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RAILWAY RAMS
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SAFETY

Service Reliability

AVAILABILITY

LCC

SYSTEM CONDITIONS

OPERATING CONDITIONS

MAINTENANCE CONDITIONS

Maintainabilit Technical Environmental Human Procedures Mission Logistics Human || Maintenance Logistics
y Characteristics Conditions Factors Profile 9 Factors Procedures 9
Internal External Human |{Human Corr. Change in Preventive Corrective
Disturbances Disturbances Errors Actions Mission Profile Maintenance Maintenance

Systematic Failure

Random Failure

|

- Errors in
requirements

- Design&realisat’n
inadequacies

- Manufacturing
deficiencies

- Inherent weaknesses

- Software errors

- Operating in instruct'n
deficiencies

- Inst'n inadequacies

- Human errors

- Etc.

- Operating modes

- Environment

- Stress degradation
- Wear out

- Over stress

- Etc.

Reconfig’n Scheduled Conditional
Modes Maintenance Maintenance

Diagnostics Diagnostics

- Manual - Internal

- Automatic - External
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1. Concept

o~

NSRS ES

2. System Definition and
Application Conditions

o~

3. Risk Analysis

™~

4. System Requirements

~,

5. Apportionment of
Systems Requirements

o,

10. System
Acceptance

11. Operation
/Maintenance

9. System Validation

6. Design and
Implementation

8. Installation

o~

/

1. Manufacture

/] ]

14. Disposal
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IEC 62278(2002), EN50126-1(1999)

Railway applications - The specification and demonstration of Reliability,
Availability, Maintainability and Safety (RAMS)

IEC 62279(2015), EN50128 (2011)

Railway applications - Communications, signalling and processing systems -
Software for railway control and protection systems

IEC62425(2007), EN50129 (2003)

Railway applications - Communications, signalling and processing systems — Safety
related electronic systems for signalling

PD CLC/TR 50126-2 (2007)

Railway applications - The specification and demonstration of Reliability,
Availability, Maintainability and Safety (RAMS)
Part 2: Guide to the application of EN50126-1 for safety

PD CLC/TR 50126-3 (2008), IEC/TR 62278-3 (2010)

Railway applications - The specification and demonstration of Reliability,
Availability, Maintainability and Safety (RAMS)
Part 2: Guide to the application of EN50126-1 for rolling stock RAM
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Tender
Phase <

1. Concept

2. System Definition ~

3. Risk Analysis

- 2|23 EN(PHA 5), 288X/24 X7 Ho|

4. System Requirements

Design
Phase

f

9. Apportionment ~

O RAMS L Ateh =&l
- M2FX RAMS g-‘rLAng(MTBSF MTTR, Availability)
- JHMJH RAMS @ 7L Atgt: Regulation

6. Design and Implementation

1. Manufacture

8. Installation

Operation
Phase <

9. System Validation

/

10. System Acceptance

~

11. Operation/Maintenance

12. Performance Monitoring

O RAMS HZ
- X RAMS R A AZ
- §HE RAMS RIS A

13. Modification and retrofit

v

f

14. Disposal
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Project Phase Related RAMS Tasks

|dentify long term Op&Mtce
conditions

|dentify influence on RAM of
existing infrastructure constraints

Lifecycle Phase RAM Tasks Safety Tasks
1. Concept e Review previously RAM e Review previously achieved
performance safety performance
e Consider RAM implications of e Consider safety implications of
projects project
e Review safety policy and safety
target
2. System e Evaluate past experience data for | ¢ Evaluate past experience data for
Definition and RAM safety
Application e Perform preliminary RAM analysis | ¢ Perform preliminary hazards
Conditions e Set RAM policy analysis

Establish safety plan (overall)
Define tolerability of risk criteria
|dentify influence on safety of
existing infrastructure constraints

3. Risk Analysis

Perform system hazard & safety
risk analysis

Set-up hazard log

Perform risk assessment

23




Project Phase Related RAMS Tasks

(cont.)

Lifecycle Phase

RAM Tasks

Safety Tasks

4, System
Requirements

e Specify system RAM
requirements (overall)

e Define RAM acceptance criteria
(overall)

e Define system functional structure

e Establish RAM program

e Establish RAM management

e Specify system safety
requirements (overall)

e Define safety acceptance criteria
(overall)

e Define safety related functional
structure

e Establish safety management

5. Apportionment
of System
Requirement

e Apportion system RAM
requirements
- Specify sub-system &
component RAM requirements
- Define sub-system & component
RAM acceptance criteria

e Apportion system safety targets &
requirements
- Specify sub-system &
component safety requirements
- Define sub-system &
component safety acceptance
criteria
e Update system safety plan

24




Project Phase Related RAMS Tasks

(cont.)

Lifecycle Phase

RAM Tasks

Safety Tasks

6. Design and
Implementation

¢ Implement RAM program by
review, analysis, testing and data
assessment covering

- Reliability & Availability
- Maintenance & Maintainability

- Optimal maintenance policy
- Logistic support

e Undertake program control
covering

- RAM program management
- Control of sub-contractors &
supplier

Implement safety program by

review, analysis, testing and data

assessment addressing

e Hazard log

e Hazard analysis & risk
assessment

¢ Justify safety related design
decision

e Undertake program control
covering
- Safety management
- Control of sub-contractor

suppliers

e Prepare generic safety case

e Prepare (if appropriate) generic
application safety case

25




Project Phase Related RAMS Tasks

(cont.)

e Commence failure reporting and
corrective action system
(FRACAS)

Lifecycle Phase RAM Tasks Safety Tasks

7. Perform e Perform environmental stress Implement safety plan by : review,
environmental screening analysis, testing & data
stress e Perform RAM improvement assessment
screening testing Use Hazard log

8. Installation

e Start maintainer training

Establish installation program
Implement installation program

9. System e Perform RAM demonstration Establish commissioning program
Validation Implement commissioning
program
Prepare application specific safety
case
10. System e Assess RAM demonstration Assess application specific safety
Acceptance case

26




Project Phase Related RAMS Tasks

(cont.)

Lifecycle Phase

RAM Tasks

Safety Tasks

11. Operation &
Maintenance

e On-going procurement of spare
parts & tools

e Perform on going Reliability
Centered Maintenance, Logistic
Support

e Undertake on going Safety
Centered Maintenance

e Perform on going safety
performance monitoring and
hazard log maintenance

12. Performance
Monitoring

e Collect, analysis, evaluate and
use performance & RAM statistics

e Collect, analysis, evaluate and
use performance & safety
statistics

13. Modification &
Retrofit

e Consider RAM implications for
modification & retrofit

e Consider safety implications for
modification & retrofit

14. Disposal

e No activity for RAM

e Establish safety plan

e Perform hazard analysis & risk
assessment

e Implement safety plan




ST Ale RAM 7ANE Al

Maintainability

Reliabilit Availabilit . Life Cycle Cost
—— Felatty /Maintenance i
e For system, e Investment
e For system, subsystems, ’ _Fc|\)/|rTﬁ'|\|;|- 00hr - Initial spare part
subsystems, main : - OaM
main functions ) MMH.O%(())hr equipment
Quantitative functions - Inherent _OOhTaX & * I\fatljntenance
Requirements - MKBSF 00 Avail.: 00% e For PM ) S?)a(r)er part
Km/car ) AFh'd . - 00hr consumption
- MKBF 00 Avail.: QO@ -~ the number e Operation
Km/car - Service of people - Energy
Avail.: 00% - Rail usage
Demonstration | © Demonstration period: 6 ~ 18 e Samoli ® From RAM
: : pling test results and
months (after burn-in period) others

Penalty/Bonus

- Guarantee period shall be extended
- Withholding the payment
- Monetary Penalization

28
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N

HAZARD ANALYSIS AND
RISK ASSESSMENT

~

SAFETY REQUIREMENTS
SPECIFICATION

SAFETY FUNCTIONA

SAFETY INTEGRITY
REQUIREMENTS

- >

REQUIREMENTS — - — - — - —

SYSTEM REQUIREMENTS SPECIFICATION _-— - — - — = — = — - — - — }

SYSTEM TEST¥ALIDATION

FUNCTIONAL SAFETY TESTX¥ALIDATION

/

QUALITY MANAGEMENT REPORT
SAFETY MANAGEMENT REFORT

TECHNICAL SAFETY REPORT

A

SYSTEMATIC FAILURE | _ _
INTEGRITY ] >
RANDOM FAILURE o g
INTEGRITY
SYSTEM ARCHITECTURE
DESIGN — - — - — - >

INTEGRATION AND
NSTALLATION TESTS

N /

HARDWARE
DESIGN

HARDWARE
VALIDATION

SOFTWARE
DESIGN

SOFTWARE
VALIDATION

Example of design and validation portion of system life-cycle (EN50129)
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Part 6: Conclusion

Part 5: Related
Safety Cases

Part 4. Technical
Safety Report

Part 3: Safety
Management Report

Part 2: Quality
Management Report

Part 1: Definition of System

SAFETY
CASE

Structure of Safety Case (EN50129)
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Safety Integrity

Systematic Failure Random Failure

Integrity SIL Integrity FR
| I | |
Quality Safety Technical Quantified Safety
management management safe_ty
conditions conditions conditions Targets

v v v v

Adequate set of
methods and tools
ranked according
SIL 2 the SIL
(see Annex E and Table A.1)

SIL 4

SIL 3

SIL 1

Relationship between SiLs and technique (EN50129)

32




SIL Table

Tolerable Hazard Rate

Safety Integrity

THR per Level
hour and per function
10 < THR < 10°® 4
10® < THR < 107 3
107 < THR < 10°® 2

10° < THR <107

33



Techniques/Measures SIL 1 SIL 2 SIL 3

SIL 4

repetitive training or regular

1 Training of staff in safety |HR: initial training in all relevant safety | HR:

organisation activities executing in all relevant
safety activities
2 Independence of roles see Figure 6: Arrangement for independence
3 Qualification of staff | HR: technical education or sufficient HR: higher technical education
in safety experience

or extensive experience
organisation

4 (see note)

NOTE Staff involved in safety activities shall be competent to perform those activities (see 5.3.3).

Requirements for safety organization (EN50129)

34



||||||||||

ASSR

VER, VAL

PM
DI

OR

||||||||||

ASSR

VAL

VER

PM

||||||||||

ASSR

||||||||||

VER, VAL

D

SIL 1
AND 2

||||||||||

ASSR*

DI, VER, VAL

SILO

Arrangement of Safety Organization for Independence (EN50129)
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Techniques/Measures SIL1 SIL 2 SIL 3 SIL4

1 Separation of safety- R R HR HR
related systems from non
safety-related systems

2 single electronic structure |R R - -
with self tests and
supervision

3 Dual electronic structure |R R - -

4 Dual electronic structure R R HR HR

based on composite fail-
safety with fail-safe
comparison

5 single electronic structure |R R HR HR
based on inherent fail-
safety

6 single electronic structure |R R HR HR
based on reactive fail-
safety

7 Diverse electronic R R HR HR
structure with fail-safe
comparison

8 Justification of the HR HR HR HR
architecture by a
quantitative reliability
analysis of the hardware

NOTE All techniques of the grey shaded group are alternatives, i.e. R means that at least one of these techniques is
recommended.

Architecture of system/sub-system/equipment (EN50129)

36



RAMS 83 E &4

= Periodical RAM Program reviews

= Preliminary Hazard Analysis

= System Condition and Mission Profile

= Reliability Modeling, prediction and apportionment
= FMECA analysis and Reliability Block Diagram

= Fault Tree Analysis

= Software Reliability analysis

= Corrective Maintenance Analysis

= Preventive Maintenance Analysis

= Fault isolation and trouble shooting actions Plan
= Reliability development/growth testing program
= Maintainability preliminary tests

= Reliability demonstration tests

= Maintainability demonstration tests

= Failure data collection from field

37
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2T AE duld RF=A Al

HLXH|(Corrective Maintenance)0j| Cligt FH|M QIEXZHOZ A|AEHIQ|
HALB|AIZHMTTR: Mean Time to Repair)2 51}8iC}. =2 MEA|AHE]
al IMEO| HALZ|A|ZHMTTR: Mean Time to Repair)2 5118t 4= QILC}.
HEHH|(Corrective Maintenance)0j| CHEt HH|M QAT ZHOE A|AEH! =
L MEA|AE U 1MEO| £B|A[ZIQ] 00 WHEQ|E REilet = UL},

u|d 274 MF ol.

Nzd g
2 EA] 2 6 MTTR(hour) Mmax 00
Vehicle <= 00 <= 00
Power electronics <= 00 N/A
Side doors <= 00 <= 00

HH|M QTEHOE CIZT 22 ZH0| MY

- & 2|2] 00% 0]&= 002
003 o|stol| 2ol +~HE

0=

O|5tol| 2ol =& = 21010} 510, 00%=
010} sirC}.

15
30

o2 yu|o] SR (LA, F2UHF+ 3)e Z e[ z[CH5ISA)ZIE &
geirt.
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o ME|E
AZH0 &FE
SEU

ME|E

=2
HA =

gict(Reliability Allocation)

SHFEAILE = O

r—y =
= 0O

MTBSF: 125,000km/train

EMU

Qe fEo| RaEo|

Carbody Bogie Door Traction cee
MTBSF: ? MTBSF: ? MTBSF: ? MTBSF: ?
Pro'n inverter Trac'n motor .o
MTBSF: ? MTBSF: ?
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On-board
ATP/ATO
Equip.(MC1)

2=4.39 E-06
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ATP/TD Tx/Rx = VEL —t VEL Ant. ATO Local TW/Rx = ATO Local Ant. =~ Switching Hub = AP
A=5.43E-06 2=5.00E-08 2.=10.00E-06 4=10.00E-06 A=14.76E-06 2.=4.25E-06 1=8.33 E-06
On-board
ATPIATO  |—e
Equip.(MC2)
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%=5.43E-06 %=5.00E-086 %=10.00E-06 4=10.00E-06 A=14.76E-06 )=4.25E-06 1=8.33 E-06
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0

ZHojl 2 2H|XF 1’ (6,=100, 6,=110)

712 &7 1% e Ao NTEE
1000 9 0.4579
6000 54 0.2421

11000 100 0.1832
16000 145 0.1249
21000 190 0.0876
26000 236 0.0708
31000 281 0.0510
36000 327 0.0417
41000 372 0.0305
46000 418 0.0252
51000 463 0.0186
56000 509 0.0154
61000 554 0.0114
66000 600 0.0095




MTBF £2t2h0f| M= AH|XF @18 (6,=100, ¢ =1000)
MTBF 2tzt | 317 1% Ji4 o3 NEE
110 9 0.4579
120 3 0.3328
130 7 0.2202
140 / 0.2202
150 6 0.1301
160 6 0.1301
170 5 0.0671
200 5 0.0671
210 4 0.0293
250 4 0.0293
260 3 0.0103
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SiLi2| MH|£ 2|2 Sl
I

°E' NS ‘.’_1°._|01I ofst BAIS| MH|A XA AL
0| Zstx| £ 5t

&8 2 7|csi%

pe | pe | FUHEEIRTIEE] B HEEIRDIE S
(Pm) (Vo)

0.05 0.95 1.0000 30.0000
0.049 0.951 1.0000 30.0000
0.048 0.952 1.0000 30.0000
0.047 0.953 1.0000 30.0000
0.046 0.954 1.0000 29.9996
0.045 0.955 0.9994 29.9830
0.044 0.956 0.9891 29.6743
0.043 0.957 0.9068 27.2050
0.042 0.958 0.6305 18.9145
0.041 0.959 0.2513 7.5395

0.04 0.960 0.0456 1.3666
0.039 0.961 0.0032 0.0964
0.038 0.962 0.0001 0.0024
0.037 0.963 0.0000 0.0000
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2.2) ™A Al O|== AtHof cHall 71=2 (ML) A2l ofst FHA|
O|=%} HIES 117 2 B0l 2ol ZFsiCl.
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3.2) SiFIA|AHIEE T MU[2 0F ZHY S 2](6)S AIES510{ EEetirl.
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o(i) =
- o(i): BEAIAHC| TE of3 MHIA XIS Z 5191 AIZE i 2| 2ol 2f
5t MH|A X1 HIZ (i = 1: X2, 2: AI5/S4, 3: HE3E, 4: HE)
-+ 6(1) =0.5, 6(2) =0.3, 6(3) =0.1, 6(4) = 0.1
+ MKBSFi): 81| AI2HI(i) o] W MH|A DE 242 (2h9] Km) (i =1:

A, 2: M /S, 3 HEEFE, 4 HE)

Al (6) MKBSF(i)=

RAMS £71 2 HIHASR) 74



AMH|2A ME|E

SE o SxAIS)

MHIZMEIE Sx 88 21

Ps | MKBSD | MKBSFss | MKBSF(1) | MKBSF(2) | MKBSF(3) | MKBSF(4)
0.960 | 11,023.47 | 55118 | 110,235 | 183,725 | 551,174 | 551,174
0.961 | 11,311.97 | 56,560 | 113,120 | 188,533 | 565599 | 565,599
0.962 | 1161565 | 58,079 | 116,157 | 193,595 | 580,783 | 580,783

- MKBSF (i): st¢l AI28|(i) 2 2 Mu|& aF 2k (EHf] Km)
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MH|& &

RAMS =

AZYAIAH MKBSF R7EH M3

=S¥ 43 SX(AS)

7i2|: 18,000,000km

MKBSF1 TN A H| X = INN k=
113120 477 0.5054 0.0195
114251 472 0.4147 0.0336
115382 468 0.3447 0.0501
116513 463 0.2643 0.0793
117644 459 0.2074 0.1109
118775 454 0.1474 0.1621
119906 450 0.1086 0.2129
121037 446 0.0777 0.2721
122168 442 0.0539 0.3387
123299 437 0.0326 0.4297
124430 433 0.0211 0.5058
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MS/SA A|AE MKBSF 7= M3

MKBSF ST ES AH| X2 AR S
188533 286 0.5058 0.0545
190418 283 0.4352 0.0775
192303 280 0.3665 0.1073
194188 278 0.3226 0.1313
196073 275 0.2612 0.1741
197958 272 0.2063 0.2250
199843 270 0.1737 0.2633
201728 267 0.1312 0.3266
203613 265 0.1072 0.3721
205498 262 0.0772 0.4438
207383 260 0.0611 0.4930
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MH|Z MRS &Y &A(A=)
QIPEA 7IE: 249| DH7|ZH ASAIE, zFER287{2]: 18,000,000km
M ZZA|2H MKBSF Q7T MY
MKBSF1 ==l 2 H| X NN E

565599 95 0.5079 0.1744
571254 94 0.4670 0.2024
576909 93 0.4264 0.2332
582564 92 0.3864 0.2664
588219 91 0.3474 0.3021
593874 90 0.3098 0.3399
599529 90 0.3098 0.3399
605184 89 0.2740 0.3795
610839 88 0.2403 0.4206
616494 87 0.2088 0.4628
622149 86 0.1798 0.5055
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HEAIAE MKBSF 27

ZzH A

g

MKBSF1 AH| XSS
565599 95 0.5079 0.1744
571254 94 0.4670 0.2024
576909 93 0.4264 0.2332
582564 92 0.3864 0.2664
588219 91 0.3474 0.3021
593874 90 0.3098 0.3399
599529 90 0.3098 0.3399
605184 89 0.2740 0.3795
610839 88 0.2403 0.4206
616494 87 0.2088 0.4628
622149 86 0.1798 0.5055
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