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ABSTRACT
This paper describeszs howv a formal

menufacturing envircnment, as defined by

the Awmericean Production & Inventory
Contral Society (APICS), compares to
modern shipbutilding techniques. Formal

manufacturing, through s product based
bulild strategy, provides a framevork Ifor
integrating contract scheduling, design
development, material purchesing,
inventory control, preduction capacity
planning and production control. An
understending of Zformel manufacturing
providese a foundation for understanding

modern shipbuilding techniques.

INTRODUCTION

Shipbuilding is the physical
transformation of material into a
product that hae value to B custowmer.

In sheort, shipbullding is wmanufacturing.
In the authors’ experience, however, the
comparison betveen shipyards mand other
manufacturing busineasses isg down
played. Manufacturing is often
associated with products guch ag
toasters, at all comparable with a
warship. Therefore, the body of
knowledge asgociated with manufacturing
menagement, FProduction and Inventory
Management (PIM), iz not generally
applied to shipbuilding. This
conclugion is typically besed on two
notione: ships are products which ere
much too complex and PIM is only
applicable to identical products
produced in great number.

not

differences betwveen
shipbuilding and other maanufacturers,
but they are of a more subtle nature.
Hany of the problems shipbuilders face
are like thoze of any other
manufacturing business. For example,
pecple whoe order material for their
operation teither purchasged or
fabricated) have limited knowledge of
vhen 1t is needed, exactly hov much is

There are

needed or both. Their experience is
that the system is unreliable, gso it
pays to keep &8 few extra on hend. As a

Menber,
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result they tend to order more,
Just-In-Case.

earlier,

Meanwhile the people who fahricate
the ltems like to Dbuild = lot of thenm.
This seems to be the moet efficient way
to manuviacture things, particularly if
performance i= baged on manhour
utilizetion. They never seem, hovever,
to have enough rocm +to store anything,

80 both the shop floor and storage aress

ere always clogged with wmaterdisl. In
apite of the mountains of inventory,
expeditors are often looking for
sBomething thet is missing and needed

right away. It might not have been made
or it might be lost. The one person whe
knowe for gure is uoually on vacation.

These universal problens of
nanufacturing are +the ones addresaed by
the practitioners of PINM, oiten with
great success [1,2]. AB a result many
of the concepts of PIN are epplicable to
shipbuilding snd merit study. One of
the best gourceg of Adnformstion on
marufacturing management is the American
Production and Inventory Control Socilety
{APICE). This paper will intreoduce some
of these concepts end compare them with
modern shipbuilding technigques.

Formal Manufacturin

PIM starts by viewing manufacturing
ag &8 process which reguires a control
syatem. Like any control seystem, PIN
requiresg the claggic elements of
planning, execution and control ([31.
Planning 1= the process of goal
salection and the development of steps
to achieve +the goal; execution carries
out the sgteps, while control meagures
the results 5o that corrections mey be
fed back into the plan.

The planning
manufacturing is
Irom capital
which hole

process in
a complex one ranging

sc-quisgition decizione to
John Doe should drill before

lunch. Yet all planning functions must
anever the four questions basic to eny
manufacturing business (phipbuilding



The
[4]

are we going
when?)

I ncl uded) .
Wght are

question suggested

by

What
(And

to nake?

What does it take to make 1t?

What do we have?

VWhat do we need to get?

Al l manufacturing businesses nust
answer these questions yet they do not
do it in the sanme ray. 1" the informal
manufacturing enviorment, planning 1is
performed 1in a disjointed ad hoc nanner
Oten much of the planning is left up to
the production peopl e on the
"deckplates™ The only guidance they
receive from upper managenent is to do
whatever it is they do faster and wth
fewer resources. PIM concepts describe
on the ot her hand. the formal
manuf acturing environment. Among its
characteristic is that the planning
process is well defined, coordi nat ed
from top to bottom and results in well
defined goals. Pl anni ng is often
organized by the time frame the it
covers: long, nedium end short [3]

Long range
context of

Long Range Flanning.
planning operates in the

corporate strategy and capital
acquisition [51. The answera to the
four questions describe the very nature
of the company. They state what the
basic products are and what facilities
and equipment are necessary te produce
them. Planning at this level is done in
aggregate units that are appropriate for
the manufacturer. An auto maker plans
the rate at which passenger cars will be
made; so many thousends per year. A
shipbuilder could state the rate that it
vill deliver certain ¢lasses of ship
such as 80 many tankers per year. If
the type of market cannot be readily
predicted then the Production Plan (the
PIM term for the rate which sets the
overall level of manufacturing output?
can be stated in more universal units
=such as man-hours.

Medium Range Planning. Medium
range planning further defines the
Production Plan. Now the rate of
production 4s +turned intc an actual
schedule for gpecific quantitieas of
apecific ditems [63. The planning
horizon is reduced to approximate the
longest cumulstive 1lead time of the
products. Depending on the nature of
the business this schedule, called the
Master Production Schedule (MPS)', iz
get in anticipation of gales, or only in

1 In PIN jargon the MPS is always set
in anticipation of sales. We will use
it in the general sense of a medium
level schedule for end products.
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regponge to a specific customer order.

The proverbial toaster manufacturer
ocperates in a make-to-s8tock eanvircnment
where, to be competitive, the customer

never vaits. Most American shipkuilders
operate at the other end of the spectrum
known as build-to-order where, in
exchange for a custom built product, the
customer waits through the entire deziga

and manufacturing lead tine.”
Nonetheless, a schedule can be stated
for the specific number and types of

ships that will be delivered that year.

The MP5 in a fermel manufacturing
environment is constrained by the
Production Plan. A capacity analysis is
performed against major facilitlies to

insure that 4in aggregate the MPS5 is a
feasible plan in line with the corporate
goale I61.

One of the most 4important factors
which distinguishes the formal from the
informal manufacturing environment 1=
the care with wvhich the MPS is prepared.
In the informzl environment the MNPS i1
often arbitrarily determined without
consideration of its impact on all parts
ocf the company such as Finance or
Engineering. Further, the MPS iB often
set unrealistically high as many
managers believe this acts as an
incentive to drive production higher.
When people realize that the MPS is
unrealigtic, it ceages +to become a
credible plan againast which performance
can be measured (71.

In the formal manufacturing
environment the MPS is agreed upon by
all divisions of the company =as a

realistic plan
goals. Then as
begt trede
For example,

which achieves carporate
conditions change the
off among goals can be made.
suppose Marketing has come

up with a major potential sale. Based
on the MPS, if the capacity for the new
buginess is not available without

geriously disrupting the plan then the
new business might be turned avay. An
alternative would be +to eliminate or
delay some part of the old plan in favor
of the new businese. Another
alternative could be arranging for
increazed capacity +to handle both the
original plan and the new businesa.
This could be through extra shifts,
subcantracting or overtime. In any case
the NMPS i not arbitrarily changed.
Instead theose responsible are reguired
toc make cholces in a wviazible and
consistent manner ag constrained by
capacity. This insures that axl
concerned parties can agree that the NPS
is realistic, and that their performance
can be measured against it [73.

2 In betveen iz the aaseﬁhle-to-order
environment. Here a wunigue product is
agsembled out af combinations of

standard items.



Pl anni ng.
set the

sShort Range

Schedule is
taken tO the |owest |evel,
day deci si ons are made.
manuf acturing envi ronment the short-
range plan is defined through the |ower
level or interim products which nmake up
the end product on the MPS. These
interim products can be accurately
defined regardless. of whet her t he
product is built Once or one mllion
times [8]. While this definition can be
complicated by subtl e interactions
between process end product, the basic
criteria is easy. What material does
the mechanic need to perform his or her
task? This material nmay be purchased or
fabricated; it m ght be production
support materi al that never 1leaves the
Job nite; it mght material for the
ori gi nal desi gn. or for a change
incorporated ten mnutes ago. To the
wor ker these distinctions ar e
irrelevant; if he or she does not have
the right material at the right time the
job cannot be conpleted.

Once the
plan can be
where day-to-
I'n for mal

Mast er

be

mat eri al
but so is

Not
defi ned
Once
end

quantity

schedul e.
for the

det erm ned
support

only is
in the plan
the due date is deternined
product due dates can be
for the interim products which
it through beck-scheduling. " this
manner a schedule based priority can be
set for the production or purchase of
each interim product. This is Dependent
Demand, the idea that the need for one'
interim product can be calculated based
on the need for another [8].

The
advant age
define
process.
i ssued

formal envi ronment t akes

of the product based plan to
and control the manufacturing
Formal work authorizations are
schedule which direct that a
specific quantity O an interim Product
is due On a specific date. The work
aut horization allows the picking Of
specific amunts O material to conplete
the job. I'n addi tion, process
informati on recorded for each prQdUct
can be  provided W th the work
aut hori zation. A conpl ete package can
be given to mechanic with schedule,
quantity, definition and
process [9].

Now that the formal plan
and execution authorized the
closed by regular accurate
wor k aut hori zati ons.
indicates that conpletion
or quantity insufficient the
can be fed back into the
al | the interim products are |inked
together to show how they support the
end product. status information can be
analyzed to see how it affects other
interim products. and potentially the end
product itself.

by

t he
mat eri al
all included

defi ned

can be

O the

status
be late

information
pl an Since

is
| oop
status
| f
will

indicate that
These changes

The
changes

anal ysi s
are

my
necessary.
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are transmitted by re-schedul i ng t he
work authorizations either earlier or
later. This insure. that the mechanic
is always working on the product that
has the highest priority; the one which
must be worked now to support the plan.
Wth a formal product based plan.

detailed capacity anal ysi s can be
per forned. By associating the capacity

consumed by a particular interim product
with the schedule for its production. an
accurate capacity profile is devel oped.
If the rough capacity analysis has bee"
performed Correctly at the higher Ilevels
the detailed plan will be achievable
[3]. This is not to say that every day
will be perfect. The dynamic nature of
manufacturing, guarantees day +to day
pr obl ens. The higher [evel anal ysi s,
however. insures that the detailed plan
W I | be, on average, realistic over
time.

informal Manufacturing

Al | manuf acturing firms
short range planning
el se product would never be shipped.
The differences anong t hem can be
defined by the different way these
functions are perforned.

perform

t hese functions or

The
Controls

i nfornmal manuf act ur er
hi s interim

typi cally
products with
little or no regard to dependent demand.
In the make-to-stock world this neans
order points. When the on-hand quantity
of an item drops below a certain point
nmore are ordered, regardl ess of when
they are actually needed based on the
priorities derived from the Mast er
Schedul e.

manuf act urer
not rmake large
However . if
i ndi vi dual
grouped
efficiency
use may be

The make-t o-order
(like a shipbuilder) does
batches of identical itemns.
there is no clear picture of
priority. items are often
t oget her for manuf acturing
even though their actual
apread out over wee or nmont hs. The
orders are based on groupings thought to
allow efficiencies in fabrication or
ease of administration based on criteria
like drawing organization (i.e., buil d
all pipe piece. on thin draw ng).

ONCE it is

floor
for a
the size
begin to
to pees
the next

the order S prepared,
| aunched or "pushed" onto the shop
based on the earliest need date
few of the itemns. Because of
of the order, large lead tines
build w as the entire order has
through any work center before
large order can begin. For a typical
JOb Shop operation, products spend about
90% O their lead time in queue, waiting
to be worked [7] This give. rise to
the practice O expediting. Based on
current priority, some part the Oder

may be needed right away. expedi tor

of
The



those itens
for them

identifies
is asking
ahead of
qui ckly
schedul e as.
now wait even
occurs "hen
expeditors.

t he meet

(because soneone
and "pulls" them
the others. This practice
destroys the credibility O any
the items wthout a chanpion
| onger. A worse situation
there are too many
NOw all the products are
i mportant an | mpossi bl e
situation As a result, planners often
increased lead tinme. thinking that this
wil | increase their chances Of getting
their product on tine. I nstead, orders
are queued -even earlier maki ng the
backl og | arger still. Lead tines.
increase and expeditors have to work
even harder to break the log jam Thi s
is because longer 1lead tines nean |ess
accurate orders. It is a sinple rule O
forecasting: the longer the lead tine of
the prediction, the Iless accurate it
will be. Now a vicious circle builds uwp
of lengthening lead times and increasing
mstrust of the system [ 10] The shop
knows that if it keep. to the schedule
someone will try to accelerate the order
based on imediate need. When they do
accelerate the Order, most of it ends
up being stored for weeks.

Bui I ding products ahead of need has

del eterious effects. They nust be
stored for | onger periods incurring
costs, and increasing the chances that
the items wll be Ilost or danmaged. For
Def ense Contractors, there is the added
risk that the product wi |l become
obsolete on the shelf as result of the
continuous change required by t he
cust oner.

ot her

FORHAL MANUFACTURING MDDELS

For mal manufacturing is a set of
Concept s. As such it manifests itself
in different ways when applied to
di fferent i ndustries using different
t echnol ogi es. W would like to discuss
three versions of formal manuf act uri ng:
MRP |1, JI T/ Kanban, and the rmanagenent
techni ques presented by the National
Shi pbui Il ding Research Program (NSRP).

MRP IT

one met hod formal
manuf acturers is
Planning (MRP I1).
the elements OF

used by
Manuf acturing Resource
This technique takes
the formal environment
from the Master Schedule down through
execution of the day to day plan and
captures them on a conputer. Figure 1
Shows a block diagram of the major
el enent s o MRP . A note about
terminology is in order. MRP Il traces
its roots to conmputerized inventory
pl anning systens devel oped in t he
1960' s These syst ens, dealing only
with inventory, were Known as Material
Requi rement s Pl anni ng or MRP (often
little MRP") . As these systens were
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el enents of fornal
capacity and work
became known as

planing (MRP 11
The inventory planning
larger systems is Still
Requi rement s Pl anni ng

ot her
such

t hey
Resource

integrated with
manuf act uring
aut hori zati on,
Manuf act uri ng.
or "big MP").
element O these
call ed mat eri al
(little MP) [11].

as

MASTER
SCHEDULE

PRAODUCTION

CONTROL =
PRORLE
MAP* :
SUPPLY
PROFILE PURCHASING

WORNSH-PROCESS
E CONTRGL

O HAND
Ol ORDER

* MATEMIAL RECLHREMENTE PLAMMING

FIGRE 1
MRP 11

Demand Profile.

Schedul e is
the planning process
The definition Of
interim products is
of material (BOV .
merely a list of material but I nst ead
captures a serles of product and
conponent rel ati onshi ps. It shows how
raw st ock and purchased conmponent s
beconme interim products, whi ch  conbi ne
with other interim products (and nore
material) until finally the end product
is reached. Figure 2 shows a sinplified
product structure for end item A Her e
A is mde up of fabricated items B and C
and purchased item 1. Item B is in turn
made up O products D and E Thi s
structure can be nmade as elaborate as
necessary to represent the manufacturing
process. The only requirement is that
the interim products at any |evel be
defined in terns of the interim products
et t he next lower |l evel . Thi s.
definition is made strictly on the way
the product goes together. It need not
be besed on organi zation or
ot her design [8].

using MRP
devel oped follow ng
al ready descri bed.
the lower I evel
captured in a bill
This. bill is not

I, the

Mast er

constraints

schedul e
with the interim
of tine necessary
item conbined wth
structure al | ows back-
once the due date for the
is determined (from the Master
Schedule ) , start and finish dates can be
calculated for all the interim products
whi ch support it. This process can be
easily envisioned by turning the product
structure on its side and noting its

resenblance to a schedule network [8].

addition to
associ at ed

The anount
buy each

I'n
can be
products.
to build or
the product
shedul i ng.
end item

quantity,



B c 1
D E
3 4
FI GURE2

STRUCTURED BILL OF MNATERI AL

Col | ectively, the Master Schedul e
conbined with the product structure form
the Demand Profile on Figure 1. This is
a tine phesed view of the quantity of
interim products needed to fulfill t he

Mast er Schedul e.

Supply Profile. once an accurate
Demand Profile has been calcul ated, it
can be conmpared with existing inventory.
The inventory records in the MP 11|
system contain both on-hand quantity and
the schedule for receipt of conmtted
purchase and nanufacturing orders. W th
this information it is relatively easy
to calculate what additional itens are
necessary to build or buy through tine.
This Supply Profile becomes the mininmal
plan to execute in support of the
requirements captured in the Demand
Profile.

The supply Profile is captured as a
series of proposed orders. These are
formal authorizations to either buy or
build something. The manufacturing
orders can be supplemented wth process
informatai on, stored in the conputer for
each interim product.
shows a time
record
Gross

typical
cont ai ned an
requirement show
the item across
Demand Profile.

show al | known

Fi gure 3
phased inventory
MRP 11 syetem
all  known demand for
time based on the
Schedul ed receipts
released orders to re-supply this item
ei t her purchase or manuf act uri ng. The
On Hand row indicates the levels of
inventory that wll be carried in each
period based on the plan. Pl anned
Rel eases represent the Supply Profile.
the systenmis proposal for purchase or
manuf acturing orders that should be
released to mai nt ai n sufficient
inventory to cover the Demand Profile.

in

Eeedback. The
Profile can be nodified to account for
process or material constraints. For
exanple, it may be desirable to build an
item in multiples of twenty because that

MRP I supply
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is the quantity which consunes an entire
ber of rav stock. The formal system
shows the demand this nonth to be for
five only; the plan, however, may be
adjusted to supply twenty for
efficiency's sake. BY mai nt ai ni ng
accurate status in the system t he
fifteen extra items are known to be in
inventory and avail able for future
demands.

Bui | di ng extra may sound
suspiciously |like the informal system
Suppose, however, that all has not gone
wel | with the order. Per haps the
machi ne nmal functioned after making six
parts and destroyed the remainder of the
ber stock. Should a replecenment bar be
expedi ted? In an informal environnent,
the answer would probably be, vyes, just
In Case”. sonmeone night attenmpt to do
research but it will probably be
difficult to find out when or if the
other fourteen are needed. Wth an MRP
11 syetem, however, accurate Dermand
Profile is available so the question can
be readily answered. Thus, with MP 11,
one has the option to conmbine small
orders into bi gger ones. The
information on exactly what s needed,
is always avail able.

Simlarly, other <changes in order
status will be reflected in the forml
system Information such as early or
late performance as well as incorrect
quantities bought or built is fed beck
to the sustem Then appropri ate,
frequent adjusttnments can be made to the
pl an. This insures that work is being
performed on the right product based on
the nmost current information.

Feedback to the forml system
al | ows the mai nt enance of bot h
hori zont al and verti cal priorities.
Verti cal priority means t hat t he
priority of a product and the interim
products which support it are linked.
Thus, if item A (Figure 2) is re-
scheduled by six weeks, the effect can
be represented in the schedules for all
the supporting interim products. Thi s
is an obvious result, though difficult
to nmodel on conplicated products without
a conputer. More subtl e, however, is
the concept of horizontal priority.
Here, if item D is wunavoidably delayed,
the priority for item E can be reduced
as well. It is pointless to conplete
item E on time if it wll end wup in
storage waiting for item D This is
particularly true if item E absorbs
scarce capacity needed for anot her
product with a new, hi gher priority.
Accurate feedback of the formal system
allows the situation to be recognized
and appropriate action taken [8].

The Formal Manufacturer has |earned
that the key to nanaging capacity is to
manage priority. I'n the informal
environment, it is difficult to know



1 2 3 4 5 6 7 8
GROSS REQS 20 25 15 | 12
SCHED RECEIPT 30
ON HAND 23 | 23 | 3 33 | 8 8 -7 | -19 | <19
PLANNED RELEASES 7 12
LEAD TIME: 4
FIGURE 3

TIME PHASED

which jeb in the queue i=s the most
important. As a result, capacity may be
squandered by working on something that
is not needed; now, or ever [(121.

JI

Other formal manufacturing systems
have grown up without +the heavy use of

computers. Perhaps the best known i=s
the Japenese Kanban system; an
implementation of +the principles
collectively called Just In Time (JIT).
JIT i= a formal manufacturing
philosophy which strives to eliminate
excess inventory in twa ways. First,

lot sizes are cut +to the bare minimum.
Traditionally, large lot eizes are
Justified by +the economy of maintaining
the setup over a number of items. Under
JIT, careful attention is given to the
factors controlling getup cost at
workcenters. Second, preducts in  the
JIT environment are only built if they
are needed at that particular time.
Workers will be allowed ¢to stand idle
rather than produce items not
immediately needed [141.

Hanban. Kanban embodies these
principles into a simple card controlled
system. Az implemented at Toyota, there
are tvo kinds of carda: =8 production
card and a move card [143. when the
schedule says that an end item should be
built, a worker starts to use parts Ifrom
a full container to vhich a move card ie
attached. A5 soon as parts are used the
move card i removed and taken beck to
the vork center which produced +the
parts. There a full container is
walting with a production card attached.
Now the move card mey be attached to the
full container and the producticon card

INVENTORY RECORD

removed. The move card authorises
tranglt of the full container to +the
next work station. The newly free

productlon card authorizes production of
exactly one container of the item.
These containers are gpecifically
designed to hold only a certain number
{the authorized lot size) of the
product. When this container i=
complete, the production card is
attached to it. If no other lcose cards
exist, production stopa at that work
center. By regulating the number -of
carda and containers on the shop floor
the aystem is completely controlled
{141.

The Hanban Bygtemn relies on
repetitive manufacture of a few items.
Even Toyota uses this system for only
about &@-7@% of their parts {(13].

MSRP _Hodel

We do not mean to imply that the
shipbullding industry has ignored +the
concepts of Iformal manufacturing. Over
the last ten years, the National
Shipbuilding Research Program (NSRP! has
promoted +the wmanagement concepts and
techniques uged by a number of oversees
shipbuilders. These techniques
repregent an integrated, company wide
approech to schedullng and controlling
manufacturing through structured billsz
of material. Feedback mechanisms
provide for the continual evaluation and
refinement of sgtrategy and execution.
We highlight the match between NSRP
concepts and fermal manufacturing 4in
greater detail in the following review.

¥hat _are we going to _make? From a
long term, or business planning

perspective, shipyard organization and
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goals are centered around the
measurement of value added [151. This
aspect of the strategic plan 1is best
undergtood in terms of a makes/buy
analysis. The wcost of "making®™ or
internally generating a preduct is

compared to the cost of purchasing that
game product. This comperison is made
striectly on a cash Iflov basis. Thoae
products vhich cen generate a sufficient
rate of return, or value added, are
designated a= "make" [S1. For the
shipyards studied by NSRP, the functions
chogen ae "make® are [151:

o Design and component
integration

o Assembly, installation and
testing of finished components

o High veolume fabrication, such
as pipe pilece manufacturing
{vhere Group Technology can be
applied to achieve efficiency)

Subecontracting is uged to
accomplish all other requirements;
chiefly for law volune fabricated
compenents., Beyond the value added
criteria, subcontracting may also be
uged to minimize operating reaources
{i.e., to obtain mpecial expertise or

mitigate sheort term manning peaks) and
to eliminate the drain on management
resources required to keep a job shop
environment running efficiently [153.

The beginning of product definlition
is material planning. MNaterial planning

egtablishes basic palicies for
classification, standardization,
applicatien, ete. Thepe hasic policies

have three major goals;

o to improve the efficlency of
the Production wvork forece by
minimizing the amount of
learning required Irom project
to project.

o to facilitate the design
integration process by
extending the applicability of
previcusly developed desgign
detalls.

o to mipimize the number and
type of truly unique items in
inventory vhen multiple
clasges of vessels are working
gimultancously.

The principal mechanism to achieve
theze goals 4s the standardization of
products. Three types of standards are
developed [153:

o Vendor equipment standards,
which provide a file of
readily available engineering
and design data without
valting for the negotliation

10B-7

and Purchase Order cycle to
complete.

o Fupttional design standards,
which detail common systen,
sub-system characteristics
vsing standard egquipment.

ar

o Detall -design standards,
indicate assembly and
fabricated component
requirements for installation
of standard sub-system
wmoadules.

which

Group technology plays an important

role in the development of the shipyard
standards. From Production’s
perepective, the experience regulting
from bullding a unigue item must be
captured, and be applied across as broad
a sgpectrum of gimilar problems az
possible. Further, the amount of time

required te shift from production of a
given compenent +to any other component
inhibits th€é overall efficiency of the
eperation. Therefore, production
standards seek to reuse past designs and
process data, as  well as provide
guidance for new designs which minimize

planning and set-up delaye. Thia
concept has been most highly developed
in the piping ares, where plpe pileces

are grouped into families
CoOMmon proceEses (i.e.,
bent) [161].

sccording teo
straight wva.

In keeping with the
*assemble-to-order” philosophy, the
shipyard seeks to eliminate purchasing
lead times Ifrom the oversll contract
lead time. This is accomplished through
long term agreements with vendors, which
essentially reserve vendor capacity for
expected shipyard purchases. These
contracts generally specify target
quantities Ifor purchage, with price
adjustments for over or under runs [153.
Changer in the market plasce (such az the
Bpurge in consatruction of clean product
carriers in the late 1972°'s and early
1980°'g, vhich influenced the average
diameter and +total footage of pipe per
hulll, can have a significant impact on
the bottom line for the company. HNarket
analysis, i therefore, a key input to
setting target gquantlities and adjusting
bidding strategiles.

¥hat does it take to make it? Once
a contract is gigned, a two proaged
strategy of design development ie
followed. The firet ig aimed at
supporting early purchasing sctivities
to ensure all reguired materials are
ordered in time to support the
production schedule. or primary

importance is the creation of the Budget
Control List [173, a complete list of
materlial by commodity used as the baais

for projecting design, production and
materlsl costs. Initial purchasing
actlons; requests for guotes,



negotiations on price and placemsnt of
purchasge orders 18 authorized by this
list [13].

The Budget Control List is compiled
from the MNaterial List by Syatem (MLS),
which, aleng with oyatem diagramse, is
the principml product of functional
design [171. As each functiocnal system
matures, often using standard modulegs
for aub-gysten layouta, the MLS
documents the complete estimate of
material required for purchase,. Each
item listed on an MLS im allocated to a

material ordering zone (g temporary
product used for scheduling purpoases
prior to detalled preduct definition)

vhere it will eventually be installed.
Particuler emphesiz i1im given to long
lead iteme which are individually
identified and ligted with exact
quantities whenever possible, Short
lead iteme are frequently estimeted only
by weight within material cost codem
t171.

Close vendor relations are an
impeortant aspect of the spproach to
purchasing. In meny cases, the ume of
vendor materiels a8 shipyard atandarda
reduces the purchasing cycle. Continual
contact with the vendors, required +to
maintain the shipyard’s stendarde, algo
permita maintenance of pricing and
ahipping data. Purchasing deciaions can
be made rapidly from this file data, and
purchage orderg -1:11 be placed
immediately. Further, vendor
performance in both gquality and schedule
iz enhanced when exigting vendor
products can be used [15).

The =second prong of the design
development astrategy supports the
refinement of the product definition

through detail design.
definition eveclves through a

Detailed product
tvo atep

procesa; (1) Transletion of +the banic
product line into specific products for
a given wveaael, and (2) Definiticn of

each produect through detailed design and
materials information.

Using contract documenta,
functional drawings and early asketches
Lrom detail design, Production

translates the bagic product line into a
detailed bulild strategy. AB previously
mentioned, the sBtarting point for this
translaticon 12 material planning and
shipyard standards. The atandards
depcribe the basic building blocks of
integration; funciional service packages

{or unite 1in NSRP termms), or common
structural block configurationa for a
given hull type. But these satandards
only provide a Iramework for the
detatled product definition or build
Btrategy ifequired for each vesgel.

Ag the design effort shiftas +teo
detalil design, a seriegs of nmeetings,
referred to as "C" neetings, are held
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with the Production departments to aid
in the development and communication of
the detgiled build etrategy for each
product [17]. The principal output of
these meetingse is a finalized pallet
ligt for production. The pallet ligt
forms the basie of s structured bill of
material for the dinterim products of
conatruction for the veanel. Each
pallet represente a particular stage of
congtruction for easch product. It may
be broken down simply by work center {(on
unit, on block, grand black, onboard),
or may be broken down further by
required work sequence (i.e., a pallet
for @sach +time a block im rotated to a
nev downhand position)ilZ].

Design developa for each pallet 8
Material List for Fittings (MLF), which
detaila all the componenta for
installation st a particular astage of
congtruction. Thia liet of components
containg purchased items, gubcontracted
asaembliesn, iteme Ifabricated in-house
{principally pipe pileces} and rav stock
required for installation. The MLF ie
uged +to update material requirements
from the original MLS, to budget and to
control weight, and to kit meterial for
the Jjob mite. The MLF defines the basic

unit of vork for echeduling and
management purpogeg. For these reasaons,
the shipyarde documented by NHSRP

consider the date systema Ifor storing,
sorting and collating MLF2 ag the most
important systems in shipbuilding [15].

When the product definition hag
been mtanderdized at a relatively high
level, muech of the design activity
aseociated with defining the MLF can be
focuged on manufacturing problems.
Reuge of previously developed technical
analysis and design sllows engineers and
designers to devote time to
manufacturing and producibility issues.
Without existing details, technical
staffg must spend significent amountz of
time tracking down vendor data and
accomplishing functional analyeis. Time
spent on these taske tende to detract
from producibility due to the presoures
of schedule.

Each fabricated component shown on
the MLFs, vhether subcontracted or built
in-house, 418 further supported by a
detailed material ligt of the raw stoclk
and purchagsed components reguired for
fabrication. Thig ig referred to s=s a
Material List for Pipe (HLP) or a
Material List for Component (MLC). Wwhen
the detail design is complete, it is
therefore poegaible to diagram a
gtructured bill for the entire vessel, a
*aomevhat simplified vermgiocn of which is
shown in Flgure 4.
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FIGURE 4

SIMPLIFIED BILL FOR VESSEL

¥hen ere we going +to meke 3+%
Production scheduling ig approached on

the basis of the length of the horizen
required for a given schedule. Shorter
horizons allow inecreessing levels of
detaill in +the schedule data [181. In
practice this results in a hierarchy of
achedules; long, medium and short. It
io alsop appropriate to think of this

hierarshy of aschedules in terms of the
gtructured bill of material;
congtruction products, pallets, and
components. For long term purchasing
schedules, developed prior to the
avallability of +the pallet breakdown,
individual construction producte are

aggregeted into material ordering zones.
Each item listed on an MLS is then
allocated to the meterial ordering =zone

vhere it will eventually be installed.
The use of material ordering =zones
allowe for flexibility in adjusting

product schedulea by providing a way to
relate materimel to the Bchedule prior to
detailed palletizing. Thisg facilitates
the initial negotiations for component
delivery, especlally for long lead
items. It 1l expected that as design
and schedule data evelves to increased
levels of detail ti.e., MLFs and
HLPs/NLCs), material delivery dates will
be refined to prevent both shorteges and
inventory surpluses.

What do we have, or need to get?
Analysis of _purchasing requirements is
driven by a number of factors,
including: owner requirements for unigque
iteme, item cost and lead time, surplus
tif any), and the neture of long term
purchasing agreements for common
commodities. The material plenaing
organization facilitatese this analysis
by classifying all items Ior purchase

under the following scheme [153:
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o Allocated materials (A) -
requiree specific purchasse by
contract. Used especially for
high dollar, long lead items.

o Steck materials (S) - reguired
in high volumes across all
contractsa. Generally low caset
itemg. Purchased bhaged an
historical sBupply ve. demand.

o Adlloceted Stock materials
{AS}- standard materials whose
expenge Jjustifies purchase
against specific hulle., A
single purchase order across
contracts may be issued, but
periodically supply is
balenced with demend to engure
zero surplus relative to the
backlaog.

Inventory control gpecialiepts will
recognize this 51 a claaBic
implementation of an ABC, or in this
case ACB, material clapaification
achene. ABC clasesification categorizes
materials on the basis of risk (ugually
meagured through snnual dollar valume).
It relies heavily on Pareto’s Lav: a

anall percentage of the items in
inventory accounts for the largest
fraction of -value. For exanple, T™A"
items may be oeonly 20X of +the +total

items, but account for B@Y of the total
value of inventaory. They, therefore,
receive the greatest amount of
management attention [19].

Figure 5, a8 repregentation of a
Nighijima Ledger, illustrates the method
for analyzing the supply vg. demand
reguirements of Allocated Stock
materials. Quantities currently on-hand
plum projected receipts during each time
pericd are compared to total
regquirements for 2 given item.
Deliveries are expedited to prevent
shortages, and de-expedited to eliminate
surpluses. In short, supply is balanced
againgt demand. Comparison of Figures 5
and 2 highlights the gimllarity of this
process to Material Requirements
Planning.

Uging the mnaterial lists developed
by Degign +together with +the schedule
data prepared hy Production, the
Purchasging organization places all
Allocated and Alloceted Stock materiel
on order for discrete delivery dates.
This includes any subcontracted
components vhich may £all into these
categories. Due to the use of long term
agreements, some components may already
heve purchase price and terms negeotiated
with only specific delivery dates
required. Az detail meterial ligtes are
made available, A, and AS materials on
order are checked against requiremente
to ensure accurate quantities Bre being
purchased. A2 more detailled schedules
are made available, delivery dates are
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refined to maintain as close to Control and Feedback. Feedback in
just-in-time delivery as poosible. this approach is an absol ute
requirement. The constant refinement of
Approximately 30 days in advance of delivery schedules to match shop floor
the scheduled delivery, responsibility schedul es can only be achieved if
for negotiation of delivery schedules procedures are in place to apply the
with the vendor shifts from the buyers changes in a tinely manner. This is the
to the Production field expeditors chief reason for shifting negotiation of
responsi ble for scheduling pallets. delivery to t he field expeditors.
This ensures that items arrive on-site Further, in mul ti-hull contrcts,
precisely when needed, even though production wor ker s will i nevitably
production shedules shift slightly di scover required refinements to the
due to ~changing conditions on the Shop det ai | build plan represented by the

floor [15]

Addi tionally,

fabricated in-house,
expeditors may chose
means o f | evel -1 oading
facilities. Short term
are not handl ed by

additional capacity

to

or
work earlier than required

components
the
subcontract as a

field

fabrication
|l oading peaks

peaks are sinply elimnated

delivery requirements
subcontracting. Thi s
requirements for tooling

well as the costs of

reduces
and

providing some
by
Rat her, t he
by nmeeting

Shifting

t hrough
capital

storage, as
idle capacity.
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Grouping Of fittings within pallets.
These refinements nust be captured and
fed back to Design. Typically this
process is handled through a "D
meeti ng, held specifically to acconplish
this review The close scrutiny of both
schedule and Plan is coordinated by a
central group known as Producti on
Cont r ol

The Production Control organization
ie charged with coordinating all

industrial operations through the
integrated planning and scheduling of
the entire shipyard. Thie



wi t hout
ordering
order to

be met
mat eri al
In

responsibility cannot
including control of
and naterial stocks.
achieve the latter, the pur chasi ng
organi zation is part of Production
Control . Basic responsibilities of
Production Control include:

Z General Control - Profit plan,
oi)eratl ons plan, manhour
al l ocations, scheduling and
consol i dated materi al
pl anni ng.

N«

Purchasing - control of vendor
and subcontractor

rel ationships, procurenent,

val ue engineering delivery
control.

Z Expediting®~ traditionel

war ehousi ng functions of
recording receipt and issue.
control of 5 and AS
inventories, mat eri al kitting
(pal l eti zi ng) and
transportation, and control of
scrap and surplus. Control of
delivery within 30 days of
schedul ed producti on.

Producti on Control, therefore,
Orchestrates the entire process, setting
nmaterial policies end using structure
bills of mat eri al t oget her W th
construction schedules to define or re-
define priorities for Purchasing and
Product i on. Production and Design use
the material policies to evel op
standards, hull build strategies end the

structured bills. Delivery of purchased
materials and the Kkitting of conponents

is carefully controlled to mninize
inventory and storage facility
i nvest ment . Product lead tines are nuch
reduced over traditional shi pbui | di ng

approaches due to clear
the highly focussed task definitions
inherent in the use of structured bills.
In short, the shipbuilders studied by
NSRP practice formal manufacturing.

priorities end

HODEL ANALYSIS
MEP_IIX

MRP |1 systenms are often
work only in repetitive
environments. In fact,
for any manuf act urer
Demand can be defined. This feature
makes these systenms particularly
attractive to shi pbui | ders. The
mai ntenabce of priority in Shipbuilding
is difficult with any degree of accurasy
using manual met hods. There are just

thought to
manuf acturing
they can work
where Dependent

thigs if not the traditional
definitlion of expediting described
earlier. These expeditors never disrupt
internal schedules.

a Note,
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too many interim products to track. MRP
Il makes use of the strength of
conputers; manipulation of large anounts
of data. Since the data is captured in
one place any changes are immediately
visible to all users. This information
can then be made available to anyone who
needs it.

There are problems in supplying MP
Il to shipbuilding. full discussion

of these problems 1s beyond the scope of

this paper. Instead, we will present a
parti al list to suggest areas for
further study.

A toaster manufacturer

Nesting.
has to nest parts onto plates and shapes
of raw material. That is he has to
deci de what conbination of parts can be
cut out of a particular plate or shape.

Since thousands of identical parts will
be made, this pattern or nest can be set
once and re-used.

A shipbuilder has to perform the
sane task but for thousand. of unique
items, requiring many uni que nests.
Tradionally this has been performed
weeks or nonths in advance based on high
| evel schedules or other groupings. In
a formal system the nest itself would

have to be nmanaged as an interim product
limting the flexibllity of the system

Design end Construction Overlap,
To reduce the total design end

construction lead tine, they are often
run in parellel for the lead ship. This
Can limt the amount of time available
to prepare the BOM in advance of
construction. It also prevents a total
ship view of the detailed plan until
sometime after construction has begun.

Construction and Activation Overlap
To neet the schedules denmanded by the
cust oner, testing and activation of
specific systems nmust begin before the
ship is conplete. As a result the
definition of interim products becones
conplicated when zone products nust be
integrated with system products that run
through nmany zones.

Each of +the problemg described is

solvable. Tedey major aercspace
companieg like Boeing and NcDonnell
Douglas are bullding products of egual
complexity +to warshipa using MRP I

systems. We know of no technical reason
why MRP Il syetems cannot be made to
work in American shipbuilding.
JIT/RANBAN

The kanban system as stated
previously works best in a repetitive
manuf acaturing environnent. This makes
it inappropriate for many shipbuilding
manuf acturing problens.



While Kanben itself ie not
generally applicable to shipbuilding its
principles are. Reducing setup costs
increases flexibility 4in responding to
changing priorities. Increased
flexibility makes it eagier +to bulld
only what 15 needed wvwhen it is needed.
Both of these principles are worthy
goals for shipyards.

NERE

The NSRPFP model has now been with us
for 1@ years. In that time, 41t has
proven toc bhe a useful framework for
major gains in shipbuilding
productivity. Yet many people are still
struggling te understand how +to apply
the details on the ghop floor. Among
the difficultiez often cited are: lack
of top manegement commitment and
understanding, organizational
differences, and the complexity of naval
versus commercial construction. We
believe it is time to re-examine the
NSEP model 4in +the context of other
mapufacturing systems. Thims results in
the following conclusions.

The
manuf acturing.
particul ar
support a

NSRP nodel ia a form of formal

It is, however, only a
i mpl ementation optimzed to

specific business environnent

The NSRP nopdel does not
details of i mpl ementation on
floor. It presents a static
shop organisation and
materials and subcontracting
No guidance has been given
adapt the methods presented
di fferent busi ness  sltuation

di scuss the
the shop
picture of

pl anni ng,

policies.
ways to
to a

on

we Dbelieve t hat these are al
issues of edication. By understendl ng
the fundanent al concepts of Producti on
and I nventory Management , common
industry practices can be re-examned as
to their i npact on efficient
manuf aact uri ng. The NSRP nodel can be
placed in context and analyzed for it.”
strengths and weaknesses as conpared
with other formal manuf acturing nodel s.
Through br oader educati on, it is
possi bl e to begi n sorting out wher e
busi ness, organi zati onal or procedura
changes are required

Educational opportunities
available from a8 broad spectrum of
industries outside of shipbuilding. The
Aerospace and Defense industries are an
especially valuable resource. Through

are
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organizationes like the American
Production and Inventory Control
Society, a vibrant digcussion ctf
manufacturing productivity issues 1is
going on in our own backyards. It is
time theat shipbuilders joined the
discugsion.
CONCLUSIONS

Most diescussions of shipbuilding
productivity involve process
improvement. Regardless of how
efficient =& particular process is
though, it cannct contribute to the goal

without having the right material at the
right place at the right time. Nor does
the efficiency of a process contribute
to the goal if 4dts output is wasted on
the wrong product. These are issues not

of process but of Production and
Inventory Management. We have
endeavored to show that shipbuilding,
like any manufacturing business, must
address these 4igsues in order to be
competitive.
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