tributes to a prepared work kit pallet of material conplet
intime for when the pallet is required.

In order to satisfy the above requirement, material lists
for pallets must be issued in advance of the date of _
purchasi ng, manufacturing and palletizing of these materils

The.dramﬁnﬁ schedul e must be nade pallet by pallet on the
basis of the required delivery dates of each pallet to the
proper production site.

Because of the extensive nature of this Partlcular subj ect
and the changes being invoked in material control, it Is
needless to say that it wll take a great deal of tine and
w |l develop piece by piece. There will be further discus
sion of this subject tonorrow norning.

CHANGE I N COMPUTER AND DATA PROCESSI NG

Conputer and data processing usage at ASI was seldom
requested to be used for rationalization and projecting
schedul ed job flow.

The reconmendation for changes was directed at our Conputer
and Data Processing Departnent.

The head of this departnent will give a conplete sem nar on

conputer and data processing on Septenber 15th and 16th of
this year.

Pl PI NG _SYSTENS

In all ship construction planning and scheduling there
appears unique influences that seemto have a major effect
on the eventual success or failure of the plan. " In outfijt
pl anning and scheduling, one of the biggest of these influ-
ences in generated by piping systens.

Piping installations in shipbuilding represent a very expen-
sive effort in material and labor. ~Piping is the second
most coscly itemin ship construction at Avondal e.
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As a matter of practice, up until recently, our yard bad.
limted its piping detail sketches of pipe pieces to only

t hose sizes of-pipe 2“ and above. This made the Production
Pi pe Departnent responsible for field running piping under
2", generating a tendency to create our own interference
problens.  Mich decision nmaking by front [ine supervisors
and mddl e managenent forenmen also results in costIK. .
marking, cutting, bending, and fabrication on the ship site
instead of conveniently in the shop. In Gaph No. 35 20 you
can see that on researching various types of vessels, it was
found that pipe pieces below 2“ in size represent approxi-
mately 50% of the total ampunt of pipe pieces in a vessel

An 1,800 unit container ship, for exanple, built at IH has
a total of 13,047 fabricated pipe pieces, approximtely
6,950 of which are under 2°.

As you can see, the ampunt of pipe pieces below 2“ can be a
conSi derable nunber. On this basis, it was decided to

engi neer and route nost pipe pieces down to and including
the 1* hydraulic pipe sizes. Al Flpe Pleces now_aPpear not
only as Sketches, but sketches that include materia
specifications, job orders, pallet numbers, planning
routines, routing_and coating or final treatnent
specifications. ~The pertinent information is translated to
the shop managenment codes and stored in the COPICS shop
managenent system for sem -automated pipe ShQP
manufacturing. As a result of IH zone outfi tlng tech-

ni ques, 8|?|ng is no longer fabricated in our yard by entire
systenms but by pallet, pre-outfit unit, and zone schedul es.

This reduces considerably the amount of fabricated pipe

pi eces that generally take up inactive storage space. It
also lends itself to a nuch nore eff|C|ent.sh0P managenent
system with pipe pieces palletized for designated final
treatment of pre-outfit and zone |ocation

Plannin% and scheduling for the Piping Departnent is now
oriented around this system

VW can only touch on this subject plplnﬁ very briefly at
this seminar; however, many volumes coul'd be” generated on
iping and the intricacies of pipe fabricatjion and installa-
|0n.I bISeveral manual s have already been printed and are
avai | abl e.

To very quickly give you sone idea of its conplexity in

shi pbui | di ng pl anni ng " and schedulln% and why [H pipe piece

fam |y manufacturing is necessary, the followng view graphs
are visuals taken froma nodel of the main deck cargo piping
system of our Exxon contract. The next three pictures that
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ou wll see, Gaph No. 36 ZO, Gaph No. 37 zo, and G
0. 38 ZO, show an overview of what the main deck will |
I|ke|mhen all piping systens have been installed on this
vessel .

The total steel structure to supPort t hese systens wei gh:

apprOX|nateI¥ 246 tons. The tota mejght of the pipin
systemitself, when filled with liquid, wll weigh 696 tc

W$ ha¥e planngg to preifabricate End b#ild this entire
structure in separate pipe rack units. @Ga 39
shows, froma nndeP, mhatpo%e of these units MPPIhFook
like. This unit has a steel structure weight of 8 tons ¢
a wet pipe weight of 25.5 tons.

A section of our yard has been designated as the pre-.
fabrication area and is abut 420 feet |ong and approxi nat
85 feet wide. This selected area has been | ayed out to
correspond to the actual configurations of the deck of tt

ship.

Each.piPe rack unit has been planned and schedul ed to be
fabricated, assenbled, and installed in conjunction with
hul | erection schedule of the vessel, so that the |ast of
the 26 units will be installed aboard ship about six week

bef ore | aunch.

The key |n?red|ent of this entire operation will be the
accuracy of the design and engi neering scope, the palle-
tizing and pronpt delivery of the material, and the atten
tion given to nonitoring and measuring all efforts of
material and |abor productivity on short termresults.

This project will conmmence this nonth and, thus far, ever
thing seens in order.
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CONCLUSI ON

In closing nmy portion of this semnar, | would like to extend
n¥ conplinents to the Maritime Admnistration for understanding
all the problenms that go into devel oping these projects under
the National Shipbuilding Research Program

Also, | wish to complinment and bestow a few accol ades on the
SNAME ShIP Production Commttee's tireless efforts in trying to
manage all these various progranms, and, | would also like to
thank the consulting members of IH for the many hours and days
of hard effort they put in and for their persistent patience
with us at Avondal é.

Last, but not least, a sincere word of appreciation to the SP-2

Panel of the SNAVE ‘Ship Production Cbnnjppee for their Sicilian
type tenacity in highlighting this particular technology for us
all.
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View Gaph for Qutfit Planning Seminar
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THE THREE ASPECTS OF ZONE OUTFITTING

ITEM

1. PACKAGE UNIT
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JOB DESCRI PTION AT EACH STAGE
IN NEW HULL AND OUTFI TTI NG

ENGI NEERI NG PROCEDURE AT ASI

MARKETI NG STAGE DEFI NI TI ONS
(A - CONTRACT SPECI FI CATI ON
~ SHP PROPCRTI ONS
— DRAW NGS
LI NES
GENERAL ARRANGEMENT OF HULL AND MACHI NERY
SUPERSTRUCTURE AND QUARTERS ARRANGEMENTS
M DSHI P SECTI ON
SCANTLI NG SECTI ONS
PRELI M NARY SHELL EXPANSI ON
CARGD O L SYSTEM DI AGRAM ( 3 )
|NERT GAS, DEHUM DI FI CATI ON AND CARGO VENT DI AGRAVS (3) - 43 TANKS
ENG NE - RELATED AND OTHER PIPING Di AGRANG
DIAG MAIN ENG NE LUBE OIL SYSTEM
- DIAG MAIN ENG NE CYLINDER LUBE OIL SYSTEM
- DIAG LUBE OIL FILLINGS, TRANSFER AND PUR FIER SYSTEM
- DIAG STERN TUBE LUBE O'L SYSTEM
~ PIPING MATERI AL SCHEDULE
- DIAG ENG NE ROOM BILGE & BALLAST SYSTEM
- DIAG SEGREGATED BALLAST SYSTEM
- DIAG FEED AND CONDENSATE SYSTEM
- DIAG FIREMA N - ENGNE ROOM
- DIAG FIREMAIN - ACCOMMODATI ONS
- DIAG FIREMAIN AND FOAM SYSTEM - MAIN DECK
- DIAG CENTRAL FRESH WATER COOLING SYSTEM
- DIAG MAIN ENGINE JACKET WATER COOLING SYSTEM
- DIAG MAIN ENGI NE PI STON COOLI NG WATER SYSTEM
- DIAG MAIN ENG NE FUEL VALVE COOLING WATER SYSTEM

10- ZO PRE- MARKETI NG STAGE
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JOB DESCRI PTION AT EACH STAGE
IN NEW HULL AND OUTFI TTI NG
ENGI NEERI NG PROCEDURE AT ASI

- DIAG MAIN SEA WATER COCLING SYSTEM

- DIAG AUXILI'ARY SEA WATER COCLING SYSTEM

- DIAG VENTS, SOUNDING TUBES AND OVERFLOWG

- DIAG STEAM SYSTEM

- DIAG SHIP'S SERVICE, STARTING AND CONTRCL Al R SYSTEM

- DIAG FUEL O'L SERVICE SYSTEM

- DIAG FUEL OL FILLING TRANSFER AND PURI FI CATION SYSTEM
- DIAG DIESEL O'L SYSTEM

- DIAG FUEL, SLUDGE AND MAIN ENG NE CLEANI NG SYSTEMS

- DIAG TANK HEATING CO LS

— CALCULATI ON OR OTHER TECHNI CAL DATA
VEEI GHT ESTI MATE
LONG TUDI NAL  STRENGTH
HYDROSTATI CS
TANK CAPACI TI ES
BONJEANS CURVES
| NTACT TRIM AND STABI LI TY DATA
LOADI NG CONDI TI ONS
DAMAGED STABILITY EVALUATI ON
WAKE SURVEY
RESI STANCE AND SELF- PROPELLED TESTS
ELECTRIC LOAD ANALYSI S
ELECTRIC ONE LINE DI AGRAM
VENT SYSTEM DEVELOPMENT AND DUCT OPENI NG



JOB DESCRI PTI ON AT EACH STAGE
| N NEW HULL AND QOUTFI TTI NG

ENG NEERI NG PROCEDURE AT ASI
— _PROCURENMENT _SPECI FI CATI ONS

MAI N PROPULSI ON ENG NES

DI ESEL CGENERATORS

CARGO O L PUWPS

BALLAST PUWPS

WASTE HEAT BO LER

ANCHOR W NDLASS

MOCORI NG W NCHES

| NERT GAS SYSTEM

DEHUM DI FI CATION UNI TS

LUBE AL, FUEL O L, AND DIESEL O L PURI Fl ERS
PLATE HEAT EXCHANCERS

ENG NE ROOM CONSOLE

CARGO SYSTEM CONSOLE

ELECTRI C MOTORS FOR CARGO PUMP
BOW THRUSTER

STEERI NG GEAR

BLENDI NG UNI' T

AUXILIARY O L FIRED BO LER

FUEL O L PUW / HEATER SETS

- OTHER REQUI RED DATA

L S S Y

I NI TI AL REGULATORY BODY REVI EW

PRELI M NARY UNI T DEFI NI TI ON

| DENTI FI CATI ON OF CONSTRUCTI ON METHCOD
ESTABLI SH QUTFI TTI NG ZONES FOR PURCHASI NG
STUDY AND PRELI M NARY ASS|I GN PACKAGE UNI TS
ON- BOARD AND ON UNI' T MATERI AL
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RELATIONSHIP BETWEEN MATERIAL LISTS
AND REQUIRED DATES

CONTRACT KEEL LAUNCH

:‘QDVANCED ORDERED MTL LIST (MLS)

I PALLET ORDERED MATERIAL LIST (MLF)
l “IENN D D N ll..-'--’
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14-20 MATERIAL AND REQUIRED DATE RELATIO



in¥3da %

e ds At

R SO ’i‘;e:%?%&“ Fm?””“'mm%m THH W r»wr «w‘i@"&ﬁ»&n
RN b ’: Y el . P --‘
”flz K z( PP ’:V A A " ; ,.s‘,

OF MATEHIAL Pno,@zup
~~»t’5\}¢mmu mimnﬁu cae ot

2 4
" "’(i .

’\hz{s"; %
; ,,m. we—

UATERALS
sEQul st -
BELEAGH &

! )
R k' t,\aflrm

-

el r

PuRLHAN, :

UHAYING

«

¥

) ’“)mﬂ it ' ’

s

PN 1+ {3 3 V01T o
. LI REVIEW LELEUT

@W®

: APPROVAL

3 f
COMPLETION

fMH

. ~~—'-
'

Al Prisiv Ay

Y= (==

-y -y - o

T DG
AFPROVAL

¥E 2,

VA St . ‘.

forf FAOATIE Y

MALUFACTURING LEAD DAYS

x

[

r.n
Sag e R

o

PORE SR o e

'y

.
R
el yr

A KTy

SR8

T3

m,-‘{’c?enlﬁ,‘{.’ MATER'

TR I, = Phdta e i

hk "'v rAE E Tty

AL REQUEST RELEASE DAYS

g0y o

PRSI0 LM F LAY R g

Wi QT AN AN N o2l AR S AP A

R
a,\:- “ L;‘
by ¥ fJ"




4 e | . W)
k .; 7 RSN LY % 7 o ' R m‘”ﬂ,d‘m:i:‘/::' SN D ; SATARINN.. . i el )
' 16-Z0 BUILDING A PACKAGE UNIT



V1-

(@ZIX~YY




N .
. .
¥,
1 ¥ ES X
g Y . 4 CF
Vars &5 i BA
o oAl a )
3 " 1 1
»ﬂ N 3 ’y
; 5 AL
. S rrm—————, ¥ iR
0 il Y
f
PN it y
G
’ - s Y
oy r v 3R 5 i
s v Pt Y . e
€ i é %
4 e
: " 4 ¢ 35t 7 >
” N M o e ;. 4] A
S e gy . s
5 * v 2
Vo ey , R :
KL 2
; Y. ey
(2 % . 14!
L4 K ¥
P $: ol -
Y | 3 ¥ X0 ¢
N e vl : o
v\ 2 'ny
] e 21
—es Sl h ”
. NI s *
TN k
aaca) .‘.\S..\... ’ ‘
4 * 4
¢ ¥ &
s
- C "% bn&l‘ k5':
» )
) A
AR RS TR Tt s
#: .
WY g, R 2
k. . ~
.
L%
v ) 2
e f o 1, 5 “
% o, S
" ‘ .
e §
,
e i
; 3
" T Mo . - . < .
\ ] ‘ ' \
AN ~ v ey
. oy 7 « sl a.\m Y
TR R b » X -
ey - . SHL A .
SIS TR - ®
e * . "

TN A Surs A SuTe 2smavems

T PP Nt

o "IN



B R O e e e C PP R W R

-
v
LM
- &
YA
AR
e«
»

P et st amte ol

L S NESURT A VP PSS
Nl R LU WO S
I S e aunvm S Y M

PR

* Q.Ma«,ﬁ\
AN
3% 3Ny
ZEIN

any ¥

AT A YN O NI S Wbt

v

Lo

v’w PAORAUER \HHT -
Xid

[ R LIIXY o

WNANE RO BN,




CONTRACT SIGNING

ENGINEERING PROCEDURE AT ASI
1 MONTH

GO MEETING!

N

PREPARATION STAGE

s

(B) — FAIRED LINES (BY STATIONS) FAIRED LINES (BY FRAMES)
— LABOR AND MATERIAL ESTIMATE
— PURCHASE REQUEST FOR MAJOR ITEMS
— BUDGET
— ADJUSTMENT OF SPECIFICATION AND DRAWINGS
— BASIC UNIT ARRANGEMENT
— DRAWING ISSUE SCHEDULE
— SEA CHEST DESIGN (LOCATIONS AND NOZZEL LOCATIONS)
— OUTFIT PALLET LIST (PRELIMINARY)

- 3MONTHS

v

—PROPELLER DESIGN
— FINALIZED APPLICATION OF PACKAGE UNITS,
ON-UNIT AND ON-BOARD INSTALLATION OF MATERIAL
— OUTFIT MILESTONE SCHEDULE REVIEW
— TORSION ANALYSIS -
— SHAFTING ARRANGEMENT

™ .

.20-Z0 CONTRACT TO *GO" MEETING - SECTION 4



PALLET NUMBERS AND CODES

CONTRACT: C1-015

HULL:__ “B"” 2335

PALLET CODES
S — During Sub Assy./On a Sub. Assy.
U — Before Turhing — Duiing Min. Assy.

T — After Turning — Prior B & P
V — After B 8 P — Prior Erect

ON UNIT OUTFITTING

PALLET OUTFITTING START
ZONE UNIT DESCAIb FRAME LGC NUMBER DRAWING |FAB OUTFIT] PALLET
STAGE REQUIRED MAT“L REQUIRED
D1 2 iB 08601 [ S, U,T,V 3/22 6/17 7/19
3 IB 68-61 S S,U,T,V
| | !
1 iB 61-65 CL S,u, T,v 3/29 5/24 7/26
4 IB 65-69 CL S,UT,V
6 I8 69-73 CL S,uT,Vv
A .
M1 8 iB 44-58 P S,UTV
9 5 28-45 CcL S,U,T,V
10 iB 4458 S S,UT,Vv
I
D3 16 BHD 64 CL S,UT,V ‘
y A y
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SPECIALI‘DESIGN_A;HON CODES : INSTALLATION CODE
Anchor Windiass . . A # PFIOF Li10S1ng
l " 3? R Bofler . PALLET NUMBERS/CODE Y = Easy Access/lg’rior Launciu I
G/T Bow Thruster Mach'y DRAWING REQ. SCHEDULE :
g/‘G §5 Dsl."Gen. . CONTRACT 01-0015 nge ¢
t/ua tmerg. aen.
E/C Eng. Rm. Console ' HULL - 2335.EXXON-
M/E Main Eng.
D/D Dwanallaw
lll\ ‘lUlJCl 1G)
B &b Rudder - . R |
I S/B Main Subd. )
S/H Shaft '
|| S/G Steering Gear
I | Ww/H Waste Heat Boiler . " I
| ON_BOARD  OUTFITTING I
ZONE . |outriT START . START
l 5UB-ZONE LOCATION PALLET NO/CODE  { DWG. REQ. FAB INSTALL I
N : - - :::=::l
I M-1 ENG. RM.LWR.LVL - : . I
I M-1 ENG. RM.LWR.LVL| 20-M11-1% 6/28/82 8/23/83 10/25/82 I
- M-1 ENG. RMILUR.LVLI 20-M12-1% - l
I M-1_ | ENG. RH. LHR LVL|  07-M11-1X | A I
M-1 ENG. RM.LWR.LVL| 07-M12-1X
1N ENG. RM.LER.LVLI 06-M11-1X !
I M-1 ENG. RM.LWR.LVL| 06-M12-1X ' I
- ENG. RM.LWR.LVL] 16-M11-1X
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JOB DESCRI PTI ON AT EACH STAGE
| N NEW HULL AND OUTFI TTI NG
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