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Development of Reliability Block Diagram Analysis Tool for H/W

Redundancy Structure based on Unit Module

Sung-su Kim*, Sanghyuk Park*, Sung-Hwan Kim* Keeyoung Choi*,
Cheol-Keun Ha** and Choon-Bae Park*

ABSTRACT

A flight control system for high reliability consists of complicated redundant
structures. This redundancy can improve fault tolerant characteristics of system. So, a
system manager is able to choose a suitable structure using analyzed quantitative data
of various redundant structures. In this paper, we analyzed redundant characteristics
and reliability. We defined necessary mathematical model for analysis tool. Then we
compose a reliability block diagram analysis tool applying such defined analysis model
using Simulink blocks. Finally we verified the analysis tool using a commercial tool.
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2.3 Reliability Block Diagram(RBD)

ol g 21501 Al

>
=

EE A7

ek o

o] 35 HJFE]' ol Al tﬂO}‘_X] Q"’Jﬂ T %1‘_
ey ol Reliability Block Diagram
N7 AHEET o] 7R A|&H 9
99 ZES =5 99E AHYsta, A=He F
ETx2E adges 7489 ’dﬂ‘:ﬁ 48t
A ®th RBDE ©]&3 A% 242 47 %
7] @AM ABES TFA7)7] -14? A=l
TETES FRE AAs7] AT AFH

LIRS
£ AN F Ao
1) 2T 74 22
2 =2dMe A¥E 24 =T7[RBD)E
Simulink 7]¥to.2 FA3}4ct. $AZFowE g
719 AHgE = Bl AAE FAES A% =
T2 8837 98 2+ REL active AH A
ol 7HgsEAth 37HA Y V1R BE FlA A
2 Azds WY AzY PAe s o
7 AzE e FAY 5 gt a9 68 o
TTE TAEE S8 283 efe VIR E5E

Ea=il=4

@ Data Store Memory : A= 49 A+ 2
HE AAste F1toltt

@ Mux : %3 A=E AT 298 794
9} zo] Number of inputs& 302 U 3AES
e 3% WE Al2"E A3 Aoth

@ Node : EFx | Hagt mdo] 74

oA .

ﬁ Reliability_Block_DiagramVerD] =

File Edit Miew Simulation Format Tools  Help
ODed&| & o » 100 Normal || B
e x| @ ®

Diagramer1 l
Data Store

Memory

@ @

Model Browser

] START

Block
Node

: ®
“TsTART o =

END

Ready 1002 FizedStepDiscrete

a8 6. Simulink 7|2 5



037 & 6 9%, 2009. 6

99 BE 7k slEgo] FEE AEE B4 =7 A 599

=] Function Block Parameters: Muz ['5_<|
kdux

Multiplex scalar, vector, or matrix signals into a bus,

FParameters

Number of inputs:
3 |

Display option: | bar v|

K H Cancel ” Help ” Apply ]

a7 7. ckEE FE dHFY

] Function Block Parameters: Block E|
Subzystem (mask)

Failure Rate Information : Exponential distribution
1} Failure Rate/10°6
2) MTEF(Hour} = 1/Failure Rate

Parameters

Data Type | Failure Rate ~|

Failure Raf Failure Rate

20,7

MTBF(MTTF)

[48400 ]

H Cancel ” Help ] Apply

a8 UEE ME A4y

0%

Ralishily

8

0%

097%

@ Block : A|&=EAA @9 BESY IS 53
gk 2" 8olAeh o] &9 EEe uAs
(Failure Rate:\) B=v I F A7HS AH
Aoz QAT 4 Avh wFEW WA A
AZre A2 G FAC Aok 28 1FEL
10°41%ke] 718 ©¢l7} k. 17 8ol A9} 2ol
w0l 20708ka Yol o 10° A
FQF 2078 7ol HAT F USS LIth
177 H@t A7 AT hour)o] 71E TEjo]
o}

© START : Alzde] A4 ehit.
® END : A2do] & e,

) [test_gui

FILE OFEN ] | RED_EX_paralel md |

End Time(Haur) | 100000 |

Caculation Result———————

Calculation

Result at fime 100000
Reliability 0.9753455353549

MTTF 907663

3z 10. AFEX B H o] A

AFEAF I FE o)A~ a8 107 o] 1A
Aok 19 69 +A4E Simulink 7]E £

=
=

47 3

= o]&sty 4 g ved 7xE T
dstal mdl A2 AFIT AHE B2 A
el tigk ol g 435tz e HE Al
s g8t Ak dde HF ATAY A
FE(R), 247 P AIZHMTBF = MITHE
AAEEL, Azl tig AEE Fxs 29 99
2o oY=z wddn

2 =+ A

Simulink 7149 A B4 m=3E 4
T2l Relex7.5 A2ZEo][7]9] RBD £2] =
ojg3te] ENETEAMY HHAPS ottt

A WMAZ 29 1137 Zo] 3/ EEo] FE
2 d749 A2d"Hd gaA vlusgo T e
B4 =34 93 Aat Ag= a9 12, 218 13
o £d% AAY Reliability, MTTF #ko] 543
S A 4 At

SL it oo

F oA Y 148 2ol 49 mEo] ¥
2 agd Az el musgdc = A
4 =74 % A Ae 19 15, 19 16
of HE AAY Reliability, MTTF o] 53
2 FA% & Aok

A \AZ OY 173 2ol AE-HE 5 A

51 RBD_EX_serial

File Edit View Simulation Farmat Tools Help

N =] o] » 100 |Normal x| B g B &

Data Store

Memony

START END

START END
Block

Hode Bladk Nodet D109 Node2

Ready 1002 FizedStepDiscrete

a7 1. MY Alay 7Y



600 71/@_/‘,: -akakE . 714

A7) - A - vk e

HeE
<t
i
1B
B
(=0

o

) test_gui

FILE OPEN ] | RBO_EX_serial mdl |
End TimeHour) | 100 |
Calculation Result——

Fesult at ime 100
Relizbility 0.9972521409728

MTTF 433092

38 12, Simulink Al4F 2 1}

RBD Calculation Results
Steady State Resuks:

Resukts at time 100.00:

300 M od! AN 5
MTEF cannot be calculsted because the system
eventualy fal due to the falure of a norrepairabl

Results at time 1 0000.00;

Q07668.293333 || Reliability:
Unrehabibty

0.999539

12 16. Relex7.5 A& A3t

5] RBD_EX_composite
File Edit Miew Simulation Format Tools Help

b=zEd& = 4 00 [Normal  —|| 08 gy (B B W@

Ready 100% FixedStepDiscrate

a8l 13. Relex7.5 A&t 21}

=] RED_EX_parallel

File Edit Miew Simulation Format  Tools  Help

O =S L 3 100 [Mor

Data Store

Bloda

F 1002 FixedStepDiscrete

a7 14, HE AM2H 7Y

) test_gui

FILE OPEN ] | RED_EX_parallel.mdl |

End Time(Hour) | 10000 |

Calculaton Result————

Result at me 10000
Relizbility 0.9995393392534
MTTF S07EES

a8 15. Simulink A4t & 3}

123 17 AE-YE =23 AlaY 7Y

) test_g

FILE OPEN ] | RBD_EX_composite.mdl |
End Time(Hour) | 10000 |
Calculaton Result—————

Result at fme 10000
Fieliability 0.999455463495¢

MTTF arrna

a8 18. Simulink A& 23

RBD Calculation Results

Steady State Results: Resulks at time 10000,00;

MTEF: A * Reliabi 0,999465

| MTTF: 377090,803724]  Unreliability: 5.31537E-4

Calculation Method:  Analytical Failure Rate: 0.116298

* MTEF cannot be calculated because the system

eventually Fail due to the Failure of a nonrepairabl

a8 19. Relex7.5 A&t 2ot

g Ast Avbe 19 18, 19 199] £dH A
¥ Reliability, MTTF #ko] Fd3S& 1 -

AT

m, 2 &
2 =FoAM= ZA active, standby JEIE #
e FETX SA4AS 24AH TETEY
A2 A&t she Al&do] AAl 4ol



37 & & 6 9k 2009. 6

o9 BE 7| slego] SEFE AFE A =7 N 601

Al2=Hl, 7] /\V\E“O] ATt <>H”H zdo] 43LQ
o] = A= B4 =FE Simulink 7|HFeZ
TR LH, & =TE o83t Ao g
LS HAFsA. A7 v AHg"
219 3% Al=H, ¥E 35 A2,
3} Al2"olt}h Simulink 7]%+H¢] /‘JQE
T active FH O A= I FET
Ho] Mz B4 =72 &8E F 9

e

>i
it

oo IN Az OE:
tlo > ) \"N

dob > b ol

4

st A
DO070041AD).

GL

1) Barry W.Johnson, "Design and Analysis of
Fault-Tolerant Digital Systems", Addison-Wesley
Publishing Company, 1989.

2) Ao, “HlgA oA 25 BFGHET o
F3#8-3%F uFAA s 2E L 27,
7:]/\1—1;]]61-"7 H/\].b'l-_r]‘_v__, 2005. 8.

3) A9A, AAdZ, AHe, "EALEA
A7 AH= &4 2 HH A7, =
F3+3] %], A|308 A8F, pp. 94-102.

4) G55, SR, 734, 2x0 8 tE3d

o ofy

o) '_1
g

FBW/FCS®| t&3t #e]”, =3 3-%733]7,
327 A10%, pp. 46-52.
5) MIL-HDBK-338B, "Electronic  Reliability

Design Handbook", 1998. 10.
6) 7197, “AlE T3] o2} AAY, WAL, A6, (2

7) www.relex.com



