Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2018.19.10.410

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 19, No. 10 pp. 410-417, 2018

A gdolAs &3l AN HE5S A% NS SysML 7|8F %

dEH, ofmF

OFFTHElm AlAHIZ St}

An Improved SysML-Based Failure Model for Safety Verification By
Simulation

Chang-Won Kim, Jae-Chon Lee’
Dept. of Systems Engineering, Ajou University

2 o At ANAgE AEH s g}, BRskE o] g7] Wikl Ao o5 B TheAdol AR Alale] e
A *}i% WYA7) AL, At AL el i gElE E 5 Ak ol olfr= 1] S84} [EC 5o SAIEET] Tl
9] S Fuety] A G B SARES AGSAL, AL A b FFo] TP R FHEof
SLESALE ofel] ufe} #:rof A7Ed RAINE AR AAE AT S RS FEgste] s by
}oﬂu} A Alzwl S 98 wad o B4 9 35S 99 w4rdg Az ge 2dd dolE
ak917) Wlol] Al2ag) Avs okl @] B o SaE) A £ahrk Y, UML i SysML 7o
gafo] obd R TAYE EEF ATES ol B4 @ B3o] ngw o] AR oz FEHA, ojg) e
A Aas7] YsiA 7129 1 Ed &8HS eSS 12 a7 9t .<]>_/\-] Al2~®]l DAL} kA AE S5 535
GO AT 4 S A SML Als] A Ao e, 80w o] TYRAE Bl £HH 2
LAFpo] A28 ) AT WE A ASE S glofof Feh ek B mtoli: Al SysN[L 7]k FJJE%‘
o) et A4 AAe xawomn xwzr Az=glel

o
o

oty
rﬂ
115

o
0;:‘.
W) O_u Ol'

ﬂllo e,
o Mo s
il

X R
o 0:
U 1T o o

2o
:(’)L_"
X
K
oﬁ
st
i)
o
>
il
=)
o
ﬁ
O
o%
ol
8
g
£
il
offt
:(’)L_"
9y
=
2]
)
[95]
<
=
N
23
E
o}
st
i)
tlo
i)
bo
of
ol
_EL
z
>
%
i
g
49
O
o,
_>.i
o,

Abstract System design errors are more likely to occur in modern systems because of their steadily increasing size
and complexity. Failures due to system design errors can cause safety-related accidents in the system, resulting in
extensive damage to people and property. Therefore, international standards organizations, such as the U.S.
Department of Defense and the International Electrotechnical Commission, have established international safety
standards to ensure system safety, and recommend that system design and safety activities should be integrated.
Recently, the safety of a system has been verified by modeling through a model-based system design. On the other
hand, system design and safety activities have not been integrated because the model for system design and the failure
model for safety analysis and verification were developed using different modeling language platforms. Furthermore,
studies using UML or SysML-based failure models for deriving safety requirements have shown that these models
have limited applicability to safety analysis and verification. To solve this problem, it is essential to extend the
existing methods for failure model implementation. First, an improved SysML-based failure model capable of
integrating system design and safety verification activities should be produced. Next, this model should help verify
whether the safety requirements derived via the failure model are reflected properly in the system design. Therefore,
this paper presents the concept and method of developing a SysML-based failure model for an automotive system.
In addition, the failure model was simulated to verify the safety of the automotive system. The results show that the
improved SysML-based failure model can support the integration of system design and safety verification activities.

Keywords : Failure model, Integration model, Modeling and Simulation, SysML, SysML-based failure model, Safety
verification
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Fig. 1. General procedure for SysML-based failure

model development.
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Table 1. Mapping Functional FMEA to state machine
diagram elements.

Functional FMEA elements | State machine diagram elements
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Table 2. Functional FMEA results of automotive braking system.

Functional Failure Mode and Effects Analysis

Function Failure mode Immediate effect System effect Recommended actions
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