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Fault Tree Analysis and its Application for Designing High Reliability Electrical System
in Underwater Vehicle
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Abstract - A top priority in the design of underwater vehicle is to guarantee the dependability of the electric system because
failure of the electrical power supply system is directly related to the life of the passengers. In this paper, we present four
kinds of alternative designs to improve reliability of electrical system in underwater vehicle. To reduce the risk and to
increase availability of the electrical system, we use the redundancy of the grid structure and power converter. For all design
alternatives, we carry out Fault Tree Analysis. Based on the FTA result, we implement RAM simulation to compare the risk

and availability for the proposed design alternatives.

Key Words :
and maintainability (RAM)

LA 8

SERY 7] dHle AS9 U0t £ Al Y35
O] &M T AR A BIXE Q8 EWHS AAVF QF
S

T T En =7

g0 f7]) AZY eMom # 38 U AE AE 59 £ 7
Sol Floe Zefehal g AAsior Stk S5l B AS
o WHE F HaKY ME Al APAQ gge v
Rol 4589 271 4A VAN B ABS AV RsHS

245 08 HIgoR oY B Aol tiEt BrlE S

FLEE o WE + Ax AV @FECH-[5].

QUbEQl £ETLo] A2 A AEQ FR Ul 7K AEEF
715 (AC 115V/60Hz A ZF, AC 115V/400Hz A2EH, DC
24V AYEIH, FAEY] d83s) & DC 24V AEEF Vs
o] QIEE7t T2 7sTt Hluwst] AtEoR &1 7IEERe W
A W}E } HEE A £7] 2olA DC 24V AHIFE

FaAZ17] fleh /7] Asel A HEo] dQst
7] QlsiAl DC-DC AHH, A9t 2 14
g Flolo] HE 2WsHAL ASS WA BUAIA ASY 1L
SES daale gete ude & UrH6]-[8].

& Fag W ASY fFEE ¥FV] QoA

Z
=
ck. 91@5% Es

~+

Corresponding Author : Dept. of Electronics and Control
Engineering, Hanbat National University, Korea.
E-mail: feelsoon@hanbat.ac.kr
* Dept. of Control and Instrumentation Engineering, Hanbat
National University, Korea.
#*% Agency for Defense Development, Korea.
Received : March 7, 2016; Accepted : December 5, 2016

Fault tree analysis (FTA), Underwater vehicle, Redundancy, Integrated power system (IPS), Reliability, availability,

55| DC 24V Ag¥Zgeiel) Wl 7ix19 A tiote AAlsta
EEL} 7FEEE Hlwel] M §8X0|1 =2 AEEE %
= A7 ASE FQelA} st wetk] & =RoflAls WA 1)
TEET ASY oulgs 7K 5 e Ul 7K AZ T
Rl ASsE MAISIT) 22429 A7) Aol thell aELE
BA(FTA)S $88T} 3FTA ZAiE 7|HIOZ gt RAM AlEd
oldoR I ¥ EEE grisith Hul 7Rl BFol tisl
A7) RS WHEShal ZUE Hlwsko] 49 AnE AFsith

Flﬂl

_{

2. £5% W) ABY LANY
SE QO BY) AE T

580 A7l AEe EFAYAA(ntegrated  Power
System: IPS)O] 9J5] %M IPSe &9 FQESO| Xdﬂ—%%
2357 QI8 AC 115V/60Hz, AC 115V/400Hz, DC 24V, =7
HE7| A¥3F 7150 O?LEIE} Y 12 gurEeQl A*ol S|
71 AgY & dE RoFECL FH 9§ AQAE(EA, Ao,
et MHlA B3HS ZE5] 98] Main, DC 220V, DC 24V,
AC 115V/400Hz, AC 115V/60Hz9] 57 BusE 7FRI=Gl, Main
Bus9 A2 HiEZ] -HE F3o] wEt 285E §9 7=
Aoz WAZ(Gol Ol Mitkl= FAetolH, T8t HiE2](B)ol
AEu= A, FHE As7IMe FsAI717] st 712 DC
HAYe onmsict. 0] Main DC Bus AYe Z¢wEeS AX
DC220V BusE AEsHA €t DC 24V " 589 Moj™
¢, AC 115V 400HzE &A1& AW, AC 115V 60Hz= LEF A

Copyright © The Korean Institute of Electrical Engineers 33
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



7|5t =2X 663 13 20174 1€

HA RYe UEth dudoR #5380 M7IASS Aol
20| 9 79| Fasiet A7) gH 2rlE S8 A=d SHE

=

Q& FAuAANEo] HEE 0], Main Bus® & AT (Circuit
Breaken) & HAICZ F2 OiE X E 7IRCE Main Bus9 %}
1 252 ZZF AYYLARO CIEEEr|9r HiEgZ ML
H, DC-AC QHHE &df FARS7IE F&sirh 18lal DC
24V Buse= DC 220V BusE Sdl ¢AwM ZF Bus Alojoj=
DC-DC #HEZF QIRISH}. S Main BusZ5E DC-AC QW
B2 =8 AC 115V/400Hz Bus®?} AC 115V/60Hz Bus2Q &g
HIRO] O]FOjAIH ZH2ko] £Q FEE Aol AFH77 91X
Stal ATk

‘@ss  Main DC Bus

‘s DC 220V Bus

g 1
I

[ N
T 1 #Ew) AEA W) AR FE

Fig. 1 General configuration of electrical grid in underwater
vehicle
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Table 1 The number of components, failure rate, MTBF, and
MTTR of general electrical grid in underwater

vehicle
e s8 | I2E MTBF MTTR
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(gﬂgeif) 2 ‘;)84%5 exp(2575) | exp(20)
(G:T:S;t]on 2 ?85%3 exp(2439) | exp(20)
(%LS) 10 /gggo exp(36,000) | exp(20)
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Table 2 Availability and risk rate according to fault tree

AC115V AC115V DC 24V | FRAE7]
60Hz 400Hz NEdg | AEEF
NEIg7s | AH337s 7Is s
7I8% 0.8444 0.8326 0.6566 0.9294
= 12.05 10.06 19.98 5.00
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Fig. 2 Design alternatives with increased redundancy, (a) cross-connection of all converters and grid, (b) parallel structure of
left AC 115V 400Hz converter and right AC 115V 60Hz converter, and left-right grid cross-connection, (c) parallel
configuration of all converters, (d) cross-connection of all grids
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Table 3 Event definition of electrical grid
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Table 4 The number of components, failure rate, MTBF,
and MTTR according to design alternatives

wa | 4| o| o o 0| was | MTBF | MTTR
- 1 2 3 4

68 XD | exp0)

A7) 231 39| 33| 39| 31 /8760 | (1.988)

= 512 exp
AolE | 22| 38| 32| 38| 30 /87760 | (1711) exp(20)

5.48 exp
41 /8760 | (1599 | P20

5.48 exp
4| 8760 | (1599 | &P

ZWE | 4| 8| 4| 8

QHE | 4| 8| 6| 8

e | 2| 2| 2| 2| 2| 38 X e
3.5913 exp

].
9Ezl | 2] 2 2] 2| 2 V760 | (2439 exp(20)

24 |10 10] 10| 10 10| 92 by | expn)

B 57|18 A 9 AU RAM AlEdH0lA 41t
Table 5 RAM simulation result for the basic design and
alternatives

|§ W] 712 | &4 | g4 | 24 | 44

=g A7 | oot 1 | thet2 | ot 3 | Thot 4
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S 25.00 14.98 24.95 14.99 20.00
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