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PICCADILLY LINE UPGRADE - BENEFITS SUMMARY

PLU Benefits

Stage | — New trains and enabling works (funded) ] [ Stage 2 — New signalling (unfunded) ]
S u I I | I I l a ry 23% capacity 27 trains / Improved Replac':es ol 64% capacity Up to 36 Highly Rellable Contributes to
) Hour accessibility expired iHcradse Sraine hour Automatic 80% mode
Increase {frain J plartormn) assets Operation shift-204l

Piccadilly Line (PL) Benefits London wide Benefits UK Wide Economic Benefits

Number of, and Value of, Tier | suppliers by

A region from PLU Contracts Resister as at 14/02/22
94 air cooled trains \ New Homes

more capacity

(L

walk through cars (S | )
*i\\‘-\ improved accessibility and customer tage | supports more than = £8,1bn {Present
() ot o 8,000 new homes around PL : Value) benefits
Information : [ Outside UK | to business and
n, stations ‘

enabling decarbonisation through L ) | g job productivity

regenerative braking / e 7 outside supply

chain

(A

( Stage 2 supports more than

- 61,000 new homes around PL
— stations and 40,000 additional
/= \_Passengers in AM peak )

g 3 suppliers (E390K)
SuppTe TN

m New Residents WestMidiands

| supplier (£68k)

North East

Yorkshire and the Humber

2 suppliers [E68m),

Kings
Cross Hub

West End

St Pancras
International

Eastof England

3 suppliers (£465k)

23% of central London and 10%
of inner London population
growth will occur near a PL

London

500m)

ppliers (£

Improves access to the UK /
World via Heathrow, plus rail

: : station
services via Kings Cross i
Heathrow | St Pancras. 9 suppliers (£1.7m)
Airport .
/ E New Jobs Job Creation & Innovation
Holborn Station — Key enabler to 33tph \
(unfunded) / . \ /Supports Siemens Mobility Limited’s new £200m\
: BLlGNE : Sapaci sy Directly supports more than rail facility at Goole driving innovation and
140% capacity 25,000 jobs across the capital providing employment opportunities with up to
increase 700 skilled jobs in engineering and
33% of central London and 10% manufacturing, 250 In the construction phase and
: Enhanced access of inner London employment 1,700 in the broader supply chain
to central / west growth will occur near a Includes Innovation Campus and supports 80

end areas / \Piccadilly Line station > \graduates and apprentices /




Integrated
Approach

What is Systems Integration

Systems Integration (SI) for the infrastructure industry is the integration of systems
within a project, not just the electrical, mechanical, architectural and civil systems, but
Introduction also all technical and human elements.

S| emphasizes a holistic view, focusing on projects and the systems they are
delivering as a whole. Sl includes technical (functional, operational, logical,
physical, geographical) interfaces as well as schedule-related and organizational
interfaces.

It is necessary to ensure an integrated solution from conception, through design,
construction, testing and into service. It ensures changes during construction consider
the impact on the designed solution and facilitates required modifications.




Integrated Why is Systems Integration Important on PLU
Approach

* Upgrading the Piccadilly Line whilst maintaining an operational railway is highly complex
* Implements change in People, Process, and Technology and considers physical, procedural and digital constraints
* Calls for an integrated whole system approach to enable successful realisation of benefits

* Fundamental that we learn the lessons from other programmes including Crossrail® in particular:

' Own the whole Co-ordinating complexity
Systems Integration on PLU . , ) - -
To complete the railway we needed to move As complexity increased within
beyond a conventional mindset of the individual Crossrail so | observed the need
parts working in collaboration with each other and for the client organisation to
more towards every leader and team owning the coordinate and sequence the
whole of the system. Genuinely standing in the work.”

shoes of others.”

EGLLE

How the w the How the CAD What the What we told What the " How the
Sponsor Prolect Englneers Team drew it testing and the Customer prolect was Contractor customer was
explained it Manager designed it comissioning they were documented installed billed

understood it team received getting



https://www.ice.org.uk/news-insight/news-and-blogs/ice-blogs/ice-community-blog/crossrail-ceo-what-i-learned-leading/?utm_source%09=dotdigital&utm_medium%09=email&utm_campaign%09=360472_2022%20-%20July%20-%20enews%20-%20Member&dm_i=74S4,7Q54,W3Z6U,WPA6,1

Integrated
Approach

What are the benefits of Systems Integration

v’ Certainty of outcome
v’ A structured way of dealing with complexity
v' Provides a holistic view of programme and interfaces

v' Often interfaces are not identified or specified until late in the project creating challenges
v’ Critical to the effective management of project risk / avoiding typical design
Benefits and construction errors

v' Mitigates project risks through a systematic, fully documented process to deal with changing
configuration

v' Mitigates against failure to properly define requirements

v' Mitigates against failure to manage change

v' It complements good project management including
v Full understanding off all stakeholders throughout lifecycle

v' Maximises efficiency on pan programme activities including
v" Assurance
v Testing and Commissioning

v" Access and Closures
v' EMC/ HF / RAM / Cyber / Performance




Integrated
Approach

Key Components — Clear
Vision and Priorities

Ensure the vision is clear and understood by all

Use visuals, plans on a page to summarise
* Focus on current top delivery priorities

Constant communication with team and stakeholders

[MA2B]

Status of SATWIT Readiness (Entry Status for Cancelled Engineering Hours Testing)

Whole MA

Key - Status

RFID 0511212024
RTD 0110812024
CON 291012024

Acton Town Sidings

Key Components - Clear Vision and Priorities

Piccadilly Line upgrade

Our goal, mission
and charter

al: To transform the Piccadilly line and enhance our

Our go

customers’ lives. Together we are building a cleaner, greener legacy

Our mission: By working with integrity, and developing a united and
thriving Piccadilly line upgrade team with a ‘right first time’ delivery
mindset, we will deliver new trains for our customers and colleagues

Safety

An embedded value that
runs through the core
of everything we do,
ensuring everyone gets
home safe and healthy,
every day.

Open, caring
and adaptable
These are our TfL values.
We will talk about and
role model them. When
our actions are not in
line with these values,
we will give and be open
to feedback delivered in
a considerate, kind and
thoughtful way.

Recognition
We celebrate effort as
well as outcomes and
build an environment
where recognition is
the norm.

w

- S

Key - Platform Warks

Key - Works (Whole MA)

I:l To be Integration Tested

L] L] L
/ Northfields South Ealing Acton Town PSM_ |Piatfom Stopping Marks 0TS TC - Depots / SH/ Amos
OPO OFQ 0oTM OTC - Mainiine Sidings *
Northfields PSM 19/08/2024. PSM 161082024 PSM 0110712024 oTC OTC - Stations: CRA Con Rail
Depot QPO [28no2o4 QPO [m4namo24 QPO [127122024 PLT Flatform Enabiing - SI ARR Arrestors
oTC 21102024 oTC 251112024 oTC 30102024 LSS Legacy Sig. / Op Signage RFID R Base
‘OTS ‘TBC | PLT 04112/2024 PLT 05/12/2024 PLT 101212024 OTN OTC NW Connections RTD Real Time Disrupt. Mess.
LSS 10122024 LSS 23/082004 LSS 28/08/2024 ASD Assisted Dispateh CON CONNECT Radio
QTN 101212024 OTN 101212024 OTN 101272024 GPT Gauging / FTi - Stations. ETM Ealing Common TMD
ASD 2710302025 ASD 2710342025 ASD 27032025
GPT 13112024 GPT 1311112024 GPT 131112024
* On map whera prasent, not in Whole MA

table. Includes Rx Bases and OTC NW

Connections

Ownership and
accountability

We are clear about
what we own, including
the decisions we make
and the outcomes. We
acknowledge realities,
celebrate successes,
share issues and face
them together. We
reflect and learn.

Community

We are building an
inclusive and diverse
Piccadilly line upgrade
community, enabling
everyone in our team to
reach their ambitions,
achieve industry
recognition, grow and
enjoy their work. We are
creating an environment
where everybody can
Lead in their own right.

As at:

Resilience

We enable a culture

of resilience, realistic
optimism and bravery
by taking psychological
safety seriously. This
means people feel safe
to speak up and share
ideas without fear of
being ignored, blamed
or embarrassed

Quality

Quality and value are
at the heart of all we

do. We take pride in
ourselves and each
other, continuously
improving 5o we can be
better tomorrow than
we are today. We seek
win-win conversations
and outcomes, ensuring
we make ‘best for TFL
decisions and deliver on
our promises to London.

EVERY JOURNEY MATTERS

Version |Primavera Data:

2000512024

Period:

Period 2

Year:

2024/25

V.33 [Test Plan Version

TBC

TP
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Key Components — Scope
Clarity / Requirements

Key:

Ling® reprasent Ink

Boxes denote Batweasn DOORS modules

DOORS medule ATToW Teprassnts direction of linking
— be b esn D0 ORS modules

==

Migration Plans (5tabling /
Timetabling)

Redundant Asset Strategy
Reling Stock Aesthetic
Design Brief
1

Stakeholder

Requirements
{Line specific)

Operations & Engineering
Maintenance Vehicles User

Sponsors Programme Concept Requirements

Reglster Programme
Requlrements

Speclfication

This moduls I usad to
| aliocats raguirsments
products within the
| Tollow ing modulss to
projscts:
+ PRS
+ URZ
|+ sgRs

Requlrements
Speclfication

Functlons

Level 1
Sponsor Domaln

|
]
Customer |}
Concept [

I

Level 2
Systems Domaln

Applled
Scenarlos

Thiz moduls ldantifies
reguiremants within the
Toll ow Ing meo duls s w hich

Standards

Sub-System -

Informed by

Hazard Log
(Mitlgations)

Product
Breakdown

Requirements dlocaed by

Structure

Specificatlon interfaced by

Reglster

Interface
Register

Rallway
Control

Systems

Level 3

Depots and Asset Domaln
Stabling

Suppller contractual boundary with DTUP

Varelon: Detober 2021



Integrated
Approach

Key Components — Interface
Management / Physical
Architecture

s / Monitoring / General Cantrol] - IP Network
Possenger Comms and Multimedia — IP Network

Real Time OTC and Voice Comems

W—amw

Platform-Train Interface (EI:L)

Operator

Wider TfL




Integrated

MS2-1= MA

PICCADILLY LINE UPGRADE - CONFIGURATION STATE SUMMARY (STAGEI) | of 2

MS3 -+ MA

Legend

Migration MSZ All M53 AlL o
States Basellne
Configuration SR T
p p ro a C AT u m - a EMC m ‘sﬂms 7 - - - 24TS CTO-M54 - o
PLU Programme I NFD safet MS2SARs EMC, HF, ; proval | CFD Safer Engineeringcases 241"5 CTO Tnal Ops [ Safetycase Soft Deliverable
gr gia-lssessafety Py SA;: sz.‘r;geg Gatge CyberSecurity cases/ reports | 24AT2 e Case & SA u %ated WLMAs | allMAs|| 7o) anA,X J inon-physicall
Assurance [xyg}
73TSCTCs | ORS & lineops | ORS & line ops. TTO/TTE | Briefingsfor ORS & Line O 4TSCTO-T 15 tralnl Tét'ralnlru Ops. procedures D .
handshake - SHS Handshake-3A 52-ORS trainin front Line staff Handshake-3B MA3 Ops. briefings
Operations m Q A - bA @) A m OMT O Trnng
MRS & signal training TTOs trained fo TTOs trainin f°f TTOs trained fof TTO% trained - PLCC, ERU and rial Opsvalidated "
Maintsnancelji} 4 ppiars Cane oD ' et PASETIRS ‘ | transferto CFD | whole llne testing Statiogtraining 095 DFOCGdursoA O A
: Depot plant] M comgletes AD/RTDM 4TS & Handoverof new to Picc Line
I malntalnertraining,NR paths booked Arrestor tralnlng ‘ new assets pei
External ‘ i A A et %‘I’S delivered & gc A <> Aonaioynm
eLive = 24TS CTC-M54
Train Systeme (s Inasiespatinibact ors gatvery ae L e Thodiednd” et p%:zs I — e
| g s OTCDataTool transfer pr%fzed Rouces Publlshed delive q | : leetstg pdatad  AD  Assisted Dispesch
Rolling | A AUE Automatic Lineside
Stock I : OPO aCtC'nlrlqnistalled Q TSR ;up-mon
| SMS 2473 occupled OPO CCTVInstalled | | 24T5 CTCs -~ Cab slmulatOfs Tra#\ tas ! Quipmant
TCBE & LS i | Rellability assessedes  Broadband
o # envelope results MAVZ/3A : installed at sll MAS nstalled re(I‘I BL  Bringnto Use
i i i OTCBB& LS(RxBase ’ | | orogerv G Camemaet
MS2Platform | installed MNVUSA : : : Reliabilry assessed z:'ma
Enabling - — r re— — : S ————
Pactoge soabisi o i iptsetorpe L o
| Oparations
Key Components — i — Ee Edngcoreen
| | ! MA  Migraton Area
o = Depots & Stabl.lng 24TS Cat A \ 24TS CatA Amos Grove \ : Ms sate
Configuration State Summary | prosdsar works a¢ SH SHSenabled |sHsoTC BB works SEAmGs  sdinganabiad | s R
e i 0 for 24TS, Installed O | | NFD Northfietds Depot
. NFDmainten e S::’:"m
| | | shed complet PUEC: PO thie Contros
o e
24TS x 2 stabling roads : | 0‘ ;5 South Harvow Sidings
atNFD | | | H Sanat Sgtng
CFD 4 4 . . 4 4 Y TETS Tram Entenng
| | Traction Control- SSC approval
Railway Control Systems ' Whesl Lathe Acton 1 “HATP Yo7 T g
- Y b EC 73TS traln measuning | Legacy signallin: ALIE | [ Cockfosters | L:O cvlzltzen;‘llaﬂz 73TS overlap TTO Test Tramn Operator
O System removi completadin M 52/.’»\ frain Wash TETS pMAs assessment WTT Weorkdng Time Table
ol . % ‘ A ‘ (T
Delta tracks Legacy Signalling Areas  F$2250 circuits | OoTC $SC approvat Note thia b 2 higt
oc oy SIS eocy Spalng o glosiccncioud] | temcyggnutngcorpien :§ oy i e
Network 1 - MS'N & Cloud serv Matrix. For further
OTC BB & LS (RFID | sisted DI tch IOTCBB&LS  OTC Network Rellability assessed detail pl fer t
Asslisted D Installed M, Auz/fA] O_ MSZreadysPa Inst:ﬁe;.llx; leteall : Y asse m:{ ’ ufc rel c‘r 'vo
Dispatch ] ' CC Sus
ADCTO
|
Al k
RTOM [ ¢RTDH —MS2ready cﬂ%ﬁ%gﬁ. | Sy
» T updates please
RTDM CTO contact the PLU
Connect \_Integraticn Team /
| +
Radlo Connect Radio testing | { CRCTO delhvmrabiis shesbin
Infrastructure : are required to
ransformer }E : achieve the
Rooms Trackworkto | a ted Ratway
enable main Line e:;i‘d:; ",;’,gr,': o Configuration State
N Ll sidings - Al MAs & el
Main CL y Arrestors Installed complete—Amsas| thra thay ase
Arrestor—SHS 1 lnf%anr;gg'\%nus MAI m?lszt/%rg installed | | —allMAs to 6 & Heathrow \_actually completes /
e escape road“o 38 ‘ : L00§
rack B2 ~
DC powerto SHS I & raquag I f‘_‘Clearm'n:e T ——) batctﬁe\éx‘t’gkg RINT ON A3
and ral
HV Sys. Comzssloned ! NG M A : works — all Mé complete
& Dist. k D EE work to
Power for immunisation Rail gnlumperleats endble main Line DCWE;rE,gg 23 ,"{5{}
DO ETE @ —Area Ito3 sidings— ALl MAs ‘ ‘
1
DC, L\gc & CRMS I L CiEware le3ds-Amos RVAR works
RVAR A&, Sramecnt Sameatiibais |___sidings_MAV2/3A DlLC e o ] PLU-2344 1 I-LUL-DIA-00048
= | b replaced at WOTksS— ©  RVAR Works— v2.0 Date: 15/11/2022 Drawn: RD
i atton Cross Batch|  Batchesd 384




Migration
States Baseline

Integrated
Approach

Configuration
States

LRAM

PICCADILLY LINE UPGRADE - CONFIGURATIO

SML
valldatlon rsport

GV&Vcomplete- m

Training

Asset/System
new to Picc Line

Asset!System
removed

U
A
5 ek
O
O
O

AD  Assisted Dispetch
AUE Automatc Uneside
inspection
Equipment
Broaddand

Bring nto Use
Cockfosters Depot
Cartificate of
Technicat
Conformy

CTO Consent to Operate
T Consentto Test
CTTO Contest o Trail

AgeEs

Operstions

EC  Ealng Commen

L5 Localisation

MA  Migration Area

M5 Mgraton State

MRS Mantenance
Resdiness Statement

NFD  Northfields Depot

ORS Oparstions
Rediness Statement

PLCC Pice. Line Control
Centre

SHS  South Harrow Sidings

S5C  Signal Sghting
Comimittes

TO Train Operstor
TTO Test Train Operstor
WTT Workang Time Table

/ Note this I= a high- \
Level representation
of the Configuration

Matrix. For further
detail please refer to

Dofintions.
for commerts /

updates please
contact the PLU

\_Integration Team /

Naote the
deliverables shown
arerequired to
achieve the
assoclated Rakway
Configuration State
and does not
ndcate when In

time they are
\ actually completed /
PRINTON A3
OR LARGER

PLU-2344.[1-LUL-DIA-00048

SMLRAM SM SMLRAM SMLRAM
PLU Pngrammerepm Csu report— CSI2 report—CSi4 report~CSIS report-C5i6 u,ﬁsf;%‘;’ég,y ot Injection ) E{vlu: Stnaztemenm_ '%2?;’{;3%&?&"
all works
Assurance A A A A A ra e validatad M wi
TO training SML RAM ' 24TS parformance -
Oparations complete 0 report—CSI3 | | validated ,3 i
- it TBTSRATvoltage v 731570 traini ? Maintenance |
PR r e e withstand mods withdrawn | & ORS27tph regime updated
Maintenanceijtf) r |
| ' Py gy
H | s i
Extenal ") OC T = sparesretained ( > A Speitas
Train Systemg, ‘ I WTT update for | 2475 softwars update
DMSN2upgrade | 46 24TS ‘ 87 24TS ! |24TS 890V Regen 2Zfcph service | to remove SDOs at 40
omp 1eb€ | servicetrains : servicatrains enabled ! | platforms
(1) __<>=<>—_—¢——vﬂ———7\—d<7—~/\
>4 v
ROCK 10 2475 224TS  4024TS 60 24TS 80 24TS TAI5I%TSvoltage 947415 OPO CCTVAssessment | Legacy OPO
service trains service trains servicetrains,  service trains service trains servicetrains for 40 platforms where e%s removed
OPO | | | BesesNnent SDO Is removed
%
CCTv | : Enagllngt«%
I remove SDOs a
MS2Platform | | 40 platfonm
|
Enabting | Assessment of éseegcacy CSDE
| | SafePTl | a s removed
— I | | |
Key Components | | | I
| |
. . Depots & Stabling | [
Configuration State Summary LT | |
| comple | |
SE i | NFD Stage 4 |
aged—
; construction comgplena Y NFD ;namnenad'soel
pment remove:
wo [ = Y Sample Data
CFD Sta%le 5-all malm:enanas y CFD nialntonance
IS Eaptare | equipmentremoved |
: ¢ o
| CRDStageS- CFDStageé- CFDStage7— i CFD Stage 8- :
Ra llway Control Systems | construction construction construction | constr\.lc:lon Legacy operational |
| complete complete complete | Vs it signage removed
L&l ﬂ : 4 : ‘ : e A
| | Ings Cross |
24TS 27tph overlap
| | signalling work
oT1C * | I | e ] cg'mplet;ee {
Network : : ; | Configuration State (CS) Name
Assisted | |
Dispatch Q | | Additional Roads BIU - South Harrow
: : Transfer to Northfields Depot Enabled
RTDM a | Testing Enabled in Cancelled Engineering Hours
| : | Ruishp Depot Enabled and First Train Delivered
Connect | | | Transfer to Cockfosters Depot Faciltated
Radio 4 : ! = sfo : Testing Facilitation in Cancelled Engneering Hours Complete
Infrastructure | \ et lild i s i Traffic Hours Testing Enabled
q
Transformer 3 [ { ! : : Traffic Hours Testing Faciltation Complete
Rooms | | | | Trial Operations
Lighting W | | | : Passenger Service Facilitation Complete
Main a 1 | 1 O (L | Faciltation for 1- 10 No_ 24T5 Delivered for Service Compiete
! : | completein Areas(to & | Facilitation for 11 - 20 No. 24TS Delwered for Service Complete
Track A=A\ , : S>— Facilitation for 21 - 40 No_ 2475 Delivered for Senvice Complete
| | Condt:ctot Fall wlo‘.:i:2 Faciltation for 41 - 46 No. 24TS delivered for service Complete
HV Sys. ! : : SRS Facilitation for 47 - 60 No_24T5 Delivered for Service Complete
& Dist. | | | Facilitation for §1 - B0 No. 24TS Delivered for Service Comrplete
i | DCETESS0V | e -
| | regen upgrad. Full 24TS Service Faciitation Complete
DEETE © RVAR Msaasurements I VAR work ‘ “ l Facilitation for 27Iph Fleet Complete
with test train : ompleteiniall MAs LV fee%er cable g@%ﬁé‘s'ffgfi&'& Uplift Timetable Implemented
RVAR < | upgradesat x4 - 3 —
'*b ‘ All RVAR rpormpm. ocations Legacy Redundant Asset Removal

mpliant

v2.0 Date: 15/11/2022 Drawn: RD
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PICCADILLY LINE UPGRADE — TEST AND COMMISSIONING SUMMARY (STAGE I)

Test Train |

Approach

OFFSITE Testing ONSITE Testing — London Underground Legend
Symbols
24 Tube Stock | Factory/Labs | Test Tracks (L Depot Areas Main Line — Cancelled Engineering Hours Main Line — Traffic Hours Static Test

SML 24TS Static & Dynamic 1-73TS [I]R - [2 R— Traln — 7]1-OTC [8] |~ Cyber 7]1-0OTC End 26) | - Motor & [I4] | -~ Round
Testing i 3 everylnslr.iec ur[\ [3!,' Jﬁ“ &n]d to End [ Lecurt 7 to End éar ody Fatigue [ ]Trlps 2 [Iyopr“}gr's° (1] P- JTC [32‘]:‘%5“"“
. : [rec] [7ec] TBC

A\ ? /
Pre-PAC|CTTICTC ) Te) {RTDI CTT/C 50— Sl Testing using TTI and/or 28 — Reliability Growth
e Depots CéH TT2 CT‘i]'j’_('ZTC i

p rf&Tc‘ _—
lInterface, (estlng [29]

[I]R -
on

[42] P~
pri

RAM

‘:l Dynamic Test

3 No. of shifts

A

Approvals

Key Components — Testing

i
|
1 Ins| oving Parallels
Test Train 2 | A e = ! | Kc = —_ (3 4] Zissetes
! _— “TAIR-TRU T 22] | = Acqustic [24] | - Rail 20] PI- Run oing up 103 3478
i Pre-PAC. IR [7!:R— Train Static ! ''''' i 2] | fhcgustic 24l han cFleritles using b ie - EG M/IMA Slemens
Serles / Multl Test L P! ; on, * | | 52Hr ClesureAﬂ tancs SI T&C / Assurance
Traln i [‘]R ‘;b.; : 4? C H | A PLU Project
tra ns CTO/CT: mic Tdst
i TRU St i | T,iaclrégelglions TH with pass llast 16 tral ss AL Opsrations
i =T
. |
T H ¥ Trains
Or Tesi:lng i Platforms per MA — Engineering Hours‘ i Platforms per PTA — Cancelled Engineering Hours i | Platforms per MA - Traffic Hours
, \ RCS
- T 7 T
|
i [ x7 for each ! x7 for each Infrastructure
- ] . : " +
PTI - PISATWOT  t-i | hmmm—mmmmm e g e e Migration [-F---——————— - Migration
i TELSATeT sl lie] i grea i ?\rea Depots
| Platform
Platform Furniture |-+ FERESATWOTIE — S — — —————————A———d———————— Integration [———————— e i ———————————————————————————————————————————————— PLU Integration
| Testing ! | TH.0 )
it
Stopping Markers ~J‘ ITP/ SATWoT usingTTi2 | _______ ~~~A—~~A~~u~~~“~~A—h%]~|——656|";‘a--e ~~~~~~~~ R e e S e e pemmsiors
| [3)1- %PO é:CTV» - T - [| 8] 1 - O l% CL(I: valightion & ! TfL Maintenance
1 onboart image validation
OPO CCTV " I | Onsite Testing
[12] 1 - OTC LS (CSDE— - | |
| & SDO? i Offsite Testin,
OTCBB&LS i I i === 2
| or mocuiéf:)mTs ! Jypes of Test
RVAR R e e . SE——

and Commissioning

10] 1 =RVAR  [10] I - RVAR
L liumps [ ]MBR

Main Line - Sidings

Stabling Roads

Summary

OTC BB

Main Line - Whole
Track

Legacy Signalling
OTCLS -Tags
CONNECT TRU
Cyber Security

DC ETE

Depots
Stabling Roads

PLCC
Assisted Dispatch

RTDI

OTC Network

1~ Integration
P - Partormance/Reliabllity
R - Routin

| —

e} Main Line - Traffic Hours |

55 - Signal Sighting

3
P L N I

|
—
|
1
-
|

[ | - Route.
Clearance (73Ts)

Cl ear]ance (NTSI
TBC

7]5S - 38 stock
(MAI)

i ITP/SATWoT

[27] 55 -73TS [ [27] 55 - 2478

ITP/ SATWoT ]

TBC

OTC LS)(73TS

[32] I (18] I-TRlJ Dynamic

38] 1 - R
b i'es(lneen
TBC

|- ETE &
Traction Supply

i:lu T- Stabling Rd
(1= Stabying

[ l—ét]ql%ing Rd
[23] I—ALIE;CFD)

{”Z _orc' BB [40] I - M;ill\tlnance
overage

i
i
!
|
|
i
i
i
|
i

- Maintenance
sting (CFD)

i

i

i

i

|

i

i

i

L

i

i
erisation [4o]
NFD !

36] | = Win |
L ]tes te:

[36] 1 - Wlnierlsjtldn
esting EPD

L e e ——————

D-End UserHF
testing (PCW)

43] Trial Operations
1431 <PLEC

52Hr Closure

|
|
i
£ i

7-o7c
! jo End (PLCC)

[7] I- OTC End

(m.ccm 7 (_Pfir_sé )RTDI

[47] RTDI simulator

testing by SML [34] P - OTC Network

performance

ALIE - Automatic Linesice Inspection
Equipment

83 - Broadband

CFD - Cockfosters Depot

IS - Customer Information System
CSDE - Correct Side Door Enasle
CTC - Certificate of Technical
Conformity

CTO - Consent to Operate

CTT - Consent to Test

ETE - Electrical Track Equipment
IMA - Infrastructure Managers
Approval

ITP - Inspection & Test Plan

JTC - Journey Time Capabltity
LGM - Line General Manager

LS - LocaUsation

MA - Migration Area

MBR - Manual Boaraing Ramp
NFD - Northfields Depot

OPO CCTV - One Person Operation
ccrv

OTC - Off Traln Communications
PAC - Preliminary Acceptance
Certificate

PLEC - Piceadilly Line Control Room
PT1= Platform Train Interface
RAM ~ Rellabllity. Avallability &
Malntainabiity

RVAR - Rall Vehicle Accessibluty
Regulations

RTDI - Real Time Disruption Info
S&TC - Signatiing & Traln Control
SATWoT - Site Acceptance Test
without Train

SDO - Selective Door Open

SHS - South Harrow Sidings

TBC - To Be Confirmed

TRU -Train Radla Uniz

TT - Test Train

7375 ~ 1973 Tube Stock

24TS - 2024 Tube Stock

Note
This Is 3 high level
representation of PLU T&C
activities for Stage | For further
detalis reter to the

DRAFT wip
PLU-2344.2.2-LIL-DIA-00006
Date - 24/11/2022
Drawn - RD




Piccadilly Line .
et PLU Delivery Summary

20?5

a1 . Q2 | Q3
TS001 Migration Area Integration Testin

]
|
|
157 Train in . MA2B ) ' |
|
I
I
I

]
I
* l
I
I

|
London [ MA4A ] : irst 2475 in Passenger Service (SKBiPO)
- I

Early Train
% 1 Movements & Testing 1 MA4B I :

Key: 1 ~ L . . [
TS#— Train Systems Milestone K¢ . assenger Service Northfields to Cockfosters

X — KeyProgramme Milestones XIA—MAZB I I

\ - B 8] | |
SKB (P#) ~ Sponsor Key Benefit Milestones Trafﬁc hours ﬂ(} X11-Passenger Servicé Northfields to Heathrow
MA — Migration Area 4 I |
running enabled PA3
J

PA#— Priority Area (MA Sequenced Delivery) H I N I
TH — TrafficHours Running < Xx12 *Passenger Service Acton Town to Rayners Lane
4LM — 4 Lines Modernisation PAATH

1
1
| 1 |
SMA — Signalling Migration Area (4LM) : ALM SMA14 Complete ’—0—'* O X13—Passenger Service R
1
1

@ 24 TS Train Delivery

O ® O

Delivery Sequence (multiple MAs in a priority area to be delivered together)

Priority 1 MA2B MA4A MA4B MAS5 Northfields to Cockfosters

Priority 2 Northfields to Heathrow MA3A MA3B

Priority 3 Acton Town to Rayners Lane MA2A

Priority 4 Uxbridge Branch
Benefits:

. The ability to start integration testing with 24 TS, traffic hours running, and passenger service earlier - facilitates
Northfields to Cockfosters passenger service

Removes constraint on Uxbridge Branch (MA1) readiness first therefore significantly mitigating the interface risk with
4LM (SMA14)

Facilitates earlier test train arrival at Cockfosters for train familiarisation for drivers, and training for O&M colleagues

Essential for the utilisation of the initial maintenance facilities and stabling capacity at both Northfields and Cockfosters

Optimises timetabling and faster fleet introduction and 73TS removal, critical to maintaining 24TS delivery beat rate

Enables optimisation of available access




Train Architecture

106.8m over body ends

v

A

73TS (existing)

/3 Train System v & & 11 1m bogie
24 Train System centres

Output specification, valuing
Passenger Throughput,
Passenger Comfort, Power
Consumption & Whole Life 2475 (proposed)

P S SR R e, 1 1 T A ——— il 1 e o T

113.1m over body ends

\ 4

A

Cost

& & & & ‘

13.6m longest
bogie

e centres




Train Architecture

DM1-CAR IM1-CAR KM1-CAR

32 Seats AD 18 Seats 33 Seats AD

END 1 END\ END 1 END 2 END 1

o] ooco|UU|ocoo |UU| coo Ro|U|U| coo |UU|of coo |00 | ooa

i~ ' g0 ) S BT
260 IR N i
) i 1800 1800 J PA PA
N ew Tra N 3534 10268 1835 1835 10268
15637 9978 13938
Configuration
2000 multi purpose multi purpose wheel chair

area area

Walkthrough, increased 7385 | ?ﬁég?qﬁ { ) |2|92|5£)|ﬁ_ | w
headroom, Air Cooling A e % el | o
1) carbody 2397 4377

2) passenger doors

3) step ledge lincl. folerances) 5184 6774 5184 6774 5184 6774

4) This distace ensures a minimal




Train Architecture

Motor and Trailer variants
Welded steel plate construction
Hollow Axles

1.8m wheelbase & hydrobushes
700mm diameter wheels (new)
H-frame

Permanent Magnet Motors




Train Architecture

Interesting Features:

*  Primary suspension - steel coil & rubber springs

= Hydro bush boge frame

*  Secondary suspension primary coil

hydro bush
. Metalastic rubber (hourglass) N
*  Rough Ride Detection primary hydr
*  Friction modifiers (Flange and Back) primary hard stop 3
*  Adhesion modifiers primary baffer
e Sanders swing arm

* Lifeguards

Secondary SJumperaon Arrangemeent

vertica demiper

wertical bute
with slop plate

ecoodary

whlwi speing o
wierw boather
Wi beacket

shrea for heghe
A8 et

Mol
device

witical dervpw




94

New 'Inspiro’
trains

9

Carriage, air
conditioned
walk-through

trains

Wheelchair
spaces per train

‘-

10%

Increase in
passenger
capacity

T

Benefits Summary —

23% -
O line-wide capacity increase

L 2
5 . I Benefit to cost ratio (BCR)

20%

Less energy
consumed by the
more energy
efficient train



o Piccadilly Line Upgrade 94 No. 24TS
23% uplift in peak capacity
(27TPH or [ train every 2m 13s)

Train Systems

Trains

* 94No new state of the art 24TS trains including Spares
and special Tools

*  4No Train Driver Simulators

e  Off Train Communication (OTC) Data Tool

» Operational and Maintenance Training, Readiness and
Manuals

e 73TS De-commissioning

*  2No Rail Adhesion Trains (permanent conversion from
legacy 73TS)

One Person Operation Closed Circuit

Television (OPO CCTV) system

Ist digital system on deep tube

OTC Broadband (Wi-Fi) and RX bases (Correct Side

Door Enabling)

 Platform stopping markers

« OPO enabling works: Communication Equipment
Room (CER) works, power connections, ventilation &
cooling, reactive works

 Platform enabling works: Platform End Barriers and
Operational Sighage




Piccadilly Line
Upgrade

Train Systems In Pictures




Piccadilly Line
Upgrade




Train Architecture

Test Train Track Video

22




Piccadilly Line
Upgrade

(i) Power 4

HV Network Upgrades

|0 Substation Upgrades, new Transformer

Rectifiers, HV, DC and LV Panels, SCADA and

other associated equipment

Over [00km HV and fibre optic cabling
installation including associated CRMS
across Pic, Central and Vic Lines

Two large scale substation extensions to
provide space for new HV equipment

Completion of Power Package 2 (substation

vents, DC/HV cabling) on behalf of RSE

A

Transformer Rooms

 Delivery of four new Transformers Rooms
across the Pic Line including integration
in existing power network

600v Immunisation

* [nstallation of a new LV main cable network
and substation equipment upgrade between
Sudbury Hills and Ealing to enable signalling to
train EMC mitigation



Piccadilly Line
Upgrade

POWER In Pictures ous substation

Thales enabling works

complete :
/
. 600V
Batch A — Sudpury Hill Immunisation Transformer Batch D —ITT
SUbsftatlon Distribution boards and Rooms Issued
[z:c Swnfch’boardd LV extension panel Concept Designs Ravenscourt Park, Acton
ommissione , : . :
Batch C — Contract ~ delivered to Alperton completed at Piccadilly Town Substation

Awarded

2 No substation upgrades
and building extensions
at Hatton Cross and
Hounslow East

..r

substation Circus and Hounslow Upgrades, Cabling, PP2

el
r e




Piccadilly Line
Upgrade Infrastructure

E Track; Replacement of 2lkm of conductor rail for composite type

S Train Arrestors; Renewal of Train Arrestors within sidings and terminus stations
Infringements: Enabling Route Clearance for 24s

Platform Train Interface: PTI improvements in advance of 24s introduction

RVAR: 27 new platform humps, track raisings and provision of mobile ramps to
meet accessibility requirements

LV Station Main: Upgrade of low voltage supplies across network to support
OPO functionality

DC Power: Upgrade of trackside power infrastructure to support re-gen braking &
increased power draws from 24s

Capital Efficiencies: Co-ordination of CRMS and SER requirements across PLU
delivery teams

b 7 9



Piccadilly Line

Upgrade INFRASTRUCTURE In Pictures

- Over 8000m - Wood

of CCR Green Siding
installed temporary
across train
network by arrestor

end of 2023. installed

- Aluminium

-Innovative hump cable trials

installed at TUCA, successful

plans now for - DC feeder

Charing X commissioned
into use

Sudbury Hill
to SHS




Upgrade

Piccadilly Line % - u \é

Legacy Signalling — Signalling Control Systems

Immunising the railway between South Harrow and North Ealing
Installing and commissioning co-acting signalling assets to improve
signal sighting from a 24TS

Extended Line Management System — Non Signalling Systems

Designing, installing and commissioning a system to dispatch a 24TS from
the Pic Line Control Centre in the event of an OPO CCTV failure

Installing the Off Train Communication assets in mainline sidings,

and stations, as well as implementing the protocols for data encryption and
cyber security

Designing and manufacturing a Type 5 24TS Connect Radio

Designing, installing and commissioning a real time disruption

messaging system between the Pic Line Control Room and the 24TS/Pic Line
Stations



Piccadilly Line

Upgrade RCS In Pictures

Thales OTC BB
_‘reference site

AU *#* . |validated with
Connect s ..
. ¢a train in a box
radios 3
manufactured
Signal co-
actor
Immunisation installed in
transformers and | , open
capacitors installed . =4 and tunnel
and commissioned into \ sections
service ready for Phase 2 y

AT Assisted

N\ Dispatch

X q OTC cable route  |2tency pilot RTDM User
N trial Interface

surveys

P

N e — o
W - -




Piccadilly Line
Upgrade

[

South Harrow & Arnos Grove} [ Cockfosters J[ Northfields

Sidings Depot Depot

]

Initial Maintenance and Stabling team — enable existing depot roads

and facilities to maintain and berth the new rolling stock as it arrives in
London

Cockfosters & Northfields Critical Delivery — enable and deliver

initial berthing capability, Train Driver Simulators and new Wheel Lathe facility
at Cockfosters

Sidings (South Harrow & Arnos Grove) new berthing capacity (SHS) and

enable for 24 stock use (both)

End State Maintenance Facilities - Cockfosters & Northfields
Maintenance facilities and fleet accommodation to support the life of the
train

End State Track Environment — provide berthing capacity and depot
control systems to support new fleet and 27 TPH

@ X ke OO Fo



Piccadilly Line

Upgrade DEPOTS In Pictures

CFD site clearance Northfields NE Sidings
South Harrow Sidings

|CFD roads 32
& 33




Piccadilly Line - ~

operade Operations
. & Maintenance Readiness |
* Operational Concept * Development of training
* Development of operational material
and maintenance requirements * Trade Union consultation
* Analysis of design/scope against * Training of all staff
requirements * Testing and Trial
 Support to Infrastructure Operations
works/changes * Introduction into service
 Support to Enablers/Transition plans ¢ Postimplementation
* Development of new rules and support

procedures * Benefit realisation



Piccadilly Line
Upgrade

24 Stock — Cab simulator

Operational Readiness

In Pictures

Maintenance Validation Exercises




Key Milestones

20i4 rivrly § | 20 BE 2017
ol J & 31 (5] ol , T , (71 T (5] ] [t T G, - | ! i
TSO01 P Migration Area Integration Testing - 21~ SKB Pl
1*" Train in I MAZE Trin Replacement
London Early Train [ : MALA ] i : 43 ¥1 - First 2475 in Passenger Service [SKEPO) Complese (86 no.
{:}_.ﬂhlnumnuETzrﬁnE - r = MM’B“AE' = ) <
T a 75 P & X10 - Passenger Service Northfields to Chckfsters _ da-skepL
S'B'L'E E%EEE:'::.’::E'L"' mﬁ: u?sn MA3E ) PA2T ¢ K11 - Passenger Service Nortifields to Heathrow “ﬁ!?.-t:: jl ¢
Pf‘: ::‘IL;'::WH.i.:m:j:m"=d Dalivay] running enabled __ — .]Pﬂ%nz_p““wmmrmmhwnshu
4LM = 4 Unis Medarmhatan
stk = Stgrailling Migration Arms HLM) MAL | 4LM SMAL4 Complete 4 PAATHL 5 w93 Passenger Service Rayners Lane to Unbridge
PLU Major Milestones
(dates are indicative) _ _
Major Milestones Forecast Date
The first 24 tube stock train is delivered to London Late 2024
Sponsor Key Benefit PO - First 24TS in Passenger Service Early 2026
Sponsor Key Benefit P1 - Piccadilly Line Train Replacement Complete 2027
Sponsor Key Benefit P1.1 - Timetable uplift to 27 tph 2027

Note - full completion of depots maintenance facilities runs beyond 2027
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Car Body Assembly

Timelapse Video

o
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