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ABSTRACT

The application of conputers in
acquisition and |ogistics support is a
maj or requirenent of future weapons
systens acquisitions. Athough the
design of the SEAWOLF preceded nost
new sponsored requirenents, the

ro?ran1|ncorporated many initiatives
hat will serve as prototypes for
future” acquisitions.

The SEAWOLF Program is enpl oying
conputer technology to integrate the

design, production and logistic
support functions of the ship's life
cycle. The transportability of

electronic data fromthe design phase
to construction, and on to |ogistics
is key to inproving efficiency and
more closely |inking designer

shi pbui | der” and mai nt ai ner

SFAWOLF is an inportant step in the
overall effort to Inprove weapons
system acqui sition efficiency.

Lessons |earned by SEAWOLF will be
valuabl e in preparing other
acquisition prograns to take advantage
of the integration of conputer data
bases that can bring greater success
in the execution of design, production
and | ogistics support phases.

| NTRODUCTI ON

The life cycle of a ship or any
weapons systemin general is divided
into many phases. These phases extend
fromthe first drawing that defines
the ship at the highest Ievel durln%
conceptual design to the day when the
last unit conpletes its final mission
One constant that has existed for
centuries is the need to transfer
information. In early ship
construction a scale nodel constructed
in wood may have been the only vehicle
necessary to transfer the designer’s
know edge to the shipwight. he next
step, and the one we are for the nost
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part living with today, is the
transfer of information from designer
to constructor to operator and

| ogi stician using paper as the medium
To %y, the information takes the form
of drawings, specifications,

mai ntenance plans and standards,
techni cal publications, piece part
support, allowances and a seemngly
infinite nunber of variations. The
desire to better control the life
cKcIe functions of a ship has led to
the proliferation of huge vol unes of
paper at each point of the process.
The wasteful part of this process is
the fact that we constantly recreate
data that undoubtedly a person
associated with sonme” previous part of
the life cycle has had at their
fingertips.

The practical application of
managi ng the data created during a
ship (or any other weapons sKsteq}
life cycle is an immense task. igure
1 depicts a very high level summary of
the major interfaces. There are many
points of transfer and each one has
Its own specific requirements that
nust be satisfied. For exanple, the
interface between design and
construction is a particularly
i mportant one in the SEAWOLF Program
t oday.

The shipbuilder nmust be provided an
array of design products, the |argest
volume of which Is draw ngs and
associ ated material information.
Conventionally, this point of data

transfer has ‘been strlct[% limted to
the delivery of reproducible paper
drawi ngs. wever, the ability of a

program to provide that information in
a data transfer medium other than
paper is in today's increasingly

conputer oriented environnent not only
an attractive option, but in the near
future will be a requirenent.
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FIGRE 1. LIFE CYCLE DATA |NTERFACES

Today’ s program manager nust be
expected to understand” the nethodol ogy
of managing data. The prgtqram manager

will ook at the Departnmenf of Defense
speci fications, the capability of
potential prime contractors and
mandat e contractual |anguage to

i npl enent design, construction and ILS
requirenents. ~There are nmany key .
decision points wthin an acquisition
program concerning the vehicles by
which data will be created, stored and
exchanged. The nost critical
decisions, fromthe SEAWOLF
experience, are the decisions nade
during the prelimnary phases of
design and Inplemented in the detail
design contract. The detail design
phase creates large anounts of dafa
and a later change of course would in
all likelihood be expensive and
difficult to execute. Therefore, the
topic of creatlng and utilizing

el ectronic data bases in weapons
system acquisition wll recelve
increasing visibility at high Ievel
forums, . such as the “ship production
Synposi um
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EARLY SEAWCLF | NI TI ATI VES

The SEAWOLF Program preceded nost
DOD initiatives t0 inprove the nethods
in which |ife cycle information is
handl ed.  Sufficient technology was
avahlabll\% at tbolt\lg sugﬁr_artl)n_el d_eS| g(nNNS)
ards or ws Shi pbuil din
)a/md, Gener a nani cs, Igl)ectri_c gBoa'[
Division (EB Div), to establish the
contractual mandate that the EB
Div/NNS desi %n be entirely CAD based.
W believe that history wll support
that this forward Iooking decision is
one of the single nost important
mlestones in the Program's history.

To support a_ conpetitive acquisition

strategy, _the Programs plan to go.
with a digitally based desi (l]n

had to deal with the diffficult problem
of developing the capability to
transfer desi'gn products between the
two submarine”design yards, and
event ual I_){).t.o a shipbuilder. The
Inconpatibility of the design yard CAD
\%stems left serious doubts as to,

ether or not the EB and NNS design
data could be transferred cost



effectively. There were three options
explored to solve this problem 1)
direct both design yards to use the
same CAD system ~2) Develop a_direct
transl ator "between the two existing
systens, or 3) work with a neutra
format translation process, .
specifically the Initial Gaphics
Exchange Specification (ICES)

The first option woul d_have incurred
a very large expense. The secon
option was regarded as being too
inflexible since data froma third
system may not be usable and future
up?rades of existing software at
el ther design yards could necessitate
revisions to the direct translator.
The third option had the potential to
be cost effective and flexible,
however, it was recognized that |arge
scale I'GES transfers in shipbuilding
had not been done before. The program
selected the I GES option and accepfed
the task to go through the devel opnent
effort necesSary and nmake this medi um
of transfer an effective vehicle. In
addition to the two and three
di mensi onal graphics information that
| GES woul d hand| e the need to transfer
processible or "field" type text data
was necessary. In 1985 the SEAWOLF
Program organi zed data transfer
worKing groups to bring EB Div and NNS

eopl e"toget her and provide the

ramework for transferring, in nost
cases in parallel with the hard copy
deliverable, three types of data

0 Drawings (2D G aphics)
0 Product’. Mdel EB Dat @)
0 Processible Data El ements

A working group was assigned to each
of these data types with the goals of
specifically defining what contract
del i verabl es woul d be transferred,
devel oping the witten transfer
rocedures, and thorou?hly testing the
ransfer process to validate the
procedures. The charter of these .
working groups was to bring electronic
data transfer froma goal fo a
reality. Additionally, the procedures
devel oped had to be rigorous and clear
for the digital product to be made a
deliverabl & in the SEAWOLF
Construction Contract.

SEAWOLF DI G TAL DATA TRANSFER WORKI NG
[CRO.N)

The phil osophy behind the working
groups was. that”know edgeabl e
ersonnel from Electric Boat and
ort News, with guidance from
NAVSEA, were capabl & of developrE the
tool's necessary to transfer SEAWOLF

1-3

data electronically.
management at both” conpani es “set the
coursSe, the working group's efforts
for the nost part were undertaken by
Conput er Ai ded DESIPH éCAW support
engl neers, for the [GES type transfer,
and material specialists, in_the
processi bl e text transfer. The groups
net  about once a month and devi sed
their own methods of deveIoP|n? the,
products required by the detail design
contract. he statement of work of
the contract required the design yards
to develop and refine procedures, for
the conversion, storage, validation,
and exchanPe of design information

d

Al t hough the

(processible text, draw ngs and
product nodel includin pipi ng. and
structural information) In digita
form. I'n_addition, as part of the
Contract Data Requirenents List (CDRL)
t he del|ver4 of procedures was
required, hese procedures (see
Figure 2) would become the basis of
daf'a transfer and invoked in future
contracts.

DI G TAL DRAW NG EXCHANGE
DATA ELEMENT Di CTI ONARY
PROCESSI BLE DATA EXCHANGE
STRUCTURE EXCHANCGE

PI PI NG DATA EXCHANGE

NON. PROCESSI BLE TEXT EXCHANGE
DI G TAL PRODUCT DATA CONTROL
DI G TAL DATA TEST SET

® N oW N e

FI GURE 2 SEAWOLF DATA EXCHANGE PROCEDURES

Drawi ng_Transf er

. The successful exchange of draw ngs
within the SEAWOLF Program from design
yard to construction yard allows the
shipbuil der to have a” conputer usable
{vectoy notation) draw ng available.

utility of being able to work with
a draning wWith the sane capability as
gt ha been.Freath on ones ovT CAD

emis significant. ition ,

option tg create a S eliF J%tg
e at another site, such as a

e
d
S
e
S
planning yard, is achievable.



The transfer of draMAn?s using IGES
as the vehicle is a conplex process.
The conplexity is the result of the
nmet hods in which individual CAD
vendors represent the many visua
devices that convey information
Something as sinple as the width (or
font) of a line can create a thorn
trans|ation problem ~ Although
translators were available from each
of the CAD vendors whose products were

involved in SEAWOLF design, the
initial aftenpts to tranSfer data .
resulted in drawings at the receiving
site that did not Tesenble the
original drawing. The mmjor reasons
for these drawing exchange
difficulties weré rooted™in four
ar eas:

o Translator Problens

0

0 System Differences

0 User Errors

Each problem was documented and
categorized by priority and nmethod of
solufion. Translator ‘problens were
resol ved by feeding back information
to the vendor Who provided the
translator. Both vendors

involved (IBM and CV) were very
receptive to the requests from the
SEAWDLF Data Transfer working groups
for inprovenents in the translator
software and nost problens have been
solved. Recommendations to change

| GES were referred to the | GES

commttee and the National Bureau of
Standards (now_National Institute of
Standards and Technology). This .
Process, al though sl ower’ than working
hrough the CAD vendors, resulted in
useful’ changes that inproved the
translation process. Wrking with the

CAD vendors and | GES had the advantage
of not being a direct cost to the
overnment. = The feedback provided b
he SEAWOLF morklgi groups to the CAl

vendors and the | GES conmttee
provided a basis for a significant
roduct inprovenent to the vendors
ranslators and | GES.

In the event a solution to a problem
was required prior to being addressed
in the translator or |GES, "an interim
solution to most problens was resol ved
b% creating "work around” software at
the sending or receiving site. System
d|fferenc%? aﬂd user errors wer
corrected through the
internal procedures wthin each
conpany to provide uniform CAD

roducts and a SEAWOLF drawi ng
ransfer. procedure to .govern ‘exchanges
of draw ngs between sites. In
addition, ‘a standard set of test cases
was devel oped to check translator
integrity when a new revision of CAD
Sof tware” was introduced by either
design yard. The program to Inprove

e .
he institution of

1-4

drawing transfer has been very
succesSful.  The SEAWOLF effoft has
achieved a consistently accurate
transfer of information with only
mnor problenms that are well

documented and easily corrected at the
receiving site, as part of the draw ng
validation process.

Future Acquisition Programs must
decide what nediumis regU|re to
transfer draw n%E The SEAWOLF
Program chose |TES as the nmediumto
provi de conputer usable draw ngs at
various sites. Qptions other Than
IGEs, i.e., raster imges, can provide

Improved transfer, storage and
retrieval capability, buf wthout the
virtue of being cAD usable. A Raster

imge is a series of dots that can be
electronically stored to represent a
2D graphic. °The advance of technol ogy
In Converting Raster to vector may
someday allow the Raster transfer to
bﬁcone the 2D transfer medium of

choi ce.

Product Mbdel Transfer

_ The transfer of product nodel or 3D
information is an Inportant functiaon,
particularly from the standpoint of
manufacturing. The accurate 3D
description of parts that conprise a
ship is the entry point for advanced
nanufacturlan syStems. A hal | mark of
the SEAWOLF "Program is the contractua
requi rements for both design yards to
del i ver |p|n?_and structural * product
nodel informafion to the shipbuilder

Moving information through a
manuf acturing process is a conP]ex
procedure. n nost cases the tine to
create the paPer or software products
t hat supEort he fabrication of each
pi ece takes many times longer than the
actual time to manufacture.” The need
to reduce fabrication costs has driven
nost shi pbuilders to inplenent

roduci bility enhancement proPrans

hat reduce ‘the time and complexity of
the nanufacturlnq)process. e nethod
revol ves around Dringing nunerica
control machinery onbcard and
interfacing. them with conmputers. A
generic conputer integrate, .
manufacturing system is depicted in
Figure 3. 0 take full advantage of a
systents potential, the maxinum amount
of information is transferred
electronically from computer to
computer through direct links. Down
loading to paﬁer at anY point in the
procesS and then recentering the data
Into another data base represents

failure. The front end of the system
is the CAD station work station 1hat
or|?|nates the designer’s description
of The piece to be fabricated,

whatever it may be. In the case of
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FIGRE 3. ADVANCED MANUFACTURING SYSTEM

SEAWOLF that piece may be designed at
either NNS or EB. In order to
electronically link the design data
base to the nanufacturln%[i¥sten1of
the shipbuilder, the SEA program
devel oped and is continuing to devel op
the procedures to utilize I'GES based
transfer of product nodel data.

A working group, simlar to the
draw ng transfer working group,
devel oped a procedure to guide the
process of moving structural and .
p|p|n? product nobdel data from design
Yard o shipbuilder. In addition to
he procedure devel opnent, ,
consi derabl e testing and resolution of
robl ems that the testing brought out
ook place. The final step inthe
devel opnent phase has been to transfer
data from designer to manufacturer and
use that data fo cut steel or bend

pi pe.

In a weapons system acquisition, the
rogram manager frust determine if the
transfer of product nodel type
information 1s required to support the

manuf acture of the system  The

program shoul d requite sufficient

procedure devel opnent and,test|nP to

I nsure that de5|qn data will fulTy

support construction. An .

under standi ng of the manufacturing
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capabilities and requirenents of
otential manufacturers is essentia
o making the correct decisions. .
Although™the up front 1nplenentation
of a data transfer_pro?ram as part of
design is an additional design
expense, in reality it is a high
| everaged investnent that will “nmake
the weapons system nore affordable
over the life cycle.

Processible Text Transfer

_The text information transferred
with the draw ngs using the |GES
process is not conputér usable. In
other words, informtion such as Parts
data cannot be electronically pulled
from the draw ngs to access other
conputer files. ™ Although future data
exchange standards (notably PDES) plan
to offer this capabllltg at present
intel|igent or processible text data
nust be transm{ted separately. in a
relational data base that utilizes a
data element dictionary (DED). The
DED is sinply a definition of the data
el ement necessary to transnit
information, The data el enent
definition is extensive. Each el enent
requires a field name, nunber of
characters, data code, references,
description, 'Input instructions,
exanpl es, edit/screening provisions
and data structure.



Asin drawings and product model to guide
transfer, a working group was formed most di f
to devel op the guidelines negessary to quantity
exchange processible text. I's i dentifi
effort included assenbling the def i ned.
elements of the data elenent i's sho
dictionary and preparing the procedure

FIELD NAME:

ND Matrix
NUMEER OF CHARACTERS

1 each
DATA CODE:

PNC129A B,C'D, E and F
REFERENCES

(a) Table 47, NOT Codes
DESCRI PTI O\:

he actual transfer.
cult activit
f elements that had to be
and then individually

_An _exanple of a data el enent
wn in Figure 4.

[dentifies applicable non-destructive test requirements (i.e. VI, RT, PT, UT,MI, and W\

performed on the item (DAPN).

The Codes (Y/N) in these fields relate to tests listed in Reference (a).

| NPUT | NSTRUCTI ONS:

0 Enter the letter "Y' if the particular test applies to the item or enter "N' if

“"Blank"" indicates NDT consideration not made/not applicable.
Test desi Fgrnau on sequence:
VT RT PT UT M and MN

EDI T/ SCREENI NG PROVI SIONS:  (Performed by-)
0 Computer- Reject Code other than Y,N or blank.

TYPE V R P U M M
TEST T T T T T N
Appl i cabl e( Yes/ No) Y Y NN NN

EDI T/ SCREENI NG PROVI SIONS (Perforned by-)

p Computer - Reject Code other than Y,N or blank.
DATA STRUCTURE:

A(l) each (A phabetic)

FIGRE 4. EXAWPLE OF SEAWOLF PROCESSIBLE TEXT DATA ELENENT
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not required.

was the large



The working group further defined
the categories o[_data to be
transferred. A list of the nore
common data reports exchanged is. shown
in Figure 5. peopl e working in the
fields of procurenent, manufacturing,
non- destructive testln?, wei ght
control and nost notably |ogistics
support understand the utility of the
conputer 1n their jobs; the inportance
of data exchange increases so that the
re-input or re-creation of data
received from another source is not
required

SEAWOLF:
TRANSFER

The effort of the SEAWOLF worKi ng
groups have brought the state of data
transfer to the point where the
programis contractual ly supporting
the transfer of production Information
from design yard to shipbuilder. The
culmnation of this effort is very
much I'ike a commencenent exercise
The door has been opened and the
desirability of expanding the scope of
the data transfer effort is apparent.
The working groups have been tasked to
devel op the procedures and conduct the
testing to facilitate a future _
transfer of ventilation and electrica
cabling design data. The working
groups will Took at transferring data
that is directly available fromthe
data base such as cable routing
information and tabular listing of
ventilation shapes and their _
dimensions.  Further, the groups will
explore the transfer of the 3D product
model of ventilation and electrica
system geonetry. The end result will
be sinmilar to the structure and piping
programs, as the ventilation and
electrical construction drawings are
issued, a parallel Package of
el ectronic data will be rssued to
support the manufacturing and planning
operati ons.

A MAJOR M LESTONE | N DATA

Beyond the present program of
providing data which represents the
transfer of design information is the
desire to increase the scope of the
transfer to include manufacturing type
information. For exanple, the SeawoLF
plate cuttlng facility takes the
transferred design or “neat” part and
adds information such as the bevel
required for a specific welding
?rocess and any extra stock necessary

or final fit up. If cpnnonalitg
bet ween manufacturing sites can be
reached in the nethodol ogy of
preparing a design part for
manuf acture, then the informtion
added by the manufacturing planner
will be required only one time during

the life of that part.
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DATA EXCHANGE DOCUMENT

1. ENG NEERI NG PARTS LI ST

2. LOG STIC SUPPORT ANALYSIS CONTRCL
NUMBER MASTER FI LE

STOMGE | NFORMATI ON

MACHI NERY MATERI AL HI STCRY
PREFERRED PARTS SELECTION LI ST

SH P'S DRAWNG SCHEDULE

H GH | MPACT SHOCK QUALITY DATA
RADI OGRAPH C SHOOTI NG SKETCH DATA
PROCUREMENT SUMVARY | NDEX

10. VEI GHTS AND MOMENTS

11, NON- DESTRUCTI VE TEST DATA

FIGRE 5. SELECTED PROCESSIBLE TEXT REPORTS
SUPPORTED BY THE SEAWOLF DATA
ELEMENT DI CTI ONARY

NTEGRATI ON OF DESIGN AND LOd STICS

=

UPPORT

The integration of the SEAWOLF
design and construction has been well
docunmented in prior presentations
The creation of the modular build
strategy, formalized by planning and
sequence docunments and presented in
the SEAWOLF sectional construction
drawi ngs represents a major
achievement in the practical _
aﬁpllcatlon.of concurrent e@&iﬁeerlng.
The availability of the SEAWOLF _
el ectronic data base was key in meking
the transition fromthe systemto zone
design possible. The utility of the
data base is also being exploited to
make early inroads into the many
products required for the logistics
support of the ship. Designis the
first phase of |ogistics support. As
the designer creates the ship, the
i ndi vi dual conponents are chosen to
nmeet the requirements of the system
These conponents become the foundation
of the effort required to maintain the
ship in a proper condition of
readi ness.  The design data base is
t he key_resource from which the
initialization of logistics support
SEZtEﬁB can be acconplished. The
SEAWOLF | ogistics group, in .
cooperation with the design yards, is
putting into place the systems to
electronically extract information
fromthe design data base and create
the conputer driven systens that will
in turn create the products necessary
to support the SEAWOLF class submarine
throughout its life cycle. The
systens that will fultill this
function have been integrated under
the unbrella system known as SAILSS.



The creation and utilization of a
conput er based | ogistics effort _
represents a mlestone as inportant in
the logistics phase as the digita

data transfer effort has been in the
construction phase of the life cycle.

SYSTEM

Integrated Logistic Support (IIS) is
a process concerned wth capturing the
configuration of the ship and _
producing and maintaining the logistic
products (mai ntenance plans and

standards, piece part support and
al | owances, technical manuals, etc.)
that support the ship's operation.

Because these products have
historically been devel oped and
maintained utilizing independent data
bases, the information contained in
themis often not in agreement. For
exanpl e, piece part requirenents can
differ between the ship's allowance
list, the technical_ manual and the
repair standard. The lack of
integration with the ship's logistic
products results in wasted man hours
and a hIFh degree of frustration for
the people perfornming naintenance

MAINTERANCE

DESIGN DATABASE MANAGEMENT

To inprove the efficiency and
effectiveness of Integrated Logistic
Squort (11S) for the SEAWOLF O ass
Submarine, PMS350 early in the
devel opment process sou%Q} to
integrate the various Al s%stens_that
provide this support. The historic
di sconnects that have existed between
the various logistic products could
only be corrected by integrating the
systems that produce and maintaln
these products. This need led to the
devel opment of the SEAWOLF Automated
Integrated Logistic Support System
(SAILSS). SAILSS will provide an
automated ILS system that will support
the class durlnﬁ both the acquisition
and operation phases.

~SAILSS is being designed as a
distributed data base (information
resides in nore than one ADP systemn)
devel oped and dedicated to the

| ogi stic support of the class. The
system is being designed as a
conposite of individual subsystens

(See Figure 6), linked by conmon data
elements, software and a~

t el ecommuni cation network with
controls to prevent access of

unaut horized individuals. NNS is the
system devel oper and has
responsibility for the design,

devel opment, ‘testing and associated
docunentation of the system
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Early in the development it became
apparent that a methodology was needed
that would provide commonality between
the various SAILSS data bases.
Additionally, since logistics is
concerned with the ship’s
configuration, a link common to both
SAILS and the design data base was
required. SEAWOLF utilizes the
Functional Group Code (FGC) for this
linkage. The code provides an
indexing system that establishes the
basis for the structuring the
configuration records. An example of
a FGC is contained in Figure (7).

Configu ration Management Sub-system

The primary sub-system within SAILSS
supports the ‘configuration management
process. The purpose of this )
subsystem is to capture the functional
configuration (generated during the
design process) and to build upon this
baseline by adding the physical
configuration (an item identified to a
specific vendor that satisfies the
function) information identified
during the construction process.

The folljowing is_.a very simple
outline of the Configuration process
and how FGC is involved in the
process. As systems are developed the
design engineer determines that an
item is required in the system to
perform a specific function, e.g.,
pump water. These items are added to
the system drawing, a file in the
design data base. he system drawing
is reviewed by the system engineer who
assigns a FGC to the individual )
functional items. This information is
loaded into both the design and
Configuration Management data bases.
The physical configuration items are
later identified by the shipbuilder
and electronically transferred to the
corresponding FGC in the configuration
management sub-system.

Currently, a prototype that
electronically links SAILSS and the
design data base is being developed to
take advantage of the fact that the
FGC, as well as other logistic related
information, is in the form of )
processible text. During the analysis
phase of this project it became
apparent that information that is
important to the designer may not be
important to the logistician "and vice
versa. For example, bulkheads and
other structural items are not )
normally considered as a configuration
items by the Ioglstluan but are by
the designer. ecause of these
differing views of the submarine, a
review by the logistics engineer in
the initial integration of the two
systems will be required. However,
once the systems are linked, the_
capability to compare configuration
information between the two data bases
will exist. This ability ensures that
changes in the design are captured by
the Tlogistician.

The Configuration data base )
electronically provides configuration
information to the various sub-systems
within SAILSS, as well as external
data bases. Use of these interfaces
will allow sharing of data and will
increase the accuracy of the data.

Logstic Support Analysis Sub-system

Logistic Support Analysis (LSA) is a
process that documents the engineering
rationale on which the maintenance
concept (repair activity capability,
periodicity, and technical
requirements) is based and stores
source data from which individual
logistic products are developed.
Since the LSA process utilizes a data
base that is linked to other SAILS
sub-systems, consistency with the
analysis and other ILS products is
assured.

FGC FUNCTIONAL NOMENCLATURE

420 NAVIGATION SYSTEM

423 ELECTRONIC NAVIGATION SYSTEMS, RADIO
4231 DIRECTION FINDER SET AN/XXXX
42311 ANTENNA ASSEMBLY AS-XXXX
42312 RECEIVER-PROCESSOR R-XXXX
42313 CONTROLLER-INDICATOR C-XXXX
42314 SWITCH-MULTIPLE ROTARY

4232 NAVIGATION SYSTEM, OMEGA

42321 RECEIVER-COMPUTER

FIGURE 7. FUNCTIONAL GROUP CODE (FGC) INDEXING CONCEPT



The SEAWOLF project was the first to

utilize the unified data base (UDB)
software, which was devel oped by the
Air Force, as the means to autonate

the LSA record (LSAR). The Naval Sea
Systens Command Logi stics Center
(NAVSEALOG) has been designated as the
custodian of this software. It is

al so planned that the UDB will be
enhanced to include NAVSEA specific
data elements not currently defined in

M L- STD- 1388.

The LSAR is designed to utilize
control nunbers to identify the
cowent undergmgg anal ysi s.

SEAWOLF uses the FGC as the Control
number, which will be electronically
transferred to the LSAR from the
Configuration Mnagenent Sub-system
This ensures all configuration itens
identified during the
design/construction process are

anal yzed for logistic support o
requi renents. dditionally, |ogistics
support data Broduced_by the LS
process will be distributed
electronically between this system and
other sub-systens of SAILS, as well
as external "data bases, for the actual
production of logistic products.

Integrated Publishing System

The Integrated Publishing System
éIP_S) is a conputer based system
esigned specifically to produce and
maintain a wde variety of technical
documentation. The system which is, a
sub-system within SAILSS, consists of
a conbination of state of the art
hardware and software which provides
for technical matter publication and
|ife-cycle maintenance.

| PS provides the sPeed and power to
achieve high level of performance by
repl aci ng manual production tools and
methods with computer function. The
sub-system provides for the electronic
tools to assist in the collection of
source data, includi n% | GES transfer
of drawi ngs from the design data base
and interfaces to scanners for reading
in hard copy drawings. The capability
to transfer data directly from LSAR t0
the systemwll be devel oped.

Addi tional ly, other time consum ng
tasks such ‘as page conposition have

al so been automated. The nerging of
text and graphics, once a tinge
consuming task, is now automated and
the conposition of a camera ready page
is now a relatively sinple task.
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SUMVARY

There is a large body of
organi zations, government and
industry, that are studying the
concept” of information

transportability throughout a weapons
system life cycle. The conclusions
al nost universally, are

bei n? reached,
the free flow of data from one phase
of the acquisition to another
represents the greatest potential to
reduce life cycle cost and inprove the
overall performance of the system

However, in today's world there
appears to be too much information and
too little experience in structuring a
long term program that utilizes the
envi sioned pofential. Beyond the
chal | enPes of capital investnent,
cul tural shock in the work force and
the need to restructure traditional
phases of acquisition, the very basic
questions of "how do | structure ng
program and where do | go for hel p?”
do not have clear answers. e
SEAWOLF program was driven by
necessity to search for the answers
concerning data base structuring and
utilization. The sinply stated

roblem of "how do | transfer CAD data

etween NNS and EB Div” has taken a
S|E%n|f|cant effort to resolve. The
SEAWOLF Program has made steady
Brogressll n utilizing the design data

ase to inprove the ef_f|C|eng:¥ of the
ot her phases of the ship's life cycle.

The Program Manager of any future
weapons system acquisition will be
charged wth the responsibility to
inplement a strategy that nore
conpl etely int egrat es ship design,
construction and logistics. The only
met hod to affordably acconplish that
task is to create and utilize snared
electronic data bases. The
achi evement of an essentially “paper
| ess"envi ronment that supuorts a free
flow of data between life cycle phases
is a significant goal that successive
programs should undertake as a
principal requirenment. The Departnment
of Defense has recognized the need for
conputer aided acquisition and
| ogi stic support systenms and has
fornulated policy that mandates the
creation of government accessible
electronic data bases. The Program
Manager nust require, as part of the
contract, the tasking to create and
utilize data bases in a program
tailored to support the life cycle.
The lessons |earned by the SEAWOLF
programin this field are a mgjor
mlestone in the effort to nore fully
realize the potential of advanced ship
production techniques.
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ABSTRACT

Recent NAVSEA studies of a twin

skeg hull form design applied to a

T-AO type ship indicated many areas

gf_lpossmle improvement in produci-
ility.

This paper reviews the findings
of producibility studies and at-
tempts to_ indicate specific areas
where an improvement in producibili-
It\Y and attendant cost savings for

avy ships are P'QSSIb|e without any
degradation in ship performance and
survivability.

~Most available studies on pro-
ducibility have an inherent trait of
elaborating on details of shipyard
producibility, This paper attempts
to confine "itself to the produci-
bility aspect of the design phase,
ending with the completion of con-
tract design. While it is of course
necessary for the Navy ship designer
to know about producibility details
of prospective uilding yards, he
must be careful not to incorporate
any details that may be restrictive
on” some of the prospective builders
and thereby hinder competition.

~Although the application of a
twin skeg hull form to the ongoing
T-AO  program was determined by
NAVSEA not to be practicable because
of the advanced status of the ship
acquisition program, it was deter-
mined that the concept of the produ-
cible, designed-to-build Shltp was
worth further investigation for in-
corporation into future designs be-
cause of potential cost savings.

The paper concludes with recom-
mendations for a method of applica-
tion of producibility to the Navy
shlﬂ_deagn process for MSC-operated
T-Ships.

21

INTRODUCTION

Producibility is defined as the
capability to manufacture, build or
assemble © goods in _a most cost-
efficient manner. For this paper,
ﬂl’OdUCIblhty in the pure sense will
ave to be subdivided as required
for the unique characteristics of
naval ship de3|gn._ The normal aP-
proach to the design of highly effi-
cient details of construction cannot
always be fully applied to naval
ship design since the Navy's design
activity stops at Contract Design
complefion, and it is not known at
this point which of the prospective
shipbuilders  will be awarded the
contract. The application of produ-
cibility to nava ship demgn is
further” complicated by the fact that
there are usually fixed, and un-
changeable mission requirements
which are taboo and cannot be modi-
fied for any reason.

This paper _ examines  which
aspects of producibility are applic-
able equaII_Y to the range of pros-
ective builders and can therefore

e _incorporated in_ a Navy ship
design. The application of produci-
bility is discussed in three seg-
ments: Feasibility Studies, Preli-

minary Design, and Contract Design.
PRODUCIBILITY FOR NAVAL SHIPS

Applyin roducibility to U.S.
Navy ghﬁp)é g|spdifferer]tytha_n the
application to commercial ship de-
signs, considering that any Navy
ship design must comply with the
rocurement methods and rules that
ave to be followed by government
agencies. This means that the tech-
nical configuration and data in a
bid package must permit all prospec-
tive builders to bid on the procure-
ment in a fair and even competition.
Maximum producibility would require
a ship to be designed for construc-
tion in a specific predetermined
production facility.



Produci bility for Surface Conbatants

A naval conbatant’'s  prinary
functions have priority over nornal
econony and producibility considera-

tions in order not ‘to degrade
m ssion effectiveness.  For exanple

hi gh-speed small size and advanced
naval surface conbatants are usually

wei ght sensitive and cannot normal |y
tolerate the small weight increases
associated W th producibility con-
siderations without a deterioration
in their nission effectiveness. For
these ships, it is, therefore, of
the utmpst inportance to consider
producibility and the attendant ben-
efits and ~ penalties durin t he
earliest feasibility study phases.
This approach mnimzes performance
decline and makes it possible to
devel op sone general guidelines for
the application of enpered  pro-
ducibility for these vessels.

Produci bility for T-Ship Designs

T-ships are usually designed to
comercial requirements with the ex-
ception of certain. “fenced” areas
for mission-critical systems. These
areas depend on the ship type and

mssion, and are usually invoked by
very det ai | ed specification
| anguage. T-ships are usually rela-
tively slow speed vessels (20 knots
or less) which are somewhat akin to
conparable comercial vessels and

are therefore not as sensitive to
the slightly greater weight usually
associated Wi th a producible ship
desi gn. The Navy’'s damaged stabil -
ity criteria, as applied to T-ships

not conducive to producibility
due to limtations on conpartnent
| ength.

Producibility in General

this paper prinari

Primarily, _ _
application o

investigates = the . .
producibility to comercial-Iike,
“T-Ship design,” since that is
apparently the area where the nost
benefit may be obtai ned. To apply
?rodu0|blllty, one nust obviously
irst know the nunber of ships to be
built, since the design effort
expended to obtain a producible shi
varies directly with the nunmber o
ships to be built. Only a mninm

effort is justified when one ship is
built from the design and a nuch
larger effort can be nade as the
nunber of units to be built in-

t he econony of scale
The diScussion of
subdi vi ded into

creases unti
curve |evels off.
producibility is

Feasibility St udi es, Prelimnary
Design, and Contract Design phases.
The nost benefit can be gained in

the early feasibility stage and the
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benefits are obtained in the
| ater phase of Contract Design. The
maxi num effort nust therefore be ex-

ended in the early design stages.
n other words, “the return for
producibility efforts is maximmin
t he begi nning of the design project
and declines to a mnimm as the
design matures at the end of Con-
tract Design. The return from pro-
ducibility efforts increases again
during the Detail Design effort due
to shipyard appiied erection joints
and details of assenbly. A possible
general approach to producibility in
naval ship design woul d be:

| east

1) determne the nunmber of ships

to be built;

2) determne the gossible range of
prospective U.S. shi pbui | ders
and their individual production
net hodol ogy and facilities; and

3) determine ship size and com
partmentation by eval uating
stability, mssion  require-
ments, and producibility con-
siderations such, as -frame
spacln?, plate thickness, and
possible erection joint |oca-
tions to suit all prospective
bui | ders.

PRODUCI BI LI TY I N NAVSEA

Backgr ound

The Naval Sea Systens Conmand
(Nnavsea) has a long history of con-
s]deryn%]perUC|b]I|ty in conjunc-
tion with ship design. ~ For exanple,
produci bility inprovenent has been a
serious concern in the deS|gn st ages
for the T-AO 187 and 51. As
recently as 1985, the NAVSEA Nava
Architecture Subgroup (SEA 55W pro-
posed a Twin-Skeg Integrated-Hull
desi gn concept (2) éreferences are
listed at the eﬂd of the paper) as
an alternate ship design for * the
T-AO 187 program This alternate
design incorporated sorme unique hull

form characteristics and _certain
design-to-build features.  The pro-
ducibility features considered were
as foll ows:

0 Maxim zed areas of flat
pl ate.

0 Maxi m zed areas of single
curvature,  for  remaining
shell plating.

0 | ncreased frame  spacin
and reduced nunbers o
piece parts in structura
assenbl es.



0 St andardi zed brackets and
web franes, and use of
bil ge brackets in lieu of

| ongi tudinal stringers in
the bilge turn area.

0 Carefully arranged erec-
tion joints.

The intent of the Twin-Skeg

Integrated Hull Design for the T-AO
was to achieve procurenment cost sav-
ings with an integrated hull form

basic arrangement, and structural

configuration which were aimed at
i mproved producibility. Si mul t ane-

ously, the Tw n-Skeg T-AO design
provi ded equal (or better) shidp per -
formance and intact and amaged
characteristics, relative
to that achieved with the existi n%
T- AO 187. The eval uations presente

bel ow enphasi ze the anal yses of the
produci bility concepts which may af-

stability

fect the ship general naval archi-
tectural characteristics and per-
formance, particularly in the areas
of intact and damaged ship sta-
bility, and the produci bility
“lessons learned." The hydrodynam c
performance of the Tw n-Skeg T-AO
design (including powering/fuel con-

sunption, and seakeeping and maneu-
vering performance) is the subject
of another paper (1) and is not
di scussed herein.

Twi n- Skeg T- AO Design & General De-
scription

The same general constraints
and recgw rements that apPI_led to the
T-AO 187 were also applied to the
Twi n- Skeg T-AO hul I . These con-
straints included general hull para-
meters, nanely length, depth, draft,
beam  speed/power, cargo capacity,
deck arrangenents, and najor water-
tight subdivision. The ~ Top Level
Requirenents (TLR) for the T-AO 187
was al so applied to the Tw n-Skeg
T-AO configuration.

The T-AO 187 Cass Fleet QO ler
has been designed with the maxi mum

utilization of commercial standards
except for the following systens
areas, Wwhich were subject to US.
Navy design standards:

) UNREP .

o Cargo Handling

o VERTRHP

o Degaussing .

o Navy Communi cations

o Electrical Distribution

Phi | osophy

o Steering Gear

o Ni xi e

o Hel i copter Platform _

o Hel i copter Control Station
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The aﬁpl ication of the proposed
alternate hull formto the -T-AO 187
Class Fleet Gler program had to be
acconplished in a relatively short
time. To save time, NAVSEA deci ded
to utilize the existing deckhouse,
weat herdeck arrangenents and UNREP
arrangement, and concentrate efforts
in the areas affected by the pro-
posed alternate hull form

DESI GN CONSTRAI NTS
Hul | Form Desi gn and Appendages

~ The final hull formof the
Twi n-Ske? T- AO design was basically
r

derived from the material presented
in (3), with the addition of a
NAVSEA- desi gned  bul bous bow. The

proposed Twi n Skeg T- AO design has
the follow ng distinctive features
when conpared to the existing T-AO

187 desi gn:
Maxi num  utilization of
flat or single curvature
Bl ating, except for the
ul bous bow and the twn

skegs;
Twin side skegs, extending
from near amdships to
about station 19;
Two 26-foot dianeter, slow
turning (60 rpm  skewed
propel l'ers;
A large, Nabla-type bulb-
QUS bow,
A relatively large stem
radius and soft shoul der;
A wave-knife stem
Larger frame spacing;
Use of flat bars where
possible in lieu of angles
or tees.

The final version of the Pro-

posed Twi n-Skeg T-AO hull formis
depicted in Figure 1, which conpares
the Tw n-Skeg T- AO and the T-AO 187
body plans. Table 1 lists the prin-
cipal characteristics of both hull

types.

The Twi n- Skeg T-AO design con-
cept concentrates not only on the
ﬁrodum bility aspect but also on the
ydrodynami ¢ performance (I). Wth
respect to the producibility aspect,
the Twin-Skeg T-AO hull form incorp-
orates significant amounts of flat

hul | surface and single curvature
shell plating. ~ The producibility
concept of the Twi n-Skeg T-AO resul-

ted in a fuller and flatter forebody



TABLE 1 COMPARISON OF HULL PORM CRARACTERISTICS
TWIN-SKEG T-AO VS. T-AO 187

T=Ac tE

TWIN-SKEG T-A2

LOA 675°=-6" Ctahi s

LBP 648°-0* 65C°-C*
Bean, molded 97°'~-6" 9= -6"
Draft, DWL 34 -6° 34 -6"
Displacement, DWL 41,073 T 40,140 LT
Cy 0.656 3.643

Cp 3.669 2.655

Cy 0.98% 3.982
LCB, att of midshap .11 FT 1.75 FT
LCF, aft of madship 28.58 F? 27.23 FT
Station of max. ares 10.50 10.9¢C

90,858 FT2 78,87C FT°

Wetted Surface

Note that all the above data is at the Design draft of 34 fee:

6 inches (30lded).

sectional area curve than the exis-
ting conventional T-AO 187. The
sectional area curves of the

|
i

N\

T-AO 187 and Twin-Skeg T-A0 are
presented in Figure 2.

The second objective of the
Twin-Skeg T-AO design was to develop
a hull form with egual or better
hydrodynamic performance at design
speed compared to the existing
T-A0 187 design. Therefore, the
fuller forebody of the Twin-Skeg
T-A0 is traded for a softer shoulder
than the T-A0 187. This trend is
clearly shown in Figure 2, particu-
larly from stations 5 to 10.

Usually, at high speed, the
softer shoulder tends to reduce the
forward shoulder wave. However, the
fuller bow section will increase the
bow wave size, . negating any
resistance reduction related to the
forward shoulder wave. The origina?
design was intended to have the

2 |

/

J T

)

[*}3
g,

T-AO TWIN-SKEG

FIGURE 1

BODY PLANS



FIGURE 2 COMPARISON OF SECTIONAL AREAS
T-AQ 457 VS T-AO TWiN SKEG
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opt i num hydr odynani ¢ performance at
[ ther than at the

de5|8n speed ‘ra
speed at

whi ch the ship,

accordi ng

to the peacetine speed-tinme profile

from the TLR,

mpjority of its tine
75 percent). In order to cance

operates for t

he
(greater than
t he

bow wave which is generated by the
relatively blunt bow (note that the
Twi n-Skeg ~ T- AO entrance half-angle
is 16 degrees, Wwhereas that of the

T-AO 187 is 10 degrees),

nal Tw n- Skeg hul

This bulb resulted in a very
pomer|n% characteristic
ut

speed
fuel  consunption

the origi-

form was equi pped
with a relafively large bow bul b.

penalty at

%god
. i gh
also a relatively hI?h

of f

design (ballast condition) drafts
ow speed. Subse-
quently, the originally designed bow

particularly at |

bul b was repl aced

NAVSEA- desi gned bul bous bow (1).
Twi n- Skeg T-AO had

The origi na

a large Nabla (inverted
type bul bous bow, with the top
the bulb at the design waterline.

triangle)

wifth a smaller,

of

This bulb resulted in a significant

fuel  consunption
speed (12 to 14 kn

penalty "at off
design drafts, particularly at

ots).

| ow
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about

The final
has a NAVSEA- desi
which is optimze
condi ti on,

Twi n- Ske
ned

bu

T- AO hul |
| bous bow
for the ball ast
and the top of which is
24 feet above baseline versus

a 34 feet 6 inch design draft.

has nmore “flat plate” content
t he T-AO 187 and nost of the Tw n-
Skeg T-AO curved shell” plates

single curvature
a distinct

side
verti

shel
cal

| ower

The forebody has

knuckl e line where the
pl ate changes from a near
hull “into the bow

flare of the upper hull.

| arge 26-foot dianeter,
skewed CRP propellers.

| er

shafts

encl osed

are
by two

The
supporte
. asymetric
skegs extending from near ami dships.

The Twi n-Skeg T-AO hull

The Twi n-Skeg T-AO hul
f our - bl aded,

Ci)l' op

These skegs are of substantial

section

gi rders,

shel |
sion

skegs have planar outboard sides and
bul bous

in order to serve as prop%%-

and

are

cont i nuous

machi nery

i nboar d .
shaped to create pre-swrl

desi gned as

t hrough

f oundati ons.

si des,

and

for




propel | ers. The skegs are toed in
aft at an angle of 2.29 degrees with
respect to the ship centerline.

At the extreme stern is a Vee-
shaped centerline skeg. It func-
tions primarily to protect the rela-
tively flat bottom under the stern
overhang from sl amr ng danmage. A
more detailed description may be
found in (1).

~ Two horn type rudders of rela-
tively large size, with an area of
about 395 square feet each, are fit-
ted. These require a steering gear
capabl e of producing a total of 18
mllion inch-pounds of torque to
operate both rudders. By conparison
the T-AO 187 has a rudder area of
295 square feet for each rudder and
a steering gear capable of a total
of 12 million inch-pounds of torque.

The forebody of the tw n-skeg
hull form consists of rather extrene
U-shaped sections with nearly ver-
tical sides, except for the snall
knuckl e portion at the upper ends.
The afterbody inboard of the skegs
consists of straight line sections
parallel to the baseline.

Structure

The structural configuration is
intended to maximze producibility
t hrough the reduction of the nunber
of piece parts. The web frane
spacing of the Twin-Skeg T-AO is 14
feet 6 inches throughout the |ongi-
tudinally franed cargo-area, vice 10
feet in’'the T-AO 187. The bow and
stern areas are transversely framed
with 36-inch frame spacing conpared
to 24-inch spacing in the T-AO 187

The depth of the floors and of
the centerline vertical keel in the
cargo area is 10 feet Oinches in
the Twi n- Skeg T-AOQ, conpared to 7
feet 6 inches and 4 feet 6 inches,
respectively, in the T-AO 187. On
the Twin-Skeg T-AO these nenbers are
fitted with a large face bar and
forma level surface on which to
land the  upper hul | structure
modul es.

There are no transverse struts
fitted in the wing tanks. Deeper,
slightly heavier web frame sections
are” used instead to reduce the
nunber of structural pieces.

The bilge area has no |ongitu-
dinal frames, resulting in relative-
ly heavg, |-1/4-inch bilge plates to
resi st buckling. In lieu of longi-
tudinal, bilge brackets, Figure 3,
are fitted every 4 feet 10 Inches.
This results in two bilge brackets
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between every two web
Transition strakes are pro-
appropriate to transition
between the heavy bilge plating
(1-1/4 inch) and the side and bottom
shell plating thickness (5/8 inch).

per side
franes.
vi ded as

Fl at bar |ongitudinals are used
at the nain deck. At the side and
bottom shell, and at the |ongitudi-
nal bul khead, | ongi t udi nal are
angle sections all  wth 4-inch
flanges, with only the depth of the
web and weight varied to suit the
| ocat i on.

A effective | ongi t udi na
| ating and menbers are of ABS grade
i gher strength steel AH 36 or AH

32, except the stringer and sheer
strakes and the bilge strake, which
are of nore notch tough ES-36 to
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SPACING 4'-10" (36 REQ)

FIGURE 4 BILSE BRACKET

serve as crack arrestor strakes.
The maximum permissible still water
bending moment is 450,000 foot-tons,
based on a calculated maximum still

water bending moment of 434,561
foot-tons compared to the T-AOC 187
with a ©permissible still water

bending moment of 411,000 foot-tons
based on a calculated maximum still

The bulkhead spacing in the
cargo tank area of the Twin-Skeg
T-AO is 43 feet 6 inches, compared

to 40 feet for the T-AO0 187. This
results in fewer Dbulkheads, and
fewer web frames per compartment,

although each individual web frame
is somewhat heavier.

Figure 3 depicts the midship
sections of the Twin-Skeg T-A0 and,
for comparison, the T-A0 187.
Figure 4 shows the bilge bracket.

Compartmentation

The subdivision of the Twin-
Skeg T-A0 1is determined by the
desired cargo capacity, the- neces-
sary selectivity of product, the
availability of segregated ballast
to negate trim and minimize bending
moment, and the damaged and intact
stability requirements. The limita-
tion of product outflow £for IMO
requirements is not a driving factor
since the compartment/tank size re-
quired for stability and cargo
flexibility is much smaller than the

water bending moment of 349,782 IMO tank size limitation for outflow
foot~tons. {(pollution) restriction.
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FIGURE 6 TANK ARRANGEMENTS

, The forepeak tank has been di-
vided horizontally into an upper and
| ower peak tank at the top of the
bulb . This prevents the otherw se
overly large single forepeak tank
from “being™ filled conpletely and
possibly “over-stressing hul

irder 1n the process. The smal | er

tanks cannot overstress the

, This is commn practice on
ships with relatively large bulbs
and attendant |arge forepeaks.

or epeak
hul | P

. The_tank arrangenent shown in
Figures 5 and 6 is the result of the
iterative design process involvin
damaged stability and structura
strength analyses.

Cargo Punp Room

. The caxgo _pu room on the
Twin-Skeg T-AO is 87 feet O inches
long fromframe 23 to frane 29, in
the“center tank area, between the
two  main longitudinal  bul kheads
which are 23 feet 3 inches off
centerline. The cargo punp roomis
divided into two segregated notor
roons and surrounded by the punP
room Figures 7 and 8.  Quthoard o

the cargo punp room are two wng
tanks each, _port and starboard

Conpared to this, the T-AO 187 has a
100-foot long cargo punp room which
is divided “into” three segregated
nmtor roons, three punp roons and
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two manifold roons. CQuthoard of the

cargo punP roomare- three wing tanks
each, port and starboard.
Machi nery

_ The propul sion nachinery plant
is located in one machinery space,

frame 41 to frame 61, and consists
of two medium speed, ten-cylinder
vee-type diesel  engines. _Each
engine is capable of providing
16,500 BHP at 400 RPM

. The propulsion plant is de-
signed  for unattended  nachinery

space operation, with the ABS clas-
sification ACCU. The engi ne room
extends vertically fromthe tank top
up to the main deck. There are four

general levels of equipnment in the
engi ne roog the tank top, the 14
foot, the 25 foot, and the 40 foot
| evel s.

General Concept Eval uation

The Twin-Skeg T-AO. structure
had been desi gned according to the

Anerican Bureau of  Shipping (ABS)
Rules for Buildin and 8 assin

Steal Vessels 1987. The initia

Twi n-Skeg T-AO general arrangenent
and conpartmentation had to be  adap-
ted to be simlar to the configura-
tion of the existing T-AO 187 U ass
Fleet Gler so that the sanme m ssion
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could be achi eved.
Therefore, the degree of freedomin
the design of the Twin-Skeg T-AO
design was significantly less than a

requirenents

new  design woul d have  been.
Extensive concept eval uation, inclu-
ding detail weight estinates, |ongi-
tudinal strength, and damaged sta-
bi l'i t¥ anal yses were performed for
the Twin-Skeg T-AD. The  final
conpartnentation of the Tw n-Ske

T-AO evolved after six iterations o

detai l | ongi t udi nal strength  and

damaged stability analyses.

~ The overall objective of the
Twi n- Skeg T-AO was ai nmed at inproved
producibility with little or no deg-

187

radation in hydrodynanic perform
ance.  The tw n-skeg bul bous bow was
therefore designed to offset any ad-
verse  hydrodynam ¢ ef f ect whi ch
m ght be’ i nposed by the producible
hull form  The overall hydrodynamc
performance was found to be better
than the existing T-AO 187 C ass
Fleet Oler (I). Rowever, the twin-
skeg did inpose sone design prob-
lens, particularly in the areas of

damaged stability = and | ongitudi nal
bending moment. = Figures 2 and 9
display the sectional area curves
and  |'ongi tudi nal wei ght  distribu-

tions of the T-AO 187 and Twi n- Skeg
T-A0 . The Twi n-Skeg T-AO did pos-
sess nore buoyancy than the existing



T-AO 187 from stations 15 to 18.
However , the design configuration
restricted the deck house |ocation.
Figure 9 cl earIK shows that the
| ongi tudi nal weight distribution for
the Twin-Skeg T-AO is significantly
different fromthe T-AO 187. The

adverse effect caused by
SPE to damaged
was rectified by designing a shorter

with respect

ﬁ%hi nery space for " the Twi n-Skeg

The tunnel

created by the twin-
conduci ve

effect, in terms of damaged sta- skeg configuration was not .
bility for the Iongitudinal weight to the devel opment of a functional
distribution increnent, was found to machinery arrangement  within
be far nmore than the Dbuoyancy reduced space since the hull (
increment from the twi n-skeg. shal lower in the area of the nachi -
twin-skegs were also found to have nery_ room At mdlength of
some  difficulties in count er machi nery space, the Tw n-Skeg T
f 1 oodi ng. The end products of this tank top is 11 feet above baseline
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between the skegs and 24 feet above
baseline from the inboard side of
the skegs to the ship side. In ad-
dition, the ship bottom between the

skegs rises rapidly in the aft
direction, dictating”™ the 11 foot
tank top height. In coinpazison, the

T-AO 187 O ass has a tank top 6 feet
hi gh. In effect, the T-AO 187 nm-
?)hl nlery space has one nore useable
evel .

The final length of the Tw n-
Skeg T-AO nmachinery space was fre-
duced to 60 feet to obtain
satisfactory results = for damaged
stability. These machinery arrange-
nent sketches were developed with
the primary enphasis on fitting
equipment into the space and only
secondary enphasis on proper adja-
cency and access for maintenance.
While the equi pment was nade to fit
into the space available, it is not
consi dered a satisfactory machiner
arrangenment by NAVSEA standards. |
this were a conpletely new design,
there would be greater flexibility
to balance the conflicting require-
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ments that drove the Tw n-Skeg T-AO
configuration. Therefore, an ade-
quate machinery arrangenent in a
|'arger conpartment could probably be
devel oped, but this would require an
additional analysis.

TW N SKEG T- AO PRCDUCI BI LI TY EVALUA-
TION

Producibility
pl anned production, coor di nati ng,
and directing of all manufacturing
activities and influences to ensure
havi ng goods designed and nade in
the most efficient procedure and
configuration, on time, of adequate
quality, and at the lowest practical
cost.

is systematic

As nentioned earlier, current
U S. Na\./)(.{)ractl ce, any design for
produci bility nust consider the pro-

curenent methods and rules that have
to be followed by |aw This in
general means that the technical
configuration and data in a bid

i
Backage must permt all prospective
uilders to be able to bid on the




in a fair and even
conpetition.  This procedure maY_ not
al ways permit optimm producibility,
which would require the ship to be
designed to be built by a single
shi pyard. Maxi mum optim zation of
producibility is only possible by
designing around a given production
system equi pnent, to the consequen-
tial exclusion or handicapping of
others with slightly different pro-
duction systems and equi gment . For
this reason, the T-AO 187 nidship
section drawing was made a Contract
Guidance Drawng in lieu of the
usual Contract Drawing. This allows
prospective shipbuilders to optimze

pr ocur enent

the ship structure to suit their
particular  production  methodol ogy
and to adjust such details as
| ongi tudinal  and web frame spacing
for = their individual panel |ane
characteristics. It also permts
the trade-off of fewer, heavi er
pi ece parts versus additional weld
passes, considering that fillet weld

size is driven by the thickness of
components to be joined.

~ The next consideration of pr
du0|b|I|t?/ is the nunmber of “ s |1ﬂs
to be built to a single design. e

I o-

efforts expended on producibility
will vary to an extent, depending
gpp{] thee nunber of ships to be
uilt.,

The Twin-Skeg T-AOis a sinpli-
integrated and design-to-build
with a structure designed for
, With specific details
of construction. he web frame
spacing is 14 feet 6 inches versus
10 feet Oinches on the T-AO 187.
This reduces the nunber of web
frames in each conpartnment between
subdi vi sion bul kheads from three to
two, but individual conponents and
plating tend to be heavier since the
di stance between unsupported pl atlré%
is | ar ger. In 1986, NAVS
performed a design study for the
AO 177 Junboi zation program which
i ndi cated savings of 44 LT (2.9 per-

fied,
hull with
producibility,

cent) in Goup 1, and 4.1 percent of
Group 1 |abor, by changing from9
feet to 12 feet web frame spacing in
the plug, using standar NAVSEA
structural design practice. There
is also a smaller nunber of trans-
verse bul kheads, |ongitudinal stif-
feners and frames and floors.

Table 2 provides a conparison of the
nunber of piece parts required for
certain conponents on the Twi n-Skeg
T- AO versus the T-AO 187.

The deliberate absence of |on-
gitudinal stiffeners in the bilge
area reduces the nunmber of piece
parts but requires the bil %e pl ate
thickness to be |1-1/4 inch, wth
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appropriate transition strakes 11/16

inch thick, inboard and above the
bilge plate to the normal 5/8 inch
bottom and side shell thickness.
The absence of longitudinal in the

bilge area also requires two hilge
brackets between each set of web

frames, or six bilge brackets per
side per compartment of 43 feet 6
i nches. These bilge brackets are

hal f-noon shaped with a flange alon
their top edge and a flat bar pane
stiffener at md bracket. The ends
of this bracket are fitted against
the longitudinal stiffeners at the
top of and inboard of the bilge
plate. These bilge brackets are de-
picted on Figure 4. The work con-

tent of these brackets will par-
tially offset the gain_ from the
del etion of the |ongitudinal stif-

feners in the bilge area (as will
the heavier bilge plating).

develop a construction

(erection sequence) lan ahead of
the actual design work is a prudent
\%)proach for the selected shipyard

en planning a detail ship design.
However, considering the vy pro-
curenent system to apply this con-
struction plan, it nust be designed
to suit all prospective builders
equal l'y. This requires access to a
current data base on shi Pyard facil-
ities, including such infornmation as

maxi mum crane lift capacity, panel
| ane characteristics, and nodul e or
raft transport capabi lities.

The original Twin-Skeg T-AO
structural concept s contained a
variety of construction details
which, while certainly nost suitable
for producibility, exceed the anount
of detail wusually depicted on NAVSEA
Contract and Contract GCuidance draw
ings for T-ships.

The erection sequence plan for
the Twin-Skeg T-AQ indicating unit
break |ocation, was also provided.
The unit breaks indicated were based
on ideally sized nodul es rather than
considering the existing crane capa-
cities of a prospective range of

TABLE 2

PRODUCIBILITY SAVINGS

ITEM T-AD 187 TWIN SKEG DIFFERENCE
DOUBLE CURVATURE PLATE 34s 10y z=T -
WEB FRAMES - NO. 30 13 -40%
WING TANK STRUTS -~ NO. 60 0 -100%
LONGITUDINALS - NO. 68 56 ~18%
FRAIMES & TLOORS - NO. 130 185 =asy
TRANSVERSE BULKHEADS - NO. 24 21 -2t
BILGE LONGITUDINALS - NO. 8 0 ~100%
BILGE BRACRETS =~ NO. 0 36 +100%



shi pbui | ders. The crane capacity of
the eleven U.S.  shipyards capable
of building Twin-Skeg T-AO size
ships ranges froma |ow of four 40-
LT capacity cranes to a high of one
1, 200-LT crane over a, building way,
allowing a range nmodul es  for
erection from 80/160 to a maxi num of
1,200 LT.

Because of the attendant prob-
lemwith the various size nodule
requirenments, it was decided not to
indicate any unit breaks. But
assumed unit break |ocations were
considered in the devel opment of the
structural configurations.  Uninter-
rupted sequence of erection was
achi eved” by assuring that no equip-
ment is located across unit breaks
which  would revent the  pre-
outfitting of nodules in question.

. Fl oors and bul khead plating are
installed up to a uniform hel%t of
10 foot above baseline on the bottom
shel | . Al these vertical plates
mounted on the bottom shell are
‘capped” with face bars presenting a
level flat surface |ower nodule on
which to |and the upper hull nodul es
with relative ease.

Where knuckles occur in the
shell or deck plating, they are
located within a few inches of a
deck or longitudinal bul khead re-
spectively. This location allows
ease of construction; for exanple,
it permts the slight |engthening of
the end cut-away of stiffeners or
webs to free the knuckle rather than
perform anot her radius cut-away over
the knuckle joint. The Twi n- Skeg
T-AO has fewer double curvature
lates because of its sinplified
ull form Table 2 gives a
conpari son. Single curvature plates
are easier to construct and assenble
since less fitting time is required.

The use of standardized parts
of structure for Navy T-ship designs
woul d require the prospective ship-
yards to agree on the use of the
sane standard structural details and
parts. The Twi n-Skeg T-AO is de-
signed to maximze nmachi ne wel ding
and to avoid, where practicable,
structural configurations that would
requi re manual wel ding and fit-up.
This approach has advantages, but
the details of how to acconplish
this are shipyard specific. Navy
designs must be developed to allow
prospective bidders to pursue their
nost efficient methods of produc-
tion.

To sunmarize the producibility
of the design-to-buil'd  Tw n-Skeg

T-AO in the Navy procurement system
the following comrents apply:

1. The design-to-build Tw n-
Skeg T-AO has distinct
advantages in sinplicity
of construction, and its
prospective application to
a new design T-Ship can
result in substantial cost
savings due to the sinpli-
fied hull shape, and to
the sinplified structural
arrangement.  Specifical -
ly the Twin-Skeg T-AO
structural concept fea-
tures fewer, but heavier,
harder to form pieces;
m nim zed bendi ng of
plates and doubl e curva-
ture plates; longer frane
spaci ng, and  conponents
serving nmore than  one
purpose, such as floor and
foundati on.

2. The design-to-build enpha-
sis must begin in the
Feasibility Study phase,
where the designer should
consider, base first on
the ship paraneters, the
range of the prospective
buil'ders capabilities, and
general produci bi lity,
considering the conbined
production characteristics
of all builders. The pro-
ducibility features incor-

orated here will have to

e considered every tine
design changes are contem
pl at ed.

3. The  enphasis on the
design-to-build concept
must continue through Pre-
limnary and Contract De-
sign.. All appropriate
sections of the ship spe-
cifications  should have
proper requirenents assur-
ing maximum consideration
of ~ producibility in the
Detail  Design process,
which is normally per-
formed by the builder.

CONCLUSI ONS

The results of these studies
indicate certain areas of possible
i nprovenents, particularly in produ-
cibili t&/ and _hydrodynani cs. The
Tw n- Skeg T- AO concept presents no
unsol vable technical problens, al-
t hough damaged stability is marginal.
and machinery space arrangements are
unacceptably tight with the current
design constraints. If the degree
of commnality wth the T-AO 187



were relaxed, giving the designer
mor e flexibility, — the damaged
stability characteristics could be
i mproved. The concept of the pro-
duci bl e, design-to-build ship is
certai nI?/ worth  further i nvesti -

ation for possible application to

uture high-speed naval auxiliary
designs because of the potential for
acquisition and life ~cycle cost

savi ngs.

Thi s eval uation indicates that
the producibility of future auxil-
iary ship designs can be inproved
upon by adopting  |onger frame
spacings and sinplified structural
schemés to reduce the nunber of
pi ece parts, and by mnimzing hull

curvature, especially double curva-
ture plates. The potential inprove-
ment s, however woul d not be
realized if these concepts were ap-
plied to an existing shipbuilding
program These concepts shoul d be
considered for new auxiliary ship
designs, where weight sensitivity
can be traded off agai nst produci-
bility, and where he design and

program start-up costs would be ap-
plied only once.

RECOMVENDATI ONS

CQuidelines for the application
of producibility shou e devel -
f d bi | houl d be d I
oged, possi bly subdivided into three

phases

1 Feasibility Studies
[l Prelimnary Design

[l Contract Design

The following is an exanple of
how producibility guidelines for
T-ship design could read. Pl ease
note that this is only an exanple
since the devel opnent of actual
guidelines is well beyond the scope
of this paper.

Phase | Feasibility Studies

0 Number of ships planned.

o Approximate ship characteris-

tics.
Limting drafts (air and
wat er )

- Limting beam (PANVAX-St.
Law ence Seaway)

- Limting length

required for
function in
may

0 Approxinmate power
ship speed (step Inc
prinme rmover availabilit
require larger engine roon¥.
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0

Lea. St curvature hull formcom
patible with speed requirenent
and seakeeping.

Establ i sh nonexclusive |ist of
possible builders and prepare
general  guidelines based on
these builder’s capabilities.

Modul e size and wei ght

(maximum for lift, turn
and horizontal novement of
modul es.

o Establish data base on buil d-
er's facilities (most dat a
exists with MARAD).

Phase |1 Prelimnary Design

o Do not use sheer.

o Use straight canber only where
required for weat her deck
dr ai nage.

o Establish comon  panel | ane
characteristics.

o Make nmidship section draw ngs
Contract Guidance and require
shipyards to submt their md-
ship section for approval.

o Use flathar stiffening wherever
practical, if angles are used

vary only the web depth and use
same flange wi dth throughout.

Use as few variations in bar
stock size as practical.

Design configuration of struc-

ture with the fewest possible
pi ece parts.
Select the optimum (largest)

frame and |ongitudinal spacing
possible wi thin the conpartnmen-
tation required for stability.

Leave production details, such

collaring of stiffeners
penetrating bul kheads or other
pl at ed boundari es %eneral Iy
undefined to permt the indi-
vi dual buil ders maxi num use of
their own nethodol ogy.

Establish limting plate thick-

nesses for availability and to
avoi d progressive weight gain
(requi renent for transition
thickness plates to limt steps
in plate thickness).

Establish common  weld pass
steps based on plate/stiffener
thickness, which is driven by

spaci ng distance
t hi ck-
woul d

stiffener/web )
(i.e., plate./stiffener
ness at which welding



require going fromone to two
wel d passes).

o V-line boundaries should be
established as early as prac-
ticable to allow the |ocation
of cable and pipe trunks within
those boundaries ~ prior to
fixing the location of all
spaces to be serviced by these
cable or pipe trunks.

o Establish mninmum _ nunber of
different deck height dinen-
sions for all levels throughout
the ship.

o Mnimze the nunber of differ-
ent size and type closures,
scuttles, and accesses through
st andar di zat i on. ) St andar di ze
room space Si zes within
arrangenent constraints.

o Align and locate all Sanitary
spaces to simplify piping.

o GCenerate arameters for com
bi ned modul e characteristics

equally suitable to the range
of candidate buil ders.

o Docunent the selected para-
nmeters for the design project
at hand and require their use
as guidelines throughout the
design process.

Phase 11l - Contract Design

For ease of reading we have ar-
ranged the recomended gener al
produci bility guidelines for this
phase by the SWBS category in which
they nmost likely fall.

. 042 - Ceneral Administra-
tive Requlrenments

To minimze the nunber of
devi ations and waivers, the
speci fication shoul d be
witten in a performance re-
qui rement f or mat wher ever
possible to permt the pros-

ective builder a maxi num
atitude in the equipnent
sel ection and system config-
uration design.

o Contract and Contract Guid-
ance drawings should only
depict the anmpunt of details
in construction that are
required to assure satis-
factory performance.

070 - Ceneral Requirenents
for Design and Construction

0 plicable bridge and canal
clearances required should
be clearly stated.
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Cof f erdans and voids shoul d
only be used where abso-
| utely necessary.

By using a proper overall
design appr oach, it is
usual l'y possible to colocate
spaces of simlar contents
where the adjacency would
not require cofferdans.

Structural boundaries should
serve nore than one purpose
whenever possi bl e.

071 - Access

The equi pnent nodul e desi %n
needs to incorporate the
special access requirenments
on Navy T-shi ps. This re-
quires tenpering the produ-
ci bi Iltg aspect of a system
desi gn P/ considering ~ dam

“confrol  repair = access
requirenents.

Access openings shoul d be
designed so as not to be
| ocated on erection joints
which would prohibit the
preinstallation of access
closures in all nodul es.

072 - Survivability

Survivability requirements
which, anong other things,
require the separation of
crew acconmopdations are con-
trary to producibility but,
of Course, necessary. A
conpronise wll have to be
nmade between separation of
crew and alignnent/adjacency
of similar function spaces.

077 - System Safety

The application of producib-
ility guidelines to ship
systems nornally has no in-
act on system safet g in
act, t hese produci bility
consi derations enhance Sys-
tem safety as a byproduct
(for example, cable trunks
confine electrical fires and
could be arranged for Hal onon
fl ooding).

100 - Hull Structure

All gui del i nes enuner at ed
under Phases | and I appl?/
also to Phase IIl but wl

not be listed again.

M ni mi ze the nunber of piece
parts.



Optimze frame and web spac-
i ng agai nst weight and num
ber of weld passes.

Depth of inner bottom nust
consi der nodule size for
lifting/handling

Length of nodul es
steel availability.

to suit

Consi der pipe passages and
pi Pi ng  system flange or
muf f pipe joints at erection
joints.

Consi der duct and cable pas-
sages in _
fewer penetrations.

Consi der
verse
fram ng.

extent of trans-
and/ or | ongi t udi nal

Assure that the rudder sup-
port structure is segregated
fromthe aft peak tank, so
that the aft peak tank test
does not depend on the rud-
der being in place.

Align structure with equip-
nent foundation requirenents
(one conponent - two func-
tions).

200 - Propul sion Pl ant

Prepare a prelimnary |ist
of candi date equi prent.

Establish functional groups
for skid/ nodul e arrangenent.

Consider and select mainte-
nance philosophy (change-out
or repair in place) Dbefore
det erm ni ng connections,

pipe joints, bolted plates
and flanges.

Use commercially available
equi pment  wi thout nodifica-
tion.

Limt Navy type equiprment to
within the "fenced areas.”

Standard system modul es
shoul d "be devel oped for the
foll owing:*

- Fuel 0i | purifiers,
punps, and other conpo-
nents.

- Lube oi | purifiers,
punps, and other equip-
ment .

- Fire punps.

trunks to have
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-Ar conpr essors, deny-
drators,  receivers, and
ot her equi pnent.

Distillers and fresh
wat er treatnent system

The foregoing. exanples of

system nodules are for illus-
tration and not all inclusive.

300 - Electric Plant

o Diesel generator set nodul es

o Switchboard nodul es

o Consi der add' acency of gener-
ator an swi t chboar ds
(over/under, etc.)

o Assure switchboard is in
relatively «clean room and
not in " the engine room
pr oper .

o Elmargency genarator set nod-
ule.

o Standardize electric
motor/starter - punp, etc.,
skid rmodules to the maxinum
extent possible.

o Develop st andard
battery/battery charger and
service nodul es.

o Develop standard MG set
skids & nodul es.

400 - Command and Surveil -
| ance

This group consists usually
of “fenced” systens, and is
composed of  CGovernment  Fur-
ni shed Equi pnent (GFE).

o Develop standard T-ship Navy
conmuni cations room arrange-
ment with a goal of a pre-
outfitted space nodul e.

This  would  permt nor e
flexibility in scheduling
the work on GFE.

500 - Auxiliary Systens

o Standardi ze punp skids and
instrument boards.

o Standardize on the fewest
practicable HVAC nodul es.

o Develop standard refrigera-
tion modul es.

o Mdularize auxiliazy boiler

and steam system



° Standardize  hydraulic  sys-
tens (tank, punmp, and con-
trols).

600 - Qutfit and Furnishings

° Deck houses should have flat
sides and square corners.

° Develop arrangenent with as
many identical spaces as

possi bl e.

° Devel op spaces with standard
furniture arrangement wthin
each rank group.

° Develop spaces to accept
ei ther whole or half panels
of a comercially available
marine sheat hi ng.

° Align service (pipe, cable
or .ductR receiving spaces
vertically.

700 - Arnmanent

° Continue inplenentation of
nodul ar  weapons systemin-
stal | ations.

The foregoing, as stated previ-
ously, does not pretend to be all
inclusive, but rather a quideline to
possi bl e areas of producibili tJl ap-
plication during the ship design
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%ocess_ as it applies to T-ships.
realize that any one of the itens
listed could be the subject af a
separate paper on producibility. W
hope that this paper nmight notivate

some thought in the direction of
findi r]% procedures to devel op nore
produci bl e Navy ship. designs in the
future.
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ABSTRACT

Mich attention has been given in
recent years to the problem of reducing
ship construction costs. This has

primarily enphasized the inprovement of
production techniques, ﬁroce_sses and
managenent controls. There is a great
deal that can be acconplished in
reducing ship construction costs,
however, by inproving the producibility
of the design of the ship. The design
of a more producible ship requires
concurrent product and process design.
Various principles and techniques can
be applied throughout the design
process in order to reduce the
construction manhours required by
ensuring that the manufacturing
attributes are considered. Thi's paper
identifies some of the key principles
i nvol ved and describes the techniques
for applying the principles. A
practical” approach to estimating the
cost benefit of alternative designs by
estlmatln% the labor input differential
between the desiqgns 25 also presented.
Finally, specific exanples of the
application of the producibility
techniques to several recent ship
designs are included.

| NTRCDUCT! ON

In recent years there has been a
concerted effort by many in the nmarine
industry to reduce the cost of _
shipbuilding in the U S  Mich of this
effort has Tocused on concepts such as
modul ar construction, preoutfitting,
new production processes, inproved
managenment control systems and the
application of conputers. There is an
area which has received only limted
attention: the reduction of costs as a
result of meking a ship cheaper to
build by maka it easier to
construct. Al too often reducing the
cost of a ship has automatically
focused on the renoval of capabilities
such as size, displacenent, %_peed,
payl oad or other teatures. he .
application of producibility in design
concentrates on reducing the cost of
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bui | di n%_ the ship w thout areduction
[

in capabilities.

Producibility in design is not a
new concept. It 1is routinely applied
in many industries. Unfortunately, in
t he shipbuilding i ndustr?/, per haps
because of the very conplexity of the
task, we have tended to |ose sight of

W2 oGRECPBY 1 1y e BN o Bk FROU!
termin a "ago/no-go” sense. The
question here beconmes “Can the design

be built?” not “Should it be built the
way it is designed?”

There is an increasing awareness
of the need to put the design engineer
and the production engineer back
together. It has been terned .
"concurrent product and process design”
by some. In reference (1) the authors
have terned it “design to build”, but
the goal is the same. It is not to
make the design nerely producible, but
to make it producible at the | owest
cost.

This team approach to ship
construction originated in the US.
shi pbuil ding prograns of Wrld VWar |
when speed, not cost was the driving
factor. Men like Henry Kaiser applied
mass production techniques to the
construction of a basic ship design
such as the Liberty ships. Since then,
t he apProach has been further devel oped
and refined by major shlﬁyards in
various countries throughout the
world.  The goal was to reduce costs.
That is the only way to conpete in the
international market. The techniques
have been reintroduced to U.S.
shipyards in recent years with the
adoption of nodular construction and
preoutfitting in block. However, there
IS a step beyond which can be taken.
That step is to reflect the production
consi derations back into the design and
to adapt the design to use the | owest
cost construction techniques.



In reference (2), Hroshi Sasaki
described the highly successful IH
approach and the technol ogy the
Japanese have transferred to sone of
our shlﬁyards. He enphasized the

| eadership role which is required of
design englneerlng_and the need for
desi gn and production engineering to
work together. He clear % states
"Design engineers cannot contribute to
cost reduction as long as they consider
their job assinply producing

drawi ngs.  They should be aiming at

m ni m zing production man-hour
requirenents.

This paper describes specific
approaches to the design engineering
process which can be used to reduce the
required production man hours through
the consideration of the nmanufacturing
attributes of ship construction.

Achi eving cost reduction in ship
construction through design .
producibility is not easy. Nor is it a
one-time task. It is not a task with
one big effort followed by a great

savings. Rather it is a series of
steps, sone large, some snall, which
result in savings, sone |arge, sone
smal | but the total of which nakes a
big difference in the final cost. It

cannot be delegated to a conputer, but
conputers can assist in the process.

It requires that detailed how edge of
the production process be applied
coqtlnuously t hroughout the design
cycle.

\\hen successfully applied,
producibility in design can produce
great rewards. How to incorporate
producibility in a ship design and an
approach to ‘estimting the cost savings
is the subject of this paper.

PRODUCI BI LI TY PRI NCI PLES IN
SHI PBUI LDI NG

. There are only two principal areas
in which to reduce costs in aﬁplylng
producibility principles in ship
design: the material costs and the

| abor costs. Wile savings in materia
costs are always possible through
better selection, specification and
purchasing, the total possible savings
Is limted. Engineers are
traditional |y concerned about the cost
of the material that they specify.
However, the |abor cost 1s not as
obvious and is therefore not given
equal attention. Producibility in ship
design nust therefore primarily focus
on reducing the manhours requited to
construct the ship.

~The basic principle of the
application of producibility principles
to shipbuilding is to identify elenents
of the ship design which, if changed,
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woul d allow the ship to be built for
fewer manhours and/or |ess material
cost without nodifying the ShIP’S
operational or maintenance performance
requirenents

The overal | approach is therefore
to: Slﬁﬁllfy the work processes
reduce the labor input, reduce the
number of steps, reduce the nunber of
pi eces, reduce the nunber of different
pi eces, and increase repetition

Certain of the principles

enunci ated bel ow are of significance
regardl ess of the type of construction
a shipyard enploys. O her principles
however, are directed toward
facilitating the use of nodern nodul ar
construction techniques. This is the
construction of a ship in units which
are alnmost conpletely outfitted before
erection and assenbly. Included in the
process is the fabrication of machinery
In units conprised of machinery,
lelng, controls and foundati ons.

hese machinery units are nornaIIY
constructed in the shop and installed
in the hull at the appropriate time in
the construction process.

~ The producibility principles are

%ulte general and al nDst axi omatic.
he application of the principles,

however, when conbined with a thorough
understandi ng of the ship construction
process and environment, can be
extremely effective in reducing costs.
For maximum effectiveness,
produci bility nust be considered at
every stage of the deS|gn -- fromthe
very earliest stages. ldeally, the
desi gner shoul d be planning the
construction of the ship as he places
the first line on the paper or on the
conputer screen. Even during the
earliest stages, unrecognized high-cost
features may be locked into the
design. Every decision made in the
design cycle may linmit the application
of producibility cost-saV|n?s changes.
As an exanple, the knuckle locations on
the T-AGOS (SWATH “A") were not |ocated
near the bul kheads to mnimze
construction costs but were already
fixed by hydrodynami c considerations at
the start of a mjor producibility
revi ew,

The following is a description of
the producibility principles which
shoul d be applied in the design of any
ship to minimze construction costs

The application of these principles
requires a teameffort with the

coordi nated experience and know edge of
the ship designer, production engineer
and Productlon pl anner focused on the
probl em of reducing costs.



imiting Capabilit

Remove evervthing from the design
which is not required by the
operational requirements. Features,
equipment, capability and informal
margins have a way of creeping into a
ship design for a variety of reasons.
To minimize costs, these aspects of the
design must be found and removed. This
is not a one-time activity but must be
a continuing function to control
costs. Adding capability always
increases costs. Adding unneeded
capability wastes resources.

ouble Curvature

Avoid double curvature surfaces in
hull plating. Many of the hull lines
can be straight in one direction
without loss of hydrodynamic
performance or appearance. The curves
in the other direction and the radius
bends give shape to the hull. A double
curvature plate will usually require
heat treatment and increased work input
to achieve the required shape. Figures
1 and 2 shows the contrast in sections
for the bow of similar ships.
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Figure 1. Hull Lines - Curved Sections
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Hull Curvature

Do not carry the hull curvature
into the structure inside of the hull
plating surface. Use straight lines
and flat surfaces wherever possible.
Even though the hull lines are curved,
there is no need to bring the exterior
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Figure 2. Hull Lines - Straight
Sections

hull shape into the interior hull
structure. The internal structure must
support the hull plating but also serve
as a transition between the curves of
the hull exterior and the straight
lines and flat surfaces of the
interior. Figure 3 shows a hull
structure which illustrates this
concept. Figure 4 shows a hull
structural design in which the internal
structure follows the external curves.

Frame Spacing

Maximize frame spacing to both
reduce the number of pieces and improve
access to the work. Frame spacing can
have a major impact on construction
cost. For various reasons, 24-inch
frame spacing has be2n common design
practice for the bow and the stern in
the U.S. However, a two-foot space is
difficult to construct. The shipyard
worker is forced to work in tight
spaces where movement is restricted,
accessibility is awkward and the
working position is difficult to
maintain. Using a larger frame spacing
of 33 to 36 inches simplifies the
construction problems and allows for
the removal of up to one-third of the
frames. The weight of the removed
frames can be applied to increasing the
scantlings of the remaining structure
to maintain strength. This will not
only reduce the construction man-hours
due to the fewer pieces but may also
reduce the structural weight. The
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Figure 4. Hull Structure - Curved
Interior

| arger space will also inprove the
wor ker's Productivity by easing the
probl em of gaining access to and
working in the narrower spaces.
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Nunber of Parts

~ Reduce the total nunber of pieces
whi ch have to be nanufactured, tracked,
assenbl ed and installed. Following the
reasoning contained in the
frame-spaci ng discussion, there are
many areas in the hull where noderate
increases in the size or thickness of
some of the pieces can be traded for a
decrease in the total nunber of pieces
required. Decreasing the nunber of
pi eces represents a savings in
man- hours required for the design,
fabrication, material handling and
tracking, welding and fitting of the
pieces. = Furthernore, the trade-off can
usual Iy be acconplished with little or
no increase in structural weight and
may even result in a weight reduction
As an exanple, Figure 5 shows a section
of the cargo tank structure of the
T- A0187 while Figure 6 shows the
structure of a producibility enhanced

Figure 5. T-A0187 Cargo Tank Structure

Design for Mdul ar Construction

Design the ship to facilitate
assenbly and erection with structura

units, machinery units and piping
units. This is the key to nodul ar
(unit) construction. By building the

ship in units, the work can be spread
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over the area of the shipyard. This
improves access to the work and reduces
interference in contrast to the older
approach of assembling the ship,
piece-by-piece on the building ways
which concentrates all of the work in
one small area. Further, with the ship
to be constructed by units, the ship
must be designed by units. The units
should therefore be designed to
simplify the construction and erection
processes to attain the greatest cost
savings from modular construction.
Figure 7 shows the planned unit
breakdown of a single screw tanker.

Unit Breaks

Establish the unit breaks EARLY in
the design process and locate them for
repetitive design and construction of
the units. The location of the unit
breaks (the lines identifying the units
in unit construction) can be critical
to cost reduction. For some ships,
such as tankers and other bulk
carriers, the structure is repetitive.
By careful location of the unit breaks,
the units to be fabricated can then be
made nearly identical. All of the
identical units can be built from one
set of plans with a resultant savings
in engineering manhours. This not only
allows for assembly-line type
construction with the cost benefits of
line production, but also reduces the

Figure 6. Producibility Enhanced Cargo manhours required to design the ship.
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The location of unit breaks al so

affects the ease of erection. Joining
two units is easier if the joint in one
unit is stiff (near a jOlntJ and the

other flexible (distant froma joint).
Joining two units also is easier if a
unit is designed to be landed on a flat
surface instead of joinin% two plates
edge to edge. Figure 8 shows an
erection sequence for a design

enpl oyi ng these design features.

—— -
——— -
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Cargo Tank Erection Sequence

Figure 8.

~The early location of unit breaks
provi des another benefit by permtting
the designer to |ocate the various
items of machinery and equi pment in
positions which facilitate unit
outfitting. Any equi pnent which
happens to be located across a break
cannot be installed until after the
units have been erected. Equi pnent
whi ch cannot be installed until after
the unit is erected on the building
ways is normally nmore costly to
install. Arranging the nachinery and
GQUIEHEHI within a unit and avoi di ng
the breaks is possible only if the unit
break is known before the arrangenent
i s designed.

Limt Unit Size

Avoi d excessively large units.
Unit sizes are frequently established
bﬁlthe maxi mum lifting capacity of the
shipyard. However, as the unit
increases in size, the problenms of
access, congestion and Interference at
the work site increase. A very large
unit may present Problens on the order
of building a small ship. Making use
of the maxinum lifting capacity nay not
be the | owest cost construction
appr oach.

3.6

Knuckl es

Locate knuckles at unit breaks.
Do not place knuckles either at or
bet ween bul kheads cr decks but 9-12
i nches fromthe bal khead or decks where
the breaks will be made. Knuckles are
easier to fabricate if they occur at a
unit break than if they occur midway in
aunit. As unit breaks should be
| ocated 9 to 12 inches above a deck or
ama¥ froma bul khead, that is also the
referred location for a knuckle. A
nuckle has little or no hydrodynamc
effect if it is above the waterline
The proper |ocation of a knuckle
requires coordination between the
lines, arrangenents and structure at an
early stage of a design.

St andardi zed Parts

~Use standardized parts whenever
possible. The use of standardized
parts, such as brackets, can reduce the
variety of pieces that the shipyard has
to fabricate, keep track of and
install. For exanple, the cost nf
using 100 identica Pleces is obviously
| ess than the cost or using 25 each of
four different pieces. The cost
differenitial may be difficult to
eval uate, but it is real

Machi nery Arrangenent

Arrange nmachinery to mnimze
pi ping runs and inprove operation and
mal nt énance.  Machinery arrangenents
can contribute to decreased costs by
reduci ng the anount of piping,
el ectrical cable, exhaust pipes, etc.
whi ch nust be installed. Arranging
machi nery symetrically in a space can
result in unnecessary additional costs
as contrasted to careful grouping.
Al 'so, grouping pipe runs and treating
themas units can transfer work from
t he machinery or other shipboard space
to the shop,” where greater productivity
can be achieved.

Machinery Units

Pl an machinery installations for
shop assenbly and testing. Assenbling
mac |ner%.on skids for installation
aboard ship as a fully tested, conplete
unit pernmts the work to be
acconplished in the nmore efficient shop
as opposed to the shipboard space.

Vel di ng

Design for use of automatic
wel ders and ot her high-productivity
tools. The welding processes to be
used shoul d be considered during the
design. The use of straight sections
and single-curvature plates inprove
wel ding productivity by facilitating
the use of automatic wel ding machines



for the work. Sinmlarly, care in
design can pernit the erection sequence
to be planned for increased downhand or
automatic welding. Finally, care in
the design of welding details not only
can decrease the man-hours required but
can also inprove the quality of the

vel ds.  Exanples of inproved
producibility welding details are shown
In Figure 9.
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Figure 9. Welding Details
Wi ght vs Cost

- Use limted increases in mterial
weight, i.e., thickness, size, etc., as
a trade-off when a decrease in manhours
can be achieved. The increased
material cost is nore than conpensated
for by the reduced |abor cost while the
change in total light ship weight may
not be significant. This has Dbeen
val i dated by calculation and actua
construction results. However, a snal
increase in light ship weight night
wel| be acceptable to realize a =~
significant reduction in construction
manhours.  Frequently limits on
di spl acement, light ship or full |oad,
are attenpts to limt the cost of the
ship. Trade offs between weight and
cost therefore are possible.
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DESI GNI NG FOR PRODUCI BI LI TY

~ In applying the producibility
principles to a ship design, the design
engi neer and the production engi neer
must work concurrently and
interactively. The earlier in the
design process that the production
engineer is brought into the effort,
the nore effective he can be. Every
decision that is made in the design
process before producibility
consi derations are introduced reduces
the potential for cost reductions. The
concurrent effort should begin as early
as the feasibility/prelininary design
st age.

It is obvious that incorporating
producibility in the design requires
extensi ve know edge of the production
processes used in the construction of a
ship. The production processes are of
course dependent to sone extent upon
the facilities and capabilities of a
specific shipyard. is mght appear
to undermne the case for early
i nvol vement of the production
engineer. The standard approach to
Shl? design in the US. separates the
early design fromthe building
shipyard. "\Wile a comercial owner nay
wel |~ devel op the contract package in
consultation and negotiation with a
shipyard, the US. Navy normally
prepares a prelimnary and contract
deS|gn.|nc[ud|n% a set of
specifications before awarding the work
to a specific shipyard. The Navy
cannot deal with only one shipyard
before contract award, but has invited
shipyard participation during the
design process. Mre than one yard
will normally participate. The Navy's
acquisition apProach conplicates the
introduction of producibility into the
process but does not prevent it.

The size type and ot her
characteristics of a ship normally
dictate the group of shlpgards with the
capability to build the ship. Wile
the capabilities of the sh|p¥ards_vary
to some extent, the nunber of simlar
capabilities is greater than the nunber
of differences. There is a conmon set
of capabilities which each shipyard in
the group possesses and which can be
used for the production engineering
decisions that nust be made

. Wth this.aPprpach, |
in the group will find the resu]t|n?
contract design a_buil dable design for
their facility. The Navy/owner will
have a contract for a ship which can be
conpetitively bid on bY a rou% of
shipyards but which will also be
designed for the |owest construction
cost by those yards as a group.

Further producibility refinenents may
be possible by the shipyard wnning the

every shipyard



contract and should be considered after
awar d. However, the nost
cost-effective, basic producibility
decisions wi |l have been nade.

~ There are two basic questions.
whi ch nust be considered in designing
for producibility. First, does the
design neet the operational
requirements? Second, is it the |owest
cost? In conparing designs, cost
therefore becomes a najor driver. The
cost of constructing alternative design
features can be estimated and the
deci sion can be reached in a rational
| ogi cal nmanner. Using this approach,
the decision process will |ead, step by
step,t 0 the | owest cost ship design.

ESTI MATI NG COSTS
Cener al

Cost estimates are nornally
devel oped from different approaches --

the macro, cost-down, historical and
the mcro, cost-up, engineering
analysis. In the macro approach,
historical data is used to devel op cost
estimating factors. These factors are
usual Iy based ugon wei ght, i.e.,
fabrication manhours per net steel

ton. The factors reflect past
practices and experience. The

alternative approach is to break down
the project into elenents of work and
build up a cost estimate in a detailed
engi neering anal ysis. This approach
al so uses cost factors but they are
based upon work studies of elenents of
the operation, i.e., manhours per foot
of weld.

~ The macro cost estimtes are
easier to appIK and can provide earlier
results than the alternative. Macro
cost estimates can provide a gross
estimate before the design is

conpleted. However, froma
producibility point of view, there are
four major deficiencies to macro
estimates. First, they are based upon
historical cost returns. Shipyards are
traditionally poor sources of cost

i nformati on. he data is frequently

skewed reflecting pressures on the
first line managers and other factors.
Second, by being based on historica

data, macro estimates tend to continue
past practices. Third, by being based
upon wei ght, any change which increases
weight wll automatically increase the

cost estimate regardl ess of the effect
on cost. Cost reductions which result
from wei ght increases tend to be
ignored.  This aspect of macro
estimates | eads to an over-enphasis
upon wei ght as a neans of cost

control.  Finally, macro estimates do
not permt the cost conparison of the
features or details of a design which
is so necessary for selecting the
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| owest cost design approach at each
step. Cearly, macro estinmazes are not
supportive of 1nproving producibility
in ship design.

The NAVSEA ship cost estinmating
model is of the macro, historical, cost
history type. As Such, it has an
i nherent dampeni ng ef fect upon
i nnovation

~ The micro or engineering cost
estimate is nore difficult to devel op
but can be applied to specific features
of a design as they are devel oped and
the construction process selected. The
results of an engineering analysis are
|nherentI% more accurate and flexible.
Finally, Dbecause micro estimtes are
prepared in considerable detail, actua
cost returns can be nore readily
conpared to the cost estimtes to
pi npoi nt di vergences, problens and
needed correctrons.

Conpar ati ve Cost Esti nates

For Producinlity" decisions, it is
fortunately not necessary to develop a
total -ship, detailed cost estimate,
either macro or mcro. Rather, a
conparative cost estimate will suffice
to denonstrate the potential cost
i npact of a progpsed producibility
change, i.e., this change will result
in a reduction of x feet of weld. The
conparative cost method applies a form
of engineering analysis but limts the
extent of the application to the
differences in the alternative designs.

~ Inherent in the conparative cost
estimate is the assunption that the
construction plan has been devel oped.
It is difficult if not inpossible to
divide the work into elements if the
basi ¢ construction plan for the unit or
feature has not been devel oped

Exanpl e

The application of the conﬁarative
cost estlnatln? techni ques to the SWATH
"A" project will be used as an
exanple. During the course of a
producibility review, a producibility
enhanced design (PED) for the |ower
hull's was proposed. This design was
conpared to the |ower hull design under
consi deration which was simlar to the
TAGs- 19 desi gn.

For the analysis, a construction
Blan was assumed for the NAVSEA
aseline design simlar to that belng
fol | owed by MDermott Shipyards on the
TAGS- 19 PrOjeCt. ~For the Tower hull,
this includes laying the keel, erecting
t he bul kheads, installing the _
| ongi tudinal frames and then w apping
the hull plating around the structure.
Modul ar construction is not possible



and preoutfitting can be only mninmally
used. This is a rational construction
aﬁproach for the conplex structure of
the TAGS-19 and the baseline NAVSEA
design for the SWATH "A".

The producibility enhanced design
was developed to permt the use of
modul ar construction techni ques and
preoutfitting. The planned
construction/erection sequence for a
section of the lower hull is shown in
Figure 10. The construction of the
produci bility enhanced design does not
require capabilities or facilities
beyond that customarily found in US
shipyards. The producibility enhanced
SWATH "A" design could be constructed
in different erection sequences but it
is believed that any of these would
require nore construction manhours than
the proposed erection sequence.

~In develoginP the conparative cost
estimate for the lower hulls between
the NAVSEA baseline design and the PED
the follow ng approach was used: An 18
foot section of the lower hulls, equa
to one conpartnent |ength was
selected. ~For both hulls, a detailed
weight estimate was prepared. The
manhours required to fabricate and
greqﬂ each section was them anal yzed in
etail.

Vel ding. For an 18 foot section
the total length of welding required
was neasured and calculated. The basic
wel ding technique to make the welds
i.e., downhand, overhead, and
automatic, were also identified and
| engths for each technique totaled
wi th downhand wel di ng assigned a factor
of difficulty of 1, overhead wel ding
assigned a conservative factor of

Figure 10. SWATH "A" PED-Lower Hull
Construction Sequence
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difficulty of 2, and automatic wel ding Savinas. Since 40 percent of the

a factor of 0.2. The equival ent structural construction effort is

| engths of welding for both designs nornmal [y in welding and 60 percent in
were then calcul ated and conpared. |t fit-up, the cost factor for each

is estimated that the PED woul d require category was nultiplied by the factors
35 percent of the welding effort of the and summed. The resulting estimated

basel i ne design. average cost for the |ower hul

construction of the roducibilit¥
- FEitting., The nunber and type of enhanced design was 30 percent of the
i ndi vidual pieces in an 18 foot section baseline design. The data and
of the lower hull were identified for calculations are provided in detail in
each deS|?n.. The nunber of_Pieces, t he Table 1.
variety of pieces and the difficulty of
positioning the pieces were used to
derive a factor of difficulty of PRODUCI BI LI TY EXAMPLES
fitting. Wth the PED assigned a L
factor-of 1.0, the baseline design was _Sone specific exanples of the
conservatively estimted to be 1.5 application of producibility concepts
times as difficult. The product of the to three specific ship designs are
nunber of pieces times the factor of provided in this section. Wile these
difficulty was conpared for each exanpl es represent potential cost
design. 1t is estimted that the PED savi ngs, due to various circunstances
woul d require 28 percent of the fit-up not all of them have been acceptea or
effort of the baseline design. incorporated in the design. If the

CCMPARATIVE OOST ANALYSIS

NAVSEA SWATH “A" BASELINE
vs

IOWER HULL : 18/~0" FOOT SECTION

NAUSERA PROMICTRITTTY

AdAVSLds - AN

BASELINE ENHANCED DESIGN

WELDING

WEID IENGTH-~TOTAL (FT) 2186 1386

OVERHEAD IENGTH (IT) 855 55

CH FACTOR OF DIFFICULTY 2 2

AUTCMATTIC WELDING IENGTH (FT) 215 550

2AUTO FACICR OF DIFFICULTY 0.2 0.2

BQUIV IENGTH CH WEIDING (FT) 1710 110

EQUIV IENGTH AUTO WEIDING (FT) 43 110

REMAINING WEID IENGTH (FT) 1116 781

BEQUIV WELD LENGTH-TOTAL (FT) 2869 1001

COST FACTOR(CF) ~ WELDING 34.9%

FIT UP

PIECES- TOTAL NUMBER 334 139

DIFFERENT PIECES 20 14

FIT UP DIFFICULTY FACTOR i.5 1

FIT UP -EQUIVALENT EFFORT 501 139

QOST FACTOR(CF)~ FIT UP 27.7%

WEIGHTED
% OF EFFORT COST FACTOR QoST

WELDING % OF EFFORT X CF 40% = 34.5% = 14.0%
FIT-UP % OF EFFORT X CF 60% X 27.7% = 16.6%
OCMPARATIVE CQOST -~ LOWER HULL 30.6%

Table 1. SWATH "A" - Comparative Cost
Estimate
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proposed producibility changes had been
avallable earlier in the design cycle,
more of them m ght have been 1ncluded
in the final designs.

T-AGOS (SWATH “A") LOAER HULL STRUCTURE

The structure of the |ower hull of
the design under consideration by
NAVSEA was not conpatible with nodul ar
construction techniques. The design
required the [ower hull to be
constructed piece by piece. The _
construction sequence is: the keel is
| aid, bul kheads erected, |ongitudinal
framng installed and the hul'l plating
wrapped around the framing. Mnual
wel ding must be enployed extensively
and, nuch of that In 1naccessible or
awkward |ocations. Access for _
outfitting is restricted. The design
limts the building yard from enploying
a nore efficient unit construction and
preoutfitting approach.

~ The initial NAVSEA structural
design, shown in Figures 11 and 12, hdd
the following features:

The |ower hull was |ongitudinall
framed with 36 T-profile |ongitudina
installed perpendicular to the curved
hull plating, requiring difficult
fit-up and wel ding procedures.

~The 36 longitudinal represented a
stiffener-to-plate ratio of over 51
percent, which is not considered to bhe
optimum for strength and weight
consi der ati ons.
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Figure 11. T-AGOS (SWATH “A’) -Lower
Hul I Structure

™o heavy girders were installed
in each hull for pier [|oadings.

~The bul kheads were designed with
vertical webs, a horizontal stringer,
and 13 vertical stiffeners.

The upper (internal) surface of
the hull was curved, an unnecessarily
costly detail. Hull strength can be
provided equally well wth straight
structural nenbers.

Each hull had 28 T profile web
franmes.

The lower hull structure of the
PED, shown in Figures 12 and 13, was
designed for unit construction and
extensive preoutfitting. In lieu of
requiring construction on the ways,
each subunit in the producible hull
structure is designed for fabrication
in a horizontal “position on the ground
and assenbly into units on the flat.
The bul kheads are erected on the bottom
unit, and the side units are assenbl ed
around the bul kheads. The top unit,
whi ch closes the hull, is not to be
installed until the outfitting is
conpleted.  The erection sequence is
shown in Figure 10.

Some specific features of the
produci ble lower hull design include:

The use of 16 L profiles per hull
for the longitudinal framng, each of
which is oriented either vertically or
horizontally. The pier loading girders
are del eted.
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Figure 12. Lower Hull Structure
Produci bility Enhanced
Desi gn (PED)
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Figure 13. Lower Hull - Bul khead - PED

The web frame spacing has been
increased from 6 to 9 feet and web
frames reduced to 15 of built-up
construction.

The bul kheads have a vertical web
and five main horizontal stiffeners.

The uEper (internal) surface of
the lower hull is flat and part of the
material inside the tanks has been
removed.

The PED lower hul| design is
pl anned for construction of each hul
unit in five sections (including the
transverse bul kheads) and assemnly in
the fabrication shop. The top segnment
is to be installed after outfitting is
conpl ete.

The PED | ower hull structure can
be constructed by ang U S. shipyard
wi th reasonabl e capabilities.
Construction in 36 foot long units is
pl anned, but 18 foot units nay be,
substituted if necessary. There is no
feature of the design which limts
conpetition or woul ﬁ]ace any
reasonabl y equi pped shipyard at a
di sadvantage in conpetitive bidding.

The benefits of the producible
| ower hull design include

Thirty-six “T" profiles and two
hori zontal girders have been renoved
er hull and replaced by 16 “L" profile
ongt udi nal s.

The installation and welding of
the longitudinal has been sinplified.

Thirteen web frames have been
removed per hull

~In the bulkheads, 13 vertica
stiffeners have been replaced by five
horizontal stiffeners.

Finally to erect the haunch unijt
to the lower hull in the NAVSEA design,
the upper unit nust be landed on the
surved upper surface of the | ower
hull.  The lower edge of the haunch
unit nust then be aligned with the
interior stiffeners -- which are not
visible. In the PED sequence, the
upper subunit of the |ower hul
contains the connection of the haunch
to the lower hull. The lower edge of
the haunch is welded to the upper edge
of the penetrating section

~ These changes resulted an
estimated decrease in construction
manhours of approximately 30 to 35
percent forthe |ower hulls.

ACE-6 Frane Spacinq

~ The web frame spacin% of the ACE-6
varies between 9, 10 and 11 feet in
various sections of the ship. The
changes in web frame spacing cause
variations in the dinensions and design
of the units fromwhich the hull is
constructed. This in turn prevents
standardi zati on of the design of
simlar units and thus reduces the
Broduptlon line “learning Curve”
enefits fromthe repetitive
construction of identical units

The variations in frame sFacing
al so inpacts the Iength of shell and
| ongi tudi nal bul khead pl ating which
nust be procured. This increases the
material costs including procurenent,
handl i ng, tracking and storage.

~The variations in web frane

spacing wi Il have a significant inpact
uﬁon construction costs as opposed to
the use of a constant web frane
spaci ng. _

~ A further disadvantage to the
variation in web frame spacing is the
unnecessary weight. The |ongitudinal
t hroughout the ship are sized by the
required | ongitudi nal dinmensions for
the maxinum spans. In the shorter span
areas, the longitudinal wll be
oversized for the span. This
represents an inefficient use of the
wel ght resource of the design. Sone of
the structural lightship weight is
devoted to material which does not
contribute to the strength of the ship.

Finally, the web frane sPacin? of
9 to 11 feet is excessively close for a



ship of the size of the ACE-6. A
spacing of 13'9" (5 x 33") or 150" (5
X 36") would be rmore suitable for this
design. A rearrangenent of the web
franmes was recomended.

T-A0187 Machinery Arrangenent

~In the T-AO 187design, the
machinery arrangenent did not |ocate
the various itens for mninmm
construction cost. The auxiliary
machinery was not grouped together by
function nor arranged to facilitate
skid mounting of identical units

Pipe, duct and electrical runs
were not planned to mninize the
material required, the installation
cost nor the use of valuable machiner
space volume. For exanple, the diese
generator |ocation required the routing
of the main electrical cables the
| ength of the Engine Room  Further,
the auxiliary boirler is located well
aft while the uptakes are forward_in
the space over the main diesels. This
requires the boiler exhaust to pass
through, horizontally, a major part of
the machinery space before turning up.
Not only does the exhaust duct present
a mgjor obstacle for other necessary
routings, but the horizontal run my
wel| prove to be an operating and/or
mai nt enance problemin the future

The T-AO 187 Cargo Punp Room uses
two notor rooms, three punp rooms and
voids to separate the cargo from the
notor rooms. This cargo punp room
arrangement consumes excessive space
requires convol uted runs of |arge
dianmeter piping and the installation of
unnecessary structural material for
bul kheads and voids. An alternate
cargo punp room arrangement using a
single notor roomwith a punp room at
either end would be a major cost
saver. The punp rooms woul d provide
the required separation of the cargo
from the notor rooms saving the
strucural material needed tor the voids
and one high cost notor room would be
elimnated. Further major savings
woul d have been possible from this
change, if it had been nade early in
the design cycle and the resulting
reduction in volumetric requirenents
were used to reduce the overall size of
the ship.

CONCLUSI ON o

Cearly, there are distinct
benefits to be 8alned by br|ng|n% the
concepts of producibility into the ship
design process and as early in the
process as possible. There are sizable
savings in nmanpower P053|ble by the
concurrent process of design and
production engineering. This is
particularly true if the goal for the
concurrent effort is not merely “Can it
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be built?” but “1s it the | owest cost
design?”
To gain the full benefits of

producibrlity it nust be started early
in the design spiral and continued

t hroughout the design and construction
of the sh|%. It requires a continuing
effort with many apParentIy smal
victories, but the final results can
have an appreciable effect on cost.

Even after the ship is delivered,
t he design and production engineers
wi th the assistance of the production
personnel should continue wth a
detailed review of the actual results
they achieved. Were they right in
their producibility changes? Were did
they nmake mstakes? Did they niss
aspects of the design which could have
been done better or cheaper? Wt hout
this followup effort, the IearnlnP
Brocess may staﬁnate_and produci bil'ity

econe yet another tired, old

wat chword

Finally, we must always keep in
mind that we are trying to deliver the

best ship at the lowest cost. When we

succeed, we all benefit, even the

taxpayer.
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ABSTRACT

Methods of improving the level of pre-contract design
definition and the quality of information relating to
steelwork are described. This information is conbined
with a conprehensive database of manufacturing pro-
cess information to provide a systemfor estimting the
work content of the main structural steelwork of ships
such as ro-ro vessels. Procedures are described which
facilitate consistent estinates to be made while nin-
imzing data handling requirenents and increasing the
flexibility of the method at the concept design stage.

Applications are described which demonstrate the use
of the systemin investigations which examine the varia-
tion of factors which influence labour cost. The factors
examned include the effect of changing mdslip block
breakdown and length of productive day.

Suggestions are made as to how the system can be used
to assess the inportance of those factors which may
inprove overall yard production efficiency and assist
in theplanning function.

I NTRODUCTI ON

Significant advances have been made in the application
of advanced technol ogies to s«p design and Cal ki ns
(1) provides an excellent overview of progress in this
area. This rate of progress has not been acconpa-
nied by simlar advances in the area of s«p produc-
tion in a way which facilitates rigorous analyses of al-
ternative build proposals at the earliest stages in the
devel opment of a design. In today's highly conpeti-
tive market, shipbuilders have to be capable of offer-
ing optimum designs, usually implying low construc-
tion cost, or at least being able to justify a design at
above minimum cost in terms of some special design
feature. In addition, the builder has to be confident of
the costs estimated, so the methodology used to assess
these costs has to be based on sound principles. It is
recognised that the new technologies currently used to
support ship design activities can be used to improve
the builder’s ability to assess the effects of different pro-
duction scenarios on a design proposal. To be effective,
a system should provide the capability of assessing dif-
ferent vessel arrangements, variation in hull shape and
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alternative structural arrangements and build strate-
gies.

Design tools which incorporate production considera-
tions are not generally available, yet there is a clear
need for nethods which can provide inproved |evels
of reliability and support at the pre-contract stage for
those concerned with cost estimating and planning ship
production. Devel opments in ship production nethods
combined with progress in the inplementation of ad-
vanced information and resource control systems, e.g.
MlIne (2) and Vaughan (3), allow the retrieval and cap-
ture of production information which is adaptable for
use in models which facilitate the estimation of work
content and cost.

While it is appreciated that steelwork may not be the
most important item wher. considering total ship con-
struction cost, it is the area most under the control
of the builder, where production monitoring systems
development are most advanced and where reliable in-
formation of work content can be most readily deter-
mined. Steelwork lies on the critical path for deliv-
ery, so early definition is essential. For these reasons,
we have chosen to develop a method of estimating the
work content and costs of steelwork for use at the ear-
liest stages in the development of a design.

SYSTEM OVERVI EW

It is necessary to be abl e to estimte the manhours
taken to construct a vessel and parts of vessels at var-
ious stages of a contract, e.g.

(i) Pre-contract

(i) Build strategy /orderbook planning

(iii) Departmental/tactical planning

(iv) Workstation loading/operations control.

These stages are often considered as distinct separate
activities, usually because the data available increases
both in quantity and quality as the contract is worked
through. For example very few systems available today
facilitate a breakdown of the structure and estimates
of joint length to be made at the pre-contract stage.
The advantages of making such information available
as early as possible are obvious:
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(i) The designer and production engineer can agree
on a build strategy at the earliest stages in the
development of the product.

(ii) The implications for planning are significant. The
system will be a valuable asset when considering
the build strategy. Although the definition of the
block breakdown and the related sub-assembly break-
down are associated with the wider aim of main-
taining the product work breakdown defined in the
shipbuilding strategy, we believe the facility to ex-

nivnant altawnativa abresteinal o
a.uuuc, }Jl c'\.vnuu G\.Uq nlucsuauavc DUL uviuial a.uau.sc-

-ments in this context will be of significant benefit
to planners, production engineers and estimators.

(iti) Estimates made of contract manhours at the pre-
contract stage can be used to set preliminary man-
hour budgets and manning levels at workstations.
These can then be refined as new, more detailed,
information on the ship is developed.

Whan ransidarine the warle content of staalwark tha
YY 1€l CONSIGEIINg uil€ WOIX CONLeny O sSieeiwory, uiae

preferred parameter is manhours per metre of joint
length. In the past parametric methods were used
which led to the evaluation of global measures of merit
in which production costs were usually evaluated using
weight as a basis. It has been recognised that meth-
ods based on costs evaluated through the estimation
of joint length offer 2 more rational approach: Win-
kie (4), Bong (), Brown (6). The difficulty has been
in estimating early in the design process the various
joint lengths consistently, rather than just relating to

wla sarameter Ev!ﬂ}! as uynvrﬂnf
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attempt has been made to develop a system which ex-
tends these principles to the ship as a whole, includ-
ing the ability to take into account alternative build
strategies, differing vessei arrangements and hull shape.
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These are features which require consideration at the
concept stage, where the search for improvement re-
quires a number of alternative designs to be generated
and assessed rapidly and accurately. Fortunately re-
search carried out by the authors has produced a design
system which can generate useful information specifi-
cally developed for use at the concept or pre-contract
stage. Fig. (1) shows the main modules of the system
upon which the work content estimation process de-
pends. The structure of the system enables compre-

hensive information recardine ch:nn ]nvnnf structure
hensive initormation r egaraing shape tructur

and scantlings to be provided du'ectly to the cost esti-
mating module.

Links with the Design Process

Hills and Buxton (7) have described a design system
.....
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of artificial intelligence, graphics and database technol-
ogy. It is sufficient for the purpose of thic nrecent nanar
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to indicate the type of data available via such a sys-
tem to the estimator or planner when assessi.g work
content. This includes:
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(n) An outline general arrangement and principal com-
partmentation information, e.g. Fig. (2\

25 it = o

(iii) Main structural layout and sca.ntlmgs at principal
sections, Fig.(3).

(iv) Steelmass estimate and distribution along the length.

(v) Preliminary checks on: trim, stability, strength,
power, motions etc.

The availability of this information at the concept or
pre-contract stage at an appropriate level of definition
and accuracy within about a day or so of making a
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FIG (3).

STRUCTURAL LAYOUT



sketch of the design is a significant advance which al-
lows variations to be explored, so that a tender can be
prepared with a higher level of confidence. It is possi-
ble to use the cost estimating module in a stand-alone
mode. In this case the user would simply input in-
formation (which had been obtained from alternative
sources) under (i) to (iii). A particularly useful ap-
plication is to consider the midship section only. By
doing so a series of sensitivity studies can be carried
out in the minimum of time. This mode of application
will be demonstrated later in this paper. The ability
to estimate scantlings is a necessity if steelwork process
analysis data is to be used effectively in the estimating
process, since consistent measures of work content are
the key.

Determination of Scantlings and Steelmass

The adopted approach requires a reasonably complete
internal layout definition, showing decks, bulkheads,
hull form and other structural details such as pillars
or inner skin. From this information and the applied
cargo loadings, the spans of each member are found and
the scantlings determined. Mst of the scantlings are
determined according to the Steel Ship Construction
Rules for General Cargo Ships defined by Lloyds Reg-
ister of Shipping. Wale the scantlings are generated
consi stently, and give an indication of a likely value, it
mist be enphasised that they are not necessarily final
approved val ues.

The system as developed at present will cater for npst
types of cargo roll-on/roll-off vessels but not those parts
of the shipwith cellular container holds. It will also
cater for ferries up to the uppernost continuous deck.
In principle it will cater for other multi-deck ships not
having |arge hatchways, where the layout and |oading
of decks can be converted into the equivalent ‘ro-ro’
input.

Since the scantlings of such ship types as ro-ro ships
are significantly affected by the number, height and
loading on each deck, special attention is paid to their
structure. Vehicle loads are used to assess the basic
deck structure, but deep beams and web frames are es-
timated from an abbreviated finite element calculation.

Due to the variability of possible internal layouts and
range of user-defined hull sections, the extent of the
results output can vary. A typical ro-ro layout is drawn
in Fig.(3). Broadly speaking the following informat ion
is generated as output:

(a) Approximate deck scantlings
approximate bottom scantlings
approximate side shell scantlings
(b) steelmass rates, V. C. G., components and local di-
mensions of:-
(i) decks
ii) bottom
iii) side shell
(¢) graphical bar chart of hull section rates along the

length

(d) mass rates and V.C.G. summary

(e) main hull steelmass (structure) total and distribu-
tion

(f) ship extremity mass estimates

g) transverse bulkhead masses

h) superstructures

(i) graphical plot of cross-sections

(j) alternative ship depths or clear deck heights on ro-
ros.

—_—

A typical example of part of the output is shown in
Fig.(4).

The availability of this data which gives number, spac-
ing, length and scantlings of the main steelwork com-
ponents, together with the graphics capability of mod-
ern engineering computer workstations, provides the
ship designer and production engineer with a powerful
product development aid. The place of the scantling
and steelmass module within the cost estimating pro-
cess is indicated in Fig.(5).

WORK CONTENT AND COST ESTIMATING

Some other industries are much more advanced than
shipbuilding in not only establishing work content asso-
ciated with different equipments and construction pro-
cesses, but in publishing data (8). In the absence of
published data for shipbuildmyg, it is necessary for each
company to establish (e.g. by work study) a database
of unit times for principal activities of the construc-
tion process, which are compatible with the technical
description of the hull. In the case of hull structure,
it is therefore necessary to be able to break the main
portion of the hull into units from which work content
can be generated for each of the three principal work-
stations:

(1) Preparation (shotblasting, priming, marking, burn-
ing, rolling)
Number, areas and perimeter of plates and sec-
tions, flat or curved.

(2) Fabrication (construction of sub-assemblies and
panels, and welding into units or blocks).

For generic 2D and 3D units, and their panels, units
and connections; joint length of plates, sections and
associated thicknesses and number of parts.

(3) Erection (transporting, lifting, fairing, tacking and
welding at the berth).
Number, weight, 2D or 3D Hat or curved, perimeter
joint length, position and access, free-standingness.

Generic_Units

The level of detail being considered results in large
numbers of structural items being generated by the
system. Clearly the problems of handling such large
amounts of data are considerable, particularly when
the necessity for rapid computer response times is para-
mount. Large numbers of alternative types and ar-
rangements of units can be defined when considering a
build strategy for a ship. At the concept stage these
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FIG (4).

23.36

15.94
14.07
20.48
73.84

9.20

6.27
5.54
8.06
29.07

0.86

8.82
16.22
7.42
7.33

9.00
16.35

PART OUTPUT FROM SCANTLING AND MASS ESTIMATION MODULE
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problems can be overcome, without seriously reducing
the accuracy and flexibility of the system, by introduc-
ing the concept of ‘generic units’.

An examination of a range of ship types shows that
the structural arrangement of a ship is composed of
stiffened panels composed of flat or curved plates to
which are welded frames, beams, longitudinals, gird-
ers etc. These in turn are joined to make units or
blocks of which there are about two dozen basic or
‘generic’ types. Each generic unit is further sub-divided
according to whether each panel is flat or curved, lon-
gitudinally or transversely framed etc. For a specific
ship type it is usually possible to define a realistic
structural arrangement using a sub-set of these generic
units. Table (1) gives a list of those used to define Ro-
Ro ship structures. Fig.(6) illustrates the arrangement
and composition of typical generic units.

Table 1
MENU OF GENERIC UNITS (Ro-Ro Type)

(1) Flat or Curved Panel with associated stiffeners

(2) L-Unit Flat or Curved (e.g. deck plus side panel)
(3) L-Unit with Inner Hull.

(4) C-Unit Flat or Curved (e.g. deck plus two side

(5) C-Unit with Inner Hull
(6) F-Unit Flat or Curved (e.g. two decks plus side

(7) F-Unit with Inner Hull

(8) F-Unit with Lower Inner Hull

(9) Double Bottom Unit - Full breadth, 5 girders
(10) Double Bottom Unit - Full breadth, 3 girders
(11) Double Bottom Unit - Flat with 3 girders
(12) Double Bottom Unit - Flat with 1 girder
(13) Double Bottom Bilge Unit - 1 side girder
(14) Double Bottom Bilge Unit - 2 side girders

A generic unit can be considered as a ‘macro’ in com-
puting terms, so has a limited number of defining pa-
rameters and possible construction processes. Program
development has been facilitated by limiting the po-
tentially infinite number of possible constructional ar-
rangements to generic building blocks which are typical
of practical shipbuilding.

Using his knowledge of the range and form of available
generic units, the designer/planner is able to divide the
hull into a number of blocks which represent a possi-
ble build strategy, Fig.(7). The dimensions of a unit
are compared against the maximum dimensions that
the facility can handle and against defined ‘preferred
dimensions’. For example the unit length is checked to
ensure that it is a multiple of the deep frame spacing
and that it is less than or equal to the maximum plate
length which has been defined as a yard standard or as
a preferred plate size. The availability of weight data
also allows the total weight of a unit to be compared
against the maximum lifting capacity. Once the user
has defined a unit envelope, the system interrogates
the structural database and assembles a list of items
which exist within the envelope boundaries. The list

Fig.6 — EXAMPLES OF GENERIC UNITS.

L - Unit. H

!

Side Shell and Deck Panel.

F = Unit.
with Lower Inner Hull.

Double Bottom.
Centre Unit - Flat 3 Girders.

Double Bottom.
Bilge Unit - 1 Side Girder.

of items is checked against the list of structural items
which are used in the definition of each generic unit. If
a match is not found, a message appears on the screen
and the user is invited to re-define the boundaries of
the unit under consideration. When a unit has been
successfully defined and matched, the output from the
scantling and mass estimation program is accessed to
pick out the geometry and scantlings associated with
each panel, e.g. plating thickness, stiffener type, spac-
ing and dimensions.

The procedure by which a match is made between the
user defined unit and the data bank of generic units is
as follows:

(i) The structural data base is interrogated to identify
the structural items which lie within the defined
boundaries.

(i) The program creates a listof itens for the Unit,
each item being represented by a number.

(iii) Using an indexed search technique, this list of num-
bers is checked against the stored sequences that
predefine each generic unit.

(iv) When a comparative list of items is found, the
structural routine is invoked and the work content
parameters are generated.

An example of a typical record for a generic unit is
shown in Fig.(8). This is for a ‘L’ unit, e.g. deck and
side shell. It can be seen that the match has been made
on the list of items where
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-*
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2 1
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01234567816 18 22 27 35 36 37 38

*

* SEQUENCE GENERATED (BERTH ERECTION)
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%

FIG (8). STRUCTURAL ITEMS IDENTIfIED BY WORKSTATION FOR GENERIC UNITS
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0 = Deck Plate

1 = Deck Beams

2 = Deck Longitudinals

3 = Deck Girders
16 = Side Shell Plate Curved
18 = Deep Web Frames Curved
22 = Side Longitudinals Curved

However the record also shows an extended list for eacnt
workstation, i.e. complete construction ‘sequence gen-
erated’. These additional items cater for processes im-
plicit in the assembly operations but not explicitly de-
fined by the structural routine. For example in the
fabrication of the ‘L’ unit, these are:-

4 = Beam/Longitudinal Interconnections
5 = Beam/Girder Flange Interconnections
6 = Beam/Girder Butt Interconnections
7 = Beam/Girder Gussets
8 = Beam Tripping Brackets
27 = Deep Frame/Side Longitudinal Interconnections
35 = Deck/Side Shell Interconnections
36 = Deep Frame/Beam Interconnections
37 = Beam/Side Shell Interconnections
38 = Deep Frame/Beam Bracket Interconnections

While these items are not calculated ’strucuture’ and
may not have weight, they do have the other attributes
of structural items such as: joint length, thickness and
number and they therefore have a work content asso-
ciated with them.

When a defined unit has been accepted and the ap-
propriate workstation identified, the program calcu-
lates the work content parameters for each item in the
list. Each item in a panel is then associated with a
pre-determined manufacturing process module, which
is part of 2 comprehensive process analysis database,
which identifies the steelworking processes necessary to
prepare and fabricate it, in terms of workstation, equip-
ment needed, joint type and sequence of construction.
The work content database (which can be modified by
the designer) is then accessed to pick out the standard
time for each process invoked.

The work content database

The original work content data base was developed af-
ter extensive work study operations in British Ship-
builders Govan Shipyard at Glasgow. In essence the
database consists of the standard times necessary to
carry out an operation. The ‘standard time’ is the
time in which a task should be completed by a worker
at normal performance as defined in British Standards
and described later. The range of operations contained
in the current data are given in Table (2). A typical
record for an operation is shown in Fig.(9).

The items are identified via the models of the assem-
bly /fabrication process in which the sequence of the
work process has been modelled for each generic unit
and thus, implicitly, for the defined unit. This model
of the assembly /fabrication process together with the
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information on joint length, thickness, number of piece
parts etc. allows the work content to be determined.

The joint length is the physical connection length , ir-
respective of the number of weld passes needed to com-
plete it.

Table 2 - WORK CONTENT DATABASE

1 Manual buti weld dowuhand restricted
2 Manual butt weld downhand unrestricted
3 Manual butt weld downhand and overhead restricted
4 Manual buti weld vertical restricted
5 Manual butt weld vertical unrestricted
7 Manual butt weld overhead restricted
10 Manual butt weld horizontal restricted
:1 Manual butt weld horizontal unrestricted
13 Manual fillet weld downhand restricted
14 Manval filiet weld downhand unrestricted
15 iianuai filles weld vertical restricted
16 Manual fillet weld vertical unrestricted
17 Manual fillet weld horizontal resiricted
18 Manual filler weld horizontal unrestricted
18 Automatic butt weld seam constant
20 Automatic butt weld welding constant
2. Automatic fillet welding
2 Automatic butt weld seam constant
23 Automatic butt welding constant (one side)
)

25 Fair and tack T-Section restricied (position:d man- -
ually)

26 Fair and tach T-Section nnrestricted (positioned
manually)

27 Fair and tack T-Section restricted (positior.ed by
crane)

28 Fair and tack T-Section unrestricted (positioned by
crane)

29 Fair and tack longl or frame (OBP - straight) un-
restricted

30 Fair anl tock longl or frame (OBP - CURVED)
unrestricted

31 Tair and tack flat plate butts

32 Fair and tack curved plate butts
50 Berth erection type 1 unit

51 Berth erection type 2 unit

52 Berth erection type 3 unit

Once a generic unit has been identified and the man-
ufacturing information generated at each of the three
main workstations, the work content estimation algo-
rithms are invoked. For each structural item within a
unit, e.g. deck girder, a manufacturing process code is
applied. For example, at fabrication of deck girders,
processes include from Table 2:

28 Fair and Tack T-section unrestricted, positioned by
crane
21 Automatic fillet welding.

In turn these operations are associated with the length
and thickness of each particular girder. By looking
up in the appropriate work content database record
similar to Fig.(9), the basic and hence the standard
minutes can be calculated.



MANUAL BUTT WELD DOWNHAND UNRESTRICTED CONSTENTS (MBWDUC)

ARRAY POINTER SIz=
2 20
Std. Global Basic Global
Job Constant Job cConstant
16.5 12.29

Std. Lifting &

Basic Lifting &
Turning Constant Turning Constant

12.12 9.18
Std. Section Basic Section
Constant Constant
: 0.0 0.0

RATE: Std Min/mtr

BASIC Min/mtx

(in minutes)

(in minutes)

(iz minutes)

PLATE THICXNESS ('T' mm)

lower < T <= upper

AT AR T AT AR AR TR AR E A AR AR AN A AR AR AR A AR XA AR AR AR A A AR XA AAXATT AR N

53.96 11.34
63.73 24.41
67.70 27.29
76.62 33.79
77.64 34.51
86.39 40.89
96.69 48.35
107.03 55.88
119.42 64.93

0.0 8.0
8.0 10.0
LO.0 11.0
11.0 13.0
13.0 14.0
14.3 16.0
16.0 18.0
18.0 19.0
19.0 20.0

R KRR AR TR ARR TR AR TR AR P AR AR AR I A N R R P AR AR AR AR I AR AR RN S

"K" PREPARATI ON ABOVE
'M  PREPARATI ON BELOW

*ﬁ*!ﬂ***’ll’f”**”*f**?*i***'****7****’*************t**f?*

74.17 53.08
83.02 59.35
94.88 67.26
106.11 75.72
117.16 e
130.80
144 .03

- / '

FIG (9).

Such calculations are made using a ‘standard algorithm
which allows for the appropriate coefficients to be au-
tomatically selected according to the structural item,
processes and thickness. Thus standard minutes for
deck girder fabrication are calculated in the form of:

Global Job Constant Process 28 + Global Job Con-
stant Process 21

+ Section Constant for Process 28 x Number of
Sections {2 for web plus flange]

+ (Minutes per Metre Process 28 + Minutes per
Metre Process 21) x Piece Part Assembly Joint
Length [Flange welded to web].

A similar calculation is made for welding the fabricated
girder to the deck plating using Panel Fabrication Joint
Length. Each element is adjusted if necessary for ac-
tual manning if different from standard manning levels
and then converted to manhours. It can also be multi-
plied by a process efficiency factor if the actual process
in the shipyard differs from the standard assumed.

Comparable algorithms are used at Preparation and
at Berth Erection workstations using the appropriate
processes and work content parameters.

20.0 22.
22.0 23
5 2

.,/”"——“————__—_—‘"’
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RECORD FROM WORK CONTENT DATA BASE FOR ONE PROCESS

ESTIMATING OVERALL STEELWORK MAN-
HOURS

The basis of the standard manhour estimate is the
structural definition generated by the scantling and
steelmass program and the unit breakdown as input
by the user. At the'preliminary design stage, it is not
possible to specify every item of structure in complete
detail, for example, cut-outs in floors, so that it is nec-
essary to make allowances for such elements which are
inherent in any as-built structure. Thus standard man-
hours are converted to inherent manhours according to
type of generic unit and the relevant workstation.

The inherent manhours reflect the work content built-
in by the structural designer and the proposed build
strategy. In an ideal world, inherent manhours would
be the same as actual manhours, but there are many
reasons why actual hours will be signficantly higher.
Elements such as rework percentage. effective use of
the working day or material control efficiency all add
to the manhours recorded for actual ships. Thus fac-
tors which are specific to a particular shipyard and
its management need to be added to obtain predicted
manhours as a realistic estimate of Actual manhours.



Standard Time

Standard times have been derived from work study
data, so represent the average time that a qualified
worker should take, using the specified method and
proper motivation. Normal relaxation and contingency
allowances are included to account for ‘legitimate’ ex-
tra time to add the basic process time. The user may
build into the database additional factors to allow for
process efficiencies different from the standard. For
example a particular process may use a more efficient
method than incorporated in the database (e.g. laser
cutting of thin plate), whale the actual manning level
of this process may require a different number of oper-
ators to that assumed.

Inherent Time

At each of the workstations, it is necessary to meke
al lowances for additional operations that are not ex-
plicitly included in the hull definition. At the prepara-
tion stage, for exanple, burning Iengths calculated for
bare plates need to be increased for (undefined) cut-out
lengths. At fabrication, minor brackets and stiffeners
need to be allowed for on top of the main structural
elenents. If any outfit structure such as seatings are
being added at this stage, the factor can be adjusted,
although it is probably better to keep such items sep-
arated from main structure in the estimate.

At berth erection, the basic process of say butt welding
of adjascent panels uses the standard database for type
of weld and thickness. Allowances need to be made
for the location of the unit on the berth and access
thereto, whether it is a 2D or 3D unit, as well as the
overall weight in terms of extra time to transport and
lift. Thus for berth erection, a typical form of Standard
to Inherent calculation for a particular generic unit is:

Inherent manhours = Standard manhours (1 + access
factor)

+ Berth erection joint length x 2D/3D factor
+ Unit weight x weight factor

The database containing default values may be ad-
justed by the user.

Inherent time reflects on a consistent basis differences
in work content arising from the way the structure has
been designed and the proposed breakdown of units.
Thus it can be used to compare the ‘efficiency’ of al-
ternative strategies.

Predicted Time

Predicted time has to incorporate all those efficiencies
which are not inherent in the technical specification,
but reflect the success (or otherwise) of a particular
shipyard’'s management in controlling all the ways in
which jobs take extra time. Anyone who has worked
in a shipyard will recognise that the number of hours
booked to a job will be higher than the somewhat ide-
alised inherent hours due to:-
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(iii)

poor plant layout resulting in additional time t o
transfer men and components between workstations
inadequate cranage resulting in extra time to lift
and move units

environmental conditions, e.g. bad weather in terns
of wind, rain or temperature delaying activities.
An open facility in a bad weather region will lose
more time than a covered facility, but less so in a
good weather region.

rework, due to poor accuracy control or distortion,
e.g. cutting and trimming units

poor time-keeping. Late starting and early finish-
ing is not unknown in shipyards

official and unofficial breaks for meals, refreshments
etc, reducing the effective working day

material control efficiency, reflecting the ability to
ensure that labour is not held up waiting for ma-
terials

labour control efficiency, to ensure that work, es-
pecially on the critical path, is not held up for lack
of labour, either of any type, or of a specific type,
e.g. due to trade demarcation

excess manning levels. A yard may allocate more
men to an activity than is strictly necessary, per-
haps as a result of trade union pressure, or ‘using’
surplus manpower.

shipyard loading. It is not al ways possible to match
the workload to the available labour, particularly
as order books run out, when the tempo of work
may also slow down.

In theprogram these factors are incorporated in a
number of factors:-

Generic Unit or Workstation

(i) Plant layout factor
(if) Environmental factor

(iii) Rework factor
(iv) Labour application factor

(v) Waiting factor

Global Shipyard Factors

(vi) Effective working day factor
(vii) Manning level factor
(viii) Shipyard loading factor

(i) Covers deviation from ideal flow-line layout

(i) Varies between workstations; obviously shipyard
location specific

Rework includes a factor to allow for cutting and
edge correction particularly at berth erection. It
depends on the ability of the yard, together with its
accuracy control procedures, to produce structural
components within acceptable tolerances. There is
a separate allowance of manhours per square metre
to allow for distortion correction which is a function
of panel area and generic unit.

Labour application factor depends on the effective-
ness of management and supervision in ensuring
that the correct labour is available at the correct
time and working properly.

(iv)



Waiting factor allows for delays where labour is
waiting for materials, services, information or due

to equi pment breakdown.

v)

The remaining three factors can be expected to apply
across the entire shipyard at any given time. They
are essentially self-explanatory, and applied as global
factors to the total manhours.

The importance of the above eight factors should not
be underestimated, since they are cumulative. For ex-
ample, if one postulates the following values for each
factor (averaged across units):

(i) 1.05 (ii) 1.10 (iii) 1.30 (iv) 1.15 (v) 1.20 (vi) 1.25
(vii) 1.15 (viii) 1.00

this gives an overall factor of 2.98. Thus three times as
many hours have to be paid for as are technically re-
quired. Furthermore, elapsed build time is likely to be
longer (though not proportionately) and direct over-
heads will be incressed.

In practice, the elenments are estimted on the bhasis of
techni ques such as activity sanpling and rework nea-
surement, plus professional judgement. In particular
areas, overall Inherent to Actual factors as low as 1.5
and as high as 6 have been found. Itis also desirable to
check the overall factors from completed units in a spe-
cific shipyard so that individual factors can be tuned on
a heuristic basis to give consisent results. The factors
do of course highlight areas where the most manage-
rial attention should be paid. Broadly speaking, poor
performance shipyards will get a better return from
controlling the above factors than installing new equip-
ment, where the latter mainly affects Standard Time
rather than Actual Time.

APPLICATIONS AND DISCUSSION

To illustrate the use and capabilities of the system a
basis ship is selected. The vessel is a 7500 tonne dead-
weight, two-deck ro-ro ship, with an inner hull in the
| ower hold. The principal dimensions are:

Length B.P. 136.0m
Breadth moulded 23.0m
Depth moulded to 16.4m

upper deck
Depth moulded to 9.0m

main deck
Design draught 6.9m
Block coefficient 0.622
Scantlings See Fig.4 for
estimated data
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The main benefit of the new system is that it enables
the designer to investigate the effects of possible changes
in structural configuration, production facility capabil-
ities and workstation paraneters. Toillustrate this ca-
pability, exanples are given in which the following are
exam ned: changes in the number of units used to con-
struct the mdship region and the effects of variation
in length of productive day.

Effect of Change in Unit Configuration

Oneof the most inportant decisions to be made when
devel opi ng a design concept is to determine the unit or
block breakdown which is compatible with the avail-
able production facilities and is capable of being pro-
duced efficiently at minimum cost. One stage in the
investigation might be a comparison of alternative unit
breakdowns on a basis of minimum cost of labour plus
material, while satisfying the maximum lifting capac-
ity at each workstation. To illustrate this approach,
three alternative unit configurations were generated,
consisting of 3, 6 and 9 units respectively, which are
shown in Fig. (10 . The joint lengths, work content and
labour cost estimates, are generated. A typical output
for a ‘C’ unit at the fabrication workstations is shown
in Fig.(11) and a summary of the figures for all three
unit configurations at the fabrication and berth erec-
tion workstations is given in Fig.(12). This data can be
examined to identify areas of high work content, e.g.
beam/girder gusset plates.

The total costs of labour plus material for each config-
uration, presented by workstation, is given in Fig. (13).
The total cost for the 3, 6, and 9 unit configurations
are £150,685 £155,471 and £156,746, respectively in-
dicating that over the midship region the 3-unit config-
uration minimises cost. Then providing the shipyard’s
handling facilities are adequate, a 3-unit arrangement
is to be preferred and can save 4% of the cost of a
9-unit configuration. A similar study by Bong (5) for
bulk carriers using Korean data gave a similar result
showing that a reduction in the number of units from
8 to 4 reduced costs by 5%.

Effects of Changing the Lengthof productive D ay

One of the most obvious factors which influences pro-
ductivity levels is the length of the period during which
work is carried out. The benefits to be gained can
be readily assessed by means of a sensitivity study
in which the appropriate value is systematically var-
ied. The original data used in these examples is shown
in Table 3. To demonstrate the effect of varying the
length of productive day the original figure of 5 hours
was changed by + 1 hour. The effects are shown in
the tables in Fig.(13). It can be seen that a one-hour
increase in the productive day produces a saving of ap-
proximately £13,000, whereas a decrease of one-hour
adds about £20,000 or 25%.

These changes refer only to different build strategies.
An even more valuable application is to look at:
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Unit No : 1 Adork Content and Material Cost Parameters

I

Unit Type I
i

I

C~UNIT (Deck + 2 Sides PPAJL | PFJL | UFJL | BEJL | No. | THKs| NETT | GROS3 i1 GD

Items 3y Panel) i (fmi | (m ! (m) | (m) [Parts! (mm)| WT.(T)| WT.(T)

Data For Deck No. 2 and Below

16.0] 29.351 30.52] NA
12.01 12.82] 13.331 NA
11,01 11.741 12.211 Na
10.01 2.3 2.461 N&
11.01 0.001 0.001 NA
10.01 0.001 0.00! NA
12.01 0.001 0.00! NA
25.01 0.581 0.601 NA
12.01] 0.171¢ 0.18] NA
9.51 5.501 5.72]1 NA

71.12] 0.00] 0.00{ 23.00! 8
4.401 184.00] 0.001] 0.001 8
0.001 345.44] 0.00] 10.201 34
0.00] 60.96] 0.00! 2.85] 3
0.00} 0.00] 20.40] 0.001 136
0.00]| 0.001 22.201 0.00| 12
0.00] 0.00} 4.80] 0.001 12
0.00} 0.00} 33.601 0.001 48
0.00} 24.00} 0.00] 0.001 32

20.32] 0.00} 0.001 17.41] 3

]

1

|

!

|

1

i

!

|

| DECK PLATE |

| DECK BEAMS 1

] DECK LONGITUDINALS !

| DECK GIRDERS |

I BM/LONG’L INTER 1

| BM/GRDR INTER (F) !

! BM/GRDR INTER (B) i

| BM/GRDR GUSSETS |

| BM/TRIP BRACKETS i

| S.SHELL PL (FLAT) i

| !

! } 10.01  2.241 2.33; Na
| !

| !

| 1

1 I

1 |

I 1

{ !

1 |

| I

| |

1 |

1
I
I

D.FRAMES (SRT) 26.40] 26.40¢ 0.00} 3.101 4 12.01 3.931 4.08f NA
S.FRAMES (SRT) 0.00} 88.20} 0.00) 1.441 12

DECK/S.SHELL INTER 6.00} 0.00] 10.16l 0.001 1 16.01 0.00] 0.00] NA
DP.F/BEAM INTER 6.00] 0.00] 4.80] 0.001 4 25.01 “0.001 0.00] NA
BEAM/S.SHELL INTER 2.001] 0.00) {.401 0.001 4 12.01 0.001 0.001 NA
DP.F/BEAM BRACKETS 0.001 0.00] 13.501 0.00] 4 25.01 1.13) 1.181 NA
S.SHELL PL (FLAT) 20.32] 0.00} 0.00] 17.411 3 9.51 5.501 5.721 NA
D.FRAMES (SRT) 26.40) 26.40} 0.00]| 3.101 4 12.01 3.931 4.08] NA
S.FRAMES (SRT) 0.00% 88.20} 0.00] 1.441 12 | 10.0] 2.241 2.33]1 NA
DECK/S.SHELL INTER 0.00} 0.00] 10.16l 0.00] 11 16.0] 0.00] 0.001 NA
DP.F/BEAM INTER 9.001] 0.00] 4.801 0.00] 4 25.01 0.00] 0.001 NA
BEAM/S.SHELL INTER 0.00] 0.00} 4.401 0.001 4 12.01 0.001 0.001 NA
DP.F/BEAM BRACKETS 0.00t 0.00! 13.601 0.00} 4 25.0% 1.13) 1.18] NA

Totals I1 168.961 843.60| 146.9%2| 79.961 | 82.62] 85.931

PPAJL = Piece Parts Assembly Joint Length
PFJL = Panel Fabrication Joint Length
UFJL = Unit Fabrication Joint Length
BEJL = Berth Erection Joint Length

FIG (11a). TABLE OF JOINT LENGTHS FOR 'C' UNIT

UNIT LABOUR COST BREAKDOWN

| SHIP | Structural | STANDARD | INHERENT | ACTUAL | FaB | W.CONT/ | W.CONT/ |

| UNIT | Items | W.CONT | W.CONT | W.CONT | LABOUR | METRE { TONNE

f No. | { Within Unit ) 1 (MHRS) | (MHRS) | (MHRS) | COST(S) | (MHRS/m) | (HHRS/T):

I

I i

! FABRICATION :

i :

1 1 DECK PLATE | 40.941 46.27 | 151.81) 835.01 2.13 i 5.17 |

I 1 DECK BEAMS | 234.701 265.21 {- 870.21] 4786.2] 4.62 | 67.88 |

i 1] DECK LONGITUDINALS | 65.401 73.91 1 242.50] 1333.81 0.70 | 20.66

] 1t DECK GIRDERS | 30.311 34.25 | 112.391 618.1] 1.84 I 47.44 |

! 11 BM/LONG’L INTER 1 26.50] 29.94 | 98.251 540.41 4.82 { 0.00 |

1 1 BM/GRDR INTER (F) | 28.81) 32.56 | 106.82] 587.51 4.81 | 0.00

1 1) BM/GRDR INTER (B} | 4.991 5.64 1 18.511 101.8]1 3.86 1 0.00

1 1 BM/GRDR GUSSETS i 41.681 47.10 | 154.561 850.1} 4.60 1267.88 |

1 1] BM/TRIP BRACKETS ] 1.53( 1.73 1 5.67| . 31.21 0.24 | 33.44 |

I 1] S.SHELL PL (FLAT) | 12.24] 13.84 | 45.40] 24971 2.23 | B8.26

! 1) D.FRAMES (SRT) ] 17.01¢ 19.22 | 63.061 346.81 1.19 } 16.06

| 1] S.FRAMES (SRT) 1 18.001 20.33 1 66.721 367.01 0.76 I 29.74 |

| 1| DECK/S.SHELL INTER | 13.92] 15.73 | 51.62] 283.91 5.08 | 0.00

I 1] DP.F/BEAM INTER I 8.261 9.34 | 30.641 168.51 6.38 | 0.00

I 1| BEAM/S.SHELL INTER | 4.741 5.36 | 17.591 96.71 4.00 I 0.00 |

! 11 DP.F/BEAM BRACKETS | 7.55] 8.53 | 27.991 154.01 2.06 | 24.68

i 1 S.SHELL PL (FLAT) | 12.241 13.84 | 45.40] 249.71 2.23 | 8.26

1 1 D.FRAMES (SRT) i 17.01) 19.22 | 63.061 346.81 1.19 | 16.06

1 1] S.FRAMES (SRT) | 18.00] 20.33 | 66.721 367.0f 0.76 I 29.74 |

1 1 DECK/S.SHELL INTER | 13.921 15.73 | 51.621 283.9] 5.08 1 o0.00 | *

| 1 DP.F/BEAM INTER I 8.261 9.34 | 30.641 168.5]1 6.38 ! 0.00

| 11 BEAM/S.SHELL INTER ] 4.74] 5.36 1 17.591 96.71 4.00 | 0.00

1 11 DP.F/BERM BRACKETS | 7.551 8.53 | 27.991 154.01 2.06 | 24.68
SUMMARY TOTAL | 638.3 | 722.3 | 2366.8 ) 13017.3) 2.04 ] 28.65 )

FIG (11b). TABLES OF WORK CONTENT AND LABOUR COSTS FOR 'C' UNIT. AT FABRICATION WORKSTATIONS
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3 - UNIT LABOUR COST BREAKDOWN

1 SHIP | GENERIC | STAXDARD | INHERENT | ACIUAL | FAB | W.CONT/ | W.CONT? |
1 it | UNIT ] W.CONT | W.CONT 1 W.CONT | LABOUR | MEIRE 1 TonwE 1t
1 Ho. | TYPE | (MHRS) 1 (MHRS) I (MHRS} 1 COST(S) | (MHRS/m} | {(MHR3/T}I
! 1
I i
i FABRICATION t
1 1
1 1]C-UNIT (Deck + 2 Sides) | 6€38.32( 21.30 | 2366.781 13017.31 2.04 1 28.65 ¢
i 2]C-UNIT (Deck + 2 Sides 2 | 960.17| 1142.60 1 3°49.161 20620.41 2.04 1 33.8¢ |
4 3IDBLE BOTTOM TOTAL UNIT | 1091.931 1295.37 | 4263.561 23449.61 2.73 1 46.39 1

GRARD TOTAL | 2850.4 i 3183.5 1§ 10379.5 i S7087.2i 2.27 i 36.38 i
| SHIP | GENRERIC 1 STANDARD ! INHERENT | ACIUAL | FA3 | W.CONT/ | W.CONT/ 1
et g wiaT § W.CONT | W.TONT i W.CONT | LABOUR § HETRE P wae G
1 H TYPE { (MHRS) | {MHRS) 1 (MHRS} 1 COST(S) ! (MHRS/®) ] {HHRS/T!}
i !
t 1
H BEFTH ERECTION !
| 1
1 1IC-UNIT (Deck + 2 Sides) | 3s.lot 89.83 | 345.281 1893.01 6.64 i 0.90 1
[} 2|C~UNIT (Deck + 2 Sides 2 ) 42.54¢ 182.54 | 701.631  3859.01 4.65 i 0.00 )
1 3{DBLE BCTTOM TOTAL UNIT | 97.721  220.12 { 846.101 4653.51 5.26 t 0.00 1

GRAND TOTAL | 267.6 1§ . | 2967.8% | 16322.51 5.24 I 0.00 1

G - UNIT LABOUR COST BREAKDOWN

t SHIP | GENERIC | STANDARD | INHERENT | ACTUAL | FAS | W.CONT/ | W.CONT/ 1

I untt | UNIT ] W.CcONT | W.CONT | W.CONT | LABOUR | METRE f TONNE |

§ No. 1 TYPE I (MHRS) 1 {MHRS) I (MHRS) | COST(S) | (MHRS/m) | (MHRS/T)|
FABRICATION

1|L.UNIT (Deck + Side) ] 333.521  350.19 § 1149.081 6319.91 1.9%4 1 27.49
2]L.UNIT (Deck + Side) ! 301.181 316.24 | 1037.661 5707.2F 1.88 I 25.42
3IL.UNIT (Deck + Side + IH | 501.051 531.11 [ 1%42.721 9584.91 1.85 I 30.67
41L.UNIT (Deck + Side + IH | 455.35) 482.67 | 1583.75) 8710.61 1.79 1 29.2¢
5IDB BILGE 2 S.GRDRS+CG 1 623.901 €98.77 | 2292.821 12510.51 2.74 1 54.94

DB BI 1 461.561 516.95 | 1696.231 9329.31 2.42 I 43.2¢

©)0B BILGE (2 S.GRDRS)

GRAND TOTAL | 2676.6 | 2895.9 1 9502.3 | $2262.51 2.11 1 34.64

| SKIP | GENERIC 1 STANDARD | INHERENT | ACTUAL | FAB f H.CONT/ ] W.CONT/ |
1 UNIT | UNIT § W.CONT | N.CONT | W.CONT | LABOUR | METRE I TOUNT ]
i No. ) TYPE I {MHRS) I {HhRS) I (MHRS) } COST(S) | {MHRS/m) | (MHRS/T)}I

BERTH ERECTION

1IL.UNIT (Deck + Side} i 45.631 105.82 1 406.71) 2236.91 5.8% | ©0.00

21L.UNIT {(Deck + Sidel I *3.77 101.28 | 389.20) 2141.21 5.86 1 0.00

31L.UNIT (Deck + Side + IH | 49.041 150.49 1 573.45) 3181.51 4.79 1 0.00

41L.UKIT (Deck + Side ¢ IH | 46.551 144.38 1} 558,971 3052.31 4.7¢ 1 0.00

S1DB BILGE 2 S.GRORS4CS | 75.47 150.46 | $16.788 335%2.31 5.21 i U.90

" 61DB BILGE (2 S.GRDRS) 1 67.621 138.21 | 531.261 2921.91 4.99 1 0.00
GRAND TOTAL | $29.2 | 1316.0 |} S058.3 § 27820.61 5.21 - 1

9" UNIT LABOUR COST BREAKDOWN

I SHIP | GENERIC | STANDARD | INHERENT | ACTUAL | FAB 1 W.CONT/ | W.CONT/ 1

I URIT | UNIT 1 w.cout 1 W.ZORT i W.CCNT ] LABOUR | METPE ! TCHNE H

I Ho. 1 TYPE ] (HHRZ} 1 (MHRS) 1 (MHRS) | C28T(S) 1 (MHRS/m) | (MHES/T)I
FABRICATION

11L.UNIT (Deck + Side)
21Panel Unit

3{L.UNIT (Deck + Side)
41L.UNIT (Deck + Side + IH
Sipanel Unzt

6IL.UNIT (Dack + Slde + IH
71DB BILGZ {1 S.GROR)
81DB BTM FLAT 2 S
s.6x

211.311 221.88 ) 728.041 4004.21 1.89
217.201 230.23 1 755.431 4154.91 2.07
211.0114 221.88 } 728.041 4004.2f 1.89
308.731 327.25 | 1073.80) $9C5.91 .65
337.281 357.52 i 1193.1% i ]
30€.73) 327.25 1 1073.801
277.301 335.53 | 1100.961
5$28.871 666.38 | 2186.571 12026.11 2.50

91DB BILGE (1 S. 277,301 233553 | 1100.961  €0S5.31 3.41
GRAND TOTAL |  2678.0 | 3022.5 | 9920.7 1 54563.61 2.22 1 .
| SHIP | GENERIC | STANDARD | INMERENT | ACTUAL | FAB | W.CONT/ | W.CSHT/
I UNIT | unir | H.CONT | W.CONT | W.CONT { LA3OUR | METRE 1 TONNE
I No. | TYPE | (MHRS) 1 (MHRS) | (MHRS) I COST(5) | (MHRS/m) 1 (MHRS/T)

BERTH ERECTION

35.321 79.35 1 304.95¢ 1677.41 6.03

40.341 78.95 i 303.81i 1665.5i 4.76

1iL.UNIT (Deck + Side)
2jPanel Unit

o.06¢

!
]
[}
1
1
)
1
0.00 |
i
1
!
1
1
[
]
1

1 1
i i i
1 3{L.UNIT (Deck + Side) ! 35,321 79.35 % 304.991 1677.41 6.03 | 0.02
1 AIL.UNIT (Deck + Side + IH | 34.631  114.95 1 441.861 2430.21 4.60 | 0.60
1 SiPanel Unit I 48.021  $3.19 | 3%8.191 1970.01 4.3 | 0.00
! €1L.UMIT (Dack + Sids + 2§ 34,250 114,66 | 438.20] 2411.21 4.5 1 0.00
1 7105 BILGE (1 S.GRDR} i 45.351  90.13 1 346.431 1905.41 516 1 0.0¢
1 £1D8 BTM FLAT 2 S.GPDRS | 79.481  176.44 1 678.281 3730.0¢ 5.32 | 0.09
1 $1DE BILGE (1 S.GRDR) 1 45.35]  90.13 |  346.431 1905.4! 5.16 1 0.0C
GRAND TOTA. |  550.3 | 1317.6 | $5064.7 1 27855.8% 5.12 | 6.0 :

FIG (12). WORK CONTENT ESTIMATES
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Global labour costs table for

3 LVSITS,

Standard work content =
Inherent work content =

Nett weirght

285.3 tonnes

2958.0 Man Hours
3935.4 Man Hours

PAID PROD BUILD YARD MAN ACTUAL LABOUR LABOUR GROSS
day day effcy loading level man rate cost mhr/t
nours hours 3 % 1 hours pds/hr pound
ORIGINAL 7.5 5.0 29.5 80.0 100.0 13347.3 5.50 73410. 46.8
CASE 1 7.5 6.0 35.4 80.0 100.0 11122.7 5.50 61175. 39.0
CASE 2 7.5 4.0 23.6 80.0 100.0 16684.1 5.50 91763. 58.5
SCRAP GROSS MATRL MATRL LABOUR  GROSS
Az of wght pds/t cost & MAT pds/t
nett tonne rate pound pound Tot L&M
ORIGINAL 4.2 287.2 260. 77275. 150685. 507.00
CILSE 1 4.2 297.2 260. 77275, 138450. 465.83
CASE 2 4.2 297.2 260. 77275. 163038. 568.74
Global labour costs table for & ua TS
Standard work content =~ 3205.8 Man Hours
Inherent work content = 4211.9 Man Hours
Nett weight - 285.3 tonnes
PAID PROD - BUILD YARD MAN ACTUAL LABOUR LABOUR GROSS
day day effcy loading 1level man rate cost mhr/t
hours hours % s 3 hours pds/hr pcund
ORIGINAL 7.5 5.6 28.5 80.0 100.0 14560.6 5.50 80083. 51.0
CASE 1 7.5 6.0 34.7 80.0 100.0 12133.8 5.50 66736. 42.5
CASE 2 7.5 4.0 23.1 86.0 100.0 18200.7 5.50 100104. 63.8
SCRAP GROSS MATRL MATRL LABOUR GROSS
$ of wght pds/t cost & MAT pds/t
nett tonne rate pound pound Tot L&M
ORIGINAL 4.2 297.2 260. 77275, 155471. 544.94
CASE 1 4.2 297.2 260. 77275. 142124, 498.16
CASE 2 4.2 297.2 260. 77275. 175492. 615.11
Global labour costs table for o vwiTs
Standard work content = 3228.7 Man Hours
Inherent work content = 4342.2 Man Hours
Nett weight = 285.3 tonnes
PAID PROD BUILD YARD MAN ACTUAL LABOUR LABOUR GROSS
day day effcy loading level man rate cost mhr/t
hours hours 1 3 3 hours pds/hr pound
ORIGINAL 7.5 5.0 29.¢0 80.0 100.0 14989.5 5.50 82442. 52.5
CASE 1 2.5 6.0 34.8 80.0 100.0 12491.2 5.50 68702. 43.8
CASE 2 7.5 4.0 23.2 80.0 100.0 18736.8 5.50 103053. 65.7
SCRAP GROSS MATRL MATRL LABOUR GROSS
% of wght pds/t cost & MAT pds/t
nett tonne rate pound pound Tot L&M
ORTGINAL 4.2 297.2 260. 77275.  156746. 549.41
CASE 1 4.2 297.2 260. 77275. 143005. 501.24
CASE 2 4.2 297.2 260. 77275, 177356. 621.65

FiG
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(13). COSTS OF ALTERNATIVE BREAKDOWNS



TABLE (3) .

Total_cost variants ren
Change labour rate (pounds/hour)
Change scrap (Percentage of G 0ss)

Change general huild efficiency (%
Change yard loading (%
Change Qobal Manning Level (%

(i) alternative structural designs
(ii) alternative vessel arrangement

Under (i) the system can be used to examine for exam
ple different stiffener spacings, or single versus double
hull's at upper decks. The latter arrangement woul d
enhance ro-ro survivability in the event of a collision.
Under (ii), alternative depths to each deck and dou-
ble bottom can be exanined. For exanple, beamto-
beam depth can be reduced by using shallower heavier
beans retaining the same clear deck height for vehicles.
The scantling and mass estimation program estimates
the changes in steelmass and centre of gravity, while
the cost estimating program conpares the costs. The
designer and builder now have potentially much nore
creative tools available.

FUTURE ENHANCEMENTS

The principles and methodol ogy on which this work is
based can be extended not only to other ship types but
to other areas of ship production, in particular appli-
cations in the outfitting area. Some outfit nanufactur-
ing process data does exist and systems are in place
which will facilitate further information to be collected
thus enabling the processes to be realistically nodelled.

This in turn will allow nore conprehensive anal yses to
be carried out. For exanple the addition of outfit to

the systemwill allow a more representative nodel of
modern shipbuilding processes to be used when consid-
ering build strategy, resource utilization and nodul ar
construction.

Extending the systemto a wider range of ship types
including warships is being considered. This would ne-
cessitate a different database to be constructed to ac-
count for the different standards associated with the
buil ding of naval vessels.

In the conputing field the applications of transputers
could bring about significant benefits. A parallel pro-
cessing environment which pernits milti-tasking has
obvious advantages at the concept stage where a num
ber of alternative proposals could be exanined siml-
taneous! y.

Change material cost (cost per tonne)
Change length of paid working day (hrs. )
Change length of productive day (hrs. )
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BASI'S DATA USED IN SENSITIVITY ANALYSIS

original value - 5.50
original value - 4,00
original value -  260.00
original value - 7.50
original value - 5.00
original value - 30.48
original value - 80.00
original value - 100.00

Some recent work by the authors [g) has demonstrated
the Artificial Intelligence can be used effectively at the
concept design stage. Sonme of the techniques described
in Ref.(9) could be used to enhance the cost estimat-
ing process, e.g. some form of automatic data feed-
back from the production departments for ships re-
cently built could be used, via an expert system to
update the database and thus continually inprove the
system performance and reliability.
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ABSTRACT

The fundanent al
Goup Technol ogy or
Technol ogy are
Japanese
originally

phi | osophi es of
Zone = Logic
acCcepted practices in
Shi pyar ds, The i deol ogi es,
conceived in the US
ironically, were considerably refined
the " Japanese Shipbuilding and
Repair Industry and since 1978, have
been reinported to the US. The
traditional systemby-system approach
to work has been replaced bﬁ a zone
oriented product ~ work reakdown
structure, Zone LQ?IC Technol ogy. This
rouping of gobs_l execut ed prpperIP/,
as the potential to significantly
enhance efficiency and productivity.

~Nuner ous documented articles
Eubllshed b% the National Shipbuilding
esear ch rogram  (NSRP) and the
Society of Naval Architects and Mrine
Engineers (SNAME) have explained in
detai | how the U'S.  tine-honored
shipbuilding methods (post WNI) are
slowy being replaced by the nore
efficient and analytical ﬁrocedures of
Zone Logic Technology. These concepts
dictate that work be planned and
executed under a priority schene:

1) Divide work into geographical zones
careful | considering "the nature of
the problens that are involved,

2) Develop a zone oriented product and

interim product work ~ breakdown
structure,
3) Properly sequence the work to be
acconpl i shed by stage and area,
4) Plan  final systens tests as
necessary.

~ To date, the application of Zone
Logi c Technol ogy in  new _ship
construction is comonplace. On the
ot her hand, its use in the ship
repair, over haul and  conversion

environment has
in scope and
in bot

_ been relatively small
: isolated in application
private and public shipyards.

ALt Rl F MLt 1 PR Tttt F\A FF_e_ . ® AL
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~ However, the application at the
Phi | adel phia Naval ShiP ard (PNSY) has
greatly overshadowed all other U S
shipyards’ efforts conbined. PNSY
started its inplementation of Zone
Logic Technology in the late fall of

1986, targeting the Service Life
Ext ensi on rograméSLEP) for the USS
KITTY HAWK (Cv-63) for its initial
application.

Thi s paper will
strategy in the
i npl enentation of
Technol ogy at PNSY.
of the val uable

di scuss the
devel opnent and

Zone Logi c
Frank disclosure
e lessons |earned and
current status will also be presented.
Equally as inportant is what the
future has in_store for Zone Logic
Technol ogy at PNSY, which will also be
descri bed.

This  paper provides a candid
presentation of the experiences in the
| mpl ement ati on of Zone Logic
Technology in a demanding repair
envi ronnent.

| NTRCDUCT! ON

PNSY is nearly half way through
the 37 nmonth USS KITTY HAWK SLEP.

After approximately 30 years of
oper ati onal service, a SLEP is
expected to add 15 years to a
carrier’'s life, Ref.l. It is this
R/anj ect that enticed Senior Shi Eya_rd

nagenent to_  consider Zone Logic
Technol ogy (ZLT).

The i npl enentation strategy
devel oped as a result of Shipyard
Managenment takin bol d innovafive
steps to acconplish the Hull Expansion
Project planning for the USS Kitty
Hawk. Though™  this roject was
eventual ly  cancel ed, the " planning
effort was so _intricately woven into
the overal| SLEP project that it gave
rise to alternate Inplementations of
ZLT at PNSY. In scope, the Zone Logic
Technology application on USS KITTY



HAWK enconpasses approximtely one- as Job Order Progress Cards), and then

third (over 400,000 mandays) of the adapt these producrs to ZLT. The
total production effort, three years systemorientated outputs were reduced
of work, and involves over half of the and re-assenbled Into Product Wrk
ship’s conpartnents. Packages in the form of Unit Wrk
. Instructions (UW). UW's nmarked the

A gane plan was devised after departure fromthe traditional systens
having had visited several shipyards approach to planning work. This new
worl dw de  (Japan, US, Canada and nethod took various types of work in
Europe) to investigate any prospective discrece areas and treated it as a
Rroductlwty enhancenents that woul d work package in direct support of
el p PNSY neet the inmmediate short products and interim_ products as
termrequirement of the Hull Expansion di scussed in Ref. 2. This is a ver%/
Project. important aspect of ZLT and worthy o

. reenphasis here.
The ultimte goal was to Inprove

our overall productivity to neet the AUN is the conpilation of all
Navy’'s operational fleet repair and production work by phase of a
conversion requirements. As a particular discipline/trade intended
consequence, PNSY entered into a In a specific location/subzone.  This
contract with | shi kawaj i ma- Har i ma ackage included all support services.
Heavy |ndustries (IH) co., Ltd. , urther, a UN could be a grouping of
Japan, in January of 1987 to assist work for a unit/systemfarea which are
the shipyard in inplementing Zone i nherent or unique to that item The
Logi ¢ Technol ogy. Just twelve nonths UN‘'s were then provided to the
prior to the start of the SLEP project Production Department. The Data Based
with the planning processes Wwell Managenent System designed to support
underway, the decision was made to the technical publishing process used
i npl ement  ZLT. In the developnent of Unit work
_ Instructions is discussed in Ref. 2.
. I'n vi ew of this,  the The flow chart, represented here in
i npl enentation procedure necessitated Fig. 1, outlines the process from
the use of several products fromthe source documentation to final product.

traditional planning processes (such

— DATA BASE MANAGEMENT SYSTEM —
UGT DATA AS REQUIRED, DRAWINGS, 2ROCESS INSTRUCTIONS, NAVSHIPS TECH MANUALS

Srmrmn Y™ - Ameene ey k¢ prs. TramI® mANICa

SCHEDULE, JML’S, SO ORDERS. SENERATED TZXT AND DRAWINGS, UWI'S PORMAT,
COMILETED UWL mxom.r TOOL LISTS SORTED DATA, OTHER.

Uwl
CREATED BY

]
gl
JOB OXDERS MERGEWITH |
FROCESS INSTR TECHPUBS ! '
_ DRAWINGS 1 } s
—FTC GENERATED OR | 08 l
~ ALSO BE ABLZ TO ' s_c.\zg:«? { oxDIRS
DO THIS FROM ANY T
O COMPUTER DRAWINGS SCANNED
On pa SN T AS aEcpssary | =T
NETWORK TRODUCE 3ARD |
yuw |
lANprez |
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The Production Department was re-
organized to accomplish all zone work
with a separate Zone Technology
Production Group (see Fig. 2). This
group drew its cadre from the existing
Production Groups (i.e., structural,
machinery, electrical, piping and
service) to assemble nine Product
Trades. These Product Trades were
then organized into four Production
Shops to perform the work.

©/200 €7300
PLANNING ¥RODUCTION
DEPARTMENT] DEPARTMENT]
1 ]
| |
2 | CI940 !
c/3201
ZONE TECHNOLOGY
%l?g’!g!%“la& PRODUCTION GROUP
L MGMT
ANALYST
|_DESIGN I
;E; I ‘ C1540.3
{ REP zmmsmrl u?fgmr S8
S 5 GROUY N
[—cmL LANNIN
| _rpop | T
g%wawu
-3
wh [l B B [
! ! ! i coMFUTER
PROD PROD PROD PROD CIALISTS
TRAD TRADE TRADE| TRADE! SUPPLY
|Ln GF GE GF ASSIST.

1

oD PROD PROD PROD
Iabe| |TmADE| |TmADE| |TRADE
F F F E

Fig. 2. ZONE LOGIC PROJECT TEAM

1} Detail the 1lessons learned during
the USS KITTY HAWK SLEP, provide the
current status, and outline the mid
course co:rections applied,

2) Describe the strategy intended for
the continuation of ZLT applications

at PNSY.
CURRENT STATUS OF ZONE LOGIC
TECHNOLOGY IMPLEMENTATION

The broad scope of ZLT
implementation at PNSY may best be

broken down into three
point:

phases at this

1) Initial planning and the first year
of execution in the USS KITTY HAWK

cexcCULLOI Li21 A/

SLEP, (Fall of 1986 -~ January 1989),

2) The planning phase for the USS
CONSTELLATION SLEP and the final two
years of execution of USS KITTY HAWK
SLEP, (February 1989 - February 1881),

3) The execution of the uss

CONSTELLATION SLEP in conjunction with
other complex overhauls and other
availabilities, (June 1980 - Future).
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With the majority of planning
complete, the USS KITTY HAWK was
drydocked on November 25, 1987, though
January 28, 1988, officially marked
the start of her SLEP. Of the
projected 1.2 million manaays to be
completed during SLEP, the current

physical progress is calculated to be
17%. Of the approximately 400,000
mandays to be ‘accomplished by ZLT,
over 230,000 have been completed (data
date of 2 June 1989). Over the first
8 - 10 months of the project, a cost
savings of approximately 1.8 million
dollars was realized in the tank
package alone. Although these
preliminary results were encouraging,
other developments within the shipyard
in relation to ZLT were significantly
impacting the overall potential for
success. One alarming affect was the
increasingly disharmonious working
relationship developing between the
Zone Technology Production Group and
the Non-Zone Production Groups. The
net being a "Two Shipyard
Syndrome™ In conjunction with this
was the growing  appearance that
anticipated productivity enhancements
were not being realized.
Consequently, in December 1988, the

ZLT organization was changed to that

reflected in Fig. 3. This action
essentially dissolved the Zone
Technology Group (Code 940) and
reassigned the four shops (42, 44, 46
and 47) to the Structural Group
Superintendent (Code 920).
C/200 C/300
PLANNING PRODUCTION,
OFFICER OFFICER
C/225 C/3201 C/920
CHIEF ZONE STRU
PLANNER TECH SROUE
and ONE TECHNOLOGY
ESTIMATOR gi%’gg‘f GROUP
| T
2
C/229 == SHOP
OUTFIT ZONE SUPT ZONE SUPT — 1l
PLANNING 1&5 SUPT
GROUP K
PAEREFS | SHOP
GraF o sno» 42| ['suop 4] [sHoz1s] ['swor 43 | 117m
SHOP l II an lea) S
PLANNERS
e rxon pzon rnon ¥rOD | L_| sg‘? P
SUPPLY TRADE TRADE| TRADE TRADE erimm
ASSISTANT SFiFE LGF/F | LLGE/E § GF/F oUIr:

Fig. 3. CURRENT ZONE TECHNOLOGY ORGANIZATION

Further, the Outfit Planning
Group (Code 940.3) was re-assigned as
Code 229 to the Planning and
Estimating Division, although
remaining in the same location and
performing the same function. The

Zone Technology Project Office was not
affected.



The Basis For Using A Group Approach

To Froblem Solving (GAPS)
The existence of a problem
between 2zone and non-zone oriented

employees became particularly apparent
late in 1988. The Shipyard Commander
took the first step by dissolving the
Code 940 group. Then, recognizing the
need to clearly identify the hurdles
preventing PNSY's ZLT efforts f{rom
succeeding as planned and define
positive action to eliminate them, he
directed that a GAPS team be
assembled. The team consisted of
select personnel associated with the
planning and implementation of ZLT.

The team was comprised of the
following individuals:
POSITION CODE
o Group Superintendent 970
(Team Leader)
o0 Production Superintendent 917
{Deputy Team Leader)
o Chief Planner and Estimator 225
o Assistant Repair Officer 331
o ZT Project Director 3201
o Zone Manager 944
o Zone Munager 942
o Supervisory Planner 870.03
(Recorder)
o Head, Employee Division 130
(Facilitator)

GAPS is a unique problem
identification and resolving, and
process improvement study.

3 UNIT MORK INSTAUCTION I1SBUES
1) DO YOU LIKE THE UNIT HORK INSTRUCTIONS? is
ne
A) IF YOU DISLIKED THE UMIT WORK INSTRUCTIONS 123

D10 YOU EVER INDICATE SC ON TNE FEEDSACK SMEET? no

) IFf YOU OISLIKED THE LMIT VORK INSTRUCTIONS, TO

CO WORKER
FOREMAN

GEMERAL FORENAN
20ME SUPT

CRCP SUPT
CUTFIT PLAMNING

©) WHAT DIDN’T YOU LIKE ABCUT THE UWIT

CLARITY OF DRAWING

JOB DESCRIPTION

JOB REPERZNCES

INSUFFICIENT ALLOCATED FUMOS

THE FACT THAT LT WAS ONLY A PLACE OF
TXE TOTAL SYSTEN PICTURE

HOM YOU CMARGE PRODUCT TRADE/ASSIST
TRADE SAD MATERIAL L1ST

11 MISCHARGING/COST SCHEDULE AMD CONTRCL (C/8CS)
1) DO YOU KNOW WXO 1S RESPONSISLE TO CMARGE/TRACK
ASSIST MANHCURS ON A WAMI?

23 PLEASE PUT A CNECX KEXT 7D WHO YOU BELIEVE 18
RESPONSIELE TO ENSURE ACCURATE CNARGIS FOR THE
ASSIST UORK ON THE UME

ZOKE MANACER

PRODUCT TRADE FOREMAN
PROOUCT TRADE GENERAL FORERAN
LEAD NECHANIC

L1

33 HOW WMANY HOURS GF COST SCHEDULE ANO CONTROL (C/8CS)
TRAIKING NAVE TOU HAD?

M
WHOSE ATTINTION DID YOU BRING YOUR OBJECTIONS? wo

s ___
RO

OTNER

For obvious reasons, it is initiated
by managers. Thougn 1its approach is
tailored to suit the intended purpose,
it is also staged in way of
problem/process discussion, brain-
storming, cause and effect diagramming
(tfishboning), parieto diagramming, the
gathering of information and/or data
and the effective compilation of same
for accurate analysis of the findings.
Further, it addresses the
implementation of positive corrective
action and finally as a follow-~up
measure, the provision of a plan to
monitor the improvements instituted.
A GAPS team 1is expected to maintain
the initiating authority attuned to
their activities by way of regular
project team meeting reports. The
culminating activity of this GAPS team
was a formal presentation of findings
to the Shipyard Commander and members
of his executive staff.

Over a
group met and
interviews and

period of four months the
conducted a series of
surveys to investigate

the implementation of ZLT. Initially,
there were personal interviews
conducted by the Team Leader and
Deputy Team Leader. These were

followed by other interviews with the

entire GAPS Team with such personnel
as ZLT Production Superintendents,
Ship Superintendents, and

representatives from Material Receipt
and Inspection, Combat Systems, Hull,
Mechanical and Electrical testing and
the Supply Department.

43 TO WMAT DECREE DC YOU FEEL TNAT NISTHARGING 1S
OCCURMRING IN ZONR TECH WORKY
NONE
MINCR
RAJOR
CUT OF CORTROL

5) IF YOU FEEL THAT NISCHARGING 18 OCTURRING,
WHAT DO YOU ATTRISUTE TNIS TO7
CONPUSED AS TO WHAT JOB TG CXARGE
BID NOT NAVE ANOTHER JOB/LMI TO
CMARGE TO OTHER (BPECIFY)

113 SCKIDULE ISSUES
19 TO SMAT DO YCU ATTRIBUTE TEX MAJOR REASOR
FOR NOT KEEPING Od SCHIDULE? PRIORITIZR
FROM 1 TO 8
WORKSITE AVAILABILITY
LACX OF KATERIAL
LACK OF MANNING
POOR STHEDULE
POOR QUALITY WAL
CUALITY OF MECHANICS
TECHNICAL ISSUES
POOR SUPERVISOR DIRECTION
OTHER (SPFECIFY)

IV MATERIAL ISSUES
1) TO WNAT DEGREE DO YOU FEEL THAT LACXK OF
NATERIAL 1B CAUSING A PROCUCTION HOLDUR?
nowe
MINOR
RAJOR
UT OF CONTROL

V GENERAL COMNEHTS
1) PLEASE PROVIDE ANY DENERAL COMMEXTS, BOTH OOCD
AND BAD, THAT AFFECT YOUR PRCOUCTIVE EFFORTS
UNDER ZOME TECK, FEEL PREE TO USE THL BACK OF
THIS QUESTIONNAIRE

Fig. 4. GAPS TEAM QUESTIONNAIRE
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COMMUNTCATIONS

Lack of senior management input
tack of ongoing comnunications
Limited senior management support
Lack of outside support

CONTRIBUTION TO PROBLEM SITUATION

METHODS

Too big a work package
Schedu 1nf process-4 months

Full workload forecast not
avallable

Too Tigid implementation

II IMPORTANT TO CORRECT AT THIS STAGE

COMMULNICATIONS

Lach of senior management input
Lack of ongoing communications
s5enior management input

Limite

Lack nf outs:ide support
Failure to tollow game plan

METHODS

Improper. sequencing of work

Fu i Borklogd forecast not
available

Scheéullns process~4 months

Laclt of accurate monitoring
systenm

Fallure tou follow game plan

1I1 PUSSIBILITY 70 CORREC? ]A SHORT ORDER

LOMMUNICAFLIONS

jech of senior aanagement input
Limited senyor management input
Lach of outside support

Lach of ongoin
Fairlure to

l?o

copmunications
w gamc¢ plan

METHODS

Full workload forecast not
avajlable
Scheduling process-4 months
Errors in ways and means of
Tohnrgxng 1mplementation
00 I1g1
De\xntgonb f?om esteblighed
work plan

THE MAIJOR CONTRIBUTOR TO THE PROBLEM SITUATION

MANPOWER

Wrong gez:onnel agsignments

Lack of prior practical
experience

undigtributed mandajs

Lack of training for first
line supervaisgors

oW,

Wrong gersonnel assignments
Lack of training for first
lJine supervisors

Undastributed nandazs

Lack of prior practical
experience

MANPOWER

wrong personnel assignments

Undistributed mandays

Lack of training tor first
line supervisors

UNANIMOUS CONCLUSION DRAWN: FAILURE TO PROVIDE FOR SENIOR MANAGEMENT INPUT.
GAPS TEAM FINDING

Fig. 5.

Formal surveys were also
conducted by the GAPS Team. The
survey questionnaire (Fig. 4), was

distributed to all First and Second
Line Supervisors in the ZLT Production
Group. The table in Fig. 5 summarizes
the findings of the GAPS Team with the

single 1largest contributor being the
"failure to provide for senior
management input”.

In addition, a survey was

conducted by the Outfit Planning Group

(OPG) . Responses were retrieved via
feedback sheets that accompanied each
UWI, of the UWI’s issued and
completed, a random sample of 924

which represented approximately 20% of
those held on file at that time, were
assessed for this study. The results
are presented in Fig. 6. Column A
shows the number assessed. The
Planners who wrote the UWI’s found 13

1000

800 |—

800

700 —

600 f—

500 [

400 +—f

300

200 e

100 —

0 3 ; H
A B c D E
Fig. 6. COMPLETED UWI AUDIT

(1.4%) with poor
and 11 (1.2%)

graphiecs (column B)
with poor quality
drawings (column C). Production
personnel found 30 (3.2%)with poor
graphics (column D) and they
considered the written work
instructions of 44 (4.8%) too vague
(column E).

Since the effort to produce the
UWI's was such a large part of the ZLT
implementation procedure, a great deal
of attention was focused on their
acceptance and quality. Shown
graphically, the UWI product was very
good. However, much effort has been
expended to attend to the recognized
deficiencies.

Lessons Learned

Prior to
learned, it

addressing the lessons
is important to pause and

review the more salient points to
appreciate the gravity of the
monumental task faced by PNSY. The
decision to implement ZLT on the USS

KITTY HAWK SLEP was made just twelve
months prior to a 1.2 million manday
availability. Of° this, 400,000 MD’s
were allocated for ZLT. In addition

to the tremendous administrative task
posed by +this decision, much of the
traditional planning processes were
complete or not economically feasible
to alter. The majority of the shipalt
drawings were complete as was much of
the scoping of authorized work.
Conseqguently, the fundamental concepts
of ZLT could not be strictly adhered
to. Rather, many compromises had to
be negotiated several of which were
not necessarily in the best interest
of ZLT. The application of the
concept on the USS KITTY HAWK proved
to be a valuable learning environment.




reflects a summary of

The foll owi ng
Lessons | earned:

the nore inportant

1) The Zone Technology Wrk Package
was not initially networked into the
overal | ships scheduled network. As a
result, Shipyard Managenment governing
the availability had to refer to tw
sources of information to_review the

project’s disposition. This neant
admnistratively managing the project
via two distinct parameters which was

awkward at best, caused nuch confusion
and was an additional burden. Ergo,
it should be networked as soon as
possi bl e,

2) The ZLT work package was set up to
work in four nonth windows. Only the
work schedul ed for that four nonth

period was issued.  Though this was
not a popular decision and certainly
not i deal , it was a necessary
conpronise.  Four nmonth schedul es were
used because there si nPIy was not
enough work available for issue to
JtUSt_Ify an¥t hing  lengthier. In
raditional ftashion, the Planners and
Estimators wote job orders by phase

and authorized work as the information.
was made available wthout requisite
consideration given to all of the work
to be acconplished in a zone/area. No
gui dance was provided them regardin

the Frioritizatlon_ of this work. |

shoul d be appreciated that an%/ one
area could (and often did) ave a
nunber of Planners issuing work in it
for a variety of different jobs which
they progressed independently and in
no el i neat ed pI‘IQI‘ItF}/. _ a
consequence, the Qutfit Planning G oup
found it extremeIP/ difficult if not
altogether inpossible to ascertain if

absolutely all work in a particular
zone, internediate or subzone had been
issued fromP&. There always existed
an element of doubt . IdeaII% of
work woul d have been

cour se, al |

issued  at the start of the
avail ability. |f that were the case,
there woul have been no doubt about
adhering to the fundamental concepts
of ZLT. ~But such was not the case and

a schedule had to be provided to
Product i on. Four nonth schedul es
(originally three mnth )  were
considered” a reasonabl e conproni se,

3) The unions representing the various
trades and codes nust be actively
involved anti thoroughly supportive
from the outset. is is inportant
considering the Product Trade
concept,

4) The cul tural

novel

i ssues involving the
peopl e and personnel surrounding this
effort were/are/wll continue to be by
far the nost inportant concern of all.
They nust be dealt with fromthe
outset to the maxi mum extent possible.
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that the
uni que

. it should be obvious
items noted above are not_all
to the inplementation of ZLT

FUTURE APPLI CATI ONS OF ZONE TECHNOLOGY

. Despite the

di scussed,  senior
remain committed to the continuation
of ZLT. A reflection of this
commtment is exhibited in the
decision to undertake the entire USS
CONSTELLATI ON SLEP via ZLT. Maj or
efforts are currently underway to
anal yze and a%lﬁ' the ‘lessons |earned

concerns previously
PNSY Managemnent

from the USS Y HAWK t hroughout Ugg
pr e- pl anni ngN phases of the

CONSTELLATION. A neticul ous review of
the processes required is ongoing and
wi |l resul t in their t hor ough

clarification. = These processes are
being utilized in the planning for the

Docki ng_ _ Sel ect ed Restricted
Avai | a Illt[%) (DSRAJ of the  USS
SPRUANCE, 963, as well. It is the
intent of Senior Managenent to test
out these processes on the USS
SPRUANCE as a precursor to the

execution of USS CONSTELLATI ON SLEP.
AlthouRE:Et he manday Packa e on the USS
SPRUA is smll, (gapprom mat el y
11,000) exercisin ZLT concepts on
this project should prove invaluable
in validating the entire PNSY process.

Integrated Strateiges

The  work of the Plannin
Department is thorough  advance
pl anning in ﬁ_r eparation for the
customer, in this case Production.

Chronologically then, this neans that
the zones and internediate zones mnust
be clearly defined and this

information distributed as ear]gln
the planning process as possi Ite
0

Secondl ?/ et is necessar

accurately determne the scope of the
work to be acconplished in each zone.
Gven this and the first cut (initial
Eroposal) of the Production Schedul e,
he  zones can _ he effectively
rioritized. Thi's first cut
roduction Schedule  considers the
area, work to be acconplished init,

identifies the nost logical time frane

(phase/ sequence) to do it in (on a
|'obal sense) and how it is-proposed
hat this 'be done. This is an

to be regularly

Not to bel abor
a work environment
concurrent activity

iterative process
reviewed and updat ed.
the obvious but in
of this magnitude,
i's expected.

. This prioritization of zones and
intermediate zones is then provided to

the Supply, Design and Planning and
Estimating Divisions for the “sole
purpose of positive and consistent

what aspects

?ui dance with respect to

0 pursue first. As an exanple, If



Supply had 10,000 Job Material Lists
to process, the guidance would provide
the approach to acquisition priorities
driven by need dates to neet the
Production Schedule. ~ The sane coul d
be said of drawi ngs from Design and of
job orders fromP&E. Herein marks one
of the nost significant departures
fromtraditional shipyard managenent,
that is “Integrated Planning for
Production”!

_ In an attenpt to address the
issues _identified above, a nulti-
tiered Zone Technol ogy Steering G oup
was founded. The tiers are:

1) Senior Executive Zone Logic
Technol ogy Steering G oup,

2) Zone Logic Technol ogy Steering
Conmi t t ee,
3) Zone Logic Technol ogy Steering

Subcommi t t ees.
The Senior Executive ZLT Steerin

G oup, chaired by the  Shipyar
Commander, consists™ of the follow ng
i ndi vi dual s;

Planning O ficer

Production Oficer

Chi ef Design Engi neer .

Al'l Production Goup Superintendents
Chief Planner and Estimator

Chief Conbat Systens Engineer

Supply O ficer

Conptrol |l er

SLEP Project Oficer ,

Zone Technol ogy Project Oficer

©o ©o o o o © o © o ©

_ This committee neets hi-weekly to
di scuss all aspects  of ZLT
i mpl ementation and planning. It is
meant to rmonitor and discuss _the
overal| progress in inplenmenting ZLT,
furnish a vehicle for inportant
deci sions when warranted, and provide
ui dlance and direction to the other
evels.

~ The ZLT Steering Committee is
chaired by the Zone Technol ogy Project
Officer. "It consists of division head
| evel managers from various shops and
codes across the shipyard managenent
team Its charter is to Inplenent the
second phase of ZLT. t assigns,
oversees, and approves of the various
subcommittees’ activities involved in
delineating the details of all aspects
of ZLT inplementation. This commttee
serves as the min conduit of
i nformation, admini strative and
strategi c devel opments with respect to
all issues involving ZLT.

_ ZLT Steering Subconmittees are
chaired by designated  steerin
conm ttee menbers and consist  of bot
menbers of the steering conmittee as
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fromvarious
shipyard as
currently three

weil as representatives
trades and codes in the
required. There are
subcommi tt ees:

1) integrated Strategy and Scheduling,
2) Material Support,
3) Training.

The flow chart (Fig. 7) reflects
the conpletion of the first task of
the Integrated Strat egx_ and Schedul i ng
(1'SS) Subconmittee. hough initially
generated for the CV SLEP Program the
availability strategy chart ~has been
nmodified Hhere significantly for the
USS SPRUANCE. It shows the varied and
conplex interrelationships that exist
in planning an availability. This ma
be considered as the sinplified node
of the SLEP version, which by virtue
of sheer volune and conplexity, would
represent the nost detailed of all
availabilities.

The follow on task
the 1SS Subconmittee is
define the i
a Master

assigned to
. to cl earl?/
| ementation processes o
_ Schedule (center, Fig.7).
The issue of a Master Schedul e has
been an integral part of the ship
repair and conversion environment for
some time. It is perhaps the singular
nost inportant aspect of an integrated
repair/conversion strategy through the
i mpl ementation of ZLT. As defined

here, the Mster Schedule draws the
following schedules together in one
data base.

° Drawi ng,

° Material Procurenment Sequence,

° Test Devel opnent,

° Production,

° Tiger Team

It should Dbe enphasized that
Master Schedule as used here is the
cul m nation of mani/] cycles in an
iterative process eginning at the
Proposed lanning and  Production
Strategy. (center, left Fig. 7).

The  Material Subcommittee is
responsible  for delineating the
Material Managenent System to support
ZLT and specifically, the "kitting"

effort planned for ~USS CONSTELLATI

SLEP.  Zone Technol o% has as one of
its attributes, e  fundanental
requirement. that a particular package
of  work be acconplished duri r]c};_a
precise period of time, by a specific
trade or product trade. Having this
requirement,it is even nore critical
that an effective material managenent
systembe in place “and fully capable
of supporting the work packages and

schedule by providing all of the
required mterial. The Material
Subcommittee has reviewed the conplete
material support cycle from definition
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of a requirenent to the turnover of
that material to Production. A kit
may be appreciated to be all of the
material required w acconplish that
unit of work when the schedule calls
for it.

The  Training Subconmittee is

tasked with developing a training plan

as well as training nodules. These
nodules will be tailored to address
depart nent al concerns and at a
mnimum wll answer the followng
questi ons.

a) What exactly is it that we are

trying to do?

b) Wiy are we trying to do it? Wy
change?

c) I's this expected to be a
tenporary or permanent change?

d) What part does each enpl oyee have
to play?

e) What part does the Union/Mlitary

have to play?

f) Wy is it so inportant?

q) VWhat |essons have we |earned from
the USS KITTY HAVK?

h) Wiere does ZLT fit into
Phi | adel phia Quality Process?.

i) What  sort of education needs do
we have?

i) Wo needs to be educated and who
wll do it?

k) How and when will we educate
everyone?

1) V%gt tine frame are we adhering
to?

1
Fig. 7. USS SPRUANCE (DD-863) DSRA STRATEGY
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The issue of a Master Schedule
was previously discussed. The natural
offspring to it is the devel opment of

a short term Detailed Production
Schedul e. This schedule wll be a
product of the Production Scheduling
Branch in | eague with the Qutfit
Pl anning G oup. Owni ng the breakdown
and identification of work by area

done by the Design and P&E Divisions,
the Overall Event Level Schedule nust
be devel oped by zone. This can be
acconplished via the Event Managenent
System currently in place within the
shipyard. The scheduled event (or ‘“C
event) will strictly correspond to a
particul ar intermediate zone. In
support of having a particular unit of
work acconplished by a specific group
of people during a precise period of
time, the “C’ event will have many key
operations (keyops) assigned to it.
Appropriately then, all keyops wll be
packaged and entered into the short
term Detailed Production Schedule. As

a “C event may span a full four nonth
tine frame, the Detailed Production
Schedule will be a reasonably flexible
tool to meet shorter periodicities.

Utimately, as ZLT concepts
becone firmy established practices of

the planning process, all work will be
issued in accor dance Wi th t he
availability strategy previously
outlined.



This woul d support the devel opnent of
det ai | ed and  accurate weekly
schedul es.  The obvious consequence of
this Wuld be better schedul e
adherence, positive project managenent
and equally as inportant, nor e
desirable control of their work on
behal f of the waterfront personnel.

Zone Technology In Design

Due to the time frane to
i npl ement ZLT on the USS KITTY HAWK,
the Design Division Integrated Draw ng
Devel opnent effort was limted to twd
spaces; specifically, air conditioning
machinery room nunber three and four
and punp room nunber five.

The Design Teamis fittingly
called “Design for Production”. Their
mandate was fo generate an integrated
Desi gn Work Package for each space,
where practical, ei ther by actual
onboard shipchecks or by the use of
Conputer Aided Design (CAD) equiprent.
However, the actual nethod remins
viable and is as outlined bel ow

[

Shi pcheck the conpartnents for
systens t hat remin after
shipalts are acconplished,
Shipcheck for greater detail to
support pre-fabrication accuracy,
e Devel op conposite draw ngs
integrating new shipalt draw ngs
with existing configurations,
Perform interference checks,

° Revi ew conposite draw ngs for
quality producibility for the
purpose of pre-fabrication, pre-
outfitting, providing detailed
assenbl i es and confornmance to
stardardi zations.

CAD is a very dynanic nethod of
acconFI ishing the same task. “An
exanpl e of a piping composite drawing

for Punp Room nunber 5 as
CAD is shown in Fig. 8.

enerated by
his draw ng

is then supported by the requisite
number of detailed draw ngs required
for the actual system fabrication and
assenbl y. On this particular work
package alone, twenty Interference
Control Menorandums  Were sent to
various Design  Codes hl'l%hl i ghting
interference problens. i's nunber
does not include the nunber of
informal corrections . initiated while

working with

the prelinminary draw ngs.

The benefits of CAD are;

0

A detailed and accurate document
to acconplish installation

easi er/safer). . .

dvanced ~ production  techniques
elimnating interferences to a
fine point of detail, .

provide consistent base |ine nodel
supporting multiple Design
Engi neers to  use and thus
elimnating repetitive efforts,
automated Interference control
elimnates guesswork and constant
conmuni cation between Design
Engi neers,
incorporates the _
integrated installation
configuration of all items within
the space and suppports ease of

mai ntai nabi lity,
accommodat es
with CAM for
preoutfitting
accuracy of same, .
accurate conputer nodel available
for future availability advance
planning efforts.

most | ogi cal

conputer interface
prefabrication and
capabilities and




For the USS CONSTELLATION SLEP

for e t han twenty-five conpl ex

conpartnents will have an Integrated

Design  Work  Package. These my

involve many of the extensive and

conpl ex ship alterations  which

i ncl ude:

e \Weapons Magazi nes,

° Catapul t Accurul at or Spaces,

° Rotary Retract Machinery Spaces,

° Conbat Information Center,

° Two Air Conditioning Machinery
Spaces, ) )

° | three Arresting Cear Engine
Spaces,

° SM5 Control Space, )

° Two Radar Roons and associated
Punp Roons,

° Al five Punp Roons.

Additionally, all drawings for
the USS CONSTELLATION SLEP are being
devel oped by internediate zone. As
di scussed in Ref.2, the entire ship
is broken down by area/zone whereby
these zones reflect the products and
interim products required to conplete
the availability. These zones are
then  further broken down into
internediate zones and then again to
sub-zones.  The generic zone breakdown
for the USS TELLATION in Fig. 9
shows the intended Zone Manager
responsibilities of Production,
and P& . An  exanpl e of
internediate zone in zone 9 would be
both forward catapults and a sub-zone

Desi gn

mght be # catapult. In addition, a
potenti al cohesi ve advant age of
gr.outpl ng work by product and zone/area
exi sts.

C/230 Cs240 C7300
CI970 ZONE 0 : SERVICES DOCX WORK AND MISCELLANEQOUS

CI920 ZONE 1 : ALL TANK WORK, ( CLEANING, PAINTING,
STRUCTURAL PIPING. TESTING ) TANK TOPS

AND HULL STRUCTURAL

ALL WORK ASSOCIATED WITH SHAFT

ALLEYWAYS INCLUDES MAIN MACHINERY

SPACES EXCEPT FOR TANK TOP STRUCTURAL

REPAIRS

ALL WORK ASSOCIATED WITH AUXILIARY

MACHINERY SPACES ( EXCEPT TANK TOP

REPAIRS )

C€/930 ZONE 2:
& 960

C/960 ZONE 3:

C/950 ZONE 4 : ALL MAGAZINE WORK EXCEPT TANK TOP
REPAIRS

C/930 ZONE 5 : ALL PUMP ROOM WORK, EMERGENCY
GENERATION, AC SPACES, RUDDER WORK

C/920 ZONE 6 : SPACES FROM 3rd DECK TO MAIN DECK

Ci/930 ZONE 7 : HANGAR BAY

C/950 ZONE 8 : MAIN DECX TO FLIGHT DECK PLUS ISLAND

C/930 ZONE 9 : FLIGHT DECK
& 960

Fig. 9. GENERAL CV-64 ZONE BREAKDOWN

Zone logic Technology In Planning

. As a natural succession to the
internmedi ate zone drawing devel opnment,
the P&E Division is producing all

initial job scoping information by
intermedi ate zone  or sub-zone as
appl i cabl e. Oning to the sheer size
of an aircraft carrier, _sone areas
present unique problems. For exanple,
consider one of four main nachinery
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spaces as an_internmediate zone (Fig.
9, zone  2). The  volume  of
concentrated effort to be acconplished
within a main machinery space during a

SLEP is absolutely imense, and since
there are no geographic boundaries to
speak of in the space, it is not at
all  practical to further divide it
into subzones. After all, the work is
very nearly in every case entirely

contained within that
Anot her exanple but not as conplex is
the  hull bl asting and  painting
sequence, It is treated as an
internmediate zone of itself and is not
divided into subzones. On the ot her
hand, consider the catapults (four in
nunber) which do spread out anmongst a

geographic area.

wide vari etY of conpartments  and
?eographl c _locations. in this case,
he™ subdi vi sion into subzones is

inperative to the success of the work

packagi ng and execution.

This is a significant departure from
what was done on the USS KITTY HAVK
SLEP in the sense that Unit Wrk
Instructions were devel oped from the
traditionally witten system job
orders. Now that scoped work data is
avail able by area, the information can
be col | ated (via automated data

processing) by phase and area to be
packaged for Producti on. _ These
packages in many cases Wl be

supported by the integrated D_esign
Wrk Packages as previously described.
Because of not being able to collect
detailed work area information on USS
KITTY HAWK, the UW had to be
devel oped. It required an enornous
duplication of efforts to the degree
outlined in Ref. 2. Efforts are now
\ that wll enable the Qutfit
Planning Goup to package work as
before ~without having to actually
duplicate the traditional job orders.
This should result in significant cost
savi nP i nprovenments in “the processes
used for the USS KITTY HAWK.

it is the Production
Schedule that drives the integrated
efforts of the Planners, Schedulers,
Material Suppliers and Qutfit Planni ng
G oup. After receiving the detaile
job order fromthe P& codes and
ascertaining the scheduled start date
of the work, the Qutfit Planning G oup
to liaise with the

under way

Real ize that it

will be required _ _
Material Suppliers to determine if all
of the required material is available
and properldy.kltted. If so, they then
;F))repare_ and issue the work package to
roduct i on.

. The OPG may be considered as the
final check point of all planning
efforts. Though the case described
above is ideal, there my  be
exceptions to it. For exanpl e,

perhaps there may be an itemor two of



the material that is not yet ° Al Keyops that support the event

avai lable; it may or my not have an work package, _
expected delivery date and it may or ° Al technical references (pians,
may not be a problem that the Shipyard draw ngs, cesc  procedure: ana
can control; there may be a plan or a standards,  etc. ) required to
shipalt drawing that is not yec acconplish the work instructions,
avail abl e. In~ these cases, the OPG ° Job material list at the Keyop
will assess the whole of the work | evel, _ o _
package and make a conscientious ° Work conpletion verification card,
decision with respect to whether it is ° Cust oner feedback sheet.
or is not  issued without this _
I%artlcul_ar aspect of the package. The Zone Technology In Production
roducti on Schedul e woul d be affected _ _
and administrative action would have The Work is then in the hands of
to be initiated to deal with the Production. It is inperative that
problem  They may decide not to issue they execute the plans explicitly in
the package "which would also have strict adherence to the schedule.
direct ramfications on the Production Common sense nust  still revail and
Schedul e. Therefore, they nust take constructive feedback must be strongly
positive steps to fill the void with encouraged if not altogether demanded
practical alternatives. to contl_nuall%/ strive to inprove upon
_ _ o the quality of the process.
The intent is to naximze the
nost efficient flow of work to The lessons |earned from the USS
acconmodate the established Production KITTY HAWK  SLEP  precipitated the
Schedule. The corollary being, changes in the Production Department
mnimze inconplete work packaging. organi zation as detailed previously.
However, this piece of information As  expected, the results of the
(the OPG not able to prepare/issue a surveys conduct ed through  GAPS
wor k package for whatever reason) is indicated the unani nous aEprovaI ~of
particularly inportant as it provides the Product Trade concept. Irst Line
a valuable “inpact analysis. That is, Supervisors found this extremalfv_ _
the inpact on the Production Schedule beneficial in developing an efficient
caused by unavailable naterial; the work flow. To enhance this process
i npact (or snowbal |l effect) of any one during  future availabilities yet
division not adhering to established maintain  parent shop  identity,
need dates provided In the zone and modifications wll be made to the
intermediate zone prioritization; the Production or gani zati on. That
inmpact on the ships availability by prtl):%osed for the USS CONSTELLATI ON
significant growth in the authorized SLEP is shown in F|g. 10. As
work package. indicated, there will be Zone Mnagers
_ wh 0 Swll have production
_ Only achievable work packages responsibilities for a zone and will
will be issued the likes of which wll report directly to their respective
i ncl ude: G oup Superintsiadent. There will also
be ~ SLEP  Superintendents who wll
° Cover sheet, report to Goup Superintendents and
° Verification sheet, Wl provide a direct interface

bet ween zones.
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By identifying work by area;
producing drawings by area; preparing
wor k packages Dby area; scheduling by
area, and acconplishing work by area,
the cohesive potential is again
gainfully exploited  to inprove
productivity, that is “lIntegrated
Pl anning for Production”.

Finally the i nvol verment of

Industrial~ Engineers in the daily
Production Management team
organi zation is planned to further
foster t he obj ectives of Zone

will
wor k

Managers.  The inmediate benefit
be the detailed evaluation of all

processes. Mre inportantly though,
will be  the direct interface
(feedback) with other support codes
such as Scheduling, Design, Testing,
P&E and OPG
Sunmary

The concepts of ZLT are bein

nmodestly applied to the USS KITTY HA
SLEP WPR

Sone adnministrative
difficulties.  In the past, these
efforts were, in general, outside the
traditional realm of shi pyard
organi zati onal procedur es. I'n
subsequent availabilities and
overhauls, ZLT wll be applied much

sooner in the planning process. The
DSRA of the USS SPRUANCE is evidence
of this and will prove to be the test
case of all associated processes. The
nore inportant proposals are:

° Standardi zati on of zone and
intermedi ate zone  principles
aﬁpl ied to. all classes of USN
ships ultimately leading to
standardi zation of  zones and
internediate zones wthin each
class of shi ﬁ . .

° Identify work by itemin the work
aut hori zation docunent, .

° Provide for ~electronic
distribution of work instructions
together with their supporting
t echni cal docunment ati on (i.e.
enhanced wuse of Automated Data
Processing), .

° I ncreased enphasi s on the
provi sion of and adherence to

short term Detailed Production
Schedules in direct support of
the First Line Supervisors.
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CONCLUSI ONS

name of )
Phi | adel phi a Naval
paper
reactions to
t hr oughout

continues to be a part of
at
Executive Managenent
its approach.

Much _has been acconplished in the
Zone Logic Technology at the
. Shi pyar d. Thi s
has outlined the experiences and
the problens encountered
this process. ZLT
f the future
Senior  Shipyard
are conmitted to
They are convinced that

PNSY as t he

ZLT is the vehicle to inprove
roductivity. It has nmuch to offer
NSY in the way of inproving our

quality and hence, our conpefitive

edge. 'The notivation here is survival
in an extrenely conpetitive industrial
environnment by fundanental |y changi ng

the way we do business.

In general, the applications of
ZLT are being 1nfused into a greater
part of the traditional shipyard
organi zations. As these organizations
take on the new  nethods and
procedures, it is essential that the
fundamental precepts of Zone Logic

Technology are maintained and wused to

gui de the inprovenent

efforts.
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ABSTRRCT

~ The Production Industrial

Engi neering Resource System (PIERS) is
an automated system to inprove indus-
trial engineering. One of its conpo-
nents is Conputer Aided Time Standards

CATS), a, conputer-ass’.sted method to

ind,” mani pul ate and store standard timne
data and existing standards to create
new standards (1). CATS provides

i medi ate, user-friendly access to the
over 18,000 el ements of standard time
data and standards published by all
shipyards.  The system evolved from the
DoD Conputer Aided Tine Standards pro-
gramto collect, validate and publish
standard time data in a single source
for use by all DoD work measurenent
organi zations.  CATS uses menus,

Pronpts, and instructions displayed on
he screen to first direct the user to
appropriate standard time data or stan-
dards and then to lead the user through
the process of constructing a new stan-

dard. Because CATS perforns the
required mathenatical conputations,
many hours of tedious manual |abor have
been replaced with a few keystrokes
One of the keys to CATS flexibility and
usefulness is’its nodul ar design. The
system now includes many tine-saving
sof tware Backages, and additional pack-
ages can pe made part of the system
ui ckly and inexpensively. CATS has
enonstrated a cost savings and positive
return on investment of 3.5:1 (2).
Wth strong managenent support, the use
of conputer systens simlar to PIERS can
significantly inprove the bottom |ines
of other organizations.

| NTRODUCTI ON

To understand what a revol utionary
resource the PIERS systemis, it is
necessary to describe the work measure-
ment system that predated PlERS and
formed the original foundation for its
data base.

This system the Defense work
Measurenent ~ Standard Time Data Program
(DWVSTDP), col lects work measuranment
data into a single source, which is
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in U.8. Naval Shipvards

published in nine volunes called
‘Standardi zati on of Wrk Measurenent”
5$D 5010.15.1-11) and in a DoD data base

. One of the nost effective ways to
inprove the bottomline is to standard-
ize work procedures -- to break them down
into elements and make sure that each
el ement is being used consistently in
the same way in the same anpunt of tine
The “Standardization of Wrk Masure-
ment” contains descriptions and times
for 18,000 of the elenents that can be
conbined to form procedures.

These 18,000 entries were devel oped
by Defense activities. DoD screens all
entries and verifies that the nethods
described and the associated tines are
accurate before adding each of themto
the DWHSTDP data baae. The DUHSTDP
systematically collects, verifies and
di ssem nates standard time data. Since
the nine volumes were published 12 years
ago, all the military services and nmany
DoD agencies and conmmercial organiza-
tions have used the data in their work
measur ement prograns.

Wthin two years after the nava
shi pyards began using the systenms they
moved away from the TDP" data base
(3) and began creating a data base_of
standard data elements (4) nore suitable
to their specialized needs. Navy ana-
| ysts who use this data to build stan-
dards follow a three-steﬁ procedur e.
First, they break down.the work to be
neasured into elements. They establish
the starting and stopplnP poi nts of each
el ement and ver|f¥ exactl'y what work
gets done during that element. Second,
they search through standard data to
find elenments that match the elenents
they are measuring. Third, they add up
the el enments, apply frequencies, and
tabulate tinmes. An analyst can build an
accurate standard wi thout using tinme-
consunln?hmnrk measur ement t echni ques

because the stop watches have already
been held -- they don't need to be held
again. Chlﬁ when sone el enents of the
job cannot be matched with standard data

elements is it necessary to use tradi-
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tional work measurenent techniques
Using standard work measurenment

data 54) can drastically cut the time
needed to create an engineered method
and standard. By using standard data,
engi neers and technicians avoid having
to "reinvent the wheel” for each new
docunent. Each time soneone does a time

study, hi

And, of courses the nore data that
becomes standardi zed, the |ess data that
needs to be “assembled by hand.” As the
data base continues to grow, accurate

standards can be created faster and
faster.
To take full advantage of this ever-

increasing data bases however, it was
necessary to be able to access all the
new standard data elements that _were

constantly being added to it. The nore
data there was to use, the more unwi el dy
the data base becane to use. Storing,

searching for, and retrieving data
becane increasingly costly and tine-
consuning. Oten, because of poor
record- keepi ng? standard data was. avail -
able that the engineer or technician
couldn’t locate or wasn't aware existed
There is no advantage to having what You
can't use. As a result, nost of the
standards created by naval shipyards
were still being created the expensive
way - slowy, from scratch, often wth
out the proper methods analysis.

H STORY

Cearly, a nore efficient and
econom cal way to handle standard tine
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data was needed. f
engi neers and technicians no |onger

had
to manual ly search for, apﬁly and main-
tain standard time data, they would have
nore tine to devote to nethods analysis
and inprovenent and cost reduction. In
the late 1970"s, a DoD study concl uded
that using a conputer system that would
hel p generate time standards as well as
store standard data elenents was the
best approach to this problem

From 1980 through 1986, the Defense

Productivity Prograns Ofice (DPPO
devel oped and used a sophisticated pro-
gkam of conputer technology known as

TS, or Conputer Aided Tinme Standards
In 1987 CATS evolved into PIERS, the
Production Industrial Engineering
Resource System This systemis still
evol ving and expandi ng.

~ PIERS goes far beyond nore
efficient storage and retrieval of stan-
dard data. It can search for and
retrieve standard data and then conbine
the elements it finds automatically to
create a formatted nethod and standard.
The program takes adverse environnenta
and working conditions and persona
fatigue and delay into account. After
creating the standard, the system can
aid in anal 2|n% the entire work process
to spot tasks that can be redefined or.
reorganized to inprove efficiency. This
makes it nuch easier for engineers and
tecpn|0|ans to create nethod inprove-
nents.

The best way to understand the full
capabilities of the expanded PIERS sys-
temis to review the way it grew and



devel oped to neet expanding shipyard
needs ( 2 )

In 1981, the Defense Productivity
Program Ofice introduced all_the naval
shipyards to CATS (4). The Philadel phia
Naval Shipyard volunteered to be the
?rototype shipyard for the new system

n 1982, Philadel phia acquired its first
personal conputer.

In 1983, Philadel phia technicians
converted an expensive mainframe system
into a stand-al one CATS system which
dramatically reduced on-line tinme and
expense (5). One Philadel phia techni-
cian devel oped a progran1for cal cul ating
gersonal, fatigue and delay allowances.

he program was distributed to all US
naval shipyards. Philadel phia indus-
trial engineering technicians created
the first methods and standards using
the CATS system Their use of standard
time data elimnated many tine-consum ng
field studies. The volune of throughput
increaaed so nuch that Philadel phia
purchased a second personal conputer.

Sof tware advances narked 1983, but
hardware inprovenents accounted for nost
of the changes in CATS in 1984. A
change in personal conputer manufac-
turers brought nore nenory, speed and
storage capacity to the system
Al'though it had been clear that the CATS
concept was sound, until this hardware
change the system had been sonewhat
diffrcult and time-consuming to use.

Phi | adel phia technicians assisted in the
devel opment of a new worksheet entry
programto take fuller advantage of the
new equi pment. The other 1984 software
change was an electronic mail service
between the eight naval _shipyards and
other DoD activities. This system has
had wi de acceptance and use since it was
first activated.

In 1985, it was clear that CATS was
about to outgrow its hardware once
again, and the decision was made to
convert to an |BMconpatible system
The software nmethod of analysis bein
used was changed fromthe traditiona
production-line, stopwatch approach to a
more shi pyard- conpatible, job-shop
approach. = Several software resources
were added as well: an electronic
bul letin board to use to exchange
technical data, a data base directory to
speed information searches, an index of
standard tine data, and an industria
process instruction data base.

In 1986, the planned-for Zenith
personal conputers arrived and are
currently used for the PIERS system at
the eight naval shipyards. They are
al nost conpletely |BMconpatible and are
three times nmore powerful than the ays-
ten they replaced. They have tw ce the
storage capacity and eight times the
speed. The Zeniths are also nore user
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friendly and have high-resolution color
graphic capabilities and faster nodens,
which allow faster transfers of data

During this year, the CATS software
was upgraded to CATS-E-X-P (Expanded
Productivity). User suggestions about
CATS were the basis for the inproved
CATS-E-X-P, so devel oping and exchangi ng
engi neered time standards was finally
fast, flexible and sinple. The systens
I BM conpatibility allowed the shipyards
to add deskto CXubllshmg, conputer -
ai ded design F,'@, and data base man-
agenment to their software library.

Even though inprovenents to the
sKstem.had been steady and significant,
the shipyards recognized that the
engi neering docunentation capabilities
of CATS were no longer enough. The next
step was a conplete conputerized engi-
neering tool box. So in 1987, CATS
becane PIERS. Some of the needs the
shipyards hoped to address with this
expanded system were ways to support
i ndustrial engineering studies, speed
the production of industrial process
instructions, inprove work scheduling
and control, and make the nost efficrent
use of the shipyards* linmted people
resour ces.

~An extensive search was conducted
to find applicable software and turnke
systems to include in PIERS. Dozens o
conputer software packages and indus-
trial qulneerlng systens were ,
eval uated, benchmarked and tested in
actual shipyard trials. Because PIERS
is a collection of conputer prograns, a
program called Mcrosoft Wndows was
chosen to provide an operating environ-
nent to connect all the available PIERS
applications. Mcrosoft Wndows allows
users to switch fromone programto a
second program quickly w thout having to
formally exit the first program Users
can al so access nore than one program at
the same time with Mcrosoft Wndows.

In addition, this program allows data to
be transferred from one Erogram to .
another.  The other PIERS cornerstone is
M crosoft Excel, which enables users to
create state-of-the-art spreadsheets and
graphs.

Last year, two hardware itenms and

three software programs were the main
forces behind PIERS progress. .
Phi | adel phia began working heavily with
an optical character reader, or , a
machine that "reads” documents and adds
them to the database directly w thout
E%plng (6). Another hardware |ten] t he
stimator, enables users to totally
pl an machi ning operations.

~In 1988, the shipyards acquired a
speci alized expert conputer system for
wel di ng, developed b4 the Anerican
Vel ding Institute. his software was
provi ded to Philadel phia wel ding



engineers on a cooperative basis with
Philadelphia industrial engineering
technicians.

1988 also saw more widespread use
of PC-based, computer-aided design, or
CAD. In Philadelphia, this software
program is used by industrial
engineering technicians to illustrate
industrial process instructions and
engineered methods and standards and by
waterfront engineering technicians to
plot ship docking services. This speeds
up drawing production and eliminates the
need for redrawing if the ship revisits
or if similar ships dock there in the
future. A third important software
system, Engineering Document/Drawing
Information Exchange (EDDIE), was
developed and brought on line. EDDIE
was a big boost to the computer cammuni-
cation between shipyards. The ‘'yards
can now send and receive any industrial-
engineering-related document or drawing,
even those done on different machines or
using different software.

Shipyards recognize that, to make
maximum use of PIERS, it must be a fully
integrated system, not just a loosely
knit collection of parts. In 1989;
shipyards are working to make PIERS a
truly automated, highly functional
engineering tool. PIERS will evolve
into an expert system known as the PIERS
Advisor.

The Advisor will make PIERS even
more user-friendly and more useful. It
Will provide a guide to using the systam
and will show users what is available.
The Advisor will supply users with ap-
Plied industrial engineering theory as
well as helpful tips. It will show
users hom to work with PIERS to develop
industrial engineering studies.

STANDARD DATA AND STANDARD DEVELOPMENT

While PIERS is a diverse collection
of automated engineering applications,
the most traditional application in the
system is in standard data (7) and stan-
dard development. PIERS is an excellent
tool for industrial engineers and tech-~
nicians who want to improve the bottom
line by standardizing procedures. By
standardizing your procedures you can
control costs, manpower requirements and
scheduling more effectively. You can
track your work and forecast your future
requirements. This is only the begin-
ning. Once you standardize, you can
improve your methods easily--by changing
your manufacturing procedures, ysur lay-
out or your machinery area. Each of
these changes can result in a change to
the standard that usually means a posi-
tive change in the bottom line.

PIERS can establish baselines for
method improvement studies, make labor
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ccst comparisons, scompare investment
alternatives, aid in conducting "what
if" studies,; and monitor auditing and
performance. The 3ystem has sophisti-
cated information retrieval capabili-
ties. It will allow users to apply
standards in a timely and uniform way.

PIERS contains a tailor-made tool
for standardizing procedures called CATS
E~-X-P. This system can accommodate and
integrate multiple data bases. It can
easily handle standard data, standards,
text (word processing), work orders, and
method descriptions. It can make calcu-
lations to construct standards, do
statistical analyses, and produce
reports. CATS is a complete gsystem to
develop, maintain, share and apply stan-
dards. CATS E-X-P has demonstrated a
cost savings and positive return-—-on-
investment of 3.5:1 (2). 1In
Philadelphia, for example, approximately
180 electronic/electrical standard data
slements uwere produced by only one
technician. Each of those standard
elements has become a new piece of
standard d=ts. This technician is still
developing new elements; 99 percent of
one standard was created from standard
data (8).

One of PIERS greatest strengths is
Qasy it is to use, even for workers
are not computer-literate. A good
way to demonstrate this is to describe
the creation of an engineered method and
standard with PIERS.

how
who

Standard data begins as a single
item. It is meant to be added to like a
pyramid, in a hierarchy that starts with
the simple and expands into the complex.
Each step in the pyramid is completely
traceable. Beginning with an analysis’
of a simple item and adding analyses of
the more complex items that follow, each
item can be traced forward and backward.
The standard can be broken backward all
the way down to finger motions if neces-
8ary.

A technician developing a standard
on the computer terminal enters the work
area or sub-directory. The technician
calls up the Lotus 1-2-3 program used
for data entry and begins to fill out
the "template.” The template will con-
tain all the "boilerplate" information
he would normally re-enter on each work
sheet. (Shipyards use a separate work
sheet for each standard element.) The
template contains the analyst‘®s name,
the document number, the item or stan-
dard title, and the word search criteria
that would appear on each worksheet. As
the analyst moves along creating each
new worksheet, keystrokes and time are
saved by not reentering the same infor-
mation over and over. With each work
sheet the analyst fills cut, there is
ample space for the standard element
description, a reference description
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ﬁggeady been discussed, PIERS currently

word processing
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electronic mail (9)
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nore integrated, automatic and user-
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”Flexrble system production is root-

ed | drscoverrng and solving new
bgSIVOIune standardrzed

robl ens;
roduct 1 on I nvol ves rou-
Inizin the solutrons to ol d prob-

lens,- Flexib r\ystem ro uctron
requires an orga zat | esrﬂne
for change and~adapt abi | |ty

vol une, standardrzed #roduc |on re
quires an organization geared
stability." {1l

Flexrbrlrty inthis context does not
nean the ab sgnce of standardjzatjon.

But the word "standard" in flexible
system production Is dynamc: it npans
nbre than the usual drctronar% defrm
tion, "something established by author-
Ity, customor Qeneral consent:" In



dustrial s t dard nachi ner arr enents whj ch anti -
cal ly, as sonething subject to contrnu each auxi ary ne po itron in
ous. change.” The wor'd should be used as an rrangenent two or hree different
it nas set off in quotation marks vendor s catalog |tenB are certrfred as
because what is meant is a standard of shipyard stanpdajds. The items are func-
the nonent. As soon as soneth rn? better tionally equivalent but physically dif-
|'S dgtectgd a new or revised standard ferent.” Mreover, the auxiliary-machin
I s adopt ed! ery market 1s constantly nonjtored. \hen
better buys are discovered, based on
For nost matters for which standards eval uations of the effects on required
are useful , there |s no trne for achiev- shipyard man-hours as well as on price,
} g eneral a reene A nodern manu- new vendor catalog Itens displace old
acturing eatures unrelenting ones in the files.
analyses nhrch constantly identify even
m nut e rovements. Authority, custom For the purpose of declaring vendors’
or general consent applies to acceptance equi pnents as shipyard standards, pref-
of the s stenrfor constant | nprovement erence IS given o those vendors who
and not to th nprovenents per se. The each produce machines of the same basic
latter are autona ically incorporated n design for a range of capacities. Thus,
the torever changing standards each™ st andard nachrnerx arran enent for
a partrcular nPhn eng ehtype can expand
or con ract wth engine horsepower
FLEXI BLE MATERI AL STANDARDS % tno or nore %endors egurpnents
be enpl oyed for each auxilia
Traditionalists are right when they nac |ne os on wthout |np%&t on th
first think of materjal When standards nor nal per ornance of work at could
are mentjoned. But the need for naterjal be nore f exrb e and at the same tine
standardi zat i on_transcends tradrtronal practical ?
concerns Materjals are tang le a
thus co rise the soundest basis for Wien during contract negotiations the
ELOdB ion control. The npst effectrve custoner agrees on the se ectron of one
E ders equate material volunme to he ouL nPln BPrne engin Yges an
nor vo une Lbrng statrstrcal net hods usa e o0 e flexibfe material s
K ave for work pack age after work dards, the shipyard simultaneously knows
pac age. of the same probl ém category, al | auxi|rary- nachrneFX requrrene ts as
r entrfred some physjcal characteristic wel | “as requirements for large va ves
o naterral that varies directly wth strainers, etc which are trgated the
hours. as designers defrpe and same way. Upon contract award or very
rne naterra requi reménts, a soll soon thereafter, the definition is nar
asrs energes for estimatin requrred rowed down to two, or some other reason-
Rroductron man- hours. Moreover, the man- abl e number of vendors’ products for
ours are expressed statrstrcal ly, i.e. each requirement.
r each cateﬁg X of work, wth a mean
val ue and standafd deviations so as to Limting prospective bidders to rea-
reflect real-world variation. sonabl e nunpers kes It Bractrcal tﬂ
mai ntain crrtrca Y needed material his-
As |ong as the distribution of the torres and naterra codes ina shi
variations approximtes a normal curve, Y conputer r In some ship ards
man- hour aIIocatrons and schedulrn? are his includes desnp detarls agprova
based on the premse that |obs wl records, price and delivery histories
pro abl go over or under 1n accordance vendor s’ rror a genents nrth progure
scribed v rratron Ra %er? ment terns and conditions, and vendors
ut th operational I ore- ggarantee performances. Thus, in the
oi ng paragraph are sane problenrcate ment of action sParked b cont{act
ory”,  an spect 0 group echnol ¢ signing, for each requirengnt only two
hus, if a drain punp of a specrfrc ty pe ste s Temain for a procurenent detision~
was | ncl uded In an Outflttl wor k Fu| Pg request s for P[ ds which asks
age, 1t would n ot matter If drarn punp r price and del'1very, and eval u-
of a different type was substituted atrng rnrte nunber of “vendor re-
provided it had equivalen t capacrty and spondes. Three responses, perhaps one or
provided the gr obl'ens |n e I n asso tno nore for certain equipments, are
prated Wor K. remain uncha +ud ged to be oRtrnunrfor alagcrng need
oundation interfaces as s suctron or “conpetition agalnst a apacl -
and drschar?ﬁ Brprﬂg coul d d fer si ty to maintainre urred material intor-
S:CﬁgggybgM ot “changing the work c hs- mation in a conputer file.
Havi n reciation of the foregoing Insteadkpf |nvest|gathgg, sone i
, ers quic es
the noﬁ? ?Pecthve shrgburlders Pave ganstquse sﬁcn angards be re bum?drn
over t e ears uter es of war shi ps; the. overnnent woul d not per-
o cal | ed “standard In one case, the mt us.to [inif the [ist of bidders.
Iles are ase on ‘as many as four stan- One shipbui | der who so responded took a
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second ook, initjiated a survey, and
di scovered that there were ovei a thou-
sand material jtems in three different
war shi ps tor wnich specrfrc trons nere
separately witten and for whic
one supp [ er respo ded with the sane
p 0 uct Hﬂﬂ nﬁ”Y housands pore are

ere for wic here %re on uo or
three suppliers? efact o
dar rzatron eﬁ]sts an few, if any
explort it, The most sig f c t probl em
for sone of  those itens rs not how to
limt the bidders list. Instead It is
one of creatipng a second or t
source, sonmethrng the U'S Navy's office
of  Conpetition Advocate Ceneral has beet

doing on a nuch larger scale.

The for ner Conpetrtron Advocate Gener-
RL r Adm ral Stuart Platt, U.S.

v etrredg recently offered perti-
nen advi ce:

"CGetting up to date on conputerized

information, systens is the greatest
single harrje to continued arns In
efficiency in the procurenen

ce s. The fact that we str y to

arge degree on a pap ase

procurenent system | u i crous.
nternal automation is the most
attractive automation opportunrty we

here n dﬂlt Pegrn ?edn%ed 0 er
nost i mmedi ate In u v
head, faster ané better decision

nakrn% and higher quality goods and
servi ces.

El sewhere in the sanme article Admral
Platt advised:

"There are no fast fixes, |nprove-
neﬁs will best be made froma dis-

ciplined rnspectron of the systenis
fundanentals Common sense calls for

rocurenent ocess fha
pr an dnrnrstered

e ul and
OWS room
for good rudgenent

rrm that al
2
Thus, shrﬂ yard nanagers i ncl udi ng
those [ nav h%f houl d 1 nves-
ow their errm

at e i ntanagene_nrt]
r elr operations ey

ug % gpp at tﬂ B ustrfrcatron
to c ange how over ne procur enment

e ul atrons are erng I mpl enented Tra
di rona material  managers should be
ressed to identify F test t e speci -
rc ro urenen% equ atrons that are
nel e to rphibit productivity in the
work place. |t they are proven barrrers
to r enentrng | exi bl e standards as
Ibed, mangers s puld be
Unre entrn% [nt g ursurt o pert

tion g hbtnrng

acrIrt te ronptnes more t f exrble
material standards.
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usual l'y inpact nmore on a yard's produc-

tivity than the vendor's price. Thus,
equrt%brl?t Eould be In erpreted as
neani ene r I, es|
ers, B% ers, sup Prers and’ roductrgn
wor ker's through nanrfest rncreases In
produotrvrty and qua rty 't rs or thrs

eason % Edwar ds n¥stn]ng

srsts S. rndus rn
deal urt fewer su ref odu
e sa reg

Ity reasons! It is Tor €
r
Jap an the purchasrn de artne

ctrv
son
hat In the nost effective shi n
reports
tﬂ ro uctron contro ag
e terial, man-hour aIIo atrons
an schedulrn are inextricabl'y Iinked.
l'inkage | the supstance of ¢orpor -
uh ex erience wh p h becomes.ineffective
en o many supp rers are invol ved.
The Irn ag e i s agﬁ led in a nore 8
found way t an cah. be surnrse r nrrust
undgrstandrng flexible mterial stan-

FLEXI BLE STANDARD ARRANGEMENTS AND
DETAILS

El evendyears ago, I\/t Y. I chinose
present e aper rph drs | o ed how
standard cludrn exrb % stan
wer e organrzed and e r aua

n US'[TI

sh
rna Har'l ma %p td.
s insig tfu paper

Heav
H) of Japan. yfhr
é vrged P

rehensj ve
consi s-

"It is obvious that a co
conputerrzed design syste
tent fromd esr? hrou?h roduction,
coul d not he effective eal | zed
w thout standards or nmodul es.”

Conversely the paper also advised:

" St andar ds and nmodul es show their
%reatest a vantag e when 1 ntegrated
a conprehensive conputer sys-

M. Ichinose, then president of IH
Marine Technology, Inc., concluded:

"In the 80s it is hoped t hat

the...demand for new sh rg construc

tion wll Increase. f ug

maj or denands ma str co centrate

pn conventronal hip desi It Is
orseeapl e that. modern hnoIo

and so h| stication rn S r de&
ﬁ ﬂurre nor e oonp exity In var-

ous

can strlpyﬁe sofved bThIS conﬁlexrt

refin

standards and podul es to cop

the state of the art o

era, so ue renarn convrnce

shrpbur J q can e changed o a
oduc ron i.ndustry” w t hout ,

Iosrng he ability to provide suffi-

cient tarIor made”” features to

ﬁtrs %qt e in évrdual demands of

Ship owners.

uture

In the context of M. Ichinose's fore-
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Japer No. Z.

(]j1 The Somdet&/ of . Naval Arch|t ks
of “Japan recorded in |ts 1967 Eng
| anguage annual report of gm d| ng
devel prrents that Statlst|c control
epoc rralng Irpgoved qualtﬁ | ai d
the foundation”of nmodern ship construc-
tion methods and made it possible to
extensively devel op automated and
sgem al1zed weldjng.” There I's urgent
ed to repeat this statement until the
last traditionalist succunbs.
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Standard module

Ships module

' 1/P data

Std.

Symbol

Parameter

Product./Renewal

Standard

Std.

Particulars

master
file

module
\ D/B
Ship

Particulars
master
file

Ships module Yy v_ 3
Ships module
(Req. data
Request/Product
Material Pipe spool
control caleulation
N Pipe spool
Pipe
fabrication fab. data
w
Fitting arrg't / Drawing \
p/module \ editing |

FIGURE 1: FRESCO-F Process Flow
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TABLE 1: Tywnical Performance Indicators (ecirca 1983-~198.)

Hull Construction:

Steel Yield Rate = —mmm—mm- x 100 = > 932
Invoice Weight

Pipe Fittine:
Man-Hours/Ton Fabrication 27.5 nh/%

" n n Installation  40.0 mh/t
Man-Hours/Piece Fabrication 1.6 mh/pc
n " n Installation 2.3 mh/pe

Refabrication Number
_ o 1AN = 7 29
P.S Wy - Y ~~dn

Total Number Fabricated

Electrical:
Man~-Hours/Meter for Total Cable Length 0.18 mh/m

Painting:

Man~Hours/Square Meter Zone 1 0.10 mh/m’
n n ] n LI} 0.12
" n n n n 3 0.10 n
n n " n Total 0.11 "

Material Marshaling
Lost Line Items
Pallet Completion = x 100 = < 1.82
Total Line Items

TABLE 2: Principal Dimensions of Three FFG-7 Class Frigates

Differences from Design Principal Deviations Beyond All°"§d
Dimensions (in inches) Tolerances (in inches
Shipyard X Shipyard Y Shipyard Z Shipyard X _Shipyard ¥_Shipyard 2

L _ emi. P - - N ' =als =137, '2’1!
Length overail -1i3¥, -8 =74, Length overaii =8 th “
Length bc_t::i-en " ‘ a ‘ . ’ Length between . accept.

perpendiculars =34, =3Y. b/ rpendiculars accep accept.
Beam (midship, main deck)  -1; 2 -z Beam (midship, main deck)  —dp  ~l%  aeeRt
Beam (midship, design Beam (midship, design 7 -3, =i

waterline) =27 —-4i, ~1%, waterline) -1h ‘ -V
Depth (midship, main deck) -1l +2 =1 Depth (midship, main deck) -

£
(K
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IHl Zone Logic Application to Electrical
Outfitting on Highly Sophisticated Ships

Shuiji Sato, Visitor and Shizuo Suzuki, Visitor,

Ishikawajima-Harima Heavy Industries Co., Ltd. (iH!), Tokyo, Japan

ABSTRACT

tfitting electrical cblernhr s
ticate hgs, slich as resea vesses 8 S,
ete. Lgnitlcan t on every asg t o rR
con}truc n” moder nrz n ove hau an rde pair, |
M hf“ el
tﬁe n%n edof1 ect rrca I sh PE rre

r
ver n
p avaj |
rim Heavy Industries, ., |H hdsb
ortrnd zone ogrc aso reco zed as
cnol orc ruction of u al shﬁ
t‘p’ﬁr% e extensive ca ot age |
@rstrca ed shr s reérbrres speci al consr derg | ons

techni ques, Trs resents practicel design
CaModuc 10N processes for zone out fr tting electric

Special focus is on:
1) functional end detail design,

2) conversion of systemoriented design date o
éﬂge oriented work packages call ed pall

3) work methods currently enmployed in IH
shi pyards.

| NTRCDUCTI ON

ficant advances are being mage in North
Anﬁrrca g pyaras to reduce cost” and co assure
SC edule a ence y applying zone logic, for
cons ruct|on, and al so for modefni zation, over haul

E Ve/{oarr hip Everyon sol) 8ve
ackno gsthat nuch nor e eesto e o
But, most “do not yet understand how to Inc ude
el ectric-c b/e wor K vut In th e 7Qne aR roach.
rnegraed | construction, outfitting and painting.

Tra % |ona||ss regar ele]ctrrc cable uok as
inconpat1ble wth zone [ogic. Tey insist that most
cables nust he rnstalled on boar 0 because ca les
extend over severa sh % artnents an /?
zones Vhere traditiona |sm prevar d,
has taken a back seat e full- scale
Ircatrons 70ne qurc are achr evh 9
un recedent ed productrv ty increases for ot
ngs of work, Tvro drtte ent build strah I es %re
I te ,

erwaY at tn me. . Unavoj dabl
then proceed rat y under

[
|
Installations d rather haphazar

¢-1

ol d-fashion control which rvatres on each srﬁ)ervr sor's
exper| ence anﬁ Intuition while other work proceeds

In a mch sarer and roductive. nanner. reover

Xtemorren ted 0es not yield he corp ora

eﬁerrence nee e for 8onstant ana ysl §
ﬁt nt mprovement in design details en

met hods.

Also contrnurn the — systermhby-system
gﬁroach for |n% allrng ectric c b’es vrhtlley TI
construction, ot tr and paintin g are zone
oriented, rncreases brlwgot ae
srttuatrons cahle danae fotr
oth r | atio ese
congl ) tcou dhled< ofa de Hrn tquatrt?y

catastrophi ¢ confuysion rn empting to
rrrpqerrent a wor schedup ora ship as arr\h)hol e.g

Chvrouslotf h) solution | es in rnteoratr the
nstal [ation ca es Wt hot er types of work. In
hi's connection, design data which are originally

enerated In a systémoriented nanner must be
earranged In accordance wth zone-oriented
Iassr |%a | op crr erra Cabl es have to be 9 ouped
" end pro uctron cont
accordance vuthp

robl ems inhe n their
rns tallation, Thus, ?hOUp techno| 0 M g has an
r?ortant ro e In the advanced téchniques f
Installing cab
The e |ol 0j t trowf Gl for cable wotérs

—mm-—*—-

térgrés IS b and |s now regar ed as

I ndi particul arl

%ophrg |C t d sh rgs Thi % advancednep rocessnﬁas

roudt aﬁout remarkedl e outcone for ever

ftspec of eec i cal oufr d An el ectr cath

elngvta erlr re arlﬁ eesla rletren evergr e
It ssrbegto%rdpotp (h ELabep recu
’ or making cable-

S
e po

th?’ which rs e?sentral
sta

o

In ation work safer, nore productive, and
s rble to oduc ron control commensurate
wth other outfittl
artmr?te agsroupr ng 0rrs foor med (r) ér ttheonProdurcnrron
uet | |
ngven oth rrﬁesrr; art r?ent tor co F ﬂ
the | est staoe defail design. The datebase and
roce srn system for cales call ed CLIP }) blg
a IS an I'mportant'too hat s applie
unc ional design through production.



Emphaticaly, the design, planning and
production methods for electric-cable installation
work described throughout this paper are routinely
applied in every IHI shipyard for the construction of
highly sophisticated ships.

OVERALL ENGINEERING PROCEDURE

Figure 1 shows the paths for information flow
from the beginning of functional design to
production. The relationships to material
procurement functions are also shown. CLIP, which
dominates the figure, is a very efficient tool for
receiving the system-oriented data base generated
by system diagrams as well as for creating
information a%roups that are most appropriate for
installing cable. The program also produces
production control information of various kinds,

such as: cable lengths, cabletray widths,
penetration-piece requirements and material lists.
From the outset, CLIP was developed and applied
for the construction of sophisticated ships.

The engineering procedure consists of the
following processes:

1) Design

a Functional Design - Maor work typicaly
includes generation of wiring diagrams,
equipment arrangement, basic design
data, and construction of a data base in
CLIP.

b. Detail Design - This stage specifically
defines cable lengths, cable routings,
cable trays, penetration pieces, etc. as
well as the CLIP data base.

WIRING DIAGRAK | [ pumer A
ARRANGEMENT : ;
e L :
l MAIN CABLE WAY ! i '
GUIDANCE ,
PLAN ! i
l L .
ok 2 v
¥IRING CcClL . IP > CABLE WAY ARR'T | SE
ARBARCRNENT SYSTEH ~Detail- : ;
...... N v Vv E
' Preliminary: 3 ABLE CBL POINT CBL ROUTE i
i | @i LET | i
s WP | s \/]/\‘ |
e | '
GROUPING CABLE PULLING ! t
S (ist. IEVEL) PROCEDURE | j
! i :
GROUPING = < i ;
(2nd. IEVEL) i ;
W \i/ i
DETAIL i PLANNING
T SCHEDUTE | PHASE
: S S iedsto )
: SYSTEM : ¥ !
PALLET DEL'Y ! i
SCHEDULE | i
L ) a
LIRS DAY w / ! :
CFioal -3 | IDENTIF'N MLF CRL_POINT ! i
i NS | l J usr_,\! | :
1 ~—T i :
Y I ] ; 2
CABLE < | : ; _I'T'
SUPPLIER : — :
PRODUCTION
PHASF

PRECUT CABLES

= Produc! ion }\—’

!

i

'
pUAN

FIGURE 1 INFORMATION FLOW PATHS

9-2



) Productton EI anning - This
ortant phase hecause it
ytemorteted I'nformation

ener ateét durtn unctton]at1 destgn |nto zo
}ente nt.or kK inclu ea
[nitron of c etns allatto%sequences an
met hods. The output of this phase Is
Processe Pg/ CLIP to %utonattcalty produc
equired pformation such es material”|ists an
cable cutttnrd ntr ctions. Cther work such as
P aratto the nanntng plan, cale
lat|on schedultn% d setil g R ﬁt-
per ing this

is the m)%t
converts t

deltvey dates, are als or red
phase
roduction pl.anning are further
descr |bed |% Q paj s| OF ”ns plapeg ’
DESI GN

In addition tothe role CLIP pl
ge?tldt)l ng dgt atlldem%sn rn%n]arhkoajbrl ™
arran Terr]t%ntd?dvﬁstk)()pacn%%tunt%f fgl e edcnttrtlt é_ Vﬁ rplarr]
% as

I adetall
?ntro uced ﬁ\;'egtwas the onLy drawt ng det/te ﬁ
8n. The preparatton t
9% egree of skill: each cla F
| e

ays as a tool for
It for reductng

urc asctan|edantsa enIon wr
E\/tt\t hen rge uueggaﬁ
Was Superi to 1 cale on hull' stlruc
davnnrtf 3& rocess V\as xtrene¥]

consumn n U|re U
r% Ksan gle

tRX?SL I ndi cat es cabn 1” i

s
n ngths, caH r
dhnens Qns, . penetration-piece sizes, and co rtses
the basis for placing purchase orders. EWAS are
al so_used for |nsta|||n? cables at the productton site,
CLIP succeeded no onY
Lornats d\t al'so, In subs antially teductn% man-

ours and the time required for their preparation

The design phase consists of:

1) Prerequisites - The foll ired
) before starting dat aetnpou ?‘{]V'ggaﬂje require

WA BT e A e
e nanes of termnal equi nents and
dgnt |e ypes of cable to'be used are

b. I%qw pent ArranPen”ent - The Eosmons

electrical equrpments in the ont\ext 0
a general rrangement, — machinery
arra ﬁenent cabin” arrangenent, etc.’
are shiown

¢ Min CgbleV\ﬁ Gtttda ce Plan - This.is
neede to de ermne ocations for min-
caole trays. As a ene ral rule cable wayts
are superinpo on an uj pnen
grrang n[t)et i srﬁts resgntg the
I'stances Trom nearesé hﬁt|| s ruct ure to
each cable way and also ves
03|t|on% and nunbers of cabl e |n ex
0|nts The latter are used to determne
g es, calculate cable lengths, establish
cabl e-Tray sizes, etc.

in sinplifying EWA
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2) Data
| nput

3) Preli
out

s

a.

| CLIP requires the following data
Hﬁrtng the desi gqn phase: :

bIe Stand rd. Mster - The dutS|de
rs an uni t | hts for. a mes
ca es t0 be use requir

shou d be made that chh ot these data

%conn"on to nany s Therefare,
|sreta|ned|n he rfile that 15
commn to other sh |ps The work

equlr & yt OﬂelgPPgl f deta for a specific ship

Greuit Data - The circuit numbers, the
names of termnal e utr{)ments and tg
zones they are located in, are inputt
Since th% e d ta are conse ved from
Bewouss d)s Iles, teactua vol une to
e inputted for a spect IC project is
educed substantially.

Cable Route Data - The index numbers
] dngdde the route ot each circuit runs

distance fromthe term nal
i e e
engs otj fach cabl eD Lt eb ﬁ

I
RJTGC%I are t
Into consideration at this

Cabl e-Vidy Data - The distances between
al |ndex 0| nts on t he main cable way
gut ance pla en n t These, data In
ombinati'on wt c e-route dafa used to
calculate cable [engths.
m'narY CLIP output - CLIP prelininarily
uts hﬁ ol | o nn inforpation aftef

the data rnputted during t e design

cable ou%lts The cir LHII nunber ,thF
type of cable the names of. the terfina
eqU| ments,. the index points thro ?h
the circuit pass, and the ca
cutttng length are outputted for every
circurt Tn the formof a [7st.

ble point Iist - By each index point,
tcﬁe c|$cmt nunbersyof al | cabl es? pass
t roug are out‘putte in the Torm of a
The sum of outer dianeters of al

cables, that determnes the cable tra
d]h |sansopowded y

Cabl quant |
o

the cab e supplie

qU| red cable

rder IS CWOI’V\BI’ ge yPO

Fttttn? |nf0 mation - Sizes and required
antities of penetration pieces, “Miti

ble Transit"s ( MCTS) and glands are
outputted, and tnereb )tﬁ fgLrPcatFon
detatls are devel oped. aé\note conputre(te

system nntc Is'ca
rocessin ehng C nnecte to, CLIP
etermnes tne arrangenent of MCT

elenents in a f



Aforenentioned outputs are next processed in
a production planning phase for determning
the best sequences and methods and fof
convertrn? systemorrent ed information into
zone-orienfed " information,

PRODUCTI ON PLANNI NG

Production planning work consists of the

foll owing processes:

1 Zone Desi gnatron -

i t t qure 2 |shows trﬁprc
one desjgrati ons. exanpl e

ér vr der? ﬂ Ve zo es or\rar[[tp rp ?rr ess
Eu%rseh e Jopm, all, et a's'ét h%"m a0
zo e or zones tanugﬁ \rh ch it rt?n hus a
cable may be assigned to one or as mny as
five zones.  Cabl’'es in common zones aJe

T e g
tE et F rk paoka%@é \ IS
the naIIest unrtt the sake of conro nﬂ

miterial and 1S determned In accordance
two levels of grouping;

First-Level Goupi nq

The cabl es assigned to
each zone are fi

st grouped, in accor nce
nrth] actos such asg to be 1nsta ?ed
cable vrar 0 share, and Ioca tions of termnal
equi prents.  ThiS groupi nP is also used to
determrﬁ he fun anenta rk proceduhe
whi ch wi ave a significant | npact on t
suciessro subsequeﬁ lanning and rnstallé
ore t ouan lvir eriorne
tesaneprouctron ng owll, be i
ar e of woL (or eleCtrical outritting o
bl ock” and on

irst level classifications are;

a. Li htrn% Cable Gou Thrs vvork rs
9 en t pFrrorrty ecau%et e sh rtp
? g , Jr e used for

um nation urrng cont uctron ,S‘nge

?R%gtlegeo%auessro J t?lroc swhe ore

nul | erectron the nork to be conpl eted
on hoar 5onsr StS rro of uncoilin
caetg reonernorﬁ and pul 1 5 them acros

T

3) Second- Level

1<)
® @

These cabl es run

are further
vhere

b Interzone-Cable Goup -

cross several zgnes The
roken down according to the zones

termnal equipnents a e [ ocated.

¢. Interconpartnent-Cable Goup - These
cabl es run through several compartnents
wthin one zone.

d. Local-Cable Goup - These cabl es run
exclusively inside a single conpartnent.

e.  Coiled-Cable Goup These are cables
i s M 'e e 4 e
colled at abul khead or at a bl ock er ect roh
oi nt. penétr n% being able to pull theminto
‘posr tion durrng a latter work" stage.

f. Qther-Cable Goup - These are cables
that do not fit UR the a? rement | oped
gous ua they are caI that
cannot be Insta LT r| J r certarn
A TENE 0 e aratted 5 " aCrech

engine and he engl ne-room clospng &omk

After such r‘ornal classrfrcatrono cables, the
most apgroprra e cable instal Ia ron grocedure
S deve| oped ocu nteh h
lgure nnerate¥t eree‘tter e
roduct i on e rneer irst-leve
roupl ng rnt ract vrrt eanrr neers for other
k In or er to avold unintentional |y having
r}oubl es bg doi n% different kinds of “work in
the same one [ the sane st arTre As a
consequence of the rnt eraction, al qroups
usual 'y have to make Some adj ustments in
their proposed schedul es. electrical
master ‘schedule is fornulated simultaneously.

ng A thrds | evel there
rs a further re onn In or e to generate
a ets nor pacaes Detail s¢ edulrn
H a elrv% dat es, and I dent tg
Pa et=i ter ace pro Ierns are part of secon
evel grouping responsibilities.

Second- | evel grouor ngis carried out by the
su%e VI.Sors who will bé rnTchha ge of the actual

cal e-instal [ation, wor {are su ervrseF
by the engineer in charge of first-leve

0f oupi ng.

FWD Zone

@

@ Midship Zone Less Engine Room
® AFT Zone

@ Engine Room Zone

®

Superstructure Zone

FIGURE 2 ZONE DESIGNATIONS
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For each of the zones shown in Figure 2, an
assistant foreman or a worker having
sufficient experience and skill, would be in
charge. As a matter of course, the foreman
who coordinates electrical outfitting will give
advice when need exists.

a. Second-Level Breakdown - Each first-
level group is further broken down by
taking into account such factors as
terminal equipments, compartments in
which equipments are located, cable trays
shared, locations of penetration pieces,
etc. As a consequence of this process the
groups which are identified, each
containing 30 to 40 cables, are regarded

implementation schedule is formulated by
breaking it down into activities which are
the equivalents of pallets. Pallet-delivery
dates are set based upon this latest
activity.

Color Marking - Cables are positioned
and strapped as soon as possible after
they are pulled. Thus, despite extra
length provided as a margin and correct
precutting, a cable that is not pulled
completely into its designed position
could cause rework or even scrapping of
the cable. The potential is greater when
terminal points are located outside the
working zone. In order to assist workers

as pallets. in pulling cables into their designed
gositions, the precut cables are marked
b. Implementation Schedule and Pallet- efore they are pulled with colored vinyl
Delivery Dates - The electrical master tape at key points such as one which
schedule, formulated simultaneously with corresponds to a bulkhead penetration.
the cable installation procedure, is Planning for such marking points is part
updated by making use of most recent of the second-level grouping activity.
planning information. Thereby, the
, X
, 34
@ { ) = (} @
) 1] - 5
' 1y D ﬁ\
~ N Y . |
o (Y E18 ® ®
A 4
— € } e
COHP.3 COMP.2 CoHP.1
7 : \ v
AR EE W
Q@ /L )
o)
oB L
® Engine Room Zone — AFT Zone Interzone Cable
@ Engine Room Zone — F¥D Zone Coiled Cable
(Coiled at F¥D BHD untiil F¥D Zone is Ready)
® Compartment 1 - 2,3 / 2 — 3 Intercompartment Cable
® Engine Room Zone — Superstructure Zone Coiled Cable
via Closing Block
(Coiled at Erection Joint)
® Local Cable vithin each Compartiment Local Cabie
® Uncoiling @ (To F¥D Zone)
® Unceiling @ (Te Supersiructure Zone)
- Engine Roor Zone -
FIGURE 3 CABLE INSTALLATION PROCEDURE
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enrf]c %(I:e aalrlObl emser- aéte trglblsenlrse\a(rel
nti fredp (?etarrf apre oganr zeﬁ
a che rst 0 rnsure t they are
ress ed sp]lved and ver rfred durrng the
e

(.

loh phase goes w thou sp

hi's ac |vr V. rnproves coor di natj on
mnimzes |osses. that
occur during

| nt
e
as
s
P ha

ot erwrse

g ency
ruction.

COﬂS

The refined planning that results f om second-
level grouping i incorporated in CLIP

Fi na] CLIP Qutput - CLIP'S rnenent of
elmnary planning yields the Ionrng

a. Miterjal Ljst of Frffrng é C)i Each
f\/LFrsabrll of materal Ie and
represens a refrr+ement a 'I%/ roduce

g rangenen
canl e-route list during desi n 8hase
MFs)seasre rr]rcsed for p rcgduectsro| er;trfglr
incl udi r
Erepcutfr n% and asgsef{’ol Ing ca%?% l'engt hs
nto palle
b. Cable-Point List - This is an updated
|virgtrsr on of the pre imnary cable-point

¢. Identification S ickers - These stickers
are needed for the purpose of 1 dent rfyrng
precut cables uring warehousin

stal]ation. They are fried to both ends
oP each cable ang dlentr fy circuit nun%

nunber, names of term il

equr pnents an col or- narkr ng

specifi cations.

NLFs gnd I dentification stickers are delrvered
to cable supplrers MFs and the cable- poi nt
[i'st are sent to production.

PRODUCTI ON METHCDS

1o wor k methods whi ch support
zone-or renfeg be%staflatron are not e\rprh[Jp

1) Cable Precutting. - Precuffrnd vrrtuall%f all
cable 1.s nost “i nportant f ﬂ
zone-oriented cahl'e install atron wor Eac
Hallet consi sts of na tyrpeso cables fhat
have comon proble herent I'n thelr
installatron. Systems fo be se{ved aBd capl

e
tg €S are ﬂOI el evant . Thfl’eeor(])feoa [ f'é%l nﬂ

s for tynes of cah
rad? | onal s phy iTding, Ts jnpractical and
I working

unsafe They' need! ess| clut

envi ronment s an)d r? not srf/ffrcr enf? secur ed,
could he ver dange us op camber e decks or
(lenchCkS that areinclined due to list, trim

Al e xcepf very smal|-diameter cables, e1q
lig T gprrcurt cables arelprecut he

r
supp| I er |ver recut cabl es et by pal|et
conplete derPrfrca tron st rc ers hdpcoLor
IE] rng p Fcutting and other
Instructions furni shed by the sfipyard.
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Cable - In order to secure
bility an workibrlrfg on oad and

) L ng
s e\% ﬁ htin
es ud%ep g
ras S

THLE bl
drf(fxt res are frfjfed g (hl fgnher(f
{ they can be [t

=

o
Q=
=
“n D

are upside down, so that
/mmedi ately after block erection.

Usually, lighting cable pulled from reels
co rraes about 5% of total cable length

requir
3)  n-Block Qutfitt
cable end fixtur
and supports, p
h el ect rrcal
tIS
e

requrred elec
4) Bundl ed Wrrng

appl | ocabesthtaerearv
o%%r To uns and (pass to etehgr
the sa car

ing - Inaddition to lighting

res, cable trays, foundation a
enetration pigces associate
syst ens, are also outfitted on
Ef(fourr]tngss or about 85% of

Pulling several fodef her

ral 335

en to avor

|
abradin Sg cable rnsula t1on cfurrng pullin
Broces |nanlpower savi nﬂs are rea rze b
sing smal | pneuratic wnches and pulleys.

=
—
()
=
QO
oW

KT DS OT ‘<< —+(MD<< D (D

.
o

|
;

f

QD v —*
2olm=38
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o~
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CABLE PROCUREMENT
8cure rocesses Fr st, and init aI
er IS p based on) prelrmnary Euafrty
rde more ‘days before f
a el | ver dafe A specific pallet de
nst f nr}h MF, =~
| dent ronandnakrngrn rnaéron S
Zrite re ays before each” required pal| pu
ITets should arrive, Frpure 55
pect ed progress for' cabfe Instal
As a conseque ce of purchasrn ca
cu o
ot
mat er |
rnf et arroun arge ner
th e money  used to purc ase capl
und res 0 rees recutt h P cables in va e uses
of on hoard f omo material marshaling

Fi ure 4 shows a flow diagram
as, produced by CLIP. Generally, th
|sy$Faced p90 0u )d Eef
,.cutt
For' the purpose of assessin
; it ;
X
relative to key dates.
re and desi.gnat ed bl?
U
Hﬁlrver Hp% : t(h ere rgs e% edu
}s]r ffr(aj ous,sceredurefr
r%'f !
Rersonne Fre freed romr ecepfron ad or
chores.

—

e demand on them
ejr renunerat;on
al services t ey
ffrcren suphres
ave

\?va rcg ared
needed by t ﬁ

uppl jers benefit
does nfppfluc tuate a

0 hecau

e

oy s ) r%t th
f% assure shr% rd dﬁr,y Veries on
10 Bl e e Srokeli i B st e
prhaso cor? g

sr nment tha are
hipyard for quit® some tine,

.—.-
:_

Al though supplier precutting, identifying and
rking incréases cable pnrt COSt S, the cost™ benef i
fromrnproved materra roduct ] on confro
sur passes by far, the cost rnc eases. The result Is
unquestionably advant ageous.



FRODUCTION SUPPLIER CLIP
[ LONG TERM - - PURCHASE ORDER [ CBL QTTY
|___SCHEDULE b”PPLl“N“ LIST
i _
IDENT N
CUTTING | STICKER
| i
WARKTNG MARKING ORDER COLOR WLE
INST’N MARKi ING
PALLET DEL'Y DEL'Y ORDER PAL!;ET
SCHEDULE ASSEMBLY
\]/
PALLET
DELIVERY
FIGURE 4 CABLE PROCUREMENT PROCESSES
Pulled ( m ) %
Even if a cable supp|| er cannot be found Total ( m)
E) ovi de Ihe |ncreased s VLf S at reasonﬁ bl e addeg
st,  precutting,  ident| Ing an 100
Eﬁlleh& Hg cable should F eréorned th|n a
lP fore cab e|sr £as roduct] on.
Theré 15 no ﬂne |on abou thgre vn&l b }]usnfy P 50 |
sﬁvmsre b om| roved production contro
t contro na erial,
EVALUATI ONS :
. FAB.  EREC. .
The various effects brought about in [H START gﬁng '.'MC" . DEL
sh| pyards by the approach descrided In this paper SHOOT DOCK
HAJOR LINE TRIAL
1) There were substantial inprovenents |n boh EVEKTS H/E OFF’L
| demgn & pro%ﬁa t|on rrg]uct vt Accurate EREC. TRIAL
racmi f| n wor k E ress vas
LY O 1 4 —_—
CABLE INSTALLATION PROGRESS
wor k gmogcaetseses Aser the_wor k|cs classified by
uc
Pgmatos sdb(by d nhou sg Der ca(bq H b
becane ver accurate end becdne Besi des what they contnbuted to planning
%und bases for bn detmg and schedd(lm([; for d nts, everz sv%a unwitten detail fhat
e. normal nance of vvor ﬁex ad detectd Ie perform Hg ro%uctmn
stat|st|ca| sense Thus,  trends toward b nin and app||e bg them as
Bcbedule | apses vere [mediately detected Perl e cabIe [nstal [ ations, to
ﬁre hey bedcame of serlous 8on|sequence namfes tly further improve efficiency.
romt” and appropriate remedial actions,
exp‘éct?d de|%r§,sp were  completely 4) CLIP mgmhcantly streant i ned demgn wor k.
ﬂmn ed. Notewort Ry sinpl 11 cation Mb eallzed in the
) t coordi nati op was. achi i a”a“r"%pe”%“‘nd‘ebcdeaen%f% and o
re efficient coordinati s achi eve ,
bet ween cab(be pu||C|n r\( vVb‘er types o? QHaP/tlng Iadjes The skill g des| dnes a%d
work because interf ace Pro ems’ Were saved man-hours are now app||ed or nore
|dent|fJed In éxdvan e. Such po ential problems sophi st1 cat ed design duties. e CLIP
Were |scusse % P |or|h count er [es bocesa ng sgs em and data ase ae asol ute%
Wer e |ncoF e g e planni ng and/ or ndlsbensb bl e for_transt rmnd g Yste
scheduling for all types of work  involved. 1o da zone. The Pgﬂ on of zone 0%|e
1o amhtate cable 1ns at|ons I's_Impract|ta
3 The benefldal results o Usi ng group | eaders to W't hout a processl ng system ke CLIP and an
Performpr uct|or} nmn dwere | at er aPp gr data reover, O_IPnade
0beinc arﬁ 8 cable rnstallation work, ch | glr (iut cal e beeause of 11s
Were conspicuods during the production phase. reliabrlity nbe ating cable lengths.
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5 Since all cable information for a ship are
conserved in the CLIP da ta base design data
so filed can be ea5||¥1 p |ed \Ahen Bui | di ng
different ships. of the sa 8 Nor eover,
because al s gnmcam aspects “0f cable usaP

cag ured as cor orate data th |s read| y
ecal ole, cost estimatin hi eree

of accuracy nas, becorme pr ctlca In |0n
the cons? Y (1 data gase has al S0 Proven to bg
ver userul. for nodernizing, overhauling an
epairing ships.
CONCLUSI ONS

dCzéble |nsta|t|aé|<f)n V\|/ork wals onc% aIV\e
rded a st difficu an.an conr
ﬁzone fo IC. ng a(te L’ngde it practica
Lransform systemo rient ed dat %e 0 zone- or|en|t
pli

Wt

S
(
d
y

go

ackages,” zone logic has been successfu
R' ed and’r eaﬁlled fo installing cable in stp
e zone approach 1s now routine In"IH shipyards

rquement in coo¥d| natlon with other t rade?
urin %uaest stage of cable Installation, s stl
ein rea I zed i "provement process is not

likely to stop.

Enphatically, the pore complex that a ship
the more CLIP IS essenpal f%r cost schedul|ng
quallt¥ ters. The fact t Pis app| a
and ef ecﬂge for m)dernl zat|0n ov rhaul and re

work, inaddition to construction work, Is reiterated

Wile cable installation work IS generallg held
tp ﬁ verY ortant |tsm&o BF s Incr gsinp
w’] the %de Sit P 0
the tseemn : | t S0 h|st|ca |on 0 nunerogs
electric an eecrnlc Ui pnents of eve In

tl\t are now berng |tte§q prg% hem
h oaled to keep up vv|th th|s extraord| nary
em

e
|
s.

—i

d
e
[

éf

The addition of conputer-aided design CAD)[

functions for automtjc de5|9n and dra tmg 0
frttings, and autonatlc dete mnatlon of cab

routes,” are re%are as [pr|or|ty sub ects 0 e eat
Mfthlthe ure. Bu attes rrF ?
asoag;lwng fority efforfs edeveonento
Tiberoptic Systens and mJItlpI exed commm cation
?(?l}le ntfs the purpose of reducing cable
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Material Handling Operations

Richard L. Storch, Member, University of Washington, Seattle, WA

ABSTRACT

The initial phase of a two part
study to develop a sinulation procedure
for shipyard material handling
operations is described. This phase
i nvol ved investigation of software
alternatives available for sinmulation
optimzation, material handling and
data base managenent. Additionally,
material classifications, equipnent
choice figures of merit and a materia
handl ing equi pnent data base have been
devel oped. = The paper presents a
di scussion of the software _
investigation and presents choices and
rationales to be used in the second
phase. Additionally, the format and
typical entries in‘the material
handlln? data base will be presented.
A detailed discussion of the fina
figure of nerit equation devel oped and
to be used is also included. Finally,
the results of a feasibility study
concerning the potential for successfu
sinulation of the problemis presented.

| NTRODUCTI ON

Effective management and control of
modern product-oriented shipbuilding
systens is based on control and
monitoring of material. Wrk packages
are organized around pallets, which are
conceptual and physical groupings used
for production scheduling and control
Numerous choices of material ordering,
fabrication, storage, marshalling and
handling systems are possible. Optimal
selection from among these choices can
significantly impact overall
productivity of the shipbuilding
process. Simulation modeling is a tool

that can be effectively employed to
optimize choices in a complex decision
making environment. Specifically, for
a given objective function, such as
total cost, a mininum can be obtained
b¥ simulating the results of a series
of possible solutions. In this case,
the desired solution is a choice of
material handling equipnent to be used
to nove particular itens from one work
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station to another. By coupling a
sinulation of the entire series of
moves associated with a shipbuilding or
ship repair project, with the

conputation of the total cost
associated with the noves, a |east cost
assignnment of material handling

equi pnent to specific noves can be
acconplished. The research reported on
here involved the fornulation of the
procedures and necessary data bases
with which to generate a mninum tota
cost for planned material movenent.

DATA BASE DEVELCOPMENT

Three data bases are required in

order to analyze the material handling
choices. These describe (1) the
material handling equipnrent” avail abl e,
(2) the material to be moved, including

time and location it is needed for the
sucpeedln? work operation, and (3) the
facility Tayout, indicating the work
stations to and from which nmateria
nust be noved. The data bases will
provide input data to the sinulation
model .  Therefore, they nust contain
information in sufficiént detail to
gernlt valid analyses to be conducted.
hey should not, however, contain nore
detail than can be effectively used in
the simulation. The actual flow of the
sinmulation nodel proposed will be
presented later in the paper. However,
there are certain prerequisites
associated with each of these data
bases.
Material Handling Equipnment Data Base
The material handling equipnent data
base must contain information that will
enable two mgjor functions to be
acconplished. First, the feasibility
of using a particular piece of materia
handl i ng equi pment for a given nove
nust be verified. This is a necessar
condition for further consideration o
the piece of equipnment. The
feasibility verification requires a
deternmination that the equipnent
capable of handling the weight,

is
) si ze
and route required for the nove. It



al so |nP||es that the equipment is not
currently being used for another nove.
The second functron i nvo| ves naking an
optinum choi ce of avallabl e equi pmént
based on a conputation of fhe cost of
using a particular prece of equi prent .
Since there are likely to be many
possi bl e choi ces, . the sinulation npde
shoul d be run nakrng different choices,
sp that these options can be conpared
after evaluating total project costs
'Wedﬂacﬂeonesforeturmm nust
enabl e the nodel to deter these
characteristics. rgureﬁ 5, show t he
headi ng categories e fr es that
conprise this data base. . These. ffles
are for specrfrc pes of materia
? equi pnent,” " 1'ncl U dlnd
r| ge antry cranes mob
cranés/ crane ” trucks, Hlb cranes,
transporters/trucks/rafl cars, and
rorklifts. Th e first two colyms are
the individual “equi prent nodel and
name. .~ The next set of colums. indicate
handling capacities of the equi pnent.
Thrs data can be used to deter ne the
m |%CMemy?%&|wumsor
IS pi 