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Abstract - Nowadays, railroads are considered the most efficient form of mass transportation. Furthermore, it is
necessary that railroads be paired with state-of-the-art safety equipment. Unfortunately, it is impossible to prevent 100%
of accidents that may be caused by system or human errors. In order to prevent future accidents, RAMS activity and
Functional Safety Certification are required for new systems that are under development. In this paper we evaluate the
necessity of the application of RAMS and the performance of RAMS in the system development process. We also
explore the Safety Evaluation Procedure required for RAMS certification.
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RAMS (Reliability, Availability, Maintainability and Safety), SIL(Safety Integrity Level), HTC(Hybrid Track

Circuit), V&V (Verification, and Validation), ISA(Independent Safety Assessment)
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E 1 &2 @F ZE9 SIL
Table 1 Low demand mode SIL

SIL PFDavg

4 >1E-05 to <1E-04
3 >1E-04 to <1E-03
2 >1E-03 to <1E-02
1 >1E-02 to <1E-01

E: 2 52 X @F RE D= 6dE ZE pEol gL
Table 2 High demand mode or continuous mode of
operation of operation SIL

SIL PFH(/h)
4 >1E-09 to <1E-08
3 >1E-08 to <1E-07
2 =>1E-07 to <1E-06
1 >1E-06 to <1E-05

AA 71HE A&sfof st
6.3 SIL 27AIE Z2H uy

SIL 87AFES AAsh= o AHgd 5 71geds 99
7FA7F Utk o2 =%, ALARP(As low as reasonably
practicable) W, dZFA< W, Risk Graph W9,
LOPA(Layer of protection analysis), Risk Matrix 5°] <l
thoolelgt WY FeolA HE&EE wokel whel HHg U

l

< AdEdof sttt SIL LA ES AR = WY FolA
Risk Graph W< o= 54 gy ) o] vhHe A
A e AEHR] VEoE AEE Yo tg S

7|Rko 2 Jht}

R= (f) of a specified (C)

Risk Graph Z=2]o] gk o= 1 .
a9 794 Sv AT AAEZ A A9 HYgE

=3 2

o
C oS4 A G, W B AR
AE 9199 w27
C AL S1gel A9 =EHA
- AZ S1gol
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8.1 HTCZZHE ciA¥H RAMS &35 E*

A4 sl =EA =3 2 (o) HTC)Z/NES EN501289]
7o) mEl @A dAje] uhEl A We Fo lown, A
Tk Feddt oojdtd 9 27) 7]Fho] W Fo| s}
o] RAMSH| A%t [SAZFS stz 9F <F7|#9l
TUVZE Alz=8l FHF7) A a8k IR E 78y o]
7l AEAE FRlsty] 98 594 A EIHISA)E )

Zl Itk ote] 1% 8& HTCEZRAEY]

= WAoo g 375 2
478 w28 g,

RAMSE 3=

m*kﬂ
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v 3 AlAEl HW IHEEM
Table 3 System H / W development documents

No Li rfec?{rzsktee;lase System Documents{or Activities)
HTC System RAMS Plan
1 |Concept HTC System Quality Management Plan
HTC System Configuration Management Flan
SYStelm HTC System Verification Plan
2 _Eggl?g;?izr?”d HTC System Validation Plan
Conditions HTC System Hazard Identification: PHA

3 |Risk Analysis Risk Analysis Report {Including hazard analysis)

HTC System Requirements Specification

4 System HTC System Safety Requirements Specification
Requirements | 47¢ qystem Architecture Specification
HTC System Test Plan
HTC System Hardware Design Specification
HTC System FMEA
5 Design and HTC System FTA

Implementation | 1Tc System Hazard Log

HTC System RAM Prediction Report

HTC System Verification Report on SRS, SAS, HWDS
HTC System Manufacturing Instruction

6 |Manufacture

7 [Installation HTC System Installation Manual

RAMS 2743 B9
Az '
BTAZ Y
i
RAMS 2 V&V A2 58
puE—
RAM Analysis /- Safety Analysis -\
LBS (BOM) SHA
44 A
1)
Causal
RAM Prediction (RED) goavils (B
*  SIL Justification
O&SHA
r Safety Validation
Safety Requirements
Hz i

Environmental

Safety Case

O8 8 HTCEZ=ZHE CiA Y RAMS &5
Fig. 8 RAMS activities of HTC Project in each steps

8.2 HTC Al2H] MMHMEAM

S 39 45 AL AFGAA A"l H/W
o} S/Woll th3t RAMSHEA Aol thate] 2+ 7] dellA A
gElojof & FAE vw Aolth

83 HTCZZH E RAMSEE Hx MREUE Ha

3.1 A ECHA

¥ 37 49 H/We S/Wel 554 &3} Zo] 1ad=
NEA A o] AGA A= A7 E2 IEC62278 IEC62279,
EN50126~50129) & 1A & &A= R WMol @ TAHE}
AR 2 24 g3 duYgds —“5:*4% T35t om,
HTC AA 2 Aze As V&VAZ S -ttt

o

7|5 o™ (Functional Safety) & ¢I&

2t
Hn
>
|>
oz

HTC System Environment Test Report
HTC System Validation Report
HTC System Generic Application Safety Case

System
validation

v 4 Al2" S/W TR ERRE A
Table 4 System S / W development documents

SUiLwal

No Lifecycle

Bilnm e

Software Documents(or Activities)

HTC SW Quality Assurance Plan
=i e T D
HTC SW Configuration Management Plan

HTC SW Verification Plan

HTC SW Validation Plan

HTC SW Requirements Specification

1 |Planning

2 |Requirements |HTC SW Reguirements Test Specification

HTC SW Requirements Verification Report
HTC SW Architecture Specification

HTC SW Design Specification

Architecture & |HTC SW Interface Specification

Design HTC SW Integration Test Specification

HTC SW/HW Integration Test Specification
HTC SW Architecture and Design Verification Report
HTC SW Module Design Specification

4 |Module Design |[HTC SW Module Test Specification

HTC SW Module Design Verification Report
Module HTC SW Source Code

5 |implementation [HTC SW Source Code Verification Report
and Testing 3¢ sw Module Test Report

HTC SW Integration Test Report

6 _|Integration HTC SW/HW Integration Test Report
v [ HTC Swstem | HTC Software ~HIE %3
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8.3.2 MA = HMECHA
AGDANA GelE AR B4 P RAMEA, oA

B BES FAG A4 P4 PEEY 3449, 99, o
%, AW EEA(FMECA)E 33t ol& &3 SILYFZ
F& ARGt A4 2 ALRAE A2RAYF] 679
ABEA AFEA AL AARAE Fo) AANE 2P
T wgoR AA 2 T AL F ALE ANAE,
Az, A 2Mel ) AEUE Az R AFe] e FAE
g st

8.3.3 AMEHNM EHE
AEAA Fre AAY ARDA A Haste] gk ok
gty aely AAGA A dEe AEdS GRE = v
T oojH A dAelth. wepx] AFAG EE tholojidl
(RBD: Reliability Block Diagram)-< =
2 RE 242F 7+9 -47‘4474] Fd3 o=
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Fig. 9 HTC parallel structure system
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