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SPCS -- A COWPREHENSI VE SYSTEM FOR
SHI PYARD PRODUCTI ON' CONTRCOL

Roger Vaughn
and
Ronald Snmith
A & P Appledore International, Ltd.
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M. Vaughn is General Manager of Technical Services and Product De-
velopment. A & P Appledore International specializes in shipyard devel op-
ment engi neering covering all hardware and software to the industry. They

are responsible for the design of a nodern shipyard in South Korea with a
350, 000-ton steel throughput potential.

M. Smith is a systems analyst responsible for the design and inple-
mentation of production control and other systems. He has ten years
experience with commercial and scientific systems on nainframes and mni-
conputers. M. Smith has a B.SC. degree with honors in Applied Sciences.
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| NTRODUCTI ON

Wth shipbuilding capacity worldw de well in excess
of demand and conpetition for orders extrenely fierce, ship-
yards must ensure that all resources are used effectively. Each
man on the shop floor, each foreman and manager nust be able
to carry out the work required of him- which means that he
nust be provided with all the required information on the work
to be done and the means to carry it out. He nust not receive
too nuch information and the informtion presented nust be in
a form which can be readily assimlated.

The conpetition for orders, quite apart from resulting
in shorter lead times, has resulted in shipyards building a w der
range of products than was envisaged even a short tinme ago
For exanple, a European shipyard which for many years built
only VLCCS now markets a range of products from of fshore supply
vessels through floating factories to large LNGCS. The potential.
variety of individual operations within a shipyard in this situation
i's much higher than in the case of a single product facility. The
information channels used in this production systemare simlarly
going to require greater capacity, speed and accuracy.
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SYSTEMS DEVELOPMENT I N RETROSPECT

The equi pment and hardware in shipyards has,
over the years, become more and more specialized. As the
variety of products reduced, so physical l|ayouts becane nore
rigid. As shipyards becane nore organized. so planning
departments grew in size and so too did the size of conputer
planning tools. There was a tendency to centralize decision
maki ng, sometimes removing the input which could have been
made by first line supervisors. It quickly becane apparent that
the conputer tools were not sufficiently representative of what
was actually happening on the shop floor.

In an attenpt to become nore realistic, they becane
nore and nore detailed. For exanple, the number of activities
inanetwork grew to five and ten thousand and beyond. The up-
dating problems were imense and the technique lost its attract -
ion because it was msused. To redress this situation, ful
authority was sonetines handed back to foremen and head fore-
men. Unfortunately, both the product and the shipyard were by
now nore conplex, and there was no way of supplying the required
anount of information to enable control to be maintained.

In the situation of over-centralization, the tools used
attenpted to predict the state of the production system over tine
without, at the same tine, supplying the nmeans to control production
Prediction and reality tended to diverge.
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In the situation of over decentralization, the
means of control were there, but there was an absence of
a clearly stated set of detailed objectives. It is probably

true to say that the rejection of both these solutions |eaves
an organi zational vacuum

ORGANI ZATI ON  DEVEL OPMENT

An imediate, partial solutionis to attenpt to
align the staff function nuch nmore closely to the production
ommﬂMngwmgawmwlMmdwe%stinmel
This reflects the position shown in Figure 2. [As successively
| ower |evels of the managenment hierarchy are studied, the

amount of information to be processed grows and the cycle tine
for control decreases. It 1s these two, inconpatible, factors
which render the approach towards increasing centralization

of the control of all operations ineffective.

The structure in Figure 1 also has a nore subtle
purpose. This is to renove the feeling of renoteness, some-
times bordering on antipathy, between 'planning" and ‘production’
by conbining themat each nmajor |[evel and within each mgjor
department in the organization. Thus, at the shop floor, fore-
nmen and operations control staff work together as a team
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responsible to the sane assistant manager. Assistant managers
and production schedulers are |ikew se juxtaposed and so are pro-
duction department managers and the resource planning nmanager.

This organizational concept does not encourage the use
of a central main frame conputer, and the problem of data trans-
mssion and effective co-ordination remains. Looking at production
control in this way, in terms of the total information flow wthin
the organization, the case for or against conputers can be deter-
mned purely in ternms of the anount of information to be processed
rather than the availability of a particular technique

In many smaller shipyards, manual procedures are
quite adequate. In larger shipyards, especially where the variety
of ships produced is high, conputer processing is probably essen-
tial. In order to preserve the proxinmty of control procedures to
the managenent they are designed to support, distributed conputing,
using a mni-conputer network, should be considered. In any
event, the interface with conputer facilities should be designed
so that each manager can consider the system from his point of
view to be “his systeni.

SCHEDULI NG TECHNI QUES

The enhancenent of production control has been, in the past,
and even now is sonetinmes |looked at in terns of the inportation of
a particular scheduling technique. PERT and CPM are good exanpl es.
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Net wor ki ng suddenly becane the cure-all for production contro
problems. Mre recently, scheduling packages, often designed
for the general engineering industry, were applied. The problem
IS not so sinple.

Schedul i ng packages of this kind sinulate the rea
world. In the case of networks, the sinulation concentrates on
the logical relationship between the start and finish of sequentia
activities. Networking was a major breakthrough. Unfortunately,
Its success depends on there being a relatively small nunber of
alternative sequences of work. This is particularly acceptable
in the case of on-board outfitting where the physical relationship
between outfit items often determnes that there is only a limted
nunber of alternative sequences. Managenent can then choose the
preferred sequence and draw the network |ogic.

Where there are large amounts of float or slack, other
neans have to be found for deciding exactly when an activity shal
take place. Oten, a solution can be mathematically defined from
a resource allocation process. The result may not, however, be
optimal and careful study may be required by management of the
results of any such process.

Network analysis is totally inappropriate to detailed
wor kshop schedul i ng where the individual sequences may be deter-
mned by a conbination of process sequence, batch production and
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production line balancing. In sone cases, simulation using
packages designed for engineering have been used. Success
has not been high because the choice between the large num -
ber of possible activity sequences is often made by internally
generated priorities.

The algorithms used to generate priority may be
satisfactory where there is a large nunber of assenblies prod-
uced. This is not the case in shipbuilding. The net result is
that the progress nade against a schedule issued at the start
of a week may determne a different set of internal priorities
at the end of a week. The schedule produced for the start of
the next week (for which some operations may already be under-
way) may differ dramatically fromthe one expected. Such
changes are totally confusing to the shop floor. In short, these
schedul ing nethods are unstable in the shipbuilding context.

A new approach is required

THE CONCEPTS I N SPCS

This rather long explanation of the uses and abuses of
production control in the shipbuilding industry helps to explain why
SPCS was devel oped and why it is not just another new package.

It is the first attenpt to look at the information and control require-
nents for the management of production operations fromtop to
bot t om
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The assenbly flow process of shipbuilding is itself
used in the design of an information system wth each nodul e
of that system using techniques and procedures relevant to a
specific production area. Rather than replacing managenent
deci sion making, SPCS supports it by supplying the right infor-
mation at the right place at the right tinme. The amount of
information to be processed will depend on the size and com
plexity of the ship, the rate of output and the lead tine allowed
before production.

The use of the information is three-fold. Firstly
the various databases can be interrogated to supply data on the
state of all operations. Secondly, the information can be used
to assess the feasibility of different strategies, thus limting
schedules to a small nunber of those which are possible but
| eaving forenmen free to choose the one which is nost appropriate.
Thirdly, the systems can be interrogated to provide answers to
“‘Wat if ?" questions. This is particularly inportant at the
corporate planning level where the ever changing scenarios of
future orders require the treasury and manpower functions to be
able to forecast requirenments

Wiere a scheduling algorithmis required, it is
designed to be unconplicated and to reproduce the way in which
| ocal nanagement would determine priority. In nost areas,
however, rather than scheduling by simulation (which requires
conplex algorithns ) the tine available for a set of tasks is
allocated on the basis of a physical scheduling paraneter which
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can be used to assess performance as well as progress at each
work station. This scheduling method allows specific control
over inter-process buffer storage |evels and major sequences
reflecting the overall relationships between assenblies. M nor
sequences relating to short term machine loadings are left to
the discretion of forenen.

For exanple, while satisfying the assenbly schedul e
for the ship as a whole, it is possible for forenen to vary the
preci se sequence of production in the shop to a limted extent,
in order that an even work load is maintained in the work shops.

SHI P PRODUCTI ON_ CONTRCL

The objective of any production control system nust
be:

- to provide all levels of management
and supervision with tinely and
accurate information that wll enable
them to contribute effectively to the
performance of the shipyard as a
whol e.
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Shipbuilding is a conplex process that requires
design, drawing, material procurement, manufacturing and
construction activities to be co-ordinated. So what, therefore,
are nanagenent's information needs ? The questions that
nust be answered by the system will depend upon the |eve
of management under consideration. For exanple, forenen
will need to know

- Wiat is the next job ?

- VWhat material is required
for that job ?

- |s the material available ?

- If material is available, where
is it located ?

- s the technical information
available ?

- [f material or technical information
IS not available, what course of
action shoul d be taken ?

Managers must be able to answer questions such as:

What work is required fromtheir
area over the next time period ?
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- What are the budgets for the

work ?
- VWhat resources are required ?

- Wat is the status of work
currently in progress ?

- How is each work station

performng ?
Seni or executive management will need information
on:

- departnental performance

- contract status

- contract perforrrance

- resource utilization

Wthout information tailored to his specific needs, no
deci sion-taker, whether foreman, manager or senior executive
can function effectively, if not provided, problems will not be
solved at the nost appropriate |level of management, and ultinately
the progress of work on the shop floor will suffer. Aso, since
the shop floor is the main demand center for, and generator of,
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information, it is clear that management's information needs
nust be linked to the shop floor production control systemif
effective production and corporate strategies are to be defined.

The resulting flow of information is shown in Figure 3.

Production control systems nust be designed to
co- ordinate all activities carried out in the shipyard, by breaking
down departmental barriers and focusing attention on efficient
production. Minagers and forenen should then be free to con-

centrate on the real problens of:

- man management

- cost reduction

performance i nprovenent

quality control

SPCS is a flexible and unconplicated approach to
production control, aimng to supplenent nmanagenent rather
than to replace management decision making by bl ack-box
decision rules. It consists of a set of inter-tied nodul es,
each of which is executed either manually or by batch conputer
processing or on-line, depending on local circumstances. The

inter-relationship is shown in|[Figure 4. [The nodules and their
tasks are:
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Modul e Task

CORPLAN Cor porate planning
and schedul i ng

CONTRACT Contract scheduling

STEEL MAN Steelwork production

schedul ing and control

STEELCON Bl ock assenbly and
steelwork erection
schedul ing and control

OUTFI TNET Qutfit installation
schedul i ng

OUTFI TPARTS Qutfit installation parts
control

OUTFI TMAN Qutfit manufacturing
schedul ing and control

PURCHASE Purchase and stores
control

An essential attribute of the systemis its flexibility
- the version installed in a particular shipyard is specific to that
shi pyard.

CORPLAN provides a facility for examning the
inplications of adopting various corporate strategies; the mjor
variabl es considered are production sequence, |abor, availability,
| abor rates and material prices. The output from CORPLAN is
a feasible schedule of dates for keel laying, launch and conpletion,
together with the associated |abor curves and cash flow
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CONTRACT is a set of methods and procedures
for determining the cardinal date program for each ship
production contract. At the heart of the ship production process
lies the determination of the erection schedule for the ship, a
pivot around which all other scheduling takes place. This
module, therefore, is a medium term scheduling tool, allowing
the current orderbook to be integrated with the preferred cor-
porate plan. It sets the planning boundaries and constraints
within which more detailed scheduling is carried out in sub-

sequent modules.

STEELMAN is designed to solve the problems of
steelwork production, scheduling and control. It covers the
creation of a plate and stiffener parts database, the control of
steel purchasing and delivery and the scheduling and control of
steelwork production. Effective use can be made of computer
based information handling systems, extending to real time
control where appropriate. The detailed design of this module
will reflect the organization of work at shop floor level, and

the definition of work stations.

STEELCON is a set of procedures for the scheduling
and control of block assembly and ship erection activities. It
converts the erection scheduling segment of CONTRACT into
detailed work station schedules and it interacts with STEELMAN
by providing a unit demand schedule. It also provides information

to OUTFITNET with regard to completion of onboard zones.
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QUTFI TNET i s approach to the probl em of
scheduling outfit installation work. The concept of work
station organization is applied to onboard installation, provi-
ding a facility for predicting both bought-in and manufactured
material requirement dates - essential to the efficient con-
trol of outfit material to the ship, and to the organization of
the purchasing and manufacturing functions.

OUTFI TPARTS provides information on the avail -
ability and location of installation parts. Technical and
production data is nerged with the ship production schedul e,
to provide material requirements. This allows managenent
action to be concentrated on delinquent itens.

OQUTFI TMAN is a conbined parts listing and shop
schedul ing system for manufactured parts. It provides a
technical database for piece parts and produces shop schedul es
for manufacture and assenbly to match the demand for install-
ation parts

PURCHASE provi des a means of ensuring that
material is available in the shipyard to support the building
program It enables bought-in materials to be effectively
progressed and provides tinely information on the availability
of outfit material to production departnents

185



Production control systems are only a part of the
overal | shipyard operating system SPCS nodul es have been
designed to handle and process technical information. Cearly,
the format of technical information nust be. decided on the
basis of the needs of production. However, the fact that prod-
uction control nust process the information should also be
consi der ed.

An inportant output from SPCS is managenent
information. Managenent information reports are prepared
fromdata collected on the shop floor and therefore consider-
ation has been given to the nethods of data collection and
processing. Solutions to these problens are part of each
SPCS nodul e, together w th managenent information report

formats.

The accounting function must also receive information
from production departnents on work conpleted and manhours
used to enable payroll systems to operate, to revise forecasts
and prepare operating statements. SPCS nodul es are designed
to ensure an effective interface between production and accounting

functions.

186



SAVI NGS AND BENEFI TS

Havi ng established the necessity for production
control, the question nost often asked is - "[What savings
will be achieved by inplementing a production control system ?"
The savings made will depend upon:

a) the situation in a shipyard
before inplenmentation

h) the comm tnent given by
shi pyard management to
maki ng systenms work

) the effort put into training
and famliarization.

In order to identify areas in which savings can be
made, consider an alternative statement of the objective of a
production control system It is:

- to ensure that thereis a
continuous and correctly
sequenced flow of work
t hrough manufacturing and
ship construction work
stations
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This means that by providing information on
material requirements and status, it is possible to control
material and information flows so that neither the man on
the shop floor, nor his foreman has to search for the “next
job”. Therefore, idle time on the shop floor will be sub-
stantially reduced and quality levels improved because of a
more effective use of supervision. And if the dimensional
accuracy of fabricated units is improved, savings can be

made at the building berth stage.

A further point to be considered is the job satis-
faction of shop floor personnel. Frustration builds up when
men find themselves idle because of material or technical
information shortages, and this frustration can be a contributory

cause of absenteeism and high labor turnover.

A good production control system will therefore
enable resources, labor and equipment to be used efficiently.
But if it is to be effective it must be implemented on a broad
front. For example, it is not practicable to introduce a
system to schedule steelwork production in isolation; for
such a procedure to be effective, it must receive inputs from
the technical departments - drawings, material lists and key
date information from central or resource planning. In add-
ition, the procedure will need fee dback on work completed and
hours worked, in order to verify scheduling parameters and

prepare useful management reports.
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It was with all these considerations in mind that
A & P Appledore designed their ship production control system,

now known as SPCS.
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