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Abstract. This paper provides a case study on system of systems engmeermg (SoSE) be
performed i a multi-billion-dollar program — the California High-Speed Rail System — view
from the systems mtegration perspective. The paper discusses why the subject program of proje|
(PoP) can be viewed as a system of systems (SoS). identifies the SoSE challenges faced. descril
the SoSE activities performed, and sumunarizes the achieved outcomes and conclusions as
today.

Specific SoSE challenges discussed mclude SoS authority, leadership, architecting, collaborati
mtegration, and emergence. The paper reviews how decision-making in independently opera
and managed constituent systems (projects) resulted in unanticipated SoS emergent behavi
which 15 one of the key challenges m the engineering of SoS.

The paper further discusses the performed SoSE activities. imncluding an international best pract]
review, the tailoring of SoSE to the specific SoSE challenges, and provides examples where So
principles are bemng applied to perform successful SoS mtegration.

Brief Introduction: System of Systems

A system of systems 1s a system-of-interest (SOI) whose elements are themselves systems. A 5
brings together a set of systems for a task that none of the systems can accomplish on 1ts own. E3
constituent system (CS) retamns its own management, goals, and resources while coordinat
within the SoS and adapting to meet SoS goals (ISO/IEC/IEEE 15288, 2015).

SoS Characteristics: So5 are characterized by managerial and operational independence
the constituent systems. which i many cases were developed and continue to support original
identified users of the constituent concurrently with users of the overall SoS. In other ccmte>|

mterface standards (Figure 14) mto early civil works contracts, thereby
interoperable constituent systems / contracts.

* SoS Autonomy, Emergence & Constituent Systems: Considered the {f
design-build project delivery methods that encourages mnovation within ¢
systems (contracts), but may result mn unanticipated and/or undesiable SoS
behavior. The clear communication of the mteroperable mterfaces (Figure 15)
compliant implementation of interoperable mnterface standards (Figure 16 & 17}
numerous changes by contractors during design and construction.

* SoS Integration: CHSRS systems integration is anticipated to benefit significa
interoperable interfaces and contracts (Figure 18). avoiding the late discover]
iterfaces and the non-compatibility of existing mterfaces many programs su
when relying on the traditional systems integration approach.

Conclusion

As mentioned in the SoS mtroduction, identifymg and addressing unanticipated and/or ug
emergent behavior 15 a frequent challenge in the engineering of SoS.

In summary, the prevailing design-build project delivery methods encourages innovy
changes or emergent behavior) within a constituent system. As contracts are 1ssued indep|
there are no incentives to consider their roles in the SoS. Additionally, the traditiona
integration approach relies on coordinating active contracts once they have been issued
the provision of specific interface definitions, leading potentially to late integration chal

In conclusion, 1t can be confidently stated that the taillored CHSRS systems mtegratio
addresses the challenges described above. Key interfaces are proactively identified and
using industry accepted interoperable standards. Contractors can take full advantage of d
mnovative solutions as long as they can demonstrate conformance to the identified inte
mterface standards. The tailored CHSRS systems integration approach creates mod
interoperable constituent systems that can be efficiently integrated mto a SoS, su
achieving system mtegration through interoperability.

| Considerations for Future Work |

Based on valuable peer review feedback, the following topics are bemng considered
INCOSE papers and publications:
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integration approach:
OI System Integration Framework:IUse this case study to define a System I

Framework that other projects could follow. The use of agile processes as w

CHSRS External: Figure 2
Other nterfacing constituent systems and organizations mcluded, but are not limited to adjacent
railroads and highways requiring intrusion detection and protection. utilities providing
high-voltage power, potential interfaces with U.S. Geological Survey (USGS) for the earthquake
hazards program, shared track operation in existing rail corridors in the San Francisco area

presents the CHSRS as a constituent system within a larger SoS.

(Caltrain) and Los Angeles (Metrolink), irrigation canals, local counties, cities, businesses,
property owners, and many more.

Interfacing Systems
& Organization

Interfacing Systems
& Organization

Figure 2. CHSRS as a Constituent System within a Larger SoS

CHSRS Program: Figure 3 presents a simplified life cycle view. The CHSRS program will be
procured (acquired) in form of several projects (supplied). Each project 1s managed and operated

independently by a di . L (DBOM) contractor.
Additionally, each con [\ [] Iy ede] \ay:7:Yo4 il id:{0]e] 7.\ LM & operated project and

(COMMONLY STAGGERED)  |iiuaiaict

construction manager (
reporting both to a loca

Project #1
- A (Constituent System) L
' 4 k \
3 )
Program Level Project #2 Program Level
(S0S) (Constituent System) (SoS)
b

Project#n |~
(Constituant System)

Figure 3. CHSRS as a Program (SoS) of Projects (Constituent Systems)

CHSRS Program Organization: The California High-Speed Rail Authority organization can be
characterized as a matrix organization, with three mam vertical program delivery pillars
(strategic delivery, infrastructure dehivery, rail systems delivery). supported by horizontal
functional support groups and executive support functions, as presented i Figure 4 below. The
network integration section, part of the rail systems delivery branch, iz led by the deputy
director of network integration and program compliance responsible for managing the process for
mtegrating all aspects of the rail system and for developing and retamning documentation related to
systems engineering. including requirements management. configuration management, mterface
management, RAM (reliability, availability, maintamability), and system certification (CHSRES,
2018). The systems integration lead position reports to deputy director of network integration
and nroeram compliance (CHSBES. 2018y,
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deliverables mclude mterfac

SYSTEM OF SYSTEMS | mterface coordmation wg
(SoS) CHALLENGES face agreements). coordina

| erface demarcation drawings)

Description of the Challenges Fa

Using the background information provided above, this section proy
systems integration challenges the CHSRS has faced. provided from

SoS Authority: While the CHSRS as a whole could be classified a)
systems mntegration function has rather hmited power and authority
the three actrve CHSRS civil works contracts (constituent systems) a
nfrastructure delivery branch, not the rail systems branch which)
mtegration. The infrastructure branch then oversees the three desig
managed by independent project and construction managers (PCM).

I SoS Architecture & Lea dership:l There 1s a lack of recognition
mdustry that the program manager becomes the de-facto SoS5 architec

Figure 5. By decomposing a program into contract/procurement pach
manager effectrvely creates large-scale constituent systems with nur
that require careful management throughout the life cycle as a pre
(program) mtegration at a later stage.
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Figure 5. Program Manager as the SoS Arch

| SoS Collaboration & Integration: [While the traditional U.S infi3
ndustry approach to systems mtegration may work in a single pijJ
all interfacing parties present and available for coordination, the samj
an SoS/program environment such as the CHSRS, if one o
projects/contracts are not available for coordination. For example,
CHSRS tunnel cross-section, highlighting several key interfaces bety

takes a long tune, a tunnel contract would be issued vears
creating a significant challenge mn identifymg the applicab
requirements, and interface implementation in the early civil v
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Figure 6. SoS Interface Requirements for Civil Wg

The problem is exacerbated due to the fact that owners havs
implementation (here interface) details out of concern of proj
inconsistent information to the contractors. possibly resultin
orders. Consequently, contracts often lack interface specifics sy
and/or mterface requirements. As contracts are commonly
fixed-price contracts, there 1s also a significant risk that any
during the project may be claimed as additional out-of-scope v

| SoS Autonomy & Emergence:IAs CHSRS contracts are 1
operated, there are no contractual relationships between eacl

project delivery method, contractors are deliberately encourag
meeting the contract requirements. For example, the CHSRS ¢

structure (bridge) for a spec1ﬁc track/ guldev. ay area, a.nd W

> a . - -

tfications for the tra
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- { council directive §
technical specifications for interoperability (TSI) with the objec
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standards with the purpose of ensuring interoperability on the Europg

INTEROPERABLE INTERFACE

SPECIFICATIONS

For the purposes of the diective, the high-speed rail system wag|
structural and operational HSR subsystems:
*  Structural subsystems: (1) Infrastructure. (2) Energy. (3) Cd
signaling, and (4) Rolling stock (trainsets);
® Operational subsystems: (1) Maintenance, (2) Environment
Users.

Each TSI subsystem followed the same document structure/outline
HSR subsystem, including the functional and technical specificatio
provides an example of an mterface between the mfrastructure (INF
subsystems. The specific interface ensures that HSR trainsets can
under bridges, and stay clear of any wayside structures. The in
nfrastructure subsystem perspective (shown in red). Each subsy
mterface requirements and implementation details (shown in blue). R
interoperable interface standard (shown in green). The same interopet
to all types of interfaces, including data interfaces such functional
between the command, control and signaling (CCS) TSI and Rolling
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Figure 10. Creating Interoperable Constituent Systems
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INDUSTRY TYPICAL CONTRACT BREAKDOWN STRUCTURE

Large-Scale

Project
. : Operations
Civil Works Facilities Trainsets Trackwork Systems & Maintenance
. : Mechanical, -
—  At-Grade —  Stations —H Locomotives — Track Electrical — Train Operator
; Passenger Special : Infrastructure
— Bridges — Depots — Cars 1 Trackwork — Traction Power < Management
Maintenance Communic.,
- Tunnels - Control Center 1 Vehicles | Train Control
= Utilities = SCADA

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 6



BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: EXAMPLE — ARC TUNNEL PROJECT

Source: Hoehne, O., 2009, “Access to the Region’s Core (ARC) Tunnel, Scaling Systems
Engineering to Transit Challenges®, 2009 APTA Rail Conference, Chicago, IL, 2009
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: EXAMPLE — GATEWAY PROGRAM (NY/NJ)

Large-Scale
Project

Civil Works

- Tunnels

2-6 July 2024

V7 AMTRAIK
Gateway Program Overview

GATEWAY DEVELOPMENT COMMISSION ANNOUNCES IMPROVEI
CONTRACTING STRATEGY FOR HUDSON TUNNEL PROJECT TO ENSL
COMPETITIVE BIDDING POOL AND ADVANCE EARLY WORK
Approach Divides Tunneling Component of Hudson Tunnel Project in
Packages, Including “Hudson River Ground Stabilization” Early Wo

Newark/New York — The Gateway Development Commission today announced that it has revised its pr
strategy to build the Hudson Tunnel Project, dividing the “Civil Works" construction of the new tunnel f
package to four packages, including additional early works projects.

The Civil Works is the largest portion of the Hudson Tunnel Project. It encompasses the excavation and
construction of a new tunnel under the Palisades in Mew Jersey and the Hudson River and connecting t
Station in Manhattan. This portion of the project alone consists of 2 tubes, each 2.4 miles long.

The Civil Works portion of the Hudson Tunnel Project will now be divided into four contract packages, r
the one package previously contemplated, to ensure there is a robust and competitive bidding pool for

N

/‘ipl Package 1A, the portion of the tunnel 'hrough the Palisades to the construction shaft in Hobo

A

Jersey, which will be delivered via Design-Bid-Br;

':tl Package 1B, the section of the tunnel foing thr THREE DIFFERENT of Manhat

Hudson River Park and connecting to the new c TUNNEL CONTRACTS § and 29%
which will be delivered via Design-Build;

T:: and Package 1C, which includes the tunneling Imder the Hudson River from the new construc
Hoboken to the new construction shaft in Manhattan, which will be delivered via Design-Bid-t

Packages 1A and 1B are scheduled to commence work in 2024 after a Full Funding Grant Agreement un
FTA's Capital Investment Grants Program is signed by the FTA and GDC. Package 1C is scheduled to cor
work in 2025.

In addition, the fourth contract package, Contract Package EA1, is an early work project which is expec
commence prior to the project’s full construction. This “Hudson River Ground Stabilization” package wi
risk the full project by fortifying and stabilizing the river bottom on the New York side of the Hudson Rir
work will create an improved condition in which to bore the new tunnel through the eastern portion of

I e o . PRSI L N SR Oy | soavgnegiree ERERSE | T el SCERTUOIeRITI, TECEDIAL T AT | DR LI IRt I, NECUETIRGS (I L AT CEL e e et



BACKGROUND, CHALLENGES & OBJECTIVES
SOS COLLABORATION & INTEGRATION (EARLY INTERFACE NEEDS) 7\
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BACKGROUND, CHALLENGES & OBJECTIVES

SOSE CHALLENGES FACED <=
S0S ARCHITECTURE & LEADERSHIP (CONT’D)

S0S ARCHITECTURE
(CONTRACTS & INTERFACES)

CCCCCCCCC

STAGGERED CONTRACT
AWARD & EXECUTION

Civil Works

(Several Projects)

7Track & Systems 74

' (Project)
Program Level ‘o S— Program Level
(Architecture) ; E (Integration)
\ | R 1 HSR Trainsets
E i (Project)
- *ﬁ‘x '1‘

""""""""""""""" | Train Operator }_ %

" (Project) Sl

A\ 4

www.incose.org/symp2020

S

<
TRAIN OPERATOR i}

<~ . 7
I
PROGRAM INTERFACE &
INTEGRATION CHALLENGES
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INDUSTRY TYPICAL INTERFACE MANAGEMENT APPROACH

A/

* Interface Management Working Group(s): (Interface Management “As You Go”)
— Purpose:
o Regularly meet to “liaise” and “cooperate”, and “coordinate” interfaces
— Attendees:
o Contractor(s)
o Interfacing contractors
o Project Oversight
o Client
— Scope:
Develop interface management program
Coordinate schedule development (including site access, handovers)
Identify interfaces
Develop interface requirements
Coordinate design development, including information exchange
Address, manage and resolve interface issues as they arise
Manage interface status

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 11
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INTERFACE MANAGEMENT REALITIES

How a French rail company spent ‘Unspeakable botch’: Spain spends €258

£12bn on trains that are "too wide" million on trains that are too big for its
tunnels

Apparently, it's the sort of thing that occurs when you separate

the rail operators from train companies, so will probably be
happening soon at a platform near you

y

TRAINS

—

—

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 12



BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INTERFACE MANAGEMENT REALITIES (CONT’D)

2-6 July 2024

The problem that drew the most public attention was the purchase

of trains, which didn’t fit tightly enough on the tracks.

The mismatch stemmed from another timesaving decision. The

rails were designed for American standards| according to

testimony in the 2014 investigation by the city legislature. But the
government ended up choosing a Spanish supplier, CAF, that

providedtrains designed for European specifications.[The reason:

SAFETY

.

] MAINTENANCE competitor, Canada-based Bombardier.

time and of opportunity.”

CAF had promised to deliver the trains about a year ahead of its

“Bombardier gave us a longer timeline,” said Francisco Bojorquez,
metro director at the time, in 2014 testimony. “It was a question of

Thq incompatibility caused so much wear

that the city had to

replace a half mile of rail weeks before the metro even started

carrying passengers.

-

.

1

www.incose.org/symp2024 #INCOSEIS INTERFACE
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BACKGROUND, CHALLENGES & OBJECTIVES
OBJECTIVES: PREDICTABLE, REPEATABLE PROCESS, CONVENIENT, INTEROPERABLE

CMMI Level 1: Initial

— Unpredictable Processes, relying on SME Expertise (or Lack Thereof)

CMMI Level 2: Managed

— Repeatable Processes w/in Project

CMMI Level 3: Defined

— Repeatable Processes w/in Organization
— Project Tailors Processes from Organizational Standards

Additional Objectives

— Convenience: Ready (Easy) to Use
— Interoperable: Compatible w/ Future Contracts

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 14



BACKGROUND, CHALLENGES & OBJECTIVES
OBJECTIVES: INTEROPERABLE CONSTITUENT SUBSYSTEM(S)

)

STATIONS (

‘Unspeakable botch’: Spain spends €258
million on trains that are too big for its

How a French rail company spent
£12bn on trains that are "too wide"

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 15
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MODULAR OPEN SYSTEMS APPROACH (MOSA)

MODULAR OPEN SYSTEMS APPROACH

THE TRANS-EUROPEAN HIGH SPEED-RAIL SYSTEM

Legend :

= 3210 - 320 km/h 190 - 200 mph

w270 - 300 km/h 1 5 mph
240 - 260 km/h 1 0 mph
200 - 230 km/h 1325 - 145 mph

f— 200krn!h < 125 mgh

2-6 July 2024

MODULAR OPEN SYSTEMS APPROACH
APPLICATION OF MOSA PINCIPLES TO HSR

“Modular Open Systems Approach or MOSA” is the DoD’s
implementation of Open Systems. Within the MOSA context, programs
should design their system based on adherence to the following five
MOSA principles:

Establish an Enabling Environment; I

Employ Modular Design;
Designate Key Interfaces;
Use Open Standards; and

Certify Conformance. J g /

[4 Modular Open Systems Appr(l(MOSA ) to Acquisition, OSJTF

www.incose.org/symp i



MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MOSA APPLIED TO LARGE RAIL PROJECTS — ENABLING ENVIRONMENT, MODULARITY

MODULAR OPEN SYSTEMS APPROACH , M [\
PRINCIPLE #1: ENABLING ENVIRONMENT BBt

Preface b\ Lo) ola de Palacio

iy MODULAR OPEN SYSTEMS APPROACH , [2]],Y
s PRINCIPLE #2: MODULAR DESIGN BRRREO00000

THE TRANS-EUROPEAN
HIGH-SPEED RAIL SYSTEM

Guide for the application of the high- speed B
TSls of Council Directive 96/48/EC

TECHNICAL SPECIFICATIONS s o TP =T i o i
FOR INTEROPERABILITY (TSl) wol COST-EFFECTIVENESS | ="

Infrastructure : Operations

"SAFE & RELIABLE | : Energy : Maintenance
e sy v g arpeer ook :  Rolling Stock : Safety in Railway Tunnels
Command, Control & Signaling : Persons with Reduced Mobility

TSI ‘SUBSYSTEMS’

2-6 July 2024 WWwWWw.incose.o



MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
TECHNICAL SPECIFICATIONS FOR INTEROPERABILITY (TSI) — KEY INTERFACES

02014R1299 — EN — 28.09.2023

02014R1302 —1 02014R1302 — EN — 28.09.2023 — 005.001 — 137
TSI ROLLING STOCK ‘

Vs w5

I 43 Functional and technical specification of the interfaces I

From the standpoint of technical compatibility, the mtarfaces of the
mfrastructure subsystem with the other subsystems are like desenibed
m the following pemts.

Feference TSI LOC & PAS Reference TSI Energy Feference TSI LOC & PAS Raference TSI Infrastructure

Darameater Domt Paramater Point Daram:

Energ_'_v consumption measurng | 428318 Omn-ground enargy data | 4.2.17 Famning dynanric \

431 Interfaces with the relling stock subsysrem fimction collecting system
YMl ol
Is 15 1 2832 v 2
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‘ “1 [« act
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Contact strip material 428394 Contact wire matenial 4214
¥ Ml 2 A
i Equinalent conicity
» M2 Reference in TSI Pantograph stafic contact force 428395 Mean contact force 4211

Intesface » M1 Eeference in TSI INF «

TLOCKPAS 4

Geometrical char

Pantograph contact force and | 428296

Drhynamie behatiowr and quahty | 4.2.12

whealsst

. ~ ¥ dynamic behariour of current collection
Track zauge 4241 Mominal track gamge 423521 Mechanical and
42351 Desisn  ssomatry  of g:un_n]::u-:lcal characteristics Arrang ts of pantographs 418197 Pantograph spacing 4113 Geometrical charactenistics of | 423522 Rail head profils for plain line | 4.2.4.6
switches and crossings ot whee sel wheels
4286 The immediate action iiiljse:tsj Varidble gauge Binning  through phase or | 428298 Separation sections:
limits for switches and crossings system separation section Automatic  varig _Ln 4153
— phase 4215 Sy=tems
Gauge 4231 Structure zauge 4231 Gauging ‘Unspeakable botch’: Spain spends €258
s . . . 5 o -
S Dot b million on trains that are too big for its 4116 Miminmm curve raj 1234
RO - tunnels | S —— — I
Electrical protec L | 427 —_—  amm—

4235 Minmuwm radus  of .
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1 —_
429.3 Platform offset Harmoics and | L | 428 ] o . B
for AC systems - jﬁf Sa e
How a French rail company spent B o
£12bn on trains that are "too wide" eizhed muass : — : " .
b1 Axie e i . S I Slipstream effects 42621 Rm;tmre. of mew structures | 4273
Apparently, it's the sort of thing that occurs when you separate o v fice ik e e
pparently, 2 Y DX hatar
therail operators from train companies, so will probably be
happening soon ta platform near you Head prassure pulse 42632 Maximum pressure vanations | 4.2.10.1

in tummels

LA e UL s e teen T e s Mamimum pressure vanations i | 42623 Distance between track centres | 4232
Paramster Point Paramster Point turmels
e SImEE s el Crosswind 42624 | Effect of crosswinds 42102
Distance between frack centres | 4232
221 Lt values for Aerodynamic effect on ballasted | 42625 Ballast pack-up 42103
iz safely Minimum radius of vertieal | 4235 ek
427 Track loading cure
- [ralues Toilat discharge system 42113 Toilet discharge 432122
Axle load parameter 42321 Track resistance to vertical | 4261
loads 3 . . 2 .
4944  Equivalent conicity 42343 Equivalent th%nfi Jr:leianmg through a|421122 Train external cleaning facilities | 4.2.12.3
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fion L 222480 Official Journal of the European Union 8.9.2023 Official Journal of the European Union L 222[481
TSI CONTROL-COMMAND & SIGNALLING
4.2.7.5. Euroloop/LEU Table A 2
4.2.8
This is the interface between Eurcloop and the LEU. The requirements are specified in Appendi T 10d. 11, 79, 83
This interface contributes to this Basic Parameter only when Euroloop and LEU are supplied 429 List of mandatory specifications
constituents (see paint 5.2.2, Grouping of interoperability constituents). -
4294 23 i ETCS Baseline 4 Release 1: RMR: GSM-R Bascline 1 Maintenance Release 1 + FRMCS Bascline 0: ATO Baseline 1 Release 1
Lila
: 4.2.10 q
+.2.8. Key Management o Reference Name of Specification Version Notes
’ - - ; " 4210a 77 {point 3.1)
This bQSILdpa_r.lmet_cr specifies requirements for the management of cryptographic keys used 1 el it
transmitted via radio. 4.111 %
The requirements are specified in Appendix A, Table A 1, 4.2.8 a. Only requirements related t 4.211a 77 (point 3.2) 2 Intentionally deleted
Command and Signalling equipment fall within the scope of this TSL S
4112 3 SUBSET-023 Glossary of Terms and 40.0
42172 6 Abbreviations
429 ETCS-ID Management
4213 4 gification | 4.0.0
This basic parameter concerns the ETCS-identities (ETCS-IDs} for equipment in Control-Comma = = OPEN INTERFACE STANDARDS
and On-board Subsystems. 43134 32,33 5 . - - 4.0.0
: o : 42.13b 93, 94
The requirements are specified in Appendix A 4.2.9.a. 6 ERA_ERTMS_015560 ETCS Driver Machine interface 400
4214
i 7 SUBSET-034 Train Interface FIS 400
4.2.10. Trackside Train Detection Systems 4.2.14a 3 :
This basic parameter specifies the interface requirements between the trackside train detecti 4215 8 SUBSET-035 Specific Transmission Module FFFIS | 4.0.0
related to vehicle design and operation. 5 :
E E AL 33 9 SUBSET-036 FFFIS for Eurobalise 400
The interface requirements to be respected by the train detection systems are specified j 4.2.15b 101
10a SUBSET-037-1 EuroRadio FIS GSM-R — Part 1 4.0.0
4.2.17 [Communication layer and
4.2.11. Electromagnetic Compatibility between Rolling Stock and Control-Comigfnd and Signallin 4217 103 coordination function]
Thisl kja_sic parameter specii:'ms Ehfz_ imﬂl’ace requirements for_ electromggfhetic compatibility 4718 10b SUBSET-037-2 EuroRadio FIS — Part 2 4.0.0
. e . . — . [Safety layer]
42.18a 84, 85
TRAIN CONTROL TO DRIVER INTERFACE [ e - =g wr— L e Ty
y 4 — [FRMCS interface]
P = 4.118¢c 88
£hie | EEU e ddajs) = = 10d | SUBSET-146 ERTMS End-to-End Security 100
This basic parameter describes the information provided from ETCS and ATO to the driver and - - ]
by the driver. See Appendix A, Table A 1, 4.2.12 . 4219 11 SUBSET-038 Offline key management FIS 400
It includes: 4.2.19a 84,85 12 SUBSET-039 FIS for the RBC/REC handover 400
ot i SR 4.2.19b 8
(1) ergonomics (including visibility: L i 13 SUBSET-040 Dimensioning and Engineering 400
{2) ETCS and ATO functions to be displayed: iy
{3 ETCS and ATO functions triggered by driver input. MAND TORY SPEC'F'CAT'ONS 14 SUBSET-041 Performance Requirements for 4.0.0
(3] i ) ; ] Interoperability
Specifications
; o ;i 15 Intentionally deleted
eI RMR DMI (Driver-Machine Interface) When a document listed in Table A 2 incorporates, by copying or by reference to, a clearly identifie a
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v Z 1.CCSTS| Appendix A-Mand: X + =

<« > C M 25 era.europa.eu/era-folder/1-ccs-tsi-appendix-mandatory-specifications-etcs-b4-r1-rmr-gsm-r-b 1-mr1-frmcs-b0-ato-b1 bx¢ ) Y,

Index Reference

000

003

004

005

SUBSET-023

SUBSET-026

SUBSET-027

Title

[w) readme_file_-_mandatory_specs.docx
Glossary of Terms and Abbreviations
[8) System Requirements Specification

FIS Juridical Recording

Approved

4.0.0
4.0.0

4.0.0

006

ERA_ERTMS_015560

[8) ETCS Driver Machine interface

4.0.0

007

008

009

010a

010b

010c

010d

011

012

n12
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SUBSET-036
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SUBSET-146

SUBSET-038

SUBSET-039

CIIRTET.NAN

Train Interface FIS

Specific Transmission Module FFFIS

FFFIS for Eurobalise

EuroRadio FIS — Part 1 [Communication layer and coordination function]
EuroRadio FIS — Part 2 [Safety layer]

EuroRadio FIS — Part 3 [FRMCS interface]

ERTMS End-to-End Security

Offline key management FIS

FIS for the RBC/RBC handover
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MBSI| REFERENCE ARCHITECTURE — DESIGN TERMS, NOMENCLATURE

: # I & Term I Description
Applicable Tsls Subsystem
m 2 1 CCS Command Control and Signalling (TSI)
; g 2 ENE Energy (TS))

g g 3 g | 2§ | ¢ 2 3 [t]INF Infrastructure (TSI)

8 ? e £ £ E % % - 4 [t LoC & PAS  Locomotive and passenger rolling stock (TSI)

£ § 3 3 2 52 2 K = .
. e Y MTC Maintenance (Subsystem)

X

TAP‘TS'b f | 6 OB (CCS) Onboard (Subsystem)
Reg (EU) 321/2013 :
WAGTS! | g i 7 |[t) OPE Operation and Traffic Management
Mo IE11) I20/1ES X X 8 PRM Person with Disabilities or Person with Reduced Mobility (TSI)
INF TSI
e : : 9 |[[t) RsT Rolling Stock (Subsystem)

X | X | X ™ s z
ERNEEH ; | | 10 SRT Safety in Railway Tunnels (TSI)
Reg (EU) 1301/2014 ; [ ) . . . .
Ham g X ; s 11 TAF Telematics Applications for Freight Service (TSI)
Reg (€U} 1302/2014 | g | 4 12 |[t] TAP Telematics Applications for Freight Service (TSI)
LOC & PAS TSI | | _
e § T I 13 TAx Telematics Application (Subsystem)

X X | X | X X | X
e | | | 14 TS (CCS) Trackside (Subsystem)
Reg (EU) 1304/2014 | E ) . -
o | _ x| x 15 |[£] TSI Technical Specification for Interoperability
Reg [EU] 1305/2014 y 16 WAG Freight wagon (TSI)
TAF TSI | |
Reg (EU) 2016/31% . 1 .
CCS TSl
Com. Impl. Reg (EU) |
2019/773 | [ X
OPETSI i E 2023 GUIDE FOR THE APPLICATION OF THE TECHNICAL

Table 6 — Applicability of TSls to subsystems )/ SPECIFICATIONS FOR INTEROPERABILITY (TSI) 23




MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MBSI| REFERENCE ARCHITECTURE — REQUIREMENTS

Applicable Tsls

Subsystem

Infrastructure

CCSon board
CCStrackside

Maintenance

Telematic Applications

Reg 454/2011/EU
TAP TS|

S

Reg [EU} 321/2013
WAG TSI

Reg [EU) 1293,2014
INF TSI

Reg (EU) 1300/2014
PRM T51

Reg (EU) 1301/2014
ENE TSI

Reg [EU) 1302/2014
LOC & PAS TSI

Reg [EU) 1303/2012
SRT TSI

Reg [EU) 1304/2014
RST Moise TSI

Reg [EU) 1305,/2014
TAF TSI

Reg (EU]) 2016/919
CCS TSI

Com. Impl. Reg (EU)
2019/773

OPETSI

Table 6 — Applicability of TSIs to subsystems

/ |

200

# [ 2 1d ] Name

1 TSHINF-1 B [E TSHINF-1 INFTSI

2 TSIHINF-1.1 &l T5I I!‘\JF 1.1 1. Introduction
. 6 TSIINF-1.2 [&l 7SI-INF-1.2 2. Definition and scope of subsystem
. 17 TSIHINF-1.3 [Rl TSI-INF-1.3 3. Essential requirements
. 18 TSI-INF-1.4 . I B [’ TSI INF 1.4 4. Description of the infrastructure subsystem I
- 19 TSI-INF-1.4.1 (Rl TSI-INF-1.4.7 4.1. Introduction
| 20 TSl-INF-14.2 [’ TSI-INF-1.4.2 4.2. Functional and technical specifications of subsystem
| 81 TSI-INF-1.4.3 [&l TSI-INF-1.4.2 4.3. Functional and technical specification of the interfaces
105 TSI-INF-1.4.4 [B] TSI-INF-1.4.4 4.4, Operating rules
| 106 TSI-INF-1.4.5 Bl [’ TSIHINF-14.5 4.5, Maintenance rules
_ 103 TSI-INF-1.4.6 [& TSI-INF-1.4.6 4.6. Professional qualifications
_ 110 TSI-INF-1.4.7 [&l TSI-INF-1.4.7 4.7. Health and safety conditions
- 117 TSIHINF-1.5 [’ TSI-INF-15 5. Interoperability constituents
_ 128 TSI-INF-1.6 B[Rl TSIFINF-1.6 6. Assessment of conformity of interoperability constituents and EC verification of the subsystems
| 151 TSIHINF-1.7 [’ TSI-INF-17 7. Implementation of the infrastructure TS|
_ 182 TSI-INF-1.8 [Rl TSI-INF-1.8 Appendix A — Assessment of interoperability constituents
| 183 TSI-INF-1.9 [Rl TSIINF-1.9 Appendix B — Assessment of the infrastructure subsystem
| 184 TSI-INF-1.10 C&l TSI-INF-1.10 Appendix C — Technical characteristics of track design and switches and crossings design
_ 185 TSI-INF-1.11 L&l TSI-INF-1.11 Appendix D — Conditions of use of track design and switches and crossings design
. 186 TSI-INF-1.12 [&l 7SI-INF-1.12 Appendix E — Capability requirements for structures according to traffic code
_ 187 TSI-INF-1.13 [&l TSI-INF-1.13 Appendix F — Capability requirements for structures according to traffic code in the United Kingdom of Great B
| 188 TSI-INF-1.14 [’ TSI-INF-1.14 Appendix G — Speed conversion ta miles per hour for Ireland and the United Kingdom of Great Britain and Nor
| 189 TSI-INF-1.15 [&l 7SIINF-1.15 Appendix H — Structure gauge for the 1 520 mm track gauge system
| 190 TSI-INF-1.16 [&l TSI-INF-1.16 Appendix | — Reverse curves with radii in the range from 150 m up to 300 m

191 TSI-INF-1.17 [’ TSI-INF-1.17 Appendix | — Safety assurance over fixed obtuse crossings
_ 192 TSI-INF-1.18 [& TSI-INF-1.18 Appendix K — Basis of minimum requirements for structures for passenger coaches and multiple units
_ 193 TSI-INF-1.19 [&l TSI-INF-1.19 Appendix M — Specific case an the Estonian network
| 194 TSI-INF-1.20 [’ TSI-INF-1.20 Appendix N — Specific cases of the Hellenic network
| 195 TSI-INF-1.21 [& TSI-INF-1.21 Appendix O — Specific case on the Ireland and United Kingdom of Northern Ireland networks
_ 196 TSI-INF-1.22 [’ TSI-INF-1.22 Appendix P — Structure gauge for the lower parts for the 1 668 mm track gauge on the Spanish network
_ 197 TSI-INF-1.23 [B TSI-INF-1.23 Appendix Q — National technical rules for UK-GB Specific Cases
: 198 TSI-INF-1.24 [&l TSl-INF-1.24 Appendix R — List of open points
199 TSI-INF-1.25 [’ TSI-INF-1.25 Appendix S — Glossary
TSI-INF-1.26 [&l TSI-INF-1.26 Appendix T — List of referenced standards




MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MBSI| REFERENCE ARCHITECTURE — STRUCTURE

Reg [EU} 321/2013
WAG TSI

Reg [EU) 1293,2014
INF TSI

Reg (EU) 1300/2014
PRM T51

Reg (EU) 1301/2014
EME TSI

Reg [EU) 1302/2014
LOC & PAS TSI

Reg [EU) 1303/2014
SRT TSI

Reg [EU) 1304/2014
RST Moise TSI

Reg [EU} 13052014
TAF TSI

Applicable Tsls Subsystem
[ [
2
| - 2
| e 8
o = | e =3
5 | = o 5 | " g2 =
g | £ 2 E | 58 2 £
8 - : * | 3R £ :
= & | B 4 s | E @ i z
= [ | O ] | o= = —=
Reg 454/7011/EU
TAP TSI

bdd [Package] 100 Rail System & Subsystems [ 100 Rail System & Subsystems ])

«block»
Rail System

T

N

a

Reg (EU]) 2016/919
CCS TSI

Com. Impl. Reg (EU)
2019/773

OPETSI

«block» «block» «block» «block» «block» «block» «block» «block»
INF ENE CCcs OB CCS TS RST OPE MTC TMA
Subsystem Subsystem Subsystem Subsystem Subsystem Subsystem Subsystem Subsystem
X X X
X
: | 2023 GUIDE FOR THE APPLICATION OF THE TECHNICAL
Table 6 — Applicability of TSls to subsystems )/ SPECIFICATIONS FOR INTEROPERABILITY (TSI) 25
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MBSI| REFERENCE ARCHITECTURE — SATISFY REQUIREMENTS MATRIX

CC5Tsl

Applicable Tsls Subsystem
| s
= £
: | &= 2
| | o= E
5 ' B 3 -E, | E = E §
g ] 5 & | st 5 #
- £ > | 82| ¢ g
= | = | m m
£ 8 | 8 3 g2 | &2 2 o
Reg 454/2011/EU | [ .
TAP TS| | [
Reg (EU) 321/2013 i 5 g
WAG T5I | |
Reg [EU} 1299/2014 4 | [ 3
INF TSI ' 5
Reg (EU) 1300/2014 |
g [EU) f x > : %
PRM TSI :
Reg (EU) 1301/2014 g x
ENE TSI
Reg [EU) 1302/2014 | 5 3
LOC & PAS TSI |
Reg (EU) 13032014 |
et / X X : X X X [ X
SRT TSI ;
Reg (EU] 1304/2014 . k
RST Moise T3l .
Reg [EU} 13052014 | .
TAF TSI
Reg (EU) 2016/319 "

Com. Impl. Reg (EU)
2019/773

OPETSI

Tahble 6 — Applicability of T5Is to subsystems

J/

Legend
/" Satisfy

S

] 010 Rail System &

-[7] 010 Rail System & Subsystems

[ [ ] 020 Requirements

- [R] TAP-TSI-1 TAP TSI

- [R] WAG-INF-1 WAG TSI

. [R] INF-TSI-1 INF TSI

. [’ PRM-TSL-1 PRM TSI

. (R ENETSI-1 ENE TSI

. [R] LOCBPASTSI-1 LOC & PAS TSI
. [R] SRT-TSI-1 SRT TSI

. [R] RST-NOISE-TSI-1 RST NOISE TSI
- [R] TAF-TSI-1 TAF TSI

. [R] CCS-TSI-1 CCS TSI

.. [R] OPE-TSI-1 OPE TSI

=W = NN N W NN

o | ] MTC Subsystem -

w|[] OPE Subsystem -
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~ ] CCS TS Subsystem
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Lo Q INF Subsystem -
~| ] ENE Subsystem -
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SUBSYSTEM ELEMENTS — INTEROPERABILITY CONSTITUENTS (INF — RAIL)
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INTEROPERABILITY COMSTITUENTS

53

Basis on which interoperability constituents have been selecte:

(1) The requrements of pomt 5.3 are based on a traditional design
of ballasted track with Vignole (flat-bottom) rail on concrete or

wooden sleepers and fastening providing resistance to longi-

tudinal ship by bearing on the ral foot.

{2) Components and subassemblies used for the constructon of
other desipns of track are not considered to be Interoperability

constifusnts.

List of constituents

(1) For the purposes of this techmical specification for interoper-

ability, only the following elements

whether mdividual

components or subassemblies of the track are declared to be

‘mteroperability constituents’:

(a) the rail (5.3.1),
(b) the rail fasteming systems (3.3.2),

(c} track sleepers (3.3.3).

TSI INFRASTRUCTURE

—

package 020 INF Interoperability Constituents [ |% 010 INF Interoperability Constituents ]J

«block»
INF Subsystem

'

(2) The followmg points deseribe the specifications applicable to

each of these constituents.

(3) Rails, fastenings and sleepers used for short length of wrack for
specific purposes, for example m switches and crossings, at
expansion devices, wransiton slabs and special stmactures, are
not considered to be interoperability constituents.

Constituents performances and specifications

53, The rail

The specifications of the ‘rail’ interoperability constituent concern

the following parameters:
(a) railhead profile,

(&) raal steel.

[ 5511

Railhead profile |

The rail head profile shall fulfil the requirements of pomt 4246

‘Ratlhead profile for plam line’.

[ 5312

Rail steel I

(1) The ral steel 1z relevant to the requirements of pomnt 4.2.6

‘Track resisiance to applied loads’.

«block»

02 INF - Rail
Fastening Systems

«block»

03 INF - Track
Sleepers

«block»
» 01 INF - Rail
«block» «block»
01 INF - Railhead 02 INF - Rail Steel
Profile

3

ncose.org/symp2024 #INCOSEIS
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=
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5 INTEROPERABILITY COMSTITUENTS
51 Basis on which interoperability constituents have been selected

(1) The requrements of pomt 5.3 are based on a traditional design
of ballasted track with Vignole (flat-bottom) rail on concrete or
wooden sleepers and fastening providing resistance to longi-
tudinal ship by bearing on the ral foot.

{2) Components and subassemblies used for the constructon of
other desipns of track are not considered to be Interoperability
constifusnts.

52 List of constituents

(1) For the purposes of this techmical specification for interoper-
ability, only the following elements, whether mdividual
components or subassemblies of the track are declared to be
‘mteroperability constituents’:

(a) the rail (5.3.1),
(b) the rail fasteming systems (3.3.2),
(e} track sleepers (3.3.3).

(2) The followmg points deseribe the specifications applicable to
each of these constituents.

(3) Rails, fastenings and sleepers used for short length of wrack for
specific purposes, for example m switches and crossings, at
expansion devices, wransiton slabs and special stmactures, are
not considered to be interoperability constituents.

53 Constituents performances and specifications
531 The rail

The specifications of the ‘rail’ interoperability constituent concern

the following parameters:

(a) railhead profile,

O cnl kel STRUCTURE

5311  Railhead profile |
The rail head profile shall fulfil the requirements of pomt 4246
‘Ratlhead profile for plam line’.

53112 Rail steel

(1) The ral steel 1z relevant to the requirements of pomnt 4.2.6
‘Track resisiance to applied loads’.

TSI INFRASTRUCTURE

—_—

nc

v

(5) Instead of points (I} to (4), for the 1520 mm track gauge
system, no assessment of equivalent conieite ie ramirad

| 4246

Railhead profile for plain linel REQUIREMENTS

4247
42471

(1) The railhead profile shall be selected from the range set out in
cne of the specifications referenced in Appendix T, Index [7]
and Index [8], or shall be m accordance wath pomt (2).

(2) The desizn of railhead profiles for plan line shall comprise:

{a} a lateral slope on the side of the railhead anglad to between
vertical and 1/16 with reference to the vertical axis of the
railhead:

{b) the vertical distance betwean the top of this lateral slope and
the top of the rail shall be less than 20 mm;

{c} a radms of at least 12 mm at the gauge corner;

{d) the honzontal distance between the crown of the rail and the

tangent point shall be between 31 and 375 mm

Figure 1
Railhead profile

fa

-.'_5j__:5,12 31-37.5 '1

erewen o il

b wertical axis of rail bead

5 yege cormer

(3) These requitemsnts are not applicable to expansion devices.

Rail inclination
Plain line

Legend B
L)
/" Satisfy § s
B a
g R
g 2
S
Z =
D —
™~ -
o o
B [Rr] TSI-INF-1.4.2.4.6 4.2.4.6 Railhead profile 7
- [R] TSI-INF-1.4.2.4.6.1 i
— [R] TSI-INF-1.4.2.4.6.2 N
.. [R] TSI-INF-1.4.2.4.6.3 i
— [R] TSI-INF-1.4.2.4.6.4 .
.. [R] TSI-INF-1.4.2.4.6.5 N
~ [R] TSI-INF-1.4.2.4.6.6 i
- [R] TSI-INF-1.4.2.4.6.7 - 4
e \J




MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
SUBSYSTEM ELEMENTS — INTEROPERABILITY CONSTITUENTS REQUIREMENTS (CONT'D)

# I ald I Name [ Text |
1 TSI-INF-1.4

| 3 TSINF-14.2

| 17 TSI-INF-1.42.4

| 23 TSI-INF-14.246

Satisfied By [

:E [’ TSI-INF-1.4 4. Description of the infrastructure subsystem
B [® TSI-INF-1.4.2 4.2, Functional and technical specifications of subsystem
& [® TSIFINF-14.2.4 424 Track parameters
B [®’ TSIHINF-14.246 4.246 Railhead profile for plain line

(1) The railhead profile shall be selected from the range set out in one of the specifications referenced in Appendix T, Index [7] and £ 01 INF - Railhead Profile

-INE- SI-INF-1.4.2.4.6
24 TSI-INF-1.4.24.6.1 LB TSI-INF-14.2.46.1 Index [8], or shall be in accordance with point (2).

| 25 TSI-INF-1.4246.2
| 26 TSIINF-1.42463
| 27 TS-INF-1.4.24.64

28 TSI-INF-14.24.6.5
| 29 TSIINF-14.2466

Figure 1
Railhead profile Legend =
o |
/" Satisfy £ g
D =
- © o
S~ N 8. =]
\ )
:xsjgﬂg‘\ 31375 - L1 = E
.\\_. _-’/,' g ’nr:i
o ! B 1 w |.|I_
Vs | | = =
— 1 o
TSI-INF-1.4.2.4 2y I S 8
30 TS-INF-142467 B TSIINF-142.46.7 \ <) '
| 0o
|i3 \} 1

= | | B [R] TSIFINF-1.4.2.4.6 4.2.4.6 Railhead profile ff | 7
al ! (4) . (Bl TSI-INF-1.4.2.4.6.1 /
2 : P . [R] TSI-INF-1.4.2.4.6.2 v

;
i L - [R] TSI-INF-1.4.2.4.6.3 vd
v
v
4
v

31 TSI-INF-14.24.68

ISI-INF-1.4.2.4.6.2
TSI-INF-1.4.2.46.3
TSI-INF-1.4.2.4.6.4
TSI-INF-1.4.2.4.6.5
TSI-INF-1.4.2.4.6.6

Bl & B E E

[’ TSI-INF-1.4.2.46.8

{2) The design of railhead profiles for plain line shall comprise:

(a) a lateral slope on the side of the railhead angled to between vertical and 1/16 with reference to the vertical axis of the railhead;

(b) the vertical distance between the tap of this lateral slope and the top of the rail shall be less than 20 mm;

(c) a radius of at least 12 mm at the gauge corner;

(d) the horizontal distance between the crown of the rail and the tangent point shall be between 31 and 37,5 mm.

{3) These requirements are not applicable to expansion devices.

crown of rail

tangent point

lateral slope

vertical axis of rail head

gauge comer

E 01 INF - Railhead Profile
EJ 01 INF - Railhead Profile
EJ 01 INF - Railhead Profile
EJ 01 INF - Railhead Profile
El 01 INF - Railhead Profile
EJ 01 INF - Railhead Profile

-~ [R] TSI-INF-1.4.2.4.6.4
-~ [R] TSI-INF-1.4.2.4.6.5
-~ [R] TSI-INF-1.4.2.4.6.6
-~ [R] TSI-INF-1.4.2.4.6.7

. e e e e




MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION | TSI ROLLING STOCK (Loc&Pas) | e
T

522  Mechanical and geometneal charactenistics of wheels I
Mechanical behaviour of wheels
{1) The charactenistics of the wheels shall ensure the safe

02014R1299 — EN — 28.09.2023 — 002.001 — 29

¥B
T movement of rollmg stock and comtmibute to the guidance
(5) Instead of points (1) to (4), for the 1320 mm track gauge TSI INFRA RU TUR of the rolling stock.
system, no assessment of equivalent condeity is required. g . . .

The conformity assessment procedure 15 described in

— »MS pom: -« 6.13.1 of tus TSL

| i i Taad prnfiie Fariplain lins | = e

Geometrical dimensions of wheels
vM2 2 Th.e zeometrical ﬂimensic?m cxf. Ibel wllieels {as deﬁ_ned m
e Figure 2) shall be compliant with limit values specified in

1) The railhead profile shall be selscted from the ranze ;
() The e pirle e s m Table 2. These limit values shall be taken a5 design values

ome of the specifications referenced in Appendix T, Index [7] (new wheel) and as in-service limit vales (to be used for

atul Tleck [8; o, shall e ' accordmos. il pomt (7). INTERFACE BETWEEN maintenance purposes; sée also PMS point « 4.5).
vB G e e e INF RAILHEAD PROFILE & T
< sizn of railhead profiles plam lme comprse: In-zervice limits of the geometric dimensions of wheel
RST WHEEL CHARACTERISTICS
{a} a lateral slope on the side of the railhead anglad to between — -
vertical and 1/16 with reference to the vertical axis of the Desigantion Wheel dameter D () [ MEEE vae| M,
railhead:
—= Width of the rim (B, + Buzr) D= 330 133 145
{b) the vertical distance betwean the top of this lateral slope and
the top of the rail shall be less than 20 mm; D = 840 n
{c} a radms of at least 12 mm at the gauge corner; Thickness of the flange (5,) 760 =D = 840 ] 33
330 =D = 760 275
{d) the honzontal distance between the crown of the rail and the L | s )
tangent point shall be between 31 and 37,5 mm. { L ] ‘I_ D = 760 275
vM1 2t £ - L \¢ Height of the flangs (5,) 630 < D < 760 295 36
Figure 1
Railhead profile N 330 =D = 630 313
ea 1 A
Face of flange (gg) = 330 6.5
(5) (1)
Sz, o BTE, AL " Figure 2
= ne . Symboel: for wheels
> ) Sx .
- R -
@ - 70 -
'\ H
[ ¥
| erein o el
i g o PR - | |
b Dnteral sbope .
& el s vl l—{_ Chamfer o R:"“ePr:E ’
5 yege cormer :
=
w
!
vE
(3) These requitemsnts are not applicable to expansion devices. = a5
i <
iash  Raitndiinntinn yw.incose.org/symp2024 #INCOS
Flange
angle

42471 Plan line
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NTERFACE IDENTIFICATION: TSI INTERFACE TABLES
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Functional and technical ifi of the interfs I

v

v

vy

From the standpeint of tachnical compatibility, the mterfaces of the
mfrastructure subsystem with the other subsystems are like described
m the following points.

Interfaces with the rolling stock subsystem

e TS| INF | TSI Loc&P

» M2 Reference in TSI
TLOC&PAS «

Interface M2 Reference in TSI INF 4

Track gzauge 4241 Nominal track gauge 423521 Mechanical and

4951 Desipn P of geometrical  characteristics
switches aud-crossings ’ of wheelset
4786 The i iate  action | #2-3-5.2.3 Vaniable gauge

limmits for switches and crossmngs whiesizets

Gaunge 4231 Structure gauge 4231 Gauging
4232 Distance between track
centres
4235 Momum radus  of
vertical curve

4293 Platform offset

V4

. 02014R1299 — EN — 28.09.2023 — 002.001 — 29 P
TSI INFRASTRUCTURE TSI ROLLING STOCK (LOC&PAS) |ou

(5) Instead of peoints (1) to (4), for the 1520 mm track gauge
system, no assessment of squivalent conieity 1s required.

| AoaE Ui e poat e farml s iy |

VM2
T (1) The railhead profile shall be selected from the range set out In

one of the specifications referenced in Appendix T, Index [7]
and Index [3], or shall be n accordance wath pomt (X).

{2) The design of railhead profiles for plam line shall comprise:

(a) a lateral slope on the side of the railhead angled to between
vertical and 1/16 with reference to the verfical axis of the
railhead:

(k) the vertical distance betwean the top of this lateral gJgffe and
the top of the rail shall be less than 20 mm;

() a radies of at least 12 mm at the ga OTTET,

e cromn of the rail and the
n 3] and 37,5 mm

(d) the horizontal distance batwe,
tangent point shall be by

Fide stabality

42343
conieity

4244 Eqwvalent comerty /

Equivalent

v
Figure 1
Railhead profile
(5 )petz nars (1)

4246 Railhead profile for plam
line 423522

42112 Equwralent comecty m

of wheels

Machanical and
geomeinical  characteristics

service

Running  char- | 4261 Track resistance to | 423421 Limit values for

acteristics wertical loads rumning safely
4263 Lateral track resistance 4234237 Track loading
42714 Nosing forces Lzt values

Fude stability 4244 Equvalent conicity 42343 Equivalent
4246 Railhead profile for plan | ““25
line 423522 Mechanical and

L 25 L ical  characteristics

42112 Equivalent conicity in | SE0REMC
SR of wheels

Longitudinal 4262 Longitudinal track | 4245 Braking

actions resistance performance
472715 Action: dus to fracton

¥YB
g5 (3) These requitemants are not applicable to expansion davicas
4247 Rail inclination
42471, Plain line
(1} The rail shall be melned towards the centre of the track.
v

(2) For tracks mtended toc be operated at speeds greater tham

e S ™

] R

o

42

=

353

2

2

Mechanical and geometmnical charactenistics of wheels I

Mechanical behaviour of wheels

(1) The characteristics of the whaels shall emsure the safe
movement of rollmg stock and comtmibute to the guidance
of the rolling stock

The conformity assessment procedure 15 described in
»MS point « 6.13.1 of this TSL

Geometrical dimensions of wheels

{2) The geometrical dimensions of the wheels (as defined
Fizure 2} shall be compliant with limit values specified in
Table 2. These limit values shall be taken as design values
(new wheel) and as m-service limit values (to be used for
maintenance purposes; see also PMS point « 4.5).

Table 2

In-zervice limits of the geometric dimenszions of wheel

Desiznation Wheel diameter D (mm) MMTEJWME ‘ﬁm
Width of the im (B, + Bu) D = 330 133 145
D = 840 n
Thickness of the flange (S5,) 760 <D = 840 25 33
330 = D < 760 275
D = 760 275
Height of the flange (3,) 630 = D = 760 295 36
330 = D = 630 313
Face of flangs (gg) =330 65
Figure 1
Symbol: for wheels
d B 5
= Sa -
o PO | |
. Reverse
Chamfer al il slape *
<
@ \
— i
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INTERFACE IDENTIFICATION: CREATING INTERFACE TABLES IN MBS| FRAMEWORK
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F o fital el ke ification of the interfs

From the dpoint of technical ibility, the mterfaces of the
mfrastructure subsystem with the other subsystems are like described
m the following peints.

I 431

Interfaces with the rolling stock subsystem I

v

v

v

Table 15

Q bdd [Package] 010 Rail System[ 100 Interface INF Rail Profile & RST Wheel Characteristics ])

\ «interfaceBlock» «interfaceBlock»

Interfaces with the subsystem ‘Rolling st(;:k — locomotives am INF Su b S ys te m RST Su bS ys te m
stock”
Interfaces Interfaces
Interface M2 Refersnce in TSI INF < B T v
Track gauge 4241 Nominal track gauge 423521 Mechanical and
135 : P ¢ | eeometrical  characteristics = 2
pecr e Mg i e - N «interfaceBlock» «interfaceBlock»
S o immedide  action | 23323 Varisble gauge . i
lmits o witcho 1 ccssings | "SS5 01 Interfaces with the 02 Interface with
rolling stock subsystem Infrastructure subsystem

Gaunge 4231 Structure gauge 4231 Gauging -

4232 Distance between track a s Ea

centres

4235 Mmnmmum radius  of

wertical curve

4293 Platform offset

«interfaceBlock» «interfaceBlock»

Axle load and | 4261 Track resistance to vertical | 42210 Load conditions = :
adlespacine | loads and weighed mass 05 INF - Ride 05 RST - Ride

4263 Lateral frack resistance 42321 Axle load oH _Ax Jd =1z

4271 Resistance of new bridges PeTATetey / Stab ! I Ity F Stab 1 I Ity

to traffic loads &) 3 j]L a5}

4272 Equvalent vertical loading
for pew earthworks and earth
pressure effects imposed on new

\

structures
4274 Resstance of  existing 5 .
bridzes . emtivorks fo pr— «interfaceBlock» «interfaceBlock»
= 02 INF - Railhead profile 01 RST - Mechanical and geom etrical
N SEELT mne e el i — for plain line [4.2.4.6] characteristics of wheels [4.2.3.5.2.2]
4263 Lateg Tesistance 4234237 Track loading
427 1 jeing forces Lzt values

conicity

4246 Railhead profile for plain

Ride stability | [42.4.4  Fouivalent comicity mm
line 423522 Mechanical and
characteristics

42112 Equivalent comicity m geometrical

—r e www.incose.org/symp2024 #INCOSEIS 32

472715 Action: dus to fracton
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INTERFACE IDENTIFICATION: TABLE VIEW (INTERFACE REGISTER VIEW)
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v

v

v

From the dpomt of techn

m the following peints.

I 431 Interfaces with the rolling stock subsystem I
Table 15
Interfaces with the subsystem ‘Rolling stock — locom
stock’

Interface M2 Reference in TSI INF 4

Track gauge 4241 Nominal track gauge

4251 Design Eeametry of
switches and crossings
4286 The immediate

action
limits for switches and crossmgs |

Gaunge 4231 Structure gauge
4232 Distance between track
centres
4235 Minmum radius  of |
vertical curve

4293 Platform offset

Axle load and | 4261 Track resistance to vertical
axle spacing loads

4263 Lateral track resistance
4271 Resustance of new by
to traffic loads

4272 Equivalent verti
for mew earthworks
prasoure  effects 1mpy

1 bility, the mterfaces o
mfrastructure subsystem with the other subsystems are like deseril

TSI INF

D
T |

Interfacing Subsystem

TSI RST (LOC&PAS)

E E=] INF Subsystem Interfaces I

2 E2l 01 Interfaces with the rolling stock subsystem |
3 ES 01 INF - Track gauge

4 E2l 02 INF - Gauge

5 EZ 03 INF - Axle load and axle spacing

6

7

8

E2] 04 INF - Running characteristics
E|E2 05 INF - Ride Stability |
ESl 01 INF - Equivalent conicity [4.2.4 4]

TSI-INF-1.4.24.64.24.6

) 01 RST - Mechanical and geometrical
Railhead profile for plain line

B2 02 INF - Railhead profile for plain line [4.24.6] [& Erictrsles Gt el | 235 92]

TSI-LOC&PAS-1.4.2.3.5.2.24.2.3.5.2.2 Mechanical
and geometrical characteristics of wheels

Fumnmng  char- | 4.26. resistance  to
acteristics vert
Lateral track resistance

2714 Nosing forces

Track loading

‘4.2.4.4 Eﬁuhatem' comicity ‘

42343  Equivalent
4246 Railhead profile for plain
line 423523 Mechanical and
-:;Llel Equivalent  conicity in | SO0 STE R
T _ = www.incose.org/symp2024 #INCOSEIS
Longitudinal 4262  Longidinal track | 4245 Braking
actions. resistance performance

472715 Action: dus to fracton

33
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INTERFACE IDENTIFICATION: DEPENDENCY MATRIX VIEW (N2 C
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v

v

v

43

431

Functicaal and techiuteal

tfication of the i

From the

mt of technical ibility, the mterfaces of the

mfrastructure subsystem with the other subsystems are like described
m the following peints.

Interfaces with the rolling stock subsystem

Table 15

Interfaces with the subsystem ‘Rolling stock — locomotives and passenger rolling

stock’

Interface

» M2 Reference in TSI INF «

® M2 Reference in TSI
TLOC&PAS 4

Track gauge

4241 Nominal track gauge
4251 Design Eeametry of
switches and crossings

4286 The immediate action
limmits for switches and crossmngs

423521 Mechanical and
geometrical  characteristics
of wheelset
423523 Varable gaugs
wheelsets

Gaunge

4231 Structure gauge

4232 Distance between track
centres

4235 Momum radus  of
vertical curve

4293 Platform offset

4231 Gauging

Axle load and
axle spacing

4261 Track resistance to vertical
loads

4263 Lateral track resistance
4271 Resistance of new bridges
to traffic loads

4272 Equivalent vertical loading
for pew earthworks and earth
pressure effects imposed on new
structures

4274 Resstance of  existing
bridges and earthworks to traffic

loads

42210 Load conditions
and weighed mass

42321 Axle load
parametar

Fumning  char-
acteristics

4261 Track resistance to
~vertical loads

4263 Lateral track resistance
42714 Nosing forces

423421 Limit values for
rumming safaly

4234237 Track loading
lirit values

Rids stabaliy

‘4.2.-{.4 Eauiﬁieur comicity

4246 Ralhesl woble To plan
line

A3 117 Bguivaleat oty %
service

Longitudinal
actions

4262 Longitudinal track
resistance

472715 Action: dus to fracton

HART VIEW)

- [E9] RST Subsystem Interfaces

- Gauge [[}--

2] 03 Interface with Opera
E2] 04 Interface with the Cot-

@ 01 Interface with Energy
8] 05 RST - Ride St [T
E 01 RST - Mechar-

£9] 02 Interface with Inf

9 o1 RsST

5] 05 Interface with the tele-

WWW

A=

= &2 INF Subsystem Interfaces

01 Interfaces with the rolling stock subsystem
E2] 01 INF - Track gauge

9] 02 INF - Gauge

E 03 INF - Axle load and axle spacing

5] 04 INF - Running characteristics

E2] 05 INF - Ride Stability

INTERFACE BETWEEN

INF RAILHEAD PROFILE &
RST WHEEL CHARACTERISTICS

E 01 INF - Equivalent conicity [4.2.4.4]
: g 02 INF - Railhead profile for plain line [4.2.4.6]

E 03 INf - Equivalent conicity in service [4.2.11.2]
2] 06 INF - Longitudinal actions
2] 07 INF - Minimum horizants

g 09 INF - Maximum deceleration

E2] 10 INF - Aerodynamic effect

E2] 11 INF - Crosswind

[C8] 12 INF - Installations for servicing trains

34
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u : : : B :
INTERFACE IDENTIFICATION: SUBSYSTEM ALLOCATION ARARARIEIRIR
] Pl B 5
- [E9] RST Subsystem Interfaces *g % E|E g E E
5B © 5 = b g g o 28
g ....... : ................... : 8 (] ] = _g Q-. g]h U>; Q g
S| EE = o £ 2 o 4 @ o 48 4
[T} flr] E] ....... ; D : = o s | o W =1 _g 3 =1 =
£ & o | B|s|2 € £| [badPackage]O cdi=lE 1Ak 1N
= = 9 | gls - 1 ¥ L - alla
= H Q|| = | =
g 82 || ZE § Yy 9 Q00 s = 0
gl 5| LT B &
T 5k 2lele BE I
E &5 2 © 2|2|- & &
it  eYl=RRs + =] CCS OB Subsystem
= &2 INF Subsystem Interfaces EJ] ENE Subsystem
|_:_| 9] 01 Interfaces with the rolling stock subsystem g INF Subsystem .
: @ 01 INF - Track gauge g MTC Subsystem
@ 03 INF - Axle load and axle spacing g RST Subsystem o
. 8] 04 INF - Running characteristics .. ] TMA Subsystem
[=-E28] 05 INF - Ride Stability
: E 01 INF - Equivalent conicity [4.2.4.4]
.| 8] 02 INF - Railhead profile for plain line [4.2.4.6
@ . P — -p . [ ] i «interfaceBlock» «interfaceBlock»
g 03 INf - Equivalent conicity in service [4.2.11.2] 02 INF - Railhead profile 01 RST - Mechanical and geometrical
E 06 INF - Longitudinal actions for plain line [4.2.4.6] characteristics of wheels [4.2.3.5.2.2]
.. 8] 07 INF - Minimum horizontal curve radius
-.[28] 08 INF - Running dynamic behaviour _ NTRACE IEW
.9 09 INF - Maximum deceleration I
--[28] 10 INF - Aerodynamic effect
9] 11 INF - Crosswind 1 #INCOSEIS 35
i...[29] 12 INF - Installations for servicing trains




MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK

INTERFACE IDENTIFICATION: SUBSYSTEM ALLOCATION (CONT’D)

bdd [Package] 010 Rail System[ 020 Rail System (Rail / Wheel Interface) ])

«block»

Rail System

!

y

«block»
INF Subsystem

!

- 02 INF - Railhead profile for plain line [4.2.4.6] «block»

flow properties
out : INFRailheadProfileType
in : RSTWheelGeometryType

01 INF - Rail

-~

2-6 July 2024

flow properties
out : INFRailheadProfileType

«block»

01 INF - Railhead
Profile

: 02 INF/ Railhead profile
for pfain line [4.2.4.6]

«interfaceBlock»

y

«block»
RST Subsystem

T

SUBSYSTEMS

‘I

flow properties

in : INFRailheadProfileType
out : RSTWheelGeometryType

: 01 RST - Mechanical and geometrical characteristics of wheels [4.2.3.5.2.2]

/ «block»
<>| 04 RST - Wheels

: 01 RST - MechanicalNand geometrical
characteristics of w he§ls [4.2.3.5.2.2]

02 INF - Railhead profile
for plain line [4.2.4.6]

in : RSTWheelGeometry Ty pe

«interfaceBlock»

01 RST - Mechanical and ge
characteristics of wheels

etrical
.2.3.5.2.2]

flow properties /
in : INFRailheadProfileType
out : RSTWheelGeometry Type

INTERFACES

‘I

36




MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: RAIL SYSTEM WITH INTERNAL STRUCTURE VIEW

] INF Subsystem -
] MTC Subsystem -
Q OPE Subsystem -

] cCS OB Subsystem -
] CCS TS Subsystem
] ENE Subsystem -

E RST Subsystem -

: cC stem
. ] CCS TS Subsystem
. ] ENE Subsystem

/

. ] INF Subsystem

. ] MTC Subsystem
- ] OPE Subsystem
-] RST Subsystem
... ] TMA Subsystem

bdd [Package] 010 Rail System[ 030 Rail Systemw/ Connectors ])
«block»
Rail System
:INF Subsystem ————*———-» : RST Subsystem ~—~——
|
: 01 INF - Rail :
Rail / Wheel
: 01 INF - ! Interface [; - 04 RST - Wheels
Railhead Profile =~ 4
: 02 INF - Railhead profile : 01 RST - Mechanical and geometrical
for plain line [4.2.4.6] characteristics of w heels [4.2.3.5.2.2]

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS

IMPLIED RELATIONSHIP |
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE REGISTER: INFRASTRUCTURE VIEW W/ DETAILS (RAIL/WHEEL INTERFACE)

N— < Han VIEWPOINT: |NFRASTRUCTURE SUBSYSTEM E ‘

ESl 01 INF - Equivalent conicity [4.2.4.4]

Interface Features

|

Exchange Items

Interfacing Subsystem

I ES 01 Interfaces with the rolling stock subsysteml INTERFACE W/ ROLLING STOCK

E% 02 INF - Railhead profile for plain line [4.2.4.6]

EEYIN]  INFRASTRUCTURE  [SSVPREPS
ERTIUI RAILHEAD PROFILE |

ES] 07 INF - Minimum horizontal curve radius

ESl 12 INF - Installations for servicing trains

03 Interfaces with the control command and

#

1 |2 B INF Subsystem Interfaces I

2 B

3 E= 01 INF - Track gauge

4 Eg 02 INF - Gauge

5 ESl 03 INF - Axle load and axle spacing
6 ESl 04 INF - Running characteristics

7 B E& 05 INF - Ride Stability

8

9

10

11

12

13 E9 08 INF - Running dynamic behaviour
14 E2l 09 INF - Maximum deceleration

15 ES 10 INF - Aerodynamic effect

16 ES 11 INF - Crosswind

17

18 E2 02 Interfaces with the energy subsystem
19 ; ;

signalling subsystem

20

04 Interfaces with the operation and traffic
management subsystem

2-6 July 2024

TSI-INF-1.4.2.4.64.2.4.6

[l Railhead profile for plain

line

www.incose.org/symp2024 #INCOSEIS

INTERFACE
REQUIREMENTS @

H out
in

: INFRailheadProfileType

: RSTWheelGeometryType

: 01 RST - Mechanical and geometrical
characteristics of wheels [4.2.3.5.2.2]

E INFRailheadProfileType
EJ RSTWheelGeometryType

INTERFACE FEATURES §

EXCHANGE ITEMS §

01 RST - Mechanical and geometrical
characteristics of wheels [4.2.3.5.2.2]

INTERFACING ROLLING STOCK
WHEELSET CHARACTERISTICS §
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK

INTERFACE REGISTER: BUILDING THE INTERFACE REGISTER

a

2 Name

I Interface Requirements I Interface Features

‘Unspeakable botch’: Spain spends €258
million on trains that are too big for its
tunnels

1

cing Subsystem

e I = T ¥ o

|10
1

| 12
13
14
| 15

16

17

18
19
| 20
| 21
2
| 23

24

| 25
| 26

B B INF Subsystem Interfaces
E [ 01 Interfaces with the rolling stock subsystem
B E2 01 INF - Track gauge
E= 01 INF - Nominal track gauge [4.2.4.1]
E=] 02 INF - Design geometry of switches and Crossings [4.2.5.1]
2] 03 INF - The immediate action limits for switches and crossings [4.2.8.6]
B & 02 INF - Gauge

E9 01 INF - Structure gauge [4.2.3.1]

out : INFStructureGaugeType
in : RSTKinematicGaugeType
[Rl : 01 RST - Rolling stock kinematic gauge [4.2.3.1]

TSI-INF-1.4.2.3.14.2.3.1
Structure gauge

E INFstructureGaugeType | EZ 01 RST - Rolling stock kinematic gauge [4.2.3.1]

] rsTKinematicGaugeType

E=| 02 INF - Distance between track centres [4.2.3.2]
E 03 INF - Minimum radius of vertical curve [4.2.3.5]

E=l 04 INF - Platform offset [4.2.9.3]

[H out : INFPlatformOffsetType
in : RSTKinematicGaugeType
[® : 01 RST - Rolling stock kinematic gauge [4.2.3.1]

TSI-INF-1.4.29.34.29.3
Platform offset

S| Q‘T 03 INF - Axle load and axle spacing
E=] 01 INF - Track resistance to vertical loads [4.2.6.1]
=l 02 INF - Lateral track resistance [4.2.6.3]
E=] 03 INF - Resistance of new bridges to traffic loads [4.2.7.1]

04 INF - Equivalent vertical loading for new earthworks and
pressure effects imposed on new structures [4.2.7.2]

05 INF - Resistance of existing bridges and earthworks to trg
= [4.2.7 4]

B E2 04 INF - Running characteristics
E=] 01 INF - Track resistance to vertical loads [4.2.6.1]

How a French rail company spent
£12bn on trains that are "too wide"
Apparently,it's the sort of thing that occurs when you separate

therail operators from train companies, so will probably be
happening soon at a platform near you

g INFPlatformOffsetType 'E= 01RsT- Rolling stock kinematic gauge [4.2.3.1]

EJ RsTKinematicGaugeType

E=] 02 INF - Lateral track resistance [4.2.6.3]
EJ 03 INF - Nosing forces [4.2.7.1.4]

B E 05 INF - Ride Stability
ESl 01 INF - Equivalent conicity [4.2.4.4]

=
=t

E St

E2 02 INF - Railhead profile for plain line [4.2.4.6]

out : INFRailheadProfileType
in : RSTWheelGeometryType

: 01 RST - Mechanical and geometrical
characteristics of wheels [4.2.3.5.2.2]

TSI-INF-1.42.464.246
L&l Railhead profile for plain
line

£ INFRailheadProfileType
EJ RsTWheelGeometryType

01 RST - Mechanical and geometrical
characteristics of wheels [4.2.3.5.2.2]

03 INf - Equivalent conicity in service [4.2.11.2]
B E5 06 INF - Longitudinal actions
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MBSI| FRAMEWORK USE
[1] USE AS TEMPLATE: DIRECT EDIT (E.G., PROJECT SPECIFIC APPLICATION)

PR Containment | 23 Diagrams | B3 Structure

Containment LI
= B % Q o -
8- @ INF Subsystem Interfaces A

&2 01 Interfaces with the rolling stock subsystem

B @ 01 INF - Track gauge

-2 01 INF - Nominal track gauge [4.2.4.1]

=] 02 INF - Design geometry of switches and Crossing
‘-2 03 INF - The immediate action limits for switches al
&- 2] 02 INF - Gauge

-- } Relations

E3-E2 01 INF - Structure gauge [4.2.3.1]

--E2] 02 INF - Distance between track centres [4.2.3.2]
--[2] 03 INF - Minimum radius of vertical curve [4.2.3.5]
E}"@ 04 INF - Platform offset [4.2.9.3]

B- 2 03 INF - Axle load and axle spacing

2] 01 INF - Track resistance to vertical loads [4.2.6.1]
--[9] 02 INF - Lateral track resistance [4.2.6.3]

-] 03 INF - Resistance of new bridges to traffic loads [
2] 04 INF - Equivalent vertical loading for new earthwi
-2 05 INF - Resistance of existing bridges and earthwc
&- 2 04 INF - Running characteristics

[ 01 INF - Track resistance to vertical loads [4.2.6.1]
- [29] 02 INF - Lateral track resistance [4.2.6.3]

@ 03 INF - Nosing forces [4.2.7.1.4]

&~ B 05 INF - Ride Stability

E-. Relations

2] 01 INF - Equivalent conicity [4.2.4.4]

"@ 02 INF - Railhead profile for plain line [4.2.4.6]
[ 03 INf - Equivalent conicity in service [4.2.11.2]

= 06 INF - Longitudinal actions

-] 01 INF - Longitudinal track resistance [4.2.6.2]
2] 02 INF - Actions due to traction and braking [longit
& E= 07 INF - Minimum horizontal curve radius

@ 02 INF - Minimum radius of horizontal curve [4.2.3.
E @ 08 INF - Running dynamic behaviour

i -2 02 INF - Cant deficiency [4.2.4.3]

& E2J 09 INF - Maximum deceleration

: i 01 INF - Longitudinal track resistance [4.2.6.2]

H @ 02 INF - Actions due to traction and braking [4.2.7.1
E| E= 10 INF - Aerodynamic effect

N

"™ 020 INF Interfaces (Regi... %

EEB P : = Add New == Add Existing... Delete Remove From Table : %i >

Criteria

Element Type:

Interface Block Scope (optional): | INF Subsystem Interfaces

+h Columns © B] Export B - : & -

Filter: | Y~

B -:Q ‘R

D -

‘ Interface Features

# | A Name Interface Requirements Exchange Items

1 |8 B INF Subsystem Interfaces

2 B E= 01 Interfaces with the rolling stock subsystem

3 B = 01 INF - Track gauge

4 ] o1 INF - Nominal track gauge [4.2.4.1]

5 El 02 INF - Design geometry of switches and Crossings [4.2.5.1]

6 E o3 INF - The immediate action limits for switches and crossings [4.2.8.6]

7 B = 02 INF - Gauge

o [H out : INFStructureGaugeType = INFStructureGaugeType
8 E= 01 INF - Structure gauge [4.2.3.1] %u%:r; g;agu;el 4231 g, RSTKinematicGaugeType E RSTKinematicGaugeTy,
[Rl : 01 RST - Rolling stock kinematic gauge [4.2.3.1]
9 E=] 02 INF - Distance between track centres [4.2.3.2]
10 E=] 03 INF - Minimum radius of vertical curve [4.2.3.5]
s [E out : INFPlatformOffsetType E INFPlatformOffsetType
1 E=] 04 INF - Platform offset [4.2.9.3] =l %tflz)\l_:mqouff;elt 4293 [H in : RSTKinematicGaugeType E RSTKinematicGaugeTy,
(Rl : 01 RST - Rolling stock kinematic gauge [4.2.3.1]

12 2 E o3 INF - Axle load and axle spacing

13 B o1 INF - Track resistance to vertical loads [4.2.6.1]

14 E o2 INF - Lateral track resistance [4.2.6.3]

15 E o3 INF - Resistance of new bridges to traffic loads [4.2.7.1] .

16 04 INF - Equivalent vertical loading for new earthworks and € ADD I EDIT I REMOVE :

pressure effects imposed on new structures [4.2.7.2] NOMENCLATURE, SUBSYSTEMS, INTEROPERABLE CONSTITUENTS,

17 E0) )y, ance ofexisting bridges and earihworks to ! REQUIREMENTS, INTERFACES, EXCHANGE ITEMS, ETC.

18 8 E o4 INF - Running characteristics

19 El o1 INF - Track resistance to vertical loads [4.2.6.1]

20 E o2 INF - Lateral track resistance [4.2.6.3]

21 E o3 INF - Nosing forces [4.2.7.1.4]

22 B2 E= 05 INF - Ride Stability

23 E o1 INF - Equivalent conicity [4.2.4.4]
< >

Show Description :

Eiltar ic nat annlicAd 1 rawre are Aienlavaed in the +ahiloa




MBSI| FRAMEWORK USE

[2] USE AS LIBRARY: CONTRACT BREAKDOWN STRUCTURE

BACKGROUND & CHALLENGES
LARGE-SCALE PROJECTS: INDUSTRY TYPICAL CONTRACT BREAKDOWN STRUCTURE

Large-Scale
Project

Civil Warks

‘ Facilifies i ‘ Traineats

Trackwaork ]‘ Systems l

package 020 Contract Breakdow n Structure [ | 010 Contract Breakdow n Structure ]J pome [ o [ tecrsts YT Qi ML
— Bridges | Depots | Fascs:rrs\ger l Tgﬁﬂ:lrk Traction 9ov¢sr|
bb k Tunneks ‘ Conho]Cenhall "‘?j::ﬁgi';“l
«block»
010 Large-Scale ; : s
PrOject 2-5 July 202¢ wwanLineose,arg'symp2024 #INCOSEIS
«block» «block» «block» «block» «block» «block»
010 Civil Works 020 Facility Packages 030 Trainset Packages 040 Trackwork Packages 050 Systems Packages 060 Operations &
Packages Maintenance Packages
[ ] L ] ] i L | L
«block» «block» «block» «block» «blocky» «block»
—> 010 At-Grade — 010 Station — 010 Locomotive — 010 Track Contracts 5 010 Mechanical & —> 010 Train
Contracts Contracts Contracts Electrical Systems Operator Contract
Contracts
«block» «block» «block» «block» «block»
—> 020 Bridge —> 020 Depot —> 020 Passenger —> 020 Special «block» | 020 Infrastructure
Contracts Contracts Car Contracts Trackwork Contracts —> 020 Traction Power Management
Contracts Contract
«block» «block» «block»
—> 030 Tunnel —> 030 Control —> 030 Maintenance «block»
Contracts Center Contracts Vehicle Contracts o] 030 Communication
& Train Control
Systems Contracts
«block»
—> 040 Utility
Contracts «block»
—| 040 SCADA System
Contracts




MBSI FRAMEWORK USE
[2] USE AS LIBRARY: INTERFACE EXAMPLE CHALLENGES

e

| s ey

MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE REGISTER: BUILDING THE INTERFACE REGISTE! =

‘‘‘‘‘‘‘‘‘

package 020 Contract Breakdow n Structure [ % 010 Contract Breakdow n Structure ]J

«block»

010 Large-Scale

Project

!

et it
e

ecturnis o geamerenl
I B AZI R

«block»

010 Civil Works

«block»

020 Facility Packages

030 Trainset Packages

«block»

040 Trackwork Packages

«block»

«block»

050 Systems Packages

«block»
060 Operations &

040 SCADA System
Contracts

Packages Maintenance Packages
# ' ' ' L L
PLATFORM SIZE WHEEL RAIL
«block» l«block» ‘_W . «block» «block» «block»
— 010 At-Grade 010 Station —] 010 Locomotive 010 Track Contracts 5 010 Mechanical & —> 010 Train
Contracts Contracts Contracts Electrical Systems Operator Contract
Contracts
«block» «block» «block» «block» «block»
—> 020 Bridge —> 020 Depot —> 020 Passenger 020 Special «block» | 020 Infrastructure
Contracts Contracts Car Contracts Trackwork Contracts —> 020 Traction Power Management
Contracts Contract
SIZE «block» «block» «block»
1 030 Tunnel —> 030 Control —> 030 Maintenance «block»
Contracts Center Contracts Vehicle Contracts o] 030 Communication
& Train Control
Systems Contracts
«block»
—> 040 Utility
Contracts ” «block»




MBSI FRAMEWORK USE

[2] USE As LIBRARY: SYSTEM BREAKDOWN STRUCTURE || 35

System Engineering
ARC Project - Contract Packages

package 030 System Breakdow n Structure[ & 010 System Breakdow n Structure ]J

«block»

010 Large-Scale
Project

|

BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: ExaMPLE — ARC TUNNEL PROJECT

System Engineering

Thirty {30) RRS
sub-systams

WHWLINCoSE, arf

, | Railroad Systems Contract

!

l 2-5 July 2024

/

«block» «block» «block» «block» «block» «plock»
010 Civil Works 020 Facility Packages 030 Trainset Packages 040 Trackwork Packages 050 Systems Packages 060 Operations &
Packages Maintefiance Packages
«block» «block» «block» «block»
> 030 Tunnel 010 Station — 010 Locomotive — 010 Track Contracts
Contracts Contracts Contracts
«blbck» «blﬁck» «blobk» «bbck»
010 Tunnels 020 Platforms 030 Locomotives 040 Rail

DUE TO STAGGERED CONTRACT PROCUREMENTS,
SYSTEM BREAKDOWN IS OFTEN PERFORMED

BY CONTRACT PACKAGE (BETTER: BY LARGE-

SCALE PROJECT W/ CONTRACT ALLOCATION)




MBSI| FRAMEWORK USE
[2] USE AS LIBRARY: INTERFACE ALLOCATION

MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: SUBSYSTEM ALLOCATION (CONT'D)

b [Puckage] 013 R Systam| 20 ad System (Rl Whes! miertaca | ]

package 040 Interfaces [ EE:]. 010 Interface Allocation ]J

«block»

030 Tunnel
Contracts

I

«bbck»
010 Tunnels

«interfaceBlock» |

25 July 2024 36

% Tree | BE List |

=

E}IE MBSI Library [MBSI Framework.Rev1.2024-06-22.mdzip]
BJ- [] 020 Requirements

B~ [ 030 Structure
B- [ ] 040 Interfaces

a

El [] 020 INF Subsystem
B @ INF Subsystem Interfaces
B@ 01 Interfaces with the rolling stock subsystem
: " B2 01 INF - Track gauge
B- B2 02 INF - Gauge
- /B 01 INF - Structure gauge [4.2.3.1]

@ 04 INF - Platform offset [4.2.9.3]

IIIE N2 INIE _ Avia lnaAd anAd avla enarinn

-] 02 INF - Distance between track centres [4.2.3.2]
@ 03 INF - Minimum radius of vertical curve [4.2.3.

(] Apply Filter ( Ctrl+Space )

Select




MBSI| FRAMEWORK USE
[2] USE AS LIBRARY: INTERFACE ALLOCATION (CONT’D)

MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: SUBSYSTEM ALLOCATION (CONT'D)

b [Puckage] 013 R Systam| 20 ad System (Rl Whes! miertaca | ]

package 040 Interfaces [ EE:]. 010 Interface Allocation ]J

«block»

030 Tunnel
Contracts

I

«bbck»
010 Tunnels

«interfaceBlock»

25 July 2024 36

% Tree | BE List |

=

01 INF - Structure gauge [4.2.3.1] ¢

flow properties
out : INFStructureGaugeType

references
: 01 RST - Rolling stock kinematic gauge [4.2.3.1]

in : RSTKinematicGaugeType ~—_

E}IE MBSI Library [MBSI Framework.Rev1.2024-06-22.mdzip]
BJ- [] 020 Requirements
B~ [ 030 Structure
=- [ ] 040 Interfaces
El [] 020 INF Subsystem
B @ INF Subsystem Interfaces
B@ 01 Interfaces with the rolling stock subsystem
: " B2 01 INF - Track gauge
B- B8 02 INF - Gauge
T~ @ 01 INF - Structure gauge [4.2.3.1]

@ 04 INF - Platform offset [4.2.9.3]

IIIE N2 INIE _ Avia lnaAd anAd avla enarinn

-] 02 INF - Distance between track centres [4.2.3.2]
@ 03 INF - Minimum radius of vertical curve [4.2.3.

(] Apply Filter ( Ctrl+Space )

Select




MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK

MBSI FRAMEWORK USE N
[2] USE AS LIBRARY: INTERFACE ALLOCATION (CONT’D)

| s |
package 040 Interfaces [ FEEQ 010 Interface Allocation ])

«block» «block» «block» «block» i
030 Tunnel 010 Station 010 Locom otive 010 Track Contracts s aemnencran | . ‘,
Contracts Contracts Contracts 25 July 2024 3
«blo.ck» «block» «block» «block»
€ >
010 Tunnels 020 Platforms . 030 Locomotives 040 Rail

: 01 INF - Structu : 04 INF - Platfor : 01 RST - Rflling stock  : 01 RST - Mechanical and : 02\INF - Railhead profile
gauge [4.2.3.1 offset [4.2.9.3] kinematic gayge [4.2.3.1] geometricalkharacteristics ok plain line [4.2.4.6]
of wheeld [4.2.3.5.2.2]
«interfaceBlock» «interfaceBlock» «interfaceBlock»
01 INF - Structure gauge [4.2.3.1] 01 RST - Rolling stock kinematic gagge [4.2.3.1] 02 INF - Railhead profile for plain line [4.2.4.6]
flow properties flow properties flow properties
out : INFStructureGaugeType in : INFStructureGaugeType out : INFRailheadProfileType
in : RSTKinematicGaugeType in : INFPatformOffsetType in : RSTWheelGeometry Type
out : RSTKinematicGaugeType .
references references
: 01 RST - Rolling stock kinematic gauge [4/2.3.1] references : 01 RST - Mechanical and geometrical characteristics of w heels [4.2.3.5.2.2]
: 01 INF - Structure gauge [4.2.3.1]
/ : 04 INF - Platform offset [4.2.9.3]
«interfaceBlock» «interfaceBlock»
04 INF - Platform offset [4.2.9.3] 01 RST - Mechanical and geometrical characteristics of wheels [4.2.3.5.2.2]
flow properties flow properties
out : INFPlatformOffsetType in : INFRailheadProfileType
in : RSTKinematicGaugeType out : RSTWheelGeometry Type
references references
: 01 RST - Rolling stock kinematic gauge [4.2.3.1] : 02 INF - Railhead profile for plain line [4.2.4.6]




MBSI| FRAMEWORK USE
[2] USE AS LIBRARY: CONTRACT INTERFACE MATRIX (N CHART)

Unspeakable botch’: Spain spends: €258
million on trains that are too big for its
tunnels

020 Special Trackwo

71 020 Civil Works Cont @
EJ 010 At-Grade Contra
1 050 Trackwork Conti [@
E] 010 Track Contracts

E1 020 Bridge Contract
E 030 Tunnel Contract
EJ 040 Utility Contracts -
7] 030 Facilities Contrac @
EJ 010 Station Contract
EJ 020 Depot Contracts-
E1 030 Control Center ¢~
] 040 Trainset Contrac (I
| 010 Locomotive Con--
EJ 020 Passenger Car C-
EJ 030 Maintenance Ve

B[] 020 Civil Works Contracts :
- & 010 At-Grade Contracts ?gvgfgﬁet?:gnﬁllll;? :;epa?oyos&fg;
- 020 Bridge Contracts T ——
E 030 Tunnel Contracts 1], ﬁ%%?éL?E;ZZ‘S;_Z??SQ{?éﬁi??iiaféff MLl
-] 040 Utility Contracts i
& 7] 030 Facilities Contracts 1
{1 010 Station Contracts | e |
- ] 020 Depot Contracts

.. 2] 030 Control Center Contracts

&[] 040 Trainset Contracts 1 1 1

- =] 010 Locomotive Contracts 1 & . .- N . -
- & 020 Passenger Car Contracts

EJ 030 Maintenance Vehicle Contracts [L[I
= 71 050 Trackwork Contracts 1
1= 010 Track Contracts N .- ; I_‘

A 4

- = 020 Special Trackwork Contracts SEIS




MBSI| FRAMEWORK USE

[2] USE AS LIBRARY: CONTRACT SPECIFIC INTERFACE REGISTER

# | A Name ‘ System Elements | Interfaces I Interface Requirements I Interface Features
1 B [ 020 Civil Works puus
ENTIIRR MBS| Framework Use | MBS FRAMEWORK (DEFINITION) |
El 010 Tunnels ES 01 INF - Structure gauge [4.2.3.1] out : INFStructureGaugeType
4 EJ 030 Tunnel Contracts [l TSI-INF-1.4.2.3.14.2.3.1 Structure gauge in : RSTKinematicGaugeType
[Rl :01 RST - Rolling stock kinematic gauge [4.2.3.1]
5 EJ 040 utility Contracts
6 B[] 030 Facilities Contracts
E 020 Platforms ~ |E2 04 INF - Platform offset [4.2.9.3] out : INFPlatformOffsetType
7 E 010 Station Contracts L&l TSI-INF-1.4.2.9.34.2.93 Platform offset in : RSTKinematicGaugeType
[R :01 RST - Rolling stock kinematic gauge [4.2.3.1]
8 E 020 Depot Contracts
9 E2 030 Control Center Contracts
10 B[] 040 Trainset Contracts
E2 030 Locomotives JEZ 01 RST - Rolling stock kinematic gauge [4.2.3.1] in : INFStructureGaugeType
= 01 RST - Mechanical and geometrical in : INFPlatformOffsetType
characteristics of wheels [4.2.3.5.2.2] out : RSTKinematicGaugeType
i . o - = [’ :01 INF - Structure gauge [4.2.3.1]
1 EJ 010 Locomotive Contracts (Bl TSI-LOC&PAS-1.4.23.14.2.3.1. Gauging [H - 04 INF - Platform offset [4.2.9.3]
in : INFRailheadProfileType
out : RSTWheelGeometryType
[Rl :02 INF - Railhead profile for plain line [4.2.4.6]
12 E 020 Passenger Car Contracts
13 EJ 030 Maintenance Vehicle Contracts
14 B [ 050 Trackwork Contracts
EJ 040 Rail E2] 02 INF - Railhead profile for plain line [4.2.4.6] out : INFRailheadProfileType
15 B 010 Track Contracts T.SHN_|‘:4C 4.2.4.6 Railhead profile CE in ; RSTWheeIGEOTetryType .
for plain line : 01 RST - Mechanical and geometrical
characteristics of wheels [4.2.3.5.2.2]
16 E 020 Special Trackwork Contracts




MBSI| FRAMEWORK USE
[3] CUSTOMIZE & TAYLOR: ADDING NEW, PROJECT-SPECIFIC INTERFACE(S)

TUI;J{[EL 25kV OCS AND PANTOGRAPH

ELECTRICAL ENVELOPE

bdd [Package] 050 Customize & Taylor [ 010 New TRK-TUN Interface ]J

28'=0" (MIN]

PANTOGRAPH
VARIES e STATIC ENVELOPE
«block»
VEHICLE BODY STATIC ENVELOPE «block»
b 010 Civil Works 040 Trackwork Packages
Packages
/-'"_ LV FACILITY POWER CONDUITS,
: i BOXES AND CONDUCTORS
zesie B T g MINIMUM EMERGENCY «block» «block»
ANNULLE. chadt P e i ) WALKWAY CLEARANCE
o ' {TYP} 030 Tunnel Contracts 010 Track Contracts

PRECAST CONCRETE
SEGMENTAL LINING

i | ) EMERGENCY LIGHT FIXTURES I I

E%E%]éerLT]GHT «block» «block»
BLUEL (GHT STATION, — 010 Tunnels 010 Trackform

LEAKY FEEDER [TYP)

Y
\ '\
] o i :01 TUN - TunnelPx S : 01 TRK - Track Form
t i e L . _: i 2 7 P | SPRINGL INE
b | - «interfaceBlock» «interfaceBlock»
Fita [ j[ ; = 01 TUN - TunnelProvisions 01 TRK - Track Form
STANDPIPE g b e
o T = flow properties flow properties
in : TRKTrackFormType out : TRKTrackFormType
TOP OF RalL HANDRAIL
- et

SYSTEMWIDE CABLE TROUGH

TRACK DRAINAGE NON-BALLASTED TRACK

ACCOMMODAT [ONS
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MBSI FRAMEWORK USE
[3] CUSTOMIZE & TAYLOR: CONTRACT INTERFACE MATRIX (N2 CHART)

E H H : H E H H H E H H H E H
= © 7l =1 . T T 72— L S Y § I = o
SeEelEEERsE85558¢
S 5lElESE858 e 2L EER
SR°MNS g8 g8t ssk
e 2588¢cE3288 %72
S 2 S|IERESSCES 4R R Il s
S 2 als & hooF S&ESFFw i) o
EE  FEEEEREEEREE Ii I —
OO OO O 0O 00 0O 0a 0 0 oo [
{1 O CIyC0jCm £ O O C0 £ 00 C0 0 0 O G P
E- £ 020 Civil Works Contracts 1 1 s, crur _ s, RO
- & 010 At-Grade Contracts ST —fr—< ¢ —
- & 020 Bridge Contracts Y 3 B o
- &1 030 Tunnel Contracts N .- N .- el
-] 040 Utility Contracts 1 ] I
= [ 030 Facilities Contracts 1
- & 010 Station Contracts K
- 4 020 Depot Contracts B e LT
-1 030 Control Center Contracts 3
=[] 040 Trainset Contracts 1 1 1 N——
- 4 010 Locomotive Contracts 1 of N - / —_—, m—
- & 020 Passenger Car Contracts
.5 030 Maintenance Vehicle Contracts
B [ 050 Trackwork Contracts 1 1
1 & 010 Track Contracts il ¥ H .
-~ 020 Special Trackwork Contracts EIS o1




MBSI| FRAMEWORK USE

[3] CUSTOMIZE & TAYLOR: ADDING PROJECT-SPECIFIC INTERFACE REQUIREMENTS

# I ~ Name ‘ Interface Requirements I Interface Features

J Exchange Items

Interfacing Subsystem

—

out : INFStructureGaugeType

LE in : RSTKinematicGaugeType

[Rl :01 RST - Rolling stock kinematic gauge [4.2.3.1]
LOC&PAS-TSI-1.4.23.52. 28 in : INFRailheadProfileType

TSI-INF-1.4.2.3.14.2.31
Structure gauge

E= 01 INF - Structure gauge [4.2.3.1]

- INFStructureGaugeType
&= RSTKinematicGaugeType

E INFRailheadProfileType
L RSTWheelGeometryType

& INFStructureGaugeType
EJ INFPlatformOffsetType
EJ RSTKinematicGaugeType

ESl 01 RST - Rolling stock kinematic gauge [4.2.3.1]

ESl 02 INF - Railhead profile for plain line [4.2.4.6]

ES] 01 INF - Structure gauge [4.2.3.1]
ES| 04 INF - Platform offset [4.2.9.3]

EJ TRKTrackFormType

E=l 01 TUN - TunnelProvisions

2 01 RST - Mechanical and geometrical 4.235.2.2 -‘v’*?d‘a”'ca' [H out : RSTWheelGeometryType
characteristics of wheels [4.2.3.5.2.2] and geometrical ~ |& :02 INF - Railhead profile for plain line [4.2.4.6]
characteristics of wheels
[H in : INFStructureGaugeType
_ [E in : INFPlatformOffsetType
‘ , ‘ LOC&PAS-TSI-1.4.2.3.1 _ _
3 ESl 01 RST - Rolling stock kinematic gauge [4.2.3.1] [&] 4231, Gauging [H out : RSTKinematicGaugeType
; [Rl :01 INF - Structure gauge [4.2.3.1]
(Rl :04 INF - Platform offset [4.2.9.3]
DEFINE CONTRACT —SPECIFIC [E out : TRKTrackFormType
4 ESl 01 TRK - Track Form »
INTERFACE REQUIREMENTS [’ :01 TUN - TunnelProvisions
' out : INFRailheadProfileType
TSI-INF-1.4.24.64.2.48® : RSTWheelG T
. ey in : eelGeome e
5 E2| 02 INF - Railhead profile for plain line [4.24.6] [& Railhead profile for plain i |
i : T - Mechanical and geometrical
character™sgs of wheels [4.2.3.5.2.2]
S R G P LE out : INFPlatform
6 ES] 04 INF - Platform offset [4.2.9.3] I R Gt i in : RSTKinematicGauge

Platform offset

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS

E INFRailheadProfileType
EJ RSTWheelGeometryType

El INFPlatformOffsetType
= RSTKinematicGaugeType

) 01 RST - Mechanical and geometrical
characteristics of wheels [4.2.3.5.2.2]

E9 01 RST - Rolling stock kinematic gauge [4.2.3.1]

52
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SUMMARY & CONCLUSION

BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INDUSTRY TYPICAL CONTRACT BREAKDOWN STRUCTURE

Large-Scale
Project

1 I [ | | |

‘ Civil Works ‘ Faclities * ‘ Trainsats * ‘ Trackwark ] ‘ Systams l g orting l
Al-Grade l Stations I Lecemalives l Track l Mechanical, | TranDpcraror|
riaer | [ owwon | ([ P | o, | (oo o) [
Tunmks l Corral Cenhall Memisnanes l

LAl ites

> MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
~ TECHNICAL SPECIFICATIDNS FOR INTERDPERABILI'I'Y (TSI) - Key INTERFACES

BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INTERFACE MANAGEMENT REALITIES

How a French rail company spent 'Unspeakable botch’: Spain spends €258
£12bn on trains that are "too wide” million on trains that are too big for its

tunnels

- MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
" INTERFACE IDENTIFICATIDN CREATING INTERFACE TABLES IN MBS| FRAMEWORK

MBSI FRAMEWORK USE
[2] UsE as LIBRARY INTERFACE EmMPLE CHALLENGES
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MBSI FRAMEWORK USE
[2] USE AS LIBRARY: CONTRACT SPECIFIC INTERFACE REGISTER
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2 MBSI| FRAMEWORK USE

BACKGROUND, CHALLENGES & OBJECTIVES
OBJECTIVES: PREDICTABLE, REPEATABLE PROCESS, CONVENIENT, INTEROPERABLE

CMMI Level 1: Initial
— Unpredictable Processes, relying on SME Expertise (or Lack Thereof)
CMMI Level 2: Managed
— Repeatable Processes w/in Project ’
CMMI Level 3: Defined
— Repeatable Processes w/in Organization | -
— Project Tailors Processes from Organizational Standards

Additional Objectives
— Convenience: Ready (Easy) to Use
— Interoperable: Compatible w/ Future Contracts

- MODEL- BASED SYSTEMS INTEGRATION FRAMEWORK
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[3] CusTOMIZE & TA'rLOR CONTRACT INTERFACE MATRIX (N? CHART)
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