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ABSTRACT KEYWORDS
The equipment research project risk management is an important field of Ships developed;
knowledge to promote the rapid devel opment of China’s defenseindustry. Risk management;
It is related to completion of our mission to develop new equipment Assessment.

qualitatively and quantitatively. In order to effectively identify, analyze,
reduce and control the risk of development of a new type of warship, on
the basis of the clear risk management process and approach the paper
makes an analysis of the development of a new type of warship program. It
builds a new type of warship research risk management assessment index
systemfrom four areas of technical risk, humanrisk, schedulerisk and cost
risks. It makes fuzzy risk analysis assessment on a new type of warship
development based on the method of risk management assessment.
According to instance analysis validation, thereisrelatively ahighrisk in
developing a new type of warship. Risk prevention and control measures
should betaken in technical risksand human decisions. The paper provides
atheoretical support for the new equipment devel opment risk prevention.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION organizing, implementation and control risk management
activitiesisvery important™.

The development of acertain type of warshipis

rel atively complex system engineering with characteris-
ticsof long cycle, hightechnology andinvestiment. There
areavariety of risksin various stagesin the devel op-
ment process, especially technical risk inthe develop-
ment processwhichisusuadly themain causeof ““ indi-
catorsdecrease, drag the progress and more funding”
and other issuesin acertain typeof ship development
process. In order to devel op high-performance, low-
risk of new equipment, it isnecessary to takefull ad-
vantage of the theories and methods of project man-
agement and systemsengineering. Effective planning,

RISK MANAGEMENT AND THEIR
MEANINGS

Inthe process of equipment devel opment, therisk
isapotential problem that may endanger the devel op-
ment program. Theequipment devel opment target may
not be achieved by thisreason in determined funding,
schedule, and technical congtraints. Itsmathematical ex-
pressonisasfollowings.

R=f(D,P,C) (@)

Inthismathematical expression standsfor risks;
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standsfor the causes of therisk; standsfor the prob-
ability of occurrence of uncertain events, sandsfor the
impact of theevent@.

Risk management isapolicy inequipment devel -
opment management and aprocess of optimization of
resources by stepwiseiterative. In risk management
thereisaclear identification of therolesand responsi-
bilitiesof the personnd. We can plan, identify, estimate,
evaluate, response and monitor risks encountered by
the project. Thisprocessmay help the project |eaders,
engineers, techniciansand other research personnel dedl
with risk eventsin the aspectsof scientific processing
of management and engineering activitiesto protect the
project proceed smoothly. Implementation of risk man-
agement isacomprehensive and holistic approachin
order to maximizethe benefitsof thefollowing aress.
1) Design, production, testing, use, maintenance, and

theinterfacesbetweenthem;

2) control of risks;
3) Management, cost and schedul €.

Risk management process

Risk management processcongstsof Six stagesin
the development process of acertain type of warship.
1) Risk identification

Risk identificationisto changetheuncertainty in
the development process of the shipinto aclear state-
ment of therisk. Intheearly stagesof warship research
project, risk Identification may be madethrough such
activitiesasrisk checklist, regular meetings, and activi-
tiesof daily records, etc.

2) Risk analysis

We can predict risksby analyzingrisk driversand
identifying sourceof risksin devel opingwarships. The
risk may be assessed by the possibility of development
and consequences. Possi bility isdefined asgreater than
Oandlessthan 100, isdividedintofiveleves(1,2,3,4,5).
The consequences are divided into four levels (low,
medium, high, and criticd). Risksaredividedinto groups
by possibilitiesand consequences.

3) Risk plan

Inthe process of acertain type of warship devel-
opment, risk response plans are made by designing
drategiesand action stepsof dedingwith risksaccording
toaprioritizedlist of risks. Therearesuchrisk response
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strategiesasaccepting, avoiding, protection, reduction,
research, reserveand transfer.

4) Risk tracking

Risk tracking processin the devel opment of acer-
tain typeof warshipincludesmonitoring risk statusand
notification of risk response actions. Early indicators
are used asacomparison valueto judgethesituation
devel oped among devel opment process. Timely notice
of the start of risksis madein the development pro-
cess. The personin chargeisdesignated to deal with
rsks.

5) Risk response

Research and devel opment unitsof thewarship re-
spond, avoid, withstand, reduce or sharerisk. Theaim
of al actionsisto control risksinthemainrisk toler-
ance and risk capacity or less.

6) Risk control monitoring

Risk management inwarship devel opment process
isnot to eliminate risk source, but try to reduce the
probability of therisk occurring to reduce affection of
the risk to warship development. Full monitoring is
achieved by risk management in the devel opment pro-
cess. If it isnecessary, risk management measures may
be amended to reduce the unnecessary time and ex-
pense wasted in the devel opment process.

Risk treatment measures

A basic principle of risk management isbased on
theminimum cost to get themaximum protection. There
arethefollowing four methodsin processing risks: risk
aversion, risk prevention, risk preservation and risk
transfer.

1) Risk aversion

Risk aversionisto taketheinitiativeto avoid the
possibility of thelossoccurred. For example, if thepos-
shility of increased costsin warship devel opment oc-
curs, wewill not takeinto account todevelopit. Thisis
often because of risk aversionto takealot of limita-
tions to the development of the project. In order to
enhancethe combat effectiveness of theNavy, wemust
deveop any kindsof ships, or el sethecoastal defense
forcescan not develop. Sorisk aversionisnot feasible
to someextent.

2) Prevent risks
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Prevention of risk isto take preventive measuresto
reducethelikelihood of lossand the extent of theloss.
Inwarship devel opment process, the prevention of risk
isinvolvedinthe comparison of current costsand po-
tential lossof politics, economy, national defenseforce.
Intheprocess, if the potentia |ossismuch greater than
the costs to take precautionsincurred, the measures
should be used to prevent therisk. If we develop the
newest warshipintheworld, thedevelopment of risk is
relatively high, but compared with the success of the
defenseforcesincreased dramatically after thewarship
developed, losspalesinits devel opment process.

3) Risk preservation

Therisk preservation refersto actively bear risks
irrationally or rationaly. “Irrational” risk preservation
refersto pay moreattentiontoluck or underestimation
of potential loss of theloss occurred thus exposed to
therisk. “rational” risk preservation refersto the po-
tentid lossesin thebear rangethrough the correct andy-
gs. Tobear dl or part of therisk iseffectivethan buying
insurance. Risk preservationisgenerally applicableto
deal with small probability of occurrenceand theloss
of thelow levd of risk.

4) Risk transfer

Thetransfer of risk istogiveal or part of therisks
they faceto the other through somekind of measures.
Thisisthewidest range of applicationsand the most
effective means of risk management to get guarantee
through the transfer of risk. In thewarship devel op-
ment process, risk transfer can be made through the
introduction of new technology and other meang®.

DEVELOPMENT PROGRAM OFANEW
TYPE OFWARSHIP

Inacertain type of warship development process,
itisnecessary to usethe system engineering approach
to model development management. Project devel op-
ment work ismadein strict accordancewith the devel -
opment program. Devel opment processinacertaintype
of warshipisgeneraly divided into the demonstration
phase, the program phase, the project devel opment
phase and the shaping phase.

Demonstration phase

Themain task of the demonstration phaseisthe
argumentation and theearly phase of thetria to deter-
minethenew warship tactical andtechnica indicators,
the overal technica programs, aswell asthe overall
development funding, the devel opment cycle, and se-
curity conditions. The genera requirement of thewar-
shipisasomadeinthisphase.

The new warship argument ismade by the naval
forcesorganizationthat will useit. Theinitial tactica
and technical indicatorsaswell asindicatorsfor fund-
ing and devel opment progress control should generdly
be proposed based on a medium-term plan and the
main combat performance. Thenwemay inviteoneor
more holders of warship production licenseto show
multi-demonstration programuntil thebest programand
manufacturing unit issaected by sdection or optimiza:
tionand combination of dl programs. Thenwewill con-
duct arisk assessment in accordancewith relevant regu-
letions.

At theend of the evaluation work, the Navy troops
and the devel opment units need report acertain type of
warshiptotal requirementsand theargumentation re-
port to the state authoritiesin charge of the devel op-
ment inaccordancewith therelevant procedures. After
thereportsapproved by the state authorities, the gen-
eral requirementsof acertain type of warshipwill be
issued asthebasisof thefollow-up phase of thedevel -
opment work.

Theprogram phase

The main task of the program phase is to make
demongtration and validationto form thewarship de-
velopment program booksin accordance with the ap-
proved “ Thegenera requirementsof acertain type of
warship devel opment ““. In the program phase wewill
makethegradua decomposition of thewarshiptoform
awork breakdown structurewhich may determinethe
progress of the project, providethe basisfor cost esti-
mates and risk analysis of the devel opment process.
Meanwhile, the devel opment specifications, the devel -
opment of interface control documentsand thegenera
devel opment plan of subsystems, equipment and sup-
port equi pment of warshipismadein accordancewith
therelevant nationd military standards. Thesignificant
technica improvement projects, the conditionsof war-
ship devel opment and theintroduction of technol ogy
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projectsare proposed through budget on development
funding, product costsand price estimate. Themain
work of the program phaseisresearch, collaboration,
processing, theintroduction of technologica innovation
andtheinitia construction of theship’splans. Findly,
themission statement i sdevel oped inaccordancewith
the preparation of the nationa military standards.

Theproject development phase

Themaintask of theproject development phaseis
the design, manufacture and test of thewarship accord-
ing to approved research task book. On the basis of
the devel opment of the mission statement, the naval
troops and the research units sign the shaping stage of
of thewarship in accordance with therelevant provi-
sonsof the contract. Intheproject devel opment phase,
thereisthefollowingwork.

1) Design

The development units carry out design work ac-
cording to the requirements of the devel opment con-
tract. Itsmain task are to complete afull set of tria
pattern, prepare product specification, process speci-
ficationsand materia specification draft in accordance
with therelevant nationd standards, devel op other re-
lated technica documentation, test rel ated systemsde-
vel opment, compl ete manufacturing sampletest and the
preparation of technical documents, make production
plan, determine the human and material resources
needed for the production, cal cul atethe cost of manu-
facturing, design, organize productionline, improvethe
comprehensive support scheme and makevarious se-
curity projectsdesign, testing and identification.

2) Testand trial

The development unitscarry out thetest and trial
work according to the devel opment requirements of
the contract. ltsmain tasksareto preparefor trial pro-
duction, carry out thedesign of thetooling, production,
installation and commissioningwork, carry out parts
manufacture, componentsassembly and thefina as-
sembly and commiss oning of weagponsand equipmernt,
makevarioustypesof development andtesting such as
dtic, dynamic, fatiguetesting, engineering expertiseted,
system softwaretesting, ground s mulationtest, etc, and
carry out weaponry verification test.

Theshaping phase
ﬂﬂecézzo/oyy C—

Thework in the shaping phase includestwo as-
pectsof thedesign and thefind production. Themain
task of the design isto make the comprehensive as-
sessment of thewarship performance and userequire-
mentsinorder to confirmwhether itisthesameasmis-
sion statement and devel opment requirements of the
contract. The main task of thefinal productionisto
make comprehens ve assessment on warship mass pro-
duction conditionsand stablequdity inaccordancewith
production standard. In the shaping phase, the officia
version of the product specifications, process specifi-
cations, materia sspecificationtheofficia full produc-
tion pattern, relevant technical documentsand directo-
riesarefinaly formed®.

ASSESSMENT INDEX SYSTEM CON-
STRUCTION OFTHEWARSHIP
DEVELOPMENT RISK

In the devel opment process of a certain type of
warship, design, manufacturing, testing, support, man-
agement and bad c conditionsareinterrdated dongwith
their respectiverisks. Becausethe basis of the prod-
uctsdelivered mesting therequirements of tactical and
technical indicatorsisdevelopment and production,
design, testing and production constitutes a major
sourceof risk.

Themain causes of technology risk

In thewarship development process, dueto tacti-
cal and technical performance requirementsand more
srict requirementsfor reliability, maintainability, safety
and protection, therearegreater technical risks.

1) Thedesignerrors

Inearly stage of warship devel opment, if thedesign
isnot inlinewith the actual tasks and naval warfare
environment, itislikely toresultinlonger development
cycle, moredevelopment funding. Universd, seridiza
tionand modular performanceisnot rong. Thus, careful
designisfirstly the guarantee of devel opment of acer-
taintypeof warship.

2) Lack of technical preparations

Theam of advanceresearch onthewarshipisto
providetechnical reservesfor its development. The
wegpon devel opment practice proved that only advance
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research morefully, thetechnol ogy used rel aively ma-
ture, will it be poss bleto shorten thedevel opment cycle.
Before some major key technology hasyet to makea
breakthrough on the hastily development, theresultis
very difficult to achievethetechnica indicators.

3) TheTechnology isnot proficient

If thetechnol ogy of the devel opment unitsisnot
proficient, thewarship can not be devel oped to meet
mission requirements. Theresult isdeviation of design-
ers, one-sidedness understanding of test and detection,
limited verification means. Thestaff could not beimple-
mented in strict accordance with thedesign and pro-
cessrequirements, and can not guaranteethe complete
successof thetest tasks.

4) Tactical and technical requirementsaretoo high

Tactica andtechnicd indicatorsof thewarship must
be guaranteed for the compl etion of specific operationa
tasksand tactical technical performanceand the use of
mai ntenance performance. Beforethe devel opment of
thewarship, tactical and technical indicatorsmust be
madethefull needsanalysisand feasibility study from
the state of war, themilitary needs, goasand environ-
ment whichwill makethetactical and technical indica:
torstechnically feasible, affordableand achievablein
time.

The main causes of the cost of risk

Oneof thereasonsof risk of costsincurredinthe
devel opment process of wegponry isinsufficient invest-
ment and the use of unreasonablefactors. Thecauseis
mainly the macroeconomic environment, thematurity
of the new technology and budget.

1) Thematurity of new technology

In the warship devel opment process, because of
too much emphasison thetechnica performanceof the
vessals, excessiveuse of new technologies, it tendsto
make someimmature projects started. The devel op-
ment processwill appear repeatedly for the success of
the project which leads to the devel opment cost ex-
ceed the budget.

2) M acr oeconomic environment impact

Under the market economic system, pricesfluctu-
atewith market conditions. Together withinflation and
other factorsit resultsinincreasing price of many raw

materid of thewarship devel opment soon. Meanwhile,
thecost of manufacturing unit staff isincreasing year by
year. Various coordination costs continueto increase.
All these factors make the cost of a certain type of
warship development grestly improve.

3) Scientific budget assessment

China’sdefense spendingismostly theplan form
which pays not enough emphasis on to the budget.
Thebudget approach islack of scientific and norma-
tive standard. We also lack of statistics dataon the
total life cyclecost of similar models of shipsfrom
abroad whichisdifficult to guarantee more accurate
budget. In addition, the implementation of the con-
tract makesthe manufacturing unitshavetointend to
drive down the budget in order to get the research
project, which will undoubtedly increase the cost of
risk.

Themain causesof therisk in the progress

Theriskintheprogressisprevaent intheresearch
and devel opment of equi pment which often leadsto
extended equipment devel opment and cost overruns.
Therearethefollowing common main reasons.

1) Unscientific schedule

Schedulerisksinthe development processof a
certain type of warship mainly manifested intwo as-
pects. First, the demonstration of program isinad-
equate. In order to get theresearch project, research
and devel opment unitsgenerdly shorten schedule, and
lack scientific argumentation. Secondly, the progress
planisdevelopedinaccuratdy. Theformulation of the
scheduleislack of scientificforecastingand analysis.
In addition, incompl ete database of technical perfor-
mance and schedul e estimatesfor thewarship results
intheunderestimation of theprogressor diversonfrom
redity.

2) Investment budget allocation isunreasonable

In the compl etion of modern equipment project,
funding overrunsincreas ngly common. Unreasonable
project funding alocation or lack of development cost
budget for sometechnol ogy whichlead tothe delay of
theprogress of the devel opment toincreasetherisk of
development progress.

3) Theinfrastructureplanningisimproper
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Taking into account acertain type of warship the
new model, if wedo not fully consider the use of some
availableresourcesof previoussmilar modd shipsde-
velopment ontop-leve design stage, such asfactories,
ports, productionline, whilejust striveto build new re-
sources, it will not only need funding for reinvestment
but also time. It no doubt will delay the development
schedul €8,

Human factorsrisks

In thewarship development process, the causes of
risksarecomplex and changing. Itscauseelementsare
not the same. Human factors. occupy amoreimportant
part.

1) Thedecision-makingisunscientific

In a certain type of warship development
process,becausethewarshipisnew, thesituationfaced
by theorganizersislack of experienceand information.
Thiswill lead to errorsin decis on-making which causes
risksinthe devel opment work.

2) Technicians’ lear ningability isnot strong

Because of it isthe new warship, the complexity
degree of its development work. The development
needs high, precise and advanced technology, which
requirestechnica staff can not betotal immerseinthe
knowledgelearned afew years ago. They must con-
tinuetolearn new knowledgerel ated withtheresearch
project. Currently alot of young technicianslack spirit
of life-longlearning practica experience. Itisoftendif-
ficult for themtoindependently undertake complex re-
search and production tasks. Oncethetask assigned, it
will causearisk of lack of maturetechnology staff™?.

3) Theorganization and management isnot good

In the process of development of anew type of
warship, dueto the devel opment of new models, its
organization and management mechanismstend to be
lesseffective. In addition, dueto thelack of manage-
ment experience, somestaff work frequent changeswill
cause management process out of touch. And the man-
agement methods and techniques may not beentirely
gopropriatewhichwill undoubtedly increasetherisk of
the project development(*y,

Considering variousfactors, risk management as-
sessment index system of anew type of warship deve -

—{ Degree of design errors Uy,

Degree of Lack of technical
preparations Uz

Technology
risks Th

Degree of proficient
technology Uys

Degree of tactical and
technical requirements Uys

Degree of maturity of new
technology Un

Degree of macroeconomic

Cost risks Uy environment impact Uz

Risk
management
assessment
indicators of
warship
development

Degree of scientific budget
assessment Usy

Degree of scientific
schedule U;[

Program nsks Imvestment budget allocated
(o rationality Us,

Degree of the infrastructure
planning Usz

Degree of Right decision-
making Uy

Technicians' leaming
3|Ji|il‘y Uy

Human factors’
risks U,

Scientific organization and
management U

Figurel: Risk management assessment indicator ssystem
of war ship development

opment isestablished and shownin Figurel.

FUZZY RISK ASSESSMENT OF WARSHIP
DEVELOPMENT

Warship deve opment ri sk management assessment
ismadethroughfuzzy comprehensveevauation method
based on the construction of theeva uation index sys-
tem.

1) Establish thefactor s set
Based on the eva uation index system, thefactors

Set can be expressed atotal of 13 factorsas u;; —uy,.

2) Establish the assessment set

Therisk level of eechindicator isdividedinto four
levels, v = {v;,v,, V3, v, } = {veryhigh , high , middle , low}.

Re ativefactorsof weight coefficientisasfollows
3) Establish theweight set
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{0.05,0.3,0.1,0.05,0.1,0.05,0.05,0.05,0.02,0.03,0.1,0.07,0.03} .
4) Establish assessment matrix

A certain number of expertsmaekeevauation. Fuzzy

relationship matrixisasfollowings.

0.2 05
02 0
02 01
03 02
01 O
03 0.1
03 04
02 0.2
02 0.2
03 02
01 O
02 0.2

[0.1
05
04
0.2
0.6
03
0.1
03
03
0.2
05
03

0.2
03
03
03
03
03
0.2
03
03
03
04
03

03 03 02 02

5) Risk fuzzy compr ehensive assessment

AR = [0.392,0.300,0.198,0.110]
Theaboveresultsshow thet therisk degree of very

high, high, middle, low of thewarship developmentis
0.39, 0.30, 0.20, 0.11. Therefore, it isclear that there
ishigh risk weightsin warship devel opment assigned
by experts. It can be seen the technical risks, human
decision-making needsto bewel| risk control2,

1)

2)

[1]

CONCLUSIONS

Inthispaper, onthebasisof clear risk management
process and approach, anew type of warship de-
vel opment risk management assessment index sys-
temisbuiltthrough theanaysisof thewarship pro-
oram.

A new typeof warship devel opment risk manage-
ment isassessed based on fuzzy risk andysis as-
sessment method. Instances analysis proved the
warship development riskisrelatively high. The
devel opment needsto bewell studiedinrisk re-
sponseinthenext step.
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