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FOREWORD

advanced Pipe Technology Project was accomplished
of the Ship Producibility Program, un@e; management by
rks Corporation. The Ship Producibility Program
he National Shipbuilding Research Program original-
ed by the ship Production Committee of ?he Society of
chitects and Marine Enginee;s. The project was_funded
by the Maritime Administration and the U. S. ship-
g industry, and was accomplished py Newport News Ship-
g under a subcontract agreement with Bath Iron Works
tion with assistance from a group consisting of industry
+s and members of the Advanced Pipe Techgolggy.

. cory Committee. This group represented all disciplines of
A@V?ig gesign/engineering, fabrication, assembly/installation,
D elated activities.
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The Advanced Pi pe Technolo?y PrO{ect generated a very
high level of Interest and invol'vement anohg the many industry

consul tants contacted during the course of project devel opment.
This interest and invol vement was Perhaps due to the genera

- : L shi pbuil ding industry that foreign
gﬁ?Lbéﬁééogrgﬁ}ﬂb?obW%gUTh%ir conpetitive edge by expending
mich research and developnent effort to reduce outfitting costs
of their shins via the application of conputer-aided design
practices anb>t he acqui sition of automated production equi p-

nent. considering that the cost. of ogtfittin% a tygicm
conmercial ship in a domestic, SNhipyard is 30-240 pefcent of
total ship cost, Il Is understandable that the U S. ship-
bui l ding industry is seeing the need for nore cost-effective
met hods of outfitting.
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EXECUTI VE SUWRRY

The purpose of the Advanced Pi pe Technol ogy Project was to
docunent the present domestic and foreign state-of-the-art
met hods in marine piping technology, to identify and eval uate
particularlﬁ cost-effective nmethods wthin that technol ogy, and
to establish an atnosphere of mutually beneficial cooperation
anmong shi pbui | ders, design agents, regulatory bodies, research
organi zations, and marine suppliers in order to solve comon
problens relative to piping technology. The project was
acconpl i shed by a research team from Newport News Shi pbuil di ng
w th assistance from many domestic and foreign industry con-
sultants. The end products of the project are this Executive
Summary Report, a Summary Final Report, a Detailed Final Report,
and a Backup Data Report, all of which were prepared utilizing
a common basic format to facilitate cross-referencing.

The project was essentially a study of the nechanics of
utilizing raw materials, equipnent, and human resources to
produce finished ship piping systems, and covered state-of-the-
art methods related to piping design/engineering, piping
fabrication, and piping assenbly/installation.

The nost significant findings relative to piping design/
engi neering are:

* The foreign shipyard practice of pronoting the
sal e of ships devel oped from standard in-house
design offers a significant conpetitive advantage
of such shi pyards over donestic shipyards, which
rarely build nore than three ships of a type and
whi ch generally nust develop (or work through a
desi gn agent to devel op) an essentially new con-
tract definition for each ship type.

The capability to produce conpletely conputer-
generated diagranms, such as is being devel oped by
the Ital cantieri shiPyard, offers the ultimate in
cost-saving potential in the preparation of piping
di agr ans.

The extensive use of isonmetric sketches in lieu of
conventional three-view orthographic arrangenent
dramjnPs and the devel opment of these sketches
directly fromscale nodels at the Odense shipyard

is a significant finding since this practice
elimnates nmuch of the duplicative effort seen in
donesti ¢ nodel - bui | di ng desi gn/ engi neering practices.



equi pnent to both cut and end-prep the bul k of
t hei r piping.

. The nost advanced donestic equi pment avail able for
cold bending is the nunerically-controlled 2D
boost er bendi ng machi nes produced by Tel edyne Pi nes
and the 1.5D and 2D booster bendi ng nmachi nes pro-
duced by Conrac Corporation.

The nost advanced donestic wel di ng equi pnent
available is the sem -autonatic orbital welder
now offered by several manufacturers

Al four foreign shipyards surveyed have recently
renodel ed their pipe shops to suit the installation
of sem -automated assenbl y-1ine production equip-
ment. In all cases, such equi pment has been inte-
grated with nore conventional production equi pment
to make the overall pipe shop operation as efficient
and as flexible as possible.

Rel ative to pipe joining nethods, the extensive use
of conventional and Van-Stone type flanges in the
foreign shipyards surveyed is a significant de-
parture from domestic shipbuilding practice, which
utilizes welding techniques to a high degree.

The use of centering-pin type Dresser couplings
and the use of the new y-devel oped nickel-titani um
shape nmenory couplings offer perhaps the highest
potential for cost reduction in the joining of

pi pe.

The nost significant findings relative to piping
assenbly/installation are:

Pre-assenbly and pre-outfitting of piping systens
is at arelatively low level in the donestic ship-
yards surveyed.

Al of the European yards have put strong enphasis
and planning on pre-outfitting concepts and have a
deci ded advantage in this area, especially in the
construction of large oil tankers. The foreign

shi pyards surveyed have excellent facilities which
have been designed especially for advanced net hods

of pre-assenbly and pre-outfitting.
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SUMVARY AND CONCLUSI ONS

| NTRODUCTI ON

This project has examned in detail alnost every activity
that is directly involved in the overall piping process, which
i ncl udes pi pi ng design/engi neering, piping tabrication, and
piping assenbly/installation. Wiile detailed findin?s are pre-
sented under the appropriate common title headings of the summary
Final Report, Detailed Final Report, and Backup Data Report, this
brief Summary and Concl usions section attenpts to present the
nost significant overall findings of the project and to nake sone
specific recommendations on the basis of certain findings.

THE Pl PI NG PROCESS

In general, the results of this project indicate that
the entire piping process cycle - fromthe initial design through
the final test and operation of ship piping systenms - nmust be
consi dered before attenpting to inplenent state-of-the-art
i nprovements for a particular phase of the cycle. The inpl emen-
tation of advanced conputer-ai ded design/engi neering netﬂgds must
usual ly be justified not only on the basis of savings in the
devel opment of design/engi neering docunents, but also on the basis
of downstream benefits to the fabrication and assenbly/install a-
tion activities. Full utilization of such computer-alded nmethods
general ly requires that nore sophisticated production equi pnent
be acquired for the pipe shop; a good exanple of this would be
the acquisition of a nunerically-controlled bendi ng machi ne which
woul d take full advantage of the ability of a conputer-aided
desi gn/ engi neering systemto produce bending instructions on
nunerical control tapes or punched cards.

The high cost of capital inprovenents to facilities
and equi prent general |y demands that updating be evol utionary
rather than revolutionary. Nunmerically-controlled, sem-autonated
pi pi ng production equi pnent such as now used by many foreign ship-
yards is economcally justifiable only if a high volume of work
can be expected on a relatively near-term basis. ponestic ship-
yards, usually building only up to a few ships of a class on an
intermttent basis, cannot usually generate enough near-term
I nvestment capital to justify the acquisition of such equipnent,
especial |y when the cost of inplenenting a conputer-aided design/
engi neering supporting software system is considered. The
donesti c gover nnent al ﬂOliCﬁ of directly subsidizing the con-
struction of ships rather than directly subsidizing the inprove-
ment of the shipbuilding Process itself in order to reduce
donestic/foreign cost differentials has also been a deterring



factor in the nodernization of the donestic shipbuilding industry.
However, world conpetition, the lack of and cost of highly-skill&ed
| abor, and ti?ht delivery Schedul es, all demand that the nethods
presently utilized in the overall piping process be continually
upgraded. The results of this project indicate strongly that
success in the world market depends heavhl¥ ugon_tge ?bility to
desi gn and produce piping systens in a short period of time and
with a high degree of efficiency.

The tinely and efficient design and production of ship
pi ping systens in domestic shiPyards is present|ly hanpered by
many serious problens, the most”inportant of whicCh are:

Lack of communication on a continuing basis anong the
various segnents of the shipbuilding industry relative
to inproved nethods and techniques in the piping process.

| ndustry-w de redundancy in the research and devel op-
ment and the practical evaluation of new nmethods
relative to the piping process.

| nposition of costly practices and sl ow approval
cycles of governing regulatory bodies.

Ship production schedul es which do not allow sufficient

time for the finalization of piping design/engineering
docunents prior to the commencenent of outfitting.

| nadequate or outdated facilities and equi pnment which
make inpossible the inplementation of cost-effective
pi ping fabrication methods.

Limted piping assenbly/installation facilities,

equi pnent, and space, which Preclude full utilization
of cost-effective pre-assenbly and pre-outfitting

met hods.

Continuing material procurenent problens and use of
non- st andard conponents which raise the cost of any

proposed conputer-ai ded desi gn and cause di nensi onal
problens during installation.

For foreign shipyards, existing governnmental policies have made
such problens practically non-existent. Drect governnenta

financial support of foreign shi pyards al so puts donestic ship-
yards at a disadvant age. t therefore appears that inprove-
ments to the donestic shipbuilding industry nust continue .
to depend heavily upon government assistance in order to




make the overall level of piping technology conpetitive in the
world market.

Summary data and conclusions relative to the piping
desi gn/ engi neering process, the piping fabrication process,
and the piping assenbly/installation process are presented
bel ow under appropriate separate title headings. In sone
cases, specific recommendations have also been presented

THE PI PI NG DESI G\ ENG NEERI NG PROCESS

| NTRODUCTI ON

Execution of the piping design/engineering process in
a tinely, orderly, efficient, and conprehensive manner is
absolutely essential if costs relative to the overall ship
outfitting process are to be kept to a minimum This is
especially true if the construction of the ship nust comence
prior to the conpletion of detailed design work, as is very
often the case in donmestic shipyards. Since the execution of
the piping fabrication and assenbly/installation processes is
done in accordance with issued detail ed design/engi neering
docunents, delays in providing these docunments or errors wth-
in them can have a trenendous inpact on fabrication and
assenbly/installation costs. For exanple, the cost of cor-
recting a single shipboard interference due to a design error
can easily be double that of installing the sane conponents
w thout an interference problem

Capabilities for piping design/engineering range from
al nost total dependence of sonme donestic shipyards upon design
agents to total in-house conputer-aided design/engineering
capabilities of many foreign shipyards. Froma study of the
current trade literature and of the docunmentation of the on-
site surveys of the four foreign shipyards conducted for this

- project, it can be concluded that there is a very strong trend
anmong foreign shipyards toward the maxi num use of conputers for
all phases of the piping design/engineering process (including
basic contract definition), and that the role of the design
agent in this process is mninal. In contrast, the role of the
desi gn agent, while sonewhat di mnished by the passage of the
Merchant Marine Act of 1970, is still a vitally inportant factor
in the donestic shipbuilding industry. It should be noted that
because of the unique relationship of the design agents with the
ship owners and shipbuilders they are in an advantageous position
to pronote cost-effective nethods at the earliest stages of
basi ¢ and detail ed design; yet, because of their limted access
to information on the capabilities of individual shipyards, they
tend to perpetuate “standard practice”, even when such practice
may not be the nost cost-effective choice.



Because of the necessary present dependence upon design
agents, limted investment capital, and the lack of a single
reliable source of continuously updated information relative to
pi pi ng design and engi neering, domestic shipyards are, in
general, lagging far behind their foreign conpetitors in the
devel opnent of conprehensive conputer-aided design/engineering
systens. Perhaps the nost inportant recommendation that can
be made as a result of the Advanced Piping Technol ogy Project
is that a permanently funded MarAd Pi pi ng Desi gn/ Engi neeri ng
Research G oup be established to devel op conputer-ai ded design/
engi neering systems and to continuously update donestic ship-
yards on inproved nethods of piping fabrication and assenbly/
installation. Such a research group could also serve to keep
mutual |y beneficial |ines of comunications open anong al
segnents of the shipbuilding industry. Costs incurred by
Mar Ad in nmaintaining such a group would nost likely be re-
covered many tinmes over via reduction of ship costs relative
to the piping process.

For the purposes of discussing specific findings, the
pi pi ng desi gn/ engi neering process 1S conveniently divided into
the follow ng definable phases:

® Contract Definition Phase

% Piping Schedule and Special Materral Tdentification
Phase

—

/ Piping Diagram Phase

Piping Arrangement Phase

Z Pipe Detail Phase

o Ancillary phases

Revi si on Phase

A brief summary and rel ated conclusions and recommendatio are
presented for each of these phases in the follow ng paragraphs.

CONTRACT DEFI NI TI ON PHASE

In general, domestic shipyards rely far nore heavily
upon design agents for the basic design of ships they build than
do the foreign shipyards: in fact, the four foreign shipyards
surveyed specifically for this project seldomrely on the use of
design agents. The policy of the foreign shipyards appears to
be to concentrate on the total in-house devel opnment of so-called

>




“standard designs” which neet existing world market demands
and which can be nodified sonmewhat to suit the needs of
i ndi vi dual owners.

The foreign shipyard practice of pronoting the sale of
shi ps devel oped from standard i n-house designs offers a signi-
ficant conpetitive advantage of such shipyards over donestic
shi pyards, which rarely build nore than three ships of a type
and whi ch generally nmust develop (or work through a design
agent to develop) an essentially new contract definition for
each ship type. The foreign shipyards surveyed not only reduce
the time required for the total design/engineering effort but
also are able to dramatically reduce the tine required for
actual production of the ship via the use of standardi zed fl ow
line and pre-fabrication techniques. Although there is sone
loss of flexibility in providing specific owner requirenents,
this does not appear to be a significant disadvantage.

SCHEDULE AND SPECI AL MATERI AL/ EQUI PVENT | DENTI FI CATI ON
PHASE

The devel opnent of realistic piping design/engineering
schedul es and the early identification of special material/
equi pnent requiring long |ead-time procurenent are inportant
factors in keeping costs relative to the overall piping process
at a mnimm  Operating under nore conpressed schedul es than
their foreign conpetitors, domestic shipyards generally pay a
hi gh price for consequent design errors and work stoppages due
to late nmateri al

In contrast, the standard ship design concept and
the material procurenent policies of the foreign shipyards
surveyed allows themgreater flexibility than domestic ship-
yards in the establishment of piping design/engineering

schedules and in the scheduling of in-yard dates for special
materials required for ship piping systems. This flexibility
appears to be partly responsible for the success of foreign
shipyards in maintaining a high level of efficiency in their
production line fabrication and pre-outfitting assenbly/
installation activities.

Pl PI NG DI AGRAM PHASE

The fundanmental nature of the piping diagram phase of
work makes dramatic cost reductions difficult. The use of
various computer prograns for pipe sizing and related cal cul a-
tions and the use of pre-printed structural backgrounds in the
preparation of piping diagrans are the nost significant cost-
effective nmethods observed at the donestic shipyards and design
agent offices surveyed for this project. However, it appears
that the capability to produce conpletely conputer-generated
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di agranms, such as is being devel oped by the Italcantieri ship-
yard, for exanple, offers the ultimate in cost-saving potentia
in the preparation of piping diagrans. Wile the use of com
puter-generated diagrans is greatly facilitated via the standard
ship design concept utilized at Italcantieri, it appears that
the use of such diagrans in the |ess standard operating environ-

ment of donestic shipyards also offers significant cost-saving
potential .

Since the research and devel opnent of conputer-generated
di agrams was outside the scope of this Frojegtl it is recommended
that a study be funded to determine applicability and cost-saving
potential for domestic shipyards. |f cost-saving potential is
i ndi cated, such a study should al so include the devel opment of
the basic conmputer program and user’'s manual, and a listing of
hardware requirenments to inplenment the nethod (It is probable
that such a nethod could be easily inplenented with existing
conputer facilities available to nost domestic design agents
and shi pyards).

Pl PI NG ARRANGEMENT PHASE

The practices utilized to acconplish the piping arrange-
ment phase of work vary rather wdely anong the facilities
surveyed. Each facility has had to adopt practices to suit |oca

conditions, such as the availability of conpetent designers and
design facilities, union restrictions, etc.

of the two types of layouts used for piping arrangements -
orthographi c and isonetric - the orthographic is by far the nost
wi dely used. However, the use of isonetric |ayouts, observed at
Sun Shipbuilding and Dry Dock Company and Odense Steel Shipyard,
Ltd., appears to offer significant advantages over orthographic
| ayouts for certain applications. The extensive use of Iso-
metric sketches in lieu of conventional three-view orthographic
arrangenment draw ngs and the devel opnent of these sketches
directly fromscale nodels at the Odense shipyard is a signifi-
cant finding since this practice elimnates nuch of the dupli-

cative effort seen in domestic nodel -buil di ng design/engi neering
practices.

The use of nodels and nockups, although inherently one
of the best visual nethods of interference control, is quite
limted for use in the shipbuilding industry, primarily because
of the long-lead tinme, special facilities, and skilled personne
that are required for their production. Mst shipyards and
desi gn agents surveyed have therefore adopted the space com
posite as the primary interference control nethod. The Avondale
system of preparing piping arrangenment | ayouts directly from




space conposite reproducibles is one of the nost significant
findings relative to this phase of work. The use of pre-printed
structural backgrounds, and machine-lettered piping arrangenent
lists/tables are also significant findings.

Pl PE DETAI L PHASE

The pipe detail drawng is the vital interface docunent
bet ween the piping design/engineerin%_activity and the piping
, fabrication activity. Accurate graphic portrayal of pipe pieces
and conplete and accurate information required for the fabrication

are inmportant factors in keeping piping fabrication costs at a
m ni mum

The devel opnment of conputer-aided pip detail prograns
is one of the nost significant advancements in the field of
marine piping technology, for it is the nost practical first
step toward the devel opnent of conprehensive piping design/
engi neering systems. Al though present conputer-aided pipe
detail progranms are not yet cost-effective for the piping
desi gn/ engi neering activities they are cost-effective for the
fabrication activities since pipe detail output sheets provide
more accurate and nore conplete data for the production of
pi ping assenblies and for the efficient |oading of pipe shop
facilities. The ability to efficiently |oad the pipe shop
facilities is one of the nost critical factors to consider in
setting up automated or sem -autonated pipe shop equipnent.

ANCI LLARY PHASES

Anci | 'ary phases of the piping design/engineering

process generally include the preparation of docunents rel ated
to pipe hangers and operating gear, the preparation of various

supporting Ilists/schedul es, and the preparation of technica
-- docunentation for ship piping systens.

In general, it can be concluded that nost shipyards
surveyed have standardi zed their procedures for pipe hangers
and operating gear design, and for the preparation of various
supporting |ists/schedules and test procedures. The primary
di fference between the procedures utilized by donmestic and
foreign shipyards is that the foreign shipyards nmaximze the
use of conputer nethods in the preparation of these docunents.

REVI SI ON PHASE

The process of neking revisions is inherently costly,
especially if revisions affect conponents already fabricated or
even assenbl ed and installed on the ship. The donestic ship-
yards surveyed Which are able to allow nore tinme to thoroughly



revi ew desi gn/ engi neering docunents before issuing them have far
fewer revision problenms than do the other shipyards surveyed.
The foreign shipyards surveyed, capitalizing once again on their
standard ship designs and their material procurenment policies,
appear to have the least problenms of all shipyards surveyed.

MATERI AL AVAI LABI LI AND SELECTI ON, MATERI AL
ESTI MATI NG AND MATERI AL PROCUREMENT

Common to all phases of the piping design/engineering
process are the activities related to the selection, estimting,
and procurenent of material required for the fabrication and
assenbl y/installation of ship piping systems. Problems related
to these activities are particularly severe for donestic
shi pyards.

Limted availability and high cost of marire piping
conponents have forced nost donestic shipbuilders to devel op
al ternate nethods of fabrication, the use of which nust be
integrated into the design/engineering process. Sone of these
nmet hods reduce the nunber of total conponents that woul d
otherwi se be required for the fabrication of a typical piping
system thus sinplifying the process of naterial estimting.
Material estimating in foreign shipyards is an easier process
than in donestic shipyards, since foreign shipyards build nore
ships of any given type and generally have nore detailed design
docunents to use for material estimating. Foreign shipyards
al so have the advantage in the procurenent of materials since

they generally buy materials on a continuing contract basis
from vendors.

| NTEGRATED PI PI NG DESI GN ENG NEERI NG PROCESSES OR
SYSTEMS

Al of the foreign shipyards surveyed are in the pro-
cess of devel opi ng conprehensi ve conputer-ai ded piping design/
engi neering systenms. Except for the Odense Shipyard, the
ultimate objective in the devel opnent of these systens is the
automatic routing of interference-free piping runs in nachinery
spaces and the automatic generation of all docunents required
for the orderly and tinmely fabrication and assenbly/installation
of ship piping system For the Qdense Shipyard, the ultimate
objective is the automatic generation of these docunents
utilizing information lifted directly off scal e nodels.

e Several conprehensive Japanese systens, such as the
Mtsui MAPS System the IH CADS System and the Hitachi-Zosen
H cass-P System have been devel oped to provide supporting
software for related automated Piping production systenms.




The nost advanced donestic conputer-ai ded. piping design/
engi neeri ng systens are t he COITpUt er- A ded Desi gn and Manu-
facturing SystenuSCAPDANB) of Newport News Shipbuil ding, and
the Conputer-Aided Piping Design and Construction (CAPDAC)

System of the Naval Ship Research and Devel opnent Center

cAPDAMS 1S presently capabl e of conputer-generating conplete

pi pe details, including sketches and material/fabrication in-
structions; the CAPDAC systemis presently addressing the problew
of generating drawi ngs via interactive graphics techniques. Bot
of these systens are intended eventually to facilitate the devel -
opnent of nearly all documents required in the piping process.

THE PI PI NG FABRI CATI ON PROCESS
| NTRODUCTI ON

The piping fabrication process involves a variety of
end products manufactured from ferrous, non-ferrous, fiber-
glass, and plastic pipe and conponents. 1he facilities re-
quired are as varied as the products, since equipnment nust be
provided to fabricate and handle a size range from one-hal f
Inch to forty-eight inches in dianeter and from several inches
to twenty feet or nore in length. This variety of materials
and sizes is also conpounded by various wall thicknesses, odd
configurations of bent pipe, and assenblies and nodul es which
can weigh in excess of forty tons.

For the purposes of discussing specifi
PiPing_fabrication process IS conveniently
0

| ow ng definabl e phases:

c findings, the
divided rnto the

0 Materi al s Handling/ Storing Phase

° Pi pe and Conponent Marki ng/ Taggi ng Phase

0 Pi pe Cutting/ End-Preparation Phase

°o [ Pipe Bending Phase

“° | Pipe Joining Phase

o [TPipe O eaning/ Coating Phase

° | Ancillary Phases

A bri ef sunnar¥ and rel ated conclusions_and sonme recomendations
are presented for each of these phases in the follow ng paragraphs.
Findings relative to pipe shop layouts are also presented.




Pl PE SHOP LAYQUTS

I n general, the foreign pipe shops surveyed have al
recently been arranged and noderni zed to maxi m ze the use of

assenbly-line production techniques. .Wile this has greatly
inproved the efficiency of their piping fabrication process,
it has also reduced overall flexibility. [In conparison, the

donestic pi pe shops surveyed have all been arranged over the
years to suit slowy changing needs and | ocal conditions, which
has led to inefficient pipe shop |ayouts and the acquisition of
i nconpati bl e equiprment. The domestic pipe shops surveyed are
however, far nore flexible than the foreign pipe shops surveyed.

MATERI AL HANDLI NG STORI NG PHASE

The handling/storing of pipe and conponents is an
inportant area for econonic consideration. Shop throughput is
enhanced if handling is mnimzed and storage of conponents
and tools is convenient to area of usage. The pipe shop
handl i ng/ storing practices of donestic shipyards are geared to
the need for a high degree of flexibility. Although flexible
donestic pi pe shop storage areas and crane capacities are, in

general, limting factors in the construction of |arge piping
assenblies; therefore, little prefabrication is acconplished
in the pipe shops. In contrast, the pipe shop handling/storing

practices of foreign shipyards are geared to assenbly-1line
production of piping for limted ship types. Al though nore
efficient, such handling/storing practices are far |ess flex-
I ble than those seen in donestic shipyards.

Pl PE AND COVPONENT MARKI NG TAGE NG PHASE

I n general, the proper marking and tagging of pipe and
conponents during the fabrication process is one of the nost
important activities in the pipe shop. Pipe and conponent
“ marking/tagging is, however, largely a matter of |ocal preference
at each of the domestic and foreign shipyards surveyed; no single
nmet hod appears to be significantly better or nore cost-effective
than another. The only innovative practice uncovered in this
area i s the ingenious match-marking techni que devel oped by
El ectric Boat Division for pre-orientation of fittings.

Pl PE CUTTI NG END- PREPARATI OV FORM NG PHASE

The pipe cutting/end-preparation/form ng phase of the

pi ping fabrication process is the first phase of work in the
actual transformation of raw materials into finished piping

assenbl i es. It is vitally inportant, therefore, that this
phase of work be executed with care and accuracy in order to

10



avoid the proliferation of errors throughout the piping fabri-
cation process. The nost advanced equi pment seen in domestic
shi pyards for pipe cutoff and end-preparation is the pipe |athe
which can handle a variety of pipe sizes and materials. The
foreign shipyards surveyed rely on their sem -autonmated pro-
duction equi pment to both cut and end-prep the bulk of their
piping. The nost significant findings relative to pipe formng
t echni ques were seen in the donestic shipyards which use such
techniques to offset the high cost of fittings. The swaging of
pi pe ends to elimnate pipe couplings, and the extrusion of
bosses on pipe to elimnate pipe tees are typical exanples.

The foreign shipyards surveyed use Van-Stone flanges extensively

but only one domestic shipyard surveyed was found to use such
fl anges.

Pl PE BENDI NG PHASE

The pi pe bending phase is the nost expensive phase of
work in the piping fabrication process. Considerable capita
investnent is reauired to set up and use even the snall est and
sinplest of bending equipnent. This fact has forced the smaller
donestic shipyards to fabricate all but the smallest of piping
with purchased el bows.

The two basic processes of bending are cold bending
and hot bending. The nost advanced donestic equi pnent avail abl e
for cold bending is the nunerically-controlled 2D booster bending
machi nes produced by Tel edyne Pines and the 1.5D and 2D booster
bendi ng machi nes produced by Conrac Corporation. Only two
donestic shipyards - Newport News Shi pbuil ding and Avondal e
Shipyards, Inc. - have been able to justify the use of 2D bends
on commercial contracts; the high cost of the special bending
machi nes required has prohibited other yards from using 2D bends.
The nmost conmmon bend radii are therefore 3D and 5D, nade on con-
ventional bending machines. Mst shipyards surveyed cannot
col d-bend pipe over 6 inches (1.P.S.) in diameter and, therefore,
nust either hot-bend such pipe or fabricate with el bows. The
nost advanced donestic hot bendi ng equi pnent has been devel oped
by the Crippen Pipe Fabrication Corporation, which offers sub-

contract services to the shipbuilding industry at a reasonabl e
cost.

PI PE JO NI NG PHASE

Rel ative to pipe joining, the extensive use of con-
ventional and Van-Stone type flanges in the foreign shipyards
surveyed is a significant departure from domestic shipbuilding
practice, which utilizes welding techniques to a high degree.
The devel opment of Van-Stone flangi ng machi nes has nade the
use of such flanges nore attractive, but as yet has not nade
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a significant inpact on the donestic shipbuilding industry.
The extensive use of centering-pin type Dresser couplings

in foreign shipyards is also a significant departure from
domesti c shipbuil ding practice which generally utilizes wel ded
clips to prevent relative nmovenment of coupling and piping.

The use of centering-pin type Dresser couplings and the use of
the new y-devel oped nickel -titanium shape nemory couplings

of fer perhaps the highest potential for cost reduction in the
joining of pipe.

The nost advanced donestic Wel ding equipnent available
is the sem-automatic orbital welder now offered by severa
manuf acturers.  This equi pment can produce exceptionally good
wel ds for nost pipe materials. A 'so, there is presently nuch
interest in finding acceptable induction brazing equipnment and
it is therefore reconmended that the current MarAd Pipe Joini ng
Met hods Project address this problemin detail.

Pl PE CLEANI NG COATI NG PHASE

There are no significant findings relative to pipe
cl eaning/coating in the donestic shipyards surveyed, except
that the use of galvanized pipe is a serious problem area
It is therefore recommended that the current MarAd Pipe
Materials Project address in detail the problens associated
with the use of galvanized pipe and study possible alternatives.

Due to their w der use of ferrous piping, the foreign
shi pyards surveyed general ly have nmuch better facilities for
pipe cleaning, painting, and galvanizing. The nbst advanced
equi pnent for this work docunented is the sem -autonmat ed
chem cal cleaning and shot-bl asting equi prent of the Kockuns
Shi pyard.

ANCI LLARY PHASES

Several shipyards surveyed have found it cost-effective
to fabricate, rather than buy, certain conponents required for
the piping fabrication process or for the piping assenbly/instal-
| ation process. The in-house production of gaskets, pipe caps,
and pi pe hangers by sone shipyards is a cost-effective alterna-
tive to purchasing such itens. The cost-effectiveness of this
practice appears to be highly dependent upon |ocal factors
such as personnel, equi pnent and storage availability, volune
of items required, and cost of purchased itens.

| NTEGRATED PI PI NG FABRI CATI ON PROCESSES

Al'l four foreign shipyards surveyed have recently
renodel ed their pipe shops to suit the installation of sem -
automated assenmbly-line production equipnment. In all cases,
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such equi pnent has been integrated with nore conventional pro-
duction equi prent to make the overall pipe sho? o?%ratlon as
efficient and as flexible as possible.  However, e present
requi renent of the sem -automated equi pment that flanges be
used in the piping fabrication process is a serious drawback
of such equi pment with respect to applications in the domestic
shi pbui I ding industry, which relies heavily ¥Ron meldin%Eand
brazing techniques for piping fabrication. ere 1s so

evi dence, esEeciaIIy in the case of the German-nade Oxytechnik
equi pnent, that equi pment vendors have recogni zed this short-
com ng and are devel opi ng equi pnent whjch c?n handl e Piﬁ%

with or without flanges. The application of such equl pient

to donestic shipbuilding could have a dramatic cost-effective
I npact onthe piping fabrication process.

THE PI PI NG ASSEMBLY/ | NSTALLATI ON PROCESS

| NTRODUCTI ON

The assenbly/installation of piping has as its final
product, operational systems which will transport steam air,
and various other fluids which are required for shiﬁ oggrat|on
and the, life support and confort of the crew.  PIpinhg
various sizes, materials, and configurations nust be installed
in almost all parts of the ship, often in |ocations which are
tight to work in, and under adverse working conditions. The
assenbl y/installation nust be acconplished such that the piping
is properly aligned and joined so as to Provide a | eakpr oof
and structurally sound system Many of the types of activities
required for the piping fabrication process are also required
for piping installation; however, the adversity of shipboard
conditions usually requires that the equi pment and techni ques
used to performa simlar activity, such as welding, be quite
different for the piping assembly/installation process.

_ For the purposes of discussing specific findings, the

pi pi ng assenbly/installation process is conveniently divided
Into the follow ng definable phases:

0 | Materials Handling/Storing Phase

° | Piping Field - Fabrication Phase

0 Pi pi ng Hangi ng Phase

0 Pi pi ng Joi ni ng Phase

o | Ancillary Phase

A brief summary and related conclusions are presented for
each O these phasesTn the follow ng

13



paragraphs. Findings relative to assenmbly/installation area
| ayouts are al so provided.

ASSEMBLY/ | NSTALLATI ON AREA LAYQUTS

The proper layout of piping assenbly/installation
areas and the physical proximty of these areas to the ship
construction site are inportant considerations for shipyards
seeking to inprove the efficiency of the overall outfitting
process. Such considerations are especially inportant when
attenpting to take full advantage of pre-assenbly and pre-
outfitting techniques. The areas set aside for the assenbly/
installation of piping systenms in nost donestic shipyards
surveyed are generally small and poorly arranged with respect
to total ship production. This condition severely limts the
| evel of pre-assenbly and pre-outfitting in such yards.
Recogni zing the nerits of increased pre-assenbly and pre-out-
fitting, nost shipyards are reorganizing existing facilities
to accommodate such work. In contrast, the foreign shipyards
surveyed have excellent facilities which have been desi gned
especially for advanced met hods of pre-assenbly and pre-
outfitting.

MATERI ALS HANDLI NG STORI NG PHASE

Except for sone inprovenents in pallet design, the
donestic shipyards surveyed utilize essentially conventiona
nmet hods of handling and storing raw materials and pi ping
assenbl i es. Speci al handling/storing problens are sol ved on
a case basis to suit existing conditions. There has been
l[ittle need anong domestic shipyards to devel op specialized
handl i ng equi pnent to facilitate the assenbly/installation
of piping systens, such as has been the case in the foreign
shi pyards surveyed. The devel opment of such equi pment by the
foreign shipyards has been an outgrowth of their extensive
“pre-assenbly and pre-outfitting nmethods which are geared to
the production-line concept of ship construction

Pl PI NG FI ELD- FABRI CATI ON PHASE

The piping field-fabrication phase of the piping
assenbly/installation process is the first phase of work in
the actual transformation of raw materials and pipin _
assenblies into finished piping systens. Field fabrication
of piping generally requires that the piping assenbly/
installation activity must perform oOn a much smaller scale
many of the functions of the piping fabrication activity in
t he pi pe shop.
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Most shipyards surveyed field-fabricate piping up to
a size of 1-1/2 inches (1. P.S.) in diameter. Only for special
cases do shipyards attenpt to formally detail piping in this
size range. Field fabrication of piping involves the same basic
operations as required for shop fabrication, but to a nmuch
smal | er scale. Equipnment for such fabrication is characterized
by portability and flexibility. In some cases, the piping
assenbly/installation activity may act as an in-house design
agent for field-fabricated piping by preparing pipe details
and then having the pipe shop actually fabricate the piping.
For gage lines, the use of multi-tube gage |ine bundles
appears to be highly cost-effective.

Pl PI NG HANG NG PHASE

The piping hangi ng phase is one of the nost critical
phases of work in the piping assenbly/installation process.
The proper alignnment and installation of pipe hangers is very
often essential for proper system operation. Al shipyards
surveyed follow essentially the same procedure for the hanging
of piping assenblies. The only significant problenms noted
were the usual access problens and the special problens
associated with the handling of Iar%e pi ping assenblies in the
machi nery spaces of large ships. ese problems are less
severe in foreign shipyards where nuch piping is preassenbl ed
into various packages or pre-outfitted into hull blocks or panel
sections.

Pl PING JO NI NG PHASE

The integrity and serviceability of a ship piping

system are dependent upon having strong |eak-proof joints

which tie the system together. The foreign shipyards surveyed

prefer the use of flanged joints, Wwhich are conpatible with

their pipe shop production nmethods and their pre-assenbly and
- pre-outfitting techniques. The donestic shipyards surveyed

have traditionally preferred the use of welded or brazed joints

and have therefore encouraged the devel opnent of advanced

equi pnent, such as sem -automated orbital welders, which

facilitates the onboard joining of piping.

ANCI LLARY PHASES

Certain ancillary phases of work nust usually be
acconpl i shed before piping systems can be considered finished
and ready for in-service operation. Such ancillary phases
i nclude the cleaning and coating or insulating of the external
surfaces of piping, internal flushing and the testing and
operation of the piping systens. The external cleaning
coating, and insulating of piping systenms are inportant ancillary
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phases of work which are generally difficult to acconplish in
the onboard outfitting environment of nost domestic shipyards.
The ancillary phases of internal flushing, and testing/operation
of piping systens are also difficult to acconplish for the sane
reason. The nost significant finding relative to domestic
practices is the use of flushing rigs and diagrans which greatly
speed up the onboard flushing of certain systems. The foreign
shi pyards surveyed have the advantage in all of these phases
since they are able to acconplish much work in the pre-outfitted
hul | bl ock and panel sections, under the ideal conditions of
their pre-outfitting shops.

| NTEGRATED PI PI NG ASSEMBLY/ | NSTALLATI ON PROCESSES

| nt egrated piping assenbly/installation processes
include all those activities related to pre-assenbly and pre-
outfitting. Al of the foreign yards have put strong enphasis
and planning on pre-outfitting concepts and have an advantage
in this area, especially in the construction of large oi
tankers. There is a decided difference in pre-outfitting under
shop conditions between the donmestic and foreign shipyards sur-
veyed. In the foreign shipyards, great enphasis is placed on
nmodul ar assenbly of deck piping for tankers, for extensive pre-
outfitting of machinery spaces, and even for bringing structures
to covered areas for purposes of installing pipe off the ship.
This concept is carried to the installation of gage |ines and
instrunentation. The advantages include:

| ess material handling and damage;

less lost time and productivity due to
i ncl ement weat her:

“reduced staging requirenents:

reduced congestion and noise on ship;

i mproved working conditions;

I mproved supervision

i mproved control of nmaterial and equiprent.

pi pi ng sub-assenblies, nade in the shop, or under shop

conditions, for installation in nodules, ship subassenblies,
or on board ship, appear to be highly cost-effective. (The

Kockuns Shi pyard, for exanple, indicated a 2000 man- hour
savings for a 700 ton machinery space unit) .
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The foreign shipyards, for the nost part, are so laid
out that there is adequate space provided for storage of
raw and in-process material, and for performng piping assenbly/
installation with adequate space for product and equi pnent.
Flow is usually straight-line with little or no backtracking
or extra handli ng.
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