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Technical Specification & Operational Requirements

v

—> Design Activities | >
Interface
No Rolling Stock
<+ Compliance —
Confirmed
Yes
Yes
No
Yes Engineering
Change —
Proposal
| System Validation

(SASCM & ISAPIReports )

v

Safety Activities

l

Hazard
Management
Safety V & V

Design Change
Required

J No

FRACAS Process

System Acceptance

EN 50126/ MIL-STD-8820] [[}E HCHZ & HEZF Ot 22| EX}

+ [1] Specific Application Safety Case , [2] Independent Safety Assessment
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1. Risk Matrix (5l 2)

=

CONSEQUENCE
7 G 5 4 3 2 1
Trivial Megligible IMarginal Serious Critical Catastrophic | Disastrous
Fatality <5 5 or mare
StaffiContractor Safety |alorimury _ _ =9 = ar mare
Minor Iniure with = 3 days sick leave <h o ar maore
dinar Injury — : = _
with = 2 days sick leave <0 o ar mare
Fatality =h 5-50 51-500
Passenger/Public Safety |Major Injury <5 -850 £1-500 &0 - 5000
Minor Injury <h 5-50 51-500 501 - 5000 =5000
System Disruption <20 min 1 hour 1 day 1 week 1 manth
Service Line Disruption 20-60min few haours 1 day 1 week 1 manth few manths
Station Disruption <20min few hours 1 day 1 weelk 1 manth few months 1 vear
& |Fewtimes perweek or mdz 100 fyear R3 R1 R1 R1 R1 R1 R1
F | & |[Fewtimes per month =10 - =100 fyear R4 R2 R1 R1 R1 R1 R1
R| = |Fewtimes pervear =1 -=10 fyear R4 R2 R2 R1 R1 R1 R1
E o |Fewtimes in 10 years =0.1-=1lyear R4 R3 R2 R1 R1 R1 R1
y |.={9nce since operation = 1E-2 - =1E-1 /year R4 R3 R3 R2 R1 R1 R1
E | £ [Unlikely to occur > 1E-3 - <1E-2 fyear R4 R4 R3 R3 R2 R1 R1
M | = |Very unlikely to occur = 1E-4 - =1E-3 fyear R4 R4 R4 R3 R3 R2 R1
C | & |Remote > 1E-5 - =1E-4 Jyear R4 R4 R4 R4 R3 R3 R2
Y Improbable = 1E-f - =1E-5 fyear R4 R4 R4 R4 R4 R3 R3
1 |Incredible = 1E-G /year R4 R4 R4 R4 R4 R4 R3
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1. Risk Matrix (L{): Bl

MHE[A X[ S HASHA &
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cio | C9 C8 C7 B CS Ca4 C3 C2 C1
I TH 2 IH % ]
TE | SS | Aa [ B |8 | 0 [ &W | _C | A | L | HF | ua
d |z | w TR e |2 a2 | 2T | ma | as
ly el il _
5t
A 8|
3] 5200 | 102 | 202 | 402 | AT 243 | 4T | sATH
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oop | PIEE [ 102 | 202 | 0% 1T | 202 AN | eI |1l | ol
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2| A 100]
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2. Safety Requirem

=

ent AlH

(sub-)systems

v

safety

requirements

v

non-safety
requirements

'

functional
safety

requirements

{including safety
integrity requirements)

PHA/ 215 2d &

'

technical
safety
requirements

M2 &3l Safety Requirement &1 &

'

contextual safety
requirements
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3. System (Subsystem

- SR AgeE 2

N—r

Hazard Analysis

]! HFAHSE 2 Ol

DA LAl FZHO| A TrainO| MXtd 2 Side DoorE =9l Detrainment
DeviceE WX A S240| Track sideZ & 7t (&K 1&oz E2 X5
Al Side skirt % Safety ChainO| L0 25 =7 A A|)
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4. Interface Hazard Analysis

. - = =1 O -
- B} System/Subsystem?t2| interfaceE Q5] e = U= S AESI= 2H
10A H
i S4-L (Deor Le:{ilip-up & Opens)
j Si-L
I S4—R (Door Legf Flip—up & Opens
iam !
RODER . BSR w6712 om. la St (Hardle Cover)
| S 7T LT - 13
| * DEFAULT 1 L
E7B12 ) ! * COVER DOPEN 1 0 m
I g
! i “¢ EDDB!
TOR2 ooy TERT ——— 1y i ED
HE RE 1 -
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e / | ,

r
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5. Operating and Support Hazard Analysis

oHAHO A3S

- Human Error/ Train Operator Lt Maintenance Staff7t &5 =& S0f Zdg
o|& S Al B

TDIE ANT.
CELETMS vy cms s oo
[ 1
TDIS WIRELESS LAN l
TRANSCEIVER
NIQI7 | M¥ 1 I
- " A%, ON
NiDZ4 | MYy REMOTE WAKE UP l
ISOLATED
1B #
| % |
NIg¥3 . % SLEEP COMMAND .
| | RWIS.
M7
NIDJ4 ! #
- UNIT 1 PANTO LP - -
| 3 ¥ l (Remote Wake up Isolation SW|tCh)¢
'
LITE] i - ¥ | unm 2 PanTo LR I
' BBZ2(3/3-74)
M7
NiQ1E l . # 7] wum 3 panta ue I 11<NDC
M8
ME1I2 | M * % BB
—s nNes-2 1 T RDNR
1 1 S o
g M8 | Mi13 Pms mq;s M1025 pms g
I REMOTE .ON 4 o l \ 1 3 Al ﬁe 1
1 . e X .
I I "-_., _-" FOFFR 2 VT __-’

7|XM AtS2E TMSE

&3l Energize/De-energize 7+s%HH|, Tt HH|E A,

Depot Control Center®|A| RemoteZ EnergizeA|7|™ Pantograph &S2 2,
maintainerZt ZHA 22 = US> GH| M RWISE offstH remote wake up 7|5

O} £l
| B |
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8. SCIL

- Safety Critical Item

[=) O
gs 9

Al
=

=

A 3 9X24 UE

22| CHE= 71A &)

adverse consequence

CONSEQUENCE
Megligible Marginal Serious Critical Catastrophic Disastrous
Fatality Mil Mil Mil <5 5-50 51-500
Major Injury Nil Nil <5 5-60 51-600 501-5000
Minor Injury Nil <5 5-50 51-500 501-5000 =5000
No. of Single NSC NSC
Independent Dguble NSC NSC
Triple NSC NSC NSC
Failures Quadruple (or More) [NSC NSC NSC NSC NSC NSC
Assembly / Description No of Failures Consequence Result (SC/INSC)
Component Required to cause Severity

Wheel

Function:

Support wheel and provide mounting face for brake discs

Parallel System:

NIA

Protection system & its
safety function:

MIA

Description of Failure
Scenario:

Wheel fractures

Additional  Independent|MN/A
Failure(s):
Consequence: Possible derailment in worst case

Applicable maintenance
task:

1. Corrective Maintenance (CM): Replace Wheel
2. Preventive Maintenance (PM): Visual Inspection should be carried
out (3C-132200-01)

(Circle as appropriate)

Double

Triple

Quadruple

(Circle as appropriate)

Serious

Cntical

Catastrophic

Disastrous

(Circle as appropriate)

D

NSC

HYUNDAI “nfem



1. Ot =25 81 4l

9. SIL(Safety Integrity Level Analysis)
1) SILEE 2X

183 (Hazard) A8
oyl 21 &4 B1M
Z 3K Consequence)
=4
Po4 NS 00IE
<B>HUE M
2= (Severity) 37t
s s orFl 7|5 o 9=
k] SIL SSIL
e SF ID oF 7|5 My PHA ID
PHA-DR19 2
SF11 ZojE A 7I5(2H R 2UHE) 2
PHA-DR20 0
oHHd B 7|5 el
PHA-DR19 2
SF12 ZoiE A ZlsEoE ZX M) 2
292 wx| PHA-DR20 0
SF13 QHEE ZYUR L 7IS(2H Hof) PHA-DR17 2 2
=7| THR B3 SF14 | DHEs ZUR @3 7|S5(zo B3 Hoj) PHA-DR17 2 2
SF15 HEEh 2= Hol PHA-DR17 2 2
2 A3 X L
(E,P,C) 7t A XE
Consonvonces reducson Aceitont redustion

/ SILEY

-
-
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2) SIL CH=H 8FOF

SiLle

SIL quantitative target
(TFFR)

Safety Integrity
[ I
SIL qualitative measures
Quality Safety Technical
management management safety
conditions conditions measures

v

v v

'

Compliance
to the safety integrity measures

Compliance to Basic Integrity measures

Demonstration of
quantitative
targets

HYUNDAI Rnfem



OtX ZH= gl Aly

- - =

x =

3) SIL 50 = =2 AF (0f]: EN 50128)

TECHNIQUE/MEASURE Ref Basic SIL1 | SIL2 | SIL3 | SIL4
Integrity ¢
1. Defensive Programming D.14 - HR HR HR HR
2. Fault Detection & Diagnosis D.26 - R R HR HR
3. Error Correcting Codes D.19 - - - - -
4. Error Detecting Codes D.19 - R R HR HR
5. Failure Assertion Programming D.24 - R R HR HR
6. Safety Bag Techniques D.47 - R R R R
7. Diverse Programming D.16 - R R HR HR
8. Recovery Block D.44 - R R R R
9. Backward Recovery D.5 - NR NR NR NR
10. Forward Recovery D.30 - NR NR NR NR
11. Retry Fault Recovery Mechanisms D.46 - R R R R
12. Memorising Executed Cases D.36 - R R HR HR
13. Artificial Intelligence — Fault Correction D.1 - NR NR NR NR
14. Dynamic Reconfiguration of software D.17 - NR NR NR NR
15. Software Error Effect Analysis D.25 - R R HR HR
16. Graceful Degradation D.31 - R R HR HR
17. Information Hiding D.33 - - - - -
18. Information Encapsulation D.33 R HR HR HR HR
19. Fully Defined Interface D.38 HR HR HR M M
20. Formal Methods D.28 - R R HR HR
21. Modelling Table R R R HR HR
A17
22. Structured Methodology D.52 R HR HR HR HR
23. Modelling supported by computer aided R R R HR HR
design Table and specification tools A7
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10. Fault Tree Analysis ( HIEF&ISHA| 4= =
L )
Top Event 1: Train Collision on mainline
Frequency of
Train collision
due to ralling
sock per year
COLLISION
w=1.95E9
| [ ]
Collision Collision Ohstacles onthe Traction nat fully ‘Wrong direction Secondary
involving buffer invalving trains st track and not cut out during EB train movem ent collision after
or rear end of junction detected snithout ATP derailm ent
other train protedion
I I
BURTRAIN REAR GO LL JUNCTION COLL OBSTACLES TRACTION CUTOUT N RONG DIRECTION
w=105E-12 w=1.21E- 16 w=1.94E9 BIE-17 B
Page 2 Page 5 ‘
E xternal Ohject Failto remowve Emergency Tradtion cannot TBC failure to Failure of ATP Train derailm ent Probahility of
falling onto track || chaade by ODD | | Brake is required be cut out apply Emergnoy protection against on the mainline Secondary
brake srong direction collizion atter
train movemert derailment
RN RN RN —
| EXTERMAL | | ooD | | EBRER | TRACTION TACA | | ATP FAIL 3 | | DERAILMENT | |PROEI_SCOND |
\ _/ \ w=1.50E-14 \ /
FR=3.0%9E 06 FR=7 28E-08 Q=000113 FR=1 S1E-07 FR=1E-09 FR=1 47E-10 a=0.01
we=3.01E-6 we=7 28E-5 we=0.00E+0 we=1 S1E-7 we=1.00E -9 we=1 47E-10 we=0.00E+0
Cl srongly EBR contact
initiates maotar stuck clozed in
command propulzion line
T |_\
EEC EBR
FR=1E-05 FR=1E -0
we=1.00E 5 we=1.00E-9
Page 1 of 7
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11. Safety demonstration (Safety Case)

1) 82

- Generic product

component/product capable of performing certain functions, with a specific
performance level, in the environmental and operational conditions stated in the
reference specifications.

- Generic application

system with specific functions that are related to “a category of applications” associated
with a general environmental and operational context, which is developed on the basis of
criteria of standardization and parameterization of its elements, so as to render it
serviceable for various tangible applications.

- Specific application
a specific application is used for only one particular installation

HYUNDAI “nfem
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2) Safety Case 57

‘ Part 6 - Conclusion

Part 5 — Related Safety Case

‘ Part 4 — Technical Safety Report

‘ Part 3 — Safety Management Report

‘ Part 2 — Quality Management Report

‘ Part 1 — Definition of System

Safety Case I

Example 1 Example 2

é N
IXL System #4
ERTMS Line #1

Specific Application
| | | \_ Safet\|( Case )

ATC System #2 IXL System #3 / \
| | Generic IXL
System
RBC On-board Signal Point
Computer Actuator Actuator
Signal Paint
Actuator Actuator
Specific Application Safety Case Generic Product Generic Application
\ paciiic Applcat vy Safety Case \ Safety Case
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3) Safety Acceptance 2 Xl (SA)

Specific Application
Safety Process

Concept

h

V

2

System Definition and
Operational Context

8 Integration

W

4

Risk Analysis and
Evaluation

e

4

Specification of System
Requirements

9 System Validation

- Validation Report

- SASC

- Independent Safety
Assessment Report

V

5

Architecture &
Apportionment of System

V

Design and Implementation

V

Manufacture

Operation, Maintenance,
Performance Monitoring
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4) Safety Acceptance =X} (GP+GA+SA)

Generic Product
Safety Process

Generic Application
Safety Process

1 Concept

Concept

V

Y

System Definition and

System Definition and

2 Operational Context 2 Operational Context
v V
Risk Analysis and Risk Analysis and
3 Evaluation 3 Evaluation
-v- AL

Specification of System

Specification of System

\ 4

Specific Application
Safety Process

Design and Implementation

Y

7 Manufacture
(Series)

Vv

8 Integration

Y

4 Requirements 4 Requirements 9
System Validation
% % »
5 Architecture & 3 Architecture & - Validation Report
Apportionment of Svstem Apportionment of System - SASC
V% W/ - Independent Safety
6 . ] Assessment Report
Design and Implementation Design and Implementation
i WV ——— L A ———
7 Manufacture 7 Manufacture 10 System Acceptance
(first Equipment) (first Equipment) e !
___________ 2
o i 11 ; )
- Validation Report - Validation Report i Operation, Maintenance,
- GPsSC - GASC Performance Monitoring
- Independent Safety - Independent Safety b m e YT .
Assessment Report Assessment Report Uittty
12

e e, e e e ———
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12. Independent Safety Assessment

1) SIL 520 & =2/ ISA 27A

- |
i PM E
! i i
i : ISA
: DES VER, VAL :
i :
| e e e e e e e e e e e
SIL 3 and SIL 4 OR
i :
! PM X
' :
E | o ISA
i DES VER VAL !
! :
o
ittt
! i
| PM !
SIL1,SIL2 : | ISA
| i
i DES VER, VAL !
I 1
1

________________________________________________________
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2) ISA At QFALE

1. be competent in the domain/technologies where independent assessment is carried out

2. have acceptance/licence from a recognised safety authority (ISO/IEC 17020/025/065)

3. have / strive to continually gain sufficient levels of experience in the safety principles and the
application of the principles within the application domain

4. be competent to check that a suitable method or combination of methods in a given context
have been applied

5. be competent in understanding the relevant safety, human resource, technical and quality
management processes in fulfilling the requirements of the EN 50126

6. be competent in independent assessment approaches/methodologies

7. have analytical thinking ability and good observation skills

8. be capable of combining different sources and types of evidence and synthesise an overall
view

about fitness for purpose or constraints and limitations on application

9. have an understanding of the overall system including its application environment

10. understand the requirements of EN 50126

HYUNDAI anem
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3) ISA

eISAM

Ricardo
Certification

Independent Safety Assessment Certificate

Certificato Number: RC/ASA/762507/L/2021/217/01

System Under Jinjeop Line EMU 50 cars

Assessment

Description The specific application of the Jingeop Line EMU 50 cars. The detalled system configuration is
identified in Section 7.1 of the Assessment Report (*)

Applicant Name & Hyundal Rolem Company

Address Cheoldobakmulgwan-ro 37, Umang-si, Gyeonggi-do, Republic of Korea

Assessment « IEC 622782002 Raiway - The ion and of Reliabty,

i and Safety (M)

+ IEC 62279:2015 Railway signaling and syslems -
Software for rallway control and pvobalw systems
« IEC 62425:2007 Railway - C signalling and systems -
Safety related sfectronic systems for signaliing
The ISA has assessed the EMUs to detormine whother the safety management of the EMUs is
comphant with the safety principles of the above standards.

[~ The certify reflects the Baseline Rev, A of Jinjeop Line EMU 50 cars and the system

s detalled in Section 7.1 of the report

Assossment It is confirmed that the Jinjeop Line EMU 50 cars, as defined in the Safety Case and Section 7.1

Statement of the Assessment Report (*), has been demonstrated as safe for commercial operation. The
EMU system has been independently assessed and their respective safety arguments are.
considered satisfactory for the scope of commercial operation. its design, manufacturing &
installation, test & commissioning conforms 1o the safety management principles of the IEC
62278:2002, IEC 62279:2015 and IEC 62425:2007 and the project has shown that the risk from

ial operation is regarded as being As Low As. (ALARP).
Restrictions to See the attached Annex to this certificate.
Approvel

Annex of Certificate _Page 2 of this cerlificate

Assessment Report

T62507TRHJ211210 Jinjecp Line EMU 50 Cars Safety Assessment Report, Issue 01, 10"
December 2021

Note: This certficate should be read in conjunction with the above Assessment Report (*) that is
an integral part of this certificate.

Validity

Issue Date: 107 Decomber 2021 Issue No.: 1
This certificate is valid for the defined commercial operation from its issue date until such a time
as changes or modifications are made to the configuration referenced above

Signature

ﬁ:, e sig: 21c0241

Mark Dodsworth
Ricardo Certfication Signatory
On behalf of Ricardo Certification

Limited
Shoreham Technical Contre, Old Shoreham Road, Shoreham-by-sea, West Sussex. BN43 5FG,
u

Rcardo Censication (Reg 5o 0401761) & a lmited company
Cantre, Okt Stormham Rosd, Shorsham-dy-s0a.

mmn Listect ts.

in i——us\dn-« Regissered office: Shoreham Techrcal
s0a. West Sunser S50 UKAS o

subsiSares and howding COMises (1 6ach <368 88 Gfined In section 1159 of the Companis Act 2006)
of , offcers. employses.

25 weil as ther respective

-tmmm ‘ot coloctvey el

o liable %0 sy person for any ks, howsoever
DOVOG. Uk Tt parnon -um—umnmwmn—mm Geonp ity 1or e (rovwn of idormamion Of advice and 1

ageses are.
100 16 I 01 iragragh a6 he Reardo Grows™ Tha Ricardo GIOUp assumis 00 responsibily wsd shal not

OF magmrae couned by miance on the informaon or adves 1 S document or

Tt cige Ny waPONBDINy of (1R 45 eachsshvely On e laTss and condivons sel Oul in Pt convac

Certificate

ID-Number: ACR/B 11/207
CENELEC Railway Standards

Certification Body

Owner of Certificate

Type designation /
Product tested
Manufacturer

Bases of Assessment *!

Assessment Report / Date ¥

Assessment Kesult !

Validity

TOV Rheinland InterTraffic GmbH

ViaQuatro
Rua Heitor dos Prazeres 320
Vila Sonla ~ 05622 000 - S&o Paulo - SP, Brazil

OPM Level - Train Control System and Rolling Stock Doors and Emergency Brake
safety functions of Metro Sao Paulo Line 4 Subphase 1.3 — Carousel Mode
(tem under Assessment - IUA)

Siemens-Rotem Metro Sao Paulo L4 Consortium

EN 50126:1999, EN 50128:2001, EN 50129:2003

ACR/B 11/207, 01-09-2011

The OPM Safety Case and underlying documentation (refer 1o chapter 4.1 of report
ACR/B 11/207) are suitable for passenger revenue service of Subphase 1.3 of the
Sdo Paulo Line 4 in automatic mode (MTO) for carousel operation. It has been
checked, whether the assessed subsystems comply with the requirements given in
chapter 2 of report ACR/B 11/207. All safety related deﬁccencloa have been closed.
We have no object to start 1.3 of the Sac
Paulo Line 4 automatic mode (MTQ) for carousel opershon under consideration of the
conditions and constraints referenced In chapter 4.6 of report ACR/B 11/207,
especially the rules for operation to be established by the operator.

For Details please refer to chapters 4.1, 4.2, 4.3, 44,1, 442 443, 444 and4.45of
report ACR/B 11/207.

Valid for the configuration of the Train Control System and Rolling Stock Doors and
Emergency Brake safety functions of Metro Siio Paulo Line 4 Subphase 1.3 -
Carousel Mode, as described in the OPM Safety Ca:

RA DPR/SPL4/116.0742.11/CB/CR 01, Ed/Rev: 02/00 of 22-08-2011.

! Further Codes and standards to be spplied are contained in the assessmant raport
7 This sssessment report is an integral part of the certificate.
*This assessment report s an integral part of the certificate.

Cologne, 01-09-2011

TOV Rheiniand InterTraffic GmbH
Am Grauen Stein « 51105 Koin

www.tuv intertraffic.de

www.tuv.com

Ee

Certificatioh Office
(Florian Steiner)

A TUVRheinland®

Genau. Richtig.
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Project Phase SA Task
T Review of Identify High Level System Hazards
Concept Existing Hazards (Primary Functions)

Definition

r
~

w

Determine Risk Level without the system
(Inttiating Event Frequency & Consequence)

+

SIL
Classification
& Review

Determine the Required Risk Levels (ALARP)
and the Frequency Targets

.

Determine the Required System Safety Targets
and SIT, Requirements

Specification

FY

-

RAMS
Specification

Specify Safety Requirements (SIL Classification) in PS
(software process & hardware design specification)

Design

Dewelopment &
Manufacturing

Ll

w

SIL

Review PHI/A results to determine
whether SIL requires adjustment

Classification

+

& Review

Allocate SIL to system functions and identify
necessary System Assurance activities

2 X YA 85 A A SIL S=0 Mel 2A &0l)
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