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ABSTRACT

Construction of a nodern warship
can occupy a period of nore than three
years, during which timemoret han three
mllion manhours maybe expended, and it
is necessary to control the acquisition,
production and installation of sone
250,000 items of material and equi prment.

To execute the process effectively
requires an efficient nmeans of planning
and control, and this paper describes
the approach to that task adopted by a
United Kingdom shipyard.

The concepts of Build Strategy,
Work Packaging, Materials Definition,
Process Engineering and Labour Cost
Control, as related to the shipyard's
organi sation structure are explored.
paper describes the establishnent and
operation of a system of planning and
control based on task definition.

The

1. | NTRODUCTI ON

In recent years warship building in
the United Kingdom as elsewhere, has
under gone consi derabl e change as
shi pbuilders strive to achieve the goals
of reducing costs and delivery tinme,
whi | st increasing product quality. Mjor
strides have been made in devel oping
war ship designs which are production
kindly and substantial investment has
been nade in a wide range of inproved
facilities for their construction. These
devel opments contribute to the
achi evement of the shipbuilder's goals,
but in themselves they cannot bring
about the step-change in warship
productivity which is required In the
face of conpetition, not only from our
partners and traditional conpetitors in
Europe, but from new sources of vigorous
conmpetition el sewhere in the world.

) To realise the potential for
increased productivity inherent wthin

current and devel opi ng designs and
conferred by nodern facilities, it is
essential that the shipbuilding process

is effectively and efficiently planned
and controlled.

2A-2-1

It is recent developnents in this
field which are the subject of this
paper.

2. BACKGROUND

2.1 Fundanental s

To achieve effective and efficient
control of the shipbuilding process it
is first of all necessary to define the
bounds of that process. In recent years
considerable attention has been paid to
design for production, in recognition
that the effectiveness of the production
process is directly influenced by the
out cone of design decisions. Further,
there has been increasing understanding
that the timng of these decisions can
have a major inpact on shipbuilding
productivity. The process which nust be
pl anned and controlled, therefore, is

that which begins with the conversion of
concepts and basic designs into
functional and detailed design

informati on and which concludes with the
setting to work and conmissioning of the
vessel .

The techniques of advanced
outfitting and the principles of
pl anning and control by neans of
planning units and production stages are
now widely understood within the
shi pbuilding industry. It is upon these
foundations that the policies and
systens for task definition now in use
wthin Swan Hunter Shipbuilders, and
described in this paper, have been built.

2.2 bjective Setting

The highest |evel of project-
related objective setting is that
which the Build Strategy, Project
and Quality Plan are prepared.

at
Pl an

The Build Strategy provides a basis
for co-ordinated action by all
departments of the conpany throughout
the execution of a contract. It
identifies policies and decision rules
whi ch specify how the contract is to be
tackled and is the vehicle for
comruni cating these policies throughout
the company. Its scope may include a
wi de range of issues, from the influence
of a proposed construction seguence on
cashflow (or vice versa), through
requirements for detailed design
arrangenents and information formats to
suit preferred production practice, to
the identification of cost-effective
building procedures. It highlights areas
where resources or facilities maybe
i nadequate for the execution of a
project, as a basis for defining
devel opment needs.

The Project Plan is the primary
pl anning docunent for any project. It is
a conprehensive network interlinking the
activities of all pre-production and



Froduction departrments throughout the
ife of the project, from pre-contract
tasks to ship delivery.

The Quality Plan is the
co-ordinating document for the process
of planninq_for uality within the
conpany' s Tot al %llallt%/] Managenent
system It describes the procedures to
be adopted and identifies the
i nspections and tests to be performed to
obtain assurance of the specified
quality standards.

These docunents form the starting
point for the process of task
definition, beginning with the
identification of major planning units
and the key stages of production and
| eadi ng ultimately to the definition of
i ndivi dual work packages.

2.3 Oganisation

Concurrent with the devel opnent of
the system of task definition utilised
within the conpany has been the
evolution of a system of shi
production based upon the principles of
project managenent. Each contract is
under the control of a Project
Managenment Team responsible for its
FI anning and execution. In the case of a
arge contract, such as that for a new
construction vessel, this team operates

as two supporting organisations, one
charged with contract mnagenent,
detailed planning and quality
management; and the other with short

ship construction,

term schedul i n?(, nstruct
and commi ssi oni ng.

setting to wor

This project structure is supported
by the various functional departments in
the conmpany, each of which is required
to plan and manage its resources to neet
the often sinultaneous demands of a
nunber of project teans.

2.4 Environment

The' working environment to which
the system of task definition is applied
is one in which traditional work
demarcations in both production and
techni cal functions have been renoved.
This is an essential prerequisite of
effective task definition in which the
criteria for work package definition
include location, timng and process and
are not influenced by trade denarcation.

In practice this neans that tasks,
as defined in work packages, can be
allocated to conposite teams of
i nterchangeabl e craftsnen, headed b
team | eaders, and that resourcing o
detailed production schedul es based on
budgeted work packages is sinplified.
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3. DEVELOPMENT

3.1 Initial Steps

By the early 1980s, in response to
the need for systems of planning and
control as identified in section 2,
devel opment and use of technical systens
such as conputer augnented design and
manuf acture (CADAM) was being
suppl enented by substantial 1nvestnent
in production admnistration systems. By
early 1985 these systens had reached a
stage of devel opnent at which they could
be used to support initial application
of the techniques of work packaging and
task definition to ship construction. At
the same tinme, the company's programe
of work station devel opment was
athering pace and leading to proposals
or the creation of dedicated wor
stations. This process was particularly
advanced in the area of steel
fabrication.

3.2 Inplenentation

The area chosen for the first
i mpl enentation of work packaging and
task definition was the Bl ock
Construction Facility. There was some
feeling that this was once again a case
of enhancing a part of the
shi pbui | ding process which had received
consi derable investment in the area of
met hods and processes in previous years

and which was not, in fact, the nost
significant cost generator in warship
construction. However, the advantages of

starting in this area were considered to
outwei gh this drawback. Those advantages
were seen to be:

i) that it was an area with an already
high level of mnaterial definition
and where the concepts of interim
product manufacture had been
implicitly applied for sone tine:

t hat
experience of

it was an area with previous
process definition:

the process of work station
devel opment had advanced further
this area than others; and

in

that it was an area which carried
out a key naminstream activity and
in which delivery schedules and
3ual ity have considerable effect
ownstream project activities.

on

In order to keeE the project
manageabl e, work packaging was initially
confined to main structural fabrication,
and the areas of ninor steelwork
production and pre-outfitting were not
addr essed.

One of the most inportant features
of the system of work packaging is the
ability to accurately neasure
expendi ture against tightly defined



packages of work, with pre-determ ned
budgets, and to readily collate
non-productive costs from whatever
cause. This led to an understandable
concern on the part of the system users
that they ma?/ be subject to an
exceptional level of managenent
scrutiny. It was necessary to allay
these concerns before inplementation
could proceed and this was done by
giving a conmitnent that, in the first
Instance, the detailed analysis of work
package returns would be restricted to
the Block Construction Facility
managenment, who woul d use the
information as an aid to the progressive
reduction of non-productive costs.

In the event this arrangenment
worked very well, and long before
fabrication of the first ship on which
the system was applied was conpleted,
informati on was bei ng generated which
enabl ed both inproved accuracy in the
budgeting of subsequent activities and
identification of areas for managenent
attention to reduce costs. The extent of
the success can be nmeasured by the fact
that the same users who had initially
expressed concerns about the system now

express the point of view that to
maintain their level of control, it is
essential that all subsequent contracts

be treated in the same nanner.

3.3 Review and Expansion

When the process of work package
definition commenced, in early 1985,
task was allocated to the Operations
Control section of the Block
Construction Facility. As the benefits
of the process became apparent, it was
obvious that major advantages would
accrue fromits rapid extension to cover
further aspects of the shipbuilding
process. Therefore, in early 1987, a
Work Preparation Department was created,
incorporating existing Muld Loft and
Production Engineering functions and
accepting, from the Qperations Control
function, the responsibility for the
creation of the mpjority of work
packages, the only exceptions being
those for stockyard and treatment tasks,
and service activities.

At this point the process was
extended to cover the manufacture of
mnor steelwork itens and advanced and
pre-erection outfitting activities. By
the end of 1987 the application of the
process was further extended and the
Work Preparation function accepted
responsibility for creating work
packages for all on-board outfitting
activities.

the

work centred around the
of operating procedures
the creation of work packages and
identification of inprovements to

Initial
est abl i shment
for
the
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the conpany's core naterial control
systenms to sinplify the process of work
package creation. Procedures for work
package creation were kept under
continuous review, and in less than two
years devel oped from a conbined conputer
and paper based system to an essentially
paperl ess system

The aspects of work packagi ng
dealing nmainly with material and
information definition were the first
be addressed, with only limted
consideration of production processes,
other than in the steel fabrication
area. However, as the newy forned teans
producing outfit work packages gained
experience with the system they began
to build on their practical experience
to extend process definition to other

to

areas. First steps included devel opment
of pipework installation sequences, for
use both as an aid to production, and to
assi st operations control personnel to
determine the consequences of naterial
shortfalls prior to work package
scheduling. Sinultaneously, effort was

directed to identify work package

i nterdependencies at the block
outfitting and on-board outfitting
stages, as an aid to scheduling. By
early 1989 the outfit teams had al so
taken responsibility for the creation of
wor k packages to support the production
of outfit equiprment nodules in the
Central Manufacturing Facilities.

The system was applied
progressively, and contracts which were
partially complete at the tine of
I mpl ementation were not fully work
packaged. To facilitate cost recording
for activities which were not work
packaged, a series of work package
number/job nunber cross reference lists
were produced to neet the requirements
of the Labour Cost Control System (see
Section 5). In sone areas partial
application of the system was effected
by the use of work package headers -

work packages with only brief _
descriptions of the job and no naterial
definition or manhour budget, against

which costs could be recorded.
4. SYSTEM DESCRI PTI ON
4.1 Ceneral

The definitions of the term nol ogy
used within this and subsequent sections
of the paper are given in Section 4.2,
and figure 1 shows how a work package is
related to both product and |ocation.

4.2 Definitions

Cost _Centre. This is a designated
area wthin which the responsibility for
controlling costs, nonitoring progress
and controlling resources is allocated
to a nom nated manager.




Exampl es of cost centres are:

Pl ate Production

Unit Pre-outfitting

Hul I Construction

Ship Qutfitting (Wapons
Conpar t nent s)

Berth Cranes and Transport
Pi pework Manufacture

Work Station. Each cost centre is
sub-divided into smaller defined areas.
These areas are under the control of a

single supervisor and can be allocated
in one of three ways:

i) Machine orientated work station.
i
i

Testing and Conmi ssioning of
Weapons Equi pnent.

Pl anning Unit. This is a
sub-division of the ship, utilised for

pl anning and control. A planning un
may be one of the follow ng:

A single Steel Assenbly

Pi pe Mdul e

Equi prent  Modul e

Al or Part of a Ship Zone
Hul | area

(see figure 2)

it

Process orientated work station. . In the case of steel assenblies, a
i Activity orientated work station. hierarchy of planning units is defined
which results in a system denoting each
Exampl es of work stations are: interim product |evel:
Section Forming Mchinery. M nor Assenbly
Wl ding of Bul kheads to Decks Sub Assenbly
Downhand within the Fabrication Assembl y
shop. Fabrication
Installation of Machinery at Uni t
the Blocking Stage. Bl ock
AREA/ PRODUCT/ WORK  PACKAGE  RELATI ONSH P
AREA DEFINITION PRODUCT LEVEL DEFINITION
79 )
2| ResoursEs [ INFORMATION |3 <
N
g § & TOOLING [ Iﬂ_ Ql, & MATERIALS |Q C
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= 00123 oc
— =z
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Figure 1 Area/Product/Wrk Package
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These planning units are used for
precise definition, allocation and
marshal ling of naterials and also form
the basis for establishing the |abour
cost control system in conjunction with
wor k packages.

_ Zone. An area of the ship
considered to be a suitable sub-division
for material control, |abour cost

control and material installation. There
are two characteristic varieties:

i) Spatial Zone
i) Activity Zone

A spatial zone has boundaries of
decks and principal bul kheads, i.e. a
group of compartnents (see figure 2).

An activity zone need not be
spatially limted and covers all work
under a specific activity. Exanples are:

Shaft Installation and Alignnment

Reeving-In of Electric Cable

Berth Preparation, Launching and
Moor i ng

Hul | Area. For the purposes of
technical definition and materials
procurerment, groups of adjacent zones
are designated as Hull areas. These
larger planning units are an aid to
planning activities at the early stage
of technical definition (see figure 2).

PLANNING UNIT DEFINITION
CODI NG
COMPARTMENT

LAYQUT

7

ZONE
LAYOUT —

. 7 1 T
%%

|COMPARTMENT |
oFC4

| zone
2F

DECK

SHIP
ZONE |

SHIP

L == 7 7 /7
N N i o e N B 7 7 2. /A
tt— HULL —c
AREA

140

1/
=

I

Figure 2 Definition of Planning Units

Wrk Package. A quantity of work
to be carried out by a group of nen,
reporting to a single supervisor, at a

defined work station at a specified tine
and within which rmonitoring of progress

is not required.
St age. Planning Unit Stage and

Zone Sfage). ( stageg of produ%tion

are identified, from conponent

manuf acture through assenbly and

installation to testing an

comm ssioning. A series of stage codes

exist for each planning unit and these

can be grouped as follows:

St age Codes Description
A- G Bl ock Construction
H- K Hul I  Construction
L-P Ship Qutfitting and

Cormi ssi oni ng.

(Graded Conpartnents)
R-V Ship Qutfitting and

Cormi ssi oning.  ( Non-

graded Conpartments)

Material List By Fitting. (MF)
Master Tists which Tdenfify the conplete
kit of parts for the ship. As each item
is identified during the technical
definition stage of the design
engineering task it is recorded on the
appropriate conputer system (OMCS or
SMCS, see sections 5.2 and 5.31), is
linked to intended stage and planning
unit and is allocated a unique part
nunber.

Items listed as MF entries fall
into three basic categories:

a) In-house manufactured itens, but
not the raw materials from which
they are produced;

b) Bought-in itens: and

c) Free issue materials or
embodi ment | oan itens.

4.3 The Work Packagi ng Process

Met hods definition and process
analysis are the keys to ensuring that
the tasks to be defined are engineered
in such a fashion as to allow production
supervision to concentrate upon the
performance of the task with mninmm
di straction.

The identification of the work
content within a work package is the key
to successful task definition. A series
of work instructions for process
engineering staff provides rules for
task definition. These work instructions
al low the process engineers to define
tasks of a nmmgnitude which can easily be
controlled. The current target for the
average size of a work package is 250
manhours or a nmaximum duration of 4
weeks, whichever is npbst appropriate.



The basic tools of the process engineers i) Selection of the planning unit
are the docunents defined in Section 2.2: and stage.

i)
_ii) The Project Plan: and
iii) The Project Quality Plan
upg)orted by:
iv

Instructions; and

The Contract Build Strategy: ii) Definition of the tasks to be

carried out within that stage.

iii) Examnation of each task and its

Process Engineering Wrk material requirenents.

v) Production Process Standards iv) Gouping together of like work

Det ai l ed exam nation of

requiring simlar or identical

the Build processes.

Strategy allows the ’orocess engi neers to
p

elicit the correct anning unit, stage v) Estimate of work content and
and/or zone for the task requiring durati on.

definition. From the engineer's

know edge of the task to be defined and vi) Apportionment of tasks into
with the information contained in (i) to acceptabl e sizes for individual
(v) above, the creation of a work work package types.

package 1is carried out in the follow ng

sequence. vii) Raising and detailing of work
packages on conputer system
TABLE | : WORK PACKAGE ELEMENTS
ELEMENT DESCRI PTI ON

a) Planning infornation
Work Package Number
Work Package Title

Pl anning Unit
Planning Unit Stage
Cost Centre/

Wrk Station

Schedul ed Date

Actual Dates
Work Type

Wrk Content Paraneter

Manhour Budget

System Codes

b) Materials Definition

c) Suppl enent ar
Tnformation

A unique five digit alpha-numeric code.

A 30 digit title for the work package to allow ease of
identification.

A four digit alpha-nurmeric code to identify the
planning unit.

A single digit alphabetic code to specify the stage.

A four digit alpha-numeric code specifying the
location at which the work is to be carried out.

A schedul ed open and close date for commencement and
compl etion of the task, i.e. a time w ndow

The actual dates work is started and finished.

A single alphabetic code defining broad categories
of work

The neasurable work content paranmeter for the type of
work to be defined.

The product of the required performance rate for the
work station and the work content paraneter.

Three digit alpha-nurmeric codes which allow automatic
apportionnment of recorded work package costs into
system costs for accountancy and estimating purposes.

A list of all the materials necessary to carry out the
defined task. This list is produced partly from MF
autonmatically produced for major itenms and in the

form of text for supplenmentary minor items of inventory

Listing of the relevant work instructions, draw ngs,
NC information and work station information, including
the issue nunber used to define the work package

and cross referencing where applicable to previous and
subsequent work packages.

Any further specific process instructions and special
task requirenents.

2A-2-6




viii) Alocation of parts to work

package identity.
ix) Addition of any supplenentary
i nformati on.

ease of conplete work package
to Operations Control for .
subsequent budgeting, scheduling
and materials val i dati on.

The elements of a work package are
defined in table I. These elenents are
alstored in a conputer and
subsequently appear on the printed work
package docunentati on.

4.4 Operation and Adnministration of Wrk

rackages.

Process engineering staff create
wor k packages and define the work,
i ncluding specifying work content.
Operations control staff estimte the
budget manhours and determ ne planned
comencenent and conpletion dates.

On a rolling four weekly basis the
Operations Control Department produces
cost centre/work station schedul es,
directly from the conputer system which
istalthe work packages to be started
within the specified period. These
schedul es are issued to the relevant
area supervision and management al ong

with the work packages, the relevant
work instructions and a three part
perforated control card.

The decision as to the exact date
at which each work package is to
cormmence, within the specified w ndow,
is made by the area supervisor takin
due cogni zance of |abour and materials
availability. Wen the supervisor is
ready to commence the wor F;:ackage, he
records the start date on the first
portion of the control card, signs it
and passes it to the operations control
staff, who enter the actual start-date
into the conputer system This acts as a
trigger to allow costs to be recorded to
the work package via the automated tinme
recording (ATR) system

Upon conpl etion of the work
package, the supervisor enters the
completion date on the next portion of
the control card and passes it to the
operations control staff, retaining the
final portion for his own records. This
compl etion date is fed into the conputer
and sinilarly acts as a trigger to stop
the allocation of costs to the work
package.

As the definition of a work package
(Section 4.2) states, nonitoring of
progress within work packages is not

B/

NN

WORK PACKAGE

I ACTIVITY / PROCESS
FOR COMPLETE SHIP

SUB-BANDING FOR
ACTIVITY / PROCESS
FOR SINGLE

DIAGRAMATIC REPRESENTATIONS OF WORK PACKAGE BANDING SYSTEMS

PLANNING UNIT

I.E. STEEL UNIT
MODULE, ZONE,
COMPARTMENT

SINGLE WORK PACKAGE
FOR A SPECIFIC TASK
WITHIN A PLANNING UNIT

Figure 3 Wrk Package Banding
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carried out (
measured only in terns of
packages.

and production progress is
conpl et ed

I f for sone unforeseen
work package cannot be fully co
the supervisor can close the wor
package but rmust specify any inconplete
work, “including any delinquént items not
fitted, to the operations control staff.
The work package budget is subsequently
reduced to suit and the outstanding work
transferred to a new work package al ong
with the appropriate nanhours.

reason a
| et ed,

The system is also extensively used

to nonitor unplanned work, machine
breakdowns, re-work, rectification due
to material deficiencies etc.,

raising work packages to identify these
activities for analysis purposes.

It can be seen that admnistration
and mani pulation of the work packages
for a contract can be a large task, wth
many thousands of packages per ship. It
has been necessary therefore to
pre-define specific groups of work
package numbers into bands allocated to
a specific group of tasks or work
station. Wthin these bands
sub- groupi ngs define El anning units
within which work packages define
particular tasks (see figure 3).

These pre-defined nunmber bands
allow easier identification of work
packages for specific work stations than
would be the case with sinple sequential
nunber allocation. They also enable the
conputer to sort work packages by bands
and produce the various levels 0

refPorts indicated in Section 4.5.
&
=£
&3
REPORT BY &
WORK STATION |
A WORK  PACKAGES &
£ |s¢
B [%
]
z |
o
REPORT BY ﬁ o
o &8
E \?o%s);rscurmn ;‘5 g%
8 s |92
) E
d 21
& )
| REPORT BY ol
2 COST CENTRE o ugg
: Z |8
L o
4 Z
2 — oY s g
8 .
=1
g,
:m
REPORTING LEVELS 5]
Eg

Figure 4 System Qutput Levels
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4.5 Svstem Qutputs

~ System outputs fall into two
distinct categories:
production infornmation used for

scheduling materials marshalling and
task execution: and nanagenent

information used to nonitor the
production process.
4.5.1 Production Information. The

production Tnformation related to each
work package consists of a print out of
the work package elenents identified in
table 1. supported bv a covof the flow
process diagram produced by the Process
Engi neer during the creation of the work
package, copies of the necessary

drawi ngs and, where appropriate,
nurerical control (NC) information.

print out includes an
describing the
i dentifying
Copi es of
work area.

The

The conputer
el enent of text
production process and
appropriate standards.
standards are held in eac

4.5.2 Managenent | nfornation.
systeM has the facility to generate
reﬁprts showi ng planned and-actual
achi evement and expenditure by planning
unit or by location, and these reports
are routinely produced on a weekly basis
for the appropriate production
management. In addition, managers can
call-off specific reports to facilitate
the tracking of costs of unplanned
work or re-work.

Managers or operations control
staff can interrogate the data on any
particular contract to produce status
reports at any level within the system
Exanple of routine reports are:

work package status summary at a
work station:

wor k packages open at a work

station:
iii) work packages to start wthin
specific time limts: and

work package status reports by
pl anning unit.

Qutput from the system can be at
varying levels, froma listing of all
the conponents for a specific work
package, to a summary of work package
status across a contract (see figure 4).

5. RELATED SYSTENMS

In order to fully utilise the work
packagi ng system direct or indirect
support from a nunber of related systens
is necessary. The links between the
systems are shown in figure 5 and a
brief description of each is given bel ow



5.1 Project Resource Evaluation
Managenent | nf or nati'on System PREM S)

This systemis a high |evel
pl anning tool which utilises the
critical path nethod through the
precedence technique to represent the
rel ationships between the activities
that nmake up a project.

5.2 Qutfit Material

Cont r ol

Syst em( OMCS)

This is a systemto control outfit
materials, from requisitioning through
can be considered as

to installation. It

a nunber of sub systens,

requisitioning, purchasing,

control, work packaging,

covering
stock
mar shal | i ng.

The system also covers the
production of requirements schedules for
itens, related to
planning unit stage and required date.
The data is built up pro%ressively as

manuf actured outfit

the design and planning

det ai | ed.
5.3 Steel Material

Contr ol

econme nore

Syst em ( SMCS)

This is a systemto control steel
materials from requisitioning through to
installation. Its features are very
simlar to those of OMCS using the sane
dat abase, enhanced with certain

additional facilities related to
structural steel.

5.4 Labour Cost Control System (LCCS)

The purpose of this systemis to
di ssem nate manhour target information
to supervisors and managers and to
provide reports conparing actual
expenditure with targets.

Links within each work package to
ship system codes, allow costs to be
accunul ated by ship system in addition
to planning unit, to provide feedback to
the estimating and costing departments.

5.5 Drawing Control System (DCS)

This systemis used to assist in
managing and controlling all drawings in
preparation and current use, and to
maintain records of drawi ngs for ships
in service.

5.6 Total Processing of Cables and
Transactions ( TOPCAT)

The TOPCAT system is concerned with
the controlling of electrical cable
stores, and tracking the progress of
cable installation. It is also used to
produce quality control and
cabl e-testing schedules for attachnent
to test forms.

i i B (...

' | — | ACCOUNTTNG |~

PREMIS| | OMCS | | SMCS | | LCC j+f+{ ATR |~ !

| . JI B | uopreome |

N T STOCK ]!
OD / L - " CONTROL

T NUFACTURING|. "~ i

0 A - LCJ(n\j%?ROL T \\ T —{TOPCAT}--

E /B\ w\\*\\ \s\ :

S \\\:\\VX::\\\\ T PIMS| |

I AN = T~ —-{sPIN] !

DEFECTS l DCS ODAS BRIT]SIHIPS\\ — !

t H i\ -

. i CADAM

BOUNDARY OF
DEPARTMENTS

INTER-RELATIONSHIP OF SYSTEMS incer mpur .

INDIRECT INPUT -----=-—=—-

Figure 5 System Links
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5.7 Pipe Information Mnitoring System
(PI'MS)

This system controls the progress

of the manufacture and installation of
pi pework. It enables the status of
I ndividual pipes to be nonitored.

5.8 Shipbuilding Pipework Information

System (SPTN)

This system facilitates the
preparation of production information
for pipework. From specification and
geonetric data fed into SPIN, pipe
sketches are produced which include all
material requirements and NC bending
informati on necessary to manufacture the

pi pe.

5.9 Conput er
Manut act ure

Augnent ed Design and
(CADAM

This is a graphics software package
whi ch covers the draughting process from
prelinmnary design through detail design
to production information.

5.10 Automated Tinme Recording (ATR)

This is a system for registering
time and attendance at work. The system
regi sters manhours to individual
enmpl oyees, directly interfacing the
Labour Cost Control System Toget her
these two systens provide an integrated
Lob recording system which provides a
igh level of information to nanagenent.
It is possible to interrogate the system
to ascertain which enployees allocated
to a particular cost centre/work station
are in attendance, within mnutes of the
start of a shift.

Every manual enployee's nanhours
are recorded against a work station and
a work package. The record of which
individual's tine has been recorded
agai nst any work package during the
previous eight weeks can be extracted
from the system

At the beginning of each day
production supervisors receive conputer
rintouts which list all personnel who
ad been allocated to them on the
previous day, and the work packages upon
whi ch they were working. |f an
individual is still working on the same
work package then the supervisor need

only sign the printout to register it as
a repeat. However, ifan individual
begins to work on a different work
package at the start of, or during, the
day then the supervisor nust enter the

stoE
pac
on the print out.
returned to the Payroll
the end of each day.

ping time of the previous work
age and the new work package number
The printouts are

Departnment at
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6. COPERATI NG EXPERI ENCE

The system has now been operating
for five years, and in that time
coverage has expanded steadily to the
point at which the construction of all
vessel s scheduled for conpletion from
1990 onwards is being controlled with
the aid of the system

Fol l owing a successful pilot
scherme involving the work packaging of
staff activities carried out,
appropriately, wthin the Wrk
PreParation Department, monitoring of
staff expenditure related to specific
work packages has been initiated on a
major refit contract which comenced in
the second half of 1989. Wik packaging
has al so been successfully extended to
the conpany's activities in the field of

general engineering.

One of the systems mgjor
strengths, however, has been the ability
to adopt a flexible approach with
respect to the degree of utilisation on
each contract. It is possible to tailor
the level of definition required to suit

the conplexity and timng of any
particular contract, and this
facilitates a graduated application in
whi ch the service level can vary and be
mat ched to the requirements of the

proj ect.

An early concern was that
information to effectively budget small
packages of work did not exist, and that
this mght cause significant problens in
work package scheduling. However, the
inherent ability of the system to
provide very rapid feedback meant
this problem was rapidly overcone.
Budgets for early work packages were
established on the basis of overall work
station performance fi%ures adapted to
the specific task in the work package by
the judgenent of the operations
controllers, and within a very short
period of tine information on nanhours
expended on conpleted work packages
became available to allow the operations
controllers to refine the budgeting
process.

t hat

In the early days of the system
this refinenent was an al nmost continuous
process. However, as the operations
control l ers gained experience and
sufficient information on actual
performance was collected to enable
stabl e performance rates for various
tasks to be established, the accuracy of
budgeting increased rapidly.

The overall extent of the
i mprovenent in budgeting accuracy and
reporting discipline is illustrated in
figures 6, 7 and 8, which show, for one
work area (steel sub-assenbly), the



reduction in variation in key work
package scheduling paraneters since use
of the system commenced.

Once the initial period was passed
and stability of performance neasures
was established it became possible to
use those neasures to set targets for
subsequent work packages, which
represented performance inprovenents in
a step by step manner, in the know edge
that the inprovements being sought were
achievable. A mgjor contribution to
those performance inprovements was the
abilit¥/ to use the system to accurately
identify and cost non-val ue-added
activities. Once the concerns identified
in Section 3.2, relating to managenent
scrutiny, had been overconme it becane
routine for foremen to request the
operations controllers to raise extra
wor k packages against which unplanned or
nugatory work could be charged. The
feedback from these work packages
provided managenent with a powerful tool
for the identification of areas where
performance inprovement initiatives
woul d be nost effective.

An exanple of the application of
this approach is the selection of
production-related re-work as an area
for managenent attention. Figure 9 shows
the distribution of total recorded
manhour expenditure on all unplanned
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Figure 6 Deviation From Work Package
Planned Hours : 1986 And 1989

work, from whatever source, in the Block
Construction Facility on the first
rrerchant-ty(J:Je ship to which the system
was applied. The proportion attributable
to production-related re-work, entirely
the responsibility of production
management, was seen to be 48% of

unpl anned work. By reference to the
descriptions of work packages raised to
cover nugatory work it was possible to
identify and investigate specific causes
of re-work. Table Il shows the reduction
in production-related re-work costs on
the second and third merchant-type
vessel s covered by the system
consequent u[:)on managenment action
initiated followi ng investigation of the
costs on the first ship. By way of
conparison, figure 10 shows the
distribution of unplanned work costs on
the second ship.

The detailed definition of naterial
requirenents related to a specific task
to be carried out within a known tine
wi ndow, has led to inprovenents in the
process of material marshalling. As soon
as the process engineers have released a
work package to the systemit is
possible for the operations control
staff to begin validation of naterial
availability for that work package and,
where appropriate, preparation o
instructions to the stores organisation
to release the necessary materials. This
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TABLE II: PRODUCTION RELATED RE-WORK
COSTS (BLOCK CONSTRUCTION)
VESSEL % TOTAL HOURS COMMENTS
ON RE-WORK
ship 1 1.73 Completed
ship
Ship 2 1.08 Completed
ship
Ship 3 1.25% At 52%
complete

* Experience suggests that this
figure will fall
work conpleted rises and the nost

compl ex bl ocks are conpleted.

has had the effect of focusi n% t he
material control efforts of e

operations controllers in line with the
requirenents of the short

6.1 system Benefits

The benefits of the system have
been evident in a nunmber of areas and
the following list identifies someoOf
the nost significant:

as the proportion of

term schedul e.
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TECHNlCAL INFO.

CLIMATIC
1%
PLANT
N \_/
PRODUCTION
48%
Figure 9 Unplanned Work

Categorisation (Ship 1)

TECHNICAL INFO.

an

PLANT

12%

)

iii)

24%
CL'M;*T'CA\&%W%
\

EXTERNAL
23%

PRODUCTION
39%

Figure 10 Unplanned Wrk
Categorisation (Ship 2)

A significant contribution to
overall productivity inprovenent.
Figure 11 shows perfornance

i mprovenent at specific Bl ock
Construction work stations since
use ofthe system commrenced, and
Figure 12 shows overal |l block
construction perfornance

i mprovenent on successive ships.
It should be noted that these

i mprovenents are the result of a
series of initiatives of which
task definition and work packaging
formonly a part. However, we
believe that up to 50% of the
total inprovenent can be
attributed, directly or
to the use of the system

indirectly,

Scheduling of work and prediction
of resource requirenents are
significantly inproved

(see figures 6, 7, 8).

A nore accurate understanding of
conpl etion status against manhour
expenditure is achieved.
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iv) Inmproved predictions of
expenditure to conpletion can be
made.

v) Geater accountability of
managenent and supervision and
i nproved awareness of resource
utilisation, costs, performance
and progress.

vi) Feedback of information which can
be used for inproved scheduling,
production engineering decision
making and ultimately inproved
estimating accuracy (see figure 6)

vii) Accurate costing of non-val ue-
added activities and of rework
(see figures 9,101.

viii) Accurate costing of nodifications
and changes.

ix) Mre effective validation of
material availability to mneet
progranme requirenents.

6.2 System Constraints

To operate the system effectively
certain costs and constraints are
i mposed upon the organisation.
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An increase in pre-production |ead
time and manhour expenditure is required
to enable the detailed task definition,
materials allocation and scheduling
activities to be carried out in a timely
manner. This places great inportance on
the effectiveness of the conpany's
pre-production IpI anning activities and
demands parallel working in the Design
Engi neering and Work Preparation areas
to minimse the time required. During
the preparation of the project plan (see
Section 2.2) sufficient attention nust
be devoted to that part of the plan

addressing design, procurenent and
schedul i ng.

Table 1l shows the cost of task
definition and work JJackagi ng
activities, expressed as a proportion of
production manhours, for three recent
vessel s.

TABLE II11: COST OF TASK DEFI NI TION
VESSEL PROCESS ENG NEERI NG
MANHOURS AS PERCENTAGE
OF PRODUCTI ON HOURS
STEEL | OUTFI T COVMENTS
A 1.3 2.6 Steel conplete
Qutfit 85%
conpl ete
B 1.9 Steel only
c 1.4 3.4 Steel 80%
conpl ete
Qutfit 20%
conpl ete

As experience has been gained, the
effectiveness of the process engineering
function has increased, and this is
illustrated in figure 13, which shows
how the average cost of producing a work
ﬁackage for Block Construction steelwork
as decreased over 3 ships, and the

cost for a current vessel.
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Figure 13 Wrk Preparation
Per f ormance (Steel work)



The rigorous approach to task
definition renmoves a large elenent of
the "on the spot" discretion of
production managenent and supervision
related to where, when and how a job
will be carried out. On occasions, this
has resulted in concern, especially from
users new to the system and unfamliar
with the degree of production
participation in initial production
engi neering decision nmaking which is
inherent in the process.

A substantial majority of
production activities carried out within
the conmpany are now covered by the
system and it has generally been the
case that those operating the system at
all levels, from shop floor tradesmen to
department managenent have rapidly
overcome the teething troubles of the
system and find it a straight-forward
and effective system of planning and
control.

7. FUTURE DEVELOPMENTS

During the five years in which the
system has been in use significant
benefits have been achieved. It is
believed, however, that substantial
further benefits can be achieved in the
future as the systemis further
devel oped. Those areas which are now in
steadr state operation are bei n?
consolidated to provide a base for
further expansion and sone potential
devel opments are |isted bel ow.

As the staff work Packagi ng system
becomes fully operational and is
extended further along the
pre-production chain it wll be possible
to accunulate cost information for
planning units for every stage from
functional design to testing and

commi ssioning. This will provide a much
needed database to facilitate accurate
estimates of staff costs related to
product characteristics. Preparatory
work has comrenced for the next mgjor
step, the extension of work packaging to
cover design engineering activities on a
first of class design, and
inplenentation will comrence on the next
major first of class contract expected
during 1990.

Further effort will be applied to
the area of process definition both
within and between work packages.
Building on the work done in the area of
steel fabrication and pipework
installation, the next nmjor step wll
be process definition for general outfit
work packages. In addition, further
definition of work package
i nterdependencies w |l be devel oped as
an aid to scheduling. As a first step in
this process, testing has conmenced of a
mechani sm within the system which
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prohibits the scheduling and opening of
any assenbly work package for which
conponent manufacture is not conplete.
This mechanism is based on the

devel opment of automatic |inks between
the manufacturing work package required
for the production of any conponent and
the subsequent assenbly work package
requiring the use of that conponent.

Feedback from the system to date
has been Iargely used to inprove
budgeting and short term schedul i ng
activities. As the range of application
increases and the store of information
rows it will becone valuable base data
or both the production engineering
function and, in the medium term the
estimating function.

Anal ysis of re-work costs in
conjunction with related quality
information derived from the conpany's
total quality system will allow
confirmation of the validity of
production tolerances and identification
of those areas where process revision is
required.

8. CONCLUSI ONS

Al though not without its teething
probl ems, experience with the system
over the past five years of increasing
aﬁplication has led to a general belief
that the benefits of the system fully
justify the cost and effort required to
set it up. Substantial benefits of
i ncreased managenent control and
accountability and najor contributions
to productivity inprovenent have already
been achieved. As shown in Table II1I,
the additional increnental cost of
operating the system has been less than
4% of total production manhours and, as
can be seen from figures 11 and 12, the
total inprovenent in performance during
the time in which the system has been iIn
use, and to which the authors believe
the system has nmade a mgjor
contribution, is substantially nore than
this incremental cost. The operation of
the system has devel oped rapidly,
leading to decreases In its operating
costs and, as the potential of the
systemin the fields of process
definition and engineering feedback is
exploited, substantial further benefits
are anticipated.
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10. GLOSSARY
ATR Automated time recording.

CADAM Conputer augrented design and
manuf act ure.

DCS Drawi ng control system

LCCS Labour cost control system

M.F Material list by fitting.

NC Nurerical control.

OoMCS Qutfit material control system

Pl M5 Pi pework information nonitoring
system

PREMS  Project Resource Evaluation
Managenment | nformation System

SMCS Steel material control system

SPIN Shi pbui | di ng  pi pewor k
information system

TOPCAT  Total processing of cables and
transactions.
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