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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.
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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

2.6

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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BASELINE

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



P!BG. . D’EEDE
£SCASE LADDER. 1.

TRIBPING PUMBPS
/ ; BALAST Sae B 23.% OFF ~

LB 2V-3"nir e

L 11
© ‘ﬁa‘z !\h 2?9!»-‘;:': 9! Ed' S

oag o pues §} _Escare Laspie

L IThANEL

T-AO TWIN-SKEG

: . '-56 @('D
A _‘Egi@-qh a®

b}

1
1
T 4

| I S |

1

e e

|

-

1@ |

EES—tic
—xxy "

T- AO
FIGIRE 7 PUWP ROOM (PLAN)

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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