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In this paper, we deal with a risk analysis for an IPS (Integrated power system) and propose a simulation model
combining the fault tree and event tree in order to estimate the system availability and risk level, together.
Firstly, the basic information such as operational scenarios, physical structure, safety systems is explained in
order to make the fault tree and event tree of the IPS. Next, we propose a discrete-event simulation model using
a next-event time advance technique to advance the simulation time. Also the state transition and activity dia-
grams are explained to represent the relationship between the objects. By numerical examples, the redundancy
allocation is considered in order to decrease the risk level of the IPS.
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Analysis of the basic information for the integrated power system

Operational scenario | Physical structure

Maintenance procedure/
Preventive maintenance

Administrative &
logistic delay time

¥

Analysis of the fault and event tree for the integrated power system

Making the fault tree
for the integrated power system

Making the event tree
for the integrated power system

¥

Risk analysis for the integrated power system

Analysis of occurrence frequency
& accident effect

Analysis of risk level

Figure 1. Procedure for Risk Analysis of an Integrated Power System
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Integrated power system
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Power production Power production Power converter Power distribution
function function function function
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2

Sub-function
1

1 2

Sub—function] [Sub—function
3

Sub-function
1 1

Sub-function
: [
Figure 2. Example of Mapping between Missions and Functions

[Sub-function

'SP

[Sub-function

Integrated power

Level O system
|
I
[ \ \
Power Power Power
Level 1 L
production Converter distribution
system system system
T
1
[ | |
Level 2 i
D'E:SEI Generator Battery
engine
|
Level 3 AC
generator
1
[ [ [ [ [ \
Level 4 Crank-shaft | | Ball bearing Permanent Coil Voltage Current
magnet sensor sensor

Figure 3. Example of the Physical Structure for the Integrated Power System
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Failure of integrated

power system

\ o \

Failure of the power Failure of the power Failure of the power
converter function distribution function production function
\
\

I 1
Failure of the main ] ( Failure of the main

sub-function A sub-function A

sub-function A-1 sub-function A-2

Failure Failure Failure Failure Failure
mode 1 mode 2 mode 3 mode 4 mode 5

Figure 4. Example of the Fault Tree for the Integrated Power
System

[Failure of the main] [Failure of the main]
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Table 2. Types of the Safety Systems in the Warship

Safety system type Function

To keep the level of buoyancy for
preventing the leak of the
compressed air

Main ballast tank

To input the high compressed air

General float system .
y on the main ballast tank

Emergency float system | To drain the sea water quickly
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Table 3. Example of the Event Tree for the Integrated Power System

Safety Safety Safety accident
Initiating event function 1 function 2 Effect(Case)
Main ballast tank | General float system Type Life(Person) System(%)
Fi:srihztgzl:inct)t;t[;r;or Yes Safety accident 1 0.1 10
No Yes Safety accident 2 0.8 40
No Safety accident 3 15 70
Total
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< EVENT TREE >

Top Event
[® : Failure of the target system function for the integrated

power system

Intermediate Event
[  Failure of the sub-function to be caused the

occurrence of Top event

Basic Event

: Failure of the lowest component to be caused the :
occurrence of intermediate event

Operational Scenario

: Combination of missions for the integrated power system

Mission

: Activity of perform the integrated power system

Function

Function for perform the mission

Component

: Object of the failure and maintenance

Initiating Event
: Top/intermediate event of the fault tree

Safety Accident
: Accident due to the occurrence of the

top/intermediated event

o—o Safety Function

: Function to control the initial event

. o Safety System

: Support system to perform the safety function

Safety Accident

: Accident due to the basic event of the fault tree

>~

Figure 5. Relationship between Input Module and Fault and Event Trees in the Risk Analysis Simulation

CDlglnsElement

CDlglnsFunction

CDlglnsOperation

InsertData

CDlglnsMission

CDlglnslInitiatingEvent

CDlglnsSafetyAcc

Figure 6. Class Diagram of the Input Information for the Risk Analysis Simulation
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Table 4. Input Information of the Initiating Event 3.2 ¥ = 4 AlEH )49 AR} AL A2 A
Name Description S B4 Aol A AT, 715, THE BN, 2
ID Identification of an initiating event JNANAL AAZ s, AEY oA 458 SOk o] 9] A
Description | Explanation of an initiating event TAg o8 AHAL A 6§%D} zk AR 7ke] BAE <Figure
Function Top or intermediate event to be caused the 8>3} 2] Class diagram .2 Xd & 4 Qlt},
occurrence of an initial event
. Function to control and reduce the effect Process
Safety function .
of the initial event
. . Mission Element
Safety accident A(_:c_ldfent to be occurred by occurring the ‘% ‘}
initiating event
<§_ .
Table 5. Input Information of the Safety Accident i
Name Description ?
1
ID Identification of a safety accident InitiatingEvent SafetyAcc
Description Explanation of a safety accident

Human damage

Degree of human damage for the safety

Figure 8. Class Diagram of the Objects in the Risk Analysis

accident Simulation
Table 6. Output Statistics of the Risk Analysis Simulation
Category Description

Total run time

Total run time of normal operating during perform the simulation

Total down time

Total down time due to failure of the integrated power system during perform
the simulation

RAM Total failure number ;c;;illa:?(i)lnure number of the integrated power system during perform the
Availability Availability for the integrated power system
o Occurrence frequency Occurrence frequency of an initiating event
In;t\;ztnl?g Occurrence frequency index | Occurrence frequency index of an initiating event(5 Step)
R Risk level Risk level for the initiating event
; Safety Severity degree Severity degree of an initiating event
K accident Severity degree index Severity degree index of an initiating event according to the accident result
(5 Step)
Risk level Risk level for the integrated power system

CDIgOutElement

CDIgOutOperation

CDIgOutFunction

OutData CDIgOutMission

CDIgOutlnitiatingEvent

CDIgOutSafetyAcc

Figure 7. Class Diagram for the Output Information of the Risk Analysis Simulation
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Table 7. Attribute of the Safety Accident and Initiating Event in the Risk Analysis Simulation

Category Name Description
ID Identification of a safety accident
Safety Description Explanation of a safety accident
accident HumanDamage Degree of human damage for the safety accident
NumOccur Number of occurrences for the safety accident
ID Identification of an initiating event
Description Explanation of an initiating event
NumSafetyFunc Number of the safety functions controllable the initiating event
initiating SafetyFunc Identification of the controllable safety function
event NumSafetyAcc Number of the safety accidents due to the initiating event
SafetyAcc Identification of the safety accident
NumOccur Total number of occurrences of the initiating event
CurSeverity Degree of the human damage for the present initiating event
OB
. ‘ Function A Initiating event ( Component A
. 1 (::Se:\illilerg) ‘
| IDLE e — RUNNING } { Occurrence } L IDLE M@ 5| RUNNING
IsNeed Activated( ) Activated( )
(Failure)
eleDown( ) execute execute execute execute
@ (EMPTY) (OCCUR) (EndFix) (Breakdown)
@(_ |_>{ Nooccurrence] NoticeFix()
NoticeDown( )
N J N J

Figure 9. State Diagrams of the Function, Initiating Event and Component
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Update the statistics of the
components

EndFix

Type of the
accident

Breakdown
Change the state of
the component to “DOWN”

Call the noticeDown method

Update the statistics of
the upper-function
Is the Initial Call the execute of
the initiating event

function
NoSafety or Safety

type?
Change the state of _
the function to “IDLE” h

Is the top
Function?

Call the funcFix of
the component

Call the activated of
the component

Yes
Call the activated of
the sub-function
@)«
Figure 10. Activity Diagram of the Element execute

Update the statistics of the
functions

Does the
function
fail?

Change the state of
the function to “DOWN”

Is the
function

Safety Initial Call the execute of

the initiating event

type?
NoSafety
Does the initiating Update the statistics of the\‘
event occurred? functions -/

LYes

Call the funcDown of
the function

Is the top
function?

Update the severity for
the initiating event

D

Call the deactivated of
the component

D

<

Call the deactivated of
the sub-function

Figure 11. Activity Diagram of the noticeDown
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Update the statistics of
the initiating event
Occur Is the Phase
type?
Change
the Phase to ‘Occur”
(Changethe state to “Occur”
Update the severity for
the initiating event
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Table 8. Input Data of the Risk Analysis Simulation of Components

Module Component MTBF(h) | MTTR(h) | Failure mode | Probability | Case (1) | Case (2) | Case (3)
Cooling fan 1 2,939 13 Failure mode 1 1.0 0 1
Water temperature sensor 3,133 14 Failure mode 2 1.0 0 0
Fan belt 3,156 11 Failure mode 3 1.0 0 2
Cooling | Fly wheel 2,716 11 Failure mode 4 1.0 0 1 )
system | Cooling pump 2,950 15 Failure mode 5 1.0 0 2
Cooling water storage tank 3,011 13 Failure mode 6 1.0 0 2
Cooling fan 2 3,047 17 Failure mode 34 1.0 0 0
Temperature sensor 2,828 20 Failure mode 38 1.0 0 0
) Failure mode 7 0.3 0
Intake manifold pressure sensor 2,581 16 - 2
Failure mode 8 0.7 0
Air filter 2,618 14 Failure mode 9 1.0 0 1
Failure mode 10 0.4 0
Intake |\ oifold 2,765 12 : 0 1
system Failure mode 11 0.6 0
Failure mode 12 0.6 0
Valve 2,534 12 - 0
Failure mode 13 0.4 0
Intake manifold temperature sensor 2,744 11 Failure mode 14 1.0 0 2
Fuel 3,096 15 Failure mode 17 1.0 0 0
Failure mode 18 0.2 0
Fuel pressure sensor 2,414 20 - 1
Fuel Failure mode 19 0.8 0
e
sysliem Pressure pump 2,850 12 Failure mode 20 1.0 0 0 1
Solenoid valve 2,953 14 Failure mode 21 1.0 0 1
Nozzle 2,952 10 Failure mode 22 1.0 0 0
Filter 2,970 18 Failure mode 23 1.0 0 0
Crank-shaft position sensor 3,080 16 Failure mode 15 1.0 0 0
Crank-shaft 2,506 18 Failure mode 16 1.0 0 2
Ball bearing 2,321 19 Failure mode 24 1.0 0 2
Permanent magnet 2,264 10 Failure mode 25 1.0 0 0
Coil 2,675 15 Failure mode 26 1.0 0 2
Failure mode 27 0.3 0
Voltage sensor 1 3,182 19 Failure mode 28 0.2 0 0
Failure mode 29 05 0
AC Failure mode 30 0.4 0
Current sensor 1 2,891 10 Failure mode 31 0.3 0 1 3
generator .
Failure mode 32 0.3 0
Diode 2,345 14 Failure mode 33 1.0 0 2
MCU 2,310 16 Failure mode 35 1.0 0 2
ECU 2,423 13 Failure mode 36 1.0 0 1
Frequency measurement sensor 2,919 20 Failure mode 37 1.0 0 0
Failure mode 39 0.4 0
Voltage sensor 2 2,885 15 - 0
Failure mode 40 0.6 0
Failure mode 41 0.3 0
Current sensor 2 2,887 17 - 0
Failure mode 42 0.7 0
Safet Main ballast tank 1,154 19 - - - - -
afe
y General float system 1,288 12 - - - - -
system
Emergency float system 1,308 17 - - - - -
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Table 9. Results of the Risk Analysis Simulation
Initiating event Safety accident
Category Occurrence Occurrence Severity | Severity |Risk level’
frequency | frequency index” degree index?
Failure of function for the charged battery 0.0127 5 0.1097 3 15
Case (1) | Failure of function for the rectification 0.0056 5 0.4109 3 15
Integrated power system 0.0183 5 0.2331 3 15
Failure of function for the charged battery 0.0053 5 0.1031 3 15
Case (2) | Failure of function for the rectification 0.0039 5 0.4000 3 15
Integrated power system 0.0092 5 0.2024 3 15
Failure of function for the charged battery 0.0067 5 0.1121 3 15
Case (3) | Failure of function for the rectification 0.0042 5 0.4012 3 15
Integrated power system 0.0109 5 0.2217 3 15

Occurrence frequency index” :
Severity index? : Alal WAoo 2 Qs WAEE AlnY] HIHFE EE
Risk index” :
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