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Design Principles High-speed Maglev System (MSB)

Information

Introduction

Technical systems are developed, realised, approved and operated on the basis of gener-
ally accepted codes of engineering practice. There is no self-contained body of rules for
high-speed maglev systems. We have therefore compiled a set of generally applicable
guidelines for a high-speed maglev system that have been derived from development,
testing, approval and operation.

Project-neutral design principles have been drafted for high-speed maglev systems and
their individual subsystems. The "Eisenbahn-Bundesamt" (EBA - German Federal Railway
Authority) proposes to apply this documentation as "engineering rules" in the sense of
Section 3 Paragraph 1 of the "Magnetschwebebahn-Bau- und Betriebsordnung” (MbBO -
Maglev Construction and Operation Regulations).

Scope

This documentation applies to maglev systems in the Federal Republic of Germany in
accordance with the "Allgemeines Magnetschwebebahngesetz” (AMbG - General Maglev
System Act).

Structure of the Documentation

Similar to a basic standard, this documentation lays down the generally accepted techni-
cal and operational requirements for a high-speed maglev railway system that are pro-
ject-neutral. These requirements constitute the principles for the design, planning, reali-
sation and operation of high-speed maglev projects. Reference is also made to existing
engineering rules that apply to high-speed maglev systems.

The regulations according to DIN 820 have been applied by analogy in the preparation of
this documentation. The degree to which the requirements are binding has been defined
by reference to DIN 820, Part 2, E, and has been taken into consideration when formulat-
ing the individual requirements.

The documentation comprises the MSB design principles listed in the table below.



Complete System

Doc.No.
Complete System
50630 (GS)
67536 GS — Annex 1 Abbreviations and Definitions
67539 GS — Annex 2 Statutes, Regulations, Standards and Directives
67285 G _ Annex 3 Environmental Conditions
69061 GS — Annex 4 Rules for Operation (Train Operation and Maintenance)
72963 GS — Annex 5 Noise
Vehicle
Doc.No.
67698 Vehicle Part | General Requirements
67694 Vehicle Part 11 Design
67650  vehicle Part 111 Kinematic Gauge
73388 Vehicle Part IV Levitation/Guidance System
73389  vyehicle Part V Brake System

Drive and energy supply

Doc.No.

50998 Drive and energy supply

Operation Control System

Doc.No.

53328 Operation Control System



Guideway

Doc.No.

57284  Guideway Part | Primary Requirements
57288  Guideway Part I Design

41727  Guideway Part I Geometry

60640  Guideway Part IV Alignment

60641  Guideway Part V Surveying

63842  Guideway Part VI Maintenance

Table: MSB Design Principles
Copyright

The copyright in the published documentation and all attachments remains with the re-
spective author according to the relevant statutory provisions. All rights reserved.

Status of the Procedure

The acceptance of the documentation by the various individual Technical Committees on
15.02.2007 completes the process of national agreement.

Procedure for the Provision of Information pursuant to Directive
98/34/EC

The requirements of Directive 98/34 are complied with on completion of the process of
national agreement.

Publication by the Federal Railway Authority

The Federal Railway Authority publishes the documentation in its capacity as manage-
ment of the high-speed maglev system technical committees. The technical committees
alone are responsible for the content of the documentation.

Equivalence Clause

Vehicles and operating plant from other Member States of the European Community or
Turkey or from an EFTA State that is a party to the EEA Agreement are also permitted
provided the same level of traffic safety as contained in the high-speed maglev system
design principles is guaranteed.

Note

The obligations laid down in Directive 98/34/EC of the European Parliament and of the
Council of 22 June 1998 laying down a procedure for the provision of information in the
field of technical standards and regulations and of rules on Information Society services
(OJ L 204 Page 37), as amended by Directive 98/48/EC of the European Parliament and
of the Council of 20 July 1998 (OJ L 217 Page 18), have been complied with.
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General

Purpose of the document, scope

This documents lays down the technical and operational minimum requirements for a high-
speed maglev rail system (MSB system) that are project-neutral. These requirements consti-
tute the basis for the design, planning, realisation and operation of high-speed maglev pro-
jects. Reference is also made to existing standards and directives that apply to high-speed
maglev systems.

These design principles apply to a high-speed maglev system according to the General
Maglev System Act /AMbG/.

High-speed Maglev System Design Princi-
ples

This document forms part of a documentation for high-speed maglev systems consisting of
multiple design principles. The document tree is shown in Figure 1. These high-level "com-
plete system" design principles and their annexes apply uniformly for the whole documenta-
tion.

The documentation consists of the existing

o High-speed Maglev System Design Principles Complete System, Doc. No.: 50630,
/MSB AG-GESAMTSYS/, with annexes:

° Annex 1: Abbreviations and Definitions, Doc. No.: 67536, /MSB AG-ABK&DEF/

° Annex 2: Statutes, Regulations, Standards and Directives, Doc. No.: 67539, /MSB
AG-NORM&RILI/

° Annex 3: Environmental Conditions, Doc. No.: 67285, /MSB AG-UMWELT/

o Annex 4: Rules for Operation (Train Operation and Maintenance), Doc. No.:
69061, /MSB AG-BTR/

° Annex 5: Noise, Doc. No.: 72963, /MSB AG-SCHALL/
as well as the jointly applicable low-level documents:

. High-speed Maglev System Design Principles Vehicle, Part I: General Requirements,
Doc. No.: 67698, /MSB AG-FZ GEN/

o High-speed Maglev System Design Principles Vehicle, Part II: Dimensioning, Doc.
No.: 67694, /MSB AG-FZ BEM/

o High-speed Maglev System Design Principles Vehicle, Part I1I: Kinematic Gauge,
Doc. No.: 67650, /MSB AG-FZ KIN/
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o High-speed Maglev System Design Principles Vehicle, Part IV: Support/Guidance
System, Doc. No.: 73388, /MSB AG-FZ TRAFU/

o High-speed Maglev System Design Principles Vehicle, Part V: Brake System, Doc.
No.: 73389, /MSB AG-FZ BREMS/

o High-speed Maglev System Design Principles Drive and Power Supply, Doc. No.:
50998, /MSB AG-ANT/

. High-speed Maglev System Design Principles Operation Control System, Doc. No.:
53328, /MSB AG-BLT/

o High-speed Maglev System Design Principles Guideway, Part I: High-level Require-
ments, Doc No.: 57284, /MSB AG-FW UBG/

. High-speed Maglev System Design Principles Guideway, Part II: Dimensioning, Doc.
No.: 57288, /MSB AG-FW BEM/

o High-speed Maglev System Design Principles Guideway, Part I1I: Geometry, Doc.
No.: 41727, /MSB AG-FW GEO/

o High-speed Maglev System Design Principles Guideway, Part IV: Track Alignment,
Doc. No.: 60640, /MSB AG-FW TRAS/

. High-speed Maglev System Design Principles Guideway, Part V: Surveying, Doc.
No.: 60641, /MSB AG-FW VERM/

J High-speed Maglev System Design Principles Guideway, Part VI: Maintenance, Doc.
No.: 63842, /MSB AG-FW IH/

Abbreviations and definitions
The abbreviations and definitions given in /MSB AG-ABK&DEF/ apply.

Statutes, regulations, standards and direc-

tives

The normative documents listed in /MSB AG-NORM&RILI/ contain requirements that form
part of the High-speed Maglev System Design Principles by cross reference in the High-speed
Maglev System Design Principles. Where normative documents in /MSB AG-NORM&RILI/
are dated, subsequent changes or revisions of these publications do not apply. With undated
references, the latest version of the normative document that is referred to applies.

The version of the standards and directives to be observed in an MSB project must be decided
bindingly on a project-specific basis.

Identification and binding value of require-
ments

The requirements of /DIN 820/ were essentially applied in the preparation of this document.
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In the following chapters and the annexes of this document
. Requirements are shown in normal font
. Explanations, guide values and examples are shown in italics
The degree to which the requirements are binding has been defined by reference to /DIN 820/,

Part 2, Annex G, and has been taken into consideration when formulating the individual re-
quirements.
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System Characteristics

The coordinate system, direction of travel and assignment between reference points, phase
windings and exciter poles are shown in Figure 3, Figure 4 and Figure 5.

Function

The high-speed maglev system must be constructed as a track-guided transport system for
passenger and/or goods traffic, and must have the following characteristics:

o Noncontact support/guidance function by controlled electromagnets (electromag-
netic levitation technology, EMS), Chapter 0,

o Noncontact drive and brake function by synchronous long-stator linear drive,
transformation of the controlled traction power at stationary plants, Chapter 0,

. Noncontact on-board energy supply of the MSB vehicles above a project-
specifically defined speed at which the on-board power demand is fully covered,
Chapter 0,

. Fully technically and automatically controlled train operation, Chapter 0,

. Guideway elevated or at grade, Chapter 0.

The geometry of the guideway and the geometry of the devices that support and guide the
vehicles must be harmonised with one another such that track guidance is guaranteed at the
respective permitted speeds and with the alignment parameters, even when utilising the per-
missible tolerances of the components.

The forces that occur at the interface between the guideway and the devices for supporting,
guiding, driving and braking in the vehicles, must be safely absorbed and transmitted, includ-
ing in case of failure.

Transport

Speed
The vehicle maximum speed, guideway maximum speed and tunnel maximum speed must be

defined project-specifically. (see Chapter 0).
Typical values for vehicle and guideway maximum speeds:

o long-haul traffic 400-500 km/h

. airport link 300-400 km/h.
The journey maximum speed must be derived from the vehicle maximum speed, the guide-
way maximum speed and the tunnel maximum speed.
The design of the MSB vehicle must be based on the vehicle maximum speed.
The design of the guideway must be based on the guideway maximum speed.
The technical maximum speed can be defined project-specifically.
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Journeys in the speed range above the journey maximum speed and up to the technical maxi-
mum speed may be carried out using reserves in dimensioning only after testing and approval
in each separate case.

During the design stage, the site-dependent nominal speed that is required for train opera-
tions shall be calculated having regard to operational and economic aspects, and realised by
the system configuration.

For the definitions and relationships of the speed relative to each other, see also /MSB AG-
ABK&DEF/, Chapter 5.

Acceleration

Section 13, (5) /MbBO/ must be taken into consideration.

This requirement is met as follows:

The start-up and brake-related acceleration of a vehicle must not exceed 1.5 m/s?.
Exceptional influences shall be allowed for according to the requirements of Chapter 0.

The mean and maximum drive acceleration should be defined project-specifically and accord-
ing to site, and having regard to operational and economic aspects.

The operationally usable brake retardation is limited by the braking capacity of the Safe
Brake, by the train resistance and by the maximum running profile monitored by the OCS.
For requirements relating to acceleration in the y and z direction, see Chapter 0.

Track alignment
Section 13, (1) and Section 13, (7) /MbBO/ must be taken into consideration.
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Alignment data

Section 13, (2); Section 13, (3); Section 13, (4) und Section 13, (6) /MbBO/ must be taken

into consideration.

The following values should also be adhered to:

Values Criterion

Platform area Scheduled stop

Transverse inclination * <3.0° Wheelchair users, risk of
falling when boarding and
alighting

Linear inclination <5 %o

Service stopping place for Unscheduled stop, e.g. in

operational stopping case of operational or techni-
cal faults

Transverse inclination <6° Wheelchair users, risk of
falling

Linear inclination <100 %o Holding function

according to proof of the
holding function

Other service stops

Unscheduled infrequent
stop, essentially for technical
faults

Transverse inclination

<12°

Linear inclination

<100 %o
according to proof of the
holding function

Holding function

Evacuation stops

Unscheduled infrequent
stop, in emergencies

Transverse inclination **) <6° Possibility of evacuation

Linear inclination **) <5 %o

Open stretch, Unscheduled stop in excep-

outside stops tional and very rare failure
situations

Transverse inclination <12° Usability for alignment

up to 16 ° in special cases

Linear inclination

< 100 %o

Usability for alignment

*) /MbBO/ Section 13 (3) limits the permissible transverse inclination in the stationary train
in the platform area to 3.4 °. The max. permitted transverse inclination of 3.0 ° for the align-

ment is derived from this.

**) Figures apply to the platform or walkway area within evacuation stops, the figures for
other service stop apply outside these areas
Table 1: Alignment data for maglev stops
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Characteristic Area Criterion for
maximum value

Warping <0.10°/m, in special cases up | Kinematics of the MSB vehi-
to 0.15°/m *) cle

Lateral and vertical jerk

. basically <0.5m/s? Comfort

. as an exception < 1 m/s? Comfort

e.g. in station proximity

o on points at junction <2m/s’ Comfort

Omnidirectional jerk (not |<1 m/s? Comfort

at points)

*) Transverse inclination > 12 © and warping > 0.10 °/m only at constraints of the alignment
after testing and approval in each case.
Table 2: General alignment data

The following values must also be adhered to as minimum radius in cases where horizontal
radii and vertical radii are superimposed:

1 |cosa sina*cos?p|

Rx,z | RV RH |
B Linear inclination, positive on an incline, negative on a decline
o Transverse inclination, positive on a right-hand bend, negative on a left-hand bend

(in the direction of ascending kilometre markers)
Ry Horizontal radius
Ry Vertical radius, positive on a crown, negative in a trough
o' [°/m] [0 0,01 |0,02 |0,03 |0,04 |0,05 |0,06 (0,07 (0,08 |0,09 |0,10 |0,11 (0,12 |0,13 |0,14 |0,15

Rxzmin [530 [550 |590 |630 |670 (710 |770 (830 |900 (990 |1.100(1.230(1.410(1.640|1.950|2.430
[m]

Table 3: Dependence Ry, min ON warping o'

Allowing for the R, . criterion there is a minimum vertical radius Ry, with transverse incli-
nation « of the guideway and horizontal radius Ry according to the following table:
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Rvmin | R4=350 R.=400 Ry=500 [R4=600 |R4=700 |Rx=800 | Ry=1.000|Ryx=2.000
[m] "
when
o=0° [+1300 |+1020 (780 +670 1620 +580 +530 +530
a=4° [-1760/ |-1230/ |-870/ -730/ -650/ -610/ -550/ -540/
1040 860 700 620 580 550 530 530
o = 8° [-2590/ |-1530/ |-970/ -780/ -690/ -630/ -570/ -550/
840 740 630 580 530 530 530 530
o= -4710/ |-1980/ |[-1090/ |-840/ -720/ -660/ -580/ -550/
12° 700 640 570 530 530 530 530 530
o= -21900/ |-2740/ |-1230/ |-900/ -760/ -680/ -590/ -550/
16°¢) | 600 560 530 530 530 530 530 530

(*) Approval by the responsible supervisory authority is required in individual cases
Table 4: Overview of minimum vertical radii Rvmin and horizontal radii Ry

Transitional bends must be constructed as follows in sectors for passenger traffic:
o horizontal: sinusoids

. points in junction position: clothoids (approximately)
In sectors with no passenger traffic, other transitional bends can be defined, e.g. for points in
maintenance plants.

o vertical: clothoids
Requirements for low-frequency acceleration changes through a succession of alignment ele-
ments are contained in /MSB AG-FW TRAS/.
The requirements of the long stator linear drive in regard to the length in the three-
dimensional curve must be taken into consideration when aligning the route and defining the
support intervals.
Requirements of the synchronous long stator linear drive are determined, for example, by the
pole centres.
The coordinate system and sub-sectors of the alignment, as well as the spatial layout of the
long stator winding, are shown schematically in Fig. 4 and Fig. 5.
The alignment requirements are detailed further in /MSB AG-FW TRAS/. The sequence of
alignment elements (curves, crowns, troughs) is described.
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Dimensioning limiting accelerations
The free lateral acceleration (lateral to the guideway table) must not exceed the following
values:

o Standard guideway 1.5 m/s?

o Points 2.0 m/s?.
The free dynamic normal acceleration (normal to the guideway table)
must not exceed the following values:

) Crown 0.6 m/s?

o Trough 1.2 m/s%.
The lateral and vertical accelerations to be achieved in normal operation from aspects of com-
fort should be defined project-specifically.

Clearance gauge and line cross-section

The typical cross section must be defined project-specifically. Aspects of maintenance and
safety must be taken into consideration as well as the clearance gauge according to /MbBO/.
Clearance, track centres

For the clearance gauges of the single and double track guideway, refer to /MSB AG-FW
TRAS/.

The values according to Table 5 must be achieved.

Unit Design speed v,
Abb. [km/h]| <300 | <300" 300 < v, <400 400 < v, <500
Track centres S [m] 4.40 4.50 4.80 5.10
Width of the line cross-section** b [m] | 10.10 10.20 10.50 11.40
*) for special conditions: 10° <a or

5°<a<10°and RH<3,500 m
**) Figures for oo = 0°. The values given allow for the clearance conditions for curve radii and
guideway transverse inclination with the above limits, i.e. no increase in track centres on
curves.
Table 5: Speed-dependent track centres
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System structure

Section 2, (2) and Section 2, (3) /MbBO/ must be taken into consideration.

Within the scope of these design principles, the MSB system is divided into the following sub-
systems contrary to the designation in the /MbBO/ (see Figure 2):

o MSB vehicle
o Drive and energy supply

. Operation Control System
o Guideway

. Other operating plant

. Special vehicle.

Availability
The complete system must have the following characteristics in order to achieve a high degree
of availability:

o a guideway dimensioned to be operationally stable, no permanent geometry or sur-
face alterations of the guideway beams as a result of defined operational and envi-
ronmental impacts, adjustable guideway beam position to offset plastic soil defor-
mations,

o realisation of the operationally necessary active functions to be extensively modu-
lar, with autonomous, redundant modules,

o continuation of schedule operation following isolated faults in any desired mobile
or static module,

. extensively status-oriented maintenance based on automatic failure disclosure with
electrical/electronic modules,

J automated detection of significant changes in position of the guideway functional
surface and largely automated initiation of maintenance actions,

. maintenance work carried out with the least possible impact on train operations.
The quantitative requirements for the system availability should be defined project-
specifically.

The system availability should be measured in every project.
A fault tree analysis can be used for this purpose, for example.
The system must be designed so that:

o train operations according to Chapter 0 are assured,
o the required availability is achieved by high module reliability or by redundancy or
both,
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o MSB vehicles do not have to stop between two stations because of individual
technical faults,

o in case of an availability-relevant fault the train can still be moved to the mainte-
nance facility.
It must be remembered that MSB vehicles cannot be towed away.

Reliability

Failure performance/failure frequency of active modules
In case of failure of an operationally relevant active module

° a redundant module must assume the function,

o there must be automatic failure disclosure,

o an automatic test and reactivation while maintaining the safe condition during and
after reactivation must take place as soon as the cause of the failure is no longer
present.

The MTBF times must be determined for operationally relevant active modules.

Failure performance/failure frequency of structural and cladding components

Structural parts of vehicle and guideway as well as vehicle cover panels must be sustainable,
stable and fit for purpose.

The resulting requirements for construction/choice of materials and proofs are contained in
the "Design Principles Vehicle/Guideway".

The influences to be allowed for in the design are given in /MSB AG-FZ BEM/ and /MSB AG-
FW BEM/.

Maintainability

Requirements for maintainability are contained in the Design Principles for the various indi-
vidual subsystems. Basic requirements are listed below.

Requirements for modules and cabling

So far as is economically meaningful, the service life of electrical and mechanical modules
should be designed for the expected useful life of the respective subsystem.

Modules whose service life is less than the expected useful life of the subsystems should be
easy to access and replace.

Modifications or rework should not be necessary when replacing modules.

Testing and adjustment after module replacement should be avoided so far as possible by the
appropriate design of the modules (e.g. self-calibration, self-test etc.).

Opportunities for assembly and installation errors should be eliminated so far as possible by
design. For plug-and-socket connections that carry safety-relevant signals, appropriate techni-
cal measures (e.g. slot coding) should be taken to ensure that they can only be connected to
their assigned location / device / module.
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Modules, cables and lines must be identified clearly, uniquely and systematically. A module's
designation must clearly identify its version and, if applicable, the software release.

A systematic identification must be used for the installation position of modules.

It must be possible for failures to be disclosed by automatic diagnostic devices and / or by
scheduled planned inspections.

Inspectability of modules

Modules that must be inspected according to a maintenance schedule must be accessible for
inspection.

Maintenance

Section 8(1) Section 8(2) and Section 8(3) of the /MbBO/ must be observed.

Requirements for operating rules (train operations and maintenance) are defined in /MSB
AG-BTR/.

Maintenance must conform to /DIN 31051/.

The integration of maintenance into operations, and the dovetailing of maintenance with train
operations must be defined project-specifically.

A project-specific maintenance concept must be created.

Basic approach

The specified maintenance actions must have an instruction manual for their execution which
includes test reports /checklists for documenting the results.

The maintenance of the subsystems must be integrated in the maintenance of the complete
system, and a Maintenance Manual (MM) must be created for this purpose.

The MSB subsystems may be divided up into suitable subject or topic units in which stan-
dardised maintenance procedures can then be carried out.

The effectiveness and appropriateness of the measures must be regularly reviewed on the ba-
sis of the documented results.

Suitable information systems must be put in place for this purpose, and for the purpose of
supporting the maintenance management.

The maintenance must be subject to quality management comparable with /DIN EN ISO
9000/.

Repairs

A repair should be performed by the replacement of modules or on the basis of the smallest
replaceable units that must be defined project-specifically.

Each module or smallest replaceable unit must be replaceable and testable in itself.

The lifecycle of replaced / repaired modules / smallest replaceable units must be clearly and
traceably documented together with a description of the fault, particulars of the cause of the
fault and the repair (or replacement by a new part as applicable).

Useful life
The useful lives of subsystems and components must be defined project-specifically.
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The complete system must fulfil the specified requirements during the useful life when used
according to specification (train operations and maintenance).

Rating of parts and modules
Mechanical/structural parts/modules must be rated and proven

o according to the criteria of stability / load withstand capability and
o fitness for purpose
on the basis of
o the maximum influences arising out of operation and environment according to
/MSB AG-UMWELT/ and
. the parameter range and failure behaviour specified in this document.

The dimensioning action combinations and loads are defined in /MSB AG-FZ BEM/ und
/MSB AG-FW BEM/.

The influences from operation and the environment on the basis of which the service strength
and predicted service life of parts and modules is determined are defined in /MSB AG-FZ
BEM/ and /MSB AG-FW BEM/.

The limiting values that apply to all subsystems and on which the design must be based should
be taken from Chapter 0.

Safety
Safety concept

Project-specific safety requirements

Section 23, (1) and Section 23, (2) /MbBO/ must be observed.

Guidance for design is given in the official justification for Section 23 /MbBO/.

A project-specific safety concept must be created based on /EN 50126/.

The safety concept must analyse and assess the project-specific risks on the basis of the
safety-relevant requirements and characteristics of the MSB system specified in the Design
Principles (see Figure 1), and must define risk-reducing measures (technical, structural, opera-
tional and organisational).

The safety concept must define project-specific safety objectives and a risk acceptance crite-
rion.

The project-specific risk analysis and assessment can be carried out as part of a risk analysis
according to /EN 50126/.

Information on methods will be found in /prEN 50126-2/ and /prR009-004/.

The risk-reducing measures can be described in an action catalogue or action list.

The requirements for the rescue concept, in particular procedures, decision criteria and re-
sponsibilities, must be defined in the safety concept project-specifically.

The risk analysis, risk list, action catalogue and rescue concept can form part of the project-
specific safety concept.
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The risk analysis, risk list, action catalogue and rescue concept must be harmonised with each
other project-specifically.

Compliance with the maximum permissible number of persons in the MSB vehicle must be
described in the safety concept.

The residual risk should not exceed the defined risk acceptance criterion.

Project-neutral safety requirements

The requirements listed in the following sections represent separate requirements for individ-
ual risk aspects that are not the preserve of project-specific safety requirements.

They shall not be a substitute for the systematic and project-specific analysis and assessment
of all risks.

The safety requirements for the functions must be derived from the risk analysis.
Safety-relevant functions must be demonstrated according to the CENELEC standards (/ DIN
EN 50126/, / DIN EN 50128/ and /DIN EN 50129/).

The components and modules which are used to perform these functions must be demon-
strated according to the product-specific standards (e.g. parent standard /DIN EN 61508-1/).
Other requirements for safety-relevant functions are described in

. Chapter 0 and in the Design Principles for the subsystems, see Figure 1 and

o Chapter 0 for the protection of train operations.

Protection of persons
Construction characteristics

. for fire safety are described in Chapter 0,

. for the protection of persons in the MSB vehicle are described in /MSB AG-FZ
GEN/,

. for the protection of persons on the platform are described in Chapter 0 .
The protective effect against a risk to persons from electrostatic discharge from the outer skin
of the MSB vehicle according to /MbBO/ Section 17, (4) must be demonstrated.
Specific measures for the occupational safety of the maintenance personnel must be defined
project-specifically.
For operations carried out within the danger area of the guideway (from the special vehicle or
independently of it), e.g. maintenance or vegetation control, protection for the persons con-
cerned must be defined project-specifically. The danger area must be defined project-
specifically.
Work carried out within the danger area of the guideway must be signalled in such a way that
train movements that may put the persons affected at risk are made impossible. The route sec-
tion that is affected must be closed before work commences and may not be signalled clear
until work is complete. This line clear detection is a precondition for the issue of a clearance
for the corresponding route section.
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If train operations with MSB vehicles are to take place while the work is in progress, it must
be possible for the person responsible for the work to close route sections by means of techni-
cal devices and signal them clear again.

A collective fall protection must be provided for work on the guideway.

Further safety measures for the protection of persons can be defined project-specifically.

Fire safety

Project-specific fire safety concepts must be defined.

Fire alarms must be signalled at the operation centre.

Requirements for the transmission of fire alarms must be derived from the project-specific
safety concept.

The fire safety concept may infer restrictions on the carriage of baggage and goods.

Fire safety in the vehicle
The technical fire safety requirements for MSB vehicles are described in /MSB AG-FZ GEN/.

The technical fire safety requirements for the devices of the OCS in the MSB vehicle must be
defined project-specifically having regard to the fire safety concept of the vehicle.
Fire safety requirements for special vehicles must be defined project-specifically.

Fire safety in installations

The design of tunnels must taken into account the fire safety requirements according to /EBA-
RL MSB Tunnel/.

The design of stations must taken into account the fire safety requirements according to
/EBA-Lf MSB Station/.

The need for and design of fire safety concepts for other installations must be decided project-
specifically.

Collisions

Collision avoidance

A collision between vehicles must be reliably prevented (guide value for probability of occur-
rence as per SIL 4 according to /DIN EN 61508-1/).

Passing a danger point must be reliably prevented (guide value for probability of occurrence
as per SIL 4 according to /DIN EN 61508-1/).

Clearance violations due to the failure of a guideway module must be prevented in order to
avoid collisions.

Failures in magnetic control loops that can lead to contact between magnets and stator or lat-
eral guide rail with excessive force transference into the structure of the MSB vehicle and
guideway must be prevented.

The guideway must be dimensioned having regard to the effects of local probable earthquake
intensity according to /MSB AG-UMWELT/.
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Protective structures and devices must be provided according to the safety concept having
regard to /EN 1317/ and the /RPS/.
The following principles must be applied:

e for traffic routes under the MSB guideway:
Supports, guideway beam bearers etc. must be dimensioned to allow for impact by
road vehicles (see /MSB AG-FW BEM/).
The guideway must be provided with a collision barrier on the basis of a risk analysis,

o for traffic routes above the MSB guideway:
Protection must be provided against the falling of vehicles and objects onto the
guideway on the basis of a risk analysis.

o for traffic routes parallel to the guideway:
A collision barrier for the supports of the elevated guideway and at-grade guideway
must be provided on the basis of a risk analysis.
The following organisation and operational measures must be provided:

e special forest maintenance along the route of the high-speed maglev system so that the
MSB clearance gauge according to /MbBO/ remains free, even from falling trees etc.,

e measures for winter operations according to Chapter 0,

e other project-specific measures to be define in the safety concept (see Chapter 0).

Collision behaviour
The following representative collision cases must be considered:

. 15 kg stone on slide rail,

o 50 kg round stone in centre of guideway table or beside the guideway beam level
with the levitation magnets of the MSB vehicle,

. Tree (length 18 m, trunk diameter at point of impact 20 cm), lying at 45° on the
elevated guideway or horizontally across the at-grade guideway table,

o 75 kg hydrobody on the guideway table.
The maximum speed to be defined project-specifically must be taken into consideration.
For these representative collisions, accelerations in the passenger compartment must be lim-
ited to the extent that the risk remains at least tolerable (assessment criterion: Head Injury
Criterion (HIC)).
For these representative collisions, accelerations must not result in a danger to the track guid-
ance or the stability of the guideway.
For these representative collisions, deformations of the passenger cell must be limited to the
extent that persons are not trapped in the passenger compartment.
The penetration strength of the car body cell in a head-on collision with an obstacle must be
designed according to the penetration strength for windows (against a standard projectile,
mass lkg, impact velocity 600 km/h) according to /UIC 651/.
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The way in which the above collision cases are diagnosed and the follow-up measures that
must be taken must be decided on a project-specific basis.

Departure from the guideway

Unintended vehicle departure from the guideway must be prevented.

Departure from the guideway is conceivable at guideway ends or at open ends of track-
switching devices.

For this purpose, the following must be defined project-specifically:

o Danger points before guideway ends and

o Danger points before the open ends of track-switching devices.

Unscheduled stop

The unscheduled stop of a train outside the platform area of stations must occur either within
a defined section of track adjacent to the platform area or at a service stopping place.

The unscheduled stop of an MSB vehicle outside a stopping place may therefore only occur
when there is a simultaneous coincidence of certain fault conditions and other failures. Situa-
tions arising from this must be allowed for in the safety concept.

Example: If while accelerating immediately after an unscheduled stop at a service stopping
place the energy supply to the drive fails before the speed needed to reach the next stopping
place is attained.

Track sections adjacent to the platform area of stations

Track sections adjacent to the platform area of stations must have the characteristics of a ser-
vice stopping place (see Chapter 0) and should be equipped throughout with external on-
board energy supply. These areas may be interrupted by individual short sections in which

o the permitted linear or transverse inclination for service stopping places according
to Chapter 0 is exceeded, or

o the evacuation of an MSB vehicle is possible with difficulty only, e.g. where the
train crosses traffic routes.
An unscheduled stop should be made outside such sections.
Guide value for the length of line sections adjacent to the platform: 1 to 2 km.

Service stopping places (BHPL)
Service stopping places must be designed project-specifically.
The project-specific design must observe the following principles:

e There must always be one service stopping place that can be reached under the con-
trolled use of the kinetic energy of the MSB vehicle.

e To reach a service stopping place, driving, braking and levitation profiles must be de-
fined which allow for locally specified conditions.
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e The braking profiles must be achievable by both the long stator drive and the Safe
Brake at least for all of the service stopping places where a stop for operational rea-
sons is to be expected.

Braking profiles to other service stopping places may be designed so that they are
achieved with the Safe Brake but not by the long stator drive.

e Monitoring by the OCS against passing a danger point must be realised with a failure
probability that must be derived project-specifically.
The probability of failure as per SIL 4 according to /DIN EN 61508-1/is a guide
value.

e Monitoring by the OCS for reaching a reachability point must be realised with a fail-
ure probability that must be derived project-specifically.
The probability of failure as per SIL 3 according to /DIN EN 61508-1/is a guide
value.
The permitted probabilities of occurrence for passing a danger point and for not reaching a
reachability point must be defined on the basis of the project-specific risk analysis (Chapter
0).
A service stopping place is determined by a reachability and a danger point.
In case of an impending violation of the braking and levitation profiles there is a safe drive
shutdown. The MSB vehicle slows under controlled conditions with the Safe Brake to the cur-
rent BHPL.
Service stopping places at which a stop for operational reasons is expected should be
equipped with al external on-board energy supply.
On line sections with an exceptionally long and steep gradient, a service stopping place must
be provided at the start of the gradient section.
Provision must be made to ensure that in the event of reverse hover to the service stopping
place at the start of the gradient section, this line section is protected by the OCS.
Guide value for the probability of failure as per SIL 4 according to /DIN EN 61508-1/.
According to /MSB AG-BLT/, in the event of an automatic train stop in such a gradient sec-
tion (e.g. 5 % over 10 km), the passed service stopping place at the start of the gradient sec-
tion can be approached.
Guide value for the minimum length of service stopping places: train length + 350 m.
Requirements for alignment at service stopping places according to Chapter 0.
Construction and equipment according to Chapter 0.

Drive malfunctions
Consideration must be given to the following in conjunction with drive malfunctions:

. synchronous fault currents with significant residence times and an effect that gen-
erates shearing force, in regard to forces and accelerations in the x-direction, and

. synchronous fault currents with significant residence times and an effect that
weakens or strengthens the field of the levitation magnet.

The fault current strength must not result in
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o a force that is unacceptable for the design of the MSB vehicle and guideway, or

. an unacceptable acceleration (with a violation of limiting running profiles or a risk
to persons in the vehicle).
The fault current strength must be monitored and limited for this purpose.
Effect that generates shearing force:

o Faulty drive force

The faulty drive force must be limited so that the force in the x-direction used as the basis
to design the MSB vehicle and guideway (as per the "Exceptional Effects", see Chapter 0,
No. 7. (2)) is exceeded by no more than a probability of occurrence according to SIL 4
(guideline).

Stability of the guideway and design of the MSB vehicle, classification according to /DIN
EN 61508-1/.

. Faulty drive acceleration
The faulty positive drive acceleration in the direction of travel must be limited so that the
maximum acceleration on which the maximum running profile is based is exceeded by no
more than the probability of occurrence specified for it by the OCS.
The limitation of the probability of occurrence for the event "passing the danger point"
(see Chapter 0) applies. The faulty drive acceleration must be allowed for pro rata. Rat-
ing is according to /DIN EN 61508-1/.
The faulty negative drive acceleration (deceleration) in the direction of travel must be lim-
ited so that the maximum acceleration on which the minimum running profile is based is
exceeded by no more than a probability of occurrence specified for it by the OCS.
The limitation of the probability of occurrence for the event "not reaching the reachability
point" (see Chapter 0) applies. The faulty drive acceleration must be allowed for pro rata.
Effect that weakens or strengthens the field of the levitation magnet:
A faulty drive current with an effect that weakens the field of the levitation magnet on one
motor / guideway side may occur.
Stability of the guideway and design of the MSB vehicle, rating in regard to the probabil-
ity of failure according to /DIN EN 61508-1/, one-sided setting-down is considered as a
special load case.
A faulty drive current with an effect that weakens the field of the levitation magnet on
both motor / guideway sides may occur at most with a probability of occurrence according
to SIL 4 (guideline).
A faulty drive current with an effect that strengthens the field of the levitation magnet
must be limited so that the resulting force in the x-direction on which the design of MSB
vehicle and guideway is based (as per the "Exceptional Effects", see Chapter 0, No. 7) is
exceeded by no more than a probability of occurrence according to SIL 4 (guideline).
Stability of the guideway and design of the MSB vehicle, classification according to /DIN
EN 61508-1/.
Earth fault detection and shutdown:
The earth fault detection and shutdown must be implemented with a project-specifically
defined availability.
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No direct faulty force effect occurs in this case.

Rescue concept

The requirements for rescue must be defined in a project-specific rescue concept.

The rescue concept must be part of the project-specific safety concept.

The rescue concept gives particular consideration to the safety of persons in the event of a
fire in the MSB vehicle.

The rescue concept should be based on the self-rescue principle.

External rescue measures must be additionally included.

The rescue concept must describe the sequence of a time-critical evacuation under the project-
specific conditions and the interaction of all safety measures (technical, structural, operational
and organisational) for the case of evacuation.

Based on the requirements of the rescue concept, the risk analysis (see Chapter 0) assesses
whether the residual risk is acceptable for the case of evacuation.

Proof of safety

Proof of system safety according to Section 4 (2) /MbBO/ must be provided project-
specifically as proof of safety on the basis of /DIN EN 50129/.

Environment

Effects from the environment

The modules and subsystems of the MSB system must be rated and qualified on the basis of
the data of the primary environment /MSB AG-UMWELT/.

If environmental data beyond the primary environment data must be considered in a project
area, then these must be covered by a special design.

If the specified environmental data are likely to be exceeded, then operations must be re-
stricted or stopped by project-specific operating regulations.

Wind

The impact of side wind, including gusting (as per /MSB AG-UMWELTY/) and traversing ar-
eas sheltered from the wind, must be offset by the electromagnetic guidance system.

Where exceptional side wind gusts are overlaid, the electromagnetic guidance system may be
temporarily assisted by the mechanical lateral guidance without this affecting the train opera-
tions.

Following winds and head winds must be allowed for when designing the stopping distances
and distances from stopping places.

Winter

Installations and vehicles must be designed so that danger to third parties from snow, water or
ice is avoided.
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When aligning the at-grade guideway, the gradient height must be defined project-specifically
taking account of the anticipated climatic effects (e.g. build-up of snow).

The guideway table must be constructed so that rain and melt water can run off unimpeded.
The magnetic support, guidance and drive function must not be affected by icing according to
/MSB AG-UMWELT/ of MSB vehicle and guideway.

The operation and stopping distance of the Safe Brake according to Chapter 0 must allow for
icing of the guideway unless this is prevented by, for example, design measures.

Winter service measures must be defined project-specifically.

Rescue equipment must be included in the winter service.

Electromagnetic interference

The immunity of the MSB system from electromagnetic interference from outside must con-
form to the requirements of /DIN EN 50121/.
Lightning protection must conform to /DIN V VDE V 0185-3/.

Effects on the environment

Noise

The /MSB-LSchV/ applies.
The method for determining the correction factors DFz and DFb is described in Annex 5 to
the Design Principles Complete System.

Magnetic, electric and electromagnetic interference
Standards /DIN EN 50121-2/, /DIN EN 50121-5/ and /26th BImSchV/ must be applied.

Travelling comfort

Comfort requirements should be defined project-specifically.

Comfort-relevant aspects of alignment

Requirements for acceleration and jolt are given in Chapter 0.
Requirements regarding low-frequency changes in acceleration and jolts from a succession of
alignment elements are given in /MSB AG-FW TRAS/, Chapter 6.2.

Comfort-relevant vibration (rms values)

Acceleration should achieve the following guide values for the rms values:
0.2 m/s” in x, y and z direction on 95 % of all evaluation sections
(with rating filter as per /ISO 2631, ORE B 153/, evaluation sections 5 s or 500 m each).
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Pressure fluctuations in tunnels

Based on the maximum pressure load in tunnels given in Chapter 6.1.1.3.3., the pressure seal-
tightness and compressive rigidity of the MSB vehicle should be designed so that the comfort
requirements are complied with.

The permitted pressure fluctuations acting on passengers in the MSB vehicle must be defined
project-specifically.

Guide value for the maximum change in pressure in the passenger compartment in tunnels
500 Painls

800 Pain 3 s

1000 Pa in 10 s.

For the aerodynamic requirements arising out of the design of the vehicle, refer to Chapter 0.
For the building requirements for tunnels, refer to Chapter 0.
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System concept/design

Subsystems
MSB Vehicle

Structure
The structure of the MSB vehicle is shown in Figure 9.

Vehicle boundary
Proof of kinematic boundary line according to /MSB AG-FZ KIN/.

Car body

Section 18(1) and Section 18(3) /MbBO/ must be taken into consideration.
For pressure stresses on the car body, refer to Chapter 0.

Functions

Support and guide

Section19 /MbBO/ must be taken into consideration. This requirement must be met as fol-
lows:

Structure/Function

The magnetic drivetrain must transmit the support/guidance/drive forces to the guideway as
area loads.

The MSB vehicles have a magnetic drivetrain which extends over the entire length of the ve-
hicle and consists of a series of levitation chassis and levitation/guide magnets.

Section 17(4) and Section 20(1) /MbBO/ must be taken into consideration. These require-
ments must be met as follows.

Requirements for the mechanical support function:

o The support skid must realise the function of the mechanical support and of the
holding brake of the set-down, stationary MSB vehicle in areas where stationary
vehicles must be secured against inadvertent movement.

o The support skids must be able to bring the MSB vehicle to a stop below the set-
down speed.
. Upon the failure of the two support control circuits on a levitation frame, the sup-

port skids must assume the support function while travelling.

o The sliding behaviour between the slide rail and the support skid must be matched
so that the static and dynamic loads on which the design of the guideway and the
MSB vehicle are based are complied with.
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o The failure of the magnetic support function in one support control circuit must be
detected and must initiate an automatic system response with the aim of limiting
the sliding distance to a project-specifically defined dimension.

See Figure 10: Braking characteristic of safe brake for an MSB vehicle section.
Guide value for the sliding distance of a levitation frame set down on support skids:
100 to 200 km

Requirements for the mechanical guide function:

o Upon the failure of both guide control circuits on a levitation frame, the mechani-
cal guide function must be provided by the sliding of mechanical guide elements
on lateral guide rails.

J The sliding behaviour between the lateral guide rail and the mechanical guide ele-
ment must be matched so that the static and dynamic loads on which the design of
the guideway and the MSB vehicle are based are complied with.

Safe Brake

Functional characteristics

The braking capability of the MSB vehicle must be available to comply with the maximum
running profile monitored by the OCS.

If a Safe Brake is used with a different operating principle than the drive, then it must be en-
sured that the Safe Brake function is not unacceptably affected (e.g. by the drive).

A fault or a failure that occurs within the devices that trigger the brake system must generate
at least the same braking effect as an operational triggering.

The maximum value of the braking force must be compatible with the design loads for the
guideway and the MSB vehicle.

The safely attainable minimum value of the braking force must be matched to the running
profiles under unfavourable conditions (e.g. a strong following wind) that are monitored for
safety-technical purposes.

The vehicle's own Safe Brake must be designed so that the MSB vehicle is able to autono-
mously execute a braking manoeuvre to a stopping place with the OCS devices that are built
into it.

For specific projects, the Safe Brake can be supplemented by the braking effect of shading
coils when designing the Safe Brake profile, see also /MSB AG-ANT/, Chapter 5.3.
Exceeding the braking force assumed in the design loads must be prevented. If this cannot be
achieved by the design, then the prevention of a simultaneous action of the braking force of
the long stator drive and the vehicle's own Safe Brake by the operation control system with a
probability of occurrence of SIL 4 (guide value) must be proven (see Chapter 0).

A set-down MSB vehicle must not be influenced by the long-stator drive.

This is achieved by the excitation for the long-stator drive being absent in the set-down condi-
tion.

The function of the holding brake must be proven for line sections in which MSB vehicles
must be secured against inadvertent movement.
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MbBO Section 13(2) states that a linear inclination of 5 %o must not be exceeded in these sec-
tions. Exceptions from this requirement are permissible in individual cases on special
grounds provided safety is demonstrated in another way.

The holding brake function must be proven if, in special cases, stationary MSB vehicles in
sections with a linear inclination > 5 %o must be secured against inadvertent movement.

The Safe Brake function must be capable of executing an automatic stop according to /MSB
AG-BLTY/.

On-board energy supply

The on-board energy supply function must be monitored (see Chapter 0).
It must be ensured that sufficient on-board power is available to carry out a journey including
a stop with the Safe Brake.

Configuration parameters

Section 3(3); Section 17(1); Section 17(6), Section 18(2) and Section 21(1) /MbBO/ must be
taken into consideration.
For requirements for fire safety in the MSB vehicle, see Chapter 0.

Vehicle configuration

Section 20, (2) /MbBO/ must be taken into consideration. This requirement must be met as
follows.

The MSB vehicles must be made up of vehicle sections that are self-contained in regard to the
support and guide function, brake device, on-board energy supply and car body.

The system size of vehicle sections of an MSB vehicle must be 24.768 m.

(levitation magnet occupancy length, see also Chapter 0, No. 6.1.1. (3)).

The length dimensions of MSB vehicle end sections may differ from this.

An MSB vehicle must have two end sections.

An MSB vehicle may also have up to 8 centre sections.

The number of sections is decided project-specifically based on the transport task (e.g. traffic
volume).

The individual sections must be freely configurable as part of the vehicle design for passenger
and goods transport.

Daily variations in traffic volume can be operationally addressed by using MSB vehicles with
more or fewer centre sections and/or by changing the schedule.

The capacity of the MSB vehicles can be increased by adding centre sections to meet the long-
term growth the demand for transport.

An MSB vehicle is referred to as a train when it is equipped with, and operationally con-
trolled and protected by, OCS devices (see /MSB AG-ABK&DEF)).

Dimensions of MSB vehicle sections are shown by way of example:

o End/centre section for passenger transport long-haul: Figure 6
o End/centre section for passenger transport airport link: Figure 7 and Figure 8
o Car body and support/guide system: Figure 9
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Running resistance

For a definition of running resistance, see /MSB AG-NORM&RILI/.
The running resistance is made up of the following components:

o Aerodynamics,
o Magnetisation,
o On-board power generation.

The local downslope force must be taken into consideration in addition to the running resis-
tance when defining running profiles and determining levitation and braking distances.

Guide values for the running resistance for MSB vehicles with 2 to 10 sections at 0 to 400
km/h and its components: Figure 11

The running resistance must be project-specifically defined and allowed for in the design (see
Figure 11):

Total running resistance:

Fw=Far+Fut+Fp

Aerodynamics:

Fa=2.8 kKN * (v/[m/s])* * (0.53 * N/2 + 0.30) * 10~

Aerodynamic increases in running resistance through tunnels must be additionally allowed
for on a project-specific basis.

The aerodynamics component is largely proportional to v? but it also includes a small
component proportional to v to allow for the air removal for ventilation and air condition-
ing. This component proportional to v can be taken as contained in the component pro-
portional to V2.

Magnetisation:

Fy =N * (0.1 kN * (v/[m/s])"” + 0.02 kN * (v/[m/s])"*7)

applies when using the recommended material for the lateral guide rails according to
Chapter 0.

On-board power generation:

Fg=0 for 0 to 20 km/h

Fg=N * 7.3 kN for 20 to 70 km/h

Fg =N * (146 kN / v/[m/s] - 0.2 kN) for 70 to 500 km/h
where

v - velocity of MSB vehicle
N - number of vehicle sections

for steady-state operation

o without a supply from an external on-board energy supply (when operating with ex-
ternal on-board energy supply up to 100 km/h, Fg = 0),
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o without recharging of the on-board batteries,
° without wind influence, and
o for mean ambient temperature in moderate climate (as per / MSB AG-UMWELT/)

with a corresponding air conditioning rating.

Aerodynamics

The aerodynamic loading resulting from oncoming traffic and in tunnels must be allowed for
as per /EN 14067-2/ and /EN 14067-3/.

The vehicle must be designed to allow for the maximum permissible pressure difference (in-
ternal/external) in tunnels and the pressure effect from oncoming traffic.

The pressure difference (internal/external) in tunnels is determined by the change in external
pressure that depends on the tunnel length and cross-section, and the delayed change in in-
ternal pressure. The change in internal pressure is determined by the pressure seal-tightness
and compressive rigidity of the car body. The tunnel cross-section, the comfort requirements
and the vehicle characteristics must therefore be coordinated. See also 0 and 0.

The maximum pressure difference (internal/external) may not exceed 5,500 Pa (limit).

The maximum value of the pressure difference (internal/external) that occurs in tunnels must
be determined project-specifically.

The pressure effect with an oncoming train on open track is shown in Figure 12.

The pressure effect on static equipment along the guideway on open track when a vehicle
passes by is also shown in Figure 12.

Drive and energy supply

The Drive and Energy Supply subsystem must supply other subsystems of the MSB system
with the necessary energy, and propel MSB vehicles according to the requirements of the op-
eration control system.

The Drive and Energy Supply subsystem must observe the following interfaces with other
subsystems:

o Guideway (stator of the synchronous long-stator motor, track-switching devices,
reference locations),

. MSB vehicles (levitation magnet as the exciter of the synchronous long-stator mo-
tor, absolute and relative position information, external on-board energy supply),

o Operation control system (running requirements, safe drive shutdown),

. Other MSB system components (auxiliary energy supply).

Structure

Depending on location, the Drive and Energy Supply subsystem must consist of the following
components:

o Central devices for operating and observing and for diagnosis,

o Energy supply (structure Figure 13) with
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. Devices in substations for auxiliary and traction energy supply, if neces-
sary also for the external on-board energy supply and

o Trackside devices for the auxiliary energy supply of the trackside devices
of the MSB system and, if necessary, the external on-board energy supply,

. Drive (Figure 14) with

. Devices in substations for transforming the electrical energy and for regu-
lating/controlling, and

. Drive circuit along the guideway to distribute the electrical energy along
the guideway and for control, comprising of circuit cables, switch points
and stator sections.

Functions

At central control stations it must be possible to observe the status of the complete subsys-
tem and operators must be able to carry out the necessary operating actions. Manual operating
actions must not be necessary during undisturbed scheduled operation.

The energy supply must include the subfunctions of energy matching and distribution, auxil-
iary energy supply, external on-board energy infeed, traction energy supply, power factor cor-
rection and control energy supply.

The energy matching and distribution must (where necessary) match the voltage level pro-
vided at the interface with the public mains to the mains design used in the drive, and distrib-
ute it to the functional units of the energy supply described below.

The auxiliary energy supply must supply the drive regulation/control system, the OCS, the
points and any other components of the MSB system with the energy required in each case.
The energy supply must be uninterruptible for selected components.

The external on-board energy infeed must provide energy according to the power demand
of the MSB vehicles at locations to be defined. It must transform the energy according to the
construction of the external on-board energy supply and feed it to the guideway-side compo-
nents.

The traction energy supply must supply the drive with the energy needed for traction.

If necessary, the power factor correction must ensure compliance with the required connec-
tion conditions at the interface with the public energy supply grid.

The control energy supply must monitor all energy supply devices and in case of a fault ini-
tiate protection responses and if necessary automatic redundancy changeovers. It must also
check switching actions entered at the operator terminal for plausibility with the existing in-
terlock conditions and initiate the necessary switching actions.

The drive must fulfil the following subfunctions according to Figure 15:

The converters must transform the provided energy according to the vehicle location, the ve-
hicle speed and the required acceleration.

The transformers must be constructed so that the brake energy can be fed back into the public
grid.

The line must be divided up into drive sectors in which an MSB vehicle can be driven ac-
cording to OCS requirements.
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The components of the drive circuit are assigned to a drive sector at any given point in time.
The drive sectors usually coincide with the safety areas of the operation control system.
Within the drive sectors, the electrical traction power must be converted to mechanical power
in synchronous long-stator motors.

The excitation is generated by the levitation magnets installed on the MSB vehicle.

The drive regulation/control system must coordinate all operations that are drive sector-
wide and overarching:

. Creating and cancelling drive units and synchronising neighbouring drive units un-
til the vehicle guidance is passed from one drive unit to the next,

° Coordinating the use of the converters, stator sections and redundancies,

o Controlling the operating modes for all drive devices as a function of their status

and the current OCS input.
The vehicle guidance system must guide an MSB vehicle over a drive circuit according to
the running profile input by the OCS, allowing for the comfort conditions. The following
must be provided for this:

o Communication with the operating control system to receive the inputs for destina-
tion, direction of travel and speed,

o Communication with the MSB vehicle to receive the relative and absolute position
information,

. Calculation of target braking speeds,

. Distance and speed control,

. Phase regulating (determining the vehicle position relative to the long stator).

The circuit controller must coordinate the control and monitoring of the various controlgear
of the drive circuit as a function of stator section change procedures, vehicle position and
speed, with the following functions:

o Generating control signals for on/off switching of the stator section switches and
circuit switches,

. Monitoring switch messages,

o Circuit cable and long stator protection.

The current regulation system must regulate the stator current by frequency, amount and
phase angle, with:

. Determining the rotor voltage induced by the MSB vehicle in the long stator,

o Translating the inputs of vehicle guidance and drive control into manipulated
variables for the converter regulation/control system.
The converter regulation/control system must control and regulate all the components of a
converter according to the inputs of the current controller and drive controller, with:

. Actual-value capture on the grid and motor side and in the converter power circuit,
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o Controlling and monitoring the converter power circuit,

o Controlling and monitoring the assigned peripheral components such as control-
gear, transformers and cooling system.

Configuration parameters

The following boundary conditions / parameters for the drive configuration must be derived
from system-specific, project-specific or operational requirements:

General:

o The complete line must be divided up into drive sectors in line with operational
requirements.

. Junctions may be located inside or on the edge of a drive sector.

o To meet the availability requirements, the stator sections on the two guideway
sides must be assigned to independent motor systems and should normally be spa-
tially offset.

Interface with the operation control system (drive shutdown):

o The drive must provide shutdown devices for the safe drive shutdown.

The safe drive shutdown is triggered by the OCS.

° The drive should ensure that in the event of a drive shutdown in a drive sector, the
effect on other drive sectors is confined to a loss of redundancy or to a power re-
duction.

Operations:
. Project-specifically defined drive failure combinations must be taken into consid-
eration when designing the stopping places.
Motor parameters:
The following motor parameters must be defined project-specifically:
o Ohmic resistance per unit length,
o Inductance per unit length,
o Capacitance per unit length,
° Motor constant,
o Magnetizing and leakage inductance,
. Maximum permissible conductor temperature and temperature response,
. Rotor voltage.

For motor characteristic data see Chapter 0, Annex. No. 8.
The characteristics of the safety devices and of the long-stator winding must be matched to
ensure a reliable safety function.
The following measures must be provided to reduce the connection guideway:

. Partial winding of one or more stator sections with resulting change in motor data,
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. Temporary or permanent interconnection of one or more stator sections or parts of
stator sections on both sides at the neutral point (short-circuit).

Operation Control System

Section 15(3) and Section 15(4) /MbBO/ must be taken into consideration. These require-
ments must be executed according to /MSB AG-BLT/.

Structure

The operation control system must provide the components for securing, monitoring and con-
trolling the train operations.

The operation control system must connect the subsystems of the high-speed maglev system
functionally into a complete system that is ready for operation.

The neighbouring subsystems and operative levels of the OCS are (see Figure 16):

. Station master,

. Guideway and stations (incl. track-switching devices and reference points for po-
sitioning)

. Vehicle (all MSB vehicles and project-dependently technically secured special ve-
hicles),

o Drive and energy supply (substations with drive units),

. Maintenance.

The components of the operation control system may be mobile (e.g. backup computer for a
vehicle) or fixed (e.g. backup computer for a guideway section).

The fixed components can be subdivided into central components and decentral components.
The configuration must be made as part of project planning according to the operator's re-
quirements.

Functions
The operation control system must provide the following functions:

o Journey sequence control,
. Guideway protection,
. Running profile monitoring,
o Vehicle protection,
° Drive shutdown,
o Secure positioning,
o Data transmission.
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The journey sequence control function must provide the following subfunctions:

. Operating and display function (displaying the current status of the guideway and
of all vehicles known to the OCS, processing operator inputs),

. Generating journey requirements (from operator actions and automatically from
journey schedules),

o Guideway setting (setting of moving guideway elements),

. Generating and transmitting control data for vehicles.

The vehicle protection function must monitor and control the status of the vehicles. In the
MSB vehicle for example it must handle lifting, lowering, monitoring the on-board energy
supply function and triggering the Safe Brake via the vehicle controller.

The guideway protection function must implement the setting and monitoring of routes ac-
cording to the guideway parameters including the moving guideway elements. The occupancy
monitoring and route cancellation function must take into account information about the vehi-
cle movements.

The Safe Positioning function must determine the current position and the speed of the vehi-
cle on the basis of the defined reference points and the relative position referenced to it. This
information must provide the Safe Positioning of the running profile monitoring (see also
Chapter 0).

The running profile monitoring function must calculate the permitted running profile from
vehicle and guideway data. The running profile monitoring function must monitor this profile
by means of the vehicle's safe positioning information. The running profile monitoring func-
tion must report a violation of the profile to the drive shutdown and to the vehicle protection
system.

The drive shutdown must shut down the drive so that the action of the Safe Brake is not ex-
cessively affected by the drive.

If the maximum running profile is violated, the safe vehicle brake must also be applied.

If the minimum running profile is violated, driveless flattening out takes place after the drive
shutdown.

The data transmission function must ensure the interchange of the following
data/information between the subsystems of the high-speed maglev system and within the
operation control system:

o Backup data,

. Drive data,
o Diagnostic data,
o Passenger emergency call,
° Fire alarm,
o Operational voice transmission.
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Configuration parameters

The following minimum boundary conditions and/or parameters for the configuration of the
operation control system must be derived from the system-specific, project-specific or opera-
tional requirements:

The whole route must be divided up into drive sectors based on operational require-
ments and the drive design.

Guideway parameters:

- Track plan (element chain),

- Danger points,

- Track-switching devices,

- Guideway linear inclination,

- Positioning accuracy, point-based if necessary (position of the reference points),
- Stopping places (location, length, target points, door release for MSB vehicles),
- Automatic stop to the stopping place or as an immediate stop,

- Point-based speeds,

- Point-based drive configuration,

- Point-based faulty drive acceleration,

- Point-based permitted overlay of drive and Safe Brake.

Vehicle parameters:

- Characteristic curves for Safe Brake and driveless levitation of MSB vehicles,
- Vehicle-based speed limits,

- Vehicle length,

- Setdown speed of MSB vehicles.

Other parameters so far as can be OCS-controlled:
- Sections with external on-board energy supply,
- Platform door release.
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Guideway

Structure

Section 12, (1), Section 12, (2) and Section 12, (3) and Section 14 /MbBO/ must be taken into
consideration.
The guideway is part of the installations and is divided into:

. Guideway superstructures,
. Guideway substructures,

o Track-switching devices,
o Special structures,

o Route peripherals,

o Guideway equipment.

The boundary lines and clearances defined in Figure 22 should be adhered to, but they may be
adapted depending on design and subject to project-specific review.

The maintenance of the guideway should be carried out from the guideway beam. This rule
may be disregarded, especially for the repair of guideway substructures.

Guideway beams and items of equipment may only be operated in an application project after
qualification.

Before they are used as standard designs in an application project, guideway beams and items
of equipment must also be trialled under boundary conditions that are as near to the applica-
tion as possible.

The effects of individual modules of the guideway on each other, especially under the dy-
namic loading of vehicles and environmental impacts, must be allowed for depending on the
design.

The modules of the guideway must be clearly defined in a project-specific schedule of struc-
tures.

The schedule of structures must provide the following minimum information:

o Alignment parameters (three-dimensional chainage, transverse tile, linear inclina-
tion, horizontal radius, vertical radius, guideway coordinates, guideway elevation,
ground level elevation),

o Support number,
o Beam number and length,
o Special structures,
. Longitudinal and crossing infrastructure (incl. headroom),
o Stator pack layout (indicating the gap),
o Location and coding of the position reference strips,
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. Sections with external on-board energy supply,
o Stopping places,
. Position and layout of the motor winding relative to the stator pack layout,

J Cable routing on the substructures.
Other requirements for the guideway are defined in Design Principles Guideway Parts I to
VI.
The requirements described in it apply to all modules installed directly on the guideway or in
the immediate vicinity of the route.

Functions

The loads that result from operations and the environment and which act on the guideway
must be defined project-specifically.

The guideway must withstand these loads and transmit them into the subsoil.

The loads resulting from the drive and vehicle are transmitted to the guideway through the
functional planes of the guideway beam.

The structures of the guideway and of its mount-on parts should be designed to be fault-
tolerant, fault-disclosing and/or redundant.

The guideway beams must accept the guideway-side modules of the MSB-specific guideway
equipment.

The constructions must be designed such that, under the simultaneous influence of the guide-
way's dead weight and the loads from operations and the environment, the functional planes
display at most deviations from the requirements of the three-dimensional curve according to
/MSB-FW GEO/ and /MSB-FW BEM/.

Configuration parameters

Guideway superstructures

The guideway superstructures form the running tracks of the guideway.

The guideway superstructures must accept the guideway equipment (according to Chapter 0).
The guideway superstructures must take down the acting loads into the guideway substruc-
tures (through the bearers if necessary).

MSB routes should be planned with the following standard guideway types; other types may
be used for specific projects:

. Guideway type I: Single/multiple bay beam with system lengths of > 16 m
(guide value: 24.768 m),
o Guideway type II: Single/multiple bay beam with system lengths of < 16 m

(guide value: 12.384 m),

. Guideway type III: Multiple bay slabs with system lengths of 6 m, for example
(guide value: 6.192 m).
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Guideway types I and Il are normally supported discretely on supports with individual foot-
ings. The bearing forces of guideway type Il are normally transferred to the subsoil through
strip footings.
The definition of the respective guideway type and system lengths must be project-specific.
Contrary to the above guide values for system lengths, beams with a shorter system length
may be used:
To compensate for the radial displacement of the system axes with the dual-track guide-
way or at alignment constraints, guideway superstructures can be used on the track on the
inside of the bend whose system length in a grid of 86 mm can be shortened by up to 4*86
mm.
With longer system lengths (approx. > 31 m) either special beams or primary support
structures with a standard guideway mounted on top will have to be used.
The following "construction methods" must be used for the guideway superstructures:

. Concrete beam/slab with integrated (concrete) cantilever arms,
. Steel beam/slab with integrated (steel) cantilever arms,
. Hybrid beam/slab as concrete beam/slabs with attached steel modules to take the

guideway equipment,

o Concrete slab on steel beams or steel plate on concrete beams.
A distinction is made between at-grade and elevated guideways according to the position of
the gradient to the ground level elevation (guideway elevation).
Elevated guideway
Guideways with a guideway elevation of between 3.5 m and 20 m (> 20 m in special cases)
are referred to as elevated guideways.
The elevated guideway (see Figure 19) is usually constructed in beam design with discrete
substructures as:

. Single-bay beams constrained at one end,

o Dual-bay beams constrained on the centre support.
At-grade guideway
Guideways with a guideway elevation of up to 3.5 m (minimum height in special cases: 1.25
m) are referred to as at-grade guideways.
The at-grade guideway can be constructed with the following methods:

o slab construction with continuous substructures (see Figure 20),
o beam construction with discrete substructures as per the elevated guideway.
Title High-speed Maglev System Design Principles

Complete System

Doc.No.: 50630 Version  White Issue date 15.02.2007 Page 49
paper



Printout: 13/09/2007 10:42:00

Rapid Maglev System Maglev Technical

Design Principles Committee
Complete System

Guideway substructures
The guideway substructures must

o transmit the loads from the guideway superstructures into the subsoil, and
o allow the attachment of supply lines to the guideway equipment.
The guideway substructures comprise
o guideway foundation,
o guideway supports,
o other guideway substructures (including mass-spring system).

The deviations of the guideway support points in the x-direction due to the elastic deforma-
tion of the substructures must be limited to the following values:

o 10 mm due to changeable effects,

o 20 mm due to exceptional effects.

Track-switching devices

The requirements of /MbBO/, Section 12, (2) must be respected.

Track-switching devices must enable the MSB vehicles and special vehicles to change from
one running track to another.

A general distinction is made between track-switching devices that require no journey break
(points) (see Figure 25) and track-switching devices that require a journey break (turntables
and traversers).

Track-switching devices must be provided with equipment that locks the end position reached
after the track-switching operation and secure it from inadvertent adjustment.

The end position and end position locking are monitored for safety by the OCS.

The end position of the track-switching device must be maintained irrespective of failures of
the control system, monitoring or energy supply.

The failure of an individual electrical, electronic or electromechanical module in actuating
and locking devices, control system, monitoring and/or power supply must have no effect on
the adjustment function.

The track-switching may only be adjusted

o at the request of the OCS or

o under a special operating instruction, with personnel responsibility.
The following constraints must be defined project-specifically:

o Adjustment frequencies,

. Required adjustment times,

. MTBF and

. required electrical power.

Special structures
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Tunnels
Planning and execution must be project-specific.
Tunnels must meet the following requirements:

. Receive the guideway,

. Receive the line peripherals,

. Requirements of the project-specific safety concept,

o Comply with the defined clearances and boundary lines.

The tunnel must be constructed so that the compressive stress of the MSB vehicle according
to Chapter 0 is not exceeded.

The tunnel should be constructed so that the changes in pressure to be defined project-
specifically acting on the passenger inside the MSB vehicle according to

Chapter 0 are not exceeded.

The construction of the complete tunnel structure must take account of the following project-
specific factors:

o tunnel length, number of tracks and vehicle length,

. spatial requirements that go beyond the clearance (e.g. line peripherals),
° vibration transmissions,

° tunnel boom effects,

o waste heat emissions (e.g. cables),

o any existing exhaust emissions from special vehicles.

The planning and construction of the complete tunnel structure must also be based on the
relevant regulations for tunnel structures.

Compliance with the geometrical requirements for the guideway must be separately demon-
strated for the transition between the guideway resting on the tunnel invert and the adjacent
guideway supported directly off the subsoil.

Primary structures

Planning and execution must be project-specific.

Compliance with the geometrical requirements for the guideway must be separately demon-
strated for the transition between the guideway resting on the primary structure and the adja-
cent guideway supported directly off the subsoil. A transitional structure must be provided if
necessary.

The long-stator in the transitional structure should be executed without a drive function.

The positioning function must be separately demonstrated for the area of the transitional
structure.
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Route peripherals
The route peripherals comprise the following modules:

o functionally necessary small structures that are needed close to the guideway route
(e.g. radio masts, sectioning points),

o project-specific structures that are necessary locally, positioned close to the route
(e.g. noise barriers, sight screens).
Excessive effects of route peripheral installations on the system must be avoided.
Planning and execution must be project-specific.

Guideway equipment
The guideway equipment is divided into:

o MSB-specific guideway equipment (including the appropriate fasteners) with
o long-stator with stator pack and long-stator winding,
. slide rail,
o lateral guide rail,
o guideway-side positioning modules,
o guideway-side modules of the external on-board energy supply,
o design-specific guideway equipment with
o beam supports,
. beam gap covers,
. earthing and lightning protection,
° and other built-ons, with
o temporary and/or project-specific built-ons, including fasteners, and
o rigs for maintenance on the guideway.
Stator pack

The stator packs with their underside form the stator plane and must meet the following re-
quirements:

o Carry the magnetic flow generated by the levitation magnets, withstanding and
transmitting the forces generated by the magnetic flow (levitation forces),

J Withstand and transmit the acceleration and braking forces from the motor wind-
ing (drive forces),

. Form the reference surface (stator plane) for measuring the air gap between stator
pack and levitation magnet,
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o Form the reference surface for the guideway inspection,
. Form the tooth/slot sequence for positioning,
. Form the tooth/slot geometry for flow modulation for the inductive energy trans-

mission to the MSB vehicle (on-board energy supply).
The steel sheet grade should fulfil M 800-50 A as per /EN 10106/, alternative project-specific
decisions may be taken following functional testing.
The tooth/slot geometry must conform to the system grid of 86 mm.
The stator pack pitch must be 1032 mm, based on the three-dimensional curve.
The dimensions defined in /MSB AG-FW GEO/ for offsets, gaps and the angle-change crite-
rion of the stator plane must be achieved in the assembled unstressed condition at reference
temperature.
Long-stator winding
The thrust forces from the drive and the other forces (e.g. dead weight, from dynamic excita-
tion) must be transmitted to the stator packs through the fastening of the long-stator winding
in the slots of the stator pack.
The long-stator winding must be constructed as a 3-phase winding (see Figure 24 and Figure
5).
The nominal length of a winding period must be 516 mm corresponding to the wavelength of
the magnetic moving field (6 tooth/slot periods).
The guide value for the cable length of a single conductor is 2.35m per linear metre of guide-
way.
The following requirements must be achieved:

. the electrical data and properties of the motor winding according to Chapter 0
Drive,

o the requirements for long-stator protection as per /MSB AG-ANT/,

o connection of the winding earth to the earth of the guideways as per /MSB AG-
FW UBG/,

o the connection of the motor winding must be made at suitable points (e.g. at sup-
ports) allowing for the clearances as per Figure 22 and /MSB AG-FW UBG/,

. Temperature and load-related min. and max. gaps in the stator plane must be al-

lowed for when laying the motor winding.
The motor section ends should be laid on guideway beam ends.
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Slide rails / slide plane
The slide plane can be an integral part of the guideway beam or be constructed as a slide rail.
The slide plane must meet the following requirements:

withstand the effects introduced by special vehicles while allowing for effects
from the environment,

allow for the arising static and dynamic forces while withstanding the effects from
the environment at the support skid/slide plane interface,

withstand a maximum linear force of 250 kN per MSB vehicle section and trans-
mit it to the guideway beam,

the linear force between the skid of the MSB vehicle and the slide plane of the
guideway that is due to static friction must, given the project-specifically defined
environmental conditions and linear inclinations, be greater than the pro rata
downhill force and the wind force in the x-direction (see Chapter 0) in areas in
which the vehicles must be secured against inadvertent movement.

the dimensions defined in /MSB AG-FW GEO/ for offsets, gaps and the angle-
change criterion of the slide rail must be achieved in the assembled unstressed
condition at reference temperature,

satisfy the defined min. and max. values for the gaps and offsets under live load,
both in the planning phase and after the completion of the guideway, with project-
specific proof,

be executed at equidistant spacing parallel to the three-dimensional curve.

The slide rails should be constructed along the length of the beam.

Lateral guide rails/lateral guide plane

The lateral guide rails form with their surface the lateral guide plane, and must meet the fol-
lowing requirements:

meet the requirements of a reaction rail for the guide magnets and the brake mag-
net,

withstand all static and dynamic effects from operations and the environment at
the guide magnet/lateral guide plane interface brake magnet/lateral guide plane in-
terface,

withstand the effects introduced from special vehicles,

must meet the dimensions defined in /MSB AG-FW GEO/ for offsets, gaps and the
angle-change criterion of the lateral guide plane in the assembled unstressed con-
dition at reference temperature.

The lateral guide rails should be executed along the length of the beam and at equidistant
spacing to the three-dimensional curve.

The lateral guide rails should be made from special steel with an electrical conductivity re-
duced by a factor of 3 compared with S235 (ST37-2), or equivalent material. The system de-

Title

Doc.No.:

High-speed Maglev System Design Principles

Complete System

50630 Version  White Issue date 15.02.2007 Page 54

paper



Printout: 13/09/2007 10:42:00

Rapid Maglev System Maglev Technical

Design Principles Committee
Complete System

sign should allow for a change of brake characteristics and running resistance for an alterna-
tive choice of material.

Guideway-side modules of the on-board energy supply of MSB vehicles

The guideway-side modules of the on-board energy supply transmit electrical energy to the
vehicle-side modules of the external on-board energy supply in the low speed range, and must
be defined project-specifically.

Guideway-side positioning modules,

The guideway-side modules of the positioning system act as reference points. Requirements
for their arrangement along the guideway must be defined project-specifically.

Beam support

The beam support must facilitate an adjustment to compensate for plastic subsoil deformation.
The beam support must ensure the take-down of all forces from the guideway beams.

Beam gap covers

Gaps between consecutive guideway beams must be closed if they

J can be larger than 20 mm and

o are in route sections with a maximum section speed of more than 150km/h.
Earthing and lightning protection
To protect persons and to protect against the effects of electrostatic discharge as well as in
regard to electromagnetic compatibility (EMV), the electrical effects of

o lightning strike,
o differences in potential and
° earth currents and residual currents

of the vehicles and of all modules of the guideway must be taken into consideration when
designing an earthing and lightning protection system for the guideway.

A project-specific earthing and lightning protection concept must be created for this purpose.
Other built-ons

Other built-ons on the guideway (due for example to the qualification of new modules, meas-
urements or project-specific requirements) must be designed so that

o under the project-specific environmental conditions they reliably withstand all
loads specified for them during the project-specifically defined service life, and
. have no unwanted effects on the system.
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Boundary lines and dimensions for fixed internals and vehicles
The following boundary lines must be complied with when designing the guideway modules:

o Boundary line for the kinematic space requirement of the vehicle,
o Clearance for maintenance systems (e.g. vehicle wash),

. boundary line for fixed installations,

. boundary lines for station platforms and platform doors.

The position of the individual elements of the guideway equipment in relation to the three-
dimensional curve, and the installation spaces available for the equipment are shown in
Figure 22.

The space available between the installation spaces and the boundary lines may be used for
local incoming and outgoing lines and as assembly space. The use must be defined project-
specifically to avoid multiple occupancies of this space.

Tolerances, deviations of position

The position (Y, Z position) of the functional surfaces and the installation spaces defined for
them must be achieved as indicated in Figure 22.

All particulars of the guideway geometry relate to the functional planes in the installed,
painted condition (mechanical dimensions, not electrically effective dimensions).

The defined dimensions apply to the unloaded condition (guideway without live load and un-
der its own dead weight only) at project-specifically defined reference temperature.

The maximum and minimum gaps must also be achieved having regard to the thermal linear
expansion of the guideway, the elastic deformation of the substructures under the effect of
load, and the assembly tolerances.

The geometrical requirements and tolerances of the functional planes are defined in the /MSB

AG-FW GEO/.

Other operating plant

The layout of structures near to the route and of the other operating plants must be defined
project-specifically.

Consideration must be given to the system requirements in regard to:

° Clearance,

o Boundary lines,

o Aerodynamic influences,

o Influences on the MSB radio system,

o Dimensioning,

o Maintenance and

o other project-specific requirements.
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Stations

Section 3(3); Section 15(1) to Section 15(6) /MbBO/ must be taken into consideration. These
requirements must be met as follows:

Stations

Stations must be designed for a project-specifically defined pass-through speed that may not
exceed the local maximum line speed.

Requirements for weather protection must be defined project-specifically.

Equipping with glazed doors and walls must be carried out according to /DIN EN ISO 12543/
with safety glass.

Lighting, lightning protection/fire protection, floorcoverings, entrances/exits and access for
rescue services must be defined project-specifically and based on local regulations.

The guideway within the stations (platforms and adjacent line sections according to Chapter
5.4.4) should be equipped with external on-board energy supply.

The clearances and gaps between vehicle and platform must be defined project-specifically
based on the vehicle boundary of MSB vehicles.

The construction/equipment of the stations must be project-specific.

Platform doors

Platform doors are used to prevent hazards to persons while boarding and alighting and from
passing trains in automatic train operations (analogous with Section 31(5) BOStrab).

It must be ensured irrespective of the train movements that

. Persons cannot enter the clearance area of the moving train or fall or jump onto the
guideway from the platform,

o Objects cannot enter the clearance area of the train from the platform, and

o Persons on the platform cannot be put at risk by the effects of passing trains.

The positioning accuracy, the width and the distance of the outer doors of MSB vehicles and
the configuration of the platform doors must be coordinated project-specifically in such a way
that during a stop and with the vehicle and platform doors open, a defined clear passage width
is available with a defined probability.

This will avoid hazards to passengers while boarding and alighting due to the passage width
being too narrow. The Safe Positioning, control engineering relevant positioning or inde-
pendent positioning means of the platform door system can be used as positioning equipment.
The design of the platform doors must ensure that automatic departure from the secured end
position without release by the safety device is not possible.

It should be possible to temporarily set up local operation (e.g. for maintenance work).
Guideway reserving and local operation must be mutually exclusive.

At the platform door system it must be possible to manually lock malfunctioning platform
doors, secure them from movement and take them out of technical control and monitoring.
This bypasses the actuation and monitoring of the platform door that is affected.

The signalling of the secured end position (closed, locked and secured from opening) may not
be bypassed until the door has been manually locked in the closed position.

Platform doors that have been manually locked and secured against movement may only be
released for movement under personnel responsibility.
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Platform doors must have emergency unlocking devices that must be operable on the guide-
way side by passengers and allow the train to be evacuated irrespective of the positioning of
the MSB vehicle.

Substations
Substations must be planned and constructed project-specifically.

Operations centre
Operations centres must be planned and constructed project-specifically.

Stopping places

Service stopping places

The layout and equipment of the service stopping places is carried out project-specifically
having regard to the requirements in Chapter 0.

Service stopping places must guarantee that passengers and personnel are able to alight in the
event of malfunctions.

Alighting is normally assisted by alighting aids carried in the MSB vehicle.

For other requirements see Chapter (.

Maintenance installations
The maintenance installations are divided into:

° central maintenance installations,
. decentral maintenance installations and
o bases for special vehicles.

The maintenance installations must be designed project-specifically.

Special vehicle

Special vehicles can be driven by their own power.

The technical equipment which special vehicles must have must be defined project-
specifically.

The work that is to be done with the special vehicles must be taken into consideration (e.g.
maintenance operations).

Trailers of special vehicles which will be deployed independently of those special vehicles
must conform to the regulations for special vehicles.

The following applies to the safety of special vehicles:

. Where the operations programme provides for simultaneous train operations with
MSB vehicles and special vehicles, special vehicles must be incorporated into the
technical safety system.

In this case, special vehicles should contain technical devices for detecting the ve-
hicle position and for controlling/monitoring the vehicle brakes (service and park-
ing brake) and the vehicle's drive.
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o If no simultaneous operation with MSB vehicles and special vehicles are to take
place, this must be ensured by appropriate measures.

There is no simultaneous operation of MSB vehicles and special vehicles when all special
vehicles are at their intended park positions or are in isolated route sections during the op-
eration of MSB vehicles, or when all MSB vehicles are at intended park positions during op-
erations with special vehicles.
This does not affect exemptions, e.g. for the commissioning phase, for unscheduled mainte-
nance or in conjunction with the rescue concept.
Special vehicles are guided by technical devices. These must be designed so that a tipping of
the vehicle from the guideway (even if transversely inclined) is prevented.
The introduced loads from special vehicles must not generate stresses that become decisive
for the rating of the guideway.
The mechanical properties of the special vehicle including existing attachments to fulfil their
intended purpose (e.g. work platforms, cranes, snow plough) must in regard to

. Geometry (dimensions of car body and chassis, e.g. gauge width),

. Weight and weight distribution,
be matched to the design limits given in /MSB AG-FW BEM/ for position-dependent and
time-dependent acceleration effects and clearance requirements as per /MSB AG-FW GEO/.

Interfaces and cross-subsystem functions

Loads and effects

Criteria for designing the structure of vehicle and guideway:

a) The nature and extent of relevant effects (constant, variable and exceptional) must be
known.

b) The relevant effects must be known in terms of their frequency of occurrence (assumptions
are permitted).

¢) The effect combinations and resulting loads on the modules must be known.

d) Loads from effect combinations with a probability of occurrence less than SIL 4 (according
to /DIN EN 61508-1/) need not be allowed for in the design.

e) A risk assessment according to EN 50126 should be carried out for hazard cases due to
effect combinations according to d).

Statistical data and empirical values from the field service of comparable sys-
tems/modules/materials can be used when determining the probability of occurrence accord-
ing to d).

Vehicle weight

The weight of the MSB vehicles must be defined according to Annex 0, Point 4.3.

The following load conditions must be allowed for to Annex 0 :

. Unladen weight (without payload),
. Mean vehicle weight (e.g. 80% of permissible load capacity) for passenger vehi-
cles,
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. Permissible vehicle weight (100% permissible load capacity for passenger and
goods vehicles),
o Maximum vehicle weight (e.g. exceptional operating situations such as evacuation

to adjacent sections of passenger vehicles).
Load capacity is defined as:

o The weight of passengers with baggage (passenger vehicles),

o The weight of the payload (goods vehicles).
The frequencies of occurrence of the load conditions must be defined project-specifically.
The load conditions to be taken into consideration in the design may be defined differently on
the basis of the frequencies of occurrence.
Effects:
On the basis of the project-specifically defined vehicle weights and constraints such as

o permissible accelerations in the x, y and z direction,

o operational and maximum travelling speeds,

o environmental conditions (e.g. side wind, temperatures)
. permissible operating situations,

the effect variables to be applied at the force-transmitting vehicle/guideway interfaces must be
determined having regard to the requirements in /MSB AG-FW BEM/ and /MSB AG-ANT/.
The drive current must be limited so that the maximum permissible force according to Chap-
ter 0 No. 7. (1) is not exceeded.

The drive current must be limited so that the maximum permissible acceleration/deceleration
according to Section 13(5), /MbBO/ is not exceeded.

The limitation of the drive current in case of a malfunction is dealt with in Chapter 0.

Effect conditions Frequency of occurrence
A: Frequent variable effects
System condition without failures or faults of
modules.
B: Rare and extremely rare variable effects
System condition with failures or faults of
modules.

Table 6: Definition of effect conditions A/ B

The following effects must be observed.

Interface Effect conditions A Effect conditions B
Levitation magnet | Forces in z-direction from Increased levitation magnet force
/ long stator - Vehicle's dead weight of adjacent levitation magnets on

- Load capacity failure of the

allowing for additional mass forces
resulting from
- the speed and

levitation magnet control circuit

Increased forces due to drive faults
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Interface Effect conditions A Effect conditions B
- the line route (radii, transverse and
linear inclination) Increased payload weight in excep-

tional operating situations
Effects on the vehicle (esp. aerody-
namics)

Forces in x-direction from the long-
stator drive

Effects on the levitation field from
drive currents (value and duration
must be defined project-specifically)

Guide magnet / Forces in y-direction with trans- Increased guide magnet force of
lateral guide rail | versely inclined guideway from adjacent guide magnets on failure
- vehicle dead weight of the guide magnet control circuit

- load capacity
allowing for additional mass forces | Mechanical guide function on fail-
resulting from ure of two adjacent guide magnet
- the speed and control circuits

- the line route (radii, transverse and
linear inclination)

Aerodynamic effects on the vehicle

Support skid / Forces in x, y and z-direction from | Mechanical levitation function on
slide rail - vehicle dead weight failure of two adjacent levitation
- load capacity magnet control circuits

allowing for the guideway position
(radii, transverse and linear inclina- | Setting down of the MSB vehicle
tion) and coefficient of friction in x |at v > 0 km/h due to drive faults

and y-direction.

Vehicle brake / Mechanical and/or magnetic forces
lateral guide rail in x and y-direction when braking
with the Safe Brake
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Table 7: Effects at the vehicle/guideway interfaces

The dimensioning effects must be defined on the basis of /MSB AG-FZ BEM/ and /MSB AG-
FW BEM/ and documented in a project-specific specification.
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Positioning

Purpose and structure

Positioning is a facility for determining the position and speed of technically protected vehi-
cles.

The main function "positioning" is divided up into devices and functions within the subsys-
tems Vehicle (if the vehicles are technically protected), Guideway, Operation Control System
and Drive Figure 18).

Functional requirements

The requirements for positioning (equipment for detecting position and speed information)
must be defined by all subsystems.

Devices for detecting the position and speed information are referred to as "control system-
relevant positioning” (see Figure 18).

There must be fixed components for ascertaining reference points and relative points.

The detection of position and speed information of technically protected vehicles is achieved
by scanning features of the guideway, e.g. position reference points installed on the guideway
(position reference strips, LRL) and the stator packs (slot / tooth periodicity).

The guideway-side position information must be captured by vehicle-side devices and further
processed:

o The following information must be provided for the drive (see also /MSB AG-
ANTY/):

° Vehicle location,
o Vehicle position signal (rotor angle),
o Vehicle identifier.

. The following information must be provided for the "Safe Positioning" function of
the operation control system (see /MSB AG-BLT/):

. Vehicle location,
o Vehicle speed,
° Direction of travel.

o Position information must also be provided for diagnostic purposes.
The accuracy, up-to-dateness and backup procedures on the transmission paths of all position
information must be defined project-specifically and, if necessary, dependent on position and
speed.
The coordinate system (chainage points/kilometre markers) and its relation to the vehicle
must be defined project-specifically allowing for the vehicle length.
Other requirements for the interfaces between the participating subsystems must be defined
project-specifically.
The reference points along the line and in the approach to
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° Stations,
o Stopping places,
o Parking places and

o Track-switching devices
must be defined project-specifically.

Constructional requirements

Installation positions of the vehicle-side devices (e.g. sensors for scanning the slot/tooth pe-
riodicity of the long stator and the reference point information, also electronic evaluator mod-
ules) must be defined project-specifically.

The following particular factors should be considered for the vehicle-side devices:

o the space required by the guideway-side components (see Figure 22) allowing for
dynamic movements of the moving vehicle,

o the environmental conditions and mechanical requirements according to /MSB

AG-UMWELTY/, /EN 50125-1/ and /EN 61373/.
Details of the requirements for the guideway-side devices will be found in /MSB AG-FW

UBG/.
Other requirements for the interfaces between the participating subsystems must be defined
project-specifically.

Verification

Safety requirements for the positioning system including responsibilities for verification must
be defined project-specifically in interface documents.

Their compliance must be proven across all subsystems for the complete functionality.
Typical requirements are:

. Diversity and independence in both the detection and processing of the data,
. Fault disclosure (permissible failure disclosure time, system responses),

o Safety of isolated failures.

Operation
Difference between Operation and Modes

Definition of Operation

"Operation" is the totality of all measures used to carry passengers and goods (/MbBO/, Sec-
tion 2).

This comprises the provision of the complete MSB system as well as the preparation and exe-
cution of journeys (train operations) and the performance of maintenance work.
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Requirements for operation must also be laid down in the Operation Manual to be produced
by the MSB contractor (/MbBOY/, Section 24). Project-specific consideration must be given to
the characteristics of the MSB system and the operational/organisational framework condi-
tions of the MSB contractor and relevant statutory requirements.

Building or maintenance work (including associated journeys) can take place simultaneously
during train operations. Project-specific arrangements must be laid down for this.
Project-specific special arrangements must be made and, if necessary, additional safety meas-
ures put in place for journeys for the first-time putting into service of the system and for dem-
onstration journeys during the commissioning phase.

Requirements for rules for operation (train operations and maintenance) should be taken
from /MSB AG-BTR /.

Definition of Modes

"Modes" are defined and clearly delimited types of train operation which differ in their tech-
nical and nontechnical measures for the execution of journeys.

Modes are vehicle-related, i.e. a mode is set for each vehicle participating in the train opera-
tion.
The train operation must be carried out in one of the following two modes:

. "Normal operation":
Journeys under complete technical safety,

. "Departure from normal operation':
Journeys not under complete technical safety
Complete technical safety of the guideway should be present for train operations with
MSB vehicles conducted in the "Departure from normal operation" mode. The OCS func-
tions of journey sequence control, guideway securing, running profile monitoring, drive
shutdown and Safe Positioning should not be impaired. It is permissible for the monitor-
ing of safety-relevant vehicle-side status signals (monitored by the OCS 'vehicle securing
function) to be not fully available.
This mode may be necessary for transfer journeys to a maintenance installation, for ex-
ample.
Project-specific decisions must be taken regarding the operational arrangements to be ap-
plied to carry out journeys in the "Departure from normal operation" mode.
For special vehicles, the constraints on train operations must be decided project-specifically
depending on their technical equipment.
Exceptions such as the securing of train operations within maintenance facilities must be de-
fined project-specifically.
For the simultaneous operation of MSB vehicles and special vehicles, see Chapter (.
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Principles for the application of the modes

Train operations with passengers with MSB vehicles must be carried out in the normal opera-
tion mode as a matter of principle. Exceptions are only permitted in malfunctions and emer-
gencies that must be defined separately.

For train operations in the "Departure from normal operation" mode, the measures for the
non-technical monitoring of the vehicle status must be defined in the rules for operation.

The simultaneous operation of vehicles in different modes must be regulated project-
specifically.

Operational functions and procedures

Journey inputs and operations monitoring

Manual and automatically generated journey inputs must be possible for journeys in the
modes according to Chapter 0.

The train operation personnel must be able to carry out monitoring and controlling tasks.
Train operation personnel must be able to change modes.

For other requirements, see /MSB AG-BLT/.

Departure from a station in normal operation

Securing the MSB vehicle outer doors: See /MSB AG-BLT/, Chapter 6.3.3.5.

Securing the platform doors: See /MSB AG-BLT/, Chapter 6.3.2.7.

Optical and acoustic signals for passengers that signal the time to departure should be pro-
vided at the stations.

Approach to a station in normal operation

MSB vehicles must approach stations accurately and set down automatically.

Securing the MSB vehicle outer doors: See /MSB AG-BLT/, Chapter 6.3.3.5.

Securing the platform doors: See /MSB AG-BLT/, Chapter 6.3.2.7.

Passing through stations with locked platform doors must be possible; the maximum passing
speed must be defined project-specifically.

Activating and deactivating of MSB vehicles

Treatment of the Safe Brake (brake test): See /MSB AG-BLT/, Chapter 6.3.3.2.

Control / monitoring on-board energy supply: See /MSB AG-BLT/, Chapter 6.3.3.3.

A direct-acting deactivation and shutdown of on-board electrical systems for a particular rea-
son that is done without a technical consent check must be regulated as a project-specific,
operational special measure (operation under personnel responsibility).

From vehicles that are parked while activated,

. the status of the fire alarms should still be transmitted and
o diagnostic data should be transmitted and incorporated into operational dispatch-
ing.
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Processing automatic stops of MSB vehicles

Treatment of automatic stops is dealt with in /MSB AG-BLT/, including in Chapters 6.3.3.7
("Automatic Stop") and 6.3.4 ("Running Profile Monitoring").

Forced braking should normally be carried out by the drive.

Cases that require immediate activation of the Safe Brake are given in /MSB AG-BLT/.

The sequence of an automatic stop with the Safe Brake is described in /MSB AG-BLT/, Chap-
ter 6.3.3.4, its cancellation is described in /MSB AG-BLT/, Chapter 6.3.3.7.

Constraints for moving the special vehicles

It must be possible to operate special vehicles outside the environmental conditions defined in
/MSB AG-UMWELT/ (e.g. for winter service operations). The limits to be observed must be
defined project-specifically.

If the special vehicles cannot travel the whole MSB guideway because of their design, then
appropriate restrictions and exclusions must be laid down project-specifically.

Further requirements for the treatment of special vehicles in operating procedures are given
in /MSB AG-BTR /.

Title High-speed Maglev System Design Principles

Complete System

Doc.No.: 50630 Version  White Issue date 15.02.2007 Page 66
paper



Printout: 13/09/2007 10:42:00

Rapid Maglev System Maglev Technical

Design Principles Committee
Complete System

Quality management

The requirements of standard /DIN EN ISO 9001/ must be fulfilled in all phases of planning,
execution and operation of the MSB system by introducing and maintaining a quality man-
agement system.

/DIN EN ISO 9004/ also provides additional guidance for improving the effectiveness and
efficiency of the quality management system to be put in place.

A project-specific quality management plan must be produced for each subsystem.
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System structure and system of coordinates
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Figure 2: System structure

Direction of travel

S .
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*” x — Linear direction
Ly — Transverse direction

z — Vertical direction

]
\J

Other coordinate systems are defined in the
subsystems to show special circumstances.

Figure 3: System of coordinates
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Figure 6: Vehicle sections for passenger transport long-haul (example)
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Figure 7: Vehicle end sections for passenger transport airport link (example)
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Figure 8: Vehicle centre sections for passenger transport airport link (example)
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Figure 9: Levitation/guide system (example)
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Figure 10: Braking characteristic of safe brake for an MSB vehicle section.
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Figure 11: Running resistance (airport link - planning status 2006)
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Figure 12: Pressure effect from a passing MSB vehicle (outside tunnels)

(airport link - planning status 2006)
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Druckeinwirkung auf ebenen Flachen...

Pressure effect on even surfaces parallel to direction of
travel, fixed or moving in parallel

Abstand der Fahrzeug-Seitenwinde. ..

Distance between vehicle side walls when trains meet

Spurmittenabstand gem. Tab. 5

Track centres according to Table 5

Querneigung

Incline

AuBere Wagenkastenbreite. ..

External body width according to Annex 4.2 (4)

Fahrwegquerneigung

Guideway incline

Structure of the energy supply
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Hilsenergie- | |Blindleistungs-| Externe Traktions- Hilfsenergie- | |Blindleistungs- Externe Traktions-
versorgung | | kompensation | | Bordenergie- energie- versorgung kompensation | | Bordenergie- energie-
einspeisung versorgung einspeisung versorgung
Streckenseitige Einrichtungen
!
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Figure 13: Structure of the energy supply (example)

Structure and functions of the drive

Unterwerk n

Antriebsregelung/-|
steuerung

Umrichter

Unterwerk n+1

Antriebsregelung/
steuerung

Umrichter

Antriebsstrecke m

Streckenkabel J

Fahrwegseite rﬁ
III Schaltstelle

Figure 14: Structure of the drive (example)
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Drive functions are shown in oval boxes and external components in rectangular boxes.

Figure 15: Functions of the drive
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Figure 16: Placement and interfaces of the OCS
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OCS functions are shown in oval boxes and external components in rectangular boxes.

Figure 17: OCS functions and data flows
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Structure of the positioning

Einrichtungen am Fahrzeug
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A

Einrichtungen am Fahrweg

Figure 18: Structure of the positioning (example)
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Figure 19: Elevated guideway (example)
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Figure 20: At-grade guideway (example)
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Stator axis (outside of bend) —

System length of
guideway beam
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3D curve

Stator axis (inside of bend)

M Gap at beam joint |

Figure 21: Beam dimension - Relationship between component length and system length
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Figure 22: Functional elements, functional planes and installation spaces on the guideway, dimensions (nominal)
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Stator pack arrangement

Stator pack arrangement on straight guideway

1032 (System dimension ) 1032 (System dimension)

[ I e ) Y O e Yy I

—dle1/2gap gap M2gap Ll

Stator pack arrangement on horizontally curved guideway

1032 (System dimension) + differencxe for outside bend 1032 (System dimension) + difference for outside bend
MWM Wuww (bend outside)
1/2 gap bend outside 1/2 gap bend outside
- Gap bend outside =
3D curve
1032 (System dimension ) 1032 (System dimension)
(bend inside)
_] 1/2 gap bend inside __|_ capbend inside 1/2 gap bend inside .
1032 (System dimension) - difference for inside bend 1032 (System dimension) - difference for inside bend

The lengths of the individual stator pack types must be defined project-specifically.
Figure 23: Stator pack arrangement (example)
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Long-stator winding

I

e |

Wicklungsperiode enfspr.
6 Statornuf feilungen = 516 mm

Figure 24: Long-stator winding (example)

Wicklungsperiode entspr. 6 Statornutteilungen = Winding period corresponding to 6 stator slot pitches
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Figure 25: Point (example)
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Figure 26: Traverser (example)
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Figure 27: Turntable (example)
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Figure 28: Noise barrier and fence on at-grade guideway (example)
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Figure 29: Noise barrier on elevated guideway (example)
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Figure 30: Route peripherals with at-grade guideway (example)
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Figure 31: Route peripherals with elevated guideway (example)
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Annex: High-speed Maglev System Data
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The system data defined below are required in order to design subsystems and modules of the MSB. The system data that are identified
in this Annex as "system parameters" apply to all projects. The project-specific or product-specific data (not specially identified here as
"system parameters") must be confirmed project-specifically by application of the Design Principles, or defined differently. The defini-
tions must be allowed for in the verification process.
System
Symbol |°Y : :
No. Name para- | Value | Unit Explanation
meter
1. | Transport / operational pa-
rameters

1.1. | Speed

(1) | Maximum vehicle speed VEzmax 500 km/h | Constant speed derived from the per-
missible continuous loads for the vehi-
cle.

(2) | Vehicle speed limit VEz,limit - km/h | Constant speed derived from the per-
missible vehicle loads (special load
cases).

To be defined project-specifically based
on incident analyses.

(3) | Maximum guideway speed VEw,max (X) <500 km/h | Position-dependent profile of the per-
missible speed for an aligned route
derived from the strength of the guide-
way.

(4) | Guideway speed limit VEw,imit (X) - km/h | Position-dependent profile of the per-
missible speed for an aligned route
derived from the strength of the guide-
way under exceptional effects.

To be defined project-specifically based
on incident analyses.

1.2. | Schedule

(1) | Signal headway - min | Project-specific decision

2. |Track alignment

2.1. | Horizontal radius

(1) | Minimum horizontal radius R4 min X 350 m

2.2. | Limits of transverse inclination

(1) |- in platform area Olmax (8S) X 3 ° *) IMBbO Section 13 (3) limits the
permissible transverse inclination in the
stationary train in the platform area to
3.4 °. The max. permitted transverse

- inclination of 3.0 ° for line routing is
g derived from this.
§ (2) |- at service stopping places for opera- Olmax (HP_2) 6 ° Comfort guide value as per project-
3 tionally related stop specific definition
(3) |- at other service stopping places Olmax (HP_1) X 12 °
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(4) |- outside stopping places Olmax (ST) 12 ° MbBO Section 13, (3)
16 MbBO Section 13, (3) for approval in
individual cases
(5) | Desired transverse inclination to drain Olmin (ST >1.15 ° equivalent to 2%
Syl
the top of the guideway beam
2.3. | Vertical radius
(1) Minimum vertical radius RV min 530 m
2.4. | Limits of linear inclination
(1) | -in platform area Smax @s) (B) 5 %o | MbBO Section 13, (2)
2 - in areas in which standing vehicles Smax (BE %0 | MbBO Section 13, (2), exception per-
&8 (B)
must be secured from inadvertent mitted as per MbBO Section 5, (1)
movement
(3) |- at stopping places Smax P) (B) <100 %o | Defined project-specifically according
to proof of the hold function
(4) |- outside stopping places Smax(s1) (B) 100 %o
2.5. | Limits of guideway warp
1 Limits of guideway warp Alimax (ST 0.10 °/m | up to 0.15°/m in special cases
(8T
combination of transverse inclination
over 12° and warp over 0.1°/m only
after verification in individual cases.
2.6. | Overlaying of alignment elements
(1) | Rz criterion Ry.z min fx,z(Aor) m
(2) | Ry criterion Ry min fx,y(Aa) m
2.7. | Other alignment parameters
(1) | Track centres Swm >4,400 mm | according to MbBO, speed-dependent
2 Clearance gauge - - mm | according to MbBO
gaug 9
3. |Accelerations, jolts, vibra-
tion and pressures
3.1. | Acceleration
3.1.1. | Linear acceleration (x-direction)
(1) | Maximum value of drive acceleration Ax,max,accelerate <15 m/s? | MbBO Section 13, (5)
(2) | Maximum value of brake acceleration Ax,max brake >-1.5 m/s? | MbBO Section 13, (5)
3.1.2. | Unbalanced (free) lateral accelera-
tion (y-direction)
1 Line Ay max <15 m/s? | to outside of bend, MbBO Section 13,
Y.
4)
2 Track-switching device Ay max, SWE <2.0 m/s? | to outside of bend, MbBO Section 13,
Y,
4)
3.1.3. | Normal acceleration (z-direction)
(1) | Trough Az max <1.2 m/s? | MbBO Section 13, (6), may be ex-
A Crown a > .06 m/s? ceeded in individual cases (variable
#min - effects)
3.2. |Jolt
(1) | Lateral pressure &y max 0.5 m/s® | Comfort criterion, for city entrances at
constraints: up to 1.0 m/s® in individual
cases
(2) [ Lateral jolt, point at junction &y, max,SWE 2.0 m/s® | Comfort criterion
(3) | Vertical jolt 8z max 0.5 m/s® | Comfort criterion, in individual cases at
constraints: up to 1.0 m/s®
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4. | MSB Vehicle

4.1. | Vehicle configuration

(1) | Number of vehicle sections Nsekt 2...10 no.

(2) | Useful area per vehicle section Anutz - m? | Project-specific decision

(3) | Seats per vehicle section Nsitz - -

(4) | Standing places per vehicle section Nsten - -

(5) | Payload per vehicle section NL - kg

4.2. | Vehicle geometry Airport link - planning status 2006

(1) | Geometrical length, end section Les approx. m 0

25
(2) | Geometrical length, centre section Lms 24.768 m | see also No. 6.1.1. (3): Levitation
(system length vehicle section) magnet occupancy length, centre
section

(3) Geometrical length of vehicle Lrzg m Lez6=2"Lest(Nsek-2)*Lus

(4) Exterior width of car body Bwk-a 3.7 m

(5) | Height of car body over gradient (excl. Hwk-crd approx. m Vehicle set down, to be defined project-

antenna) 3.3 specifically

(6) | Height of top of floor above gradient Heok-Grd approx. m Vehicle set down, to be defined project-

0.93 specifically

(7) | Height of vehicle (incl. antenna) over HFzg-Gra approx. m Vehicle set down, to be defined project-

gradient 3.8 specifically

(8) | Ext. height car body over top of floor Hwk-Fox approx. m | to be defined project-specifically

24

(9) | Height of gradient over bottom of Hard-Fzg.uk approx. m Vehicle set down, to be defined project-

vehicle 0.9 specifically

(10) | Overall height of vehicle (excl. an- Hrzg.Ges approx. m | to be defined project-specifically

tenna) 4.2

4.3. | Vehicle weights The line loads given below are the
basis for the guideway design. A toler-
ance of +/- 5% of the line loads is
permissible on the vehicle side.

(1) | Dead weight of a vehicle section Mec > kg | The vehicle dead weight may not be
less than the value equivalent to a line
load of 19 kN/m averaged over the
system length of a vehicle section.

(2) | Mean weight of a vehicle section Mwc < kg | The mean vehicle weight is equivalent
to a mean line load of 26 kN/m aver-
aged over the system length of a vehi-
cle section.

(3) | Permissible weight of a vehicle sec- Mz < kg | The permissible vehicle weight may not

tion exceed the value equivalent to a line
load of 29 kN/m averaged over the
system length of a vehicle section.

(4) | Maximum weight of a vehicle section Mxe < kg | The maximum vehicle weight may not
exceed the value equivalent to a line
load of 31 kN/m averaged over the
system length of a vehicle section.

5. | Guideway

5.1. | Guideway configuration

5.1.1. | Basic dimensions
Title High-speed Maglev System Design Principles
Complete System
Doc.No.: 50630 Version  White Issue date 15.02.2007 Page 108

paper




Printout: 13/09/2007 10:42:00

Rapid Maglev System
Design Principles

Maglev Technical
Committee

Complete System

(1) | Stator pack system length Lsp,sys 1,032 mm | see also Fig. 23 /MSB AG-

GESAMTSYS/, Chapter 8.16
5.1.2. | Standard beam lengths

(1) | Standard guideway type | Lsysyp1 > 16 m Usually supported discretely on individ-
ual footings. To be defined project-
specifically.

(2) | Standard guideway type Il Lsys,Type 11 <16 m Usually supported discretely on individ-
ual footings. To be defined project-
specifically.

(3) | Standard guideway type IlI Lsys,typ i approx. 6 m Usually supported discretely on strip
footings. To be defined project-
specifically.

5.2. | Guideway geometry

(1) | Gauge (distance between lateral Ssre 2,800 mm

guide planes)

(2) | Guideway hover clearance slide Tzm.GLE-SE 398 mm

plane/stator plane

5.3. | Deviations of position of the func-

tional planes
5.3.1. | Tolerance guideway hover clear-
ance

(1) | Guideway hover clearance in beam ATzm +3/-5 mm

bay

(2) | Relative difference in hover clear- +0.4 mm

ances at beam joint
5.3.2. | Gauge width tolerance

(1) | Gauge width in beam bay max AS +2 mm

(2) | Relative gauge difference at beam +1 mm

joint

5.4. | Guideway superstructure deforma-

tion
5.4.1. | in x-direction due to traffic
(1) | at beam joint 10 mm | periodical
20 with autom. braking
5.4.2. | in z-direction due to traffic

(1) | Single-bay beam max f, ez Ls/4,000 | mm | with static effect at permissible vehicle
weight

(2) | Dual-bay beam Ls/4,800 | mm | with static effect at permissible vehicle
weight

(3) | Guideway plates The construction must be assessed in
individual cases.

5.4.3. | in y-direction due to traffic

(1) | Single-bay beam max fy g Ls/15,000 | mm | with static effect at permissible vehicle
weight and ay,max

(2) | Dual-bay beam Ls/18,000 | mm | with static effect at permissible vehicle
weight and ay,max

(3) | Guideway plates The construction must be assessed in
individual cases.

5.5. | Track-switching devices
(1) | Turnaround time of a 2-way point from 30 s Typical value
end position to end position
6. | Geometry of the vehi-
cle/guideway interfaces
6.1. | Levitation magnet / long stator
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6.1.1. | Levitation magnet
(1) | Levitation magnet system length Lsys, v 3,096 mm
(standard length magnet)
(2) | Levitation magnet centres in y- ey 2,220 mm
direction
(3) [ Levitation magnet occupancy length Lrmams 24,768 mm
centre section
(4) | Levitation magnet occupancy length Ltmees 23,753 mm | no system dimension, may vary pro-
end section ject-specifically
6.1.2 | Long stator
(1) | Lang stator centres in y-direction ey.sp 2220 mm | Nom. dim.
(2) | Width of stator pack (geometrical) by,sp >185 mm | Typical embodiment: 185 mm, to be
defined project-specifically
(3) | Pole centres €y pole centres 258 mm | Nom. dim., 3-phase motor winding
(4) | Slot pitch (centres of the motor wind- €y slot pitch 86 mm | Nom. dim.
ing cable)
6.2. | Guide magnet - lateral guide rail
6.2.1. | Guide magnet
(1) | Guide magnet system length Lsys,em 3,096 mm
6.2.2. | Lateral guide rail
(1) | Lateral guide rail height hsrs 310 mm
(2) | Lateral guide rail thickness dsrs > 30 mm | 30 mm, Typical embodiment, to be
defined project-specifically
6.3. | Brake magnet - lateral guide rail
(1) | Brake magnet centres in x-direction €xBM 24,768 mm | Guide value, different dimensions may
be defined project-specifically.
6.4. | Support skid / slide plane
6.4.1 | Support skid
(1) | Support skid length Ly 1k 740 mm | Guide value, different dimensions may
be defined project-specifically.
(2) | Support skid width by« 110 mm | Guide value, different dimensions may
be defined project-specifically.
(3) | Skid centres in x-direction exTK 3,096 mm
(4) | Skid centres in y-direction ey,Tk 2,220 mm
6.4.2 | Slide plane
(1) | Slide plane / slide rail width min by eL > 150 mm
7. |Effects at the vehi-
cle/guideway interfaces in x-
direction
(1) [ Variable effects with drive/brakes max stat py 4.8 kN/m | Local maximum; mean over a vehicle
section 4.4 kN/m for a centre section of
length 24.768 m.
Drive current is limited so that the
maximum permissible force is not
exceeded.
(2) | Exceptional effects (symmetrical) max px 10.0 kN/m | Equivalent to approx. 250 kN/vehicle
section
for a centre section of length 24.768 m
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(3) | Exceptional effects (asymmetrical) max px r,l 5.5 kN/m | Equivalent to a maximum total force of
or2.0 185 kN/vehicle section for a centre
section of length 24.768 m and a
maximum uneven distribution of 0.73 :
0.27 between the two guideway/vehicle
sides
8. |Drive
8.1. | Motor geometry
see Levitation magnet and Long stator -
8.2. | Motor constants
(1) | Shear force constant per centre sec- Cmms - N/A | Correlated quantity equation: cyms =
tion 43.0 * \(muslt] / 64.5 1)
with mys - actual weight of centre
section
Values may vary at very high and very
low temperatures due to the expansion
of long MSB vehicles.
(2) | Shear force constant per end section CmEes - N/A | Correlated quantity equation: cyes =
41.3 * (mes[t] / 62.0 1)
with mes - actual weight of end section
Values may vary at very high and very
low temperatures due to the expansion
of long MSB vehicles.
(3) | Induced motor voltage per vehicle up - \Y Equivalent to 1/6 * cy * speed
section long side
(4) | Conductor cross-section As 300 mm | Guide value for aluminium conductor
(5) | Conductor resistance Rs 0.23 Q | Guide value per km stator length at
20°C and 0-30 Hz
(6) | Resistance/temp. coefficient Ost 0.004 1/°C | Guide value factor is:
(146" (temperature-20°C))
(7) | Resistance/frequency coefficient fst 0.004 s Guide value factor is: (1+fs*(frequency-
30Hz))
(8) | Leakage inductance Ls 2.6 mH | Guide value per km stator length with-
out vehicle
(9) | Vehicle magnetizing inductance Ly 0.1 mH | Guide value per section and side incl.
Ls
(10) | Earth capacitance Cs 1 uF | Guide value per km stator length
(11) | Length factor moving field line/long 0 2.35 Guide value
stator
(12) | Max. conductor temperature Timax 70 °C | Guide value for service life reasons,
technically 90°C
(13) | Thermal time constant Tstat 1.5 h Guide value
(14) | Nom. voltage Unemn 10...20 kV | Guide value interlinked fundamental
component rms
8.3. | Motor interconnection
(1) | Motor section length ds 1,200 m | Guide value, individually between
approx. 0.5 and 3 km
(2) | Motor section offset vers 300 m | Guide value, individually between 0
and ds/2
9. |Operation Control System
9.1 | Safe positioning | |
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(1) | Positional information tolerance, static 2 m Typical value. The value must be de-
termined project-specifically.
(2) | Speed information tolerance 5 km/h | Typical value. The value must be de-
termined project-specifically.
9.2 | Vehicle-related speeds
(1) | Setdown speed 5 km/h | Typical value. The value must be de-
termined project-specifically.
9.3 | Deceleration and running times
(1) | Max. drive shutdown time 23 s Guide value for the shutdown time of
the drive and braking energy for a
safety-relevant shutdown reason by the
OCS
10. [ Aerodynamics
10.1. | Pressure during vehicle passage
(1) | Max. pressure amplitude on the vehi- X 2,400 Pa
cle sides
(2) | Pressure amplitude on structures on - Pa | dependent on clearance and vehicle
the guideway speed
(3) | Pressure load on guideway table and X 76to | kN/m’
vehicle underfloor 15.2
10.2. | Pressure in tunnel
(1) | Design pressure for tunnel design 5,500 Pa | Differential pressure vehicle inte-
rior/exterior
(2) | Design pressure for vehicle design 6,000 Pa | Differential pressure vehicle inte-
rior/exterior
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General

Purpose of the document, scope

This document contains abbreviations and definitions for high-speed maglev systems.
These design principles apply to a high-speed maglev system according to the General
Maglev System Act /AMbG/.

High-speed Maglev System Design Princi-
ples

This document is an annex to the Design Principles Complete System and so forms part of a
documentation for high-speed maglev systems consisting of several design principles. The
document tree is shown in Figure 1 /MSB AG-GESAMTSYS/.

The high-level "complete system" design principles and their annexes apply uniformly for the
whole documentation:

o High-speed Maglev System Design Principles Complete System, Doc. No.: 50630,
/MSB AG-GESAMTSYS/

° Annex 1: Abbreviations and Definitions, Doc. No.: 67536, /MSB AG-ABK&DEF/

° Annex 2: Statutes, Regulations, Standards and Directives, Doc. No.: 67539, /MSB
AG-NORM&RILI/

° Annex 3: Environmental Conditions, Doc. No.: 67285, /MSB AG-UMWELT/

° Annex 4: Rules for Operation and Maintenance, Doc. No.: 69061, /MSB AG-
BTR/

° Annex 5: Noise, Doc. No.: 72963, /MSB AG-SCHALL/

Abbreviations and definitions

Abbreviations and definitions are listed in this document.
Further specific abbreviations and definitions may be defined in the lower-level design prin-
ciples.

Statutes, regulations, standards and direc-

tives

The normative documents listed in /MSB AG-NORM&RILI/ contain requirements that form
part of the High-speed Maglev System Design Principles by cross reference in the High-speed
Maglev System Design Principles. Where normative documents in /MSB AG-NORM&RILI/
are dated, subsequent changes or revisions of these publications do not apply. With undated
references, the latest version of the normative document that is referred to applies.
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The version of the standards and directives to be observed in an MSB project must be decided
bindingly on a project-specific basis.

Identification and binding value of require-
ments

The requirements of /DIN 820/ were essentially applied in the preparation of this document.
In the following chapters and the annexes of this document

o Requirements are shown in normal font
o Explanations, guide values and examples are shown in italics
The degree to which the requirements are binding has been defined by reference to /DIN 820-

2/ Annex G, and has been taken into consideration when formulating the individual require-
ments.
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Overviews
The following terms and definitions must be used for the High-speed Maglev System Design

Principles.

The terms and definitions are summarised alphabetically below in Chapters 0 and 0.

Train operations

Preparation and execution of
journeys with vehicles and
special vehicles.

Operation

/MbBO/)

Operation is the totality of all
measures used to carry persons
and goods (Section 2, (1)

Normal operation

Fully technically protected train operations.

Note: The term ,normal operation’ is the result of an operational analysis according to MbBO §24

Not fully technically protected train
operations under
personnel responsibility.

Departure from normal operation

Maintenance

Combination of all technical and
administrative measures
including
monitoring measures with which
an item is maintained in, or restored
to, its functional condition
(according to EN 50129/)

Figure 32: Chart of Operation, Modes

Special loads Alignment

l Alignment t i l i

Safe levitation Safe braking Vehicle speed Tunnel speed Guideway

profile < > profile limit limit speed limit

Limiting running Line speed limit
profile
Continuous loads Alignment
Safety engineering ‘

responses

Min. running
profile

Max. running
profile

Drive control

tolerance,

Positioning toleran

. P
Drive performance

Nominal running
rofile

Actual running

Max. vehicle
speed

Max. tunnel
speed

Max. guideway
speed

Failure scenarios

> min [¢
Max. line speed

1
for tech. reasons
e

Project inputs
(noise control, energy demand,
comfort values, journey times etc)

Design speed

Recomm. speed
for comfort

Max. operating
speed

A
min

Recommended
line speed

not for tech. reasons

Minimum line

> min [¢

Nominal speed

Project-dependent
special decisions

Technical maximum

profile(s) speed speed
SP related non SP related
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Figure 33: Chart of Speed Terms

Notes on the "Chart of Speed Terms":

The speed terms are divided up into:
. stopping place-related speeds ("profiles") for the approach to stopping places, and

. non stopping place-related speeds ("speeds")
Only profiles are directly monitored by the safety systems.

Stopping place-related:

The alignment and various system characteristics determine the safe levitation profile and the
safe braking profile.

The minimum and maximum running profiles of the stopping place are obtained by forming
the minimum value with the line speed limit (leads to the limiting running profile) and allow-
ing for the safety-technical reactions. These profiles are monitored by the OCS to ensure safe
compliance with the safe levitation profile / braking profile and/or the limiting running pro-
file. The nominal running profile which should be run by the drive is obtained after deducting
drive control tolerances and positioning tolerances and allowing for the nominal speed. The
profile which the drive actually runs because of its efficiency is known as the actual profile. A
minimum line speed which can still be run in operation and that is independent of stopping
places also arises from defined failure scenarios of the drive.

Not stopping place-related:

The defined special loads and the alignment determine the corresponding speed limits for
vehicle, tunnel and guideway. The minimum of these three components is referred to as the
line speed limit. This limit must never be exceeded and so forms part of the limiting running
profile.

The defined continuous loads for vehicle, tunnel and guideway determine the corresponding
maximum speeds. The minimum of the three components it the maximum line speed. This
represents the restriction on the nominal speed for technical reasons. There is also the rec-
ommended line speed as a further limitation on the nominal speed. This consists of comfort-
related and possibly other non safety-related project inputs. The nominal speed forms part of
the nominal running profile (see above).

In addition to all other speeds there is the technical maximum speed which, on a project-
specific basis, is the maximum speed that may be run under defined special conditions, e.g.
for individual journeys for verification purposes.
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Abbreviations

Abbreviation Definition

p averaged, static line load

o Guideway transverse inclination

o Ellipsoidal azimuth at the zero point (Py) of the inclined conform projec-
tion (MKS)

o’ Change in transverse inclination of guideway (superelevation angle)

B Guideway linear inclination (incline +, decline -) of the three-
dimensional guideway axis

A Delta, difference

S or 8yy Yaw angle (rotation about the z-axis)

Ao Angular deviation of the y-z-plane, change in guideway transverse incli-
nation (guideway warp)

AOlmax Maximum permissible guideway warp

Aol Difference in the unbalanced lateral acceleration from sinusoid or clot-
hoid end and beginning

Ao, Difference in the normal acceleration of clothoid end and beginning

AA Ellipsoidal linear difference relative to Py

Ao Ellipsoidal width difference relative to Py

AT Linear temperature difference

Soxy Static yaw angle due to load asymmetry

AF,, Deviation of z-oscillation force from nominal load

Af, Force-dependent static y-downward deflection of the chassis structure
with excited guide magnet and deviation from nominal load

Af, Force-dependent static downward / upward deflection with deviations
from the nominal load

Af,g Force-dependent static downward / upward deflection of the chassis
structure with deviations from the nominal load

Af,x Static deflection of the support skid with vehicle setdown

Af,rm Force-dependent static downward / upward deflection of the levitation
magnet link with deviations from the nominal load

AP Wear to guide magnet pole strip

As Dynamic gap deviation, air gap levitation/guidance

As, Gap difference at guide magnet centre on bends

As; Gap difference at guide magnet end on bends

ATy Linear temperature difference between top and bottom of beam at which
nominal precamber /MSB AG-FW GEO/ occurs in the unstressed condi-
tion

ATm Linear temperature difference

ATwmy Linear temperature difference in y-direction
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Abbreviation Definition

ATm, Linear temperature difference in z-direction

ATn Total variation in constant temperature component
ATresti Temperature difference of the right and left side
AV1k Support slid lining wear

AW, y-construction tolerances, guideway gauge

AW, z-construction tolerances, guideway hover clearance
AXpE Dimension for the distance from system axis to beam beginning and end
Ay y-construction tolerances, vehicle gauge

Ay; y-offset, levitation frame 1

Az z-construction tolerances, vehicle hover clearance
Az; z-offset, levitation frame 1

n Angle of articulation

N or Ny, Roll angle (rotation about x axis)

Noyz Static roll angle due to load asymmetry

Nyzo Roll angle of car body from guideway superelevation
NyzFy Roll angle of car body from mass force and side wind
Y Factor of safety, partial factor of safety

Y bzw. vy, Pitch angle (rotation about y axis)

Yoxz Static pitch angle due to load asymmetry

YA Partial factor of safety for exceptional effects

Y6 Partial factor of safety for continuous effects

70 Partial factor of safety for variable effects

A Ellipsoidal length

A Wavelength of vehicle-side excitations or effects

o Ellipsoidal length of the projection zero point

u Weight per unit area of the guideway beam

i Coefficient of friction

Ly Coefficient of friction for the holding brake function
UH min Minimum coefficient of friction for the holding brake function on an

iced guideway

Q Dynamic superelevation factor, vibration coefficient
[ Ellipsoidal width

Po Ellipsoidal width of the projection zero point

W Combination factor

Wo Combination factors for variable effects

W Combination factors for frequent effects (/1/week)
Y Combination factors for non frequent effects (1/year)
W2 Combination factors for quasi-continuous effects

p° Symbol rho, factor for converting the unit radian to degree [°]
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Abbreviation Definition

T Points angle tau

9 Tangential torsion at beam joints

a Acceleration, deceleration

a In the MKS: lateral distance from the geodetic line projected true-to-
length

a Outside track

A Clothoid parameter

A Start

A Area

A Lift

A Load cases of exceptional effects

A Acceleration amplitude at time t

ABE Drive sector

Aeff OF ARMS Root-mean-square of acceleration

a; Acceleration in x ,y ,z direction (i=X,y,Z)

Qi max Maximum acceleration in x ,y ,z direction (i=x,y,z) (S-loads)

A mitt Mean operational acceleration in x ,y ,z direction (i=X,y,z)
(A-loads)

AL Starting strip

AW Lift from wind effects

ax Drive and braking acceleration

Ax max Permitted maximum value for the drive and braking acceleration

ay Unbalanced free y-lateral acceleration (on bends)

Ay max Permissible maximum value for the unbalanced free lateral acceleration

a, Normal acceleration (g + trough/crown run)

A, max Permissible maximum value for normal acceleration

B, b Width (general)

bg Maximum lateral distance of a passenger from the three-dimensional
curve (centre of the outside seat in each case)

Bg Component, global

BHPL Service stopping place

Bl Component, local

OCS Operation Control System

BM Braking magnet

BSK Fire safety concept

BZ Operations centre

c Spring constant

CnWK Roll rigidity of car body, relative to pendulum

CAD Computer Aided Design

CpiE Rigidity of the z-setdown spring i, relative to the pendulum axis

CzF Rigidity of y-auxiliary spring
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Abbreviation Definition

d Distance of guide magnet gap sensors

D Damping factor, Lehr's damping factor

D Permissible conflict between outward and return path of geometrical
levelling

D Pressure

DIN Deutsches Institut fiir Normung (German Standards Institute)

DSV Three-step method

dyn dynamic

e Distances in general, centres

E End

E Elastic modulus

E Outcomes of effects (deformation, <stress resultants, stresses, bearing
forces)

EBA Eisenbahn-Bundesamt (German Federal Railway Authority)

EFT Single-bay beam

EG Load case designation for vehicle tare weight

EIl Flexural strength

elas elastic

En Mean actual value of a line observation

EMF Electromagnetic fields

EMS Electromagnetic levitation

EMC Electromagnetic compatibility

EN European Standard

EP End pole of the levitation magnets

ES End section

ESD Electrostatic discharge

EVU Energy utility company

f Frequency; deformation

F Force

Fa Aerodynamic running resistance

FA Vehicle exterior,

Fp Running resistance from on-board energy generation

Fgrems Braking force of the vehicle through the effect of vehicle-side brakes

FEM Finite Element Method

Fg Total braking force of the vehicle

Fyu Holding brake force

FI Vehicle interior,

Fx.1 z-coupling force, section coupling end section 1 to centre section

Fxp z-coupling force, section coupling end section 2 to centre section

Fum Running resistance from magnetisation of stator and lateral guide rail

FM Guide magnet
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Abbreviation Definition

FMEA Failure Mode & Effect Analysis

FMT Section of guide magnet assigned to a guidance control circuit = partial
magnet

Frnwky y-inertial force of car body (superelevation deficit)

Fwke z-inertial force of car body

Fpi, z-oscillation force, tail levitation frame, end section

Fpiy y-oscillation force, levitation frame 1

Fpiz z-oscillation force levitation frame i

Fooiri z-oscillation force air suspension circuit i

Fw Running resistance of the vehicle

FW Guideway

Fx Schub Drive force installed in the guideway

Firm x-force at the levitation magnet link

Fyrm y-force at the guide magnet link

Fyrmo Guide magnet preload

Fysw Side wind force on end section E, centre section M

Fywk y-forces car body end section E, centre section M

f, z-offsets

. Fze Deformation of guideway in z-direction by the maglev vehicle

£, Fzg max Maximum deformation of guideway in z-direction by the maglev vehi-
cle

Fzriy y-force at y-aux. spring levitation frame i

Fzg Vehicle

F,rm z-force at the levitation magnet link

F,owk z-forces car body end section E, centre section M

g Normal case acceleration (acceleration due to gravity

G Weight

G Load cases continuous effects

G Shear modulus

GA, Shearing rigidity

ges, Ges total

GL Slide rail

GLE, GE Slide plane

GLM Slide rail centres

GPS Global Positioning System

H horizontal

H, h Height (general)

HG Load case name for increased vehicle weight

hG.Geliinde Gradient height above grade after completion

HIC Head Injury Criterion

Hp Northing in the national system
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HP Main pole of the levitation magnets

1 Inside track

I Moment of inertia

1,] Integer control variable

IH Maintenance

ILT Infrastructure control system

INKREFA Incremental Vehicle Location System

K Curvature, reciprocal of radius

K Crown

k Factor, coefficient

Kw Shortwave deviation

1 left, left-hand

L Length (general)

LA Long-stator centreline

Lb Clear width

L. Total length of an alignment element

Lgs Vehicle length, end section

Lrm Magnet length, guide magnet

Lrmos Guide magnet occupancy length of the vehicle

Lpy Length, bay width from support centres

L; Beam segment length

Lg Length of clothoid

Lk min Minimum length of clothoid

Lym System length of a module in x-direction

Lums Vehicle length, centre section

LP Length of the element up to point P

I Pendulum length

LPZ Lighting Protection Zone as per /DIN EN 62305-1/

LRL Location reference lug

LS Length of sinusoid

Ls min Minimum length of sinusoid

Lt Guideway beam spans (centres between bearing axes, usually a multiple
of 1.032 m and relative to the centres of the support axes in the 3D
curve)

Lsys System length of the beam

L Tangente Tangential length

Ltm Levitation magnet length

Ltm.B Levitation magnet occupancy length of the vehicle

Lv Length distortion as scale difference

Lw Long-wave deviation

m Masse
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m Linear effects due to torsion

M Moment (general)

M Modular construction

max maximum

my Set-down component of the vehicle mass

MbBO Magnetschwebebahn-Bau- und Betriebsordnung (Maglev Construction
and Operation Regulations)

MDT Mean Down Time

MFE Mechanical guidance element, e.g. guide magnet strips or startup strips

MG Load case designation for mean vehicle weight

min minimum

MKS Maglev coordinate system

MRE Magnet control unit

MREB Magnet control unit, braking

MREF Magnet control unit, guidance

MRET Magnet control unit, levitation

MRK Magnet control circuit comprising of the control circuit elements: mag-
net, magnet control unit and if necessary the gap measuring unit

MS Centre section

MSB Magnetic levitation railway, high-speed maglev system

MSekt Total weight of a vehicle section (with or without payload)

MSF Scale factor of the projection distortion

MSH Special magnetic steel from the 'Heinrichshiitte' (special magnetic steel
with good magnetic properties)

Mt Car body rolling moment

MTBF Mean Time Between Failures

MTTR Mean Time to Repair

mwk Mass of car body

n Number, general

n Number of sections

N Number of bays of a beam

NBT Normal operation

NGK Inclination change criterion [mm/m]

NL Payload

NLU Payload excess

NT Slot arm

0 top

oG Upper chord, top of guideway

OK Top, top edge

P Maximum pole strip wear

P Any desired point on the alignment element
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Py Zero point for the MKS, also the apex of the ellipsoidal azimuth and
projection zero point

PK Pole core

PL Pole strip

plas plastic

Pitte Point in the centre of the alignment element

PRW Rotor angle

Pxs Pys Pz Line or track load x, y and z direction

Q Load cases of variable effects

QS Quality assurance

Jx> Qy» 9z Area load in X, y and z direction

r Earth radius

r right, right-hand

R Guideway radius of curvature

R Radius

R Regulation

RAMS R - Reliability
A - Availability
M - Maintainability
S - Safety

Ry Horizontal radius

RH Horizontal curve radius

Ry min Minimum permissible horizontal radius

Ryp Horizontal radius at point P

Ri.w Vertical radius (crown, trough in the gradient) = Ry

RKK Three-dimensional curve coordinate system

RKK Three-dimensional curve coordinate system

R1 Regulation

Rm Mean earth radius (for calculating projection distortions)

RMS RMS Value (Root Mean Square)

Ry Vertical radius

RV Vertical curve radius

Rv min Minimum permissible vertical radius

Ryy Three-dimensional radius by overlaying a gradient curvature (radius)
with a horizontal curvature (radius)

Rx,z Three-dimensional radius by overlaying horizontal curvature and gradi-
ent curvature

RX,Zmin Minimum permissible three-dimensional radius (as a function of the
guideway warp)

Ryy Curve radius

S Section, distance
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S Guideway gauge
S Track centres
S Gap dimension
S Wake
S Centre of gravity
So Nominal air gap levitation magnet / guide magnet
SA Stator section
SB Safe Brake
SE Stator plane
Sekt Section
Sk Nominal gap, guiding
SFE Lateral guide rail plane
SFS Lateral guide rail
SFZ Railway vehicle
SGN Sign (algebraic) of a number
SIAB sichere Antriebsabschaltung (safe drive shutdown)
SK Lateral force
SP Stator pack
SPB Stator pack mounting, fastener
SPD Surge Protection Device as per
/DIN EN 62305-1/
Sk Nominal gap, guiding on bend
SS Number of vibration cycles
St Support, support point, span
St Support skid gap
stat static
SW Safety wind
t Sheet metal thickness
t Time
T Temperature
To Nominal / construction temperature
TFK Beam fabrication coordinate system
TK Support skid
T, Temperature of the left-hand edge of the loadbearing cross-section
™ Levitation magnet
T™MT A "levitation magnet half" (= partial magnet) assigned to a levitation
control circuit
T, Object temperature at the upper chord
TP Trigonometrical survey point
T, Temperature of the right-hand edge of the loadbearing cross-section
TRS Traction regulation and control
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T, Object temperature at the lower chord

TVE Transrapid Versuchsanlage Emsland (Transrapid Test Facility)

tzm Hover clearance (nominal dimension distance stator plane to slide plane)

u bottom

URS Converter regulation and control

USV Uninterruptible Power Supply (UPS)

Uw Substation

\4 Speed

\Y Vertical

\Y Offset

\% Transfer force (at bearers)

VDE Verband Deutscher Elektrotechniker (German Association for Electri-
cal, Electronic & Information Technologies)

VDI Verein Deutscher Ingenieure (German Institute of Engineers

Ve Design speed

VEinsaiz Working speed of the on-board energy supply

VFzg Vehicle speed

VGrenz Vehicle speed limit

Vimax Location-dependent maximum speed for the maximum running profile

Vor Preload

Vw Wind speed

w Deflection

\ Trough

W Wind

WK Car body

WLZ Wind load zone

WSB Eddy-current brake

WSE Material fatigue

WSV Alternating step method

W,y Guideway track width (distance between lateral guide rails)

W, Nominal hover clearance of guideway between top of slide plane and
bottom of stator pack

X Designation for the longitudinal axis of the MKS (= determining straight
line) through Py

Xo Addend for the zero offset in X direction in the MKS

XoF Distance of levitation frame 2 end section to section coupling

Xj x-value at point "i"(i=1—n)

XiE Distance of the z-setdown spring i from the section coupling

XNiE Distance of the z-setdown spring i from the car body pitch pivot point

XsE x-distance from centre of gravity end section to section coupling
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Xsi Distance from resulting force application point air suspension circuit i to
section coupling

XSWE Distance from side wind force end section to section coupling

XZFi Distance from y-auxiliary spring i to section coupling

Y Designation for the transverse axis of the MKS
(perpendicular to X)

Y Vehicle track width

Yo Addend for the zero offset in Y direction in the MKS

Yo Vehicle nominal track width with non excited guide magnets (vehicle
set down)

Vi y-value at point "i"(i=1—n)

YK y-offset of the section coupling

Viw.Ist y-actual-value for the longwave deviation

YLw.max Permissible maximum y-value for the longwave deviation

Yp y-coordinate car body oscillation force application point

VpiE y-displacement pendulum i end section

YsWK y-centre of gravity coordinates car body

Z Hover clearance between bottom of support skid and top of levitation
magnet

Zo Hover clearance: nominal dimension
(Hover clearance vehicle: Distance between the bottom of the support
skid and the top of the levitation magnet based on nominal load on the
levitation magnet with the vehicle hovering)

Zc z-coordinate pivot point, car body axial rotation

7G Load case designation for permissible vehicle weight

Z; z-value at point "1"(i=1 to n)

Zi Ist z-value in actual position at point "i"

Zist Hover clearance: existing z-actual-value

7K z-offset of the section coupling

ZpiE z-displacement pendulum i end section

ZsE z-distance from centre of gravity end section to section coupling

Zson Hover clearance: planned nominal value

ZsWK z-centre-of-gravity coordinate car body

7w Gusset solution

ZWK Constraining force

UA Beginning of clothoid

UE End of clothoid

a, Omnidirectional jolt

80 max Maximum permissible omnidirectional jolt

Ay Linear jolt

ay Lateral jolt
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Ay max Maximum permissible lateral jolt

a, Vertical jolt

4, max Maximum permissible vertical jolt
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Acceleration deficit (downbhill force)

Unbalanced lateral acceleration which on a trans-
versely inclined guideway acts towards the down-
angled surface of the guideway (inside of the bend).

Acceleration surplus

Unbalanced lateral acceleration which on a trans-
versely inclined guideway acts towards the outside of
the bend, towards the up-angled surface of the
guideway.

Actual running profile

Location-dependent speed profile that sets in accord-
ing to the input of the nominal running profile de-
pending on the given constraints (e.g. the available
power).

Alignment-accompanying height da-
tum point field

Height datum points as a basis for the construction-
accompanying survey work in the elevation compo-
nent (Z) of the maglev coordinate system.

Alignment-accompanying position
datum point field

Position datum points as a basis for the construction-
accompanying survey work in the ground plan com-
ponent (X,Y) of the maglev coordinate system.

A-loads

Loads from normal operation for fatigue strength
calculations.

Alternating step method

Stator section changeover method with two right-
hand and two left-hand motor systems with recipro-
cally offset stator sections. Within a motor system,
the changeover is currentless, usually causing a dip in
thrust.

Aptitude

Aptitude denotes the fulfilment of psychological and
cognitive requirements for a person to perform a de-
fined activity.

Automatic braking

Braking manoeuvre automatically initiated by the
operation control system to the stopping place cur-
rently defined by the OCS.

Automatic mode

Operating mode in which the protection of train op-
erations is completely technical and the control is
automatic.

Automatic stop

Stop by a train at a stopping place after initiation and
execution of automatic braking to that place.

Automatic stop service station

Stop by a train at a service station after initiation and
execution of automatic braking to that place.
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Availability

The ability of a product to be in a state in which it
can fulfil a required function under given conditions
at a given time or during a given period or provided
that the required external aids are made available (as
per /EN 50126/).

Azimuth

Angle which at a point P forms a random surface
curve with the meridian through P. In the ellipsoidal
azimuth, the lines run on the surface of the selected
ellipsoid of revolution.

Bending point

Track-switching device that uses elastic deformation
of the guideway superstructure (multiple-bay beam)

to facilitate the switch to other tracks while comply-

ing with the geometrical inputs.

Brake acceleration

Acceleration component which brings about the re-

tardation of the vehicle in the longitudinal direction

of the guideway centreline and parallel to the guide-
way surface, sign (-).

Buffer time

Addition to the minimum signal headway that must
be allowed for when designing the schedule so as to
minimise the delay carryover in case of irregularities.

Building coordinate system

A system of coordinates (X,Y,Z) used for the three-
dimensional design, alignment and monitoring of
engineering structures.

Building horizon

Mean elevation to which the ground plan components
of the maglev system of coordinates (X,Y) are re-
duced.

Calibration guideway

Section of the maintenance guideway with height-
ened requirements for the positional accuracy of the
functional planes for commissioning the MSB vehi-
cle or individual modules.

Cantilever arm

Lateral sections of the guideway superstructures
which support the long stator, the lateral guide rails
and the slide rails.

Car body

The car body encompasses all loadbearing parts in
the primary power stream above the magnetic
drivetrain. It includes all components which are at-
tached to these parts and which directly contribute to
its strength, rigidity and stability.

Cartesian coordinates

Coordinates which determine points in space, ex-
pressed by values (x, y, z) on axes that are perpen-
dicular to each other.
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Chainage Continuous true-to-length dimensioning (kilometre
marking) of the guideway or line axis, either in
ground plan or in three-dimensional space according
to requirements.

Cleaning Cleaning tasks and measures which according to Sec-

tion 3 /MdBO/ support safe and proper operation or
which, as a marketing instrument, assist the positive
overall image of the MSB.

Clearance gauge

Contour line in a section plane normal to the guide-
way axis - or in the case of dual-track guideways
normal to the line axis - which defines the space that
must be kept clear of obstructions and which rotates
with the transverse inclination of the guideway about
the three-dimensional curve. Dedicated system struc-
tures may be present up to the "limiting line for fixed
internals".

Clothoid Transitional bend with a linearly increasing or dimin-
ishing curvature.
Collision Collision between vehicles or between vehicles and

other objects.

Conformal projection

A map projection which is a conformal mapping, i.e.
one for which local (infinitesimal) angles on a sphere
are mapped to the same angles in the projection.
Used for example in the cylindrical projections ac-
cording to Gaul3-Kriiger or in the Universal Trans-
verse Mercator Grid System (UTM).

Connection guideway

Distance between the danger point and the destina-
tion point of a stopping place (both relative to the
front of the train).

Constraint Point strictly specified locally or by planning that
must be allowed for in the detailed alignment.
Converter Device for generating a traction current for a motor

system.

Converter regulation/control

Part of the drive regulation/control system for regu-
lating and controlling the converter.

Criterion of inclination change

Angle deviation of two adjacent 1 m long functional-
plane elements in y and z direction.

Cross-over Device which uses bending points to facilitate the
switch from one track to another parallel track with-
out interrupting the journey.
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Current stopping place

Stopping place which the MSB vehicle can currently
reach. This stopping place is approached in case of an
automatic stop. Within the running profile monitor-
ing system, there is always exactly one current stop-
ping place for the MSB vehicle.

Danger point

Nadir of the safe braking profile, marks (in the direc-
tion of travel) the end of a stopping place.

Delay

Train arrival or departure at a station that is late com-
pared with the timetable, above a project-specifically
defined threshold.

Design speed

Speed stipulated for each track section at the start of
the planning of the track alignment which adheres to
the comfort parameters. The value is a constant over
a definable track section. (Note: The actual speeds
and running profiles in a project are the result of the
alignment based on the draft design and on the sys-
tem limits and system parameters.)

Diagnosis

The collection, storage and evaluation of information
about the operational status and functional capability
of a system to support operation or maintenance.

Diagnostic system

Facility for monitoring certain variables and process
states for deviations from the desired nominal state.

Drive

Subsystem that provides the traction power for MSB
vehicles.

Drive acceleration (ax)

Acceleration component which brings about the drive
of the vehicle, in the longitudinal direction of the
guideway centreline and parallel to the guideway
surface, sign (+).

Drive block

Part of the drive in the substation for transforming
the traction energy for a vehicle.

Drive circuit

Line-side drive components of a drive sector.

Drive control system

Collective term for the regulating and control devices
of the drive sector.

Drive sector

A section of the line in which a maximum of one
vehicle can be driven.

Drive unit

Components of the drive sector for operating a vehi-
cle, consisting of one or two drive blocks and the
drive circuit of the drive sectors.

Element

Depending on the subject matter, the unit on the low-
est level of consideration regarded as indivisible (as
per /DIN 40150/).
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Elevated guideway

Sections of guideway at a guideway height of 3.5 m
<H <20 m (H > 20 m in special cases) are referred
to as elevated.

Elevation reference surface

Equipotential surface as a reference for elevations.

Empirical value

Value assessed conservatively based on measure-
ments on the existing MSB system. Must be re-
viewed project-specifically.

Energy supply

Subsystem for providing the energy for the complete
system.

Entrepreneur
(according to AEG/)

Railways are public utilities or private enterprises
which provide rail traffic services (rail traffic compa-
nies) or which operate a railway infrastructure (rail-
way infrastructure companies). Rail traffic services
are the carriage of persons or goods on a railway in-
frastructure. Rail traffic companies must be able to
ensure train traction.

Environment

Totality of all influences to which a system, subsys-
tem or component is actually exposed or could be
exposed during manufacture, storage, transport, inte-
gration and use.

Equipment

Functional, physical item (as per /DIN 50129/).

Equipotential surface

Surface of constant gravity potential.

Evacuation stopping place

Defined section of line to allow the stopping of trains
in emergencies, provided with facilities for the rapid

and easy evacuation of persons from the vehicle onto
an alighting platform.

External on-board energy infeed

Stationary items of equipment for the energy supply
of vehicles that are assigned to the Drive and Energy
Supply subsystem. They do not include the transmis-
sion components on the guideway and in the vehicle.

External on-board energy supply

All electrical items of equipment for the supply of the
MSB vehicles with electrical energy.

Fail-safe

Concept incorporated in the design of a product to
ensure that, if it fails, it will enter or maintain a safe
state (as per /EN 50129/).

Fault-tree analysis

An analytical method for determining which failure
types of the product, of the sub-product or external
events or combinations of these can lead to an agreed
failure type of the product; the analysis being repre-
sented in the form of a fault tree (as per /EN 50126/).

Fitness Fitness refers to the fulfilment of the physical re-
quirements to perform a defined activity by a person.
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Free (unbalanced) lateral acceleration

Acceleration surplus (acts towards the outside of a
bend: a, = positive),

Acceleration deficit (acts towards the inside of a
bend: a, = negative).

Free bearing

Bearing of a geodesic grid (1, 2 or 3-dimensional) on
approximate coordinates while minimising the re-
maining gaps. Deformation of the grid by connection
constraints is avoided in this way.

Function

Type of action or activity by which a product fulfils
its intended purpose (as per /EN 50129/).

Functional plane

System-characterising reference planes for the levita-
tion/guidance functions of the vehicle

Functional unit

Item that is delineated according to task or action.
Derived terms as a function of the consideration cri-
teria are:

) Constructional unit

o Operational unit

° Maintenance unit
(as per /DIN 40150/)

Geoid

A shape of the Earth described by an equipotential
surface of the Earth's gravitational field (normal to
the force of gravity) level with mean seal level no-
tionally continued under the continents.

Global Positioning System

Satellite-assisted method for absolute or relative posi-
tioning.

Gradient Course of the three-dimensional curve of the guide-
way in longitudinal section.
Grid North The direction of the gridlines running parallel with

the main meridian of the geodetic system of coordi-
nates.

Guide value

Value which, if necessary together with other guide
values, is according to practice capable of fulfilling
the requirements.

Guideway

Track structure which absorbs all forces resulting
from the vehicles and the environment and transmits
them to the subsoil, and which contains or carries the
modules that are necessary for vehicle hovering (levi-
tation, guidance, drive and brakes).

Guideway axis

The centreline between the slide planes of the guide-
way. It is equivalent to the three-dimensional curve.
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Guideway beam

Discretely borne support system with a beam-type
supporting action; it is usual to use single and dual
bay beams for standard guideway and multi-bay
beams for track-switching equipment.

Guideway bearer

Collective term for all elements/modules such as
guideway beam bearer, supports etc.

Guideway construction methods

Definition of the guideway depending on the materi-
als used for the guideway superstructures (e.g. steel
construction, concrete construction, hybrid construc-
tion)

Guideway designs

Manufacturer-specific execution of a guideway con-
struction method.

Guideway elements

Collective term for all components and modules of
the guideway.

Guideway equipment

MSB-specific and design specific mod-
ules/components of the guideway.

Guideway plates

Special type of guideway beam; support system with
a two-dimensional or plate-like supporting action due
to its short length (or span) relative to its width.

Guideway speed limit

Location-dependent profile of the maximum permis-
sible speed of an aligned route, derived from the
maximum effects applied in the guideway design due
to non-frequent or exceptional design situations.

Guideway substructures

Foundation, supports and similar components that
transmit the forces from the guideway superstructures
and the environment to the subsoil.

Guideway superstructures

Guideway beam and guideway plates (including the
guideway equipment) which absorb the effects from
the vehicles and the environment and transmit them
to the guideway substructures.

Guideway surface

Surface passing through the slide plane, contains the
three-dimensional curve.

Guideway types

Definition of the guideway superstructures as a func-
tion of the span; a distinction is made between stan-
dard guideway superstructures (standard guideway
beam Type I and Type 11, standard guideway plates
Type III) and special guideway superstructures (spe-
cial guideway beams, special guideway plates).

Head Injury Criterion

Measure for the risk of a head injury in a vehicle col-
lision (as per /HIC/).

Note: With a value of less than 1,000 it can be as-
sumed that there will be no severe head injuries.
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Immediate stop

An immediate activation of the Safe Brake with full
unregulated braking force continuously to a standstill
and setdown irrespective of stopping places. Accom-
panied by a safe drive shutdown.

Inhibition Levitation and starting of a stopped vehicle prevented
by safety systems.

Installations Land, sites, structures and items of equipment, except
vehicles, that are used for the operation, its process-
ing and protection.

Interface An interface is a point of contact, connection or sepa-
ration of systems or components.

Journey Movement of vehicles on the guideway.

Kilometre marking

Three-dimensional developed length of the three-
dimensional curve (same as chainage).

Kinematic gauge

Is the theoretical enveloping line of a vehicle based
on normal coordinates, taking into account the least
favourable positions of the levitation chassis relative
to the guideway and the quasi-static movements of
the car body.

Random factors (vibration, asymmetries) are not al-
lowed for.

Lateral acceleration, unbalanced

Acceleration component parallel to the guideway
surface and normal to the guideway axis, sign (+)
acceleration in direction of travel to the left, (-) ac-
celeration to the right.

Lateral guidance planes

Functional planes formed by the lateral outer faces of
the lateral guide rails.

Lateral guide rails

Guideway-side modules on the outsides of the canti-
lever arms used to withstand mechanical and elec-
tromagnetic effects.

Lateral pressure (&y)

Differential change in the unbalanced lateral accel-
eration (ay) per unit of time.

Least favourably specified conditions

Combination of specified conditions which produces
the least favourable effects for a considered func-
tional unit or a considered process in regard to its
specified function.

Levitation

Combination of the carrying and guidance functions
of the vehicle.

Levitation profile

Location-dependent speed profile leading to the asso-
ciated stopping place that can be attained with the
vehicle's levitation capability.
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Limiting running profile

Speed profile that allows for all speed limitations that
must be observed for safety purposes (line speed
limit and safe braking profile) depending on the loca-
tion. The profile is dependent on the stopping place.

Line Is the aligned course of one or more parallel-laid
guideways equipped with safety equipment, chainage
and ancillary installations.

Line axis The course of the centreline of two guideway axes on

dual-track guideways.

Line cable system

Three-phase medium-voltage cable arrangement that
connects the switching points to the substations.

Line cross-section

Representation of guideway and peripheral line
equipment in cross-section at any point on the line.

Line speed limit

Location-dependent minimum out of vehicle speed
limit, tunnel speed limit and guideway speed limit.

Linear generator

Vehicle-side equipment for on-board energy genera-
tion.

Linear inclination (s, b)

Angle (b) by which the guideway axis is inclined to
the horizontal in the direction of chainage. (s) = Tan-
gent value of the angle (b). Sign (+) for rising, (-) for
falling guideway axis, expressed in [°] or [%].

Linear jolt (ax)

Differential change in the drive and brake accelera-
tion (ax) per unit of time

Local maintenance depot

Maintenance facility where parts of the maintenance
resources and maintenance management are held
locally on site for the maintenance of MSB subsys-
tems.

Long stator

Guideway-side module of the drive system consisting
of stator packs, stator pack attachment, motor wind-
ing and the associated earthing.

Long-stator drive

Device for propelling and braking MSB vehicles,
consisting of components of the Drive subsystem
(supplying the tractive power) and the long-stator
motors themselves.

Long-stator winding

Motor winding with earthing equipment and connec-
tion to the switching points.

Long-wave deviation

Determined deviation from the nominal position on
the basis of discrete measurements.

Maglev Coordinate System (MKS)

Special object-based system of position and elevation
coordinates for three-dimensional detailing, construc-
tion and structure monitoring (X,Y,Z).

Title High-speed Maglev System Design Principles

Complete System, Annex 1 Abbreviations and Definitions

Doc.No.: 67536 Version

White pa-
per

Issue date 15.02.2007 Page 29




Printout: 13/09/2007 10:42:00

High-speed Maglev System
Design Principles

Maglev Technical
Committee

Complete System

Term

Definition

Magnetic drivetrain

The magnetic drivetrain includes all supporting parts
beneath the car body which lie within the primary
force flow. It comprises the loadbearing parts of the
structure, the secondary suspension and x-articulation
as interface with the car body, the magnet articula-
tions and the magnets (levitation, guidance and brake
magnets). It also includes all components which are
attached to these parts and which directly contribute
to their strength, rigidity and stability.

Main alignment point

Point on the three-dimensional curve at which 2 adja-
cent alignment elements of ground plan or elevation
coincide.

Maintenance

Combination of all technical and administrative
measures and management measures during the life-
cycle of an item to maintain or restore its functional
condition so that it can perform the required function.
Ttem' in this context means any part, component,
device, subsystem, any functional unit, equipment or
system which can be considered on its own (EN
31051 and DIN EN 13306).

For distinctions, see also Winter service and Vegeta-
tion control.

Maintenance centre

Maintenance facility where the essential maintenance
resources and maintenance management for the
maintenance of the MSB subsystems are held cen-
trally.

Maintenance concept

Concept for the operational and organisational per-
formance of maintenance.

Maintenance guideway

Guideway within a vehicle maintenance area with
heightened requirements in regard to access to the
modules of the MSB vehicle.

Maintenance installations

Installations for the maintenance of all subsystems.
Depending on the specific project, they can be cen-
tral, decentral or an appropriate combination of both.
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Maintenance instructions

Maintenance instructions are written by the manufac-
turer of a system / item. They contain all instructions,
data and steps that are necessary to perform a main-
tenance operation. They also contain information
about occupational health and safety and environ-
mental protection necessitated by the individual steps
or the supplies and consumables used, and informa-
tion about the necessary maintenance aids. Mainte-
nance instructions are project and location dependent.

Maintenance management

All management activities which determine the ob-
jectives, strategy and responsibilities of maintenance
and implement them through means such as mainte-
nance planning, control and monitoring and im-
provement of the organisation methods including
commercial aspects (as per /EN 13306/).

Maintenance management system

Electronic system to assist maintenance management
(/DIN EN 13306/).

Maintenance programme

Definition of the maintenance measures for a subsys-
tem. Maintenance programmes are updated in line
with operational experience.

Maintenance resources

Includes infrastructure, personnel, material, work
equipment and inspection and test equipment for
maintenance.

Maximum acceleration deficit of the
drive

Maximum acceleration limit which may act from the
drive to accelerate or retard the MSB vehicle in the
longitudinal direction (x-direction) of the guideway
axis in the event of a fault, allowing for least fa-
vourably specified drive parameters.

Maximum guideway speed

Location-dependent profile of the maximum permis-
sible speed of an aligned route, derived from the
maximum effects of frequent design situations used
in the guideway design.

Maximum line speed

Location-dependent minimum out of maximum vehi-
cle speed, maximum tunnel speed and maximum
guideway speed.

Maximum operational speed

The maximum speed that is desirable for operational
reasons. It can be defined by sections.
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Maximum power deficit of the drive

Maximum power limit which the drive may generate
in the event of a fault, allowing for least favourably
specified drive parameters, as the interface force be-
tween long stator (guideway) and the MSB vehicle in
the longitudinal direction (x-direction) of the guide-
way axis.

Maximum running profile

OCS-monitored, location-dependent and stopping
place-dependent maximum speed profile for achiev-
ing the limiting running profile. If exceeded, there is
a Safe Drive Shutdown and the Safe Brake is acti-
vated.

Maximum speed profile

Maximum speed profile dependent on the location
and stopping place which can be used operationally
from a technical viewpoint. Lies around the standard
tolerance of the drive under the maximum running
profile and may not exceed the maximum line speed.

Maximum tunnel speed

Location-dependent profile of the greatest permissi-
ble speed in a tunnel, derived from the greatest per-
missible pressure loads of the vehicle in the tunnel
for frequent design situations.

Maximum vehicle speed

Maximum permissible speed (constant variable) de-
rived from the maximum effects of frequent design
situations used in the vehicle design.

Maximum vehicle weight

Dead weight of the vehicle with increased payload in
an exceptional operating situation (e.g. evacuation of
adjacent sections in case of fire).

Mean Down Time

The average time for which a failed module is not
available pending re-commissioning.

Mean Time Between Failures

The average time between two failures of a module.

Mean Time to Repair

The average repair time.

Mean vehicle weight

Dead weight of the vehicle with frequently expected
payload component.

Minimum line speed

Location-dependent speed that is at least attainable
by the drive taking account of project-specifically
defined constraints and failure scenarios. Must be
allowed for when designing stopping places.

Minimum running profile

OCS-monitored, location-dependent and stopping
place-dependent minimum speed profile for achiev-
ing the safe levitation profile. If undershot, the drive
is reliably shut down.
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Modes Defined and clearly delimited types of train operation
which differ in their technical and nontechnical
measures for the execution of journeys.

Module Mass-produced or individually manufactured compo-

nent, or a functional set of mass-produced or indi-
vidually manufactured components, which form a
whole (as per /EN 61508-4/).

Motor regulation/control

Central part of the drive regulation/control system for
primary regulation/control tasks such as vehicle
guidance and organisation of the drive unit.

Motor system

Consists of one or more converters, line controlgear
and a line cable system with the associated switching
points and stator sections. A drive unit consists of
one or two motor systems.

MSB Vehicle

Vehicle equipped with magnetic levitation and guid-
ance functions for the carriage of passengers and/or
goods.

National reference system

System of coordinates of the official national survey.

Nominal precamber

Superelevation of the guideway beam in the z-
direction, to largely offset the deformations due to
vehicle and temperature effects.

Nominal running profile

Location-dependent minimum out of nominal speed
and maximum running profile less positioning and
drive control tolerances as nominal values for the
drive to approach the destination point of a stopping
place.

Nominal speed

Location-dependent minimum out of recommended
line speed and maximum line speed as graduated and
smoothed nominal values for the drive, e.g. for pur-
poses of travelling-time simulation.

Normal acceleration (a,)

acceleration component normal to the guideway sur-
face that deviates from the normal free-fall accelera-
tion (vertical direction), sign (+) in the direction of
normal free-fall acceleration, sign (-) contrary to the
direction of normal free-fall acceleration.

Normal free-fall acceleration (g)

Acceleration due to gravity (g =9.81 m/s°).

Normal operation

Fully technically protected train operations.

Note: The term 'normal operation' results from an
operational analysis according to /MbBQO/ Section
24.
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Offset

Linear deviation of two adjacent functional plane
elements in y and z-direction.

Operate and observe

Part of the Man/Machine Interface of the Drive and
Energy Supply subsystem. System for process moni-
toring and operation.

Operating manual

Contractor's instructions for the safe execution and
monitoring of train operations which take into con-
sideration normal operation as well as non-standard
operating states and the interface with maintenance.

Operation

Operation is the totality of all measures used to carry
passengers and goods (Section 2, (1) /MbBOY/).

Operation Control System

The operation control system provides the compo-
nents for securing, monitoring and controlling the
operation.

Operation personnel

See Public employee.

Operationally related active module

Module that is required to maintain regular operation
or fault-mode operation.

Operations control centre

Central installation with equipment for signalling,
control and communication and with operating and
display devices of the MSB subsystems.

Payload

Weight of the persons (incl. baggage) or goods that
are being carried.

Permissible vehicle weight

Vehicle tare weight with maximum payload.

Personnel responsibility

The performance of defined safety-related duties by
personnel.

Pitching

Rotational motion of the car body or levitation chas-
sis about the y-axis

Planning coordinate system (planning
system)

The coordinate system used for the particular plan-
ning purpose. Here: National system for preliminary
design, rough planning and/or maglev coordinate
system for detailed alignment and construction.

Point

Guideway element that permits switching from one
track to another at track changes or line junctions
without interrupting the journey. Points in the high-
speed maglev are bending points.

Polygonal line

Used for determining datum points of position by
lines. The polygonal points to be coordinated are
derived from the measured side lengths of the train
and the angles of refraction measured at its vertices.
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Primary datum point frame

Primary position and elevation datum points of the
maglev coordinate system as a basis for the detailed
alignment and for laying out the position and eleva-
tion datum point fields that accompany the align-
ment.

Primary environment

The environment which acts on a subsystem of the
maglev without being influenced by it ("original cli-
mate").

Primary structure

Special building structure to take the guideway su-
perstructures and if necessary structural installations
of the line peripherals (e.g. bridge with noise attenua-
tion).

Process instructions

Process instructions contain general information and
regulations for work procedures (e.g. processes, or-
ganisation, ordering of maintenance work, general
guidelines for performing work, documentation of
measures etc.). Process instructions are project and
site dependent.

Projection reduction

Any necessary improvements that must be made to
measured variables when projecting on the flat sur-
face.

Projection surface

Mathematically defined surface onto which points or
objects of the physical surface of the Earth are pro-
jected.

Proof of safety

Documented proof that a product meets the specified
safety requirements (as per /EN 50129/).

Proximity principle

Basic principle of all geodesic measurements, calcu-
lations and marking-out, which states that particular
attention must be given to existing geometric rela-
tionships between neighbouring object points.

Public employee

Section 26, (2) /MbBO/

A public employee is a person who is engaged

1. in train operations,

2. in the control or monitoring of operations,

3. as a responsible person in the maintenance of in-
stallations or vehicles,

4. as manager or supervisor of operational personnel
according to Numbers 1 to 3.

Quality

Quality is the entirety of properties and characteris-
tics of a product or service that relates to its ability to
fulfil defined or implied requirements.
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Quality assurance process

Verification of whether the system-technical re-
quirements of the Design Principles and, if applica-
ble, of the project specifications have been complied
with. The verification is carried out as part of quality
assurance process when planning and executing the
particular subsystem.

Raised walkway

An elevated walkway running alongside the guide-
way that is provided for the rescue and evacuation of
passengers at special evacuation stopping places.

High-speed Maglev System

A magnetic levitation railway as defined by the All-
gemeines Magnetschwebebahngesetz (/AMbG/).

Reachability point

Nadir of the levitation profile, marks (in the direction
of travel) the start of a stopping place.

Recommended line speed

Minimum recommended speed out of travelling com-
fort and maximum operating speed, possibly allow-
ing for other project-specific inputs (e.g. energy de-
mand, sound attenuation).

Recommended speed for travelling
comfort

Local speed at which exactly the project-specifically
defined comfort parameters are achieved with the
given alignment.

Redundancy

Provision of one or more additional, usually identical
measures in order to maintain the failure tolerance
(/DIN 50129/).

Reference position

Reference position used to synchronise the position-
ing system at defined reference points on the line.

Reference temperature

Project-related reference temperature for the geomet-
rical design and tolerancing of components. Usually
half-way between the max. and min. anticipated
component temperature.

Regular operation

Operation action without the operator's responsibility
for safety, i.e. without personnel responsibility. Re-
sponsibility for safety lies with the OCS.

Relative position

The relative position is formed continuously during
the journey and is based on the last valid reference
position.

Reliability

Ability of a unit to provide a required function under
given conditions for a given time (as per /EN
50129/).

Reserve

Setting of the moving guideway elements, continuous
and fully technical protection of the guideway to be
travelled, and assignment of only one OCS-protected
vehicle to that guideway.
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RMS value (root-mean-square)

RMS value is the quadratic mean ( Root Mean
Square) of a periodic signal.

Rolling Rotational motion of the car body or levitation chas-
sis about the x-axis
Route peripherals Collective term for

o small structures needed close to the
guideway route (e.g. radio masts, switch-
ing points) that are required for systems
engineering purposes,

o other necessary structures closely associ-
ated with the guideway in their arrange-
ment (e.g. noise barrier wall, sight
screen).

Running profile

A characteristic which indicates the vehicle speed as
a function of the vehicle position taking account of
operational and alignment data and which is relative
to a stopping place.

Running profile monitoring

Subfunction of the operational control system's safety
function. Monitors the vehicle speed for violation of
technical safety inputs (running profiles).

Running resistance

The running resistance consists of three components

o aerodynamic resistance FA (the increase
in tunnels must be determined for the spe-
cific structure),

o running resistance FM due to the mag-
netization/demagnetization of long stator
and lateral guide rail of the guideway,

o running resistance FB due to on-board en-
ergy generation by linear generator for the
vehicle.

Safe Brake

Safe-life brake built into the train, e.g. implemented
by a destination-controlled eddy-current brake and
the train sliding to a stop on support skids.

Safe braking profile

Location-dependent speed profile leading to the asso-
ciated stopping place that can be attained with the
Safe Brake.

Safe drive shutdown

Function for the safe shutdown of the long-stator
drive.

Safe Position

Positional, speed and direction-of-travel information
of a vehicle verified by a safety system.
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Safe-life Describes a property/function that is pre-
sent/available throughout the entire useful life; im-
plemented alternatively by
o Failure prevention based on operationally
safe design and comprehensive inspection
and testing in production and mainte-
nance, or
. Redundancy with failure tolerance for re-
dundant modules, and a residual probabil-
ity of failure of the function that is accept-
able compared with the risk and proven
by fault-tree analysis.
Safety Freedom from unacceptable risks of loss (as per /DIN

50129)).

Safety management

Safety management is the organisation put in place
by an MSB contractor and the precautions he takes to
guarantee the safe control of his operational proce-
dures.

Schedule

Definition of the planned journeys of the trains in
regard to departure and arrival stations, traffic days,
travel times.

Secondary environment

Environmental characteristics induced by the opera-
tion of a technical system and a downstream con-
structional unit. Compared with the primary envi-
ronment, the secondary environment may involve
new characteristics that differ from one another for
individual modules.

Sector overlap

A functionality that in defined sections of track al-
lows the drive and safety functions of those drive
and/or safety sections to be taken over by neighbour-
ing drive and/or safety sections.

Security Measures to protect, monitor and prevent attacks on
MSB installations.
Service journey A journey with no passengers, e.g. transfer journeys.

Service life

Predicted minimum period of time in which a part or
module displays service strength against a defined
load population. Depending on the loads which actu-
ally occur in operation, the predicted service life is
reviewed on the basis of the results of the inspections
according to the maintenance programme and ad-
justed as necessary.
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Service station

Stopping place where repairs to the vehicle can be
carried out.

Service stopping place

Section of line used for unscheduled stops by trains.

Service strength

Load-bearing capacity taking account of the effect
from operation and the environment with a defined
frequency and duration of the load.

Setdown speed

Speed at which the vehicle setdown sequence is initi-
ated by the OCS.

Short interruption of the grid

Loss of public energy supply for a period > 1s (based
on /EN 50160/).

Shortwave deviation

Overlaying of the longwave deviation as absolute
boundary for the spatial extent of a functional plane.

Sinusoid Transitional bend with a sinusoidally increasing or
diminishing curvature.

Slide plane Functional plane formed by the surfaces of the slide
rails.

Slide rail Guideway-side modules on top of the cantilever arms

used to take mechanical effects.

Sliding distance

Distance which a new sliding skid can cover on the
slide rail with the vehicle at nominal mass and in dry
conditions until the skid requires maintenance.

Special guideway beams

Guideway beams whose design (e.g. cross-section,
span) differs from the project-specifically defined
standard guideway beam types.

Special structures

Usually one-off/special structures to take the guide-
way (primary support structures and tunnels).

Special vehicle

Vehicles (wheeled vehicles or MSB vehicles with
special equipment) which run on the guideway dur-
ing the construction and commissioning of the MSB
or for maintenance, winter service, vegetation control
or rescue duties.

Standard (regular) guideway beam

Characterisation of guideway beams by project-
specific input of constraints (e.g. standard span)
which constitutes the basis for economical manufac-
ture in regard to economies of scale; standard guide-
way beam types can be constructed by different
methods and in different designs.

Start journey Journey to verify the start point given by the traffic
movement director and for failure disclosure of posi-
tioning.

Station Operating installation for the scheduled stop of trains
and the switching of passengers and freight.

Title High-speed Maglev System Design Principles

Complete System, Annex 1 Abbreviations and Definitions

Doc.No.: 67536 Version

White pa-
per

Issue date 15.02.2007 Page 39




Printout: 13/09/2007 10:42:00

High-speed Maglev System
Design Principles

Maglev Technical
Committee

Complete System

Term Definition

Stator pack Part of the long stator; core stack consisting of
bonded magnetic sheet steel laminations with a de-
fined geometry, coating and integrated elements for
mounting onto the cantilever arms.

Stator planes Functional planes formed by the underside of the

stator packs.

Stator section

Switchable stator winding section on a guideway side
that can be supplied independently.

Stator section changeover

Transition from one stator section to the next syn-
chronous with the vehicle's motion over the corre-
sponding stator sections. Different methods are used,
e.g. alternating step method und three-step method.

Stopping place A defined section of track for the scheduled or un-
scheduled stopping of trains; stopping places are sta-
tions (scheduled stop) and service stopping places
(unscheduled stop).

Substation Enclosed electrical plant which essentially contains
the components of the drive, the energy supply and
the OCS.

Subsystem Part of a system which fulfils a specific function
(/DIN 50129/).

Switching point Line-side device for switching stator sections.

System Set of subsystems which interact according to a de-

sign (as per /DIN 50129/).

System engineering trials

Provision of the required proofs under near-
application (boundary) conditions, integrated into the
complete system of vehicle, drive, operation control
system and guideway.

System lengths

Dimensions in the x-direction, derived from the dis-
tance between the individual phases of the motor
winding (n X 86 mm, smallest divisible system di-
mension).

System parameter

Generic, non derivable variable by which the maglev
system is characterised in the given version.

Three-dimensional curve / spatial

guideway axis

Spatial course of the axis line of the guideway. The
three-dimensional curve is generated by computa-
tionally superimposing the alignment and gradient
definitions.

Three-step method

Stator section changeover method with three circuit
cable systems in which the left and right separate and
mutually offset stator sections are fed independently
of each other and without a changeover delay.

Title High-speed Maglev System Design Principles

Complete System, Annex 1 Abbreviations and Definitions

Doc.No.: 67536 Version

White pa-
per

Issue date 15.02.2007 Page 40




Printout: 13/09/2007 10:42:00

High-speed Maglev System
Design Principles

Maglev Technical
Committee

Complete System

Term

Definition

Tilting

Rotation of a functional plane about the measurement
point of the y/z plane.

Track alignment

Axial curve of the guideway in plan view. Synony-
mous with alignment axis.

Track centres

Horizontal distance between the guideway axes of
the dual-track guideway.

Track-switching devices

Moving guideway elements used to switch a vehicle
from one track to other tracks.

Train Technically protected guideway-bound vehicle in
operation.
Train journey A train journey is a controlled, technically monitored

and technically protected movement by a train be-
tween a start point and a destination point.

Train operations

The preparation and execution of journeys with vehi-
cles and special vehicles.

Transformation Conversion of points from one coordinate system to
another.
Translation Displacement (usually along one of the coordinate

axes).

Transverse inclination

Angle by which the guideway surface is rotated from
the horizontal, sign (+) for clockwise rotation, (-) for

counterclockwise rotation (looking in the direction of
ascending kilometre markings), expressed in [°].

Transverse inclination tolerance

Deviation from the nominal transverse inclination.

Traverser

A track-switching device by which a stationary vehi-
cle can be switched to different tracks by the parallel
traversing of the guideway superstructure.

Tunnel speed limit

Location-dependent profile of the maximum permis-
sible speed in a tunnel, derived from the maximum
permissible pressure loads of the vehicle in the tunnel
as a result of non frequent or exceptional design
situations.
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Tunnels Tunnels are structures which allow a man-made un-
derground passage.

When they are constructed

o underground they count as tunnels irrespec-
tive of length,

. by the open cut tunnelling method they count
as tunnels from a closed length of 300 m and
over. For shorter structures, the requirements
defined for tunnels must be applied analo-
gously in regard to stability and design.

Turntable A track-switching device by which a stationary vehi-

cle can be switched to different tracks by swivel-
ling/rotating the guideway superstructure.

Undulation of the geoid

Separation between the geoid and the ellipsoid.

Uninterruptible Power Supply (UPS)

Equipment for generating a supply voltage without
interruptions in the event of a mains power failure.

Usability

"Usability is the extent to which a product can be
used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a
specified context of use. The context of use consists
of the users, tasks, equipment (hardware, software
and materials) and the physical and societal environ-
ments in which the product is used." (EN ISO 9241,
Part 11)

Useful life

Guide value for the period of time in which a subsys-
tem can be used. The useful life is used as a basis for
the maintenance strategy and when planning spare
parts supplies. Parts/modules with a life shorter than
the useful life are replaced as part of in-operation
maintenance.

Vegetation control

Totality of all measures for keeping the defined
clearance gauge of the MSB system clear of vegeta-
tion including preventive measures against falling
trees.

Vehicle

MSB vehicles and special vehicles (see also the defi-
nitions of MSB vehicle and special vehicle).

Vehicle exterior

Term used for the various EMC and lightning protec-
tion areas provided on the outside of the vehicle.

Vehicle gauge Contour line based on the cross-section to be investi-
gated, that may not be crossed by any part of the ve-
hicle (vehicle contour).
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Vehicle section

Unit for forming a vehicle.

Vehicle speed limit

Maximum permissible speed (constant variable) de-
rived from the maximum effects used in the vehicle
design due to non-frequent or exceptional design
situations.

Vehicle tare weight Weight of the vehicle including equipment (e.g. seat-
ing) excluding payload.

Vertical jolt Differential change in normal acceleration (a,) per
unit of time.

Walkway An at-grade walkway running alongside the guide-
way that is provided for the rescue and evacuation of
passengers at special evacuation stopping places.

Warping Change in transverse inclination per unit of length,

dimension [°/m].

Winter service

Totality of all technical and non-technical measures
taken to maintain the defined environmental condi-
tions for MSB operation in winter conditions. In-
cludes the planning, organisation and implementation
of the measures for the guideway and MSB system
parts, as well as general winter service measures
around the traffic installations, operating installations
and route infrastructure.

Work instructions

Work instructions comprise the maintenance instruc-
tions and supplement them with particular local
and/or project-specific characteristics. These special
characteristics may relate to the use of special tools,
carrying out work within the scope of the local infra-
structure, or information about the work sequence.
The additional requirements which these special
characteristics involve for occupational safety and
environmental protection are contained here. Work
instructions are project and site dependent.

Yaw Rotational motion of the car body or levitation chas-
sis about the z-axis
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General

Purpose of the document, scope

This document contains statutes, regulations, standards and directives for MSB systems.

MSB Design Principles

This document is an annex to the Design Principles Complete System and so forms part of a
documentation for high-speed maglev systems consisting of different design principles.

The high-level "complete system" design principles and their annexes apply uniformly for the
whole documentation:

o MSB Design Principles Complete System, Doc. No.: 50630, /MSB AG-
GESAMTSYS/

° Annex 1: MSB Abbreviations and Definitions, Doc. No.: 67536, /MSB AG-
ABK&DEF/

. Annex 2: MSB Statutes, Regulations, Standards and Directives, Doc. No.: 67539,
/MSB AG-NORM&RILI/

° Annex 3: MSB Environment, Doc. No.: 67285, /MSB AG-UMWELT/

° Annex 4: MSB Rules for Operation and Maintenance, Doc. No.: 69061, /MSB
AG-BTR/

° Annex 5: MSB Noise, Doc. No.: 72963, /MSB AG-SCHALL/

Abbreviations and definitions
The abbreviations and definitions given in /MSB AG-ABK&DEF/ apply.

Statutes, regulations, standards and direc-
tives

The statutes, regulations, standards and directives are listed in this document.

Identification and binding value of require-
ments

The requirements of /DIN 820/ were applied analogously in the preparation of this document.
In the following chapters and the annexes of this document

. Requirements are shown in normal font
o Explanations, guide values and examples are shown in italics
Title High-speed Maglev System Design Principles
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The degree to which the requirements are binding has been defined by reference to /DIN §820-
2/ Annex G, and has been taken into consideration when formulating the individual require-
ments.
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Design Principles

Short form

Description

/IMSB AG-GESAMTSYS/

MSB Design Principles Complete System, Doc. No.: 50630,
with the annexes:

IMSB AG-ABK&DEF/

Annex 1: MSB Abbreviations and Definitions, Doc. No.: 67536,

IMSB AG-NORM&RILI/

Annex 2: MSB Statutes, Regulations, Standards and Directives, Doc. No.: 67539,

/MSB AG-UMWELT/

Annex 3: MSB Environmental Conditions, Doc. No.: 67285,

/IMSB AG-BTR/

Annex 4: MSB Rules for Operation (Train Operation and Maintenance), Doc. No.: 69061,

/MSB AG-SCHALL/

Annex 5: MSB Noise, Doc. No.: 72963,

/IMSB AG-FZ GEN/

MSB Design Principles Vehicle, Part I: General Requirements, Doc. No.: 67698,

/MSB AG-FZ BEM/

MSB Design Principles Vehicle, Part 1l: Dimensioning, Doc. No.: 67694,

/IMSB AG-FZ KIN/

MSB Design Principles Vehicle, Part 1ll: Kinematic Gauge, Doc. No.: 67650,

IMSB AG-FZ TRAFU/

MSB Design Principles Vehicle, Part IV: Support/Guidance System, Doc. No.: 73388,

IMSB AG-FZ BREMS/

MSB Design Principles Vehicle, Part V: Brake System, Doc. No.: 73389,

IMSB AG-ANT/

MSB Design Principles Drive and Energy Supply, Doc. No.: 50998,

IMSB AG-BLT/

MSB Design Principles Operation Control System, Doc. No.: 53328,

IMSB AG-FW UBG/

MSB Design Principles Guideway, Part I: High-level Requirements, Doc. No.: 57284,

IMSB AG-FW BEM/

MSB Design Principles Guideway, Part II: Dimensioning, Doc. No.: 67694,

/IMSB AG-FW GEO/

MSB Design Principles Guideway, Part lll: Geometry, Doc. No.: 41727,

/IMSB AG-FW TRAS/

MSB Design Principles Guideway, Part IV: Alignment, Doc. No.: 60640,

/IMSB AG-FW VERM/

MSB Design Principles Guideway, Part V: Surveying, Doc. No.: 60641,

/IMSB AG-FW IH/

MSB Design Principles Guideway, Part VI: Maintenance, Doc. No.: 63842,

Table 8: Design Principles
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Statutes and Ordinances

The statutes and ordinances used in the MSB Design Principles are listed below. The edition
indicated is the version of the statutes and ordinances at the time of issue of the MSB Design

Principles.

Statute

Description

/126. BImSchV/

Twenty-Sixth Ordinance on the Implementation of the Federal Immission Control Law (Electromag-
netic Field Ordinance - 26. BImSchV)
"Ordinance on Electromagnetic Fields of 16 December 1996 (BGBI. | p. 1966)"

/AMbG/

"General Magnetic Levitation Railway Law of 19 July 1996 (BGBI. | p. 1019), last amended by Arti-
cle 303 of the Ordinance of 31 October 2006 (BGBI. | p. 2407)"

/Occupation Safety/

Statutes and ordinances on occupational safety
/ArbSchGl/, /ArbstattV/, /ASIG/, /BaustellV/, /BetrSichV/, /BildscharbV/, /IGPSG/, IGPSGV/, IGSGV/,
/LasthandhabV/, /PSA-BV/.

[ArbSchG/ "Occupational Safely Law of 07 August 1996 (BGBI. | p. 1246), last amended by Article 227 of the
Ordinance of 31 October 2006 (BGBI. | p. 2407)"

/ArbStattVv/ "Health and safety at work act of 12 August 2004 (BGBI. | p. 2179), amended by Article 388 of the
Ordinance of 31 October 2006 (BGBI. | p. 2407)"

IASIG/ "Law on company doctors, safety engineers and other specialists for occupational safety of 12
December 1973 (BGBI. | p. 1885), last amended by Article 226 of the Ordinance of 31 October 2006
(BGBI. | p. 2407)"

/BaustellV/ "Construction Site Ordinance of 10 June 1998 (BGBI. | p. 1283), amended by Article 15 of the Ordi-
nance of 23 December 2004 (BGBI. | p. 3758)"

/BetrSichV/ "Ordinance on Industrial Safety and Health of 27 September 2002 (BGBI. | p. 3777), last amended

by Article 439 of the Ordinance of 31 October 2006 (BGBI. | p. 2407)"

/BildscharbV/

"VDU Work Ordinance of 04 December 1996 (BGBI. | p. 1843), last amended by Article 437 of the
Ordinance of 31 October 2006 (BGBI. | p. 2407)"

/BImSchG/ "Federal Immission Control Law in the version of the proclamation of 26 September 2002 (BGBI. | p.
3830), last amended by Article 3 of the Law of 18 December 2006 (BGBI. | p. 3180)"

/BNatSchG/ "Federal Nature Conservation Law of 25 March 2002 (BGBI. | p. 1193), last amended by Article 8 of
the Law of 09 December 2006 (BGBI. | p. 2833)"

/ChemG/ "Chemicals Law in the version of the proclamation of 20 June 2002 (BGBI. | p. 2090), last amended
by Article 231 of the Ordinance of 31 October 2006 (BGBI. | p. 2407)"

/GefStoffV/ "Hazardous Substances Ordinance of 23 December 2004 (BGBI. | p. 3758, 3759), last amended by
Article 442 of the Ordinance of 31 October 2006 (BGBI. | p. 2407)"

/IGPSG/ "Equipment and Product Safety Law of 06 January 2004 (BGBI. | p. 2 (219)), last amended by Arti-
cle 3 Paragraph 33 of the Law of 07 July 2005 (BGBI. | p. 1970)"

IGPSGV/ Machine Ordinance
"Ninth Ordinance on the Equipment and Product Safety Law (Machine Ordinance) of 12 May 1993
(BGBI. | p. 704), last amended by Article 14 of the Ordinance of 23 December 2004 (BGBI. | p.
3758)"

/KrW- AbfG/ "Recycling and Waste Management Law of 27 September 1994 (BGBI. | p. 2705), last amended by
Article 7 of the Law of 09 December 2006 (BGBI. | p. 2819)"
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Statute Description

/LasthandhabV/ "Load Handling Ordinance of 04 December 1996 (BGBI. | p. 1842), last amended by Article 436 of
the Ordinance of 31 October 2006 (BGBI. | p. 2407)"

/MbBO/ "Maglev Construction and Operation Ordinance of 23 September 1997 (BGBI. | p. 2329)"

/MSB-LSchV/ "Maglev Noise Control Ordinance of 23 September 1997 (BGBI. | p. 2329, 2338)"

JPERSCH/ Legislation on the protection of persons

/ArbSchG/, /BetrSichV/, /BildscharbV/, /PSA-BV/, /LasthandhabV/, /ArbStittV/, /BaustellV/, /GPSG/,
/GPSGV/, /ASiG/, /ChemG/, /GefStoffV/.

/PSA-BV/ "Ordinance on the Use of PPE of 04 December 1996 (BGBI. | p. 1841)"

/Directive 2004/49/EC/ Corrigendum to Directive 2004/49/EC of the European Parliament and of the Council of 29 April
2004 on safety on the Community’s railways and amending Council Directive 95/18/EC on the li-
censing of railway undertakings and Directive 2001/14/EC on the allocation of railway infrastructure
capacity and the levying of charges for the use of railway infrastructure and safety certification
("Railway Safety Directive")

Official Journal of the European Union L 164 of 30 April 2004)

[Directive 98/37/ Directive 98/37/EC

Directive 98/37/EC of the European Parliament and of the Council of 22 June 1998 on the approxi-
mation of the laws of the Member States relating to machinery

Official journal no. L 207 of 23.07.1998 p. 0001 - 0046

/Environment/ Environmental protection laws
/BImSchG/, /BNatSchG/, /IChemG/, /GefStoffV/, IKrW- AbfG/, /\WHG/

/WHG/ "Water Management Law in the version of the proclamation of 19 August 2002 (BGBI. | p. 3245),
last amended by Article 2 of the Law of 25 June 2005 (BGBI. | p. 1746)"

Printout: 13/09/2007 10:42:00
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Standards and Directives

The standards and guidelines referred to in the MSB Design Principles are listed below. The
edition indicated is the version of the standards and guidelines at the time of issue of the MSB
Design Principles.

Standard Description

/BrandReg/ "Rules for the fire safety assessment of rail vehicles as part of acceptance
according to Section 32 EBO - Principles of fire safety requirements based on
EN 45545",

EBA

2006-06-01

/DIN 1055-100/ Effects on Structures - Part 100: Fundamentals of structural engineering -
Safety concept and design rules
2001-03-01

/DIN 1076/ Highway structures - Testing and inspection
1999-11-01

/DIN 18014/ Foundation earth electrodes
1994-02-01

/DIN 31051/ Fundamentals of Maintenance
2003-06-01

/DIN 4149/ Structures in German earthquake zones - Design loads, dimensioning and
construction of conventional buildings
2005-04-01

/DIN 5510-1/ Preventive fire protection in railway rolling stock; fire protection classes, fire
protection measures and proofs
1988-10-01

/DIN 5510-2/ Preventive fire protection in railway rolling stock - Part 2: Combustion behaviour
and secondary combustion phenomena of materials and components; Classifi-
cation, requirements and test methods

Draft

2003-09-01

/DIN 5510-4/ Preventive fire protection in railway rolling stock; Design engineering of vehi-
cles; Safety engineering requirements
1988-10-01

/DIN 5510-5/ Preventive fire protection in railway rolling stock; Electrical equipment; Safety
engineering requirements
1988-10-01

/DIN 5510-6/ Preventive fire protection in rail vehicles; Accompanying measures; Function of
the emergency brake, information systems, fire alarms, fire fighting equipment;
Safety engineering requirements

1988-10-01
/DIN 57510/ VDE Regulations for accumulators and battery systems
/DIN VDE 0510/ 1977-01-01
/VDE 0510/
Title High-speed Maglev System Design Principles
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Standard

Description

/DIN 820-2/

Standardization - Part 2: Presentation of documents (ISO/IEC Directives - Part
2, modified); Trilingual version CEN/CENELEC-Internal Regulations - Part 3:
Rules for the structure and drafting of CEN/CENELEC publications
2004-10-01

/DIN EN 12663/

Railway applications - Structural requirements of rolling stock bodies;
(German version EN 12663:2000)
2000-10-01

/DIN EN 13306/

Maintenance terminology; Trilingual version EN 13306:2001
2001-09-01

/DIN EN 14750-1/

Railway applications - Air conditioning for urban and suburban rolling stock -
Part 1: Comfort parameters;

(German version EN 14750-1:2006)

2006-08-01

/DIN EN 50121/

Standard series:
Railway applications - Electromagnetic Compatibility

/DIN EN 50121-1/
(VDE 0115-121-1)

Railway applications - Electromagnetic Compatibility - Part 1: General;
(German version EN 50121-1:2000 / DIN V ENV 50121-1 (1997-02) also ap-
plies up to 2003-04-01.)

2001-05-01

/DIN EN 50121-2/
(VDE 0115-121-2)

Railway applications - Electromagnetic Compatibility - Part 2: Radiated EMI of
the whole rail system into the environment;

(German version EN 50121-2:2000 / DIN V ENV 50121-2 (1997-02) also ap-
plies up to 2003-04-01.)

2001-05-01

/DIN EN 50121-3-1/
(VDE 0115-121-3-1)

Railway applications - Electromagnetic Compatibility - Part 3-1: Railway vehi-
cles; train and complete vehicle;

(German version EN 50121-3-1:2000 / DIN V ENV 50121-3-1 (1997-02) also
applies up to 2003-04-01.)

2001-05-01

/DIN EN 50121-3-2/
(VDE 0115-121-3-2)

Railway applications - Electromagnetic Compatibility - Part 3-2: Railway vehi-
cles; Devices;

(German version EN 50121-3-2:2000 / DIN V ENV 50121-3-2 (1997-02) also
applies up to 2003-04-01.)

2001-05-01

/DIN EN 50121-4/
(VDE 0115-121-4)

Railway applications - Electromagnetic Compatibility - Part 4: Radiated EMI and
immunity of signalling and communications equipment;

(German version EN 50121-4:2000 / DIN V ENV 50121-4 (1997-02) also ap-
plies up to 2003-04-01.)

2001-05-01

/DIN EN 50121-5/
(VDE 0115-121-5)

Railway applications - Electromagnetic Compatibility - Part 5: Radiated EMI and
immunity of stationary installations and equipment of the railway energy supply
(German version EN 50121-5:2000 / DIN V ENV 50121-5 (1997-02) also ap-
plies up to 2003-04-01.)

2001-05-01

/DIN EN 50126/
(VDE 0115-103)

Railway applications - The specification and demonstration of Reliability, Avail-
ability, Maintainability and Safety (RAMS);

(German version EN 50126:1999)

2000-03-01

/DIN EN 50128/
(VDE 0831-128)

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

(German version EN 50128:200)

2001-11-01
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/DIN EN 50129/
(VDE 0831-129)

Railway applications. Communication, signalling and processing systems.
Safety related electronic systems for signalling ;

(German version EN 50129:2003 / DIN V ENV 50129 (1999-07) also applies up
to 2005-12-01.)

2003-12-01

/DIN EN 50153/
(VDE 0115-2)

Railway applications - Rolling stock - Protective provisions relating to electrical
hazards;

(German version EN 50153:2002 / DIN EN 50153 (1996-12) also applies up to
2005-05-01.)

2003-07-01

/DIN EN 50159-1/
(VDE 0831-159-1)

Railway applications - Communication, signalling and processing systems - Part
1: Safety-related communication in closed transmission systems;

(German version EN 50159-1:2001)

2001-11-01

/DIN EN 50159-2/
(VDE 0831-159-2)

Railway applications - Communication, signalling and processing systems - Part
2: Safety-related communication in open transmission systems;

(German version EN 50159-2:2001)

2001-12-01

/DIN EN 50160/

Voltage characteristics of electricity supplied by public distribution systems;
(German version EN 50160:1999)
2000-03-01

/DIN EN 50178/
(VDE 0160)

Electronic equipment for use in power installations;
(German version EN 50178:1997)
1998-04-01

/DIN EN 60068/

Standards family, environmental tests

/DIN EN 60071-1/
(VDE 0111-1)

Insulation co-ordination - Part 1: Definitions, principles and rules (IEC 60071-
1:2006);

(German version EN 60071-1:2006 / DIN EN 60071-1 (1996-07) also applies up
to 2009-03-01.)

2006-11-01

/DIN EN 60071-2/
(VDE 0111-2)

Insulation co-ordination - Part 2: Application guide (IEC 60071-2:1996); German
version EN 60071-2:1997
1997-09-01

/DIN EN 60076-/

Standard series:
Power transformers

/DIN EN 60076-1/
(VDE 0532-76-1)

Power transformers - Part 1: General (IEC 60076-1:1993, modified + A1:1999);
(German version EN 60076-1:1997 + A1:2000 + A12:2002 / DIN EN 60076-1
(1997-12) and DIN EN 60076-1/A1 (2001-07) also apply up to 2005-02-01.)
2003-01-01

/DIN EN 60076-10/
(VDE 0532-76-10)

Power transformers - Part 10: Determination of sound levels (IEC 60076-
10:2001); German version EN 60076-10:2001 / DIN EN 60551 (1993-11) and
DIN EN 60551/A1 (1998-02) also apply up to 2004-06-01.

2002-04-01

/DIN EN 60076-11/
(VDE 0532-76-11)

Power transformers - Part 11: Dry-type transformers (IEC 60076-11:2004);
German version EN 60076-11:2004 / DIN EN 60726 (2003-10) also applies up
to 2007-07-01.

2005-04-01

/DIN EN 60076-2/
(VDE 0532-102)

Power transformers - Part 2: Temperature rise (IEC 60076-2:1993, modified);
German version EN 60076-2:1997
1997-12-01
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/DIN EN 60076-3 CORRIGENDUM 1/
(VDE 0532-3 CORRIGENDUM 1)

Corrigenda to DIN EN 60076-3 (VDE 0532 Part 3):2001-11
2002-04-01

/DIN EN 60076-3/
(VDE 0532-3)

Power transformers - Part 3: Insulation levels, dielectric tests and external
clearances in air (IEC 60076-3:2000 + Corrigendum:2000); German version EN
60076-3:2001 / DIN VDE 0532-3 (1987-07) and DIN VDE 0532-3/A1 (1995-12)
also apply up to 2004-01-01.

2001-11-01

/DIN EN 60076-4/
(VDE 0532-76-4)

Power transformers - Part 4: Guide to the lightning impulse and switching im-
pulse testing of power transformers and reactors (IEC 60076-4:2002); German
version EN 60076-4:2002 / DIN VDE 0532-13 (1984-07) also applies up to
2005-09-01.

2003-06-01

/DIN EN 60076-5/
(VDE 0532-76-5)

Power transformers - Part 5: Ability to withstand short-circuit (IEC 60076-
5:2006); German version EN 60076-5:2006 / DIN EN 60076-5 (2001-11) also
applies up to 2009-04-01.

2007-01-01

/DIN EN 60228/
(VDE 0295)

Conductors of insulated cables (IEC 60228:2004);

(German version EN 60228:2005 + Corrigendum:2005 / DIN VDE 0295 (1992-
06) also applies up to 2007-12-01.)

2005-09-01

/DIN EN 60529/
(VDE 0470-1)

Degrees of protection provided by enclosures (IP code) (IEC 60529:1989 +
A1:1999);

(German version EN 60529:1991 + A1:2000 / DIN VDE 0470-1 (1992-11) also
applies up to 2003-01-01.)

2000-09-01

/DIN EN 60664-1/
(VDE 0110-1)

Insulation coordination for equipment within low-voltage systems - Part 1: Prin-
ciples, requirements and tests (IEC 60664-1:1992 + A1:2000 + A2:2002);
(German version EN 60664-1:2003 / DIN VDE 0110-1 (1997-04) also applies
up to 2006-04-01.)

2003-11-01

/DIN EN 60694/
(VDE 0670-1000)

Common specifications for high-voltage switchgear and controlgear standards
(IEC 60694:1996 + Corr. 1:2001 + A1:2000 + A2:2001 + Corr. 1:2001);
(German version EN 60694:1996 + A1:2000 + A2:2001 / DIN EN 60694 (1998-
10) also applies up to 2003-11-01.)

2002-09-01

/DIN EN 60695-1-1/
(VDE 0471-1-1)

Fire hazard testing - Part 1-1: Guidance for assessing fire hazard of electro-
technical products; General guidance (IEC 60695-1-1:1999 + Corrigendum
2000);

(German version EN 60695-1-1:2000 / DIN EN 60695-1-1 (1996-07) also ap-
plies up to 2003-01-01.)

2000-10-01

/DIN EN 60909-0/
(VDE 0102)

Short-circuit currents in three-phase a.c. systems - Part 0: Calculation of cur-
rents (IEC 60909-0:2001);

(German version EN 60909-0:2001 / DIN VDE 0102 (1990-01) also applies up
to 2003-01-01.)

2002-07-01

/DIN EN 61378-1/
(VDE 0532-41)

Converter transformers - Part 1: Transformers for industrial applications (IEC
61378-1:1997);

(German version EN 61378-1:1998 + Corrigendum 1998)

1999-09-01
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/DIN EN 61508-1/
(VDE 0803-1)

Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 1: General requirements (IEC 61508-1:1998 + Corrigendum
1999);

(German version EN 61508-1:2001)

2002-11-01

/DIN EN 61508-2/
(VDE 0803-2)

Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 2: Requirements for electrical/electronic/programmable elec-
tronic safety-related systems (IEC 61508-2:2000); German version EN 61508-
2:2001

2002-12-01

/DIN EN 61508-3/
(VDE 0803-3)

Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 3: Software requirements (IEC 61508-3:1998 + Corrigendum
1999); German version EN 61508-3:2001

2002-12-01

/DIN EN 61508-4/
(VDE 0803-4)

Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 4: Definitions and abbreviations (IEC 61508-4:1998 + Corrigen-
dum 1999); German version EN 61508-4:2001

2002-11-01

/DIN EN 61508-5/
(VDE 0803-5)

Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 5: Examples of methods for the determination of safety integrity
levels (IEC 61508-5:1998 + Corrigendum 1999); German version EN 61508-
5:2001

2002-11-01

/DIN EN 61508-6/
(VDE 0803-6)

Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 6: Guidance on the application of IEC 61508-2 and IEC 61508-3
(IEC 61508-6:2000); German version EN 61508-6:2001

2003-06-01

/DIN EN 61508-7/
(VDE 0803-7)

Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 7: Overview of techniques and measures (IEC 61508-7:2000);
German version EN 61508-7:2001

2003-06-01

/DIN EN 61642/
(VDE 0560-430)

Industrial a.c. networks affected by harmonics. Application of filters and shunt
capacitors (IEC 61642:1997);

(German version EN 61642:1997)

1998-11-01

/DIN EN 62040/

Standard series:
Uninterruptible Power System (UPS)

/DIN EN 62040-1-1/
(VDE 0558-511)

Uninterruptible power systems (UPS) - Part 1-1: General and safety require-
ments for UPS used in operator access areas (IEC 62040-1-1:2002 + Corrigen-
dum 2002);

(German version EN 62040-1-1:2003 / DIN EN 50091-1-1 (1997-07) also ap-
plies up to 2005-11-01.)

2003-10-01

/DIN EN 62040-1-2/
(VDE 0558-512)

Uninterruptible power systems (UPS) - Part 1-2: General and safety require-
ments for UPS used in restricted access locations (IEC 62040-1-1:2002 +
Corrigendum 2002);

(German version EN 62040-1-2:2003 / DIN EN 50091-1-2 (1999-05) and DIN
EN 50091-1-2 Corrigendum 1 (2000-07) also apply up to 2005-11-01.)
2003-10-01
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/DIN EN 62040-2/
(VDE 0558-520)

Uninterruptible power systems (UPS) - Part 2: Electromagnetic compatibility
(EMC) requirements (IEC 62040-2:2005);

German version EN 62040-2:2006 / DIN EN 50091-2 (1996-05) also applies up
to 2008-10-01.)

2006-07-01

/DIN EN 62040-3/
(VDE 0558-530)

Uninterruptible power systems (UPS) - Part 3: Methods of specifying the per-
formance and test requirements (IEC 62040-3:1999, modified);

(German version EN 62040-3:2001 / DIN VDE 0558-5 (1988-09) and DIN VDE
0558-6 (1992-04) also apply up to 2003-08-01.)

2002-02-01

/DIN EN 62271/

Standard series:
High voltage switchgear and controlgear

/DIN EN 62271-100/
(VDE 0671-100)

High-voltage switchgear and controlgear - Part 100: High-voltage alternating-
current circuit-breakers (IEC 62271-100:2001 + A1:2002 + Corrigendum 1:2002
+ Corrigendum 2:2003);

(German version EN 62271-100:2001 + A1:2002 / DIN VDE 0670-101 (1992-
12), DIN VDE 0670-102 (1992-12), DIN VDE 0670-103 (1992-10), DIN VDE
0670-104 (1992-10), DIN VDE 0670-105 (1992-10) and DIN VDE 0670-106
(1992-10) also apply up to 2004-09-01.)

2004-04-01

/DIN EN 62271-102/
(VDE 0671-102)

High-voltage switchgear and controlgear - Part 102: Alternating current discon-
nectors and earthing switches (IEC 62271-102:2001 + Corrigendum 1:2002 +
Corrigendum 2:2003);

(German version EN 62271-102:2002 / DIN EN 60129 (1998-03), DIN EN
61129 (1995-02), DIN EN 61129/A1 (1998-01) and DIN EN 61259 (1996-06)
also apply up to 2005-03-01.)

2003-10-01

/DIN EN 62271-105/
(VDE 0671-105)

High-voltage switchgear and controlgear - Part 105: Alternating current switch-
fuse combinations (IEC 62271-105:2002);

(German version EN 62271-105:2003 / DIN EN 60420 (1994-09) also applies
up to 2005-10-01.)

2003-12-01

/DIN EN 62271-107/
(VDE 0671-107)

High-voltage switchgear and controlgear - Part 107: Alternating current fused
circuit-switchers for rated voltages above 1 kV up to and including 52 kV (IEC
62271-107:2005);

(German version EN 62271-107:2005)

2006-07-01

/DIN EN 62271-108/
(VDE 0671-108)

High-voltage switchgear and controlgear - Part 108: High-voltage alternating
current disconnecting circuit-breakers for rated voltages of 72.5 kV and above
(IEC 62271-108:2005);

(German version EN 62271-108:2006)

2006-10-01

/DIN EN 62271-110/
(VDE 0671-110)

High-voltage switchgear and controlgear - Part 110: Inductive load switching
(IEC 62271-110:2005);

(German version EN 62271-110:2005)

2006-07-01

/DIN EN 62271-2/
(VDE 0671-2)

High-voltage switchgear and controlgear - Part 2: Seismic qualification for rated
voltages of 72.5 kV and above (IEC 62271-2:2003);

( German version EN 62271-2:2003

2004-01-01
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/DIN EN 62271-200/ High-voltage switchgear and controlgear - Part 200: A.C. metal-enclosed
(VDE 0671-200) switchgear and controlgear for rated voltages above 1 kV and up to and includ-

ing 52 kV (IEC 62271-200:2003);

(German version EN 62271-200:2004 / DIN EN 60298 (1998-05), DIN EN
60298 Corrigendum 1 (1999-03) and DIN EN 60298 Corrigendum 2 (2001-09)
also apply up to 2007-02-01.)

2004-10-01
/DIN EN 62271-203/ High-voltage switchgear and controlgear - Part 203: Gas-insulated metal-
(VDE 0671-203) enclosed switchgear for rated voltages above 52 kV (IEC 62271-203:2003);

(German version EN 62271-203:2004 / DIN EN 60517 (1998-10) and DIN EN
60517 Corrigendum 1 (2001-08) also apply up to 2007-02-01.)

2004-11-01
/DIN EN 62305/ Standard series:
Protection against lightning
/DIN EN 62305-1/ Protection against lightning - Part 1: General principles (IEC 62305-1:2006);
(VDE 0185-305-1) (German version EN 62305-1:2006 / DIN V VDE V 0185-1 (2002-11) also
applies up 2008-10-01.)
2006-10-01
/DIN EN 62305-2/ Protection against lightning - Part 2: Risk management (IEC 62305-2:2006);
(VDE 0185-305-2) (German version EN 62305-2:2006 / DIN V VDE V 0185-2 (2002-11), DIN V

VDE V 0185-2 Corrigendum 1 (2004-02) and DIN V VDE V 0185-2 Supplement
1 (2004-06) also apply up to 2008-10-01.)

2006-10-01
/DIN EN 62305-3/ Protection against lightning - Part 3: Physical damage to structures and life
(VDE 0185-305-3) hazard (IEC 62305-3:2006, modified);

(German version EN 62305-3:2006 / DIN V VDE V 0185-3 (2002-11) and DIN V
VDE V 0185-3/A1 (2005-06) also apply up to 2008-10-01.)

2006-10-01
/DIN EN 62305-4/ Protection against lightning - Part 4: Electrical and electronic systems within
(VDE 0185-305-4) structures (IEC 62305-4:2006);

(German version EN 62305-4:2006 / DIN V VDE V 0185-4 (2002-11) also
applies up 2008-10-01.)
2006-10-01

/DIN EN ISO 12944-1/ Paints and varnishes - Corrosion protection of steel structures by protective
paint systems - Part 1: General introduction (ISO 12944-1:1998);

(German version EN I1ISO 12944-1:1998)

1998-07-01

/DIN EN ISO 12944-2/ Paints and varnishes - Corrosion protection of steel structures by protective
paint systems - Part 2: Classification of environments (ISO 12944-2:1998);
(German version EN I1ISO 12944-2:1998)

1998-07-01

/DIN EN ISO 12944-3/ Paints and varnishes - Corrosion protection of steel structures by protective
paint systems - Part 3: Design considerations (ISO 12944-3:1998);
(German version EN I1ISO 12944-3:1998)

1998-07-01

/DIN EN I1SO 12944-4/ Paints and varnishes - Corrosion protection of steel structures by protective
paint systems - Part 4: Types of surface and surface preparation (ISO 12944-
4:1998);

(German version EN ISO 12944-4:1998)

1998-07-01
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/DIN EN ISO 12944-5/ Paints and varnishes - Corrosion protection of steel structures by protective
paint systems - Part 5: Protective paint systems (ISO 12944-5:1998);
(German version EN ISO 12944-5:1998)

1998-07-01

/DIN EN ISO 12944-6/ Paints and varnishes - Corrosion protection of steel structures by protective
paint systems - Part 6: Laboratory performance test methods and assessment
criteria (ISO 12944-6:1998);

(German version EN ISO 12944-6:1998)

1998-07-01

/DIN EN ISO 12944-7/ Paints and varnishes - Corrosion protection of steel structures by protective
paint systems - Part 7: Execution and supervision of paint work (ISO 12944-
7:1998);
(German version EN I1ISO 12944-7:1998)
1998-07-01

/DIN EN ISO 12944-8/ Paints and varnishes - Corrosion protection of steel structures by protective

paint systems - Part 8: Development of specifications for new work and mainte-
nance (ISO 12944-8:1998);

(German version EN I1ISO 12944-8:1998)

1998-07-01

/DIN EN 1SO 3095/ Railway applications - Acoustics - Measurement of noise emitted by railbound
vehicles (ISO 3095:2005);

(German version EN 1SO 3095:2005)

2005-11-01

/DIN EN 1SO 9000/ Quality management systems - Fundamentals and vocabulary (ISO
9000:2005); Trilingual version EN 1SO 9000:2005
DIN EN ISO 9000

/DIN EN ISO 9001/ Quality management systems - Requirements (ISO 9001:2000-09); Trilingual
version EN 1ISO 9001:2000
2000-12-01
/DIN EN 1SO 9004/ Quality management systems - Guidelines for performance improvements (ISO
9004:2000); Trilingual version EN ISO 9004:2000
2000-12-01
/DIN Technical Report 101/ Actions on bridges; March 2003; ISBN-3-410-15007-2;
2003-01-01
/DIN VDE 0100/ Provisions for the Erection of Power Installations with Rated Voltages Below
(VDE 0100) 1000 V /01 November 1958 in the version of May 1973 / Was withdrawn in

error. The sections that are reproduced in Supplement 2 of May 2001 in Table 2
still apply / observe the transitional period defined by DIN VDE 0100-443 (2002-
01) and DIN VDE 0100-530 (2005-06), up to 2006-05-31.

1973-05-01
/DIN VDE 0101/ Power installations exceeding 1 kV;
(VDE 0101) (German version HD 637 S1:1999 / DIN VDE 0101 (1989-05) and DIN VDE

0141 (1989-07) also apply up to 2001-01-01. / observe the transitional period
defined by DIN EN 60204-11 (2001-05), up to 2003-09-01.)
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/DIN VDE 0105-100/ Operation of electrical installations - Part 100: General requirements / DIN VDE
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2007-07-01.
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/DIN VDE 0276-632/
(VDE 0276-632)

Power cables with extruded insulation and their accessories for rated voltages
above 36 kV (U<(Index)m> = 42 kV) up to 150 kV (U<(Index)m> = 170 kV);
(German version HD 632 S1 Parts 1, 3D, 4D, 5D:1998)

1999-05-01

/DIN VDE 0888/

Standard series:
Optical fibre cables for communication systems

/DIN VDE 0888-3 CORRIGENDUM 1/
/VDE 0888-3 CORRIGENDUM 1/

Corrigendum to DIN VDE 0888-3 (VDE 0888 Part 3):1999-10
2001-08-01

/DIN VDE 0888-3/
(VDE 0888-3)

Optical fibre cables for communication systems - Part 3: Outdoor cables
1999-10-01

/DIN VDE 0888-4/
(VDE 0888-4)

Optical fibre cables for communication systems - Part 4: Indoor cables with one
fibre
1999-10-01

/DIN VDE 0888-5/
(VDE 0888-5)

Optical fibre cables for communication systems - Part 5: Outdoor fan-out cables
1999-10-01

/DIN VDE 0888-6/
(VDE 0888-6)

Optical fibre cables for communication systems - Part 6: Indoor cables with
several fibres
1999-10-01

/EBA-Lf Station/

EBA - Guide "Fire protection in passenger transport installations of the federal
railways"; January 2001

also additional information for the guide when used for passenger transport
installations of maglev railways; April 2002

/EBA-RL MSB Tunnel/

Guide for the construction and operation of maglev tunnels in regard to fire and
emergency management and hazard prevention; German Federal Railway
Authority;

2005-03-01

/EN 10106/

Cold rolled non-oriented electrical steel sheet and strip delivered in the fully
processed state; German version EN 10106:1995
1996-02-01

/EN 1317-1/

Road restraint systems - Part 1: Terminology and general criteria for test meth-
ods
1998-04-01

/EN 1363-1/

Fire resistance tests - Part 1: General requirements
1999-08-01

/EN 14067-2/

Railway applications - Aerodynamics - Part 2: Aerodynamics on open track
2003-04-01

/EN 14067-3/

Railway applications - Aerodynamics - Part 3: Aerodynamics in tunnels
2003-04-01

/EN 1990/ Eurocode: Basis of structural design
2002-04-01
/EN 1991/ Standard series

Eurocode 1: Actions on structures

/EN 1991-1-1/

Eurocode 1: Actions on structures- Part 1-1: Densities, self-weight, imposed
loads for buildings
2002-04-01
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/EN 1991-1-2/

Eurocode 1 - Actions on structures - Part 1-2: General actions; Actions on
structures exposed to fire
2002-11-01

/EN 1991-1-3/

Eurocode 1 - Actions on structures - Part 1-3: General actions, snow loads
2003-07-01

/EN 1991-1-4/

Eurocode 1 - Actions on structures - Part 1-4: General actions, wind loads
2005-04-01

/EN 1991-1-5/

Eurocode 1 - Actions on structures - Part 1-5: General actions; temperature
actions
2003-11-01

/EN 1991-1-6/

Eurocode 1 - Actions on structures - Part 1-6: General actions - Actions during
execution
2005-06-01

/EN 1991-1-7/

Eurocode 1 - Actions on structures - Part 1-7: General actions - accidental
actions
2006-07-01

/EN 1991-2/

Eurocode 1: Actions on structures - Part 2: Traffic loads on bridges
2003-09-01

/EN 1991-3/

Eurocode 1 - Actions on structures - Part 3: Actions induced by cranes and
machinery
2006-07-01

/EN 1992/

Standard series Eurocode 2:
Design of concrete structures

/EN 1992-1-1/

Eurocode 2: Design of concrete structures - Part 1-1: General rules for build-
ings
2004-12-01

/EN 1992-1-2/

Eurocode 2: Design of concrete structures - Part 1-2: General rules - Structural
fire design
2004-12-01

/EN 1992-2/

Eurocode 2 - Design of concrete structures - Part 2: Concrete bridges - Design
and detailing rules
2005-10-01

/EN 1992-3/

Eurocode 2 - Design of concrete structures - Part 3: Liquid retaining and con-
tainment structures
2006-06-01

/EN 1993/

Standards family Eurocode 3: Design of steel structures; July 2005

/EN 1998/

Standards family Eurocode 8: Design of structures for earthquake resistance;
December 2004

/EN 1999/

Standards family Eurocode 9: Design of aluminium structures; Preliminary
standard: October 2000

/EN 50124-1/

Railway applications - Insulation coordination - Part 1: Basic requirements;
Clearances and creepage distances for all electrical and electronic equipment
2001-03-01

/EN 50125/

Standards series - Railway applications
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/EN 50125-1/

Railway applications - Environmental conditions for equipment - Part 1: Equip-
ment on board rolling stock
1999-09-01

/EN 50125-2/

Railway applications - Environmental conditions for equipment - Part 2: Fixed
electrical installations
2002-12-01

/EN 50125-3/

Railway applications - Environmental conditions for equipment - Part 3: Equip-
ment for signalling and telecommunications

2003-01-01

/EN 50207/ Railway applications - Electronic power converters for rolling stock
2000-09-01

/EN 60721/ Standard series:

Classification of environmental conditions

/EN 60721-1/

Classification of environmental conditions - Part 1: Environmental parameters
and their severities (IEC 60721-1:1990 + A1:1992)
1995-04-01

/EN 60721-1/A2

Classification of environmental conditions - Part 1: Environmental parameters
and their limits; Amendment A2 (IEC 60721-1:1990/A2:1995)
1995-07-01

/EN 60721-3-0/

Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities - Introduction (IEC 60721-3-
0:1984 + A1:1987)

1993-07-01

/EN 60721-3-1/

Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities; section 1: Storage (IEC 60721-
3-1:1997)

1997-03-01

/EN 60721-3-2/

Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities; section 2: Transport (IEC
60721-3-2:1997)

1997-03-01

/EN 60721-3-3/

Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities - Section 3: Stationary use at
weatherprotected locations (IEC 60721-3-3:1994)

1995-01-01

/EN 60721-3-3/A2/

Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities - Section 3: Stationary use at

weatherprotected locations; Amendment A2 (IEC 60721-3-3:1994/A2:1996))
1997-01-01

/EN 60721-3-4/

Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities - Section 4: Stationary use at
non-weatherprotected locations (IEC 60721-3-4:1994)

1995-02-01

/EN 60721-3-4/A1/

Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities - Section 4: Stationary use at
non-weatherprotected locations; Amendment A1 (IEC 60721-3-
4:1995/A1:1996)

1997-01-01
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/EN 60721-3-5/

Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities; Section 5: Ground vehicle instal-
lations (IEC 60721-3-5:1997)

1997-04-01

/EN 61373/

Railway applications - Rolling stock equipment - Shock and vibration tests (IEC
61373:1999)
1999-04-01

/EN 1SO 12543/

Standard series:
Glass in building - Laminated glass and laminated safety glass -

/ERRI B 153 RP-1/

APPLICATION OF STANDARD ISO 2631 TO RAILWAY ROLLING STOCK
Study of the different application methods of ISO 2631 used in the railway
sector

1981-09-01

/1ISO 2631/ Standard series:
Mechanical Vibration

/ISO 2631-1/ Mechanical vibration and shock - Evaluation of human exposure to whole-body
vibration - Part 1: General requirements - / Corrected version of July 1997
1997-05-01

/ISO 2631-2/ Mechanical vibration and shock - Evaluation of human exposure to whole-body
vibration - Part 2: Vibration in buildings (1 Hz - 80 Hz)
2003-04-01

/ISO 2631-5/ Mechanical vibration and shock - Evaluation of human exposure to whole-body

vibration - Part 5: Method for evaluation of vibration containing multiple shocks
2004-02-01

/prEN 50126-2/

Railway Applications

The Specification and Demonstration of Reliability, Availability, Maintainability
and Safety (RAMS)

Part 2: Guide to the application on EN 50126 for Safety

Draft July 05

/R009-004/

Railway specifications. Systematic allocation of safety integrity requirements.
CENELEC Report R009-004:2001

/RI-EDV-AP-2001/

Guideline for the preparation and testing of IT-aided stability calculations;
National Association of Checking Engineers in Construction;
April 2001

/IRPS/

Guidelines for passive safety equipment on highways

HIGHWAYS AND TRANSPORT RESEARCH ASSOCIATION, WORKING
PARTY ON TRAFFIC GUIDANCE AND SAFETY

1989

/TL 918300 Sheet 87/

Deutsche Bahn AG, corrosion protection,
technical delivery conditions;

/UIC 651/

Layout on drivers’ cab in locomotives, railcars, multiple-unit trains and driving
trailers; July 2002

/Wiesinger/

Prof. Dr. Wiesinger
Study into the lightning threat and electrostatic threat to maglev railways,
May 1979
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General

Purpose of the document, scope
This document specifies the environmental conditions of the MSB system independently of
any particular project.
This design principles applies to a high-speed maglev system according to the General
Maglev System Act /AMbG/.
The parameters of the primary environment specified in this document should be used as a
basis for the design of the MSB system in an application project.
To guarantee the required degree of resistance to environmental conditions, the said condi-
tions should be used as a basis for the system development, qualification and verification of
subsystems and modules for the particular application project.
Parameters that differ in specific projects must be taken into consideration in the design and
the necessary verifications carried out.
The monitoring of the primary environmental parameters specified in this document, and the
taking of the appropriate measures if the limits indicated here are exceeded, is not a matter for
this document and will be dealt with in the corresponding project-specific documents.
The environmental conditions for operation, storage and transport according to /EN 60721/
are defined in Chapter 5.
The environmental conditions prevailing inside buildings or other weather-protected installa-
tions are not a matter for this document.
Conditions that are a function of a specific project-dependent route alignment, e.g. local geol-
ogy/hydrology, are not covered by this document.

MSB Design Principles

This document is an annex to the Design Principles Complete System and so forms part of a
documentation for high-speed maglev systems consisting of different design principles. The
document tree is shown in Figure 1 /MSB AG-GESAMTSYS/.

The high-level "complete system" design principles and its annexes apply uniformly for the
whole documentation:

o MSB Design Principles Complete System, Doc. No.: 50630, /MSB AG-
GESAMTSYS/

° Annex 1: Abbreviations and Definitions, Doc. No.: 67536, /MSB AG-ABK&DEF/
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. Annex 2: Statutes, Regulations, Standards and Directives, Doc. No.: 67539, /MSB
AG-NORM&RILI/

° Annex 3: Environmental Conditions, Doc. No.: 67285, /MSB AG-UMWELT/

o Annex 4: Rules for Operation (Train Operation and Maintenance), Doc. No.:
69061,
/MSB AG-BTR/

° Annex 5: Noise, Doc. No.: 72963, /MSB AG-SCHALL/

Abbreviations and definitions
The abbreviations and definitions given in /MSB AG-ABK&DEF/ apply.

Statutes, regulations, standards and guide-

lines
The normative documents listed in /MSB AG-NORM&RILI/ contain requirements that form
part of the High-speed Maglev System Design Principles by cross reference in the High-speed
Maglev System Design Principles. Where normative documents in /MSB AG-NORM&RILI/
are dated, subsequent changes or revisions of these publications do not apply. With undated
references, the latest version of the normative document that is referred to applies.
The version of the standards and guidelines to be observed in an MSB project must be decided
bindingly on a project-specific basis.

Identification and binding value of require-
ments

The requirements of /DIN 820/ were essentially applied in the preparation of this document.
In the following chapters and the annexes of this document

. Requirements are shown in normal font
. Explanations, guide values and examples are shown in italics
The degree to which the requirements are binding has been defined by reference to /DIN 820-

2/ Annex G, and has been taken into consideration when formulating the individual require-
ments.
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Resistance to environmental conditions

This Design Principles Environment is intended to facilitate, for a design of a high-speed
maglev system, a resistance to environmental conditions according to the characteristics and
data specified below.

The MSB system must be designed so that unrestricted operation is possible within the envi-
ronmental conditions specified below.

Climate

The climatic data are based on the key data of the climatic class **widespread" according to
/EN 60721-2/.

The associated climatic classes for operation, transport and storage must conform to the re-
quirements of /EN 60721-3-1/, /EN 60721-3-2/, /EN 60721-3-3/, /EN 60721-3-4/ und /EN
60721-3-5/ where applicable.

The following requirements must be observed:

Air pressure

Climatic classes according to /EN 60721-3-4/, /EN 60721-3-1/ and /EN 60721-3-2/: 4K3,
1K5, 2K4.

Parameter Value Unit

Air pressure (train operation, storage, maritime and land transport) | 70 - 106 kPa
(equivalent to 0 m to 3000 m above SL)

Table 11: Air pressure for train operation, storage, maritime and land transport

Parameter Value Unit

Air pressure (air cargo conditions) 55 kPa

Table 12: Air pressure, air transport

Relative humidity

Climatic classes according to /EN 60721-3-4/, /EN 60721-3-1/ and /EN 60721-3-2/: 4K3,
1K5, 2K4 or /DIN EN 50125-3/ Table 3; Climatic class T1.

Parameter Value Unit

Relative humidity (train operation, storage, maritime and land transport) 15 to 100 %

Table 13: Relative humidity, train operation, storage, maritime and land transport

Climatic classes according to /EN 60721-3-4/, /EN 60721-3-1/ and /EN 60721-3-2/: 4K3,
1K5, 2K4.
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Parameter Value Unit

Relative humidity (air cargo conditions) 20 to 40 %

Table 14: Relative humidity, air transport

Air temperature

Climatic class according to /EN 60721-3-5/: 5K2 or /DIN EN 50125-3/, Table 2; Climatic
class T1 (outdoors).

Parameter Value Unit

Air temperature (train operation) -25to + 40 °C

Table 15: Air temperature, train operation

Climatic classes according to /EN 60721-3-1/ and /EN 60721-3-2/: 1KS5, 2K4.

Parameter Value Unit

Air temperature (storage and transport) -40to + 70 °C

Table 16: Air temperature, storage and transport

Parameter Value Unit
Annual mean temperature, Temperate Zones 10 °C
Annual mean temperature, Subtropical Zones 20 °C

Table 17: Annual mean temperatures

Change in weather in the course of a day

Parameter Value Unit
Temperature change per day max. 40 K/day
Temperature change per day, mean 15 K/day
Temperature change, operation, max. 10 K/h
Temperature change, storage and transport max. 20 K/h

Table 18: Temperature change

Parameter Value Unit

Humidity change max. 50 %

Table 19: Humidity change
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Parameter

Value Unit

Air pressure change max.

10 kPa

Table 20: Air pressure change

wind

Maintaining train operations with the project-specifically defined maximum line speed must
be possible for the wind speeds given below for the "10-min average for every 10 years" ac-

cording to wind load zone II as per /DIN EN 1991-1-4 /.

Train operation may be continued at a higher wind speed with project-dependent additional
operational measures (e.g. reduced running speed) and/or special measures (e.g. structural

measures).
Typical wind speeds in m/s for wind load zone II according to
/DIN EN 1991-1-4/ at heights of 5m, 10m and 20m:

Parameter Value Unit
Wind speed at 5m height, max. 10 min. average
per year 19.0 m/s
every 10 years 224 m/s
every 50 years 24.7 m/s
every 100 years 25.8 m/s
Table 21: Wind speed at 5m height, max. 10 min. average
Parameter Value Unit
Wind speed at 10m height, max. 10 min. average
per year 21.3 m/s
every 10 years 25.0 m/s
every 50 years 27.6 m/s
every 100 years 28.8 m/s
Table 22: Wind speed at 10m height, max. 10 min. average
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Parameter Value Unit

Wind speed at 20m height, max. 10 min. average

per year 23.7 m/s
every 10 years 27.9 m/s
every 50 years 30.8 m/s
every 100 years 32.0 m/s

Table 23: Wind speed at 20m height, max. 10 min. average

Parameter Value Unit

Gusting speed for height 5m

per year 1-second value 30.7 m/s
per year 5-second value 27.2 m/s
every 10 years 1-second value 36.1 m/s
every 10 years 5-second value 32.2 m/s

Table 24: Gusting speed for height 5m

Parameter Value Unit

Gusting speed for height 10m

per year 1-second value 33.1 m/s
per year 5-second value 29.4 m/s
every 10 years 1-second value 39.0 m/s
every 10 years 5-second value 34.6 m/s

Table 25: Gusting speed for height 10m

Parameter Value Unit

Gusting speed for height 20m

per year 1-second value 35.7 m/s
per year 5-second value 31.7 m/s
every 10 years 1-second value 421 m/s
every 10 years 5-second value 37.3 m/s

Printout: 13/09/2007 10:42:00
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Parameter Value Unit

Annual action time of the 10-minute averages at 10 m height

Wind speed > 10 m/s 74 h

Wind speed >17 m/s 3 h

Table 27: Annual action time of the 10-minute averages at 10 m height

Rain
Limit for transport and operation according to /EN 60721-3-2/, /EN 60721-3-5/:2K4, 5K3 or
DIN EN 50125-3, Chapter 4.6, Climatic class T1.

Parameter Value Unit
Rain volume - general 6 mm/min
Rain volume - Limit for radio design project-specific *)

*) The propagation properties of radio links, especially at higher frequencies, depend on precipitation, among other factors.
Precipitation leads to higher path attenuation, so appropriate signal level reserves (headroom) must be allowed for when
designing the links. Rain has the greatest effect on path attenuation and so is used when calculating the signal level reserve.
The path attenuation due to rain is due chiefly to the rainfall rate measured in mm/h, besides other factors such as the distri-
bution of the raindrop size.

For the purpose of designing radio links therefore, the upper limit for rain intensity is not defined according to a climatic
class but from an analysis of rainfall statistics from the local weather service. As well as the rainfall rate, the probability of
occurrence of the upper limit must also be determined for the project zone. A guideline figure here is that the defined upper
limit for the rainfall rate is not exceeded with a time probability of >99.99 % p.a.

This is not a limit in the strict sense of leading to a system malfunction if exceeded, rather that beyond this recommended
value the system's reserves are generally reduced in terms of radio range in individual sections of the line that are affected.
This would not normally impact on train operations.

Table 28: Rainfall rate

Snow
Parameter Value Unit
Tolerable depth of snow on guideway table 10 cm

Table 29: Depth of snow
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Ice

Parameter Value Unit

Permissible guideway icing

mean layer thicknesses on the slide plane 10 mm
mean layer thicknesses in levitation/guidance area 5 mm
max. local layer thicknesses, max. 2 m long on the slide plane 20 mm
local layer thicknesses, max. 2 m long in levitation/guidance area 10 mm

Table 30: Permissible guideway icing

Solar irradiation

Climatic classes according to /EN 60721-3-1/to /EN 60721-3-5/: 1K4, 2K4, 4K3, 5K3 or
/DIN EN 50125-3/ Chapter 4.9.

Parameter Value Unit

Maximum hourly global irradiation 1120 Wim?

Table 31: Solar irradiation (for storage, transport and operation)

Atmospheric parameters

Rain
Parameter Value Unit
pH rain 3.4 to 7.6 (mean value 5.4) * -

Printout: 13/09/2007 10:42:00

*: The natural pH of rain is approx. 5.5, while the pH of "acid rain" in Germany is 4...4.6.
This value for the pH of rain is a "meaningful” figure with an "adequate safety reserve” which takes account of the average
range of rain pH value observed in Nature.

Table 32: pH of rain

This figure must be reviewed project-specifically and adjusted as necessary.
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Chemically Active Substances

Contaminant load as per /EN 60721-3-4/ 4C3 for the mean values, and
/EN 60721-3-4/ 4C4 for the peak value / limits. Requirement for the mean values identical
with /EN 50125-3/, Table 4, heavy contamination.

Environmental parameter Mean * | Limit ~ Unit
Sea salt Occurrence of salt spray
Sulphur dioxide 5.0 40 mg/m’
Hydrogen sulphide 3.0 70 mg/m’
Chlorine 0.3 3.0 mg/m’
Hydrogen chloride 1.0 5.0 mg/m’
Hydrogen fluoride 0.1 2.0 mg/m’
Ammonia 10 175 mg/m’
Ozone 0.1 2.0 mg/m’
Nitrous oxides

(given in equivalent values to 3.0 20 mg/m’
nitrogen dioxide)

*) Figures are the mean values of Class 4C3 of EN 60721-3-4

**) Figures are the mean values of Class 4C3 of EN 60721-3-4

Table 33: Air, loading by chemically active substances

Mechanically active substances

Loading from mechanically active substances according to /EN 60721-3-4/.

. Class
Environmental parameter
481 * 482 ** Unit
Sand in the air 30 300 mg/m’
Dust (suspended matter) 0.5 5 mg/m’
Dust (precipitation) 15.0 20 mg / (m? h)

*) Used in sparsely populated areas, not near to sources of sand

**) Used in areas with sources of sand or dust, including densely populated areas

Printout: 13/09/2007 10:42:00

Table 34: Air, loading by mechanically active substances
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Lightning
The MSB system must be protected from the actions of lightning specified below.
Lightning protection for structures must comply with local building regulations.

Frequency
Parameter Value Unit
Lightning strikes 20* strikes per square kilometre/year

*) This frequency of lightning strike is a meaningful figure with an adequate "safety interval" from the average "lightning charac-
teristics" observed in nature based on /WIESINGER/.

Table 35: Frequency of lightning strike

Intensity
according to /DIN EN 62305-1/ (VDE 0185-305-1)

90% 4 A

50%

10%

-l-—T.l---

T

Figure 34: First lightning discharge impulse and subsequent discharge impulse

T

Figure 35: Sustained discharge impulse
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Lightning current parameters of the first lightning discharge impulse

Parameter Value Unit
Peak current | 200 kA
Front time T, 10 us
Time to half-value T, 350 us
Charge of the transient discharge pulse Qs 100 C
Specific energy W/R 10 MJ/IQ

Table 36: Lightning current parameters of the first lightning discharge impulse (see Figure 34)

Lightning current parameters of the subsequent lightning discharge impulse

Parameter Value Unit
Peak current | 50 kA
Front time T, 0.25 us
Time to half-value T, 100 us
Mittlere Steilheit I/T4 200 kA/us

Table 37: Lightning current parameters of the subsequent lightning discharge impulse (see Figure 34)

Lightning current parameters of the sustained lightning discharge impulse

Parameter Value Unit
Charge Q 200 C
Time T 0.5 s
Table 38: Lightning current parameters of the sustained lightning discharge impulse (see Figure 35)
Electrical and magnetic field strengths

Parameter Value Unit
dH/dt 3.2*10" Al(m*s)
H 3.2*10° A/m
dE/dt 5.0*10" Vi(m*s)
E 5*10° V/im
Table 39: Distance from main lightning current path: 0.1 m
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Parameter Value Unit
dH/dt 3.2¥10" Al(m*s)
H 3.2*10* A/m
dE/dt 5.0*10" V/(m*s)
E 5%10° Vim

Table 40: Distance from main lightning cur-
rent path: 1 mEarthquake

The local building regulations must be complied with in regard to earthquake safety when
designing structures for a specific project. For projects in Germany, and depending on the
specific project, the relevant earthquake strengths according to

/DIN 4149/, "Structures in German earthquake zones" must be determined and used as a basis
for structure design.

Immunity from electromagnetic interference
The immunity of MSB subsystems from interference must basically conform to European
standard DIN EN 50121 (Electromagnetic Compatibility; Railway Applications). The in-
tended performance characteristics of the MSB system must not be impaired by interference-
field strengths or conducted interference up to the limits given below.

Subsystems Limits as per standard
Stationary installations and equipment for the drive and energy supply DIN EN 50121-5

Vehicle DIN EN 50121-3-1

appliances installed in vehicles DIN EN 50121-3-2

Signalling and communications equipment incl. OCS radio DIN EN 50121-4

Table 41: European standards for the immunity of MSB subsystems
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Specification of parameters for the secondary environment

This chapter lists the parameters for the secondary environment for the subsystems 'MSB ve-
hicle' and 'Installations'. It specifies the environmental spaces and

EMC/ lightning protection zones according to /DIN EN 62305-1/ (VDE 0185-305-1).

The following figures are based on operational experience with the secondary environment.
They reflect the current level of knowledge and should be confirmed project-specifically
and/or adjusted and verified as required. Adjusted values must be indicated in the project-
specific documentation (delivery specification, technical reports). The values in this document
apply in the absence of an explicit agreement.

The operational experience reflected in this document is based on MSB vehicles TRO7 and
TROS8 on the TVE and on the Shanghai Transrapid project.

The parameters for the EMC / lightning protection zones must allow for the radiation-related
electromagnetic effects due to lightning strike and to all types of field-related interference
effects, e.g. radio transmitters.

Secondary environment in MSB vehicle

The following requirements apply to all components and mount-on parts in and on the MSB
vehicle.

The environmental spaces of the MSB vehicle are shown in Figure 36 .
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Figure 36: Environmental spaces of the MSB vehicle (typical arrangement)

Vehicle Exterior (FA):

Underfloor (FAT),
Space envelope for electrical/electronic modules, cable trunking, compressed air
supply equipment

Levitation frame (FA2),

- Space envelope for guide magnets

- Space envelope for brake magnets

- Space envelope for sensor electronics

- Panelling and mechanical structure levitation frame

Space envelope (FA3) for
- Levitation magnets
- Sensors.

Vehicle Interior (FI):

Vehicle -

Airconditioned area (FI1),
Space envelope for service/communication/operating equipment

Non airconditioned area (FI2)
Space envelope for loading equipment

Control cubicle vehicle section (FI3)
Space envelope for control/safety equipment

Ceiling/wall behind panelling (FI14)
Space envelope for cables, lighting.

Exteriors (FA)

Exterior - Underfloor (FA1)

Parameter Value Unit
Temperature

Min. operating temperature for electronic components/batteries*) -25 °C
Max. temperature rise compared with primary environment 10 K
Mean temperature rise compared with primary environment 5 K

*) When used with outside air temperature -25 °C to -40 °C it must be ensured that

e the components do not fall below min. operating temperature during train operations,

e parked vehicles are not allowed to cool to below -25 °C before startup and during preparation for train operation.

Parameter Value Unit
Title High-speed Maglev System Design Principles
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Parameter Value Unit
Humidity (relative humidity)

Annual mean <90 %
Maximum value on 30 days spread over the year continuous 100 %
Condensation yes -
Parameter Value Unit
Pollution

Pollution degree according to /DIN EN 60664-1/ 4 -
Degree of protection for internals according to /DIN EN 60529/ IP 65 -
Table 42: Temperature, humidity and pollution in FA1

Exterior - levitation frame (FA2)

Parameter Value Unit
Temperature

Min. operating temperature for electronic components/batteries*) -25 °C
Max. temperature rise compared with primary environment 10 K
Mean temperature rise compared with primary environment 5 K

*) When used with outside air temperature <-25 °C to -40 °C it must be ensured that

e  the components do not fall below min. operating temperature during train operations,

e parked vehicles are not allowed to cool to below -25 °C before startup and during preparation for train operation.

Parameter Value Unit
Humidity (relative humidity)
Annual mean <90 %
Maximum value on 30 days spread over the year continuous 100 %
Condensation yes -
Parameter Value Unit
Pollution
Pollution degree according to /DIN EN 60664-1/ 4 -
Degree of protection for internals according to /DIN EN 60529/ IP 65 -
Table 43: Temperature, humidity and pollution in FA2
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Exterior - Space envelope for levitation magnets, sensors (FA3)

Parameter Value Unit
Temperature

Min. operating temperature for electronic components/batteries*) -25 °C
max. Temperature rise compared with primary environment 25 K

Space envelope for sensor electronics in the magnet back

Max. temperature rise compared with primary environment 80 K
Space envelope for sensors in the magnet pole area on the side facing the winding

Mean temperature rise compared with primary environment 10 K
Space envelope for sensor electronics in the magnet back

Mean temperature rise compared with primary environment 30 K
Space envelope for sensors in the magnet pole area on the side facing the winding

*) When used with outside air temperature < -25 °C to -40 °C it must be ensured that
e the components do not fall below min. operating temperature during train operations,
e parked vehicles are not allowed to cool to below -25 °C before startup and during preparation for train operation.

Parameter Value Unit

Humidity (relative humidity)

Annual mean <90 %
Maximum value on 30 days spread over the year continuous 100 %
Condensation yes -
Parameter Value Unit
Pollution

Pollution degree according to /DIN EN 60664-1/ 4 -
Degree of protection for internals according to /DIN EN 60529/ IP 65 -

Table 44: Temperature, humidity and pollution in FA3
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Vehicle - Interiors (Fl)

Interior - Airconditioned area (FI1)

Parameter Value Unit
Temperature

Min. interior temperature *) 5 °C
Mean temperature in train operations (active air-conditioning) **)

Max. temperature rise compared with primary environment in train operation (inactive air- 10 K
conditioning)

*) Vehicles parked during breaks in operation are air-conditioned such that the minimum interior temperature is maintained.
Maintenance with vehicle deactivation is carried out in a heated workshop. The minimum interior temperature following
maintenance is tested with the air-conditioning off according to the maintenance manual.

**) The mean room temperature follows the temperature curve shown in Annex A of /DIN EN 14750-1/ as a function of the
outside temperature.

Parameter Value Unit
Humidity (relative humidity)

Annual mean <65 %
Maximum value on 60 days spread over the year continuous 85 %
Condensation no -
Parameter Value Unit
Pollution

Pollution degree according to /DIN EN 60664-1/ 2 -
Degree of protection according to /DIN EN 60529/ IP 54 -

Table 45: Temperature, humidity and pollution in FI1

Interior - Non airconditioned area (FI2)

Parameter Value Unit
Temperature
Min. interior temperature -25 °C

Mean temperature in train operations (active air-conditioning) |- -

Max. temperature rise compared with primary environment in train operation (inactive air- 10 K
conditioning)
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Parameter Value Unit
Humidity (relative humidity)

Annual mean <65 %
Maximum value on 60 days spread over the year continuous 85 %
Condensation light condensation -
Parameter Value Unit
Pollution

Pollution degree according to /DIN EN 60664-1/ 2 -
Degree of protection according to /DIN EN 60529/ IP 54 -
Table 46: Temperature, humidity and pollution in FI2

Interior - Control cubicle vehicle section (FI3)

Parameter Value Unit
Temperature

Min. interior temperature *) 5 °C
Mean temperature in train operations (active air-conditioning) 25 °C
Max. temperature rise compared with primary environment in train operation (inactive air- 10 K
conditioning).**)

Max. temperature rise compared with primary environment in train operation (inactive air- 5 K
conditioning).**)

*) Vehicles parked during breaks in operation are air-conditioned such that the minimum interior temperature is maintained.
Maintenance with vehicle deactivation is carried out in a heated workshop. The minimum interior temperature following

maintenance is tested with the air-conditioning off according to the maintenance manual.

**) The interior temperature following maintenance is tested with the air-conditioning off according to the maintenance

manual.

***¥)When used with outside air temperature > 40 °C to 45 °C, the space envelope is ventilated with ambient air.

Parameter Value Unit
Humidity (relative atmospheric humidity)
Annual mean <65 %
Maximum value on 60 days spread over the year continuous 85 %
Condensation no -
Parameter Value Unit
Pollution
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Parameter Value Unit
Pollution degree according to /DIN EN 60664-1/ 2 -
Degree of protection according to /DIN EN 60529/ IP 54 -

Table 47: Temperature, humidity and pollution in FI3

Interior - Ceiling/wall behind panelling (Fi4)

Parameter Value Unit
Temperature
Min. interior temperature -25 °C

Mean temperature in train operations (active air-conditioningy |- -

Max. temperature rise compared with primary environment in train operation (inactive air- 15 K
conditioning)

Parameter Value Unit

Humidity (relative humidity)

Annual mean <65 %
Maximum value on 60 days spread over the year continuous 85 %
Condensation no -
Parameter Value Unit
Pollution

Pollution degree according to /DIN EN 60664-1/ 2 -
Degree of protection according to /DIN EN 60529/ IP 54 -

Printout: 13/09/2007 10:42:00
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Mechanical excitation

The vehicle is excited to vibrate as its passes over the beams. The figures given below should
be regarded as actions on the components of the vehicle's exterior areas.

Source Length Max. frequency *)

Bay-wide guideway beams, beam precamber and longwave devia- |31 m 45Hz
tion from the nominal position

Stator pack, fitting tolerance 1.032m 135 Hz

Stator slot pitch 86 mm 1.6 kHz

*) The effect may be reduced if a maximum vehicle speed of less than 500 km/h is proposed in the application project con-
cerned.

Table 49: Source of vibration excitation at v = 500 km/h.

The actions due to vibration and shock are given in /MSB AG-FZ BEM/.

ESD Protection

The secondary environment in the vehicle can be electrostatically charged during noncontact
levitation relative to the stationary installations. From the safety aspect, the secondary envi-
ronment in the vehicle must be electrostatically discharged in such a way that the energy re-
maining after the discharge according to Section 17, Paragraph MbBO is less than 350 mJ.

EMC 7/ Lightning protection

Definition of EMC / lightning protection zones

The EMC / lightning protection zones must be separated by electromagnetic shields.

Lines with cross the zone boundaries must be provided with protective circuits.

Four EMC / lightning protection zones are defined for the vehicle, and are characterised by
the following threats (see Figure 39) :

Zone 0,
o Direct lightning strike possible.
o Main and partial stroke current paths are inside the zone
. Unattenuated field effect
Zone Op
o No direct lightning strike possible

o No main and partial stroke current paths

o Virtually unattenuated field effect
Zone 1
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o No direct lightning strike possible
. No main and partial stroke current paths
. Field attenuation must satisfy the following minimum values:

- for magnetic fields: as per Figure 37

- for electrical fields: as per Figure 38

Zone 2
o No direct lightning strike possible
o No main and partial stroke current paths
o Field attenuation must satisfy the following minimum values:
- for magnetic fields based on Zone 04: as per Figure 37
- for magnetic fields based on Zone 1: as per Figure 37
- for electrical fields based on Zone 04: as per Figure 38
- for electrical fields based on Zone 1: as per Figure 38
50
Dampfung
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40
30
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20
10 / —
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Figure 37: Magnetic field attenuation
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Figure 38: Electrical field attenuation
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Assignment of the EMC / lightning protection zones to the space envelopes
The EMC / lightning protection zones are assigned to the space envelopes as follows:

Zone 0,

o Exposed areas

. Unshielded or unprotected underfloor area

Zone Op

o Car body interior, outside control cubicles and other shields
o Underfloor areas protected from main and partial lightning currents
Zone 1

o Shielded cable trunking

o Interior of control cubicles inside the car body

o Cores outside singly shielded cables

) Housing interiors

Zone 2

Housing or cable shield interior. The housings and cables can be inside zones 04, O or 1. The
required shield attenuation values must be achieved.
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00-2#:01 LO0T/60/€ 1 -mojuLid

High-speed Maglev System Design Principles

Title

Complete System Annex 3 Environmental Conditions

Page 28

Issue date 15.02.2007

White pa-
per

Version

67285

Doc.No.:



Printout: 13/09/2007 10:42:00

High-speed Maglev System Maglev Technical

Design Principles Committee
Complete System

Direct lightning strike - Threat levels for EMC / lightning protection zone 04

At least two lightning flashover points per lightning impulse current, i.e. at least two lightning
current paths, must be expected in the event of a lightning strike into the vehicle.

The design of the lightning current-carrying equipotential bonding conductors, the shielding
and the electronic components is based on two partial stroke impulse currents with identical
lightning parameters.

This results in the following reduction factors compared with the lightning parameters given
in Chapter 0:

o Lightning current peak value: 2
o Lightning impulse charge: 2
o Specific lightning energy: 4

For sustained current, the parameters are taken from Chapter 0.

A minimum distance of 0.1 m between the sink and the lightning current paths is assumed
when determining the limits of the lightning threat.

The minimum distance must be guaranteed by design engineering. With greater distances, the
threat values decrease proportional to the distance.

The maximum magnetic field threat values H or dH/dt are given according to /DIN EN
62305-4/ by the distance and the maximum lightning current values I or dI/dt.

H and I are derived from the first stroke, dH/dt and dI/dt from the subsequent strokes.

In the event of lightning strike according to / DIN EN 62305-4/ the electrical field E or dE/dt
is largely independent of distance at ranges of up to approx. 100 m from the strike point.

Lightning strike current
Lightning strike current (see Figure 35 and Figure 34):

Parameter Value Unit
Peak current | 100 kA
Charge of the transient discharge pulse Qs 50 C
Specific energy W/R 2.5 MJ/IQ

Table 50: Lightning current parameters of the first lightning discharge impulse

Parameter Value Unit
Peak current | 25 kA
Mean steepness I/T4 100 kA/us

Table 51: Lightning current parameters of the subsequent discharge impulse
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Parameter Value Unit

Peak current value main lightning current path 100 kA

Peak current value partial lightning current path 5 kA

Current profile as first lightning discharge impulse, -

see Figure 34

Table 52: Currents in the lightning and partial lightning current paths

Fields and induced voltages

Parameter EMC / Lightning Protection Zones Unit
Oa Os 1 2

dH/dt 1.610" 1.610" 1.610" 1.610° A/ms

H 1.610° 1.610° 1.010° 6.310* A/m

dE/dt 5.010" <5.010" <5.010" <5.010° Vims

E 5.010° <5.010° <5.010" <5.010° Vim

Table 53: Fields and field changes; distance from lightning current path: 0.1 m

Parameter EMC / Lightning Protection Zones Unit
Oa Os 1 2

dH/dt 1.610" 1.610" 1.610° 1.610° A/ms

H 1.610* 1.610* 1.010* 6.310° A/m

dE/dt 5.010" <5.010" <5.010" <5.010° Vims

E 5.010° <5.010° <5.010" <5.010° Vim

Table 54: Fields and field changes; distance from lightning current path: 1 m

Parameter EMC / Lightning Protection Zones | Unit
0a Os 1 2

Uing in 10x10 cm measurement loop with one turn 2000 2000 200 20 \%

Uing in 2-core cable, 20 000 20 000 2000 200 \

core spacing: 1 cm, length: 1 m

Table 55: Induced voltages by magnetic field in lightning strike; distance from lightning current path: 0.1 m
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Parameter EMC / Lightning Protection Zones | Unit
0a Os 1 2

Uing in 10x10 cm measurement loop with one turn 200 200 20 2 \%

Uing in zweiadriges Kabel, 2000 2000 200 20 \%

core spacing: 1 cm, length: 1 m

Table 56: Induced voltages by magnetic field in lightning strike; distance from lightning current path: 1 m

Radiated Interference

The immunity of the MSB vehicle to radiated interference must meet the requirements of

/DIN EN 50121/ Part 3-1. The requirements of /DIN EN 50121/ Part 3-2 must be satisfied for
the immunity of devices and equipment installed in the vehicle.
The above requirements must be permanently guaranteed by design engineering measures.

Limits of immunity for high frequency fields

Parameter EMC / Lightning Protection Zones
Field strength in [V/m] Oa 0s 1 2
Frequency range 0.15 MHz - 1 GHz 20 20 <12 <1.2
Frequency range 1-4 GHz
e  Vehicle interior (FI1-FI3) 20 <20 <20
- at 0.2 m min. distance from mobile radio devices -
. Underfloor area (FA1-FA3) 20 20 <20 <20
- at 0.4 m min. distance from mobile radio devices -
Frequency range 37-39.5 GHz
- Vehicle interior (FI1-FI3) 2.1 <21 <21
- Underfloor area (FA1-FA3) 0.21 0.21 <0.21 <0.21
- Field strength is greatly reduced compared with primary environ-
ment as the lightning protection zones are not in the radio beam
range -
Table 57: Electromagnetic interference field strengths in the EMC / lightning protection zones
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Limits of immunity for magnetic fields

Parameter EMC / Lightning Protection Zones
Continuous magnetic field strength in [A/m] 0a Os 1 2
16 2/3 Hz 100 100 100 100
50 Hz 100 100 100 100

Table 58: Magnetic interference field strengths in the EMC / lightning protection zones

It must be assumed that the fields in Zone Op are attenuated by the car body compared with
Zone 04. However the car body attenuation is not separately measured so it is conservatively
taken to be 0 dB, i.e. without attenuation.

The levels for Zone Op contain possible room resonances in the vehicle interior and the fields
of mobile radio devices.

The shield attenuation in Zones 1 and 2 is maintained by design reserves and/or by mainte-
nance.

Secondary environment in installations

The proper operation of the following installations muss must be guaranteed within the sec-
ondary environmental conditions specified in the sections below.

Secondary environment on the long stator

The following environmental conditions that are given for the long-stator winding also apply
by analogy to other items of equipment and mount-on parts of the guideway beams.

It must be remembered that the secondary environmental conditions depend on the design of
the guideway beams and substructures.

The following values must be verified and defined project-specifically.

Temperature

Parameter Value Unit
Max. temperature rise of the long-stator space envelope compared with the primary environ- 5 K
ment

Table 59: Temperature
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Mechanical load on the long-stator winding

The following effects from the guideway beam taken into consideration when determining the
mechanical load:

. Effects from the static and dynamic deformation of the beam due to operations and
to the beam's natural oscillations that can be caused especially by slow moving
MSB vehicles.

o Effects from deformation of the beam due to temperature changes

- Linear expansion
- Deformation due to non-uniform temperature distribution

o Deformation of the substructures due to operation (driving/braking)
The natural oscillation behaviour of the various items of equipment and mount-on parts must
also be allowed for when determining the mechanical load.

Parameter Value Unit
Effect on the long-stator winding from guideway beam vibration

Max. frequency 35 Hz
Acceleration in x-direction (RMS) 20 m/s?
Acceleration in y-direction (RMS) 50 m/s?
Acceleration in z-direction (RMS) 50 m/s?
Téagliche Dauer der Einwirkung (akkumuliert) 5 min

Table 60: Typical vibration effects on a the long stator

Parameter Value Unit

Mechanical movement at the beam joints

Limits of deviation from nom. dimension -32 to +63 mm

Table 61: Deviation from nominal dimension at beam joints

Parameter Value Unit

Movement cycle at the beam joints due to temperature response curve

Maximum daily beam expansion gap change in x-direction 30 mm
Mean daily beam expansion gap change in x-direction 12 mm
Mean annual beam expansion gap change in x-direction 12 mm

Table 62: Thermal effect at the beam joints
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Parameter Value Unit

Movement cycle due to effects from operation

Max. number of cycles 200 1/day
Min. cycle time resulting from min. train length 1 S
Max. change in beam expansion gap in x-direction (at max. speed) 3.5 mm
Mean change in beam expansion gap in x-direction (at max. speed) 2 mm

Table 63: Effect of vehicle acceleration and retardation and resulting change in beam expansion gap

Pollution Degree

The requirements of /DIN EN 60664-1/ for pollution degree 4 must be satisfied.

EMC / Lightning protection
The requirements defined in / DIN EN 62305-4/ for LPZ O must be satisfied.

Secondary environment inside buildings (e.g. substations,
switching points, point switching boxes)
The values for airconditioned service/machine rooms must be defined project-specifically.

Climate
Must be defined project-specifically.

Pollution Degree
The requirements of /DIN EN 60664-1/ for pollution degree 2 must be satisfied.

EMC / Lightning protection

The requirements defined in / DIN EN 62305-4/ for LPZ 0g must be satisfied as a minimum.
Any necessary defining of areas with Zones LPZ 1 or LPZ 2 must be done as part of the EMC
building design.
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Environmental conditions with covered guideway sections

The following differences compared with guideway sections directly exposed to the actions of
the primary environment must be considered for guideway sections that are covered over:

Characteristic Differences

Temperature The max. limits of the primary environment are not achieved.

Humidity Higher than the average for the primary environment

Wind max. 10 min. mean: 10 m/s

Ice/snow No snow or ice cover of the guideway's functional surfaces

Effective length of the cover in relation to wind and The length of the covered structure less 10 m for each transitional

ice/snow section is used as a guide value. The actual length must be defined
project-specifically.

Table 64: Environmental conditions in covered guideway sections

Environmental conditions in tunnel sections

In a tunnel, the environmental conditions of temperature, humidity, air movement / wind must
be considered depending on the particular locality and as a function of parameters such as
the number of tracks, tunnel structure, train sequence etc.

The environmental conditions for a particular tunnel will therefore have to be defined project-
specifically.

The data given the following sections, based on Annex A of

/DIN EN 50125-2/, must therefore be regarded as guide values.

Temperature

For tunnels less than 2000 m long and in the first and last 1000 m section of tunnels longer
than 2000 m, the same temperature assumptions should be made as for open air.

The lowest temperature in the central section of long tunnels (> 2000 m) can be assumed to be
20 K higher than in open air and the highest temperature can be reduced by 5 K.

Humidity

Humidity tends to be low where the tunnel walls can prevent a significant amount of humidity
from penetrating.

Structural measures against humidity penetration must be defined project-specifically.

The max. absolute humidity in the tunnel must be assumed according to /DIN EN 50125-3/,
Table 3 as 30 g/m’.

Wind
A figure of 3 m/s can be assumed for the 10 min. mean wind speed.
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General

Purpose of the document, scope

This design principles applies to a high-speed maglev system according to the General
Maglev System Act /AMbG/.

Sections 24 and 8 /MbBO/ require the MSB entrepreneur to establish rules for operation.
This document contains the non project-specific requirements for rules for the operation of
MSB systems, consisting of train operation and maintenance.

This Design Principles applies in conjunction with the High-speed Maglev System Design
Principles Complete System /MSB AG-GESAMTSYS/ and its Annexes.

This Design Principles governs the operation of MSB systems.

Separate rules must be established for operation during the construction and commissioning of
MSB systems.

The following statements relate to the MSB entrepreneur’s rules for operation (train operation
and maintenance), referred to hereafter as the "body of rules", for the use of MSB systems to
carry passengers.

The carriage of goods must be considered separately.

The requirements are addressed to MSB entrepreneurs (as per Section 5 /AMbG/).

The requirements are also addressed to the manufacturers of the MSB system and its compo-
nents in so far as they make statements about required documentation and impose conditions
on the organisation and procedures for the operation of the MSB system that must be taken
into consideration in the design of all subject areas of the MSB system.

Where the MSB entrepreneur's or manufacturer's internal rules differ from the requirements of
this Design Principles, those internal rules may be retained subject to evidence of equivalent
safety or, in the case of definitions and vocabulary, subject to proof of analogous meaning.

High-speed Maglev System Design Principles
This document forms part of documentation for high-speed maglev systems consisting

of a series of Design Principles. The document tree is shown in Figure 1 /MSB AG-
GESAMTSYS/.

The high-level "complete system" design principles and its annexes apply uniformly for the
whole documentation:

o High-speed Maglev System Design Principles Complete System, Doc. No.: 50630,
/MSB AG-GESAMTSYS/

o Annex 1: High-speed Maglev System Abbreviations and Definitions, Doc. No.:
67536, /MSB AG-ABK&DEF/

. Annex 2: High-speed Maglev System Statutes, Regulations, Standards and Direc-
tives, Doc. No.: 67539, /MSB AG-NORM&RILI/
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. Annex 3: High-speed Maglev System Environmental Conditions, Doc. No.: 67285,
/MSB AG-UMWELT/

J Annex 5: High-speed Maglev System Noise, Doc. No.: 72963, /MSB AG-
SCHALL/

Abbreviations and definitions

The abbreviations and definitions given in /MSB AG-ABK&DEF/ apply.

Instead of the term "train operation"” as used in this document, the term "operation" is also in
commonly used among operators of track-guided transport systems and may therefore be used
in the body of rules of the MSB entrepreneur instead of the term "train operation”. This also
applies to corresponding word combinations.

Statutes, regulations, standards and guide-

lines

The normative documents listed in /MSB AG-NORM&RILI/ contain requirements that form
part of the High-speed Maglev System Design Principles by cross reference in the High-speed
Maglev System Design Principles.

Where normative documents in /MSB AG-NORM&RILI/ are dated, subsequent changes or
revisions of these publications do not apply.

With undated references, the latest version of the normative document that is referred to ap-
plies.

The version of the standards and guidelines to be observed in an MSB project must be decided
bindingly on a project-specific basis.

A list of statutes, ordinances, standards and directives for the MSB entrepreneur's body of
rules will be found in the document Maglev High-speed System Design Principles Complete
System, Annex 2: Statutes, Regulations, Standards and Directives /MSB AG-NORM&RILI/.

Identification and binding value of require-

ments

The requirements of /DIN 820/, Part 2, were essentially applied in the preparation of this
document.
In the following chapters and the annexes of this document

. Requirements are shown in normal font
o Explanations, guide values and examples are shown in italics
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Preparation of the body of rules for operation
The entirety of the rules must be:

. complete,
° consistent,
° free from contradiction

within themselves.

The rules must conform to the MSB entrepreneur's requirements relating to safety manage-
ment, especially according to /DIN EN 61508/, /DIN EN 50126/ and /DIN EN 50129/ (see
Chapter 0).

Requirements in the body of rules must be checked for consistency with the project-specific
safety, operation and maintenance concept.

The terms and abbreviations used in the body of rules must be clearly defined. The defined
terms and abbreviations must be used consistently.

The structure of the body of rules must be user-friendly.

A body of rules is user-friendly in particular when

. it directly addresses the individual target groups,
. its contents are presented in a clear, understandable and descriptive manner, and
. the auxiliary verbs in it are used according to DIN 820-2/ Annex G.

The body of rules must be practicable.
A body of rules is practicable when

. the rules it contains optimally support the specified functionality of the deployed
technology, and

o all users can apply the rules well and without particular difficulty in operation.
The body of rules should be modular in structure.
It is modular in structure when it consists of individual self-contained modules which are
mutually compatible.
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Structure, breakdown and scope of the body of rules for operation

Structure and breakdown of the body of
rules

The body of rules must present the structure and breakdown of the rules in a suitable form,
e.g. as a table of contents.

Additional provisions can be published as annexes or supplements. The body of rules may
contain printed forms to aid working.

If the MSB entrepreneur stipulates uniform principles for the drafting, structure, presentation
and documentation of rules, then these principles should be applied to the entire body of rules.

Parts of the body of rules

The basic understanding of the MBS system that is necessary for the work by the personnel
must be conveyed to the personnel.

The description and presentation must include the installations that are relevant for operation.
The installations should be presented in clear form in a location plan.

The MSB vehicles and special vehicles used in the project as well as any trailers and work
scaffolding must be described.

The body of rules for the operation of the MSB system consists of:

o rules for train operations,
° rules for maintenance,
o general organisational rules for operation (train operations and maintenance).

General organisational rules must at least describe the division and distribution of responsi-
bilities within the MSB entrepreneur's organisation.

General organisational rules can exist either as a separate document or can be incorporated
into the rules for train operations or rules for maintenance.

The general organisational rules must be formulated so that it is clear how the defined safety
objectives are to be achieved under the given project-specific system preconditions and within
the project-specific operational framework.

The rules must clearly set out the principle for the division of responsibility for safety related
and non safety related (e.g. commercial) factors of operation in the organisation as well as in
the work and management processes, systems and types.

Other applicable documents must be defined in the body of rules. They are subject to the same
quality criteria as the body of rules itself.

Examples of other applicable documents:

. Operating instructions of the MSB system manufacturers,

. Maintenance instructions of the MSB system manufacturers.
Basic documents used to prepare the body of rules do not form part of it.
Examples of basic documents:

. the safety related instructions for use (SAV) of the MSB system manufacturers,
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the instructions according to /Directive 98/37/EC/,
conditions and secondary provisions in official decisions / permits,

documents necessitated by requirements in relevant legislation, regulations, stan-
dards and directives (e.g. manuals for Safety Management / Quality Management).
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Management types and systems

Safety Management System (swms)

The MSB entrepreneur must put in place a safety management system based on /Directive
2004/49/EC].

The SMS is the organisation established by an MSB entrepreneur and the precautions he
takes to guarantee the safe execution of his operational procedures.

The SMS must guarantee that the rules for organisation, train operations and maintenance
which arise out of the project-specific safety concept are incorporated into the body of rules.

Quality Management wm)

The measures and rules for quality management must be presented in the body of rules and
conform to the applicable regional, national and international regulations, standards (e.g.
/standards series EN ISO 9000 ff./) and the MSB entrepreneur's QM Manual.

Rules for quality assurance, quality planning and the quality procedures must be contained in
the body of rules if they relate to the safety of the operation of the MSB system.

Occupational Safety Management

The measures and arrangements put in place for occupational safety must be set out in the
body of rules and must satisfy the applicable regional, national and international rules, stan-
dards, regulations and national legislation.

Personnel protection must be assured by appropriate arrangements.

The national legislation includes a collection of statutes and ordinances on this subject that
are contained in /MSB AG-NORM&RILI/ /PERSSCH/.

The occupational safety arrangements may be summarised in a suitable manner, e.g. in the
form of an occupational safety management system.

Environmental Protection Management

The measures and arrangements put in place for environmental protection must be set out in
the body of rules and must satisfy the applicable regional, national and international rules,
standards, regulations and national legislation. The current environmental findings must be
taken into consideration.

The national legislation includes a collection of statutes and ordinances on this subject that
are contained in /MSB AG-NORM&RILI/ /PERSSCH/.

The reviews of work processes and work contents and their impact on the environment and
the measures for reviewing compliance with environmental protection measures must be de-
fined in the body of rules.

The environmental protection arrangements may be summarised in a suitable manner, e.g. in
the form of an environmental protection management system.
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Need for regulation - Train operations and maintenance

High-level Requirements

Monitoring of Limits

The MSB entrepreneur must monitor compliance with the limits and other specified values
defined in the Design Principles Complete System and Subsystems.

The corresponding rules, recording and analysis procedures, assessment criteria and the
measures to be taken in case of noncompliance must be defined project-specifically in the
body of rules.

The body of rules must define how the effects of special load cases are registered their reli-
ability assured in accordance with the MSB Design Principles Complete System /MSB AG-
GESAMTSYS/.

Requirements for the train operation and maintenance per-
sonnel

The body of rules must describe for each workplace the requirements which the MSB entre-
preneur makes regarding personnel suitability, fitness and qualification.

The body of rules must stipulate that every activity in train operations and maintenance may
only be carried out by suitable, fit and qualified personnel.

The procedures used to determine the suitability and fitness of personnel, the regular review
and requirements governing review intervals, periods and documentation must be laid down
in the body of rules.

Personnel training/qualification must be anchored in the body of rules at least to the extent
that it is clearly stated which duties, competences and responsibilities of the personnel are
associated with which minimum qualification.

It must be clearly stated how the qualification is obtained, if necessary how it is regularly re-
peated and/or received, and how all qualifications of the personnel are organised, documented
and administered.

Communication requirements

Rules for safety related communication including technical and organisational requirements
must be defined.

Technical communications equipment, its fallback policies in the event of fault or failure, and
its integration into operational procedures must be described.

The rules for recording and storing communications must be defined.

Need for regulation - Train operations

Rules for train operations

The rules for train operations must be defined in the Operation Manual according to Section
24 /MbBO/ and must cover at least the entire train operations.
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The train operations must be carried out in one of the following two modes (see High-speed
Maglev System Design Principles Complete System /MSB AG-GESAMTSYS/, Chapter
6.3.1.2):

o Normal operation

o Departure from normal operation.
The option of executing both modes simultaneously must be provided so far as is technically
possible and desirable for operational reasons.
The body of rules must lay down the conditions under which maintenance operations may be
performed in the event of disruptions in train operations.
Responsibilities during this process must be described.
Arrangements must be put in place in the event of an nonscheduled stop by the MSB vehicle.
In the event of disruptions in train operations which involve evacuation of the MSB vehicle,
the body of rules must state how the evacuation must be initiated and carried out.
The safety related planning and dispatching processes for the train operations must be de-
scribed.
Planning and dispatching processes are safety related when they ensure that specified limits
for the MSB system are complied with or their realisation may affect the integrity of persons
and property.

"Normal operation' mode
The constraints for normal operation (see Annex 1: High-speed Maglev System Abbreviations
and Definitions /MSB AG-ABK&DEF/ ) must be laid down and described in the rules for

train operations.
In the body of rules, the MSB entrepreneur must define (see also Section 22 /MbBOY/):

o operational preconditions for the start and sequence of normal operation,

o technical preconditions for the start and sequence of normal operation,

o changes between manually and automatically generated journey inputs within
normal operation,

o conditions for leaving the normal operation mode,

. requirements and procedures for return to the normal operation mode,

o procedures when journey preconditions are no longer met.

When individual processes require actions by the operating personnel in normal operation,
these actions must be described.

The actions and restrictions necessary to prevent or avert potential hazardous states in normal
operation must be described.

The measures that must be taken in the event of foreseeable technical and operational disrup-
tions in the operation flow must be described.

The measures that must be taken in the event of foreseeable hazardous incidents must be de-
scribed.

The monitoring activities, measures and intervention in the control and protection of train
operations to be carried out by operating personnel in response to technical or operational
requirements must be described.
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Where train operations are carried out simultaneously with construction and/or maintenance
operations, it must be decided

. whether and how far construction and/or maintenance operations (e.g. subsystem
related, locally closed sections of line) may take place during normal operation,
and

. how the areas in which construction and/or maintenance operations are being car-

ried out should be closed off and secured.
Responsibilities during this process must be defined.

"Departure from normal operation™ mode

The functions that are not contained in the technical protection system must be defined in the
rules for train operation.

If necessary, appropriate safety measures (technical and/or organisational) must be described
in the body of rules.

The measures to be taken under personnel responsibility must be described in the body of
rules.

In the body of rules, the MSB entrepreneur must define (see also Section 22 /MbBO/):

o operational preconditions for the start and sequence of the "departure from normal
operation" mode,

J technical preconditions for the start and sequence of the "departure from normal
operation" mode,

. changes between manually and automatically generated journey inputs within the
"departure from normal operation" mode,

J conditions for leaving the "departure from normal operation" mode,

o requirements and procedures for return to the "departure from normal operation"
mode,

o procedures when journey preconditions are no longer met.

Provisions in the body of rules must ensure that the "departure from normal operation" mode
does not lead to an unsafe state of the MSB system.

The body of rules must define the conditions under which train operations are to be inter-
rupted due to the "departure from normal operation" mode.

Project-specific technical characteristics of the installations and of the MSB vehicles must be
taken into consideration when defining actions and measures taken under personnel responsi-
bility.

Automatic responses by the technical MSB equipment during the "departure from normal op-
eration" mode and the extent of the remaining technical protection must be described for the
train operation personnel.

This also applies to the monitoring activities, measures and intervention in the control and
protection of train operations to be carried out by operating personnel in response to technical
or non technical requirements.

Operations-monitoring measures for the systematic detection, identification/evaluation and
documentation of causes for the "departure from normal operation" mode must be defined in
the body of rules.
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The body of rules must define how the traffic movement director is to be informed of circum-
stances that may lead to the "departure from normal operation" mode.

The nature, format and scope of communication during the "departure from normal operation"
mode must be specified in the body of rules.

Actions for individual measures and operator interventions to ensure the required level of
safety under personnel responsibility, especially in an emergency situation, must be defined in
the body of rules in a suitable format (checklists, flow charts etc.).

Where train operations are carried out simultaneously with construction and/or maintenance
operations, it must be decided

o whether and how far construction and/or maintenance operations (e.g. subsystem
related, locally closed sections of line) may take place during "departure from
normal operation" mode, and

J how the areas in which construction and/or maintenance operations are being car-
ried out should be closed off and secured.
Responsibilities during this process must be defined.

Train operations with special vehicles

The body of rules must define types of special vehicles project-specifically.

Rules for moving special vehicles must be defined project-specifically.

Sequences, operator actions and communication as well as technical and non technical meas-
ures will depend on the technical equipment of the special vehicles.

The body of rules must indicate the conditions under which special vehicles may travel on the
MSB line (environmental conditions, MSB vehicles in service etc.).

Depending on the equipment of the special vehicles, measures against gauge profile violations
must be laid down.

Depending on the equipment of the special vehicles, measures for the avoidance of collisions
with

. other special vehicles,
° MSB vehicles,
° installations,

o persons and objects that project into the gauge profile
must be defined.
Parking and standby positions for special vehicles and the measures for immobilising the spe-
cial vehicles must be defined project-specifically.

Need for regulation for special measures

Security

The body of rules must describe the security system and security tasks in relation to the MSB
system. It must describe:

. the principles and objectives of security,
. the responsibility and acting persons for security,
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o the tasks and scope of building security,
. the tasks and scope of organisational security,
. the documentation, verification and reporting of security.

It must be stipulated which security measures must be defined as a minimum. This relates to
all active and passive measures such as:

. security of vehicles and installations from unauthorised access and unauthorised
intervention,

o response to alarms and emergency calls,

o Co-operation with authorities and organisations with security duties (BOS),

o involvement of surveillance and security services.

Winter service

The rules for train operations must define the limits within which the safe operation of the
MSB system is also possible under winter weather conditions. The limits are specified in An-
nex 3: High-speed Maglev System Environmental conditions /MSB AG-UMWELT/.

The following limits are mentioned by way of example:

. the permissible thickness of guideway icing (levitation / guidance areas),

. the acceptable depth of snow on the guideway table and under the gradient.
The rules for train operations must state that the MSB system may only be operated within the
specified limits.
They must also indicate the responsibilities and measures for an approach to the limits being
detected in good time and being responded to with the necessary measures in accordance with
requirements.
General winter service measures around the traffic installations, the maintenance centre and
the transport routes that may also be performed by third parties must be project-specifically
regulated.

Vegetation control

Vegetation stocks long the MSB route must be monitored and cared for by regular inspec-
tions.

Measures must be defined for keeping the clearance gauge free. The following categories
must be taken into consideration:

. Measures to protect against clearance gauge violation,
o Measures for detecting a clearance gauge violation,
o Measures for eliminating a clearance gauge violation.

The vegetation control measures must take into account that encroachment into the clearance
gauge due to natural growth is impossible and due to environmental influences (e.g. wind
break, snow loads on the vegetation) is largely prevented.
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Need for regulation - Maintenance
Rules for maintenance

Contents of the rules for maintenance

The principles of maintenance and the complete subdivision of maintenance into its basic ac-
tions are laid down in /DIN 31051/.

The basic terminology of maintenance and the classification of maintenance into different
types are defined in /DIN EN 13306/. /DIN EN 50126/ also applies.

These principles, subdivisions, terms and classifications must be used in the body of rules for
maintenance.

The maintenance of the MSB subsystems must be combined in an appropriate manner with
the maintenance of the MSB Complete System. The rules for maintenance must reflect this.
The rules for maintenance consist of:

° maintenance programme,

. maintenance instructions (for all of the maintenance measures listed in the mainte-
nance programme),

o rules containing project-specific or location specific supplements (e.g. as work in-
structions and procedures).

Maintenance programme

A maintenance programme for the Complete System must be prepared on the basis of the
“Principles and procedures for creating the maintenance programme” (see /MbBO/ Section 8).
The maintenance programme must be prepared having particular regard to the following
points:

o The maintenance programmes for the subsystems must contain all necessary main-
tenance measures for the particular subsystem.

o The maintenance programmes for the subsystems must cover the Complete Sys-
tem.

. The manufacturer of a particular item must list the possible faults and malfunctions

of that item and clearly assign them to a fault class.

o The necessary responses and action by personnel must be defined for each fault
class. The action must at least take account of the impact of malfunctions and
faults on the safety of the system.

o To identify the necessary maintenance measures, structural and/or functional
analyses of all MSB subsystems must be carried out, and the action defined, based
on accepted methods (e.g. FMEA /MSB AG-ABK&DEF/). The frequen-
cies/intervals of the maintenance measures must be defined on this basis.

o A product structure plan is the basis for the structural and functional analysis.

o A classification and/or prioritisation of maintenance measures in regard to their
safety relevance must be provided.
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The body of rules must clearly indicate the differentiation of responses to different classes /
priorities of maintenance measure.

Further requirements governing the creation of the maintenance programme - where they exist
- are contained in the respective Design Principles for the subsystems.

Maintenance instructions

Maintenance instructions must exist for all maintenance measures defined in the maintenance
programme.

The maintenance instructions must be prepared by the manufacturer of the particular technical
item under consideration (e.g. subsystem manufacturer).

They should be uniform in structure and presentation.

The maintenance instructions must contain all the information that is necessary to carry out
the maintenance measure.

Rules for the performance of maintenance measures

The maintenance rules must contain project and/or location specific information and instruc-
tions for the technical performance of the maintenance measures, e.g. in the form of work
instructions. These supplement the maintenance instructions.

The naming of the project and/or location specific information and instructions for the techni-
cal performance of maintenance measures shall be at the discretion of the entrepreneur.

The project and/or location specific information and instructions should contain at the least
the following particulars:

. description of how the maintenance measures are carried out,

o use of specific work aids/tools,

o particulars about the use of the infrastructure,

o specific information about occupational safety/environmental protection and the

use of personal protective equipment,

. specific details about personnel qualification.
The project and/or location specific information and instructions, details and additions must
not unduly alter the contents of the maintenance instructions.

Rules for the sequence / organisation of maintenance measures

The maintenance rules must contain project and/or location specific information and instruc-
tions about the sequence and/or organisation of maintenance measures, €.g. in the form of
process instructions. These supplement the maintenance instructions.

The naming of the project and/or location specific information and instructions about the se-
quence and/or organisation of maintenance measures shall be at the discretion of the entre-
preneur.

The project and/or location specific information and instructions should contain at the least
the following particulars:

. procedures for access to and presence in maintenance areas,
o logging in/out, and safety procedures as well as warning procedures for mainte-
nance work,
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o ordering maintenance work,
. carrying out maintenance work,
. completion and confirmation of maintenance work,
. documenting maintenance work.

For fast moving and automatically operated vehicles, warning procedures are not suitable as
organisational measures for the protection of personnel inside the guideway danger area, and
must be excluded.

The project and/or location specific information and instructions, details and additions must
not unduly alter the contents of the maintenance instructions.

Maintenance management

The body of rules must present the complete maintenance process for the vehicles and instal-
lations, including maintenance management and the maintenance strategy.

All planning and scheduling processes for maintenance must be described.

The safety related planning and scheduling processes must be identified.

Planning and dispatching processes are safety related when they ensure that specified limits
for the MSB system are complied with or their realisation may affect the integrity of persons
and property.

Consideration must be given to the following requirements for maintenance management in
addition to the requirements of Chapter 0:

o The body of rules for maintenance must be linked through the interface rules for
train operations and maintenance to the rules for train operations, and be consistent
with them.

o Rules arising out of existing statutes, standards and directives (e.g. occupational

safety, environmental protection, fire safety, quality management etc.) must be an-
chored in the body of rules. This can be done by defining specific rules or by ref-
erences to the applicable documents.

Maintenance measures

Principles for the performance of maintenance measures

The "performance of maintenance measures" process sequence comprises the sub-processes
of planning, ordering, performing, completion and confirmation/documentation.

The sub-processes must be comprehensively described in the body of rules. The description
must provide at least the following particulars for all sub-processes:

. contents of the sub-process,

o sub-process sequence,

o acting and responsible persons,

o input variables of the sub-process,

o output variables of the sub-process.
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The sub-process in which a maintenance measure is, and the person responsible for signing
off that maintenance measure, must be identifiable at all times. The technical and/or organisa-
tional arrangements that are necessary for this must be written down.

Planning of maintenance measures

Planning means the preparation of the future performance of maintenance measures. This
preparation relates to the resources of time, dates, personnel, material and infrastructure.

The planning must cover at least those measures identified in the maintenance programme as
safety related and measures covered by a statutory duty to produce supporting documentation.
Beside the requirements referred to in Chapter 0, the body of rules must also contain particu-
lars of the planning time and planning period and about how the planning is made known.

Ordering of maintenance measures

The principle of maintenance performance, "no work without an order", must be enshrined in
the body of rules.

The contents of the order and the format (printed paper forms, computer forms etc.) must be
defined.

The ordering of maintenance measures must be verifiable.

Performance of maintenance measures

The maintenance measures must be performed according to the manufacturer's technical in-
structions and the organisational rules of Maintenance.

Procedures for monitoring the maintenance measures must be defined.

The procedures and the acting and responsible persons for controlling the maintenance tasks
(e.g. in the event of plan/actual deviations) must be defined.

Rules must be laid down for executing vehicle movements for maintenance purposes. The
rules must relate to the items listed in Chapter 0.

Completion of maintenance measures

The completion of maintenance measures determined by reporting the technical completion of
the ordered measure.

Additional special rules must be made for safety related activities (e.g. the 'two pairs of eyes'
principle).

The contents of the completion report and the format (printed paper forms, computer forms
etc.) must be defined.

The completion report must be verifiable.

Confirmation/documentation of maintenance measures

The confirmation of a maintenance measure is determined by the detailed description of the
activity that has actually been carried out.

The data that are required for the confirmation of the completed measures must be defined.

The contents of the confirmation and the format (printed paper forms, computer forms etc.)
must be defined.

The confirmation must be verifiable.
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The lifecycle of replaced/repaired modules/smallest replaceable units must be clearly and
verifiably documented together with a fault description, the cause of the fault and the repair
carried out (if applicable, destruction of the faulty part and replacement by a new part).

Need for regulation Interface between train
operations and maintenance

Principles of interfacing between train operations and
maintenance

The operation of the MSB system is divided into train operations and maintenance.

There may be different areas of responsibility in the train operations and the maintenance of
the MSB system.

The individual areas of responsibility must be clearly described and separated from each other
in the body of rules.

In train operations and in maintenance, the areas of responsibility must be clearly allocated at
all times.

Train operations and maintenance can take place both simultaneously and consecutively.
Where train operations and maintenance take place simultaneously, the body of rules must
define criteria for the nature and scope of admissibility.

The framework conditions and prerequisites must be described and regulated.

Train operations and maintenance can take place simultaneously when reciprocal safety risks
do not arise.

If train operations and maintenance take place consecutively the body of rules must contain
arrangements for the transfer of responsibility.

In both instances, the body of rules must describe:

. the organisation of the interfaces,

. the technical systems involved in the interface,

° the content and limits of the activities,

o responsibility for initiating the measures,

o the boundaries of responsibility for the complete system or subsystems,
o the acting function owners,

° the communication and information flows,

o the necessary documentation,

o the issuing of orders and suspension / clearance procedures,
o the safety procedures,

o the hand-over and acceptance procedures,

. the performance of the maintenance measures.

The following communication rules in particular must be put in writing for train operations
and for the interface between train operations and maintenance:
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° information about vehicle movements,
. warning procedures,
° written instructions,
. information about temporary/local restrictions and special features,
o rules governing how the persons responsible interact,
o transmission of clearances and suspensions.

For fast moving and automatically operated vehicles, warning procedures are not suitable as
organisational measures for the protection of personnel inside the guideway danger area, and
must be excluded.

Clearance procedure

The body of rules must define responsibility for technical clearances of the system or - if in-
tended - of system components, both for the organisation and for the management and work
processes.

Technical and non technical journey preconditions must be met before train operations can
commence.

These journey preconditions must be described in the body of rules according to /MbBO/ Sec-
tion 22.

The various responsibilities for confirming compliance with the individual journey precondi-
tions must also be defined in the body of rules.

Compliance with the journey precondition must be confirmed according to an appropriate
clearance procedure.

The clearance procedure must also describe the associated verification processes.
Compliance with the technical journey preconditions must be established and confirmed by
the area of responsibility of Maintenance. This confirmation certifies that the technical re-
quirements (functional capability as per /DIN 31051/ and /DIN EN 13306/) for the use of the
system (subsystem, complete system) are fulfilled.

The non technical journey preconditions must be confirmed in the area of responsibility of
train operations.

If there is provision for clearing the parts of a subsystem, then the above mentioned descrip-
tions must relate accordingly to the level of those parts of the subsystems. The parts must be
defined.

The clearance procedures, clearance conditions and the withdrawal of clearances must be de-
scribed in the body of rules. The description must cover at least the following points:

o the persons acting (person responsible, recipient etc.),
o the content of the message (technical, operational, subsystem etc.),
o an indication of the criteria against which checks are made,
o the possible restrictions/constraints,
. the format and/or manner (e.g. in writing, electronic),
o the documentation.
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Hand-over and acceptance procedure

Responsibility for the handed over/accepted system/subsystem changes upon hand-
over/acceptance. If there is provision for handing over/accepting the parts of a subsystem,
then the above mentioned descriptions must relate accordingly to the level of those parts of
the subsystems. The parts must be defined.

The technical and organisational procedures of the hand-over and acceptance must be de-
scribed in the body of rules. This description must at least contain:

o the persons acting in the hand-over/acceptance (person responsible, recipient etc.),

o the content of the hand-over/acceptance report (technical, operational, subsystem
etc.),

o the basis for the hand-over/acceptance (the criteria it is checked against),

. the format and/or manner of the hand-over/acceptance (e.g. in writing, electronic),

. the documentation of the hand-over/acceptance.

For mobile systems (MSB vehicles, special vehicles etc.) the local hand-over/acceptance point
must be indicated and any particular features of the process must be described.

Train operations support by Maintenance

Support for the train operations personnel by the maintenance personnel may be necessary
depending on the technical equipment of the MSB system.

If this support is required, it must be described in the body of rules. The scope of the support
must include at least the following points:

o monitoring the technical operating status,

o evaluating the technical operating status,

J documenting particular aspects during the train operations,
. support and assistance when malfunctions occur.

The necessary reporting and communication paths and the interaction between the function
owners of train operations and maintenance must be described.

If necessary, hierarchically graded courses of action must be described depending on the po-
tential impacts of malfunctions on the safety of the MSB system.
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General

Document purpose and scope

The present document defines the procedures for the determination by measurement of the
DF, me and Dg, 5. sound level differences for new vehicles and Dy, for new guideways as the
basis for certification within the meaning of the footnote provision of the Maglev Noise Aba-
tement Order [Magnetschwebebahn-Larmschutzverordnung /MSB-LSV/]. The setting of the
sound level differences listed in the Maglev Noise Abatement Order may need additional cer-
tification with regard to permanence.

Each of the tables listed in the Maglev Noise Abatement Order for “przme and Dg, 4. sound
level differences due to different vehicle types” (/MSB-LSV/, Table 3) and “Dg, sound level
differences due to different guideway types” (/MSB-LSV/, Table 4) contains footnotes in-
structing that appropriate correction values, i.e. other values for Dg;me, Drzae and Dry, be used
for other noise emission proven in the long term.

In defining the certification procedures for the above sound level differences, use is essential-
ly made of the procedure in the “Project-accompanying Sound 03/Sound -Transrapid Com-
mittee”, which worked on the text of the current /MSB-LSV/. The present document contains
a detailed description of all the necessary measurements and evaluation methods on the basis
of which determination of the DF, e, Dr, e and Dgy, sound level differences must be carried
out. The present document shall be used as the base document for the certification of vehicle
and guideway subsystems.

The present Design Principles apply to a high-speed maglev system pursuant to the General
Maglev Act [Allgemeines Magnetschwebebahngesetz /AMbG/].

High-speed Maglev System Implementation
Bases

This document forms part of a set of documentation for high-speed maglev systems compri-
sing several Implementation Bases. The document tree is shown in Figure 1 /MSB
AGGESAMTSYS/.

The overriding Complete System Design Principles and its Annexes apply uniformly to the
full set of documentation:

e High-speed Maglev System Design Principles Complete System, doc. no.: 50630, /MSB
AG-GESAMTSYS/,
with annexes:

e Annex 1: Abbreviations and definitions, doc. no.: 67536, /MSB AG-ABK&DEF/

e Annex 2: Acts, Orders, Standards and Directives, doc. no.: 67539,
/MSB AG-NORM&RILI/

e Annex 3: Environment, doc. no.: 67285, /MSB AG-ENVIRONMENT/
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Annex 4: Rules for operation and maintenance, doc. no.: 69061, /MSB AG-BTR/

Annex 5: Sound, doc. no.: 72963, /MSB AG-SCHALLY/, (present document)
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Abbreviations, definitions and symbols

The abbreviations and definitions given in /MSB AG-ABK&DEF/ apply.
The abbreviations and definitions below represent abbreviations and definitions specific to
Design Principles Sound:

Symbol |Unit |Meaning
* c dB(A) | Constants in Equation (6)

Crest dB(A) | Allowance for sound propagation influences pursuant to /MSB-LSV/ at the
measuring point of the guideway test specimen

Cret dB(A) |Allowance for sound propagation influences pursuant to /MSB-LSV/ at the
measuring point of the reference concrete guideway

Demx dB(A) |Sound level difference due to ground and meteorology damping

Dy dB(A) |Sound level difference due to different guideway types

Db test dB(A) |Dpgy, value of guideway test specimen

Dr ref dB(A) | Dg, value of reference concrete guideway

Dk, dB(A) |Sound level differences due to different vehicle types

Drz.me dB(A) |Sound level difference due to different vehicle types, mechanical proportion

| D dB(A) |Sound level difference due to different vehicle types, acrodynamic proportion

Drn dB(A) |Auxiliary variable in the determination of Dg,

Dr2t,me dB(A) | Auxiliary variable in the determination of Dy, mechanical proportion

Draiiae dB(A) | Auxiliary variable in the determination of Dy, acrodynamic proportion
Dk dB(A) |Sound level difference due to air absorption

Dgx dB(A) |Sound level difference due to distance

La dB(A) | A-and FAST evaluated sound pressure level

LamE dB(A) | Event level by averaging over event time Tg

Lameev |dB(A) |Event level by averaging over event time T ey

LamEs dB(A) |Event level by averaging over event time Tk,

Lam.in dB(A) | Hourly averaging level for one vehicle pass per hour

Laminevt |dB(A) |Hourly averaging level for one vehicle pass per hour (array method)

LAm,th.corr dB(A) . Hourly averaging level corrected for number of sections (Equation (2))

Lam.ihr dB(A) |Hourly averaging level for one vehicle pass per hour (single microphone
method at reduced measurement distance)

LE me dB(A) |Mechanical proportion of emission level pursuant to /MSB-LSV/

Title High-speed Maglev System Design Principles
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Symbol |Unit |Meaning

LE e dB(A) | Aerodynamic proportion of emission level pursuant to /MSB-LSV/

L, dB(A) |Total rating sound level pursuant to /MSB-LSV/

ALam1n | dB(A) |Difference between the hourly averaging level (Equation (5)) taken at the
measuring point of the guideway test specimen and at the measuring point of
the reference concrete guideway

ALnpiss dB(A) |Difference between total rating sound level and corrected hourly averaging
level (Equation (4))

ALy dB(A) |Sum of sound level differences in the part section method according to /MSB-
LSV/

ALgec dB(A) |Sound level difference due to number of vehicle sections

a,b,c - Coefficients of a second grade equalising polynomial (Equation (3))

k - Running index in the part section method according to /MSB-LSV/

1 m Length of vehicle from nose tip to rear end

lx m Part section length

p Pa Sound pressure

R m Radius of route

S dB(A) | Correction level to allow for special features of lines

t S Time

t) S Time at start of averaging time Tg

thevl S Time at start of averaging time Tg .y (array method)

tir S Time at start of averaging time Tk, (single microphone method at reduced
measuring distance)

153 S Time at end of averaging time Tg

t2evi S Time at end of averaging time Tg .y (array method)

tor S Time at end of averaging time Tg, (single microphone method at reduced
measuring distance)

Tg s Averaging time for the event level

TE.evi S Averaging time for the event level (array method)

Ter S Averaging time for the event level (single microphone method at reduced
measuring distance)

Tm S Measuring time

v km/h | Vehicle velocity

Title High-speed Maglev System Design Principles
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Symbol | Unit

Meaning

Vo km/h | Reference velocity (vo = 100 km/h)
Term/ Meaning
Abbreviation

Emission location

Top guideway edge at guideway support centre in the measurement cross-
section according to /MSB-LSV/

Immission locati-
on

Location of a microphone or microphone array

Short laid length

Guideway test specimen of laid length > 24 m and <250 m

Maximum sound
level

Maximum sound level in time behaviour La(t) during passage of the vehicle

Measuring point

Immediate surroundings within range of emission and immission location

Measurement
cross-section

Plane through immission location with guideway as the normal

Maglev Technical Committee
Complete System
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Section With a vehicle unit assumed at approx. 25 m in length
TGE Top guideway edge
TETF Transrapid Emsland Test Facility

Acts, Orders, Standards and Directives

The normative documents listed in /MSB AG-NORM&RILI/ contain stipulations which be-
come part of the High-speed Maglev System Design Principles by virtue of reference in the
High-speed Maglev System Implementation Bases. When normative documents in /MSB AG-
NORM&RILI/ are dated, later amendments or revisions of these publications do not apply.
When references are undated, the most recent issue of the normative document referred to is
applicable.

The issue date of the Standards and Directives to be taken into account in a maglev project
shall be fixed with binding force for that specific project.

The abbreviations and definitions below represent specific abbreviations and definitions of
Design Principles Sound:

In this document particular reference is made to the Orders and Standards listed below.

Abbreviation Orders and Standards

/MbBO/ High-speed Maglev System — Construction and Operating Regulations
[Magnetschwebebahn — Bau- und Betriebsordnung — MbBO]
(Article 1 of the Maglev Construction and Operating Regulations)

/MSB-LSV/ Maglev System — Noise Abatement Order [Magnetschwebebahn — Larm-
schutzverordnung]
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(Article 2 of the Maglev Construction and Operating Regulations)

o /DIN EN ISO
3095/

Acoustics — Measurement of noise emitted by railbound vehicles

Identification and mandatory requirements

In compiling the present document, the regulations conforming to /DIN 820/ were applied by
analogy.
In the following chapters of this document

e requirements are denoted by regular font

e explanatory notes, guideline values and examples are denoted by italics.

Title High-speed Maglev System Design Principles
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Compiling a test specification

The contractor selected to take measurements and evaluate data for determination of the DF,
sound level differences of a new vehicle and the DF, sound level difference of a guideway test
specimen shall submit a test specification to the client. Before measurements are taken, this
shall be discussed and agreed with the competent supervisory and licensing authority or with
an expert appointed by same. The test specification shall contain the following essential
points:

e a statement to the effect that the measurement conditions at the planned measuring points
in the area of the reference concrete guideway and of the guideway test specimen conform
to the data specified in Chapter 0, particularly as regards the position of the immission lo-
cations,

e a statement to the effect that the acoustic condition of the vehicle to be used when taking
the measurements meets the requirements stipulated in Chapter 0,

e the submission of a flow chart guaranteeing the number and velocities of the vehicle pas-
ses for each measuring point required according to Chapter 0.

e alist of the measurement and data recording equipment anticipated for use, and

e proof of familiarity with the methods of data evaluation and determination of DF, and Dg,
sound level differences described in Chapter 0 and particularly in Chapter 0.

NB: The intended contractor shall in particular describe the details of his knowledge of the
measurement and evaluation methods used (see Chapters 0 and 0) to the Supervisory and
Licensing Authority or the appointed expert, a prerequisite being that the contractor has had
sufficient practical experience of these methods of measurement.
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Taking measurements

In the measurements described in this chapter to determine DF, sound level differences, i.e. of
Drz.me and D, 46, and of DF}, sound level differences, there shall be compliance with the gene-
ral terms of reference in Chapter 0. The following two chapters give further measurement
conditions relating solely to the determination of DF, sound level differences (Chapter 0) and
the determination of the DF}, sound level difference (Chapter 0). Here the Dy, value of a gui-
deway test specimen shall in principle be determined at only one measuring point at which the
line comprises a “long” extension of the test specimen guideway type (see Chapter 0). Should
this exceptionally be impossible since, as a prototype carrier, the guideway test specimen only
has a “short” laid length of typically between 25 and 60 m, Dg, shall be determined by means
of a single microphone method at a reduced measuring distance and by means of a method
using a microphone array. The special measurement conditions in this regard are described in
Chapter 0. Chapter 0 further gives the points required for all the measurement methods within
the measurement documentation framework.

General measurement terms of reference

When taking measurements on vehicles and guideways the following requirements, based on
/DIN EN ISO 3095/, shall be met for proof of sound emission. The general terms of reference
for measurements comprise requirements for measurement and immission location, the vehic-
les and their passes, the velocity classification and number of same, the weather conditions,
and data relating to measurement quantity and measuring equipment.

Requirements for measurement and immission locations

The terrain at the measuring location shall be open and level, at least on the side of the route
on which sound immission is measured. As little reflection as possible shall be ensured on the
away-facing side. There should be arable land and/or meadows in the area between guideway
and immission location; low growth is permissible. Sound propagation, interfering obstacles
and unacceptable reflecting surfaces are not permitted in the surroundings of the immission
location on the route side of the measurement for up to three times the measuring distance.
The measuring locations used shall only be sections in which the route runs straight (R >
10.000 m). Guideway banking of < 2° is permitted. In the area of the measuring location the
guideway must be constructed from the identical guideway type over a “long” extension. A
“long” extension means that the same guideway type is present for at least 125 m on either
side of the measurement cross-section.

The measuring location shall be selected so that the background noise can be ignored during
all vehicle passes. For this the A- and FAST-rated sound pressure level caused by interfering
sound sources shall be at least 15 dB(A) below the maximum sound level measured during a
pass and also the third-octave levels relevant to the maximum level shall be at least 15 dB(A)
above those of the background noise. Should it be impossible to comply with the requisite
sound level difference of 15 dB(A) due to an unforeseen sound event (e.g. overflying aircraft)
during an individual pass, the measurement in question shall be discarded and the pass repea-
ted as a matter of principle.
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Where the guideway to be tested is of the “long” extension type, the measurement cross-
section shall without exception be located centrally between two adjacent supports. The
measurement distance between guideway support centre and immission location projected

vertically to the ground in the measurement cross-section shall be 25 m.

The height of the immission location shall be:

e 3.5 m above ground at TGE heights of up to 7.0 m above ground,

e 3.5 mbelow TGE at TGE heights over 7.0 m above ground.

Requirements for vehicles and their passes

When taking measurements to determine the Dg, sound level differences, the vehicle shall be
in the acoustic condition corresponding to the operational application, or for which the DF,
sound level differences pursuant to /MSB-LSV/ are to be determined. As part of the determi-
nation of the Dgy, sound level difference the vehicle may also have a different acoustic condi-
tion during measurement, as prior to determining D, the Dg auxiliary variables (see Chap-
ter 0) of the current vehicle must he measured and then used. The vehicle length and number
of sections during the measurements described here are optional.

NB: Corrections in respect of number of sections are allowed for in the Dy, determination in
Chapter 0.

In all the measurements taken here the requirement is for passes at a constant velocity, in each
case in the range of 125 m plus half the vehicle length on either side of the measurement
cross-section. As previous experience has shown that the direction of travel, the section actu-
ally in front, the facing side of the vehicle and the loading condition of the vehicle have no
influence on the sound pressure level measured at the immission location, runs in different
directions and at different loadings may be used when determining Dy, and Dgy,. However, a
record shall be made of the direction of travel, the forward section, the facing side of the ve-
hicle and the loading.

With new vehicles a test shall be conducted (e.g. using design documentation and/or measu-
rements) to determine whether their sound emission is the same on both sides of the vehicle.
Where emissions differ according to vehicle side, the D, values of the vehicle shall be deter-
mined for the side of the vehicle with the higher sound emission. When emissions differ ac-
cording to vehicle side, the auxiliary variable Dg, pursuant to Chapter 0 and the Dy, value of
the guideway shall always be determined on the same side of the vehicle.

Velocity rating and number of passes

Each of the velocity ranges required to determine DF, and Dy, sound level differences is gi-
ven in Chapters 0 and 0. In every case, however, pass velocities shall be graduated in steps of
10 km/h. At least two runs shall be measured for each velocity step. At least three measure-
ments shall be taken at maximum velocity.
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Weather requirements

Wind speeds for immission location measurements shall not exceed 5 m/s. There shall be no
snow on the ground within the measuring point area. No measurements shall be taken when it
1s raining.

Measurement variable and measuring equipment

The measurement variable is the sound pressure p at the immission location. In each case the
measurement variable shall be recorded either as the time curve of the sound pressure p(t) or
as the time curve of the A- and FAST-rated sound pressure level La(t) over a sufficient mea-
surement period Ty Measurement commences when the noise of passage starts to be clearly
distinguishable from the background noise, and ends when the noise of passage is once again
masked by the background noise. The p(t) and La(t) time curves obtained for the individual
vehicle passes shall be evaluated as specified in Chapter 0.

The requirements for measuring equipment and the calibration thereof shall be those specified
in /DIN EN ISO 3095/. The entire equipment chain and the sound level meter shall be calibra-
ted on each measuring day before and after measurement. If the equipment chain is modified,
fresh calibrations shall be carried out before and after the modification. The calibration signals
shall be stored and the calibration process logged.

Additional measurement conditions for the
determination of D,

When taking measurements to determine the D, sound level differences, the following mea-
surement conditions shall be met in addition to the general requirements for measurements
stipulated in Chapter 0:

e The vehicle passes shall be measured at a measuring location at which the route comprises
the reference concrete guideway of construction phase 1 or 2 of the TETF, i.e. construc-
ted prior to 1989. A Dy value of 0 dB(A) is set for this type of guideway in /MSB-LSV/.

e Passes in the velocity range from 130 to at least 400 km/h shall be measured, i.e. subject
to the criteria of Chapter 0 the number of runs shall be at least 57.

Additional measurement conditions for the
determination of Dg,

The following measurement conditions shall be met in addition to the general requirements
for measurements in accordance with Chapter 0 when taking measurements to determine the
Dgy, sound level difference:

e [t is permissible to give the Dg, value of a guideway type for limited velocity ranges, na-
mely up to and including 300 km/h, from > 300 km/h up to and including 400 km/h and
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from > 400 km/h up to the maximum authorised guideway velocity. Passes on the guide-
way test specimen may therefore only be required in commensurately restricted velocity
ranges. Hence from case to case the velocity range in the measurements for the determina-
tion of Dg, may extend from 130 to 300 km/h, from 130 to 400 km/h or up to the maxi-
mum authorised velocity for the guideway. The relevant minimum numbers of passes are
obtained according to Chapter 0.

e Determination of the Dg, value assumes knowledge of the Dg,, 1.€. Drzgme and Drgiae
auxiliary variables of the vehicle which carried out the passes on the guideway test speci-
men. The Dg, values may actually be calculated from this vehicle’s existing measurement
data taken during the measurement of passes on the reference concrete guideway, but they
should preferably be determined by a new measurement taken just beforehand with this
vehicle on the reference concrete guideway (cf. Chapter 0). If relevant modifications were
carried out on the vehicle since the last sound emission measurement, the Dy, auxiliary
variables shall be re-determined. When determining Dgy, Dr,iy values shall refer to the ve-
locity range of up to at least 400 km/h, irrespective of any restricted velocity range.

Additional measurement conditions when
determining Dg, on short laid lengths of
guideway test specimen

With a guideway test specimen of “short” laid length, the D, value shall be determined by
means of the single microphone method at a reduced measuring distance and by means of the
array method, the stipulation being to take these measurements by both methods simultane-
ously.

There should be a slight deviation from the requirement that the measurement cross-section be
located exactly centrally between two adjacent supports if there is a reflecting object centrally
between the supports.

Measurement method with single microphones at a re-
duced measuring distance

When taking measurements with a single microphone on a “short” laid length of guideway
test specimen, the measuring distance shall be reduced in order to minimise the influence of
adjacent guideways of a different type; the measuring distance between the centre of the gui-
deway support and immission location in the measurement cross-section projected vertically
to the ground shall be 12.5 m if the laid length of the test specimen is > 49 m and <250 m,
and 6.5 m if the test specimen length is > 24 m and < 49 m. Furthermore, allowance shall be
made for the vertical directional characteristic of guideway and vehicle by means of simulta-
neous measurement at the required distance at two immission locations of different height, so
that two sound pressure signals p(t) and two sound level patterns La(t) must be recorded. The
heights of the immission locations shall be fixed as follows:

e the top immission location is at TGE level,
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e the bottom immission location is 3.5 m below TGE, but at least 1.0 m above ground.

Due to the “short” laid length of the guideway test specimen, the minimum range of the vehic-
le’s constant pass velocity is reduced to the actual length of the test specimen plus half the
vehicle length before and after the test specimen.

As the determination of the Dgy, value in Chapter 0 is based on a comparative measurement at
the reference concrete guideway, the measurements at the most recent measuring location
must be taken at the same reduced measuring distance as at the guideway test specimen, at
two immission heights corresponding to the TGE height of the reference concrete guideway.

NB: During passage of the vehicle, particularly at high velocities, instantaneous pressure fluctuations occur at the nose and rear
end area of the vehicle; these may produce signal saturation at immission locations 6.5 m away, so for this measuring distance
it is recommended that if necessary a high-pass filter with a limit frequency of approx. 20 Hz be inserted at the signal amplifica-
tion input.

Measurement method with a microphone array

To determine the Dgy, value of a guideway test specimen with a “short” laid length, a measu-
rement method with a microphone array is specified in addition to the method described in
Chapter 0. The array method serves to measure the Dgy, value of the immission location at a
distance of 25 m from the guideway support centre, i.e. at

e aheight of 3.5 m above ground for TGE levels of up to 7.0 m above ground and

e aheight of 3.5 m below TGE for TGE levels above 7.0 m above ground.

During measurement a linear, hence one-dimensional, array in horizontal and parallel orienta-
tion to the guideway is used, the central microphone of which is located in the measurement
cross-section. While the sound emissions of adjacent guideways of different design are cut out
by the strong horizontal directivity of this array, such an array has the characteristics of a sin-
gle microphone in the vertical direction, i.e. influences on the immission level are correctly
reproduced during measurement due to the vertical directional characteristic of guideway and
vehicle as well as due to ground reflection.

Lateral, and hence unwanted, portions of sound are sufficiently reduced by the array on recep-
tion if, when straight focussing centrally between two supports, the array resolution and the
width of the array main lobe in the object plane is a maximum of 5 m at a distance of 25 m.
Furthermore, with such a resolution for the suppression of the emissions of adjacent carriers, a
distance between the array main lobe and the secondary lobes, i.e. an array dynamic of at least
10 dB is required, as is obtained by a linear array even without shading.

As the resolution of an array depends greatly on the frequency, and the main lobe width
when straight focussing in the whole frequency range evaluated should deviate by no more
than +20 % relative to a mean value, the array configuration used here is a “box array”, i.e.

an array in which there are a number of sub-arrays. Each sub-array is designed for a definite
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frequency range, each of which has a mean resolution of 4 m in the object plane at a dis-

tance of 25 m.

Here the use of the array described below, the “WH10x array”, is mandatory as the implemen-
tation of an array satisfying the above requirements. By multiple use its total 27 microphones
are split into groups for 10 sub-arrays. Each sub-array comprises seven microphones, only the
sub-array with the smallest microphone distance of 4 cm comprises nine microphones.
Table 3 lists the microphone positions in the WH10x-Array, with microphone number 14 re-
presenting the array centre.

Microphone number Position [m] Microphone number Position [m]
1 3.52 15 -0.04
2 2.56 16 -0.08
3 1.92 17 -0.12
4 1.28 18 -0.16
5 0.96 19 -0.24
6 0.64 20 -0.32
7 0.48 21 -0.48
8 0.32 22 -0.64
9 0.24 23 -0.96
10 0.16 24 -1.28
11 0.12 25 -1.92
12 0.08 26 -2.56
13 0.04 27 -3.52
14 0 - -

. Table 0-1: Microphone positions in the WH10x array

As in measurements with single microphones, the requirements formulated in Chapter 0 apply
to the array microphones and their calibration. Because of the limited frequency range in array
measurements (125 to 8000 Hz in the WH10x array, see Chapter 0), the criteria in respect of
constancy and consistency of the amplitude and phase characteristics of the individual array
microphones must only be met in this limited frequency range.

Owing to the simultaneous signal detection of the 27 microphones in the WH10x array and at
least one further time signal which, due to a trigger mechanism (e.g. by means of a light bar-
rier), receives information on the vehicle position relative to the time signals of the array mic-
rophones and on vehicle velocity, at least a 28-channel, i.e. usually a 32-channel data acquisi-
tion system shall be used when taking measurements. At a minimum sampling frequency of
25 kHz per channel, required because of array technology, the storage capacity of the data
acquisition systems shall be designed to allow the continuous recording of signals over a time
span of up to 15 s. The deep pass filters required for each channel in A/D conversion shall be
designed at least as 2nd order filters with a limit frequency corresponding to the sampling
frequency selected.

The data acquisition system must allow the recorded signals to be checked immediately after
each measurement, i.e. vehicle pass (monitoring saturation, interference, adequate vehicle

pass lead time and wake time, etc.), so that the doubtful pass can be repeated if necessary.
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The data loss of at most one channel or microphone during recording can be tolerated, as

long as it is not microphone number 14 or the channel with the trigger signal.

As in the measurement procedure in Chapter 0, the array measurement shall also be carried
out both at the measuring location with the guideway test specimen and at the measuring loca-
tion with the reference concrete guideway, as the comparative data are needed for the deter-
mination of Dg, according to Chapter 0.

Documentation of measurement procedure

The measurement procedure shall be logged in the measurement report. This shall describe at
least the following:

e the purpose of the measurements,

e the measuring location with its acoustically relevant boundary conditions (on both si-
des of the route),

e the guideway type and its TGE height above ground in the measurement cross-section
as well as the extension of this guideway type on either side of the measurement cross-
section,

e the position of the immission location(s) with regard to distance from the guideway
support centre as well as the height(s) of the immission location(s) above ground,

o the vehicle, its number of sections and length, its loading condition and, if necessary,
data on acoustically-relevant modifications,

e the chronological sequence of measurements and passes, giving the vehicle velocity,
direction of travel, the lead section, the facing side of the vehicle, the loading and any
problems which may have occurred,

e the meteorological data during individual vehicle passes (temperature, air pressure,
atmospheric humidity, wind speed and direction), and

e the measuring equipment used, i.e. the equipment chain from microphones to data re-
cording equipment or sound level meters, giving details of calibration and calibration
times.

Further documentation requirements relating to data evaluation are given in Chapter 0 and to
the determination of D, and Dy, in Chapter 0.
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Evaluation of measurement data

After taking the measurements in accordance with Chapter 0, analog or digitally stored time
signals of the sound pressure p(t) or time curves of the sound pressure level La(t) over a suffi-
cient measuring time Ty in each case (see Chapter 0) are available for the determination of
both the Dg, sound level differences and the Dgy, sound level difference for specific numbers
of vehicle passes in each case. The evaluation of these measurement data is described in the
present chapter.

Calculation of hourly averaging level

The hourly averaging level Lamin shall be calculated for each pass measured and for each
immission location. First the event level Lam is calculated by averaging La(t) over the ave-
raging time Tg. Here Tg =1, - t; is the “event time”, which begins relative to a vehicle pass at
time t;, when the level L during the vehicle’s approach is for the first time 15 dB(A) below
the maximum level during the vehicle’s passage, and ends at time t,, when after the vehicle’s
passage the level L has for the last time faded by 15 dB(A) relative to the maximum level.
Figure 40 shows the measuring time Ty and the event time Tg with times t; and t; using the
example of a typical sound level curve La(t) during the passage of a vehicle.
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Figure 40: Explanation of measuring time Ty and event time Tg
. Schalldruckpegel = sound pressure level; Maximalpegel = maximum level; Ereigniszeit = event time;

Messzeit = measuring time; Zeit = time
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The hourly averaging level follows from the event level Lamg by adding the term
101g(Tg/3600 s), the result being mathematically rounded to one decimal place. The hourly
averaging levels Lam n thus calculated for one pass per hour in each case constitute the basis
for determination of the Dg, and Dy, sound level differences in Chapter 0.

Additional terms of reference for evalua-
tions with short laid lengths of guideway
test specimen

Separate terms of reference shall be observed with regard to evaluation of the sound pressure
signals p(t) or sound level patterns La(t) recorded by the measurement method using single
microphones at a reduced measuring distance according to Chapter 0 and by the array method
according to Chapter 0, as described in the following two chapters.

Data evaluation in the measuring method with single mi-
crophones at a reduced measuring distance

In the present measuring method the hourly averaging level Lam 1n is calculated in principle as
described in Chapter 0, but a reduced event time Tg, = ty, - t;, is introduced. Here t;, is the
time at which the vehicle nose reaches the guideway test specimen, and t,, the time at which
the rear end of the vehicle leaves the guideway test specimen. This definition of times t; , and
tyr ensures that during the event time at least one part of the vehicle is travelling over the gui-
deway tes