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ABSTRACT

A nunber of descri ptions of
systens of performance neasurenment have
been published, and nore work has been
carried out recently to develop their
use for estimating purposes. One of the
key problems is that nost of the systens
described rely on a systematic database
which is built up from analysis of a
stabl e production system Currently such

stability is the exception rather than
the rule for most shi pbui | di ng
conpani es.

The paper reviews the problem
focussing on global neasures ich can
allow overall performance to be
assessed, and also on work station
per f or mance. It consi ders the
relationship between the global and

local neasures and proposes a nmethod
which would allow performance to be
established readily. A method of
planning for an inproved performance in
the future, but during the Ilife of
existing contracts is also proposed.

PERFORMANCE MEASUREMENT

Measuring performance is important
to all organizations (1). At the Ilevel
of the total organization, it. provides
a measure of the ability of the
organi zation to make profits, anad
ultimtely to remmin viable (2). At
different  levels of the organization,
and in ternms of different external or
internal constraints on parts of the
organi zation, the performance can be
measured in numerous ways. In sinple
terns it is always the output achieved
for the inputs used.

This paper | ooks sL)eci fically
at.  measures for  the shipbuildin
i ndustry. Consi dering both the overal
shi pyard, and its different functions,
t here dLe numerous neasures avail able.
These range from overall neasures such
as Conpensated G oss Tonnes (CGT) per

manyear (3) to local nmeasures such as
manhours per foot of weld. Not only
| abor productivity, but facilities
productivity, such as tons per square
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foot of' workshop, can be neasured. So
al so can utilisation of consumables, for
exampl e pounds of welding wre per ton
of assenpled steel. Measures can be
devised to meet all needs, including for
exanple the need to control waste
material .

The measurenent of performance has
two main functions. The first is to
nonitor trends in performance, in which
case consistency is of prinme inportance.

The second is to set absolute levels of
per f or mance, in which case the accuracy
of the recorded data is of prine
inportance in monitoring.

The role
measur ement can be
feedback |oop (Fi

erformance
seen in the standard
) ure 1). = Both the
target setting and nonitoring aspects
can be identified. VWat should al so be
clear is that the perfornmance achieved
is an output of the production system,
that is, the result of sone manageri al
action. Therefore in relating the
actual performance to the target which
has been set, _the neasuring systemis
only reporting history. To make an
necessary  corrections, whi ch lin
target and outcone, to the production
system requires distinct managenent
action. (4)

of

CONTROLLER
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e
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UNSTABLE CONDI TI ONS

) Most shipyards are now operating
in a very unstable environment. This is
due to structural problenms in the
world-wide industry, including over-
capacity, and the necessity to nmake
product phanﬁes in many cases because of
changes in the defense clinate.

If performance is nmeasured in
unst abl e conditions, problenms can occur.
Some of these also occur in stable
condi tions. The two min sources of
problems are;

1) The feedback of data fromthe
production functions nmay not be
accurate. In that case the value
of the measurement is dimnished,
al though, if consistent, it my
still be of sonme use.

2) The data may not be consistent,
because of variable errors or
changes in recording practice. The
i nconsi st enc my also be
function o changes in the
production system such as new

processes.

Most or gani zations which have had

d long term stable run of production

have =~ accunul ated a dat abase of

performance information which is used as

a basis for estimting, ﬁl anning and
T

monitoring new contracts. is data may
be detailed, or sparse, and may suffer
fromsome of the inaccuracies outlined
above. It is nevertheless the basis on
which a conpany is prepared, Or
constrai ned, to operate. It can be
seen that it should be a mjor
consideration, because of its inpact on
the ultimate viability of the

organi zation.

A particul ar
an organization has
product change, or

probl em occurs when
to make a radical
in a situation where

a significant productivity increase is
needed to ensure survival. In either of
these cases, the required performnce
is sufficiently different from that

previously achieved to make the previous
data of dubious val ue.

The rest of this paper reviews the
probl ems which shipbuilders face when

trying to reconcile past data wth
future intentions, and proposes an
roach to nmeasurement whic shoul d

a
aF ow change to be nade, inalargely
predictable and control |l ed manner.

GLOBAL PERFORMANCE

As a starting point,
gl obal performance of a shipyard It is
relatively sinple to determine an
aplpropr| ate level of performance which
wil permit a shipyard to produce
vessel s conpetitively. In the

consi der the
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commercial  field, the sinplest neasure
to apply is CGI per manyear. This is a
relatively coarse neasure, _but serves
to provide an order of magnitude |evel
of performance and, i nportantly, can

readily be cal cul at ed.

. can be cal cul ated
fromﬁubhshed data for a wide variety
of  shipyards. It can be calcul ated
precisely for the shipyard which is
interested in making the conparison. It

CGI per manyear

is necessary to make allowances for
subcontracting, and to Correct the
output and resource figures to permit

the conparison to be made.

So as to nake useable conparisons

of performance, it s necessary to
consider productivity data alongside
relative cost. Therefore the value for

be conmbined with a

CGI per manyear must
enpl oyment cost .

figure for labor plus
This allows the relative variations in
labor cost and = productivity to be
combined in graphical form Figure 2
shows how the information can then be
utilized to determine by how nuch a
shi pyard must change in order to become
conpetitive, and also how potenti al
changes in relative cost pay affect
conpetitive performance in the %/uture.

The curve shown in the figure
pl ots Man-years per CGI agai nst Man-year
cost. The cost is for fully-burdened
man tine. The curve links points which
have equal total cost - in terms of
labor, = materials not being considered -
and which represent the status of the
most conpetitive ship producers. Low
| abor cost producers can have | ower
productivity, and g?enerally do so,
partly through | ower abor skills and
partly through |ower capital investnent.

Man Years per CGT

0.10

Gap
._j___xCurrent Position
1

0.05

:-..*. Gap

Li ne

Conpetitor

0.01

20 30

Cost per Man Year

FIGURE 2



The curve can be used to review
the required target productivity for a
shi pbui | der, .b?/ |dent|fK| ng the position
of the shipbuilder on the cost axis. The

actual productivity can then be plotted,
and this will indicate the size of the
productivity gap. In overall ternms, the
need to =~ reduce costs, i ncrease

productivity or achieve a comnbination of
the two can be determ ned. The gl obal

target in terns of performance can then
be ‘utilised to set targets throughout
the shipbuilding conpany.

LOCAL PERFORMANCE

Once a global level of perfornance
has been determined, it is necessary to
devel op local targets via both the work
breakdown structure of the ships and the
organi sation structure of the conpan?;.
The target will be an input to the
production system and the outputs of
that system will include the actual
recorded performance. Thi s be
conpared with the target, and
deviations  will trigger menagenent
action to reestablish ~ the required
per f or mance.

wi | |

At the level of the individual
work station, the historic recorded
performance nmay be used as a basis for
the target setting. However, using this
basis creates two problens, which are:

1) The actual past performance may
not correspond to the requirenments

from the global target setting,
particul arl'y where an inprovenment
I's sought.

2) The past performance includes all

the 1nefficiencies associated with
the wor kst ati on, and in
particular its relationships with
upstream and downstream stations.

This aspect can be exam ned by
consi dering the potenti al
performance, ﬁredi cted by work
st udy, Wi t the act ual

per for mance.

Dealing with the above is the ke
to developing a consistent system o
performance setting and nonitoring which
will pernmit an inprovenent to be planned
and achi eved. Anot her probl em occurs
when an inprovenent target is inposed
from the senior management level, as an
output to be achieved, wi thout due
consideration of the inputs needed to
achieve the target. As a result
local targets derived from the global
target are sinply perceived by local
supervision as inpossible, because they
are beyond past achievenents.

MATCHI NG LOCAL AND GLOBAL PERFORMANCE

[t is necessary to build up a
system which allows t he gl obal
performance target to be achieved,
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through the achi evenent of [ ocal
performance targets t hr oughout the
company. The first step is a carefully

considered strategy for construction = of

a vessel. This Wwll take the global
target, not only in ternms of nanhours,
but also in terms of the reduced
timescale for the project that is
i nmpl i ed. This imediately |eads to the
crucial consi deration t hat all.
activities nust be programmed to support
the target. Oherwse the target
becomes no nore than a pious hope, which
will  not be achieved, for exanple
because sonme critical item will not be
delivered when required.

It is also necessary to assume
that the target can and wll be
achi eved, so that all the planning and

scheduling does support it. To do so
requires some courage on the part of the
management responsible, since a failure
will be laid at their door. On the
other hand, to tr&/ to achieve a
significant change, and to partly fail,
is a better outcome than accepting the
status quo or ner el exhorting all
personnel to greater efforts. It is
necessarY to set the target, and the
acceptable intermediate goal (or partial
failure), so that all contractual
obligations are still nmet.

A nunber of steps must be taken to
ensure that the required performance at
lobal level and the performance at
ocal level are matched. The steps are
as follows:
1) Determine the global target to
achieve corporate objectives. This
will be a performance |evel which
allows the conpany to remain
viabl e, in the environment in
which it has to operate, and will
general ly be expressed as a
manhour productivity figure.

Det erm ne the master schedul e
needed to meet the target. In
order to achieve this there will
be some interaction between the
time and resource targets. It can
be expected that a reduction in
time to conplete a vessel will be
an inportant part of reducing
manhours and the overhead burden.

As far
| ocal
simlar

2)

3) as possi bl e, identify at
| evel past perfornmances for
m cl asses of work. (In
principle. it is expected that
many individual work stations,
for exanple a  steel cutting

machi ne, will be relatively

unaffected by a

product). It T1s nost
recall that the past
represents the output

~change of
inportant to
per f or mance
that has



been achi eved, within a set of
constraints. [t nust not be
regar ded, necessarily, as a
det er mi nant of what  can be
achieved in future, if some or
all of those constraints are
renoved.

3) Estimate the resources needed to

production for
conpany, usin
performance whic
been  achi eved.

achi eve the tar%et
each part of the
the evel s of
have previously
This represents  the  "norml
per f or mance of t he shi pyar d,
whi ch is unacceptabl e, but  which
represents a baseline form which
i mprovenents can be targeted.

5) Al'so at local level, determ ne
the performance which should be
achieveable, if it is assumed that
the constraints because of other
work stations are renoved. There
will be a large difference between
this and the previous item ich
will contain nore than enough
scope for the inprovement which rs
sought. A sinmple exanple of the
varration which can be found is in
senm -automatic wel ding, Wwhere the
potenti al per f or mance, even
allowing for rest and  other
non-productive time, is several
times what is actually achieved.

Prepare a revised estimate for the
resources using achievable rather
t han past per f or mance. The
resulting resource levels wll be
significantly | ower t han t he
historic levels. Productivity
compari sons between shipyards have
shown that sone require two or
three times the hours of others,
for simlar work and using sinmlar
t echnol ogy.

Fol | owi ng the above

] steps results
in two performance targets,

one bottom

u% and the other top down. The task is
then to build a series of internediate
targets, for each level of operation,
which reflect the overall target and
build a bridge between that and the work
station perfornmance. In other words,

whil e any individual work station could
achieve its theoretical per f or mance,
given a steady supply of accurate data
and correct materials, it is accepted
that some problems  will occur in

roduction. An overal | per f or mance

evel which  makes all owance  for
probl ems, but which does not include
slack to cover for what may be
historically poor performnce, shoul d
be targeted.

MODELLI NG THE PRODUCTI ON SYSTEM

_the
to achieve
In a sinple form

It is essential to nodel
compl ete production system
the result required.
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this requires a plan of the facilities,

on which the |ocation and function of
all work groups can be identified. This
can then be linked to the tactical |evel
of  planning, which wll allow the
volume of production through each area
to be determ ned and thus the
performance level predicted from the
planned throughput and the |esources
avai | abl e.

. If the performance inprovenent
which is sought is large, then a
relatively sinple  nodel of the
production system as described, my be
sufficient. If the shipyard is alread

operating at a performance level whic

is good, measured in terns of a
conparison of the global perfornance
level with other, conparable shipyards,
then a nore sophisticated nmodel w il be
needed. A discrete event sinulation
package may be required to provide the
necessary detail and ability to fine
tune the nodel (5).

The main function of the nodel, at
what ever |evel of sophistication, will

be to identify the numbers and functions
of all the personnel in the production
system Theref ore, any planned change
in performance can be resolved into a
re-distribution of the resources of the
shipyard. Simlarly, changes in process
can be nodell ed, not only in terms of
the effect on their immediate work
stations, but also of the downstream
wor kstations. The beneficial effects of
a new process on workstations other than

the one inmediately affected are
frequent!?/_ witten of f as
"unquantifiable" (6).

Figure 3 shows, ina sinplified
form  how such a nodel may be utilised.
It represents part of the production
system of a shipbuilding company. The
first diagram shows the existin s?]/stem
and the second shows a proposed change

to the system  The introduction of a
new process is intended to inprove |ocal
productivity. However, in order for the

process to deliver the required
productivity, a change is also needed
to the input reaching the workstation at
whi ch the process is to be |ocated.

If the process achieves greater
productivity, then there will be greater
out put , which nust be used in the
downstream workstations to realise an
overall gain. These workstations may
need nore |abor, if productivity
remains constant. Tne new process may
inprove quality, so that in another
downstream workstation an  additional
productivity increase is possible. This
will only be realised i some of the
labor is redeployed, possibly to the
workstation where the ddditional |abor
is needed.
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The  requirenents for quality
inspection and rework may be reduced,
and this also has inplications for the
resources which are needed. By making a
detailed analysis of each part of the
roduction system a specific value can
e deternmined for all of the benefits
whi ch are often descri bed as
"unquantifiable". More inportantly,
revised performance |evels can be
determned for each part of the system
which greatly increases the probability

of achieving the overall Inprovement
which is sought (7)

The sane basic principle wll be
adopt ed, whatever the cause of the
instability in the production system
It may be a sinple requirenent to
i nprove performance, to  meet the
viability criterion for the conpany, or
a new product, or a change in sone of
the processes in use.

There nai/) l()je an argument that the
e

met hod descri is unworkable in a
iven _situation, typically because
here is insufficient historical data to

even attenpt to build a model. ~ In such

a situation, it is difficult. to

visual i ze how any change can be planned.
Data is availablé in nost cases, but it
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may _ been col lected
systematically. However,  performance
data for equipment is available, |ocal
productivity can be measured in a short

not have

time, and estimates can be used if all
else fails.

The counter argument Lo the one
above is that even a poor attenpt at a

systenmatic apEroach is an inprovement on
pure guesswork.

TARCGET SETTI NG

t he
_ it
in the process of

Once an acceptable nodel of
production system has been produced,
can be utilized

setting targets for different parts of
the organization. These nust include an
overal | perf or mance whi ch meet s
corporate requirenents, a | ocal
erformance which is close(r) to the
est available and nust  include a
recognition that interaction bet ween

work-stations and external events pmy
prevent the targets being achieved.
Figure 4 shows how the process
of target setting, monitoring and naking
pl anned changes is built into a formal
manuf acturing strategy. This is an
i mportant conponent of the whole process
which ensures that the changes really
are planned, and that their intended
beneficial effect is realised (8).

The overall target should
an inprovement in performnce.
be relatively nodest,
stations which
three tinmes as
case.

show
This m
conmpared to wor
could produce two Of
much as has been the

TARGETS PLANNED CHANGE

REVIEW UPDATES

MANUFACTURING
STRATEGY

FIGIRE 4

differences which
the performance | evel

work stations and that at
departmental or shipyard | evel are
recogni zed. Local targets can be sel
which reflect a performance near to the
work station  potential, but an
al  onance given which is intended to
cater for problems and delays which are
external to the work station. The
al l owance is available to the departnent
manager, and can be applied at his
discretion. The local supervisor should
al so have a discretionary allowance fox
internal  problens.

The
bet ween
i ndi vi dual

exi st
at



At the corporate |evel, there
shoul d be an overall allowance to nmanage
supplier and other disturbances external
to the conpany. Any other areas which
are known to contribute to manhour
rowh and time overruns can also be
e given all owances.

~ To take a sinple exanple, consider
a shipyard planning a new project which

historical data indicates wll require
170,000 manhours. BY reviewing the
conpetitive position, it has been
established that a figure of 150,000

hours is the target needed to achieve a
conpetitive result. It is in no wa
sufficient to inpose a 12% cut in al
budgets, and inpractical to consider a

capital investment to achieve the
i nprovenent .

. If the performance at local |evel
is reviewed, and conpared to work stud

data, it is typical to find that most o
the work stations are perforning below
their theoretical capacity. If only this
aspect is considered, a target of
100,000 hours may be possible. This
woul d be in theory supported by the
potential performances, but would not be
acceptable to supervisors and managers,
and would not he achieved in practice.

It is therefore necessary to
arrive at a conpromse which ~sets
targets which are achievable if there
are no problems, and which allows hours
to increase in a controlled nanner if
probl ems do occur.

The resulting manhours coul d be
spread as follows:

Target Hours for Contract 150, 000
Less Reserve for Customer- 15, 000
rel ated probl ems
Departmental Budgets 135,000
Less Reserve for Material- 15, 000
related problens
Less Reserve for Design- 10, 000
rel ated problens
Work Station Budgets 110, 000
Less Reserve for Quality 10, 000
and |ocal problens
Budget if problens 100, 000
are elimnated

Aﬁproachl ng the target settin
from thi

this direction identifies, an
quantifies as far as possible, reasons
for not reaching high performnce
levels. ~ In the process, many of the
underlying causes of poor per%/or mance
shoul d he exposed and action taken to
elimnate them The resource levels in
each part of the shipyard should al so he
set so that the targets are supported.

At every level in the conpany,
the supervisors would have targets that
are achievable if there are no external
di sturbances. They are thus protected
from wunfair criticism hut  renmmin
accountable for their perfornance. The
attention of each managenent level
should be focussed on  aspects of
production which lead to constraints on
per f or mance, rather than attenpts to
force inprovements which are rendered
i mpossi bl e by those constraints.

The process also has to be
supported by an effective plannin
process, and by material control whic
can deliver itenms to the shop floor as
required. The provision of engineerin
information also has to he adequate, an
the  control of quality 1s also
inmportant. Al of these are universally
recogni zed as  critical _to  good
per f or mance. One of the objectives of
the system described is to make the
effects of these aspects of ship
production explicit. It is not adequate
to introduce a quallt% assurance system
in the expectation that an inprovenent
in performance will naturally tlow from
it. The sanme applies to new processes,
and to any other change.

The change nust be introduced in the
context of:

a target for the inprovenent in
per f ormance

a model of the affected areas of
the production system before and
after the planned change. whi ch
identifies how the 1nprovenent
will be achieved

an overall plan which builds the
per f or mance i nprovenent into
schedul es and delivery dates

a system for collecting and
anal ysing actual Perfornmance data,
so that-the inprovement can be
moni t or ed

Mich benefit can al so be gained by
a careful examnation of the actual
function of each wor k group.
Unnecessary activity can be elimnated
prior to project start. However, this
shoul d be the province of the local
super vi sor. It is inportant that the
seni or managenent takes an interest in
each  work = station, hut equal l'y
important that it does not attempt to
manage all aspects of the shipyard
renotely. This is a danger which can be
made worse by the existence of a

conpr ehensi ve conputeri zed data
col l ection system ~  which gi ves
managenment the ability to examne
detarls in any area of production. I'n

terms of the feedback loop in Figure 5,
it is critical that the anplifier is on
the correct side.
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CONCLUSI ONS

The potential shortcomngs of a
dat abase of past performance information
have been pointed out. Nevert hel ess,
any planned beneficial change to a
production system or response to
Instabili t){) in a conpany environnent,
shoul d be based on a systematic anal ysis
of how the _changées will affect
per f or mance. This must be done at both
corporate and |Iocal levels. Even
relatively sparse, or uncertain data can
be utilized for the purpose, but it is
essential that both a too-down and
bottom up approach are used.- To be of

val ue, the performance data nust be
used to provide an updated nodel of the
production system as it would be after
a planned change. It is also absolutely
essential to nonitor the actual results
and to take effective corrective action
when it is needed.
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