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ABSTRACT

Ship producti on, as ot her
manufacturing and assenbly activities,

must keep up with technology to assure
achievement of required productivity,
quality, and technol ogi cal advante
expected by an increasingly denmandin

market place. The ship narket has no

only become technol ogically
sophisticated, but custonmers now no
longer buy on price alone. They want
quality in design,  detailing,
operability, mal nt ai nability,

reliability, usability, all in addjtion
to a fair price, reliable delivery
schedule and effective follow on
service. In other words, the
shi pbui | di ng [ ndustr&/ is finally
emerging as a market consci ous,

responsive industry aware of user needs.

To perform this newy rediscovered
function, shipbuilding has to assure
better managenment of technol ogical
change in both product and process
technol ogy and assure continuous total
quality “managenent from design and
production to delivery and follow Many
shipbuilders are new at this because
many assumed a seller's market place.

In this paper, the managenent of
t echnol ogi cal change and quality in ship
production is presented as a formal step
b?“/nd step procedure which should be
unde

rtaken at regular (quarterly or at

| east yearly) intervals to assure that

the yard mintains its quality and

performance in process and product

terns.

INTRODUCTION

The rapid technol ogi cal change both

shi pbui I di n product s (ship

t echnol ogy) an ship production

technol ogy, as well as the 1ncreasing

pressure of changes in the availability
and costs of factors or resources used
requires a nore effective, tinmely and
re5ﬁonsive management of ship production
t echnol ogy. As noted in other

i ndustries, changes in product and
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process technol ogy are
to denmands not onl
quality, but tota
I'n this paper,

aspects of
t echnol ogi cal

invariably tied
for inproved product
quality managenent.
we review the major
effective managenent of
change and total quality.

Technol ogi cal change which for a

long time was nore an issue of prestige
and capacity than a nmanagement decision
based on the need for perfornmance in
financial, quality, and product
effectiveness terms, is finally emerging
as the single, nost inportant function
of shipyard managenent.

Simlarly, quality - which for too
long inplie rreetlng (often m ni mum
accept abl e) standards - now neans
achi evenment of near perfection in
product design, process and assenbly
perf or mance, schedul e, and product
delivery and backup. In other words,

qual ity now means neeting custoner
requirements and expectations.

Zero defect or achievenent of the
hi ghest quality possible in processes
does not by itself constitute quality
per f or mance. I't i ncl udes t he
effectiveness or fitness for use of the
product (the shi p?, it includes quality
of managenent rom design to post
delivery ~ custonmer support, and it
includes a never ending thriving towards
greater perfection. It also involves
quality in organization, team work, and
interpersonal relations. As a result,
quality per f or mance i mproves t he
motivation and conmitment of all in the
organi zation to i nprovenments in
performance. In other words, effective
t echnol ogi cal change (in  product,
managenment, procedures, and processes),
and total quality are interdependent.

Over the years the |link between
t echnol ogi cal chan?e and quality has
been forged by people Iike:

- Deming in Statistical
Process Performance Analysis;

I shikawa in Methods of



Eval uation of Process
Qut cones; and,
- Taguchi in the Analysis of
the Consequences of Quality.
Sever al t hs, particul arl in
shi Ebuildi.ng, ave been that workers
lack commitnent and integrity, that it
is difficult to install incentives, and
that shipbuilding is not suitable for

introduction of advanced process and

management technology.  Furthernore,
many have felt that it is a craft type
industry in which total uality is

difficult to manage because there are so
many unknowns.

The fact is that this is precisely
why the industr¥ can benefit nore than
others fromeffective technol ogy and
qual ity managenent, as noted from the
productivity and quality inprovenments
achieved by high labor cost countries
such as Japan and Germany who have
introduced thousands of robots and other
advanced product design and process
technol ogy equi prent to achieve major
improvenents 1n productivity and total
quality.

THE PROCESS OF NMANAG NG TECHNOLOG CAL
CHANGE AND QUALITY

Managi ng technol ogy and qualit
requires continuous  updating o
situation audits in which the existing
performance of technol ogy and peopl e

(including procedures, etc.) is
evaluated in order to determne how well
these nost inmportant factors perform
Table | is a sinple listing of the major
steps used in the managenent of
technol ogy and quality. In today's
envi ronnent, large enterprises and

particularly shipyards nust update their
situation audit at regular intervals by
determ ning their situation audit at
regular intervals. A typical outline of
a situation audit is shown in Table II.
After the condition of the shipyard has

been established, its objectives in
financial, product, market share, and in
other terns nust be reviewed.

The performance of the currently
used technology and the application o
resources in its wuses can best be
deternined by conputing both total and
partial factor productivities  for
I ndi vi dual rocesses, process centers,
and the whole shipyard (conplemented b
conputation of the total and partia
productivity learning curve to determne
the current and expected future role of
change of productivity) by tracking
productivities from audit to audit.
This also provides effective signals of
i mpending changes and pro% ections of
possi bl e inmprovenents in perfornmance, if
any. This is particularly inportant
shi pbui | ding where shipyards seldom

in
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TABLE | - MAJOR STEPS IN THE MANAGEMENT
OF TECHNOLOGY AND QUALITY

1. Technology Situation Audit
- Determnation of Market
Perf ormance of
Technology
- Availability and Cost of Factors

Ni che
Exi sting

2. Objective Review and Setting
- EBvaluation of Market (Product)
Mar ket Share, Econom ¢ and
Strategic Objective

Setting of non-conflicting multi-

obj ectives

3. Technology Evaluation & Forecast
- ldentification of Product and

Process Technol ogi es .
- Forecast an Eval uati on of
Technol ogy Devel opnent s

4, Market Demand

- Establishnent of Market-Product
Demand,
- Establishnent of Market-Quality
Demand
- Establishnent of Conpetitive
Market Factors
5. Setting a n_ dReevaluating
Constraints
Anal ysis of Regul at ory
Constraints
-Analysis of Financial Constraints
Anal ysis of Envi ronment al

Constraints
- Determ nation of Labor and
Resource Availability Constraints

6. Threat and Opportunity Analysis
Identification and Quantification
of Threats and Qpportunities

7. Technology Feasibility

Det erm nation of Basi c
Feasibility
- Determnation of Constraint
Feasibility
- Deternmination of Conpetitive
Feasibility

8. Selection of Technology for Change
~Sel ection of Deci si on
Requi renent s

- pert Choice Modeling
Conparative Per f or mance
Eval uation
9. Management of Technological Change
- Planning and Managenment of
Technol ogy Transfer
- Technol ogy |nplenentation



TABLE 1| - SITUATION AUDIT

1. Current performance of organization,
pl ant, processes, resource use, etc.

2. Position in learning curve of
different technologies in use.

3. Avail ability and cost of factors
(1 abor, capital, subcontractors,
services, etc. ).

4, Place in market - Product
accept ance Mar ket ni che.

5. Or gani zat i onal condi ti on- Manpower

status Public acceptance.

benefit fromlong runs of near identical

products. It is therefore inportant to
track changes in productivity with
changes in product, and use these
results as agmdeto marketqu to
prevent sliding into mar kefs a
particul ar shipyard which may be ill

eqU|p ed to compete, as shown in Figure

he learning curves also help to
show the stage of developnent of the
technologies in use and the potenti al
for furt i mprovenents.

Learning
Curve
01ld Product
Learning
Curve

~ ' / INew Product
(I
u;ﬁ Output of New
35 I"‘~ Product
Q-
2P
g0 I
°3 - 0Ld I
L oe— Product_"l
O A l
U~ ’_

cum Output

Change in Learning Curve with

Figure 1 -
Change

Pr oduct

Al t hough | earning curves do not
indicate the diffusion or state of
i nnovation of the technology per se,
they do indicate if and when technol ogy
in use wil | no | onger of fer
i mprovenents. Simlarly learning curves
of conpeting technol ogies provide an
effective neans for determining their
state and potentials. This is important
particularly as we normally know the
state of the technologies on the "S", or
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technol ogy devel oprment, curve when first

introduced (Figure 2).

DiZfusion Curve (% of
Potential Users Using
rechnolocy) /

fT—E;;rent
State
of
Tech.
Dev.

State of
Tech. Dev.
When First
AGOpsed
——d———

I nnovat i on Maturity
St age St age

Cycle

This pernits an evaluation of our use
of the technology. In other words, did
we nove down the learning curve in line
with the technol ogy inprovenents on the
"S" curve achieved during the period
since introduction of the technology in
our plant?

The availability
factors are deternmned in both real and
current terns and include evaluation of
their accessibility. Here one must also
determine our factor costs in relation
to that of conpetitors. The place in
the market is determned in both
absolute and relative termns. Finally,
revi ew manpower availability,
organi zational structure, staff norale,
and teamwrk is required.

Development

Technology

L

B
I nvention
St age

'

Figure 2 - Technol ogy Devel opnent

and cost of

The next issue is the reevaluation
of the yards' objective. Traditionally
this was sinple short termprofit
mexi m zation, but one increasingly finds
that objectives cannot only be financial
and should certainly be medium to |ong
term They should include market
penetration and share, product
uni queness, and other strat egic goals
which advance financial obj ectives
indirectly. The objectives should be
clearly stated and have associated
metrics in absolute and conparative
terms, to permt testing of the inpact
of changes on the overall multi-
obj ective function.

Technol ogy evaluation should be a

continuous activity in which both
product and process technologies are
tracked in terms of their state of
devel opnent, Perfor mance, and denand.

New potentially useful product and
process t echnol ogi es shoul d be
I dentified (often in conpletely
unrel at ed fields). To f orecast
technol ogi cal devel opnents, cross-inpact
analysis is useful, supplenented by
technol ogy devel opmant 'S curve)



analysis, to determine the status and
trend of developnent of a technol ogy on
the basis of the factors driving that
technol ogy' s  devel opnent . This™ of ten
includes estimates of the diffusion of
the technology both within shipbuilding
and the shipbuilding market, as well as

in other sectors.

such technology status audits
should be performed regularly, and
information on technol ogy devel opments

recorded in a standard and usable form

The result of this stage of the
managenent anal ysis should be sets of
"S" or technology devel opment curves

with the current state and associ ated
di ffusion achi eved by the respective
technol ogies, as shown in Figure 2.

Market demand is next determined in
ternms of pr oduct characteristics,
quantities, and quality. Price/quality
rel ationships should be established and
rel ated -to process t echnol ogy
requirenments and costs. Sinmlarl )é
conpetitive market factors mnust e
identified in terns of product, quality,

quantity, rice, and delivery time.
These results can then' be used to
establish demand curves, which in turn
permt conputation of denmand elasticity
with respect to product technology (ship
type, etc.) price and quality.
Dyepl oynent or Quality Function
Depl oyment is a widely used tool to
transl'ate "the voice of the custoner"
into product and process
characteristics, and to devel op
conparative market analyses.

Next, all the constraints in terns
of regulations, financing linits, |[abor
and resource availability, work rules
and nore nust be defined. A typi cal
shipyard situation audit lists the:

1. work in process;

2. material inventory by volune
and val ue;

3. cunulative and marginal
work in process and
i nventory;

cost of
materi al s

4.  order book (volunme and val ue);

5. current process productivity
and status on l|earning curve;

. resource (processes,
facilities, workforce, etc.) use
and per cent utilization of
capacity;

7. relative process productivity
or conparative costs (when conpared

with major conpetitors or in case
of material or service supplies
Wi th costs of alternative
suppliers);
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8. current constraints such as
credit lines, costs of capital,
availability of labor, work rules,

environment al protection

requirenents, etc.;

9. market position, market share,
etc.;

10. current organization, decision
structure, MS, etc.; and

11.  other.

e S| au and
the existing conditions as

This concludes the situation audit
est abl i shes

well as the trends and olpPort uni ties.
It also ﬁermts identification of
potential threats (such as obsol escence

of currently used technology or product
l'ines).

The shipyard is therefore now in a
position to define near term as well as
strategic threats and opportunities and

associ ate t hese Wi th resul ting
consequences (given they nmaterialize),
assumng the present state, in terns of
resource use, market, and operations, is
mai ntai ned by the shipyard.

At the same time, ranges of
possible outcones, resulting from the
I mpl ement ation of various _new
strategies, are defined based on actions

taken to counter threats or advance

benefits offered by opportunities. A
f or mal approach to such a
threat/opportunity analysis is given in
Ref erence 1.

The act ual managemnent of
technol ogi cal change is now set to be
per f or med. This usually starts with a
technol ogy feasibility determnation.

One attractive approach to deternine the
feasibility of wvarious technol ogies
within resource constraints is to use a
technol ogy performance diagram as shown

in Figure 3. Assuming the isoquants of
all alternative technologies are known
in terms of linted resources, such as
capital and labor, it is weasy to

determine the feasibility of alternative

(process) technol ogi es as certain
required levels of output (isoquant
| evel s), thereb elimnate those
t echnol ogi es which cannot be feasibl
used within these constraints, and whic
otherwise would result in their
operating below their nost efficient
| evel s.

Assume for exanple that sem-
automated welding technology B is

currently in use with an optinum (I east
cost) level of operation at the required
output g,at which the isocost of say C
is tangential to the isoquant g,and the
expenditure for labor is equal to that
for capital and both consume C2.



Isoquants
Technology A
(Quantities

A + of Output Ba)
Process Ray
Technology A

’
Ii/
Process
,///’Ray
Technology
/ -B
y .

Limit of
Capital

~ 7
] “Isoquants
ﬂ echnology
2 B (Outputs
2]
3] B)
// , \ Isocost
: >~
Limit Labor
of
Labor
Figure 3 - Technology Performance
Di agr ans

A new autonmated wel ding process,
technology A, Wwith a greater |earning
(productivity inprovement) potential now
becones available. For an output of g,
it also requires a cost of C, but
capital expenditure at this tine is
2C/3. while labor costs are only C/3.
VWile a switch to the new capital
intensive technology A my not provide

i medi at e advant age, i mproved
productivity and potential uture
I ncreases 1n |abor costs may nmake a
change over to A quite attractive.

In addition to the resource
constraint, feasibility, quality, cost

productivity), and simlar

onstraints must be deternmnned. Then
only process technol ogies which satisfy

all these feasibility requirements are
mai ntai ned anong process technol ogy
choi ces. Sinmlarly, potential product

t echnol ogi es nust be subjected to-narket
demand feasibility. price feasibility.
and related tests to be maintained in

the choice Ilist. Here it is found
usef ul to conput e traditional
m croeconom ¢ demand curves not only in

terms of volume of demand as a function
of price, but also include demand as a
function of performance, quality, etc.
and in turn relate price (or cost and
profit) to performance and quality and
the resulting inpact on demand. In nost
cases such denmand feasibility can be
determ ned by use of traditional
marketing procedures.

Finally, the stage is reached at
whi ch selections can be made from anmong
the process and product technol ogy
choices identified, which passed the
feasibility test. For this purpose, it
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choi ce
(described in nore detail
paper by the author).

Such a hierarchical model permts
the introduction of all the feasible
t echnol ogi cal alternatives (for
particular problem or market), the
various outcones, the threats and
OEportunities possibly affected by the
choice of technology for that purpose,
the various performance neasures, and,
finally, the outcomes of objectives
conditioned by the choice of technol ogy
and naterialization of a threat or
opportunity.

is advisable to use an expert
deci si on nodel
in anot her

Sonmetimes there is nore than one
decision maker involved such as in
product technol ogy choice where users,
owners, the shi Pyard, and investors nay
all place different weights on the
various objectives.

Using a nethod of  pairwse
conparative weighing, the priority each
deci sion maker places on each technol ogy

can be determined in ternms of its

a. performance (quality,

output, etc.),

b. cost,

C. ef fectiveness to counter

threats or take advantage of

opportunities, and

d. inportance of objectives t o

the decision maker.
In this manner, the alternative
technol ogies can be ranked and an
effective choice can be nmade. Now
remains only the managenent of the
actual transfer and inplenentation of
the technol ogy.
CONCLUSIONS

The  formal approach to the
managenent of  technol ogical change

decisions in processes and products Is

particularly inportant in shipbuilding
where process and product changes
usual ly involve large investments and

resources and long term commitnents. It
is therefore inmportant to assure that
t echnol ogi cal change decisions are made
formally, rationally, and based on the
best know edge of one's own condition,
t echnol ogi cal  opportunities, inpendi ng
opportunities and threats, existing an
future constraints in such a way as to
most effectively advance the objectives
of the shipyard.
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