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A REVIEW OF DEVELO%MENTS IN SHIPBUILDING TECHNOLOGY ANL

THE POTENTIAL FOR APPLICATION TO NAVAL SHIPBUILDING IN AUSTRALIA

ABSTRACT

In February 1976, the joint U.S. government/industry National
Shipbuilding Research Program (NSRP) encaged a leadinc Japanese
shipbuilding company in a technolcgy transfer contract. The
publications resulting from this oncoing program identify the

.logic and principles employed by a competitive shipbuilder for

the design anc construction of vessels of all types, inclucding
naval vessels. '

The paper presents a brief history of the developmernt of modern
shipbuilding methods in Japan, reviews the logic and principles
identified in the NSRP publicatiocns and discusses some of the

implications of this research and potential application to the
Australian naval shipbuilding industry. :

“In Japan we have to contrcl material
because we cannot ccntrol pecple."

Y. Mikami
Seniocr Manacer
IHI Marine Technolocy Inc.



INTRCDUCTION

The Australian shipbuiléing industry has been an unsteady cne
for some time. In recent vears, the Australian Department of
Defence has placed orders with Commercial anc Government owned
chipbuilders for a variety of ship types. This is a good trenc,
but shipbuilding is a competitive industry cn a worléwide Lasis
and, in order to secure the future cf the Australian
shipbuilding irndustry, the industry must be able to prove that
it is at least cost effective in comparison with the
shipbuilding industries of other competing countries. Thus,
there is a need for the efficiency of the incdustry toc be
compared with that of overseas shipbuilders.

The Japanese shipbuiléing industry has emerged over the past two
cecades as the most successful of all countries including
America, FEurope and the U.K., although other South-East Asian
countries, such as South-Kocrea, are becoming increasingly
competitive. A direct comparison of the Australian shipkuilding
industry with the Japanese shipbuilding industry is ocften
considered inappropriate because of significant differences
between the type cf vessels built, the number of vessels of
similar type built, differences in labour and material costs,
the level of Government suppcrt to the industry and cultural
differences between the Japanese and Australian industrial
society, particularly in relation tc the prcliferaticn cf Trade
Unions in the Austrzlian industry.

Previous analyses of the Australian shipbuilding industry, such
as that by the Australian Government Industries Assistance
Commission (1), have locked st pricing, industrial relatiocns,
impcrt restrictions, subsidies, duty and taxaticn exemptions,
investment and research finance, credit facilities and other
assistance to shipbuilders and ship owners. These studies have
also briefly addressed the production methods used by overseas
shipbuilders. For instance, from (1): :

"Many...overseas yarcés have achieved a hich degree of
mechanisation in fabrication shops, including
computerised numerically contrclled cutting machines,
remote control conveyors and automatic panel assembly
linee, and extensive use of automatic welding. Many
yards use assembly cf maximum size units, early
outfitting under cover and large capacity berth
cranes." This reference goes on to add that "...the
introducticn of multiple orders for larce vessels has
led to the maximum use of mechanisation and increased
constructicn efficiency in the leading overseas
shipbuilding nations.”

Ancther previous report cn Shipbuilding in Austraiia by the
Industrial Motilisation Ccurse, 1974 (Z) saic¢ that it has been
sucgested that Japan's strength has been in its "so0lid strata of
'middle~class' technicians and engineers from a high standarcé of.
education and the support from powerful back-up industries.”



The guesticn that perhaps was not asked, however, wae whether
this view of the production methods used by the leadinc overseas
shipbuiléinc nations represented the complete story. How did
shipbuildinc nations, such as Japan, establish their superiority

over the established shipbuilding nations such as the U.K. and
America? ‘

DEVELOPMENTS IN SHEIPBUILDING TECHNOLOGY

In order to understand the problems facing the Australian
shipbuilding industry, it is necessary to understand the
evoluticn of shipbuilding technology and the changes which have
influenced the international shipbuilding scene.

The Australian shipbuildéing industry clearly has its oricins in
the British shipbuilding industry. The inncveticns ©of engineers
such as Brunel, ané Scott-Russell pioneered the transition from
wooden to iron ships during the industrisal revolution.
Thornycroft ané Yarrow pioneered the development of the motcr
torpedc boat ané the torpedo toat destroyer which have since

evolved into the modern Gestroyer/frigate as we know it today -

These vessels were designed as an assemkly cf functicnal
systems. AS succesive classes of ships evolved, those
functional systems lbecame more and more complex. For early
steel ships, the hull structure represented the major proportion
of the cost of the vessel. Today. the hull structure of a
warship accounts for only some 10% to 20% of the labour cost of
s vessel, whilst cutfitting werk, painting and testing
activities account for the remainder.

The methods used for the constructicn cof early iron ships also
evolved on a functional system basis: the keel was laid as a
system, then the transverse and longitudinal framing followed by
the shell platincg and decks, etc. Upon the completion cof the
waterticht hull structure, the vessel was launched and
outfitting was completed "on~board".

The organisation of labour invclveé in accomplishing the work
also evclved on a system-by-system basis with each trade
specialising in a particular aspect of the tctal work. Thus,
for the traditional ship design and construction process, there
was compatibility between the organisation of the design
information, the ccnstruction method and the organisation cof the
labour involved. This fundamental orgznisation was essentially
oriented towards functional systems.

The introductiocn of welding meant that pieces of cifferent
individual systems could easily be joined together. For
example, pieces of frames could be Joined to parts of shell
plating to fcrm panels and blocks. The panel could incorporate
parts of decks, bulkheads and a keel. Thus, much assembly work
was shifted from the building ways to platen areas in or near
workshops where work is perfcrmed with greater safely,
efficiency and accuracy.
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The American shipbuildinc industry alsc owes its corigins tc that
of the British shipbuilding incdustry. The most remarkakbilie
imcrovements in U.S. shipbuilding were pioneerec¢ by Henry Kaiser
durinc Werld War II. Kaiser was an incustrialist whc was well
known for tackling major civil encgineering prcjects. As a
newcomer to the shipbuilding industry, Kaiser applied incdustrial
encineerinc principles tc the construction of ships and
outproduced established shipbuilders (3).

Chirillo (3) states that:

"The record shattering performance was due toc Keiser's
introduction of the rudiments cf Group Technology, i.e.
organising work by the problems inherent in
manufacture. In this manner, Kaiser's yarde were
achieving benefits normally associated cnly with
production lines even while producing many different
subassemblies in varying quantities as required for
building ships. The Kaiser principle was to organlse
work to f£it the worker instead of vice-versa."

After World War II, there was a glut of shipping capacity and
much of the expertise gained in the U.S.A. was lepersec. Elner
Hann was a former General Superintendent of Kaiser's Swan Islend
Shipyard in Oregon where he had been responsikle fcr all
production werk. After WW II, he found employment with National
Bulk Carriers (NEC) cf New York. At that time, NBC were seeking
a shipyard with the capacity tc build large carriers for the
iron-ore trade between Venezuela and the United States. A
worlcé-wide search was conductec¢ and finally, & lease was
arranged for the Japanese Naval Shipyard at Kure which had not
been damaged durinc the war.

Elmer Hann introduced tc Kure the shipbuilding techncoclogy that
had been cained during the construction of ships during WW II in
America. Chirillc (3) states that Hann advised the follow;nc in
a personal communication:

"Our all-weldedé construction was introduced intc Japan
for the first time, to the fullest extent allowed by
the classificaticn society. We used the American
Bureau of Shippinc...as most of our machinery ...came
from the U.S.A. for the first several years."

"Job and material controls were organised into cone
department. Sequence and scheduling of work was
carefully planned and closely monitored along with
guality control and inspection which were kept separate
from prcduction departments.” ,



With reference to Dr Shinto's own account of this task (9):

"While I was analysing in detail the complete sets of
basic design drawings and engineering data for
conterplated airplanes, which were supplied by the
Navy, I noticed that engineering information and data
issued by the engineering department were in full
coincidgence with the dGetail items for the productich
system. In other words, I was strencly inpressed by
the fact that all necessary information and cata
requireé for each stage of the procéuction system, such
as material flow, fabrication, sub-assemkly, assembly
and firal erection, were clearly described in detail
sheets by breaking down the detail desigrn drawings,
which essentially deazl with the finished procuct (that
is the functional design of the airplane)."

With encouragement from Elmer Hann, Dr Shintc led a small team
of encineers and applied the production engineering methods
which he had observed for the manufacture cf aircraft tc the
construction cf the bulk carriers for NBC. The methods were
first applied@ tc hull steelwork and subsequently to outfitting
work. Shinto (9) stated@ that this methed of cutfitting was
considered tc be complete by 1958-19€l. At this stage of
progress, ruilding costs at the Kure Shipyards Division of NBC
chowed marked differences from other Japanese shipyarés (9).

Chirillc (3) also states that Hann recalled:

"One salient feature of the lease required an open Goor
policy for Japanese ship-construction engineers along
with training if so desired by bonafide companies (on a
cost basis). During our tenure, between four- and
five-thousané persons visited our plant and studiec
. methods and technigues being exployed.”
Beth Chirille (3) and Shinto (92) acknowledge the contribution of
another American, Dr Edwards Deming, to the development of the
Japanese shipbuilding industry. Dr Deming, a professor of
mathematics, was invited to visit Jazpan in 1950 by the Japanese
Unien of Scientists and Enginsers (JUSE) to give lectures on the
application of statistical methods to the control of industrial
processes. During this visit, Dr Deming gave 35 lectures to
Japanese top managers and engineers. In 1960, Dr Deming was
honored by an awaré from the Emperor of Japan in recognition cf
hig valuable contrikution to Japanese industry. By 1981, Dr
Deming had made 19 visits to Japan. Chirillo (6) acvises
Deming's thecrem based on anzlyses of many maenufacturing and
service industries:

"Oorly 15% of losses resulting from variaticns are due

to special causes, 1l.€. by werkers or machines. The
remz inder are causes common to management ‘s system.”



In 19€0, Dr Shinto joined Ishikawajima-Earima Heavy Industries
(IHI) as the General Manager cf the Shipbuilding Divisiown
following the merger of Harima with Ishikawajima Heavy
Industries. NBC's lease of the Kure Shipyard facilities explrec
4in 1961 ané the staff were transferred to the Kure Shipbuilding
ané Engineering Co. Ltd. which merged with IHI in 196&. Thus,
the expertise which hadé been transferredé from America to Kure Iy
NBC, was passed cn to IHI after further development and
refinement, principally under the guidance of Dr Shinto.

In 1963, the Australian representative of IEI, Dr Eashimoto,
invited@ Mr Desmond Wittwer tc visit Japan. Mr Wittwer was, &t
that time, the General Manager of Australia's Whyalla
Shipbuilding and Engineering Works, a subsidiary of Broken hill
Pty. Ltd. (BHP). As a consequence of this visit, a technical
co-operation agreement was signed between IHI and BHP whick made
provision for Whyalla shipyard steff tc visit IHI's shipyards to
gain practical experience of their ship production engineering
design and shipbuilding methods and for IHI personnel to visit
the Whyalla shipyard to previde assistance.

From this time onwards, engineers and draftsmen from the Whysalla
shipyard@ made regular visits to IHI's shipyards at Kure, Aici
and Tokyo. A particular interest was held in IHI's Aicod
shipyard due to the fact that this shipyard built vessels of
similar size to these which were planned to be built at

" Whyalla. As the technical cooperation agreement made provisicn
for a two-way exchange of personnel, IHI officers also spent
considerable time in the Whyalla yard dnstructing and ndVlslnd
on the special application of the "hull-block comstruction" and
"zone outfitting" methods.

In addition to assisting BHP with technical aspects of basic
ship design, such as hydrodynamic tank testing, IHI providecd
assistance tc BHP in the preparation of the functional
diagrammetics required for classification society approval,
followeé by the preparation of zone-oriented composite drawings
and material lists for the construction and outfitting of hull
blocks. This was in contrast to the conventional detziled
=ystem—or1ented production drawings that Whyalla had prepared
for previous ships that they had built. The zone-oriented .
structured material lists, which were prepared in conjunction
with the composite drawings, provided the material definitiorn
recuired for marshalling materials into pallets for eff1c1ent
outfitting.

Thus the basis of the advanced methods which were used by IHI
and which haé been develcped throuch their association with NBC,
were introduced to Australian commercial shipbuilding in the
1%60C's by the Whyalla Shipbuilding and Englneerlnc Works. These
methods were used successfully for the cconstruction of a nunber
of vessels at Whyalla with a substantial improvement in
procductivity.



As a part cf the study in 1976 of the Australian Shipbuilding
Industry (1), the Australian Industries Assistance Commisdicn
sought information on trends in labour productivity, both for
inter-yardé comparisons ané intra-ygreé compariscns over time.
The incex of tonnes fakricated per employee, which was gucted in
the 1971 Australian Tariff Boardé report, was criticisec as it
may vary widely for cdifferent types of vessels for reascns othier
than worker productivity. A more satisfactory measure cf lakcur
productivity was said to be an index recommended by the British
Ship Research Association (BSRA). This index calculates the
"equivalent" stesel weight of the vessel by taking account of a
number of factcrs such as ship type and weight, whether it is
the first of a muiti-series of vessels and whether any special
eatures are required. The resulting steel weight is divided
intc the total steel manhours. As such, the index only relates
to the hull-construction trades and does not include the
outfitting and painting trades or management cverheads.

The BSRA labour index provided by BHP for the Whyalla shipyard
showed a labour productivity improvement of about one third
between 1969 and 1976, compared with that measured by another
Australian shipbuilding yard, the Newcastle State Dockyard,
which showed only a marcginal improvement in man-hours per

tonne. It would have been very interesting had outfitting
labour productivity been measured alsc. The IAC report (1) made
no sttempt to identify the reason for the improvement in the
performance by the Whyalla shipyaré and thus éid nct seem tC
attach any sionificance to the improvement.

In 1578, following an extensive Government inquiry (1) intc ths
level of assistance that should be provided tc the Australian
shipbuiléing industry, BHP decided to c¢lose the Whyalla
Shipbuilding ané Engineering Werks. The decision was perhaps
inevitable in view of the limited Australian market for ships of
the type that Whyalla was accustomed to building. Despite
improvements in productivity, Whyalla Shipyard’s ability tc
compete in the export market was affected by the changes tc the
level and type of financizl assistance provided by the
Australian Government to Australian shipbuilders and shipowners
when compared with the total level of financial assistance civen
to competing overseas shipbuilders and shipowners by their
respective Governments. Another major factor which contributed
to the decision was that the predicted market was for ships that
were considerably bigger than the capacity of the existing
slipway facilities at Whyalla. The major constraint in this
respect was the limited width of the slipway. Changes to
increase the capacity of the facilities would have required
substantial capital investment which could not be jusgtified
under the prevailing circumstances.

In hindsight, the cecisiocn tc close the whyalla Shipbuilding and
Fnoineering Works was a major blow to the further introduction
of zeone-oriented shipbuilding methods to the Australian
shipbuilding industry. Following the closure of the yvard, )
former employees were scattered throuchout Australian industry.
Although some of these trained people founid employment with the
Australian Department cf:Defence, they had insufficient
authority tc influence theimethods used by the Department of
Defence for the production -engineering design andé constructicn
of ships fcr the Royal Rustralian Navy (RAN).



ZONE-ORIENTED SHIFPBUILDING METHODS

The Naticnal Shipbuilding Research Program (NSKF) was
established in the U.S.A. in 1970 as a co-operative effort by
the Maritime Administraticn's Office of Advanced Ship
Development and the U.S. shipbuilding industry. Guidance is
provid¢ed by the Ship Production Committee of the Scciety of
Naval Architects and Marine Engineers (SNAME). The procram
features pragmatic research projects on a cocst sharing basis by
mz jor shipbuilders on behalf of the entire U.S. shipbuiléing
industry. ,

During 19276, fcllowing visits to Europe ané Japan, the manacers
cf the NSRP concluded (3) that:

"The IEI shipbuilding system was the most developec in
the world and was even recarded as such by other
shipbuilders in Japan".

Furthermcre, they discovered that:

"the shipbuilding system was thriving and constantly
being improved in IHI's three pre-Ww II shipyards, i.e.
Kure, Aici and Tokyc, particularly for one-of-a-kind
ships and for end products other than ships."

As a consequence of this visit, in 1¢7€¢ the SNAME Ship
Production Panel SPF-2 initiated a program involvinc a transfer
of Jzpanese shipbuilding technolocy from IHI to the U.S.
shipkuilding industry.

In his paper entitled “"Shipbrildinc is a Science", Chirillc (5)
states that the best overall framework for the effective
shipbuilding methods developed by IHI is documented in the NSRP
publication "Product Work Breakdown Structure" (PWBS) which was
published in November 198C and revised in December 1982. The
organisation cf work described in PWBS illustrates how
zone-oriented methods and Group Technclogy car be applied to
shipbuilding. Group Technology is a raticnale fcr achievinc¢ the
benefits of mass production for the manufacture cf a variety of
products in widely varying quantities. PWBS illustrates how
these principles are applied to the many parts and
subassemblies, known collectively as "interim procducts", which
characterise shipbuilding. ’

The Product Werk Breakdown Structure categorisecs inherently
different shipbuilding work in acccrdance with three
zone-oriented methods. These methods are:

-~ Hull-Block Construction Method (HBCM)

- Zcne Outfitting Method (ZOFM)

~ Zone Painting Method (ZPTM)



Further classification by Zzone, problem arez and stace is
utilised tc enable the effective use of voth real and virtual
production lines for the many different interim products
required tec build a ship. In this context, the 2zcne _
classificztion represents a gecgraphic subdivision o the ship
ané describes what is tc be manufactured; the proklem aresa
classificatior,, when matched tc an industrial process,
represents how a product is to be manufactured; and the stage
classification, as a subdivision in time, represents when a
product is to be manufactured. A real production line 1s one in
which the product moves from workstation to workstaticn whereas
in 2 virtual production line, the product remaine stationary
whilst the workers mcve.

A fourth supporting methoé, known as the Fipe Piece Family
Manufacturing Method (PPFM) is problem arez/stage orientec anc
facilitates the application of Group Tecnhnolooy for the
manufacture of parts such as pipe rpieces.

The relationship between these methods for hull constructicn,
zone outfitting, zone painting and pipe piece family
manufacturing is illustrated in ficure 1.

For the Hull Block Constructiocn Method, the zone classificstion
breaks the ship down into blocdks. sub-tlccks andé piece parts.
The proklem area ciassification, for example, separates the
manufacture of flat panels from the manufacture cf curvea
panels, whilst the stage classification icentifies different
stages in the asserbly process, such as the bending of parts,
plate joiring, framing and erectiocn.

The primary objective im the HBECM is the identitication of iceal
hull tlocks, or zones, recognising that the definition of these
blocks impacte the subseguent efficiency of zone-outfitting and
painting operations. Thus, the definition of hull blocks,
compared to the definition of other interim products, has the
greatest influence on shippuilding productivity.

The applicaticn of statistical methods tc the control of
industrial processes required for shipbuilding is a feature of
the methods used by IHI to improve the efficiency., quality anc
accuracy of producticn operations. However, Chirillo (5) states
that:; . .

"Statistical control theory can only be appliec

" successfully when manufactured interim products are
classified by the problem areas that their manufacture
imposes, i.e. in accordance with the principles of
Group Technoclogy.” :

This classification of proklem area is one of the
classifications inherent in the PWES. When interim products are
classified in this way so that they match pre-plannec production
jines, the same werk situation is sufficiently repeated for
statistical analysis and control to be performecd.
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when applied to ship hull production, such statistical process
analysis is called "Accuracy Contrcl". Accuracy contrel helrs
managers anc workers toc guantitatively identify those
mantfacturlnc variaticns which are ncrmel from those which are
abnormal, thus focusing maragement attention on problen areas
which affect Drcduct1V1ty, quality and safety. The analytical
identification of problems leads to spontanecus guality circles
in which everycne is involved in solving the proklem sc as to
ccnstantly impreve productivity.

To assist with the introducticn cf Accuracy Contrcl tc the U.S.
shipbuilding industry, the NSRP have puklished the book "Process
Analysis via Accuracy Contrcl" (12). This putlicaticn documents
the methods used by conpetltlve shipbuilders to monitcr and
control the variation in the gecmetry of interim products in
order to achieve overall imprcvements in product1v1ty and
guality.

An important methed used by Japanese shipbuilders to contrcl the
accuracy of structural pieces, sub-assemtlies and assemblies is
the technigue of "line heating".. To many conventional
shipbuilders, the practice of line heating is more of an art
than an industrial process to be used to advantace. In créer tc
change this attitude, the NSRP have published the book "Line
Heating" (13) to explain the methoé in detail.

The zone outfitting method divides ouytfitting operaticns into
three zone classifications:

- cn=-unit
- cn-block
- on=board

For "on-unit" outfitting, outfit compcnents are grouped into
packaces which can be assemtled and tested on a foundation
independent from the ship's hull structure. Thus, zone
outfitting separates outfitting as much as possible from
dependence on hull construction procress and from arbitrary
control as part cf a ship's systems. The zone ocutfitting method
is described in the NSRP publication "Outfit Flanning" (14).

By comparison, conventional pre-outfitting breaks the outfitting
process into only the two basic zone classifications of
"on-block" and "on-board". Pre-outfitting applies resources
earlier than traditicnal "on-boardé" outfitting by.outfitting
larce structural sections prior to erection of a hull. This
necessitates constructiocn of steel assemblies in a seguence
which is prcbatly not optimunr for maximising steel throuchput
with minimum expencditure cf resources. Pre-cutfitting alsc
requires the allocation of appreciable time and facilities andé
is usually planned by allocating rescurces to activities
associated with ship's systems.

s
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The zone-outfitting method identifies +he fcllowing
product-oriented problem area classificaticns for outfitting
work:

- Deck Outfitting

- Accommodations Outfitting
- Machinery Outfittinc

- Electrical Outfittinc

For warships. a weapons specialty is added as well. Deck
outfitting includes everything that is not in accommedaticns,
machinery or weapons spaces. Electrical outfitting addresces
all spaces respectively.

A feature of the zcne-oriented methods Gocumented by the NSKE is
that painting reguirements are richtfully acccrdel the same
priority as hull construction and outfitting. The KSKRP
putlications “Zone Painting Method" (17) and the asscciated
Gescriptive overview (18) document the application cf
zone-criented methocs to the surface preparation anc pzinting of
chips. '

Another NSRP publication "Fipe Piece Family Manufacturing” (1¢),
addresses the design, material definition and manufacture of
individual piece parts and their subsequent sorting into paliets
2s required for efficient zone outfittinsg. Although this
publication uses the manufacture of pipe pieces as an example,
the methods are also applicable toO the manufacture of cther
interim products such as ventilation trunking ané the cutting
and sorting of electrical cabie. :

The integration cf these methods into a shipbuilding system, &S
develcped by Japanese shipbuilders, has been documented by the
NSRP in the publication "Integrated Hull Construction,
Outfitting and Painting” (11). This publication emphasises the
need to involve production pecple in desicn matters, starting
with the development of contract design, toc ensure that the
design effort is consistent with a pre-defined build strategy.

The development of shipbuilding methods from system~oriented
Tull construction and outfitting through tc integrated
zone-oriented methcds is illustrated in ficure 2.



PRODUCT WORK
BREAKDOWN
STRUCTURE
(PWBS)
PIPE PIECE
FAMILY
MANUFACTURING
(PPEM)
HULL BLOCK ZONE OUTFITTING ZONE PAINTING
CONSTRUCTION
METHOD METHOD METHOD
(HBCM) (ZOFM) (ZPTM)

Figure 1 PRODUCT WORK BREAKDOWN STRUCTURE (PWBS).In shipbuilding
PWBS features three basic methods. Each addresses a distinct type of work. As all
are zone/problem-area/stage oriented, they can be readily integrated. Also, they
" facilitate real and virtual flow processes in accordance with the principles of Group
Technology. A fourth supporting method which is problem-area/stage oriented facili-
tates the application of Group Technology for fabricating parts such as pipe pieces.

Reproduced from ref. (18).
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The responsikility for the successful introducticn of
zone-oriented shipbuilding methods does not rest entirely with
the production department. There are extremely impcrtant
implications for the entire design process and for the desigrn
organisation. The build strategy must be established at & much
earlier stage than has been the case fcr the conventicnal ship
design process and this build strategy must be reflected in the
preparation of composite arrangement drawings and the associatec
structured material lists necessary for marshalling material.

Chirillc (4) advises that:

"Design, the creation and grouping of informaticn
becomes a true aspect of planning by faithfully
incorporating a building stratecy fcr & ship in =211
design phases including contract (basic) desicn. Thus,
while having tc manage chance in the way their wcrk is
acccmplished, designers simultaneously have to
undertake more work. An inherent issue is the vital
need for shipruilder's control of contract-cdesign."

Design organisations have traditionally been orcanised by
functional discipline, i.e. hull, mechanical and electrical.

For a naval ship design orgarnisaticn, separzte weapcns and
communications disciplines are common as well. With the
introducticn of zone-oriented logic and an emphacis on the
aprlication of Group Technology, cesign organisaticns must focus
their attention on the design cf "ideal" interim products which
comprise multiple functicnal systems. In order to assist with
the introduction of these methods to traditional desicn
organisations, the NSRP has prepared the publicaticn "Design fer
Zone Outfitting® (15) in addition to the puklicaticn on
Intecgrated Hull Construction, Outfitting and Painting. These
.publications describe the orcanisation of design activities
which competitive shipbuilders have evolved to integrate the
design process with the subsequent activities of material
procurement and production. A typical organisation for a
zcne-criented ship desicn department is illustrated in ficure

3. Another NSRP publication "Desicn Modellinc" (16) cescribes
the modelling methods which are used as an 2id in the design cf
complex interim products such as machinery spaces.

In order to re-organise design informaticn from N
"system-oriented" at the functicnal design stage to
"zone—-oriented" at the detail or “work instructicn" desicn
stage, it is necessary to go throuch a2 "transition design”
stage. This transition stage in the product~-oriented design
process is illustrated in figure 4. During this process, the
ship is brcken dowrn irnto its major blocks and ocutfit units and
the cetail design and material definition then prcceeds fcr each
block .in the same sequence as that which is tc be used for
construction. There is a continual need toc check that
compatabkilty is maintained at the boundaries of each tlock. The
interchange of design ané material information that is necessary
for the introduction of integrated hull ccnstructicn, cutfitting
and painting is illustrated in ficgure 5.
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FIGURE 4 Product-oriented Design Process. Transition Design introduces zones and interrelations with systems.

Reprcc’zﬁ-ceé—‘from ref. (4).
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In ceneral terms, the Jazpanese approach tc shipkuildinc as an
intecgrated production system, ccncentrates on the manufacture ot
ideal interim products, such as hull klocks which are fully
outfitted, painted and tested. As an entity, the ship is almocst
incidental to the constructicn process because the assemnbly of
hull tlocks to form a ship procgresses comparatively guickly cnce
the hull rlocks are available. The consclidation of hull klocks
to form the ship usually does not commence until approximately
40% to €0% of the hull blocks are available. The majcr reason
for this practice is that ships are generally assenkled in =
building dock, rather than on a slipway, and the total assembly
time must Pte minimised tc ensure optimum utilisation of the
facility.

An cobjective in the management of shirbuilding prcjects is tc
size each work packace such that the work content cf the package
is approximately uriform. This assists with the scheduling and
flow of real and virtual production lines ané assists in the
co-ordination of wecrk and meterial flow. For example, the
duration of each outfit work package is approximately two weeks
and the labour content is generally limited to between 80 and
100 marnhours.

The problem facing the shipbuilder is how to builc, outfit,
paint and test hull blocks efficiently. In the first instance,
the hull rlocks must be desicned to facilitate ccnstructicn,
outfitting and painting operations. To do so reguires that
material and informaticn be availatle for each hull block or
zone. Thus the objective of the design process is tc identify
the information and material regquirements, not fcr each system,
but for each zone cor interim prcduct. The term "pallet" is used
as a conceptual expression to define the material and
information requirements for a civen wcrk package.

To do this, it is necessary to undergo a transition stzge in the
design process from the development cf functicnal system
diagrammatics, which are reguirec to ensure that the ship will
satisfy the performance requirements, to the develcpment of work
instructions, composite arrangement drawings and structured
material lists required for each procduction zcne cr interim
product. '

Competitive shipbuilders concentrate heavily on minimising their
material inventcry. They have develcped what is commonly called
the "just-in-time" approach to material manzcement. Long lead
equipment and material requirements are estimated from the
functional diagrammatics and basic guantities are ordered in
acvance, well befcre the detail design phase is comnplete. As
the work .instruction design is procressed for each zone of the
ship and the detailed material requiremente are finalised,
procurement action is taken for those items not already on order
and procurement schedules are refinec. Thus, there is an
integrated approach to the shipbuilding prccess across the
desicn, procurement and production departments.
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outfitting operations are simplified because each hull block has
been designed to facilitate outfitting. For example: overheac
crane access is available; each hull tlock fzcilitates ground
access for workers and small portable cranes from at least two
cices: material and information regquired for the jecbk have been
marshalled as outfit pellets; and ceilings are outfitted and
painted when upside down. This approach alsc leads to
improvements in the detail design of cutfit components. For
example: pipe flange locations are sited to corresponc with Zzcne
boundaries; cifferent pipe systems are supported from commen
hangers instead c¢f each system having its own hangerse and all
systems are routed parallel to the XYZ axes cf the ship. The
+totz] result of all these detailed improvements simplifies the
outfitting process significantly.

Painting operaticns are considerably simplified because careful
desicn of hull blccks ensures a recuction in stacging
reguirements and improved access. Alsc, since all attachments
to, and penetrations through, hull structure are installed prior
to painting, the need for costly repair work to damageaq
paintwerk is eliminated.

Quality ccntrol and certeain testing activities are conductec
before an interim product leaves the work area, thus cefective
work is not passed further down the production line where it
will disrupt subsequent manufacturing operaticns.

The final assembly process, where hull blocks are joined in &
building dcck tc form the ship, is simplifieé because cf the
controcl of the geometrical accuracy of structural and outfit
piece parts, sub-zssemblies and assemblies. Hull blocks are
finish cut in the workshop which eliminates the neec¢ feor
alicnment, marking, and the cuttinc cf margins, cocmmonly Known
as "Green", on the berth.

The need for costly "on-board cutfitting®™ is minimiseé by the
use cf "on-block" cutfitting and the installation of "outfit
units" which comprise pre-packaged outfit assemblies which are
manufactured as separate interim products, complete with &
structurally independent foundation.

The publications cf the U.S. National Shipbuilcing Research
Program collectively identify the fundamental engineering
methcés used by one of the werlds leading shipbuilders for the
design and construction of large industrial products which
include both merchant and naval ships. The methods integrate
the previously conflicting requirements of design, material
procurement and construction and thus shoulé be of interest to
everyone asscciated with the plannirg and managerent of majcr
projects. '




-20-

Chirillo (5) states that:

"Identification of the reel source of Japanese
productivity is a milestone. Clearly the reason is not
superhuman workers combined with miraculous subsidies.
The truth is far more substantial and logical. 1In
Japan, shipbuilding has developed as & science with
clearly cefined principles, theorems, procedures, etc.
It is analytic in the extreme."

Thus, it is apparent that previous studies of the Australian
shipbuildinc industry have missed a fundamental difference when
endeavouring to ccmpare the Australian shipbuilding industry
with that of competitive overseas shipbuilding industries. That
Gifference is the orcanisation of design and material
information and the organisation of wcrk. This difference is
not apparent from a study of industry statistics. It is only
apparent from a detailed study of the methods used. The
Australian shipruilding industry certainly cannct be
competitive, scarcely even cost effective, while it persists

with conventional encineering methods. It is not worthwhile to

evaluate, in terms of indices, how the Australian incustry
compares with that of competitive overseas shipbuilding
incustries when there are such fundamental differences.

THE POTENTIAL FOR APPLICATION TO NAVAL SHIPBUILDING IN AUSTRALIZ

But what significance does the identification of the real source
of Jspanese productivity hold for the Australian naval
shipbuilding industry? Why should these who are invelved with
the Australian shipbuilding industry bother to investigate the
introcduction cf zone-oriented methods when the current
system-oriented design and construction methcds have been
developed and refined over many years?

The success of any system depends upon whether the output from
that system achieves the stated objectives. Furthermore, the
system must achieve thcse cbjectives with an acceptable decree
of efficiency. 1In the case of a total shipbuilding system which
has input from both the customer and the shipbuilder, the
orjectives are to deliver a defined end-product within an agreec
cost, to an acreed schedule and to the reguired quality as
defined by the technical specification. '

_For recent Australian naval shipbuilding prcgrammes, there have

beern numercus examples c¢f cost overruns, late delivery ana
deficiencies in product performance when compared with the
requirements of the technical specification. A general
assessment of the efficiency cf the overall shipbuilding system
would most likely concluée that the Australian shipbuilding
system is significantly less efficient than that of overseas
countries, particularly when compared with that of Jagan.
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In the current situation, the decision whether 2 naval vessel
should be built in Australiz rather than overseas is Very
marcinal. If overseas shipbuilders were to improve their
performance by a quantum step through the introduction of proven
zone-oriented methcds whilst the Australian shipbuilding
industry persisted with convertional methods, then the balance
may swing clearly in favour of procurement overseas. Unaer
these circumstances, the Australian naval shipbuilding industry
would either cease to exist or simply become an increassé hburden
cn the taxpayer.

The benefits that can be expected tc eventually accrue from tLe
introduction of zone-oriented methods include:

- improveé cverall efficiency ané reduced costs;
- improved cost and schedule contrcl:

- impreved quality:;

- improved safety.

Thus the Australian shipbuilding industry, together with the
Australian Department cf Defence must investigate the
introduction of zone-oriented methods if it is to have any
chance of long term survival and potentizl for future growth.
Only in this way can the industry offer, to those it employs,
the security and satisfaction that comes thrcecugh achievement ana
progress.

The most important and c¢ifficult guestion at this stace is how
to introduce these methods to the Australian shipbuilding
industry? '

As a2 major customer for ships from Australian shipbuilders, the
Australian Department of Defence is in a very strong pcsiticn tc
influence the introduction of these methods to the Australian
'shipbuilding industry.

But the role cf the Department of Defence sometimes goes beyond
that of simply "the Customer™ because the Department arranges to
supply the shipbuilder with a detail desicn package. ' In some
cases, the design package is in such detail as to censtitute a
production package. In this gituation, the Department of
Defence is acting as beoth the shipbuilder’s design and
producticn planning departments because the crouping of desicn
informaticn and material definition are aspects cf planning.
Eowever, it must be recccnisea that suc arrancenents have
sometimes beern necessitazted by a lack cf capacity on the part cf
the shipbuilder to cope with -the task of preparing a detail
desicn/producticn packace.




Due to this feature of the role of the Department cf Defence and
because of the consequent restricticns that it can place on the
freedom cf the prospectlve shlpbulloer to implement new methods
that require desicn 1nnovatlon, it is vital that the Lepartmnent
cf Defence -takes due consideration cf the impact cf its chcice
of a design/production or "werk instruction® package on the
efficiency of the shipbuilder. What is requireé is for the
Department of Defence tc act as the corporate planner fcr the
shipbuilder as well as for the customer. Either that, cr cease
the practice of supplying the shipbuilder with a detail
design/production packace and leave that task tc the shipbuilcer
as recommended by Firk (&) in 1973 and ty Chirillec (6) ané (1b).

Uncder the current Australian Department of Defence materiel
procurement process, the selecticn of a suitakle ghip desicn anc
the acqulsltlon or oevelopment of a detail oesmcn’produ;tlon
rpackace is undertaken in the context of a total ship
construction project. As a part of the apprcval process for
havy ship acguisition proJects where "in-country" constructiocn
is intended, it is the author's belief that the detail
design/production package for the cancidate ship design cpticns
shoulé be assessed against production encineering criterie that
are consistent with the logic and principles identifiec¢ in the
NSRP publicaticns.

Sugcested production engineering criteria are as fcllows:

- . = The detail design/production package should incorporate
a product-oriented work breakdown structure.

= The hull block breakdown should be designed such that
~hull blocks are the maximum size ancé weicht (when fully
outfitted) consistent with the facilities and craneace
capacity of the prospective shipbuilder ané consistent
with the need tc provide smooth work flow in workshops.

- Hull blocks should be designed to facilitate outfitting
and painting operations. For example, hull btlocks
shoulé be stalble when inverted and should permit access
for workers and mobile cranes from at least two sides.

- Material definiticn for individual piece parts and
sub-assemblies shculd be by zone/protlem area/stace, in
. accordance with the Product Work Breakdown Structure
classificatione, to facilitate the introduction of
process lane manufacturinc methods and statistical
control of gecmetrical accuracy.

<=~ The work content of cutfit work packages shculd be
balanced such thet each work packace is of
approximetely two weeks duration tc facilitate the
scheduling of wecrk.

- Quality contrcl ané test procedures should be
product-oriented as well as system-crientec.

- The design/procuction packace :should. reference
ratioralised Australian Stancdards.which shoulé be
develcped in acccrdance with the stiztegy recommended
in (2C).



For the purpose of comparison, it is interestinc to assess a
current RAN new construction project acainst these suggestedu
criteria tc see to what extent they are met. In view cf the
author's experience within the Australian Department of Defence
of both the Rustralian Fricate Project ancd Williamstown Naval
Dockyard, it seems appropriate toc assess this project acainst
the criteria which have been suggested.

It is acknowledced that such a subjective assessnent cof
production encineering aspects addresses only cne ¢f the many
factors that must be taken into consideraticn during the
developmert anc¢ approval processes associated with & m&ajcr
defence project. It must be emphasised that the purpcse of this
assessment is only to identify whether the logic inherent in the
production package supplied to the shipbuilder fcr the
Australian Frigate Project is consistent with zene—-oriented
shippuiléing methods and with the principles of CGroup
Technology. However, it is recognised that the overall
management systems which are being introducec for the Australian
Fricate Froject do represent & significant step forward when
compared with previous shipbuilding projects fcr the Australian
Department of Defence.

or. 12 Cctcber 1983, the Australian Government announced the
intention to proceed with the Australian Fricate Project for the
constructicn of two FFG-7 Class frigates at Williamstown Naval
Dockyardé (WND) in Melbourne. Two important aspects of this
project are to re-establish a naval shipbuilding capability
based on the introduction of proven methods used by U.S. naval
shipbuilders anéd to introcuce formal methods of contract
administraticn between the Department of Defence as "the
Customer"” and WND as "the Supplier®.

For the Australian Frigate Procject, the Department of Defence
has arranged to supply a "validated" werking drawing packace to
the shipbuilder with the understanding that a ship built to
these drawings will meet the reguirements of the technical
specification. Thus, it is considered that this package
represents both a detail design and a prcducticn paci.age. Cther
productior. information supplied to the shipbuilder, such as
workshop sketches of parts, are supplied as "production aiéds”.

The work breakdown structure which has been used by the U.S.
Navy for the cdevelopment of the FFG-7 design and producticn
package is known as the Ship Werk Breakdown Structure (SWBS) anc
is essentially system-oriented. This work breakdowr structure
also forms the fundamental basis of an important management
system calleé the "Cost/Schedule Contrcl System” which is to be

—sintroduced for the Australian Frigate Prcject. . The
Cost/Schedule Control System was criginally develcped by the
U.S. Department of Defense in accordance with the recuirements
of +he U.S. DCD Instruction 7C00.2. This management systemn,
which is used for all major U.S. Defense Contracts, is currently
used by the U.S. Navy for major ship constructicn projects such
as the U.S. FFG Project. N

\



Chirilleo (7) advises that:

"The (U.S.) Department of Defense (DOD) Instruction
7000.2 advises shipbuilders tc '...te continuously
glert to advances in manacement control systems...'.

It does noct require '...the use of any single
_—=c . o X .
system...'. Thus, the initiative is open to

shipruilders! Alsc, the DOD instruction defines a work
breakdown structure as: 'A procduct-criented family tree
division cf...work tasks which...define the product tc
be produced as well as the work to be '
acccrmplished...'. The (U.S.) Navy's Ship Work
Breakdown Structure (SWBS) does not fulfill this
definitiocn because it is system oriented. Neither cdoes
it conferm with current U.S. shipbuildinc methods nor
with the world's most productive methods. Thus, the
(U.S.) Navy itself is impedinc implementaticn of
advances in management control systems! Further, the
(U.S.) Navy's SWBS is not consistent with the logic and
principles of Group Technolocy. PWBS adapted for
building naval ships, woulé conform with the DCD
cdefinition and, as proven in Japan, is extremely
effective for applying Group Technology tc shipbuildinc
operaticns."”

Thus, the production package supplied to WNL by the Australizn
Frigate Prcject does not satisfy the first of the sugcested
criteria since the procducticn packace does nct incorporate a
product-oriented work breakdown structure.

The fundamental build strategy for the FFG-7 Class fricates, as
cevelopec by the American lead shipbuilder, the Bath lron Works
Corporation (BIW), utilises the Hull Block Ccnstruction Method
cembined with pre-outfitting of those hull blocks. It is well
recognised that for efficient hull ceonstructicn, the blocks
constructed shculd be the maximum size possikle consistent with
the facilities available within the shipyard, inclucing craneace
and covered workshop space, and also with the requirement to
ensure smooth work flow in workshops. The craneace availakle at
BIW imposed a constraint of approximately 200 tons on the
maximum weight of an oufitted hull block. However, the USh had
‘stated that other shipyards with a lesser craneage capacity of
40-50 tons must also be capakle of building the ships.

The BIW build strategy is reflected in the detail design cf the
ships in that the hull structure is drawn in blocks consistent
with the reguirements of BIW. Butt joints are located such that
the hull btlocks can be further subdivided into smaller
sub-blocks cf arcund 40-50 tons. At the rlock kreakdown, the
detail desicn is consistent with the zone-oriented Hull Blcck
Censtruction Method but it is not ccnsistent at the sub-bleck
breakdown.



A+ Williamstown Naval Dockyard (WNL), the craneage capacity &and
the space available in the workshops limits the maximum cize of
hull blocks that can be constructeé to about 5C toms. Thus the
hull block breakdown irherent in the detail desicn cf the FEC
hull structure is not consistent with the facilities and
craneace availakle to the shipbuilder, WND, a&s required by the
second sucgested critericn.

The constraints imposed upon WKL due to limited craneage
capacity and workshop space have necessitated a departure from
the build strategy adopted by Blhw ané incorperated in the detail
desicn of the FFG. As a conseqguence cof this chance in the buiid
strategy, it is necessary for WD to revise the jck crcers OF
work packages, both for hull construction and for outfitting
work. This revision to the job orders invclves redefining
material and informetion requirements. To dc this, it is
necessary for a team of production planners to ¢oO through
individual system &rawings and the associated parts lists tc
identify which items can be installed by which trade at what
stage. This informesticn must then be fed to the material
procurement section, the stores orcanisation and to the verious
manufacturing shops involived in the manufacture cf piece parts.
Although this is being done in = co-ordinateé fashicn, it is
rievertheless inefficient by compariscn with the situation where
the build stratecy, including outfitting andéd painting
requirements, have been considered at the design stage.

Another aspect which arises from the need to break the 200 ton
hull blocks down into 50 ton sub-blocke is that the sub-blocks
may not be as ideal for subseqguent outfitting and painting
operations as the 200 ton blocks. For example, pipe joint
ijocations mav not correspond to sub-blcck boundariss. Thus,
there may be scope for improvement in compariscn with the thira
criterion. -

For hull block construction, whilst material reguirements are
classified bty zone for the BIW 200 ton hull block breakdown,
this is not the case at the 50 ton sub-block breakéown. FEor
outfit systems., the detail design and material cefinition have
been prepared essentially on a system-by-system basis rather
than by zone, althcugh the major distributive system
arrangements have been drawn in sections between frames which
appreoximately ccrrespond te the BIW hull tlock breakdown.
Furthermore, the material definition associated with the cdetail
desicn of the FFG hull structure and outfit systems does not
classify individual piece parts and sub-assemblies by
manufacturing “prcblem area" or "stage" in accordance with the
PWBS. Thus. the productiocn package supplied to WND is not
consistent with the shipbuilders tuild strategy and does nct
meet the fourth criterion. -
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For the Australian Frigate Procject, the size of each individual
outfit work packace, or job order, varies from a few hundred
manhcurs up to perhaps 7,000 to 8,0C0 manhcurs ané the duraticn
of such activities may be up toc several months. Thus, there is
scope for improvement in the balancing of the work content of
work packaces and fcor reducing the work content such that the
Curation is cf the order of two weeks as suggested in the fifth
criterion.

The Total Ship Test Manacement Plan for the Australian Fricate
Project is based on seven staces cf testing commencing with
equipment testing, fcllowed ba intra-system testirng, system
testing, inter-system testing and finally the testinc of the
ship as a functicnal entity. Whilet this system~criented
approach is required for final testing, it is not generally
supported by a product-oriented test procram as sugcested in the
sixth critericn. This is necessary to ensure that defective
work is not passed further along the producticn process where it
can cause significant disruption to the smooth flow of work. An
exception to this is the "“grocminc" of the Combat Lata System
which invclves the preliminary testing of electrcnic equipment
prior tc shipment to the shipbuilder.

The FFG production packace mostly references American stancards
including the U.S. Military Standards and Specificaticns. Thus,
there is scope for improvement in relation to the seventh
criterion.

It would therefore seem that the production packace selected for
the Australian Fricate Procject is not consistent with the
suggested criteria and does not introduce zcne-orienteé legic
and the principles of Group Technoclogy and statistical control
of manufacturing as identified in the NSRP publicaticns. The
methcds being introduced by this project are essentially
conventional shipbuilding methods based on system-criented logic.

In order to improve the future efficiency of the the Australian
shipbuilding industry, it is the author's opinion that the
detail design/production package acqulred cr developed for
future vessels which are to be built in Australia should be
censistent with the suggested procuction engirneering criteria.
It is recocgnised that a balance must be established between the
required operational, technical and logistic support
reguirements as well. To support this principle, it is
essential to seek the early involvement cof prospective
shipbuilders. Shipbuilders shoulé be encouraced to formally
documer.t their proposed builé strategy in advance and to
identify any constraints imposed by their craneage, facilities
or other pertinert factors, so that this information can Le fed
back into the design process.

-
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If an existing design or production package were to be availalle
for future ship construction projects which satisfied all cf
these requirements and suited the political interests of the
Australian Government, then the Department of Defence project
apprcval process should result in the selection of & desicn
which is suitable from a production enginsering point of view.
But what compromise shculé be made in the situzstion where there
is nc existing "off-the-shalf” design that satisiies the

ma jority of the requirements? Should the producticn encineering

regquirements be given a lower pricrity in relation to the cother
reguirements?

Chirillo (7) states:

"A productive shipbuilding industry is an indispensakle
element of seapower’.

Whilst the objective of the Australian Department of Defernce 1is
nét strictly tc establish vseapower", a productive shipbuiléing
industry is nevertheless vital to the Gefence interests of the
country.

In the light of the previous statement, it is considered that
production encineering principles should not be compromised anc
+hat an alternative approach to the design acguisition process
should be pursued, possibly in parallel with the evaluation cf
existing designs, for future ships which are to be built in
Australia for the RAN.

One apprcach may be to jeave the Getail design to the
prospective shipbuilder as has already been suggested. However,
this may not be practical since the acquisition of design
information can sometimes only be arranced on a Govermment to
Government basis. Also, Australian shipbuilders mey nct have
the necessary capacity to complete such a task.

A possible alternative approcach may be to further develop &n
existing functional ship design to meet specific production
encineering objectives as well as defined cperational,
technical, and logistic support requirements. This approach is
an evolutionary approach rather than the revoluticnary apprcach
of selecting an all new design and reduces the likelihooé of
confronting new production engineering, technical, cperaticral
and management prorlems. ' :

I+ is believed that the implementaticn of significant changes,
such as are being suggested, shoulé be considered in the context
of a2 major project. It seems apprcpriate to lock +towzards the
ships which may follow after the constructicn of- the Australian
Frigates FFGs 05 and 06.
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The fcllowing reasons are presented in support of this arcument:

- The Follow-on Destroyer Programme was oricinally
conceived as a six ship build programme. Whilst it was
decided that the first twe ships wculd be FFGe, there
was no firm decision corncerning the design of following
ships, thus retaining the opticn to select a cifferent
desicn. This decision tc build two FFGs initially
provides a breathing space ard the opportunity fcr the
Australian Department of Defence to ccnsider the
introduction of different methods.

~ Since Williamstown Naval Dockyard is a Government ownedé
establishment, the Government has the responsibility
for the corporate planninc required to improve the
efficiency of that establishment.

- Finally, if long term benefits are tc be gained from
constructing FFGs at WND, then a continuinc programme
should a2im toc build on the skills ané technclogy
introduced at considerable cost thrcuch the Australian
Frigate Project. The situaticn that should be avoidec
is yet another chance in direction, frem a production
encineering point cf view, with a completely new
production package imposed upon the shipbuilder by the
Department of Defence.

The situation would be somewhat simpler if the USN were
proceeding alecng a similar path with the development of the
design for a ship of similar size and capability to the FFG-7
Class fricates to incorporate zone-oriented producticn
engineering methcds. However, it would seem that for the DDG-51
Project, the USN are contemplating the development of a class cf
ships of considerakly greater capability than the FFG-7 Class.
The cost associated with ships of this ‘capatility is probably
well beyoné the budcet for the RAN. Thus, it would seem that if
the RAN decided tc further develop the functional desicn cof an
existing ship, such as the FFG, andé to prepare & production
rackace, then it weculd have to do so on its own.

In order tc tackle the develcpment of the functional desicn of
an existing ship and the subsequent preparation of a procuction
packace tailored to the requirements of the prospective
Australian shipbuilder, assistance would be required from an
organisation which has experience with the application cf modern
zone-oriented production engineering methods to the desicn of
naval vessels.




In the U.S.A., six shipyards are currently being assisted with
the introduction of mecdern shipruildinc methods by Japanese
consultants. Avondale shipyards were the first, contracting
with IHI in 1979. 1In Octcber 1963, they deliverecd the proaucts
tanker "Exxon Charleston", the first ship tc be designed and
built in the U.S in accordance with the Japarese methods. Bath
Iron wWorks, in conjuncticn with Gibbs and Cox, have hac
representatives visit IHI shipyards in Japan to cain experience
with their methods. Consultants from IHI are alsc currently
working with BIW in incorporating zone-criented logic in the
proposal to be submitted to the USK for design ané constructicn
of the lead ship for the DDG 51 Project. Similarly, the Los
Angeles Division of Todd Pacific Shipyvards Ccrperation is
working with cconsultants from Mitsubishi Heavy Industries (MhI)
to incorporate the same logic in a competitive proposal.

Further, the U.5. Navy's Pucet Sournd Naval Shipyarcé (PSKE) has
successfully completed installation of a Close-In Weapons System
in USS RANGER (CV 61) using zone logic. Other such work
underway as of Octcober 1984 includes alteration and repair of
the electric shop in RANGER, preparations for insteallation of a
TOMAEAWK missile system in a cruiser ard planning for cverhaul
of ballast tanks in a submarine. The latter, which will feature
zone-by-stage control, alleviates the prokliem cf pecple from
various shops competing for access in a very confined space at
the same time.

Early in 1984, Saint Jchn Shipbuilding and Dry Dcck cf New
Brunswick, Canaéa, retained BIW as a consultant for applying
modern zone logic to the Canadian Patrol Frigate construction
procramme. At about the same time, Burrard-Yarrows of
Vancouver, British Columbia ir Canada, encaced IHI ccnsultants
in order to apply the same logic to the design and constructicn
of an outfit intensive ice breaker. In the U.K. several firms
are familiar with the production engineering methods decumented
by the NSRP. In Japan, the Japanese Maritime Self~Defence Fcrce
have recently placed an order with IHI for the construction c¢f a
destroyer of 3400 tonnes displacement which, as for the DIH
previously constructed by IEI, will certainly be designec anc
built in accerdance with IHI's own methods.

In July 1984, L.D. Chirillio Associates started tc¢ teach "Product
Work Breakdown Structure® and "Process Analysis Via Accuracy
Control", as descibed in NSKP publications, at the U.S. Navy's
Engineering Duty Officer School in Mare Islanc, Califcrnia.

Consequently, there are organisations overseas with the
necessary expertise who could assist with the introccduction of
these methods to the Australian shipbuilding industry.



In conclusion, the effcrts to improve efficiency by Australian
shipbuilders involved in building ships for the RAN are
currently ecnstrained because the structure oi the
Qe51cn/pr0ductlon package which is suppliedé to them by the
Australian Department cf Defence does not inccrporate a build
stratecy which is tailcred tc the shipbuilder's reculirements.
The Australian Department of Defence has the cppcrtunity, anad
incdeed a respcnsibility, to ensure that the de51cn/proouctlon
packace for future RAN ships which are to be built in Australia
is develcoped in acccrdance with modern zone-criented procduction
engineering principles. It is considered that an invesiment now
in the introduction cf these methods will eventually yield
imprcvements in the control of major ship ccnstructicn projects,
reduced overall costs to the Australian Department of Defence, _
imprcvemerts in the efficiency of the Australiarn shipbuilding
industry and better ships for the Royal Austrezlian Navy.
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