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Introduction

The TPS forms the system design part of the contractual documentation and contains all requirements which can

impact the design.

The following information and instructions should help the supplier to understand the document and complete the

clause by clause in a way that will be beneficial for contract negotiations.

Format

The main body of the TPS are lines of text which are allocated into sections. Each line contains only a single
requirement or piece of information.

There may be other Alstom documents which are referenced in the TPS. Alstom will ensure that a copy of these

documents is provided either as an appendix or separately if the supplier does not already have them.

Some sections of the TPS may not be relevant for certain commodities in which case 'n/a’ will be stated under the

heading.

The 'Summary' tab allows to navigate to a specific chapter of the 'Content’ Tab.

If applicable, a dedicated column displays the changes since the previous release.

Activities

Columns A to E are the core content, they should not be edited by the supplier.

The supplier is expected to provide a compliance status to Technical and Non-Technical requirements in the
column 'Supplier Compliance Status'.

Any usefull information can be stored in the column 'Supplier Compliance Statement'.

All lines not identified as Technical or Non-Technical requirements, can be left without clause by clause.

Alstom reviews the compliance provided by the supplier in column 'Supplier Compliance Review Status'.

Column Headings

Displayed ID

Requirements ID, is to be provided by Alstom and shall never be modified.

Review Status

Maturity level of the requirement.

This status is provided by Alstom for information.

Object Type

Importance and legal status of requirement to the project.

» Technical Req: Any requirement impacting the design that the supplier shall comply to.

» Non-Technical Reqg: Any deliverable or activity or non technical request that the supplier shall comply to.

« Design: Description of design proposal.

« Information: Where Alstom is providing context, but not requesting clause by clause from the supplier.

» Heading: Structure the document, title of the chapter.

Requirements

States the requirements text that is to be fulfilled.

Planned Demonstration

States the type of evidence Alstom wishes the supplier to provide. A reference to a norm or standard may be
provided for further information.

Linked Evidence

Lists the Evidence documents Alstom is expecting the supplier to provide to demonstrate compliance to the
requirement.

If the supplier uses a template to provide the requested information, this is referenced here as well.
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Supplier Compliance Status

To be provided by the supplier.

« Compliant: The provided solution will be 100% compliant to the stated requirement.

< Compliant with Comments: The requirement will be fulfilled but with an alternative design solution.

» Not Compliant: The requirement will not be fulfilled by the provided solution.

« Clarification Needed : The requirement needs to be clarified.

« Not Applicable: Should only be used on lines not flagged as Technical or Non-Technical requirements.

Supplier Compliance Statement

To be provided by the supplier.

In case of 'Compliant with Comments’, 'Not Compliant’, ‘Clarification Needed', 'Not Applicable’, the comments are to
be stated in this column.

Alstom Review of Supplier Compliance

To be provided by Alstom.

» Accepted: Alstom accepts the 'Compliant with Comments' or 'Not Compliant' of the supplier.

* Rejected: Alstom can not accept the ‘Compliant with Comments' or 'Not Compliant' and further discussions are
needed to get an agreement.

« In Clarification: The supplier needs to provide additional data to allow the assessment from Alstom.

» To Review: Alstom review not performed yet.

« Compliant No Feedback Needed: Automatically set when the supplier is compliant and did not provide any
comment.

Alstom Review Statement

To be provided by Alstom.

In case of 'Comply with Comments', the comments are to be stated in this column.
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i 1 PURPOSE

11[2] The purpose of this document is to describe management requirements, deliverables and
generic requirements related to Reliability.

2 2 TERMS AND DEFINITIONS

2 [222] CGR: Critical Gate Review

2 [223] FAL: First Article Inspection

2 [5] FSD: Fire & Smoke Detection.

2 [6] MC: Master Controller

2 [7] MTBF: Mean Time Between Failures, related to the indicator of reliability MTTF indicated in
IEC 60 605-4.

2 [8] MTTF: Mean Time To Failure, as defined in IEC 60 605-4. In this document MTTF is
assumed equal to MTBF.

2 [9] NFF:No Fault Found.

2 [224] PGR: Preliminary Gate Review

2 [225] SGR: Specification Gate Review

g 3 APPLICABLE STANDARS

3 [11] EN50126-1 - [2017] - Railway applications - The specification and demonstration of
Reliability, Availability, Maintainability and Safety (RAMS) - Partl: Generic RAMS Process

3 [12] IEC 60 605-4 - [?] - Equipment reliability testing - statistical procedures for exponential
distribution.

4 4 RELIABILITY MANAGEMENT

4 [14] The supplier shall comply with EN50126 part 1 as the reference standard for this activity.

4.1 4.1 List of typical document and reliability analyses

4.1 [16] These following documents are typical reliability deliverables and these analyses will be
carried out by the supplier (depending on project and product specificities, see §8 for
details) and justify that the commitment on reliability objectives will be achieved.

4.1 [17] Complementarily any specific requirements will be addressed in TPS.

4.1.1 4.1.1 Reliability plan

4.1.1[19] The Reliability Plan is the set of Reliability activities in accordance with the Reliability
Management System of the supplier that are applied throughout the product lifecycle to
ensure that the Subsystem delivered to Alstom is reliable and remains reliable up to
dismantlement.

4.1.1 [20] The purpose of a Reliability Plan is to define the Reliability requirements (targets included)
of the subsystem and the methods by which the reliability performances will be assessed
and managed. This will detail resources, processes and reliability management activities. It
will be subject to on-going audit and verification and will contain clear deliverables. All
reliability deliverables and activities are subjected to a planning.

4.1.1[21] If a Reliability plan is produced, it will be sent for acceptance before the contract award.

4.1.1 [22] This document can be combined with a Safety Plan and Availability & Maintenance plan.

4.1.2 4.1.2 FMEA /| FMECA

4.1.2 [24] The Failure Modes and Effects Analysis (FMEA) is a systematic, formal procedure for

analysing a subsystem to identify potential failure modes, and their causes and effects on

the functionality of the subsystem.
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4.1.2 [25] The FMECA (Failure Modes, Effects and Criticality Analysis) is an extension of the FMEA
that includes a means of classifying failure modes by severity in order to give a priority to
countermeasures.

4.1.2 [26] From the FMEA/FMECA, the supplier shall communicate to Alstom a summary of:

4.1.2 [27] « failure rates for each failure modes having a performance defined;

4.1.2 [28] « list of all critical actions under Alstom responsibility related to failure modes having a
performance defined.

4.1.2 [29] Standard EN 60812 can be used as a reference.

4.1.2 [30] This document can be combined to include both safety and reliability point of views.

4.2 4.2 Activities before contract award

4.2 [32] The Supplier shall send:

4.2 [33] * The potential system functional failure modes affecting the mission of its equipment and
the associated MTTF /MKTF (in hours and/or kilometer);

4.2 [34] * The methodology used to justify that the proposed MTBF/MKBF values are achieved;

4.2 [35] * Tests carried out on the product (endurance test report, aging, etc.) and tests that it plans
to carry out (send the validation plan) to demonstrate that reliability objectives are satisfied;

4.2 [36] + Reliability constraints to be manage by other if any (e.g. inspection interval, design like
remote alarm,...).

4.2 [37] /Alstom will work with the Supplier to put functional failure modes into groups and will define
the objective to be achieved for each failure family or type. This summary shall be made
contractually through the STD that will also include the measurement method.

4.3 4.3 ACTIVITIES IN DEVELOPMENT PHASE

4.3 [39] The Supplier shall write a reliability report that will contain all demonstrations proving that
the (sub-system) supplied product satisfies the specified reliability requirements, and shall
include at least the following if applicable:

4.3 [40] * Usage restrictions

4.3 [41] « List of (functional) failure modes and their associated failure rates as a function of
contractual commitments, specifying their origin

4.3 [42] * Main components at the origin of the failure mode with a % distribution of the failure rate
(for this failure mode)

4.3 [43] « List of critical components (first level replaceable unit) in terms of reliability and actions to
be implemented by other to achieve the defined objectives. They may relate to:

4.3 [44] * Storage,

4.3 [45] * Integration,

4.3 [46] « Commissioning,

4.3 [47]  Operation,

4.3 [48] * Tests and inspections to be done,

4.3 [49] * Maintenance.

4.3 [50] « Tree structure of all first level replaceable units. This structure shall include:

4.3 [51] * The component description;

4.3 [52] + The reference to the block diagram;
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4.3 [53] * The component identifier;

4.3 [54] * Quantity / train;

4.3 [55] * Supplier's name;

4.3 [56] « If identified as being critical for reliability, the functional failure modes to which it
contributes;

4.3 [57] « If identified as being critical for reliability;

4.3 [58] « If identified as being critical for reliability, the failure rate.

4.3 [59] A preliminary reliability report will be sent before start-up of series production. The
preliminary reliability report includes the reliability requirements from the supplier towards
Alstom to be agreed prior the First Article Inspection (IPA).

4.3 [60] The final reliability report shall be provided and agreed between the Parties at the end of
commissioning.

4.4 4.4 Activities during the operation phase

4.4 [62] As long as the supplied product is under guarantee, the Supplier shall send repair report
and expertise to Alstom comprising at least:

4.4 [63] * The reference to the failure mode defined in the predictive phase (or if necessary even
creation of a new failure mode);

4.4 [64] * The summary of investigations done;

4.4 [65] * The cause of the failure;

4.4 [66] * The description of repairs made;

4.4 [67] * A prediction of the number of similar failures during the coming year (the spare part stock
will be resized if necessary).

4.4 [68] /Alstom will provide during the period the available data to the supplier for investigation.
Alstom will monitor reliability commitments.

4.4 [69] Measurement method: The lower one-sided limit of the mean time to failure (MTTF — Mean
Kilometer To Failure in fact) is calculated by using the chi-squared distribution with a
confidence level of 80%. Time terminated test with replacement as defined by EN60605-4 -
formula 4 applies.

4.4 [70] If recurrent defects occur and if one or several objectives are not achieved, it is
recommended that the Supplier implements corrective action plans and update them
monthly.

E 5 TYPICAL RELIABILITY REQUIREMENTS

5 [73] The reliability targets for each categories (T1/T2/T3) and associated failure modes defined
in the Technical Purchasing Specification (TPS) are formalized and agreed prior contract
award. These targets may vary from one subsystem to another and also project specificities
(different operating conditions).

5 [74] Reliability demonstrations provided by supplier will be reviewed and action closed when
accepted by Alstom. The reliability measures shall be clearly documented and
performances maintained over the life of the product.

5 [75] The value for each category is defined in the specific relevant TPS. All clarifications from
the supplier’s side shall be done before the equipment entry in commercial service.

5.1 5.1 HVAC

5.1 [77] The table 1 defines the HVAC specific failure modes per category T1 to T3.

5.1[82] For each category, Reliability Performances shall be defined by a MTTF per hour under
voltage and per HVAC subsystem. One can deduce that when only one failure leads to
several HVACs failure, the number of failures (r) is then the number of HVAC having a
failure.

5.1 [248] Remark: on specific application, the distribution of failure modes per category may be

adjusted through the TPS.
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5-1[83] Cabegory Fundiional Failure nodes
T1 category is defined by the following functional failure mode:
T
All failures not part of category 3and 2.
T2 category is defined by the following functional failure modes:
HVAC_T2_DMOL: Water penetration into dry area
T HVAC_T2_DMO2 : Failures leading to a repair outside schedule maintenanceinterventions
HVAC_T2_DMO3: Fluid leakage from cooling dircuit or every kind of pollution
HVAC_T2_DMO04 : Malfunctioning of control systems (e.g. over pressure device)
T3 category is defined by the following functional failure modes:
HVAC_T3_DMO01: Degrading cooling (performances or HVAC capability decrease by morethan
25%
i E] HVAC_T3_DMO02: Degrading heating (performances HVAC capability decrease by more than 259
HVAC_T3_DMO03: Degrading ventilation (performances HVAC capability deafease by more than
5.1 [84] [Tal FuneBohal failure modes
HVACT3—DMO4--Bxeessive neise as-defined i the-technical-spedification
5.2 TOGR
5.2 [86] [The table 2 defines the pantograph specific failure modes per category T1 to T3.
5.2 [91] For each category, Reliability Performances shall be defined by a MTTF per running hour or|
MKTF per kilometers and per Pantograph subsystem. One can deduce that when only one
failure leads to several Pantographs failure, the number of failures (r) is then the number of
Pantograph having a failure.
5.2 [273] Remark: on specific application, the distribution of failure modes per category may be
adjusted through the TPS.
5.2 [92] Category Fundtional Failure nodes
n T1 category is defined by the following functional failure mode:
Al failures with insignificant influence to service or safety exduding categd
T2 category is defined by the following functional failure mode:
» PANTO_T2_DMOL: Pantograph lowering impossible
PANTO_T2_DMO02: Damege of the pantograph parts to be repaired at the
themission
T3 category is defined by the following functional failure mode:
PANTO_'R I‘!_\/Im- During operation loss of the aurrent Collection
5.2 [93] fable 2 Bantograph FANFECTE! 1BilSS: NG4S to raise pantograph and to collect enough al
PANTO_ T3 DMOQ3: All failures. rq,w;'rn'{ in_more than 3 hours.
518 S B—
5.3 [95] he table 3 defines the door/step specific failure modes per category T1 to 13.
5.3 [100] For each category, Reliability Performances shall be defined by a MTTF per hour under
voltage and per door subsystem. One can deduce that when only one failure leads to
several doors/steps failure, the number of failures (r) is then the number of Door/Step
having a failure.
5.3 [274] Remark: on specific application, the distribution of failure modes per category may be
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5.3 [101]

Fundional Failure mode

T1 category is defined by the following functional failure mode:
mn All failures with insignificant influence to service or safety exduding categ
with insignificant influence to service or safety.

T2 category is defined by the following functional failure mode:
DOOR_T2_ DMOL: Defective door/step due to mechanical or pneunetic|
at start-up or during operation
DOOR_ T2 DMO2: Defective door/ step due to control command failureq

b7 up or during operation

DOOR_T2_DMO3: Improper tightness leading to excessive noise and/o|

coaches (based on factual defect during operation from the Operator). Ly

end of the day and prior thetrain is putting back in commerdal Senvice

DOOR_T2_ DMO04: Loss of communication between Door control units &)

T3 category is defined by the following functional failure mode:

5.3 [102]

DOOR_T3_DMOL: Defective door/step due to mechanical failure cannot|

hE] or during operation
DOOR_T3_DMO2: Defective door/step due to control command failut

5.4

start-up or during operation

5.4 [104]

IThe Table 4 defines the auxiliary battery specific failure modes per category T1 to T3.

5.4 [109]

For each category, Reliability Performances shall be defined by a MTTF per hour under
voltage.

5.4 [275)

Remark: on specific application, the distribution of failure modes per category may be
adjusted through the TPS.

5.4 [110]

Gategory Fundtional Failure node

T1 category is defined by the following functional failure mode:

Failures with insignificant influence to service or safety.

T All failures with insignificant influence to service or safety exduding category T3 and T2.

T2 category is defined by the following functional failure mode:

5.4 [111]

T

DOOR_T2_ DMO1: Defective door/ step due to mechanical or pneurretic failure can be isolated
at start-up or during operation

DOOR_T2_DMO02: Defective door/step due to control command failure can be isolated at
start-up or during operation

DOOR_T2_ DMO3: Improper tightness leading to excessive noise and/ or presence of water in
coaches (based on factual defect during operation from the Operator). Leading to repair at the

end of the day and prior thetrain is putting back in commerdal Service.

5.5

5.5 [212]

Th

5.5 [213]

Fd

5.5 [276]

T3 category is defined by the following functional failure mode:

DOOR_T3_ DMO1: Defective door/ step due to mechanical failure cannot be isolated at start-
up or during operation

DOOR_T3_ DMO02: Defective door/ step due to control command failure cannot be isolated at
start-up or during operation

TR OTT apprce

djusted through the TPS

TOTT, e OIS UTOUTOTT UT TeiuTe TTTouTS et

Yy Tay oe
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5.5 [214] Gatepry Functional Failure mode

T1 category is defined by the following functional failure mode:

n CPL_T1_DMOL: Failures leading to a repair outside scheduled maintenance i
induded in category T3 and T2 (failures that are repaired at the next schedul
intervention are exduded).

T2 category is defined by the following functional failure mode:

CPL_T2_DMOL: Coupling signal disruption.

» CPL_T2_DMO2: More than one coupling/ uncoupling attempt needed due to mey
preunetic or eedtrical failures
CPL_T2_DMO3: Manual action required when uncoupling automatic coupler dy
preunetic or eledtrical failures

T3 category is defined by the following functional failure mode:

CPL_T3_DMO1: Impossible coupling/ uncoupling due to mechanical, pneurnratic §
hc] failures (induding hesting device)

Sarety toop, &

fthesa 0P, g to .
ng during rescue operation with specific col

5.5 [215] Fable 5: Co

5.6 5.6 BRAKES

5.6 [217] The Table 6 defines the brakes specific failure modes per category T1 to T3.

5.6 [218] The defined failure modes consider the “full-scope” of brake system including brake control,
air supply, bogie brake).

5.6 [219] For each category, Reliability Performances shall be defined by a MTTF per hour under
voltage.

5.6 [277] Remark: on specific application, the distribution of failure modes per category may be
adjusted through the TPS.

5:6 [220] Categpory Functional Fa
T1 category corresponds to the failure modes to be rey
intervention and not induded in category T3 and T2 ar|
failure modes of the Brake System
BRK_T1_DM1: All brakes defect detected during br]
m BRK_T1_DM2: Loss of autormatic brake test functid
BRK_T1_DM3: Failures of Brake System componer|
BRK_T1_DM4: Pantograph is not rising at start-up)
BRK_ T1_ DMB5: Loss of Xsd sanding functions at wh
sanding function.
T2 category corresponds to failures defined by the follg
Systemt
BRK_T2_DMO1a: Loss of Xs Service Brake at aXe/t
TPS).
BRK_T2_DMO1b: Loss of Xe Emergency Brake at aj
theTPS).
BRK_T2_DMOIc Loss of Xm Magnetic Brake at ax]
theTPS).
BRK_ T2 DMO1d: Loss of one or more WSP (regulg
BRK_T2_DMO02: Al failures during operation that r¢
BRK_T2_ DMO03: Undue application of Brake (all tyy
of automattic isolation if needed to continue operatio]
hrd BRK_ T2 DMO04: Failures of Brake System conpong
during operation.
BRK_T2_DMO5: Loss of Xa air suspension at bogie|
Remark: The instrumentation leading to state one ail
failure mode (equivalent at train level to a mechanicy
BRK_T2_DMO06: Braking effort higher than the mes
on Ralling Stock not fitted with WSP
Remark: At design phase a qualitative explanation td
accepted.
BRK_T2_DMO7: Loss or continuous horn function
BRK_T2_DMO8: Loss of brakes override in case pas|
BRK_T2_DMO09: Loss of communication between B

5.6 [221] Fable 6 : Brake P uhatonal Rilure modes
T3 category corresponds to failures potentially leading

eeten of Haer

thefoltowing-functionat-faittrermodesof the Brake Sys
BRK_T3_DMO1a: Loss of Ys Service Brake at axe/t
TPS).
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Remark: 1ne instrumentauon leading to state one ai
failure mode (equivalent at train level to a mechanic
BRK_T2_DMO06: Braking effort higher than the mes
on Ralling Stock not fitted with WSP
Remark: At design phase a qualitative explanation tc
accepted.

BRK_T2_DMO7: Loss or continuous hormn function
BRK_T2_DMO08: Loss of brakes override in case pac
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Bi7

5.7 FIRE
ISYSTEM

& - - INGUISHING)
(FSD)

5.7 [279)

The Table 7
modes per ¢j

defPRIS tha fRMQkk tasske rtamro@iifakam@iishing) system specific failure

5.7 [280]

FFor each cat

atew'ﬁﬁ) 10 T3.
HAPE &y a MTTF per running hour.

5.7 [281]

RemarR: on
pdjusted thre

o B
;peE_E : O P ST SRR b es per category may be
ugfg‘, e PSS, . .

failre mode inddes contrel

5.7 [282]

Category

EB valve Driver’s brake valve) as well " Failurenode
anEB whenlow hold. setting is reached.

m

TR AL RV IR (LT ok

or safety exduding category 3 and 2.

Onal failure mode:

FSD_T2_DMOL: Fire detection error reported at start-up or during operation
FSD_T2_DMO02: Smoke detection eror reported at start-up or during operation
FSD_T2_DMO03: Fire extinguishing error reported at start-up or during operation

hc

T3 category is defined by the following functional failure mode:
FSD_T3 DMOL: Erroneous fire detection
FSD_T3_DMO2: Erroneous smoke detection

5.7 [283]

TRble 7 — FSD| Fupstiong Fiaius: Meesous fire extinguishing application

5.8

.8 MASTER CONTROLLER (MC)

5.8 [285]

The Table 8

defines the master controller specific failure modes per category T1 to T3.

5.8 [286]

For each category, Reliability Performances shall be defined by a MTTF per running hour
(time divided by 2 will be considered per master controller).

5.8 [287)

Remark: on

adjusted through the TPS.

specific application, the distribution of failure modes per category may be

5.8 [288]

GCategory Fundtional Failure mode

T

T1 category is defined by the following functional failure mode:

Al failures with insignificant influence on service or safety exduding category 3 and 2.

T2 category is defined by the following functional failure mode:
MC_T2_DMO1: No or eroneous order for Tractiory Brake sent
MC_T2_DMO02: Erroneous position of Master Gontroller [FN] communicated at

MC_T2_DMO3: Master Controller [FN] blocked in a position identified at start-y

start-up

p

T3 category is defined by the following functional failure mode:

operation
MC_T3_ DM02: No Deadmen adknowledgement

operation

MC_T3_DMOL: Erroneous position of Master Controller [FN] communicated onge the train is in|

MC_T3_ DMO3: Master Controller [FN] blodked in a position communicated once thetrainis in

5.8 [290]

[Talple 8 — Master Controller Functional Failure Modes

5.9

5.9 [292]

1 Appllﬁes-]!:)r all contacts of Master Controller |nc|ud|ng Train
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MC_T3_ DMO2: No Deadnmen adnowledgement

MC_T3_DMO03: Master Controller [FN] blodked in a position communicated once thetrainis in

operation

[FNT I-\{Jpllcb TOr all contacts or i
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5.9 [293] -
MKTF per kilometers.
5.9 [294] Remark: on specific application, the distribution of failure modes per category may be
adjusted through the TPS.
5.9 [295] - "
Gategory Functional Failure node
T1 category is defined by the following functional failure mode:
T
All failures with insignificant influence on senvice or safety exduding category 3 and 2.
T2 category is defined by the following functional failure mode:
TLT_T2_ DMO1: Hand washing device failure (soap induded)
TLT_T2_DMO02: Hand dryer failure
b ] TLT T2 DMO3: Any leskage
TLT_T2_DMO04: Audio system failure (parasite noises)
TLT_T2_ DMO5: Call button failure
TLT_T2_DMO6: Loss of ventilation
T3 category is defined by the following functional failure mode:
TLT_T3_DMOL: Any failure leading to isolate automatically or manually the toiler
TLT_T3_ DMO02: Door cannot be opened
TLT_T3_ DMO3: Door dose and lock failure
i <] TLT_T3_ DMO04: Pneunatic supply failure
TLT_T3_DMO5: Hydraulic supply failure
TLT_T3_DMO6: Electrical supply failure
TT T3 DMQ7: Waste Water Tank failure
5.9 [296] [Table 9 — Toilef Functional Failure Modes
TLT_T3_DMO08: Complete loss of lighting
5.10 5-10-OTHER COMMODIHES
5.10 [113] For other commodities not specifically detaited i the current revision of the present
document the functional failure mode will be defined in the relevant TPS.
2 6 PROCEDURE FOR DEMONSTRATING THE
RELIABILITY TARGETS ARE REACHED
6 [115] The satisfaction of our customers depends on the achievement of Suppliers reliability
performances. For this reason, reliability targets have been defined for the equipment in the
Technical purchasing specification.
6 [116] The aim of this chapter is to define the process and rules to apply in order to verify during
operation that the equipment reaches reliability performances/targets defined in the
Technical purchasing Specification.
6[117] This document presents the following points:
6[118] * Procedure for measuring the reliability
6 [119]  Criteria for applying penalties if ever applicable (the aim is not to apply penalties but to
achieve and sustain the expected reliability performances).
6.1 6.1 Main steps of the reliability follow-up
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6.1[121]
al
7 3
d
CONTRADICTORY RELIABILITY
CENTRALISATION MEETING CALCULATION
wean 1sn [yl
repenasimosion s R oV
thisstep analysed & responsibilties
attributed as much as possible

6.2 6.2 Calculation of the reliability performances during the
warranty period

6.2 [123] The assessment of the reliability performances relies on calculations at the end of the
warranty period based on all the failures reported. Every failure will be analysed in details
and validated by both parties (mutual agreement reached, refer to §6.3). In case of long
delivery schedules the reliability may be assessed on a per batch basis with rules to be
defined in between both parties for the relevant projects.

6.2 [124] Failure allowing to put back subsystem into service without repair or replacement ("No Fault
Found Failure") are managed in accordance with the §6.4

6.2 [125] Recurrent failures will be counted up to the root cause and schedule of corrective actions
on train are agreed by the Operator. If commitment and efficiency of the corrective actions
are not meet, then recurrent failures will be also counted.

6.2 [126] /According to the cumulated operating hours of the subsystem during the warranty period
and the reliability targets, the rules to be applied to assess the reliability performances are
defined:

6.2 [127] Situation Rules

MTTF target >T* N° 3 : Maximum one failure allowed
N° 2: Point estimete is applicable
MTTF <T* <3*MTTF (smooth transition from point estimate to
chi-squared distribution)
SMMTTF <T* Ne 1: Chi-square rule applies
6.2.1 2. o
T = curgulgte% c!}xléjra!itﬁg OL:JLI'S
6.2.1 [130] MTTF is calculated by using the chi-squared distribution (EN60605-4 - formula 4 applies):
6.2.1[131] T
Koo (2r +2)
6.2.1[132] Definition Method of determining
. Sum of the operating hours of all the subsystems
Stul- oy ting in operation over the follow-up period
Nurmber of failures per category /
The confidence level at which confidence 80%
intervals and limits are calcuiated °
Reliability performance measured to be MTBF assimilated to MTTF

compared with thetarget.
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Nurrber of failures per category

The confidence level at which confidence

intervals and limits are calculated 80%
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compared with the target. Type pp! p
6.2.1[133] he maximum number of failures allowed {N) can be deduced by applying the following
teps:
6.2.1 [226] Step A: to determine the maximum number of failures (r) that complies with the following
equation:
6.2.1[134] 2T
AL (2r+2)<
MTTF
6.2.1 [135] Step B: to calculate a rounded Target using the following formula:
6.2.1 [228] 2.Qr+2)+ ) (2r+4
Zio )2[1"‘( ) =roundedT arg et
6.2.1 [229] Step C: to determine whether r or r+1 is the maximum number of failures allowed (N):
6.2.1 [230] * N =r+1 when:
6.2.1[231] 2 XT
roundedT arget <
MTTF
6.2.1[232] * N =rwhen:
6.2.1[234] %
roundedT arget > 2xT
MTTF
6.2.2 6.2.2 RULE N°2
6.2.2 [137] 'When rule N°1 cannot be used and cumulated operating hours over the follow-up period is
greater than the required MTTF, point estimate applies up to 3 failures (smooth transition
from point estimate to chi-squared distribution).
6.2.2 [138] F T
r
6.2.2 [139] Definition Method of determining
. Sum of the operating hours of all the subsystems
ated operating hours in operation over the follow-up period
ber of failures per category r=3
e MTBE assimilated to MTTF
6.2.2 [140] PSR ESTRU the maximum| number of failure allowed can be deduced:
6.2.2 [141] T
r=
MTTF
6.2.3 6.2.3 RULE N°3
6.2.3 [143] 'When we are not able to demonstrate statistically if the MTTF target is reached (MTTF>T),
by default one failure is allowed over the warranty period..
6.2.3 [144] ers Definition Method of determining
. Sum of the operating hours of all the subsystems
Srules ing hours in operation over the follow-up period
r=1 /
Reliability performance measured MTBF assirmilated to MTTF

to be compared with the target.
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ers Definition Method of determining

Sum of the operating hours of all the subsystems

Cumulated operating hours in operation over the follow-up period
r=1 /
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to be compared with the target. Type pp! p

6.2.3 [145] If the reliability targetsare-not reached stiong supplierinvel Lis-expescted-to-improve
he system. Warranty extension applies and penalties also if needed.

6.3 6.3 Reliability follow up organization during warranty

6.3.1 6.3.1 RECORD OF FAILURES

6.3.1 [148] Every incident/event in commercial operation will be recorded by warranty team in the
/Alstom database.

6.3.1 [149] The supplier shall communicate the first Root Cause Analysis and/ or action plan within no
more than one week after the notification of incident/event is received.

6.3.2 6.3.2 SUPPLIER FAILURE REVIEW BOARD

6.3.2 [151] /A committee in charge of the monitoring of the reliability performance (Alstom/Supplier) will
be set-up at the beginning of the commercial service.

6.3.2 [152] The members of the Committee will meet regularly in order:

6.3.2 [153] * To assess the reliability performances of the subsystem based on incident/event recorded
and operating data of the fleet of sub-system.;

6.3.2 [154] * To review the investigations/analysis done by both parties on incident/event occurring in
commercial service (Cf. chapter 4.4);

6.3.2 [155] * To review the No Fault Found failures

6.3.2 [156] * To determine for each incident/event the entity accountable;

6.3.2 [157] + To validate the consistency and completeness of incident/event data recorded;

6.3.2 [158] « To define action plans and follow the on-going actions.

6.3.2 [159] The frequency of these meetings will be monthly. On case by case basis based on the
occurrence and severity of incident/event, frequency can be adjusted mutually. After each
meeting, a report will be written and signed by both Parties.

6.4 6.4 Treatment oF no fault found failure

6.4 [161] The No Fault Found (NFF) failures are incident/event during the commercial service without
damage identified.

6.4 [162] Generally, the NFF failure disturbs the nominal operation of a function or subsystem. This
kind of event can be difficult to reproduce with basic diagnostic and troubleshooting tools.

6.4.1 6.4.1 No fault found failure management

6.4.1[164] In this section, the No Fault Found events considered are those service reliability affecting
events. After investigation on the train and / or equipment, either the event is classified as
failure or as a NFF failure. In case of NFF failure, the concerned subsystem is put under
observation to check for a possible recurrence.

6.4.1 [165] If another NFF failure of the same type occurs again, the Supplier and Alstom shall
investigate to identify the root cause as soon as possible.

6.4.1 [166] From 5% of NFF Failures (total number of NFF Failures divided by the total number of
failures) but not less than 15 NFF Failures per annum, the NFF Failures are integrated in
the calculation of the reliability performances.

6.4.1 [235] NFF events confirmed as not part of the supplier responsibility are removed from the
reliability calculation of that supplier. The percentage of remaining NFF will be computed at
the end of the warranty period for penalty calculation purpose.

7 7 Penalities application

7 [168] The calculation of penalties is relative to the observation period:

7 [169] * Case n°l:

7 [170] Calculations are performed at the end of warranty period.

7 [171] * Case n°2:
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7 [172] Calculations are performed on a 12 months [FN] sliding period at the end of each month
during extension of warranty period up to demonstrate the performances reach the target.
[FN] the sliding period can be reduced up to a period compliant with the rule 1 (6.2.1).
7 [173] The following table summarizes the procedure for calculating penalties.
7 [174] T  fail Calculation at the end of Monthly calculation given
ype otfailure warranty period warranty extension.
TypeTi (Xi%of the amount of the (Yi%of the amount of
relevant Order)*(ni+Ni)/Ni the rdevant Orden*
7 [175] fable 5 : Penalty formula] LRSI
7 [176] Note:
7 [177] The penalties are applied when: (N+n/N) >1.
7 [178] * Xi% or Yi%: percentage of the amount of the relevant order, which will be refunded if there
are number of failures exceeding the number of contractual failures;
7 [179] * Ni : Maximum failures accepted by Alstom for a category of failure Ti;
7 [180] * ni: Number of failures exceeding Ni;
7 [181] « Ti: category of failures having a target defined in technical purchasing specification.
7.1 7.1 Flowchart
7.1[183]
End of Warranty Period
To apply the relevant rule
(rule1to386.2)
Is the target
reached?
To define the number of
failure greater than the
target (rule 1 to 3 §6.2)
To apply the penalty
formula (table 5)
Warranty Period and
follow-up extension
7.2

7.2 Example
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7.2 [185] Considering the status below at the end of the warranty period:
7.2 [186] * Reliability target (MTTF) : 20000 hours;
7.2 [187] « Cumulated number of subsystems operating hours (T) : 166 140 hours;
7.2 [188] « Number of failures recorded: 9;
7.2 [189] « Xi%= 2,2%;
7.2 [190] « Amount of the relevant order: 50 000 Euros.
7.2 [191] First step: To define and apply the relevant rule
7.2 [192] * Rule N°3 is not relevant, T < reliability target (86.2.3);
7.2 193] * Rule N°2 is not relevant, r>3 and then 3*MTTF < T (80)
7.2 [194]
MTTF T _166140 =18460h
r
7.2 [195] * Rule N°1 applies (§6.2.1)
7.2 [196]
MTTF =—, 2XT _2 >2166140 332280 —13271h
Xa(2r+2) %, (20) 25
7.2 [197] Second step: To define the number of failure greater than the target
7.2[198] * Rule N°3 is not relevant, T < reliability target (§6.2.3);
7.2 [199] * Rule N°2 is not relevant, r>3 and then 3*MTTF < T (§0)
7.2 [200] o T _166140 _g
MTTF,,,,, 20000
7.2 [201] * Rule N°1 applies (§6.2.1)
7.2 [202] ) 2XT
X 2r+2)< =16.61
Xioa( ) MTTE
7.2 [2
(203l r X2 +2)
5 15.81
6 18.15
7.2 [204] Step A: The maximum value of r that complies with the previous equation is 5.
7.2 [237] Step B: Then the corresponding rounded Target is:
7.2 23] 2. (2r+2)+ xl (2r +4) _15.81+18.152
roundedT arg et =Xiea( )+ K1ea ( ) _ 15 ~——=16.98
2 2
7.2 [239] tep C:as 16 98 > 16 .61 the maximum allowed number of failures allowed is N =5
7.2 [240] 2XT
roundedT arg et >
MTTF
7.2 [241] The number of failures greater that the targetisn=9-5=4
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7.2 [205] Third step: To apply the penalty formula
7.2 [206] Penalty = (Xi% of the amount of the relevant Order)*(ni+Ni)/Ni = 0,022*50000*(4+5)/5=
1980€
8 8 RELIABILITY DELIVERABLES
8 [208] The below list of reliability deliverables is the by default list to be applied for each
commodity. It can be adjusted based on project and product specificities (e.g. for product
already developed and in commercial use in order to optimize costs and resources of both
parties). In case of specific requirements this shall be stated in the corresponding TPS.
8 [209]
D ab P L - O
= Q S =
d b E S - o)
- O < a
1 Reliability Plan M M R - - R - -
2 FMEA/FMECA M M HR R R HR M HR
3 Reliability report (§4.3) M M M M M M M M
8 [242] m
8 [244]

54.2 P
1 Reliability Plan P as per §4.2 F
2 FMEA/FMECA P F
3 Reliability report P F

P = Preliminary.

F= Final
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