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PREFACE

The use of magnetically levitated (maglev) vehicles for high speed ground
transportation in the United States may become a reality within the next five years.
As a result of this development, there is a need to assess the safety of this new
guided ground transportation technology. This is the responsibility of the Federal
Railroad Administration (FRA), United States Department of Transportation, which is
charged with assuring the safety of maglev systems in the United States under the
Rail Safety Improvement Act of 1988.

With this in mind, the FRA has embarked on a multiyear research program to
establish the appropriate safety measures that should be applied to this new maglev
technology. During this research program it is intended that potential maglev
system developers and operators alike and state and local governments will be
provided with an awareness of the potential for the establishment of safety
requirements so as to minimize adverse economic impact later in any maglev project
development. Any “findings” reported as a result of this research program should
not be construed as having the force of law or regulation, but rather merely of an
advisory nature.

This report is the first in a series of reports that will address maglev transportation
safety and the Federal role in assuring it. Future reports will cover, in addition to the
Transrapid electromagnetic technology, such areas as the review of foreign maglev
safety standards, operations and maintenance guidelines, and safety verification test
requirements related thereto. Both electromagnetic and electrodynamic maglev
technologies will be covered by this multiyear program.

This report presents a preliminary safety assessment and its methodology as applied
to a review of the Transrapid TR-07 maglev technology and notes areas of concern
relative to maintaining acceptable levels of system safety. The various technology
areas represented in the maglev system and their related standards, regulations and
guidelines are listed. Both foreign and domestic information sources are utilized.

Subject areas that may require regulatory modification or development for this new
technology are also covered.
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1. INTRODUCTION

This interim report presents the results of a preliminary safety review of the
Transrapid maglev system for the Office of Research and Development of the
Federal Railroad Administration. The review was directed at identifying, in a peer
review manner, safety issues presumed to exist at the time of this review and the
hazards which potentially lead to them. The interim report reviews relevant Federal
regulations and industry practices in the U.S. and compares them to the proposed
foreign standards that are to be met by the Transrapid technology for its application
in the Federal Republic of Germany and prior to export. The proposed foreign and
existing domestic U.S. standards are compared for their similarities, differences,
appropriateness, applicability, and missing provisions with respect to the maglev
transportation system technologies involved. Included are recommendations, based
on research "findings," for new regulatory efforts, modifications to existing
regulations and the adoption of standards from other industries that may be used to
address the safety issues identified up to this point. The "findings" should not be
construed as having the force of law or regulation.

1.1 THE FEDERAL RAILROAD ADMINISTRATION ROLE IN REGULATING MAGNETIC
LEVITATION SAFETY

The Railroad Safety Act of 1970 includes the following declaration of purpose:
"promote safety in all areas of railroad operations ...". In the Act, the Secretary of
the U.S. Department of Transportation (USDOT) is charged to "prescribe, as

necessary, appropriate rules, regulations, orders and standards for all areas of
railroad safety ...".

The Rail Safety Improvement Act of 1988 made clear the jurisdiction of the Federal
Railroad Administration (FRA) by defining the term railroad to include: "all forms of
non-highway ground transportation that run on rails or electromagnetic guideways,
including (1) commuter or other short-haul rail passenger service in a metropolitan
or suburban area” and "(2) high-speed ground transportation systems that connect

metropolitan areas without regard to whether they use new technologies not
associated with traditional railroads."
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1.1.1 FRA Requlations

The FRA promulgates the necessary regulations to achieve its charter. These
regulations are published in the Code of Federal Regulations (CFR) and currently are
comprised of CFR, Part 49: parts 173, 174, 179, and 200 through 268.

The regulations in the CFR that relate to safety issues tend to be technology specific
and adopted from years of railroad operating experience. Nevertheless, some of
these regulations can either be specifically applied or their intent adopted to other
types of guided ground transport technologies, such as maglev.

In addition to the regulations in the CFR, the FRA also relies on industry standards
and practices such as the Association of American Railroads' (AAR) Manual of
Standards and_Recommended Practices and Field Manual of A.A.R. Interchange
Rules, and the American Railway Engineering Association's (AREA) Manual for
Railway Engineering. These industry standards tend to be of a detailed specification
nature relating to conventional railways and are not performance based. Thus to
apply them to other technologies, such as maglev, may, in most cases, prove difficult.

1.1.2 Other U.S. Federal Agencies and U.S.Industry Standards

In addition to FRA standards, other potentially relevant standards for transportation
systems with similar attributes exist, both in other Federal regulations and in
industry standards. For example, the Federal Aviation Administration (FAA) has
windshield strength standards for airplanes that, although different from the FRA's
standards for locomotive windshields, may have some relevance to maglev. Some of
the Urban Mass Transportation Administration's (UMTA) emergency preparedness
procedures recommended for rail transit systems may also be relevant. Various
Department of Defense (DOD) specifications such as MIL STD 882B, System Safety
Program Requirements, also contain valuable information that may be applicable.

Industry standards (as well as FAA standards) in areas such as software verification

and control for "fly-by-wire" planes may be applicable to the automated control
systems required by maglev vehicles.
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1.2 PROJECT BACKGROUND

Transrapid maglev technology is currently under consideration for application in
several different corridors in the United States as well as Germany. A proposal to use
the technology in a demonstration project in Florida is the most advanced of the
various projects.

1.2.1 The Florida Magnetic Levitation Demonstration Project

In 1984, the Florida legislature established the Florida High Speed Rail
Transportation Commission (FHSRTC). The FHSRTC was charged to “implement the
innovative mechanisms required to effect the joint (public-and-private) venture
approach to planning, locating, permitting, managing, financing, constructing,
operating, and maintaining an interregional high-speed rail line for the state,
including providing incentives for revenue generation, operation and management
by the private sector.” In 1988, the Florida legislature passed the Magnetic
Levitation Demonstration Act and assigned responsibility for this effort to the
FHSRTC as well.

As a result of this act, proposals to provide a maglevdemonstration project in Florida
were solicited. The only bidder to respond to the request for proposals for a
magnetic levitation demonstration project was Maglev Transit, Inc. (MTl) of Orlando,
Florida. MT! is a team of companies which includes the Forum for Urban
Development and Transrapid International (itself, a consortium of Thyssen Henschel,
Kraus Maffei and Messerschmitt-Bolkow-Blohm).

MTI's proposal is to link the Orlando International Airport to a point west southwest
of the airport on International Drive (a length of approximately 13.5 miles) with a

maglev system utilizing the Transrapid maglev technology. The guideway proposed
will be elevated for the majority of the route.

1.2.2 The Florida Certification Process

The FHSRTC is charged with reviewing the project proposals responding to the
requirements of the Magnetic Levitation Demonstration Act for compliance with the
requirements of the act. The FHSRTC has held public hearings to gather input as to
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the concerns about the project from a wide variety of impacted people and
businesses and special interest groups. After the modification of the route in March
of 1990, the commission has forwarded their conditional recommendation for
approval for certification, to an independent hearing officer. Additional public
hearings will be held and the recommendation of the hearing officer forwarded to

the Governor and Cabinet which will make the decision as whether or not to issue
the certification.

If the certification is issued, MTI will be expected to provide additional information
to the FHSRTC. Items such as emergency response plans, operator training plans,
operations and maintenance policies and the like will be required. This information
is fundamental to a complete safety assessment of the system, thus any

assessment, such as this, can only be preliminary in nature until all aspects have
been covered.

1.2.3 Safety Programs Required by the FHSRTC

The FHSRTC has recommended that a variety of specific conditions of certification be
imposed on MTI. Some of these recommended requirements are of interest in the
area of design and operational safety of the maglev system. These
recommendations include requests for additional information on items such as
failure-mode analysis and information on the testing of TR-06 and TR-07. Also, prior
to final operational approval, items such as operational, maintenance, and
emergency evacuation plans will be required of MTI.

1.3 OTHER POTENTIAL INSTALLATIONS OF TRANSRAPID TECHNOLOGY

In addition to the Florida demonstration project, Transrapid maglev technology may
be applied in several other corridors such as the Los Angeles (Anaheim) to Las Vegas
route and the Pittsburgh to Harrisburg route.

The potential for use on longer intercity routes adds some safety issues to be
addressed that are not directly relevant to the Florida demonstration project. These
include items such as the implications of double track or single track guideways with
long passing siding operation; the high speed passing of maglev trains both in the
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open and in tunnels; the entering of tunnels by vehicles at high speed; and the
traversing of maglev switches at high speed.

Another major difference in any of these other systems will be the need for the
control system to be capable of safely handling more than one moving train on the
guideway at one time. Issues such as how multiple trains are safely brought to a halt
and evacuated if necessary, during an emergency systemwide shutdown must be
considered for such applications of the technology.

These generic Transrapid safety issues are addressed in this report and will be
addressed in a subsequent interim report on the review of the draft German maglev
safety standards.

1.4 TRANSRAPID GERMAN SAFETY CERTIFICATION

Independent of the proposed U.S. applications, the Transrapid maglev system is
undergoing safety certification in the Federal Republic of Germany (FRG) for both in
country use and for export. TUV Rheinland, a safety certification group in the FRG, is
responsible for certifying the safety of the unique technology aspects (excluding
operation and maintenance) of the Transrapid maglev. Much of this certification is
being conducted at the Transrapid Test Facility (TVE) in the Emsland region of the
FRG.

The Transrapid Test Facility is operated by an independent test organization, IABG,
for the Versuchs- und Planungsgesellschaft fur Magnetbahnsysteme, (the Test and
Planning Organization for Maglev Train Systems) MVP, a group founded in 1984 by
the German national airline, Lufthansa, the German Federal Railway, (DB) and IABG
at the instigation of the German government and with support from the Federal
Ministry for Research and Technology. IABG was established jointly in 1961 by the
Federal Ministry of Defense and the German Aerospace Industry.

It is understood that technology-specific matters relating to operational and
maintenance procedures are to be the responsibility of the proposed operating
authority and based upon recommendations provided by the Transrapid system

developers. The status of these materials as they relate to safety are unknown at
the time of this report.
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Currently the TR-07, the vehicle planned for revenue service, is undergoing the final
stages of certification testing at the Transrapid Test Facility in Emsland, Germany. It
is expected that all systems, except for the automatic control system, related to the
TR-07 maglev system, including the vehicle, guideway, switches, and control systems
will be safety certified by German authorities by June of 1991. Testing, approval and
licensing will be determined by the Ministry of Economics and Transportation of
Lower Saxony based on the final report of TOV on certification of the TR-07 system.

1.5 REPORT STRUCTURE

Section 2 of this report describes the safety evaluation approach applied to the
review of the Transrapid system. Section 3 describes the current Transrapid
technology in some detail. Section 4 lists the potential maglev safety issues
identified to date. Section 5 reviews the risk assessment of the identified safety
issues. Section 6 proposes resolution options for the identified hazards, including a
listing of areas where modified or new Federal regulations need to be developed.
Section 7 presents the conclusions of this review and provides recommendations on
potential rule-making options.

Appendices are included that list the safety issues and the various regulations,
standards and guidelines that are relevant to specific technology areas.
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2. SAFETY EVALUATION APPROACH

The safety goal of a transportation system should be to provide patrons and
employees with the highest level of safety practical. Achieving this goal requires
that safety be a primary consideration throughout the system life cycle. Safety
hazards must be identified and resolved during the acquisition (concept definition,
design, construction, and inspection/testing/certification) and operations (operation,
training, maintenance, modification, and disposal) phases of the system life cycle.
Various analysis methodologies may be employed to examine portions of the system
and evaluate the level of safety provided in the phases of the life cycle. The safety
analysis methodology employed in this evaluation is the System Safety Concept. This
section describes its application to Transrapid.

2.1 THE SYSTEM SAFETY CONCEPT

System safety is the application of special technical and managerial skills to the
systematic, forward-looking identification and control of hazards throughout the
life cycle of a project, program, or activity (Roland and Moriarty,1983). This
approach calls for safety analyses and hazard-control activities throughout the life
cycle of a system, beginning with the preliminary design phase and continuing
through the operation phase. Figure 2-1 illustrates the types of system safety
activities which should be conducted through the design and operations phases to
ensure that safety is an integral part of the system.

The advantage of applying the system safety approach is that it provides the
opportunity to identify hazards early in the life cycle and then recommend and
request any design and operational modifications necessary to ensure safety. Doing
this prior to system development, construction, and operation will serve to enhance
safety and minimize cost. As applied to the maglev system, the focus at this early,
pre-production stage, is on the prevention of accidents by eliminating and/or
controlling safety hazards in a systematic manner. This preventive approach,
through the most effective use of resources, will serve to reduce the risks from
system hazards to the lowest practical level.

It should be noted at the outset that a system safety analysis is not the same as
failure analysis. This distinction is important, because a hazard involves the risk of
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loss or harm, while a failure does not always result in loss or harm, unless it is a
“critical” single-point failure on the "Safety-Critical Items List" (SCIL). The System
Safety approach employs the Hazard Resolution Process, depicted in Figure 2-2, from
the Acquisition phase through the Operations phase of the particular system. This
hazard resolution process should be followed in order to ensure that passengers,
the operating personnel, and the public are provided with the highest degree of
safety practical.

2.1.1 System Definition

The first step in the hazard resolution process is to define the physical and functional
characteristics of the system to be analyzed. These characteristics are presented in
terms of the major elements which make up the maglev system:

Equipment and facilities,
Procedures,

People, and
Environment.

A knowledge and understanding of how the individual system elements interface
with each other is essential to the hazard identification effort. Section 3 of this
report briefly describes the reference maglev system, organized in terms of the
design of subsystems, the people, and operational procedures.

2.1.2 Hazard ldentification

The second step in the hazard resolution process involves the identification of
hazards and the determination of their causes. When identifying the safety hazards
present in a system, a major concern is that only a portion of the total number of
system hazards have been identified. The type and quality of the hazard analysis will
influence the total number of hazards identified. There are four basic methods of
hazard identification that may be employed to identify hazards. These methods are:

®  Analysis of operating experience or data from previous accidents (test
data, case studies).
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DEFINE THE SYSTEM

DEFINE THE PHYSICAL AND FUNCTIONAL CHARACTERISTICS AND UNDERSTAND AND
EVALUATE THE PEOPLE, PROCEDURES, FACILITIES AND EQUIPMENT, AND THE

ENVIRONMENT

IDENTIFY HAZARDS

¢ IDENTIFY HAZARDS AND UNDESIRED EVENTS
° DETERMINE THE CAUSES OF HAZARDS

~~

ASSESS HAZARDS

®  DETERMINE SEVERITY
®  DETERMINE PROBABILITY
®  DECIDE TO ACCEPT RISK OR ELIMINATE/CONTROL

~~

RESOLVE HAZARDS

®  ASSUMERISK OR

° IMPLEMENT CORRECTIVE ACTION
- ELIMINATE
- CONTROL

~~

FOLLOW-UP

o MONITOR FOR EFFECTIVENESS
° MONITOR FOR UNEXPECTED HAZARDS

FIGURE 2-2. HAZARD RESOLUTION PROCESS
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®  Scenario development and judgment of knowledgeable individuals
(expert opinion, or the Delphi Approach).

° Use of generic hazard checklists (Appendix B).

° Formal hazard analysis.

Section 4 describes how these methods were employed in the hazard resolution
process and presents the key hazards identified for a representative maglev system.

2.1.3 Hazard Assessment

The third step in the hazard resolution process is to assess the identified hazards in
terms of the severity of the expected consequence (C) and the probability (P) of
occurrence.

To accomplish this, the qualitative hazard and safety risk ranking procedure is used
as outlined by the Defense Department in Military Standard: System Safety Program
Requirements (Mil-Std. 882B). Mil-Std. 882B, Figures 2-3 and 2-4 show the ranking
criteria. Figure 2-3 contains four severity categories and provides a general
description of the characteristics which define the event. Figure 2-4 lists the
qualitative ranking of probability categories and describes the characteristics of each
level.

The Hazard Risk Index (HRI), presented in Figure 2-5 is a value derived by considering
both the severity and the probability of a given hazardous event. The HRI presents
the hazard analysis results in a format useful to the decision maker in determining
whether hazards should be eliminated, controlled, or accepted (i.e., 1 =
Unacceptable). This provides a logical basis for managefnent decision making,
considering both the severity and probability of any individual hazard in a weighted
fashion.

Sometimes the hazard can be completely eliminated through a design change, or via
changes in and restriction on operating procedures. The probability, and therefore
the risk, can normally be greatly reduced by incorporation of safety devices, warning
devices, prevention procedures, and personnel training, or a combination thereof.
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The potential severity of a hazard also can be reduced by mitigation and control
measures (e.g., fire extinguishers and sprinklers to control a fire once it occurs).

Section 5 further explains how the maglev system hazards identified in Section 4,
were evaluated in terms of their severity and probability.

CATEGORY SEVERITY CHARACTERISTICS

I CATASTROPHIC DEATH OR SYSTEM LOSS

i CRITICAL SEVERE INJURY, SEVERE
OCCUPATIONAL ILLNESS, OR MAJOR
SYSTEM DAMAGE

n MARGINAL MINOR INJURY, MINOR
OCCUPATIONAL ILLNESS, OR MINOR
SYSTEM DAMAGE

v NEGLIGIBLE LESS THAN MINOR INJURY,
OCCUPATIONAL ILLNESS, OR
SYSTEM DAMAGE

SOURCE: MIL-STD-882B

FIGURE 2-3. HAZARD SEVERITY CATEGORIES
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DESCRIPTION* | LEVEL

SPECIFIC INDIVIDUAL ITEM

FLEET OR INVENTORY**

FREQUENT A

PROBABLE B

OCCASIONAL C

REMOTE D

IMPROBABLE E

LIKELY TO OCCUR FREQUENTLY

WILL OCCUR SEVERAL TIMES IN LIFE
OF AN ITEM

LIKELY TO OCCUR SOMETIME IN LIFE
OF AN ITEM

UNLIKELY, BUT POSSIBLE TO OCCUR
IN LIFE OF AN ITEM

SO UNLIKELY, IT CAN BE ASSUMED
OCCURRENCE MAY NOT BE
EXPERIENCED

CONTINUOUSLY EXPERIENCED

WILL OCCUR FREQUENTLY

WILL OCCUR SEVERAL TIMES

UNLIKELY, BUT CAN REASON-
ABLY BE EXPECTED TO OCCUR

UNLIKELY TO OCCUR, BUT
POSSIBLE

DEFINITIONS OF DESCRIPTIVE WORDS MAY HAVE TO BE
MOTITIFD BASED ON QUANTITY INVOLVED
Y THE SIZE OF THE FLEET OR INVENTORY 5HOULD BE OEFINED.

SOURCE: MIL-STD 882B

FIGURE 2-4. HAZARD PROBABILITY CATEGORIE"
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"
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v
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HAZARD RISK INDEX
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FIGURE 2-5.
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2.1.4 Hazard Resolution

After the hazard assessment procedure is completed, hazards can be resolved by
deciding to either assume the level of risk associated with the hazard, or to eliminate
or control it. Various means can be employed to reduce the risk level to a threshold
acceptable to management. Figure 2-6 presents a process for hazard reduction
precedence that can be used to determine the extent and nature of preventive
actions that can be taken to reduce risk to an acceptable level. Resolution strategies
or countermeasures in order of preference include the following:

Design to Eliminate Hazards

This strategy generally applies to acquisition of new equipment or expansion of
existing systems; it also can be applied to any change in equipment or individual
subsystems. In some cases, hazards are inherent and cannot be eliminated
completely through design.

DESIGN TO
ELIMINATE
HAZARD
No[ DESIGNTO
CONTROL
HAZARD
YES ‘

PROVIDE

SAFETY

DEVICES

YES NO| PROVIDE
PROVIDE HAZARD - PROVIDED? WARNING
ASSESSMENT PACKAGE DEVICES
FOR MANAGEMENT *
CONCLUDE HAZARD NO PROVIDE
ANALYSIS » YES PROVIDED? SPECIAL
PROCEDURES
OR TRAINING
ves NOl Azaro OB
-« )

PROVIDED? DISPOSE OF
THE SYSTEM

Source: Roland and Moriarty System Safety Engineering and Management. 1983

FIGURE 2-6. HAZARD REDUCTION PRECEDENCE
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Design for Minimum Hazards

A major safety goal during the system design process is to include safety features
that are fail-safe or have capabilities to handle contingencies through redundancies
of critical elements. Complex features that could increase the likelihood of hazard
occurrence should be avoided. Damage control, containment, and isolation of
potential hazards, along with gradual system performance degradation, should be
specified through system safety inputs. The safety inputs should be implemented in
addition to other traditional design considerations. '

Safety Devices

Known hazards which cannot be eliminated or minimized through design may be
controlled through the use of appropriate safety devices. This could result in the
hazards being reduced to an acceptable risk level. Safety devices may be a part of
the system, subsystem, or equipment.

Warning Devices

When it is not possible to preclude the existence or occurrence of an identified
hazard, visual or audible warning devices may be employed for the timely detection
of conditions that precede the actual hazard occurrence. Warning signals and their
application should be designed to minimize the likelihood of false alarms that could
lead to creation of secondary hazardous conditions.

Procedures and Training

When it is not possible to eliminate or control a hazard using one of the
aforementioned methods, safe procedures or emergency procedures should be
developed and formally implemented. These procedures should be standardized
and used in all test, operational, and maintenance activities. Personnel should
receive training to carry out these procedures.

Hazard Acceptance/ System Replacement/ Disposal

When it is not possible to reduce a hazard by any means, a decision must be made to
either accept the hazard or replace/dispose of the unsafe system.
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For this report, risk reduction countermeasures were developed to address the
maglev undesired events, as identified in the hazard scenarios and hazard checklists,
and formal analyses (Section 4). Section 6 assesses hazard control or countermeasure
effectiveness; and discusses options for maglev safety hazard resolution and the
type of FRA regulatory safety requirements are recommended.

2.1.5 Follow-up

The last step in the hazard resolution process (Fig. 2-2) is follow-up. It is necessary to
monitor the effectiveness of recommended hazard prevention and control
measures, and to ensure that new hazards are not introduced as a result. In
addition, whenever changes are made to any of the system elements (equipment,
procedures, people, and/or environment), a hazard analysis should be conducted to
identify and resolve any inadvertently introduced new hazards.

2.2 APPLICATION OF SYSTEM SAFETY TO PROPOSED MAGLEV SYSTEMS

Implementing the system safety concept is, in essence, implementing a hazard
management program. The implementation of a hazard management program
throughout the life cycle of a transportation system will result in a system in which
the hazards have been eliminated or minimized. For a transportation system in
Germany, the approach to providing safe transit is that each such system must be
licensed and certified to operate. This is accomplished by an independent
organization that examines and certifies the system. The certification process has
been applied by TOV Rheinland to the Emsland test facility and is called
“Investigation into Safety Features in a Project Accompanying Way" (ISPAW) or
Program Accompanying Safety Certification (PASC). This approach is similar to the
System Safety approach in that it is initiated in the program acquisition phase and
continues into the operational phase of the system. System operation is the
responsibility of the system operator. This approach may be employed for the
proposed maglev system in Florida with ISPAW. The developer is provided with
performance-oriented safety goals that are to be achieved. TUV Rheinland will
certify the accomplishment of these goals. At present, TUV is developing a maglev
safety standard. Maglev systems are currently being operated in non-revenue
service in Germany, but no maglev-specific standards exists as yet. The standard
presently in development will require certification in the following 12 topic areas:
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System Properties, Especially Safe Levitation.
Power Plant, Suspension.

On-Board Energy Systems.

On-Board Management System.

Load Assumptions.

Strength and Stability Safety Certification.
Construction Manufacturing and Quality Assurance.
Switch.

Operations Management Technique.
Lightning Protection, EMI/EMC, ESD.

Fire Protection.

Rescue Concept.

These areas are directed only at the maglev technology-specific safety operations
that have been selected by TUV Rheinland based on its experience. The Transrapid
system presently undergoing tests is being employed as the vehicle for the
development of a maglev standard.

Recognizing that no maglev-specific standard existed during the design and
construction phase of the Transrapid system, the system developer must work to
design and manufacture a system in which there will be a minimum of hazards.
Producing a system with minimum hazards requires that the developer identify and
address potential safety hazards to ensure they do not result in unsafe conditions.
From a designer and manufacturer’s perspective, this can be accomplished by a series
of hazard analyses which are intended to identify and resolve the potential hazards
that may result in the unsafe conditions.

Notwithstanding the above, for the proposed maglev system, the developer should
be required to conduct a series of safety analyses to provide some assurance that the
potential system hazards have been identified and resolved.

Recognizing the present lack of a comprehensive standard for maglev systems, the
system safety approach will nonetheless provide a clear and concise understanding
of the safety hazards present in maglev operations. This approach also allows for
the recognition and resolution of how unacceptable hazards may be addressed.
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3. SYSTEM DESCRIPTION

As described by Heinrich and Kretzschmar (1989) and Maglev Transit, Inc. (1989) the
Transrapid TR-07 maglev system is an electromagnetically suspended transportation
system designed for cruising speeds of 400 to 500 km/h (250 to 312 mph). it operates
with an air gap of 8 mm (0.315 in.) and uses magnetic attractive forces for both
suspension and guidance. The magnetic suspension system follows the guideway
and employs a secondary air-suspension system to improve ride quality. The system
uses a linear synchronous motor (LSM) constructed as an integral part of the
long-stator guideway to provide the vehicle propulsion.

The TR-07 train is comprised of multiple-articulated sections, each section having a
length of 25.5 meters, a weight of 45 metric tons, and a payload capability of 16
metric tons (98 passengers per section). Trains can be configured for bidirectional
operation (with an operator’s control station at each end) and expanded in length
by adding additional sections (without the operator's console) between the end
sections.

The TR-07 proposed for commercialization in the United States is similar to the
earlier TR-06, but includes improvements emanating from the high-speed tests of
the TR-06 at the Transrapid Test Facility. Examples of design changes are better
vehicle streamlining, lower vehicle mass, a reconfiguration of the primary and
secondary suspension and improved electronics/control systems and related
hardware. While the technical changes did not represent major departures in
engineering design, they were sufficient to preclude automatic certification of the
TR-06 subsystems for use in the TR-07. Few changes have been made in the civil
aspects of the Transrapid guideway since introduced, and most guideway
certifications for the TR-06 continue to be valid for the TR-07. However, certain
functional elements of the guideway such as the stator pack fastening system have
been changed and must be recertified. In addition, a new “"double span"” 50-meter
steel section is being certified at the test facility.

The Transrapid vehicle uses a suspension system that wraps around the guideway in
a manner that effectively captures the guideway. An important vehicle design
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feature is the uniform distribution of suspension and guidance magnets over the
length of the vehicle. This produces an even loading of the guideway with
potentially less stress in the guideway girder.

Transrapid's guideways are typically elevated and use welded steel or concrete
girders of nominally 25 to 50 meters span length. Column support substructures are
either A-shaped or slim-line ("H") concrete pillars. In special sections of the
guideway, at-grade guideways are used with 12 meters approximate span length.
Final fitting of the beams onto the guideway supports is performed on-site using
computer-aided measurements.

Computer-based technologies are used in the design, construction, and installation
of the Transrapid guideway. The guideway route and guideway fabrication and
alignment are optimized for lowest cost and best vehicle ride quality. The use of
computer-integrated manufacturing techniques plays a major role in achieving high
precision guideway installation.

The central control facility maintains automated control of the train operations
during normal conditions and most emergencies. Longitudinal (propulsion) control
of the vehicle is maintained by varying the excitation voltage and frequency of the
guideway linear synchronous motor. The detection of vehicle position and the
transmission of data/voice information is accomplished by on-board vehicle
electronics and devices; other functions, such as route control, vehicle control,
station supervision and control, and communications are maintained through
decentralized wayside equipments but coordinated by the central control facility.

Failure-tolerant operation is an important requirement for acceptance of the high
speed maglev system. To achieve fault-tolerant operation at these speeds,
automatic control is essential. System components must have high
mean-time-between-failure (MTBF). Critical circuits must be made sufficiently
redundant to ensure high system reliability.

3.1 SYSTEM OPERATIONS

The Operational Control System (OCS) is designed to ensure the safety, control, and
effective supervision of maglev operations. The functions performed by the OCS
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include six major categories: protection, control, supervision, data transmission,
passenger information, and peripheral systems. All these functions are required for
operations although vehicle protection and the related control and data
transmission functions are the most critical ones for ensuring system operational
safety.

The OCS functions are both spatially and functionally distributed throughout the
system, as illustrated in Figure 3-1. The magnetic guidance, levitation, and on-board
brake are vital core functions which are critical to the rescue strategy and are located
on-board the vehicle. Other vital on-board vehicle functions include vehicle
location, and vehicle protection and control. The vehicle detection functional
element determines the vehicle position, travel direction, speed, acceleration and
deceleration; while the vehicle protection and control functional element processes
vehicle detection data, status and error messages, and monitors on-board
equipment including the braking subsystems. Data transmission is critical for normal
system operation, but it is not a vital link and allowances for its failure are made.

flexible switch
N

L

ﬁ)..

) 4
decentral protection
mnsnlulo& / and control

FIGURE 3 -1. TRANSRAPID OPERATIONAL CONTROL SYSTEM

Functions peripheral to the core functions are spatially distributed between the
trackside equipment and the vehicle. Decentralized and centralized wayside control
functions for route control, vehicle control, station supervision and control, and
communications are used. The important fail-safe control and protection functions
are delegated to wayside (trackside) units, which includes the trackside interfaces to
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power stations for the propulsion/brake control, and to the vehicle for the safe
hovering system. Less critical functions, such as the monitoring and supervision of
systems operations for the automatic speed/position control, are assigned to the
central control facility.

The speed control required to maintain safe operating distances between vehicles is
executed by means of the long-stator, linear propulsion system which is arranged in
sections. By separate and alternate power feeding of the left and right sections of
propulsion system windings, additional propulsion reliability is achieved.

3.1.1 Safe Hovering

Uncontrolled vehicle contact with the guideway is considered unacceptable. The
manufacturer has designed a system to preclude total loss of either the levitation or
guidance system. The TUV Rheinland High-Speed Maglev Trains Safety
Requirements state that the vehicle levitation and guidance functions will not be
lost for any combination of system failures, and that the vehicle will maintain its own
suspension until it is brought to a stop by either the central control or its own
internal control system.

Safe hovering (levitation) requires a high level of reliability. The design attempts to
achieve this reliability for somé subsystems through redundancy and minimum
values of mean-time-between-failures (MTBF) of critical components. The
manufacturer uses highly independent redundant systems for both levitation and
guidance.  Each magnet has an individual control system with redundant gap
sensors. The gap sensors are offset such that only one of the gap sensors will sense a
guideway longitudinal beam gap at any one time. This eliminates errors which
might otherwise be introduced by discontinuities (expansion joints) between the
individual guideway beams.

The Transrapid safe hovering concept requires that the vehicle comes to a stop only
at guideway locations where auxiliary power and evacuation means are provided.
The following five requirements are listed by the developer as necessary to ensure
“safe stopping areas” are always reachable.



(1) The vehide must develop sufficient velocity before leaving a station so that it
can reliably coast to the next allowed stop location. This requirement is met by
evaluating the vehicle condition at a checkpoint within the vehicle acceleration
zone. If the vehicle has enough velocity (kinetic energy) to reach the next stop point,
it is allowed to continue. If not, then it is braked to a stop at a station or at an
auxiliary point outside that zone.

(2) The vehicle must be able to reach that next allowable stop location independent
of the wayside power system (i.e., relying solely on an on-board energy supply).
This requirement is met by assuring sufficient energy is available from batteries and
linear generators to control levitation, braking, and other loads before the vehicle is
dispatched from the station. According to the TUV Rheinland High-Speed Maglev
Trains Safety Requirements, Folio 2, the required energy must be able to be supplied
by any two of the four battery systems. Thyssen-Henschel has reported that two
battery systems can supply all loads including air conditioning, lights, etc., for 7 1/2
minutes without auxiliary power.

(3) The vehicle safe hover and safe stopping systems must have the required
reliability, with electrical and physical autonomy, to limit the risk of multiple
failures to an acceptably low level. This requirement is met by validating the
electrical and mechanical systems through design, analysis, and test to eliminate the
probability of systemic failures. Once the design is validated, failure mode and
effect analyses are performed to assure that subsystems fail in safe modes and do
not jeopardize the vehicle functional safety.

(4) The vehicle must be able to bring itself to a safe stop ata safe stopping location
without any input or guidance from the central control system. This requirement is
met by incorporating position location tracking and control software in the vehicle
control system. Should wayside communications fail, the vehicle control system
takes control and brakes the vehicle by means of an independent second brake. The
wayside control then shuts down propulsion immediately.

(5) The vehicle control system must have the reliability to assure safe operations
independent of the central control system. This requirement is met by redundancy
within the vehicle. Two redundant microprocessor-based systems are used for
vehicle control. Each system contains three channels which are continuously
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monitored. Loss of one channel in either system is tolerated. A second channel
failure in one unit leads to a stop at the next stop location.

3.1.2 Automatic Train Control (ATC) Ogérations

The Transrapid signal and control system is a fully automated control system
designed to ensure train operating safety. It serves the two basic functions of (1)
providing a safe and unobstructed travel path, i.e., route integrity, and (2)
maintaining vehicle speed within designated operating specifications, i.e., safe
speed enforcement.

The signal and control system is a SIMIS (Siemens Corp.) based control system
referred to by the German acronym as the BLM. The SIMIS hardware system has
been approved by the German Federal Railways (DB), so that TUV Rheinland does
not intend to recertify it. (TOV Rheinland will, however, certify the control system
software through software validation analyses and tests.) Currently the BLTII, a
subquantity of the BLM, is undergoing certification tests at the Transrapid Test
Facility in Emsland for conformance with the TUV Rheinland High-Speed Maglev
Trains Safety Requirements, Folios 4, 8, and 9 (On-board ATC, Switch, and
Operational ATC Technology). On-board ATC is defined as all the functions and
installations of the operational and vehicle control systems that are located on the
vehicle. Switch includes all security functions concerned with the movement of the
bending switch (i.e., synchronism of the switch positioning motors) and the end
switch terminal position(s). Operational ATC technology is defined as the functions
and installations whose purpose is the safety, control, and supervision of vehicle
operations, as well as intercommunication between them.

Speed Control (Safe Speed Enforcement)

The Transrapid control system relies on various microprocessors at the central
control, at decentralized (wayside) control locations, and on-board the vehicles.
These microprocessors are designed, implemented, and their operation verified with
several fail-safe, fail-active, and fail-tolerant methodologies for both the hardware
and software. In addition, a variety of sensors are utilized for vehicle location,
switch position, and monitoring wind speed and temperature.
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The predetermined speed profiles and operating scenarios, available in the central
control computer data files, are selected by the central control operator for
implementation. Once the desired speed profile or operating scenario is chosen, itis
automatically transferred to the decentralized control points for the coordination of
vehicle propulsion and braking. The on-board vehicle contro! computer is
continuously provided with adequate information (such as vehicle and safe stopping
area locations) via its data link to central control, so as to permit stopping of the
vehicle at any time during the trip at the next available safe stopping point
independent of further outside information from either the central or wayside
control.

Position Control (Route Integrity)

Once the speed profile is chosen, the decentralized (wayside) portion of the control
system requests the necessary route to implement the operational plan. Before such
authority is granted, the condition of the requested route such as switch position
and location of other vehicles relative to the safe granting of such authority is
checked by wayside components of the signal and control system. Only when the
route is deemed safe to proceed on (predetermined switch position requirements
and guideway occupancy conditions, i.e., safe headway between trains, etc., are
met) is authority given by the route integrity portion of the control system to the
control elements governing the propulsion systems for the cleared portion of the
route. When a route is cleared for operation and operation commences, the safe
speed enforcement portion of the control system monitors vehicle speed to assure it
remains within the specified profile.

The route integrity portion of the control system is responsible for determining if the
route requested by the system operator at the central control is safe for the
requested operation. Before the switch is deemed "in place”, all end position and
locking sensors must register the correct position. The switch is kept in place by a
mechanical lock.

The switch position sensors must be able to accurately determine switch position
within a required +/- 1.5 mm tolerance. Before the switch is deemed "in place,” all
three sensors (left, right, and center), must register the correct position. For the
hydraulic switch each of eight hydraulic switch cylinders must be monitored, the
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hydraulic locks must be activated, and the position sensor for each sensor must be set
within 2.5 percent of the design location for that cylinder.

The vehicle location system is the Incremental Vehicle Location System (INKREFA), a
passive loop coding in the guideway that is integrated (scanned) by an active vehicle
mounted sensor system. These position tags (position identification markers or
points) in the guideway are located at varying distances on the order of 200 meters.
This gives the raw position. A stored table delivers an absolute vehicle position
according to the tag number. Starting from these raw positions, fine position is
achieved by counting the stator pack groves. Redundancy is introduced in the
determination of both the raw and fine position of the vehicle by locating two
readers on each side of the vehicle and placing tags on both sides of the guideway.
Vehicle location, when verified by internal checks, is transmitted to the central
control via a data transmission link comprising a 40 GHz radio link between vehicle
and wayside receivers and a fiber-optic cable link between the receivers and the
central control. The system is designed so that two receivers are in range at any one
time, and the vehicle has two autonomous transmitters. At least two of the four
position readers must agree. Otherwise, the most recent successful location reading
is used to extrapolate the correct position until the next successful reading.

3.1.3 Emergency Brake Operations

Effective vehicle braking is necessary to ensure controlled deceleration in the event
of an emergency. The Transrapid TR-07 includes both a primary and secondary
braking system. The secondary braking system functions independently of the
primary braking system and provides controlled braking should the primary brake
fail.

The primary brake is initiated by the central control system, which controls the long
stator propulsion motor (drive) to reverse vehicle thrust. Electrical energy generated
during vehicle braking is dissipated in load resistors at the substation. An eddy
current braking system provides secondary braking using longitudinal vehicle
magnets to induce eddy currents in the nonlaminated track guide rails.

Each vehicle has two eddy-current brakes. Each brake consists of a 16-pole
longitudinal magnet 2 meters long grouped into four autonomous 4-pole units,
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each powered by a separate chopper from one of the four independent 440 Vvdc
on-board power networks. The eddy-current brake force decreases sharply below
about 150 km/h so that final emergency braking requires the levitation magnets to
be de-energized and the vehicle to come to a stop on landing skids. At the test track
in Germany, the vehicle settles on skids at 120 km/h instead of the design speed of 50
km/h. This increase in de-levitation speed was required because of high magnetic
forces on the guide rails. For revenue application stronger guidance rail mounting is
planned to allow for eddy current brake operation down to 50 km/h.

3.2 FACILITIES DESCRIPTION
3.2.1 Central Control

The central control serves as an operating base for the staff assigned to handle
traffic timetables and line information. The center houses high-capacity process
computers, with peripheral equipment, with the responsibility for supervisory
control over the moving vehicle (route control) and for the display of traffic
information in a manner conducive to interactive dialogue among staff.

The operational handling of the traffic network entails the responsibility for
automatic control of the operational sequence, i.e., timetable data. However,
operating staff can intervene and make modifications to the timetable, thereby
changing the operational sequence as required. In case of minor disturbances in the
scheduled operations, the systems operation is able to adjust operations by changing
or modifying the timetable. Should major problems in scheduling occur, the
operator can take measures to correct or bypass faults via the timetable
development. Process computers in the central control allow a timely prognosis of
the intended measures through simulations which permit predictions to be made of
the effect of alternative scheduling or timetables.

3.2.2 Maintenance Facility

The Florida Maglev Demonstration Project will include a single maintenance facility
located slightly west of the International Drive terminal (passenger station). The
facility will have six berths (guideway tracks) to accommodate four trains plus
guideway maintenance and emergency vehicles. The facility will serve both as a
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maintenance area for vehicle servicing and repair and as a base for educational tours
for the public.

The maintenance facility is designed to service a fleet of five trainsets of five cars
each, with the option to extend to eight cars per train. The maintenance bays will be
long enough to accommodate complete trainsets (five-cars). Two tracks are
equipped with dual-level platforms, the upper level for cabin access for interior
vehicle cleaning and maintenance, and the lower level for maintenance on the
levitation, guidance, and power supply systems. Two tracks have only a single
platform for maintenance on the levitation and guidance magnets and other
equipment located below the passenger cabin. Two tracks are for the ancillary or
special purpose vehicles. An overhead traveling crane is planned for this bay for
loading and maintaining any wheel-propelled vehicles.

3.2.3 Passenger Stations

The Florida Maglev Demonstration Project will include two passenger stations, one
at the Orlando airport and another at the International Drive terminal end of the
maglev line. Thesiting and design of the terminal at the airport will be governed by
the special requirements of the Greater Orlando Aviation Authority (GOAA).

The two passenger stations must satisfy the passenger flow and baggage handling
requirements and constraints of the two sites. Since both stations have different
passenger flows and functional processes, their approaches to passenger handling
will be different. In particular, the maglev airport terminal will function in a manner
similar to the existing Orlando airside terminal, with passengers accessing the
maglev terminal coming primarily from the landside Orlando airport via an
Automated Ground Transport (AGT). Two AGT berths will be available for
alternating shuttles between the maglev and landside airport terminals.

The International Drive terminal will function as a combination airport landside and
airside terminal with an upper level for the maglev departure and drive-up access
ramp. The middle level will be the maglev platform level with the guideway track to
extend beyond the passenger terminal on to the maintenance facility (located west
of the passenger terminal). The lower level will be the maglev arrival level with
baggage claim and drive-up access for passenger and baggage pickup.
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3.2.4 Power Substations and Distribution Line

Electrical power for the maglev propulsion system is provided by substations
(typically spaced 10 to 30 km apart) which convert 3-phase utility power into variable
voltage, variable frequency (VVVF) power as required by the maglev. The
substations are dual redundant power systems, with each half of the substation
having a transformer rectifier unit feeding a pair of 3-phase inverters.

The Florida Maglev Demonstration Project has three substations: Substations 1 and 2
located at each end of the guideway track, and Substation 3 located at the
maintenance area. Substation 3 is operated independently of the Substations 1
and 2.

The substation equipment is sized so that either half of the system can power the
vehicle at reduced speed to the next station from any point in the system. The
inverter outputs are fed to the guideway feeder lines through transformers
connected in series or parallel according to the inverter frequency. Substations 1
and 2 have an output phase current of 700 A, with 6.9 kv per phase for each stator
side for a maximum power output of 29 mvA per substation. Substation 3 has a total
output of 4 mvA and has no output transformers.

The inverters are controlled to yield maximum thrust by adjusting the voitage
frequency and phase so that maximum current loading of the propulsion windings
coincides with the maximum magnetic field produced by the field coils. At low
speeds (below 100 km/h), the inverters are directly connected to the feeder; the
transformer secondaries act as current-equalizing inductors and parallel the inverter
outputs, enabling higher currents at lower voltages. At higher speeds (greater than
100 km/h), the transformer primaries are reconnected to the inverters and the
secondaries are connected in series. This provides higher voltages at reduced
currents as required to sustain vehicle operation at the higher speed range.

The substation variable voltage, variable frequency power output is distributed to
the guideway long stator motors through a linear network of feeder cables.
Switching stations for connecting the power distribution line to the propulsion
winding are positioned along the track at intervals between 300 and 3000 meters.
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Low-wear vacuum circuit breakers at the switching stations are used to connect the
motor section to the inverter. The long-stator motor sections are arranged in
staggered fashion on both sides of the guideway such that each inverter group
powers alternate sections along each track side. This ensures that the maglev vehicle
is always over an energized track segment if power from either inverter section
should be lost. This scheme takes advantage of substation redundancy and
guarantees that the vehicle can complete its trip, although at reduced speed.

3.3 VEHICLE

The Transrapid vehicles are operated as a train of multiple coupled cars, or sections,
with nose sections at each end. Each section is 25.5 meters long with a capacity of
about 100 passengers. Listed in Table 3-1 are the dimensions and weights of the
TR-07 vehicle.

Dimenslon l

Coach Body (single end section) |

Length 25.5 (m)

Width 3.7 (m)

Overall Helght 3.95 (m)

Helght Above Floor Edge 2.27 (m)

Welght

Coach Body Carcass 5,173 (k) T
(single end section)
Tare Welght 90 (t)
(two end sectlons)
Payload 6 ()
(two end sections) (200 passengers)
Support and Guldance System 19.5 (1)

TABLE 3-1. TRANSRAPID TR-07 VEHICLE DATA

The coach body performs several functions. The enclosure, with equipment for
heating and cooling, provides a protective and comfortable housing for passengers.
Also, as a load-carrying member, it provides a path for the load to be transmitted to
the suspension system. Finally, the external shape of the shell can be streamlined to
minimize aerodynamicdrag.
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The coach body is constructed with prefabricated units with sections having
optimized profiles with a smooth outer surface. The body underfloor structure is
bolted to the floor frame by T-nuts. The transverse section consists of prefabricated
aluminum trusses which are joined on their underside to form a continuous smooth
underfloor with glued-in sandwich plates. The roof, rear wall and floor likewise
consist of a glued-in sandwich plate.

The top part of the vehicle is a form of sandwich shell made of glass fiber plastic and
is bonded to the fioor frame and cylindrical, longitudinal wall of the coach body.
The undercarriage area which encloses the guideway is encased in fiberglass shrouds
which complete the lower outer shell.

The side windows consist of two panes, individually bonded into the coach structure
from inside and outside. The front windows are constructed of three chemically
hardened float glass panes.

Doors are located at the extremes of the vehicle structure for increased stiffness.
They are single-wing, swinging/sliding doors with inflatable seals. To meet passive
fire protection standards, the interior furnishings meet the 1988 Air Transport
Standards (five-minute fire at 11000C without the emission of harmful fumes at
1200C on the outside of the interior vehicle cladding to protect the vehicle
structure).

3.3.1 Suspension and Guidance

Suspension systems are commonly divided in at least two stages, a primary and a
secondary suspension. The Transrapid maglev vehicle’s primary suspension directly
interfaces with the guideway to support and guide the vehicle using magnetic
forces. The secondary suspension system provides additional isolation of the vehicle
body from the guideway to provide acceptable ride quality.

In the primary suspension system, the support and guidance functions of the vehicle
are performed by electromagnets generating an attractive force on the guideway.
The axial flux support magnets on the vehicle are oriented to produce a vertical
attractive force at the bottom face of the stator, lifting the vehicle up. A separate
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set of transverse flux guidance magnets on the vehicle are oriented to produce a
lateral attractive force on the guidance rail to guide the vehicle. The field strength
on the magnets is actively controlied to maintain an eighf-millimeter gap between
the magnets and the reaction surfaces on the guideway. Shown in Figure 3-2 is a
lengthwise view of the vehicle suspension.

To follow the lateral and vertical irregularities on the guideway, the magnets along
the length of the vehicle are connected together to form a chain-type arrangement.
Each magnet is 3 meters long, with 30 support magnets and 24 guidance magnets
over the two vehicle sections (Figure 3-2). The support and guidance magnets are
mounted on the bow of the levitation frame and are arranged to pivot relative to
each other to form hinge points. The support magnets slide on lateral guides and
are sprung laterally on the levitation frame, while the guidance magnets slide on
vertical guides and are sprung vertically. An axonometric view of the levitation
frame with its support and guidance magnets is shown in Figure 3-3 while the cross
sectional view of the suspension system is shown in Figure 3-4.

The secondary suspension provides an additional level of isolation between the
coach body and guideway. There are 32 pneumatic springs that provide vertical
suspension between the two coach bodies and the levitation frames. To permit free
lateral motion of the coach body from the levitation frame without hindering the
function of the vertical pneumatic springs, a series of rods are used to control the
lateral suspension. The coach bodies are suspended in a pendulum fashion swinging
on 32 guide rods to control both the lateral and vertical motions (Figure 3-4).

To control the roll motion of the coach body, a series of roll stabilizing devices are
used in the secondary suspension. There are 12 pairs of roll stabilizers for the two
vehicle sections. Each roll stabilizer consists of a pair of hydraulic cylinders that are
connected to permit unconstrained vertical movement, but provide a stiff roll
natural frequency of 3 Hz. Shown in Figure 3-5 is a cross-sectional view of the vehicle
with the roll stabilizer.
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3.3.2 Propulsion and Braking

Propulsion of the Transrapid vehicle is performed electrically by means of a linear
synchronous motor. The vehicle, acting as the rotor portion of a synchronous motor,
contains the direct-current excited field windings. The magnets on the vehicle that
are used to generate the field poles for propulsion in the linear motor are also the
same as the support magnets. The excitation (or support) magnets are of the axial
flux type with a nominal pole pitch of 0.258 meters which interacts with the
traveling magnetic field on the guideway stator to provide thrust to the vehicle.

Once the vehicle is in motion, there are two methods of decelerating the vehicle.
The linear motor becomes a brake by reversing its thrust to decelerate the vehicle.
When functioning in this mode, the linear motor becomes the operating brake. In
the event of failure in the motor, eddy-current or throughbrakes are used to
decelerate the vehicle. (See Section 3.1.3 Emergency Brake Operations.) These
brakes are axial flux magnets acting on the guidance rail which generates a drag
force only while the vehicle is in motion. There are two eddy-current brakes with
four autonomous function units in each vehicle section. Once the vehicle has
reduced its speed sufficiently and the eddy-current brakes lose efficiency, the vehicle
can be lowered on its support skids to bring the vehicle to a stop.

3.3.3 Power Supply and Collection

The Transrapid vehicles do not contain any on-board power plant. There are on-
board storage batteries that provide power independent of any external sources.
Each vehicle section contains four electrically isolated battery buffered 440-volt
circuits. These batteries are recharged by power transmitted from the guideway
through linear generators as the vehicle is moving.

The linear generators provide for noncontact power collection to the vehicle by
induction with the magnetic flux from the guideway-mounted long-stator motor
sections. Integrated with each support magnet are windings in the pole shoes to
form two 5-phase symmetrical linear generators. The linear generators are effective
only while the vehicle is in motion. At speeds below 100 km/h, power from the linear
generators supplements the batteries to provide adequate power for vehicle
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operation, while above 100 km/h, power from the linear generators is used for
providing all vehicle power as well as recharging the storage batteries.

3.3.4 Magnet Controlier Redundancy

In the Transrapid TR-07 design, the vehicle is supported and guided by trains of
magnets, each three meters long, supported by brackets which link the magnets
together in a manner which produces a kinematic hinge between the magnets as
shown schematically in Figure 3-6. As described below, the forces acting on the
magnets are controlled to maintain (on the average) a constant distance between
the hinge points and the levitation (or guidance) surfaces.

The position of each hinge point is controlled by two independent control circuits as
illustrated in Figure 3-6. If one of the control units was to fail, the second unit is fully
capable of performing the function of controlling the hinge location and supplying
the needed levitation or guidance force. Each magnet is divided electrically into two
magnetic units and contains two gap sensors and an accelerometer at each end of
the magnet. The gap at the hinge point is controlled by controliers 2 and 3. For
controller 2, the gap signal is obtained by combining gaps measured by gap sensors
A-3 and B-1. This gap signal is compared to the desired gap to provide the gap error
signal used in the control loop discussed in Section 3.4.3. The required acceleration
signal is provided by accelerometer AA-20. Controller 2 and chopper provide the
current to magnetic unit 2A to generate magnetic forces to reduce the gap and
position errors. Similarly, controller 3 combines the gaps measured by gap sensors A-
4 and B-2 to produce a change in the current in magnet unit 1B. Controllers 2 and 3
and their associated sensor circuits are completely independent.

The physical separation of the two gap sensors permits the gap control to be
maintained over thermal expansion joints in the support and guidance rails. A large
gap signal occurs at a sensor when it passes over an expansion joint. The controller is
designed to ignore this effect by combining the signals from sensors on each side of
the hinge. Since the gap sensors are separated from each other, only one sensor at a
time encounters the expansion joint. The other sensor gives an accurate
measurement of gap. The controller compares the two gaps to create the gap signal

3-20



A 0\
P.9.9.9.9.0.9.0.9.9.9.9

Controller 4

2 ——
]
——93
g i
2 8
4
: o
3
8 |5

Acceleration Inputs

Frame Bracket

:
E s
8 ..
:
i §
3 o

FIGURE 3-6. MAGNET CIRCUITS WITH CONTROLLER REDUNDANCY AT HINGE POINT

3-21



and if the difference between the measurements is greater than 1.5 mm, the smalier
gap is taken as the input. Otherwise, the gap signal used for control is the average of
that obtained from each sensor.

3.4 GUIDEWAY

In a tracked transport, the guideway constitutes the stationary structure whose
principal function is to bear the supporting and guiding loads of the vehicle. It can
also contain electronically active elements serving as an integral part of the
propulsion system and automated to control speed, start, and stop functions of the
vehicle. With the vehicle being confined to move linearly with the guideway,
provisions are made to allow for branching out and merging together of the various
routes by guideway switch mechanisms.

3.4.1 Guideway Construction

The main supporting structure of the Transrapid guideway is a concrete or steel
girder with a T-shaped cross section where the vehicle wraps around the top of the
guideway. A cross section of the guideway is shown in Figure 3-7 illustrating the
wrap-around design of the vehicle.

While the guideway girder provides the load support for the vehicle, functional
components are required on the guideway for the vehicle to operate. There are
three types of functional components mounted on the guideway girder (Figure 3-8).
Underneath each cantilever of the T-shaped guideway are the long stators which,
perform the following functions: produce the traveling magnetic field for the linear
motor, provide power through induction for the linear generators, and serve as an
attractive-reaction rail for the levitation magnets. On both outside edges of the
cantilevers are the guidance rails that interact with the guide magnets to provide
the lateral attractive force to guide the vehicle and reaction rail for eddy current
brake. The third component is the two parallel gliding planes on the top surface of
the girder which the support skids of the vehicle contact when the vehicle is lowered
onto the guideway.
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FIGURE 3-8. AXONOMETRIC VIEW OF GUIDEWAY
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3.4.2 Guideway Geometry

Tolerances are imposed on the Transrapid guideway geometry deviations to provide
acceptable dynamic response of the vehicle and to maintain minimum clearances
between the vehicle and guideway. Areas where deviations in the guideway can
occur include the spacing where two girders meet, deflections in the girder, and
variations in the position of the stator packs and guidance rails.

In the following some typical values of TVE for elasticity, precurvature and
tolerances are given, which in detail vary with temperature, single or two span
design, material and designed speed.

Each span of the guideway girder is cambered to limit the girder curvature under
vertical loads. An upward camber of 3.4 mm above the ideal profile is built into a
single 25-meter span, which results in a maximum downward displacement of 6.8
mm under loaded condition, or a deflection of 3.4 mm below the ideal profile (Table
3-2 and Figure 3-9b).

Deflections in the guideway girder can occur in both the lateral and vertical
directions. Shown in Table 3-2 and Figure 3-10 are tolerances for guideway
deflections which are specified over a single 25-meter span. A larger tolerance is
permitted for a single vertical deviation (Figure 3-10b) than for a periodic vertical
deviation (Figure 3-10c).

GUIDEWAY Dimension | Toerance |

Beam Camber 3.4 (mm) -
vertical upward precurvature for
25 meter span

Lateral Beam Deviation - 4.1 (mm)
lateral tolerance In a
25 (m) span

Vertical Beam Deviatlon - 8.0 (mm)
vertical tolerance Ina
25 (m) spanfor a single
perturbation

Vertical Beam Deviation - 6.2 (mm)
vertical tolerance in a
25 (m) span for a periodic
perturbation

TABLE 3-2. GUIDEWAY DEFLECTION
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The guideway is composed of individual girders and a smooth transition is necessary
as the vehicle rides over the space between consecutive girders. The spacing
produces longitudinal gaps, and lateral and vertical steps between the functional
components. Shown in Figure 3-11 and Table 3-3 are the dimensions and tolerances
between functional components on consecutive girders.

Along the guideway girder, variations in position can exist in the individual
functional components. Tolerances for these variations are shown in Figure 3-12 and
Table 3-4.

3.4.3 Vehicle/Guideway Interaction

The Transrapid system uses controlled electromagnetic elements to support and
guide the vehicle. The force attracting the magnet to the support rail is
approximately proportional to the ratio of current (I) to gap (s) squared.

_cI2
==

For small gap variations, the electromagnet and the Transrapid control scheme could
be represented as a simple spring mass system with a natural frequency of 5 Hz for
an effective stiffness of 0.5 kN/mm or 10 Hz for a stiffness of 2 kN/mm.

However, if the control is based only on the deviation of the gap from the nominal
gap, the system would have no damping and would have a large response to
guideway irregularities at the wavelength which corresponded to the natural
frequency of the spring mass system at the operating speed.

In order to provide damping, the Transrapid maglev system uses a filter to create a
signal proportional to the rate of change of the gap combined with the signal from

an accelerometer.

Guideways have irregularity spectra that typically consist of large amplitudes at long
wavelengths and small amplitudes at short wavelengths. Long wavelengths typically
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GUIDEWAY Dlmensten Tolerance

Gliding Plane 80 (mm) +33(mm)
longhudinal gap tolerance 17{mm)
between giiding plane

Glkiing Plane - 0.6 (mm)
vertical step tolerance betwaen
gliding planes

Guidance Rall 50 (mm) +33 (mm)
longitudinal gap tolerance -17 (mm)
between guidance ralls

Guidance Rall - 1 (mm)
lateral step tolerance between
guldanca talls

Stator Pack a7 (mm) +33 (mm)
longhtudinal gap tolerance -17 (mm)
between bottom surfaces of
stator packs

Stator Pack -— 0.6 (mm)
vertical step tolerance between
bottom surfaces of stator packs

TABLE 3-3. GUIDEWAY TOLERANCE OF FUNCTIONAL COMPONENTS BETWEEN
CONSECUTIVE GIRDERS

GUIDEWAY Dimension Tolerance

Track Gauge 2800 (mm) +/- 2 (mm)
outside distance between
guidance ralls

Gliding Plane - +/-3(mm)
vertical tolerance

Gliding Plane - +/-0.11 (deg)
cant tolerance

Guidance Rafl - + /-2 (mm)
lateral tolerance

Stator Pack - +/-2 (mm)
vertical tolerance for bottom
surface of stator pack

Stator Pack/Gliding Plane 365 (mm) +2 (mm)
vertical distance from top of 5 (mm)
gliding plans to bottom surface
of stator pack

TABLE 3-4. GUIDEWAY TOLERANCE OF POSITIONAL VARIATIONS IN FUNCTIONAL
COMPONENTS
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represent route alignment while short wavelengths are typically due to surface
roughness and assembly tolerances.

In the design of the Transrapid type of maglev system, there is a trade-off between
the guideway tolerances and the power required for levitation. This trade-off,
combined with limitations on achievable magnet force to weight ratios and
electromagnet inductance define the frequency (irregularity wavelength and speed)
response requirements of the gap control system.

For any reasonable gap, it is necessary for the magnet to follow long wavelengths.
For short wavelengths, it is desirable to use the gap to accommodate the
irregularities, since a higher gap frequency response results in more power
consumption and more difficult to achieve electromagnet physical characteristic
requirements. However, a lower gap frequency response requires a larger gap or
tighter guideway irregularity tolerances. A larger gap is also associated with
increased power requirements, while tighter tolerances are normally associated
with increased guideway costs. The Transrapid system uses a transition frequency of
between 5 and 10 Hz.

A schematic of the control system is shown in Figure 3-13. For frequencies below the
transition frequency, the system is dominated by the gap control loop which works
to maintain a constant value of the gap to cause the magnet to follow the guideway
alignment including irregularities at long wavelengths. At wavelengths
corresponding to frequencies above the transition frequency, the “position" control
loop containing the accelerometer acts to maintain straight line motion ignoring
short wavelength irregularities. The position control loop also acts to prevent gap
changes from occurring as a result of sudden transient changes in load on the
magnet.

The integration shown in the gap control loop serves to compensate for variations in
vehicle weight implied by passenger loads.

Based upon discussions with Transrapid personnel, it is believed that the 5 Hz system

is a good representation of the TR-06 control system and that efforts are being made
to achieve the 10 Hz characteristic for the TR-07 vehicle.
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In Figures 3-14 and 3-15, the irregularity amplitude required to produce an 8mm gap
change for the hypothetical electromagnetic levitation control system is shown as a
function of frequency or wavelength and vehicle speed. Wavelengths at the 25
meter pillar spacing produce a 5 Hz input to the vehicle at 500 km/h.

3.4.4 Guideway Switch

In a tracked transport, as the path of a guideway diverges to two or more paths, a
mechanism is required to switch a moving vehicle smoothly from one path of the
guideway to another. The Transrapid guideway accomplishes the switching
operation by having a section of the guideway bend to direct a vehicle to one of two
paths of the guideway. The bending switch is designed with a box girder cross
section that is continuously welded for multiple span. Each span, except at support 0
where it is fixed and at the following supports with small lateral movement where
there are glide bearings, is supported on a transverse support frame with two wheels
to allow for lateral movement of the guideway. An electromechanical or hydraulic
actuator is employed at each movable span to bend the guideway. Figure 3-16
shows the bending switch.

While the girder bends during the switching operation, the functional components
that are mounted on the girder do not participate in the bending. Each of the
functional components is mounted as short discrete units about one meter long to
provide a piecewise linear change in direction. The individual units are mounted
with one end fixed while the other end is attached by an axial bearing to allow for
small changes in the arc length of the girder without affecting the functional
components.

Finally, since the switch is a movable mechanism of the guideway, a properly aligned
and locked switch is necessary to ensure safe passage of a vehicle. In the
electromechanical drive, there are three locking devices. The switch is locked by
actuating rods fixed through a knuckle-joint effect. It is also locked through a
braked-in drive motor and a self-locking gear.
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B) TWO VIEWS OF SWITCH IN THE BENT

POSITION SHOWING THE POSITIONING OF THE FUNCTIONAL COMPONENTS, AND

FIGURE 3-16. BENDING SWITCH: (A,

(C) VIEW SHOWING THE SUPPORT WHEELS
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3.5 PROCEDURES

3.5.1 Revenue Operation Procedures

Revenue operations are managed primarily by the control center under the
supervision of the Operations Supervisor. The procedures for revenue (and non-
revenue) operation are contained in the operating manual which describes the
various system tasks and functions, types of operations, and methods of handling
malfunctions in systems operations. Close coordination of revenue operations with
the technical department is required to ensure the use of trains is consistent with
maintenance and service scheduling requirements.

The driver of the train is not actively in control of the train. Local control of the train
by the train driver occurs only for the routine command for station train departures
(after consulting with train attendants). The exception is during emergencies or
other abnormal operating conditions when manual control is exercised.

The central control initiates and controls the train operations according to demand
or selected time schedules using dual redundant computer systems. Control and
monitoring panels facilitate the operations management by providing convenient
visual displays of operations and means for implementing control functions.

3.5.2 Maintenance Procedures

An effective maintenance program is important to ensure the maglev system
maintains a high level of operating efficiency. This requires the construction of
maintenance facilities and the development of a maintenance plan for operating
subsystems and system equipments.

Vehicle Maintenance

Maintenance for maglev vehicles falls into the following categories; car cleaning,
preventive maintenance, corrective maintenance, and component repair and
overhaul.
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Preventive maintenance should be planned so that successive preventive
maintenance includes previous activities as well as additional tasks determined to be
necessary to maintain the high operational integrity of the system. The vehicle
preventive maintenance program is based on passenger unit and annual run
distance and is controlled by life-cycle data.

Corrective maintenance involves the restoration of a failed or defective unit to an
operable or normal state. It can vary from correcting minor defects to failures which
result in stopped trains. The schedule for corrective maintenance depends on the
type of equipment malfunction with those malfunctions which result in stopped
trains receiving the highest priority. The procedures for corrective maintenance and
the use of diagnostic and test equipment to isolate a fault in the appropriate
subsystem are described in the maintenance manual.

Wayside Maintenance

The goal of wayside maintenance is to maintain the stationary facilities and
equipment in a safe and reliable operating condition. Wayside maintenance
includes the maintenance of the guideway structure, guideway equipment,
telecommunications, energy supply equipment, and guideway switches.

Periodic reviews of maintenance procedures are required to determine if specific
changes should be made in the frequency or content of the preventive maintenance
program.

The wayside maintenance program includes different types of inspections, services,
and tests depending upon the component involved. For example, wayside switches

require servicing and refilling of fluids in the hydraulic switch devices.

3.5.3 Emergency Procedures

While the Transrapid system is designed to limit the likelihood of a critical system
failure, emergency procedures are required should a system failure occur requiring
partial or total system shutdown.
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3.6 PERSONNEL

The number of personnel involved in the construction of the Transrapid system
cannot be precisely determined though it is estimated a minimum of 1000 persons is
required for the demonstration project installation. Once completed, it is estimated
the project will employ at least 300 persons in train operations, maintenance,
baggage handling, and other areas.

Subsequent to the completion of the Transrapid system and during the
commissioning phase, key personnel will be recruited to supervise the future
operation and maintenance of the TR-07 maglev. Itis understood that training for
these personnel is to be provided by experts of Transrapid’s technical staff. The
following identifies three operations and seven maintenance staff positions and
respective duties for which staff recruitment may be required.

3.6.1 Operations Staff Personnel

(1) Operations Manager

Duties: Overall management and direction of operations; responsible for material,
manpower and annual budgets and implementing policies and procedures to ensure
cost-effective operations.

(2) Operations Supervisor

Duties: Responsible for planning, scheduling, and implementing all aspects of the
system operation; supervises system operators; responsible for all aspects of
day-to-day operations including responses to passenger inquiries; coordinates
engineering and maintenance activities with scheduled operations and coordinates
and directs personnel in event of emergencies.

(3) System Operator

Duties: Responsible for daily operation of the control center including monitoring
system operations, train movements, electrical distribution system, station
operations, and control system operations; responsible for safe operation of the
system, authorizing maintenance activities in and around the guideway, including
responses to stalled trains and vehicle retrieval operations.
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(4) On-board Attendant

Duties: Responsible for all manual-related train operations during normal and
emergency conditions; responsible for monitoring and implementing on-board
vehicle control functions and alerting Central Control of irregular vehicle operations
or on-board equipment malfunctions; responsible for manual control of train
during emergencies, and directing and supervising vehicle evacuation under stalled
conditions.

(5) Station Clerk

Duties: Responsible for effective operation of passenger station including passenger
ticketing and providing scheduling information and assistance to passengers as
required; responsible for implementing security measures to ensure train
operational safety during station arrivals and departures; responsible for advising
Central Control of circumstances which could affect train scheduling.

3.6.2 Maintenance Staff Personnel

(1) Maintenance Manager

Duties: Overall management and direction of maintenance activities; in conjunction
with operations manager, is responsible for material, manpower, and annual
budgets and implementing policies and procedures to ensure cost-effective
operations.

(2) Maintenance Controller

Duties: Schedules, coordinates, and documents maintenance and inspection
activities as directed by the maintenance manager; reviews system maintenance
requirements and insures materials, parts, supplies and equipment required to
support maintenance effort are requisitioned and scheduled.

(3) Maintenance Supervisor

Duties: Overall supervision and guidance of maintenance activities in accordance
with policies, procedures and practices established by the maintenance manager;
supervises personnel in inspection, cleaning, maintenance, and repair of
vehicles/guideway and associated mechanical systems and support equipment.
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(4) Lead Mechanical Technician
Duties: Inspects, troubleshoots, removes, installs, repairs mechanical systems and
components as directed by Maintenance Supervisor.

(5) Mechanical Technician
Duties: Inspects, troubleshoots, removes, installs, repairs mechanical systems and
components under direction of lead mechanical technician.

(6) Lead Electrical/Electronic Technician

Duties: Inspects, troubleshoots, repairs, removes and installs electronic and electrical
equipment and test equipment under direction of maintenance supervisor.
Supervises electrical/electronic technicians.

(7) Electrical/Electronic Technician

Duties: Inspects, troubleshoots, repairs, removes, and installs electronic and
electrical equipment and test equipment under direction of lead electrical/electronic
technician.
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4. IDENTIFICATION AND EVALUATION OF POTENTIAL MAGLEV SAFETY ISSUES

Having defined the system, the next step in the hazard resolution process is the
identification of the potential hazards. When identifying the safety hazards present
in a system, a major concern is what portion of the total number of system hazards
has been identified. The quality or type of hazard analysis will greatly influence the
total number of hazards identified. There are many types of generic and specific
safety hazards associated with the operation of any transportation system. Some
safety hazards may be anticipated; others may go unnoticed until one of them
results in the occurrence of an undesired, injury-producing, or life-threatening
event. The principal undesirable event (safety issue) for maglev operation, from the
viewpoint of public safety, is a “casualty” (implicitly including passenger and
personnel injuries as potential casualties - see Figure 4-10). Property loss and system
loss are not considered to be a safety issue in this analysis contrary to some FRA
accident criteria which consider these as safety issues.

4.1 HAZARD IDENTIFICATION APPROACH

There are four basic methods of hazard identification that may be employed to
identify hazards. These methods are:

Data from previous accidents (case studies) or operating experience,
Judgment of knowledgeable individuals and scenario development,
Generic hazard checklists, and

Formal hazard analysis techniques.

0 0 O O

With the exception of the hazard checklists, the initial step in identifying the hazards
in each of these methods is the identification of the undesired event that may result
if the hazard(s) is not eliminated or controlled. For the purposes of this analysis, the
identified undesired events are the safety issues that must be resolved to provide the
passengers and employees with the highest level of safety practical. Each individual
undesired event may be precipitated by any one or more hazards.
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4.1.1 Data from Previous Accidents

Examination of previous accident experience can provide an insight into what has
happened in the past. High speed maglev vehicles, although having been under
development for many years, do not have a large exposure base in passenger service.
The limited operating experience of high speed maglev systems has not resulted in
the occurrence of any deaths or serious injuries. The German Transrapid TR-06
maglev vehicle and system conducted a public demonstration during June 1988. This
demonstration consisted of twenty-five days operation in which 333 trips were made
and 16,650 passengers transported. During this demonstration period, the system
averaged 14.3 trips per day and a total of 96 hours of operation. Of the 333 trips,
only four trips experienced problems and of the four, the vehicle had to be towed
back only once. This limited data is insufficient to provide a thorough
understanding of the variety of potential hazards that may occur in maglev
operations.

Recognizing that the information available on maglev systems is very limited, it is
necessary to examine data from other types of transportation vehicles to identify
potential undesired events and the contributing safety hazards and gain insight into
the kinds of potential emergency situations which could occur. In examining other
systems, it is important to understand that the maglev system has several
characteristics unique to maglev operations and several characteristics that are
common among all transportation systems. For example, the concept of movement
without guideway contact is unique to maglev, whereas the fire safety
characteristics of the vehicle interior materials is common to all transportation
systems.

Finally, it is important to note that identification of hazards solely through review of
previous accident data or experience is not a satisfactory approach because
identified hazards will be limited only to previous accidents while new and future
hazards will not be identified.

4.1.2 Expert Opinion and Hazard Scenarios

The primary safety concern associated with maglev operation is the occurrence of a
passenger or employee casualty. To assist in understanding the mechanism by which




these events may occur, hazard scenarios have been developed. The first step in the
development of the hazard scenarios is the identification of undesired events that
may occur and thereby result in the occurrence of such a casualty. Judgment by
knowledgeable individuals was used to provide a starting point for the
identification of the types of emergency situations or "undesirable events,” which
can occur.

The following nine undesired events represent situations that may result in a
casualty:

Fire/explosion in vehicle,

Fire in other critical system element,

Vehicle collision,

Vehicle leaves guideway,

Sudden stop,

Vehicle does not slow/stop at station,

Vehicle stranded between stations or, safe evacuation points,
Inability to reach and rescue maglev vehicle occupants, and
Passenger injury/iliness.

O 0 0OOO O 0 OO0

Table 4-1 presents a listing of these undesired events (safety issues) and provides in
more detail, by cause and by type of subevents, how such events may occur.

Appendix A presents hazard scenarios developed to assist in understanding the
mechanisms by which these undesired events may occur. The accident scenarios
selected for illustration in Appendix A are intended to represent potential real-
world events and, as such, have been derived primarily from the experiences of
existing transportation systems. These scenarios briefly outline potentially
hazardous external factors (weather, intruders, obstacles on the guideway),
operational emergency situations (fire in the vehicle or the control room), and
equipment malfunctions (e.g., magnet failures) which could impact on the safety of
the vehicle and the persons on board. Scenarios include the selected undesirable
event (e.g., vehicle collision, fire, inability to reach safe evacuation point, etc.) and

the possible series of events that may result in the final occurrence of that undesired
event.
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1.

TABLE 4-1
LIST OF UNDESIRED EVENTS
WITH EXAMPLES OF HOW MAGLEV CASUALTY MAY OCCUR

Fire or Explosion in the Vehicle

- accidental:

lightning-induced shortout or fire

on board battery overload

cable or equipment overheats

arcing of ungrounded networks

disposal of smoking materials

- intentional (arson, sabotage,terrorism)

Fire or Explosion in Other Critical System Element
- accidental:

powerplant (transformer or converter failure,
or sabotage/terrorism)

power distribution wayside stations

central computer control facility (dispatcher/
control location)

stations/terminals/safe areas

on parallel side road, or at interstate
highway underpass, etc., which could spread
and reach cables, or train, or stations

- intentional (arson, sabotage, terrorism)

Vehicle Coliision

- bytype:

with other vehicle (maintenance or passenger
train)

with object, individual, or debris on guideway
with object not on guideway (bird or rock)
with station platform (clearance failure)

- by cause:

operational command failure

equipment failure (switches)

signal/control failure

faulty sensors

communication error

human error

Vehicle Leaves Guideway

-  bytype:

at open end of failed or unsupervised switch
segment

- bycause:

failure to sense train position

failure to command switch closure

failure to execute commanded switch closure

failure to signal and/or control train

failure to supervise open guideway segments/ends

failure to display correct status
operator error

4-4

Sudden Stop
- Vehicle makes sudden emergency stop,
with rapid deceleration occurring in
the passenger compartment, due to
inadvertent or erroneous command
on command, but with malfunction
(wrong speed profile, wrong braking rate)
- Obstruction on guideway
- Guideway alignment out of specification, due
to:
sag
bulge
foundation settling of pillar/post
collapse of pillar/post
collapse of guideway span
faulty gap sensing
faulty gap control

. Vehicle Does Not Slow/Stop at Station, due to:

- loss of safe-hover function (with uncontrolled
touch-down)

- loss of power (with inertia)

- loss of control

- central or distributed computer crash
or malfunction

- operator error

- incorrect data transmission

- sensors failure (position, speed)

Vehicle Stranded Between Stations or Safe
Evacuation Points:
- without adequate power or speed to
safe levitate to station
- over water or swamp
- over busy interstate highway
- without adequate means of passenger rescue
- without adequate means of towing to station

inability to Rescue Maglev Occupants in Case of

Breakdown or Accident:

- unforeseen accident type and conditions

- difficult terrain

- inaccessible location

- inadequate emergency planning or

preparedness (insufficient escape ladders or

short chutes) .

inadequate rescue vehicle (capacity, mobility,
design, access)

Passenger/Employee Injury or liiness
- byinjury cause:
door locks malfunction
accident in {dis)embarkation
improper emergency evacuation or rescue
intentional (suicide)
- illness



Each of the types of emergency situations illustrated may be the result of a number
of hazardous conditions and causal effects that involve a variety of events or
enabling conditions. Although a number of potential hazards and causal effects
were identified, this initial effort identified only a limited portion of the potential
hazards. Hazard scenarios are often useful in uncovering the weak links in the safety
chain. These hazard scenarios were of limited assistance in identifying the potential
for future accidents, and the necessary prevention and control measures (e.g.
monitoring and failure detection systems, physical separation limits, operating
procedures for emergency conditions) as further discussed in Section 6.

4.1.3 Generic Checklists

Generic checklists may be used to identify potential hazards. With this approach, the
depth of detail and applicability of the hazard checklists has an impact on the quality
and quantity of hazards identified. Appendix B contains a generic checklist which
groups hazards within the categories of basic design deficiencies, inherent hazards,
malfunctions, maintenance hazards, environmental hazards, human factors, and fire
hazards. This checklist will, as the system design evolves, provide additional insight
into the safety hazards that may be present in the system.

4.1.4 Formal Analysis

A number of formal analysis methods are available for use in identifying hazards.
The following sections describe the two formal analysis methods which are being
employed to identify hazards associated with maglev systems. The analysis are in
process and will be presented in more detail with their results in the next safety
assessment report.

4.2 FAULT TREE ANALYSIS (FTA)

A fault tree is a graphical representation of the relationship between certain specific
events and an ultimate undesired event. FTA is a deductive analysis technique which
uses the top-down approach (what and/or why did a particular event happen) to
determine the possible causes of an undesired event or system failure.

Fault tree analysis was chosen as one of the principal tools for identifying hazards
because it is a systematic method of analyzing the complex series of events which
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may occur during an accident. Each event or sequence of events can also be
examined to identify appropriate hazard control and mitigation countermeasures.
Fault tree diagrams can and should be used in the following manner:

®  Asan educational tool to fully examine how an accident might occur and
to display all the contributing factors,

® As an aid in developing maglev system design, procurement, and safe
operation specifications,

® As an aid in developing emergency response plans and evacuation
procedures.

® As an aid in developing maglev preventive maintenance, repair and
operational practices,

®  Asan aid or checklist for safety assurance, and

® As an aid in determining required hazard controls to arrest the

propagation of a failure chain through the system ( design “interrupt
nodes”).

4.2.1 Fault Tree Development

A typical fault tree diagram is constructed as follows: A particular undesired event is
selected. This “top” undesired event is the event whose occurrence must be
prevented, or probability minimized, or whose consequence must be mitigated.
Primary undesired events, and their interactions and causes, leading to the
undesired top-level event are then examined and broken down into secondary
undesired events organized by causal pathways (chains) of subevents. This reverse
reasoning process continues until there is either insufficient information to proceed
or an event is not considered significant enough for further analysis. Various
symbols are used to represent the relationship between certain specific events and
the ultimate undesired event (see Figure 4-1.). An example of a simple fault tree for
the undesired event "fire " is illustrated in Figure 4-2: Fuel, oxygen, and an ignition
source (fabric, air, electric short) are all necessary for the fire event to occur; hence,
the presence of the "and"” gate; if any one element is missing ( e.g. that there is no
electric short, then there is no “ignition source “), the fire will not occur. In contrast,
the use of an "or" gate would indicate that only one of any of the three causes: fuel
or oxygen or heat, would be required for a fire to occur. This is clearly false as all
three must be present. An example of an “or” gate is the occurrence of a maglev
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system casualty. A maglev casuaity may occur in the vehicle, “or” on the guideway,

“or” in a station. Reference #3 provides a detailed discussion of fault tree
construction.

The qualitative fault trees developed for this report are presented in Appendix C and
provide overall pictorial diagrams leading to the top undesired event: "Potential
Maglev Casualty Occurs” (see Figure 4-3). This casualty could occur in several distinct
locations; in the vehicle, on the guideway, in the station, and may be due to a
number of accident categories (for example, collision between vehicles, with station,
or with debris on guideway). These logical alternatives were developed into fault
tree diagrams to the extent that technical information was available and conceptual,
“what if,” accident scenarios allowed for this preliminary effort. Each of these
second level undesired events has been examined from the point of view of where
the hazardous condition occurs, and whether the condition can or will be controlled
fully, or appropriately.

The undesired maglev events listed in Table 4-1 and the hazard scenarios presented
in Appendix A provide a starting point for the top level undesired events contained
in the fault tree. These undesirable events have been developed down to the third
subsystem failure or event level in the illustrative fault tree diagrams of Appendix C.

4.2.2 Fault Tree Findings

The undesired events depicted in these fault trees closely parallel those identified in
the hazard scenarios (see Appendix A) and employed in the Preliminary Hazard
Analysis (PHA) discussed in Section 4.3. While the causes of the undesired events in
the fault trees are identified more fully than in the scenarios, not all causes are
covered to the extent that they will be when the following PHA is completed. This is
because the emphasis of the fault tree diagrams is to identify and present the
progression and combination of potentially hazardous failure/fauit events which
could lead to a maglev casualty. Moreover, the format of the fault tree diagrams
illustrates the importance of understanding the technical interrelationships between
propagating failure events.
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A review of the fault tree diagrams shows that a maglev system casualty could occur
either in the maglev vehicle, on the guideway, or in the station. Thisis an important
point because both the severity of the potential hazard and the necessary level of
emergency response effort will vary widely depending on the location of the maglev
casualty. Certain events and hazards which could result in a casualty will occur while
the maglev vehicle is in the station. This is particularly true of passenger slips and
falls. Such events are less severe and also occur more frequently. This is in contrast
to a fire which occurs in the vehicle at an inaccessible point on the guideway.

While the prevention of as many hazards as practical is desirable from a safety
standpoint, certain hazards are either inherent to the operation of the system or
cannot be completely eliminated. Thus, a significant element in the fault tree
presented is the indication of "and" gates to signify a double point hazard
(simultaneous occurrences or conditions), as aggregated at higher levels of the fault
tree diagram. That is, an undesired event occurs and it is not controlied or
responded to in some active way. For an example, a passenger that is neither
restrained nor assisted, can be injured if they fall in the maglev vehicle. A second
and very serious example is the occurrence of a fire on the vehicle with the presence
of a passenger or crew member in the vehicle.

The fault tree diagrams which depict the actions and facilities pertaining to
passenger escape and rescue from various conceivable emergency conditions,
illustrate some key points relating to passenger safety. Proper advance planning,
provision of predetermined emergency procedures, proper signage and its posting,
adequate and frequent personnel and support organization training, and the
availability of emergency equipment, all contribute greatly to the success of swift,
effective emergency response operations.

Examples of potential undesired events that may escalate if the passengers and crew
are not rescued include vehicle fire, vehicle collisions, vehicle stranding, and sudden
stops, etc.. These undesired events may involve system malfunctions, unsafe
operations, etc. and may result in injury-producing or life-threatening situations.
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4.3 PRELIMINARY HAZARD ANALYSIS (PHA)

Preliminary Hazard Analysis (PHA) is a basic hazard analysis technique used to
identify, list and logically organize hazards into categories by causative subevents.
The PHA format provides an organized, systematic framework to define potential
hazards (their nature, types and their causes) and to recommend possible safeguards
and control measures. The PHA is an inductive method, that uses the bottom-up
approach (what happens if a specific hazard exists) to determine what the effect of a
hazardous event or system malfunction will be. A key point concerning this type of
analysis is that it provides a more expanded and system specific checklist of potential
hazards, and the opportunity to consider a large number of conceivable hazards
(some of which, however improbable, could possibly occur). This is important,
because historical data and experience do not necessarily reflect all potential safety
hazards and their effects. A PHA is usually carried out in the early phases of
conceptual system definition, design, and operations planning.

The PHA is being developed using the maglev system definition presented in Section
3 of this report and the organizational approach shown in Figure 4-4. The main
functional areas (elements) of the system are: equipment and facilities/structures,
environment, procedures, and people. Each functional area (equipment and
facilities/structures being considered separately) is represented by a number from 1
(equipment) to 5 (procedures) as shown in Figure 4-4. The functional areas are then
broken down further into systems and, if applicable, subsystems. Figures 4-5
through 4-9 show complete organizations for each of the five functional areas. Each
system represented under a functional area is uniquely identified by a number
composed of the functional area it belongs to and its own arbitrary sequence
number. For example, the passenger vehicle is the first system under the equipment
functional area. In Figure 4-4 equipment received the identifier “1.” The passenger
vehicle would then be represented as “1.1.” The next system under equipment is the
guideway maintenance vehicle which would then be “1.2.” Each subsystem is
identified by continuing the pattern so that the fifth subsystem of the passenger
vehicle (the suspension) is identified as “1.1.5.” This method of referring to the
functional elements, systems and subsystems will be used throughout the PHA and is
the basis for the PHA's “control numbers” which will be discussed shortly.
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Hazards will be identified for each of the subsystems within the main functional
areas by reviewing the available literature, representative accident scenarios, the
generic checklist contained in Appendix B, and discussions with technical experts,
designers, operators, other project staff, and consultants. Each hazard identified in
a subsystem will receive an identifier built upon the subsystem identifier discussed
above. Following the same pattern, the second hazard identified for the suspension
subsystem (identified as “1.1.5") will receive the identifier “1.1.5.2.” Since it is
possible for a single hazard to have various causes, the identifier is then further
specified to represent causes as well. The first potential cause of a hazard will
receive the identifier “A” and the second one “B*”, etc. Letters rather than numbers
are used here to insure that the focus always remains on the hazard as the logical
grouping. This is the basis for the final unique identifier, or control number, which
consists of the hazard (“1.1.5.2" - from above) and one specific cause ("A" - for the
first cause) in the form “1.1.5.2-A.”

Control numbers can be seen in the first column of the PHA worksheet sample in
Figure 4-10. They are the organizing principle upon which the PHA is being based.
The hazard description and causal factors are listed in the next two columns. (Note
that the element, system and subsystem are listed in the upper left hand corner of
the worksheet. Once again this allows the focus to remain on the hazards while they
remain grouped meaningfully under the subsystems.) The fourth column lists the
hazard effects, which are the same as the “undesired events" listed in Table 4-1. The
fifth column contains the Risk Assessment Category (RAC) value assigned to each
hazard (see Section 2.1.3 Hazard Assessment). The RAC represents the hazard risk in
terms of both its severity, and its probability. For example, “1ID” indicates the
hazard severity is “Il” (critical) and its probability is “D* (remote) (see Figures 2-3
through 2-5). Selection of the RAC often involves subjective judgment, open to
other opinions, since adequate data to determine the probability are usually
unavailable. The recommendations presented in column six describe methods which
may be employed to eliminate the cause or, alternatively, minimize and/or control
the adverse effects of each hazard. Some recommendations are based on existing
standards, regulations, and guidelines, others on common sense and experience of
the evaluators. The effect of these recommendations, in terms of changing the
RAC, is presented in column seven. (Note: This second RAC often reflects a reduction
in hazard probability, but not in its severity.) The eighth column lists the applicable
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sections of regulations, standards, and guidelines, which were used as reference
sources for the recommendations. These references can include applicable sections
of the Federal Railroad Administration Code of Federal Regulations (CFR), draft
German safety standards for Maglev, and published regulations and guidelines from
other Modal Administrations UMTA, FAA etc. or trade associations.

The PHA effort is focusing primarily on the identification and resolution of hazards
which could result in the undesired events presented in Table 4-1. The Preliminary

Hazard Analysis and the results of the hazard resolution effort will be presented in
the next report on the assessment of the draft German maglev safety standards.
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5. RISK ASSESSMENT

The results of the hazard identification process have been described in Section 4.
This process resulted in the identification of nine undesired events that may result in
a maglev passenger or crew casualty. For the assessment conducted in this section,
the undesired event which causes a vehicle collision has been expanded to include
vehicle-to-vehicle collision and vehicle-to-object collision.

Associated with each of these undesired events are the hazards and contributing
factors that precipated them. Each of the undesired events could, if the appropriate
countermeasure is not taken, result in a passenger/crew casualty. Furthermore, each
undesired event may be brought about or be a result of one or more hazards and
causal effects that are present in one or more of the maglev systems or subsystems.
Adequately addressing the safety of a maglev system requires that each safety
relevant system and subsystem be examined and that the appropriate action be
taken to mitigate the occurrence of any undesired event.

The following sections address the assessment of the undesired events. The results
of this assessment provide insight into the safety needs of individual maglev systems
and subsystems.

5.1 UNDESIRED EVENT SEVERITY AND PROBABILITY CATEGORIES

As a means of establishing an understanding of the risk associated with maglev
operations and the countermeasures that may be employed to address those risks,
the undesired events have been assessed for severity and probability of occurrence.
This effort is subjective, but can provide an indication of which undesired events
pose the largest threat to passenger casualties and maglev system loss. As operating
experience is accumulated, the assigned hazard assessment values can be adjusted to
more realistically reflect the severity and probability of the hazards identified.
Understanding the subjective nature of the risk will assist in determining which of
the available countermeasures may be employed to address those threats.

To assist in establishing event severity and probability of occurrence categories, the
hazard categories presented in MIL STD 882B have been modified to address the
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specific undesired events associated with maglev systems. Figures 5-1 and 5-2
present these modified severity and probability categories.

5.1.1 Severity of Undesired Event

The severity or magnitude of the consequences of an undesired event will depend
on two factors: first, when the event occurs in the operating cycle; second, whether
the event is time-dependent and whether it can be controlled is very important and
will affect the event severity. For the purpose of the assessment presented here, the
operating cycle has been defined as having the following phases:

At station.

Vehicle leaving/arriving at station.

Atinaccessible point along guideway.

At safe, accessible evacuation point on guideway.

Estimates of the severity associated with these undesired events which could involve
the maglev system operation and its passengers/crew are contained in Table 5-1. It
is recognized that the severity of the individual event may vary considerably.
However, for the purpose of this study, the most severe consequence has been
postulated. In passenger transfer at the station, the severity or effect of a certain
event on a passenger or crew member may be less than when it occurs on an
inaccessible portion of the guideway. For example, the passenger/crew may easily
evacuate the emergency situation during passenger transfer to and from a station.
In contrast, a stalled/stopped maglev vehicle on an inaccessible portion of the
guideway may not provide sufficient time or the ability to escape.

When passengers/crew are not able to evacuate under certain emergency
conditions, the undesired event will likely result in more severe consequences. In this
situation, the severity of the undesired event is deemed to be Category |,
Catastrophic. Although the severity or consequences of an event could be large, the
probability of the undesired event occurring could be quite small. This is because
both the emergency condition must occur and the passengers/crew must be unable
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CATEGORY

SEVERITY

CHARACTERISTICS

CATASTROPHIC

CRITICAL

MARGINAL

NEGLIGIBLE

Death to passenger or employee, loss of maglev
system.

Severe injury to passenger or employee; hazard
or single point failure may lead to catastrophe if
action is not taken to control situation or rescue
individual. Critical systems are involved and
maglev vehicle is unable to move to evacuation
area. Time of response is important in
preventing death or system loss.

Minor injury not requiring hospitalization or the
hazard present does not by itself threaten the
safety of the maglev system or passengers. No
critical systems are disabled, but could be if
additional failure(s)/malfunction(s)/hazard(s)
occur.

Less than minor injury. Does not impair any of
the critical systems.

FIGURE 5-1. UNDESIRED EVENT SEVERITY CATEGORIES

CATEGORY LEVEL SPECIFIC EVENT

A FREQUENT Not an unusual event, could occur several times
in annual operations.

B PROBABLE Event could occur several times in the lifetime of
the maglev system.

C OCCASIONAL | Expected to occur at least once in the lifetime of
the maglev system.

D REMOTE Event is unlikely to occur during the lifetime of
the maglev system.

E IMPROBABLE | Eventisso unlikely that it is not expected to

occur in the lifetime of the maglev system.

FIGURE 5-2. UNDESIRED EVENT PROBABILITY CATEGORIES
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to evacuate or avoid that emergency condition in time to prevent the occurrence of
a casualty.

5.1.2 Probability of Occurrence of Undesired Event

To establish, in absolute terms, the probability that an event will occur requires a
calculation based on previous experience. This calculation should take into
consideration that the event may have occurred or been reported to occur a certain
number of times. For passenger-carrying maglev systems, no publicly available
database exists from which to calculate the probability of occurrence of an
undesired event. Operating experience and data for other mass transit systems
exist; however, the availability and level of detail are limited. To provide an
indication of the relative probability of occurrence of the undesired events, the
Hazard Probability Matrix of MIL STD 882B has been modified as shown in Figure 5-2.
The term "several” is intended to connote that an event may occur 10 times in a
designated period (i.e. ten times a year for frequent and ten times in a lifetime for
probable etc.). Table 5-2 presents an estimate of the probability of occurrence of the
undesired events. These estimates are subjective based on the analyses shown in the
fault trees in Appendix C. It should be noted that both the hazard and the inability
or failure to control the hazard must be present for an undesired event to occur.
Thus, for a fire/smoke casualty to occur, a fire/smoke incident must occur and the fire
not be contained or controlled.

5.2 RISK ASSESSMENT ESTIMATES

The risk associated with an undesired event is the product of the severity of the
event and the probability of occurrence of that event.

For the purpose of this assessment, the worst estimated severity value has been
assigned to each evaluated undesired event. As shown in Table 5-1, the severities
assigned to the identified undesired events at this time were primarily the critical or
catastrophic level. The estimated levels assigned in Table 5-2 indicate that the
probability of occurrence of such events would not be common.

The Risk Assessment Matrix shown in Figure 5-3 can assist in the decision-making
process to determine whether individual system or subsystem hazards should be
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eliminated or controlled to reduce the occurrence of the undesired event or
otherwise accepted. Although the probability of the undesired events in most cases
is estimated to be low, the potential severity of some of the identified undesired
events requires that some type of action may be suggested to minimize the risk.

Employing the Assessment Matrix in Figure 5-3 to evaluate these undesired events
suggests that action should be taken to minimize the potential risk associated with
the IC (catastrophic/occasional), ID (catastrophic/remote), IIC (critical/occasional), IID
(critical/remote), IIE (critical/improbable) and IlIB (marginal/probable) risk values
identified in Table 5-3. Section 6 identifies and presents 10 broad areas of
countermeasures that may be employed to reduce the potential risk of the
undesired events.

UNDESIRED EVENT CATEGORIES
FREQUENCY OF
OCCURRENCE , " m v
CATASTROPHIC CRITICAL MARGINAL NEGLIGIBLE
(A) FREQUENT 1A A I A
y 5
(B) PROBABLE Iy . "8 e
7y
oo -
(C) OCCASIONAL N Ine me e
¢
(D) REMOTE VD
(E) IMPROBABLE IVE

HAZARD RISK INDEX

1A, 18,1C, 1A, 1IB, A B [ ] unaccepTaBLe

1D, IIC, D, B, NC [I| UNACCEPTABLE ( MANAGEMENT DECISION REQUIRED )

IE, IIE, 11D, INE, IVA, IVB [3_] ACCEPTABLEWITH REVIEW BY MANAGEMENT
IVC, IVD, IVE [ ][ a ] AcceprasewiTHOUT REVIEW

SOURCE: MILSTD 8828

FIGURE 5-3. UNDESIRED EVENT ASSESSMENT MATRIX
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6. RESOLUTION OF MAGLEV SAFETY ISSUES

The hazard scenarios presented in Appendix B provide an insight into what
emergency situations may occur during the operation of a maglev system. An
assessment of each of the undesired events identified in the scenarios and the fault
trees was presented in Section 5. With few exceptions, for each undesired event, the
severity was estimated to be "Critical” or "Catastrophic." However, the probability
of occurrence is less than "Probable,” and, in most instances, is "Remote” or
"Improbable.” In terms of the acceptance criteria suggested in MIL STD 8828 and
the Risk Assessment Matrix presented in Figure 5-3, certain actions should be taken
to minimize both the consequences or severity of the undesired event and the
probability of its occurrence.

Actions to be taken to minimize the potential risk are termed “countermeasures.”

For the purpose of this study, a countermeasure may be defined as any action or
series of actions that may be taken to reduce the risk of a casualty associated with
the operation of a maglev system. This section presents a discussion of the types of
countermeasures that may be applied to minimize the risk. The risk reduction may
be accomplished by the application of these countermeasures to either eliminate or
control the identified hazard, thereby eliminating the occurrence of the event or
minimizing its effect. Elimination or prevention of the event is preferable, but not
always possible. Recognizing this, the hazard reduction precedence presented in
Section 2.1.4 (Figure 2-6) has been employed. This precedence requires that the
hazard first be eliminated or controlled through system design. If that is not
possible, safety devices, warning devices, and/or special procedures and training
should be provided. Finally, if none of those countermeasures provide the necessary
level of safety, the decision must be made to accept the hazard or dispose of the
system. Countermeasures that may be implemented to address identified safety
issues or hazards may involve the system design, training, operations, maintenance,
testing and inspection, configuration management, emergency preparedness, and
recertification/reinspection.

The risk reduction countermeasures described in this report are primarily design
oriented and emphasize the prevention of the occurrence of the event (primary
countermeasures). Secondary countermeasures that address issues associated with
system training, operation, maintenance, testing and inspection, configuration
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management, emergency preparedness, and recertification/reinspection are also
briefly discussed and will be addressed in more detail in a subsequent report. The
following sections present a summary of primary and secondary countermeasures
that may be implemented.

6.1 DESIGN COUNTERMEASURES

During the conduct of this preliminary safety review, it was found that in many
instances countermeasures to address safety issues or hazards may be implemented
by following existing regulations, standards, or guidelines. Appendix D provides a
summary of existing safety regulations, guidelines, and requirements adopted by
U.S. government and industry organizations (i.e. FRA, AAR, etc.) and foreign
government and industry organizations (i.e. EBO, MBO, UIC, etc.) that may be
potentially applicable to maglev systems. These existing codes and standards were
developed for application to railroads (In the U.S.: Title 49 of the Code of Federal
Regulations) as well as other transportation systems in the U.S. and Europe. The
current FRA regulations, standards, and guidelines address many of the subsystems
and equipment hazards from the design standpoint.

Redundant or backup systems may be recommended for critical systems and
subsystems. Although backup systems are expensive and often complex, such
systems are likely to offer the best way to reduce the probability of certain undesired
events. However, in some instances other methods of controlling hazards may be
more appropriate. The decision regarding which systems require backup has to be
based on the information available at the time the analysis was completed.

Fire safety of materials for the interior spaces of the maglev vehicle was identified as
a major concern. The FRA and UMTA have developed guidelines for passenger
vehicle interior materials for intercity railcars and transit cars. The criteria in these
guidelines could also be applied to the maglev vehicle to improve fire safety.

The following maglev safety issues should be explored further by the FRA and the
developers:

® Evacuation capability from, and access to, the maglev vehicle.
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® Passage of a fire from outside the occupant compartment into the
occupant compartment.

® Provision of alarms to indicate loss of power, air or fluid leakage, or
fire/smoke.

® Provision for reaching a safe evacuation area.

e Vehicle crashworthiness and minimizing the potential for collisions on
the guideway with objects and other vehicles (See p. 7-1, 4).

e Automatic activation of emergency lighting upon electrical power loss.
® Protection against battery explosion.
e Redundant ability for communications and vehicle location.

® Validation of fail-safe or vital software.

Other aspects of maglev safety associated with training, operations, maintenance,
and documentation do not appear to be adequately covered by existing codes,
standards, or regulations. Safety issues in these areas are often characterized by a
high incidence of human interaction. The following sections describe general
countermeasures that may be employed to address the identified safety issues.

6.2 TRAINING COUNTERMEASURES

Training programs should be developed for all safety-related phases of the maglev
system operation. Guidelines, which include minimum qualifications for applicants
in critical positions, should be established. A training path leading to certification
should be clearly defined, as well as measurable goals and objectives for each aspect
of the training. The training guidelines prepared for other rail systems could be
adapted for maglev system personnel.

The training program should clearly represent a systems approach to training and
should include, but not be limited to, the following:

® A training assessment phase to determine training needs (knowledge,
skills and abilities) and training objectives.
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® A training development phase to select training methods and to
develop the training courses.

® Atraining phase during which training is conducted.

® An evaluation and feedback phase which should continue throughout
the maglev system life-cycle. This feedback can assist in determining if
the training is appropriate for the tasks being performed, and to assure
that any operational or equipment changes are reflected in the
curricula.

6.3 OPERATIONAL COUNTERMEASURES

The FRA currently has regulations regarding operating rules and practices for
railroads. Railroads must file copies of their operating rules, timetables, programs
of tests and inspections, record keeping, and drug and alcohol violations with the
FRA. Most of these regulations, if not all, are applicable to the maglev system but
must be reviewed for application when the maglev system’s operational
requirements are further defined. Areas that may require FRA guidelines include:

® Developing and implementing a system safety program.
® Emergency preparedness and response.
® Operating in adverse weather conditions.

® Passenger awareness of emergency operations.

6.4 MAINTENANCE COUNTERMEASURES

Maintenance countermeasures include the development of maintenance procedures
and management documentation for all safety-related systems and subsystems. This
includes routine maintenance procedures and preventive maintenance procedures
and plans. These are assumed to have been developed during the design and
development phase by the developer and prior to application will be reviewed by
the appropriate operating authority and FRA. Moreover, audits or periodic
inspections should be conducted to assure that approved procedures are being
implemented and that preventive maintenance is being performed.
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The FRA presently has regulations regarding inspection and maintenance of railroad
locomotives. The maglev system vehicles and guideway are quite different and may
require that existing regulations be modified significantly.

6.5 TESTING AND INSPECTION COUNTERMEASURES

A testing and acceptance program should be implemented to determine if all
maglev safety-related systems meet operational requirements. All test procedures
and results of the tests should be documented and provided to the appropriate
safety assurance authorities. These tests should include the following:

Subsystem Tests ( e.g. electrical systems).

System Test .

Operational Tests.

Operating Authority Acceptance Tests.

Periodic Emergency System Tests by Operating Authority.

6.6 CONFIGURATION MANAGEMENT COUNTERMEASURES

A configuration management program should be implemented to ensure that
design, development, and operational changes to safety-related systems and
subsystems for the maglev system are subjected to strict configuration control and
reevaluation testing. These documents should, as a minimum, include training
materials, test documentation, system maintenance documents, operating
procedures, and emergency procedures.

6.7 EMERGENCY PREPAREDNESS COUNTERMEASURES

An emergency preparedness plan should be developed to address all aspects of
emergency planning and emergency response. This document should, as a
minimum, include emergency operating procedures, procedures for rescue,
operating emergency equipment, and operating in inclement weather; and
procedures for coordination with other local emergency response organizations.

6.8 RECERTIFICATION OR REINSPECTION COUNTERMEASURES

As previously indicated, all maglev safety-related systems and subsystems should be
periodically inspected by the appropriate authority. Criteria should be developed
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for determining when (other than normal periodic inspections) a maglev system
should be inspected. Incidents which could require immediate inspection include,
but are not limited to, the following:

Stop from a high speed at higher than normal braking rate.
A major change in operating parameters.

Major system replacements.

System modifications (engineering changes).

Unscheduled repairs.

Accident repair to the guideway or vehicle.

Severe environmental events (storms, earthquake, etc.).
Vehicle has been overhauled.

Transfer of ownership.

6.9 DEGRADED OPERATION COUNTERMEASURES

As with intercity rail, transit, aircraft, ships, or other transportation systems, maglev
systems can operate in a degraded mode. Minor malfunctions such as burned-out
light bulbs and faulty indicators may not jeopardize the safety of the passengers or
crew. However, criteria should be developed to clearly indicate which failures or
combinations of failures constitute a minor inconvenience, and which should result
in the suspension of system operations, particularly where component redundancy
and/or failure tolerant subsystems are involved.
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7. SUMMARY AND FINDINGS

After completing a preliminary review of the safety aspects of the Transrapid maglev
system, the following summary and findings are provided for consideration.

7.1 SUMMARY

1.  Although the maglev transport system consists of the same basic system
elements (i.e., facilities and equipment, people, procedures and
environment) as any ground guided or rail transport system, there are
several characteristics that are unique to it. Examples of the unique
maglev characteristics are the elevated guideway with wraparound
vehicle design, the safe hovering concept, the programmed automatic
train operations during emergencies, and the operating procedures for
the removal of disabled trains or vehicles from the guideway. Therefore,
the direct application of most railroad regulations will be difficult,
although some regulations can be found to be appropriate for maglev as
well as railroads.

2. Extensive maglev operational data exists for the TR06 and TRO7 vehicles
at TVE. However, complete determination of the scope and magnitude of
maglev safety incidents or accidents likely to be found in revenue service
operations requires, at a minimum, detailed analysis of this data. Analysis
of certain safety issues may only be possible with additional data.

3. The forthcoming TUV Rheinland system operational readiness verification
testing, endurance running on the TVE Test Track and the one-year test
program of the Florida Maglev Demonstration Project are necessary and
must be considered as required in order to produce the necessary
information concerning the maglev safety issues raised or that may be

raised as the study progresses and which must be resolved prior to
revenue service.

4. The resolution of some initial safety issues identified that need to be
confirmed prior to consideration of revenue service are fire safety, vehicle
crashworthiness, on-board battery supply reliability, suspension system
failure at high speeds, safe hovering reliability, emergency preparedness
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(emergency evacuation with wraparound vehicle design, programmed,
controlled operations during emergencies, enhanced emergency
braking/stopping, vehicle evacuation, lightning protection, earthquake
impact, etc.), air quality of the passenger cabin during emergency
conditions, and fail-safe mechanical guideway switching.

The FRA employs elements of Title 49 of the Code of Federal Regulations
(CFR) to regulate existing passenger rail systems. Several of these
regulations can be applied directly to a maglev system and others can be
applied in concept. However, many of the requirements contained in
these regulations are not applicable to a maglev system. The FRA will
need to modify these regulations and develop new regulations to address
the maglev-specific safety issues. A number of TUOV Rheinland and other
transportation industry safety standards and guidelines exist that may be
applied to the proposed U.S. maglev transportation systems.

This preliminary safety analysis has identified ten undesired events,
discussed in Section 4, that may result in a casualty or loss of the maglev
system. Although the probability of occurrence of each event is low, the
projected severity of some requires that action be taken to mitigate their
consequences (see Table 5-3). Action may have already been taken by
those responsible for Transrapid safety in Germany.

This report has been directed at the early identification of safety issues
during the development process such that they may be addressed prior to
the final design of the system to be deployed for U.S. operations. Some of
these safety issues may have already been resolved or may find resolution
through the application of the countermeasures discussed in Section 6.

In order to more fully evaluate the ability of the Transrapid system to
perform safely in the proposed U.S. applications, more detailed
information or analysis is required on the following:

a) The final design-gap frequency-response characteristics for
guideway irregularities and external force loadings;
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b)

d)

e)

f)

Failure detection and compensation algorithms and systems in the
event of failure of a magnet hinge control component;

Controls to be applied to guideway geometry variations and
operational procedures to detect and correct guideway
irregularities prior to the occurrence of an unsafe condition;
Emergency preparedness plans;

Fail Safe and Safe Life philosophies and their applications; and

Crashworthiness.

The Transrapid philosophy for dealing with potential casualties is to use
autonomous, redundant systems in safety critical areas, e. g., control, safe
hover, guidance, and braking systems. The system is failure tolerant
rather than fail safe, and the probabilities of casualties are remote. The
FRA can alleviate these issues by promulgating regulations dealing with
some of the safety issues arising from failure tolerant designs. The
following are some safety concerns relating to failure tolerance that have
been identified at this stage of the safety assessment study:

a)

b)

Abuse of Failure Tolerant Design - In a failure-tolerant design
dependent on two or more autonomous, redundant systems, it is
possible to continue operations even though some part of the
redundant systems has failed. There is the danger that the system
operator will disregard such failures and continue operations with a
system that is no longer failure-tolerant.

Operating procedures can mitigate this concern by forbidding
operations beyond the point where failure tolerance is jeopardized;
and requiring that such failures be tracked in a nondestructable
storage medium (e. g., a black box recorder).

Emergency Evacuation - A concern exists in that passengers cannot
exit the TRO7 vehicle safely in the event of any emergency unless the

7-3




1.

vehicle is at a preestablished exit location. Analysis of the low
probability of the vehicle being stranded must be confirmed.
However, this issue could also be alleviated through alternative
evacuation techniques. For example, the TR-06 model is provided
with evacuation chutes, similar to those on commercial aircraft, for
vehicle evacuation. Where the guideway is too high for practical
evacuation by chute, there is a walkway installed on the guideway
for passenger access to evacuation ladders.

Incorporating this evacuation method into the TRO7 maglev system
may be one approach to providing emergency egress equivalent to
those available on existing aircraft and ground systems; however,
unpredictable guideway heights at the time of need limits the use of
the evacuation method used in TR-06.

¢) Emergency Brake - The Transrapid vehicle does not have a classical
emergency brake system which will bring the vehicle to an
immediate stop in all situations. Continued operation of certain
vital automated systems until a stop is achieved is required by this
system.

The ability of the relatively light guideway to withstand the applied
forces over time needs further analysis. For example, are single, double or
triple spans required to provide acceptable dynamic interaction between
vehicles and guideway? Definition of the applied forces should be
reviewed to ensure an adequate design. Conditions, such as, very high
winds, erosion, oxidation, extreme thermal conditions, etc., that may
affect the guideway structure at potential U.S. sites must be taken into
account.

Tolerances required for electromagnetic levitation system operation
require that the guideway be built to a higher degree of precision than
normal construction tolerances require for transportation systems in this
country. Even though span girders are manufactured to ensure precision,
they will be set on foundations and columns built in the field to



specifications more demanding than specifications and procedures used
in most U.S. construction projects.

Finally, long-term structural performance of the guideway structure and
its long stator (or propulsion) appurtenances should be reviewed. This
includes not only how the structure will actually degrade with use in
various site environments, but also concerns over how inspection and
maintenance will be executed.

7.2 FINDINGS

To provide the traveling public with the highest practical level of transportation
safety, all critical safety issues associated with maglev transportation must be
identified and resolved. Sections 4 and 5 identify these issues and Section 6 suggests
the types of countermeasures that may be employed to resolve them. The first
priority is to select and implement those countermeasures that most effectively
eliminate the hazard or safety issue. This initial hazard assessment of the Transrapid
system provides research findings relative to new rules that should be considered for
establishment and existing FRA rules and other transportation industry rules that
should be modified or adopted. In the consideration of optional approaches to
complete compliance with an existing FRA regulation, the “equivalent systems
safety” concept may be explored and, where feasible, considered for adoption.

7.2.1 New Federal Railroad Administration Rule Making Initiatives

Suggested new rule making activities that the Federal Railroad Administration (FRA)
should consider undertaking to minimize the potential for occurrence of an accident
and the consequences of accidents that may happen are contained in the following
initial findings:

1)  Being adequately prepared to effectively respond to the occurrence of an
accident requires emergency response planning. Without a plan, the
effects of the emergency will not be minimized. For this reason, the FRA
should require the development of an emergency plan which addresses
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2)

3)

4)

5)

systemwide emergency response training and equipment, and facility
emergency preparedness.

Emergency access and egress to and from the maglev system and the
vehicle is a necessity as accidents/incidents will occur over the lifetime of
the system. Provisions must be made to allow passengers and employees
to exit the vehicle and allow emergency response personnel access to the
vehicle at any location where a stopped vehicle emergency can occur. At
present, with the exception of the requirement for four window exits, the
FRA does not have any guidelines, regulations, or standards addressing
this issue.

Emergency equipment is briefly addressed in the existing FRA regulations,
relative to the need for rear end lights and the need for a handbrake.
This regulation is applicable in intent, but additional rule making should
be considered to address the need for emergency lighting, emergency
communications, ventilation (excessive heat buildup of confined air from
sun thermal load), etc.

Fire safety is a major concern as the ability of patrons and employees to
egress from the vehicle is extremely limited. The existing FRA fire safety
guidelines address only the flammability and smoke-emission
characteristics of the vehicle interior compartment materials. The
materials requirements are only one element of the fire safety concern.
fire detection and suppression are two additional issues that need to be
addressed. A vehicle fire may develop, propagate and, if not detected
and suppressed, result in a major accident. For the proposed TR07 maglev
system, with its very limited access and egress, the lack of fire detection
and suppression system could result in a minor incident propagating into
a major fire and thereby resulting in a catastrophic accident. Fire safety
guidelines should also address the need for fire containment and fire
walls/barriers.

Eliminating the possibility of or detecting the presence of people or

objects on the guideway, no matter how remote, is of paramount
importance if casualties or collisions on the guideway are to be avoided.
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6)

7)

Consideration should be given to requiring an intrusion detection system
or a physical barrier to ensure the security of the guideway, especially in
areas where the guideway may be easily accessible. This approach will
minimize the probability of an undetected individual or object being
present on the guideway during vehicle operations. Operational and
training procedures will also play a major role in reducing the likelihood
of personnel being hit by a train.

Verification of the safety of the signal and control system is critical for a
fully automated transportation system such as is envisioned in the
Transrapid maglev. The FRA should require positive verification that the
control system is indeed fail-safe. Regulations should be established to
identify the procedure for verifying the safety of control systems,
including the listing of all vital circuits and documentation certifying the
verification of critical software components. Possible failure modes of the
control system should be integrated with the emergency preparedness
plans to minimize the potential for injuries and casualties.

As required for existing rail operations, the FRA should consider
developing requirements for guideway inspection techniques and criteria
for determining the need for maintenance.

7.2.2 Modifications to Existing FRA Rules

In a number of instances, the safety issues identified in this maglev system analysis
are similar to those issues that pertain to existing U.S. rail systems. Recognizing this,
the safety regulations applied to the existing rail systems may then be modified for
application to the maglev system. In this connection, the concept of “equivalent
systems safety” should be a major consideration. The following recommendations
address the safety issues identified thus far and the existing regulations, guidelines,
and standards that may be modified to resolve them:

1)

The design of the maglev vehicle and the crashworthiness of the vehicle
structure should be addressed. The structural (semimonocoque) design of
the maglev vehicle is similar to that of aircraft and, therefore, not
designed to withstand the buff forces railcars are required to withstand.
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2)

3)

4)

5)

6)

An indepth evaluation of the requirements for crew/passenger safety in a
crash environment is essential.

Existing FRA regulations specify braking requirements for rail cars. In the
proposed maglev system design, the vehicle brake performance does not
provide for immediate emergency braking capability in all situations (49
CFR 236.24). Modification conditionally allowing such a design, as is
compatible with the automatic location detection and control system,
should be considered.

The window glazing for the lead car windshield in the maglev vehicle
must reflect the conditions in which the maglev vehicle operates. While
existing FRA regulations are oriented towards impacts with relatively
large objects, the higher speed at which the maglev vehicle operates (in
excess of 250 mph) leaves its windshield more vulnerable to damage from
impact with small objects, such as birds. High speed bird impacts may be a
situation more analogous to an aircraft than a train. Federal Aviation
Administration aircraft window glazing requirements (FAR 25.631)
should be considered for use in modifying existing FRA regulations.

The present FRA signal and train control regulations will require
modification as noted in item 6 of Section 7.2.1.

In addition to existing FRA regulations requiring the submittal of
operating rules adding a requirement for the submittal of a
manufacturing and construction quality assurance plan and an inspection
and maintenance program plan should be considered. Such plans are
essential to ensure that improper materials, fabrication, maintenance and
operations do not degrade the safety design of the maglev system.

Other areas that may require modification are as follows:
a) Electrical safety and electric power supply.
b) Operating personnel qualifications and training.
¢)  Operating rules and practices.
d) Noise, interior and exterior.
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7.2.3 Adoption/Modification of Other Rules

In addition to existing FRA and other Federal regulations that can be adopted, or
modified and adopted, or created, other standards and rules do exist or are being
developed that may, in some cases, be applicable to maglev safety.

1)

2)

3)

The maglev-specific standards coordinated by TUV Rheinland, are being
reviewed in detail for potential adoption into the existing FRA
regulations. The results of this review will be contained in the next of a
series of reports on the Safety of High Speed Magnetic Levitation
Transportation Systems, titled, Review of German Safety Requirements
for the Transrapid System.

Passenger car doors are a major cause of injury in mass transit systems.
The maglev system doors are completely different from the doors on
intercity railcars. As such, the maglev vehicle should have pressure
sensitive doors similar to those required in UIC 560.

EMC/EMI and lightning protection. Electromagnetic interference (EMI)
associated with power conditioning equipments can have a disruptive
effect on communication control and on-board data processing
equipments. Existing foreign DIN Standards and VDE Regulations on EMI
and appropriate methods for EMC measurement must be reviewed to
establish their applicability to future maglev systems. The lack of U.S.
standards limiting the impact of lightning on maglev safety and
operation may require that new standards be developed in this area.
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APPENDIX A. MAGLEV HAZARD SCENARIOS

FIRE/EXPLOSION IN VEHICLE

Scenario 1

EVENT:
CAUSE:
RESULT:

Scenario 2

EVENT:
CAUSE:
RESULT:

Scenario 3

EVENT:
CAUSE:
RESULT:

Electrical fire occurs.
Short circuit, faulty wiring, overloaded circuit, etc.

Fire, possible loss of power.

Battery explosion occurs.
Buildup of Hydrogen gas and spark.

Exploding/burning gas results in fire and burns materials and
passengers.

Ignition of seats and/or floors occurs.
Passenger inadvertently ignites seats, floor, etc.

Vehicle fire, heat buildup, and/or damage to equipment.

FIRE IN OTHER CRITICAL SYSTEM ELEMENTS

Scenario 1

EVENT:
CAUSE:
RESULT:

Scenario 2

EVENT:
CAUSE:
RESULT:

Fire occurs in central control room.
Short circuit, faulty wiring, sabotage/terrorism, etc.

All vehicles would be stopped at unknown points with no
communications.

Fire occurs at power plant.
Transformer failure, converter failure, sabotage/terrorism, etc.

Loss of power to central control room, equipment damage.
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VEHICLE COLLISION

Scenario 1

EVENT:
CAUSE:

RESULT:

Scenario 2

EVENT:
CAUSE:
RESULT:

Scenario 3

EVENT:
CAUSE:

RESULT:

Scenario 4

EVENT:
CAUSE:
RESULT:

Vehicle collides with debris on guideway.

Maintenance equipment, fallen tree, rocks on guideway, malicious
damage, etc.

Damage to vehicle, passenger injury from impact.

Vehicle collides with individual on guideway.
Unauthorized, undetected individual on guideway.

Injury to individual on guideway, damage to vehicle, injury to vehicle
passengers from impact.

Vehicle collides with other vehicle.

Vehicle not aware of the presence of other vehicle (due to loss of
communication, human error, switch malfunction, etc.).

Damage to one or both vehicles, passenger injury from impact.

Vehicle collides with other moving object.
Bird, falling tree, bullet, rock, etc. hits vehicle.

If object penetrates shell, possible passenger injury.

VEHICLE LEAVES GUIDEWAY

Scenario 1

EVENT:
CAUSE:

RESULT:

Vehicle leaves guideway at open switch.

Undetected flexible switch malfunction (due to loss of power,
hydraulics system failure, faulty switching signal, etc.).

Damage to vehicle, passenger injury from impact.
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Scenario 2

EVENT: Vehicle is operated at excessive speed and leaves guideway.
CAUSE: Guideway irregularities too large for speed.

RESULT: Damage to vehicle, passenger injury from impact.

Scenario 3

EVENT: Vehicle leaves guideway at point of span/beam failure.
CAUSE: Span/beam failure ignored or not detected.

RESULT: Damage to vehicle, passenger injury from impact.

SUDDEN STOP

Scenario 1

EVENT:
CAUSE:
RESULT:

Scenario 2

EVENT:
CAUSE:

RESULT:

Scenario 3

EVENT:
CAUSE:
RESULT:

Untimely vehicle braking occurs.
Signaling/communications system failure, loss of vehicle power.

Passenger injury, possibly strikes interior of vehicle.

Loss of safe hover occurs.

Magnet gap control loop malfunction, guideway irregularities too
large for speed.

Vehicle drops on skids, damage to vehicle, passenger injury from
impact.

Unsymmetrical touchdown occurs.
Ignored or inadequate warning of crosswinds above safety limits.

Vehicle drops on skids, damage to vehicle, passenger injury from
impact.

A-3




VEHICLE DOES NOT SLOW/STOP AT STATION

Scenario 1

EVENT:
CAUSE:

RESULT:

Scenario 2

EVENT:
CAUSE:
RESULT:

Vehicle unable to slow/stop at station.

Loss of control, operator error, excessive speed, braking subsystem
failure, etc.

Possible damage to vehicle and station platform, as well as to patrons
standing on the platform.

Braking not sufficient for accumulation of ice on guideway.
Severe weather conditions.

Loss of stopping capabilities, possible damage to vehicle and station
platform, as well as to patrons standing on the platform.

VEHICLE STRANDED BETWEEN STATIONS OR SAFE EVACUATION POINTS

Scenario 1

EVENT:

CAUSE:
RESULT:

Scenario 2

EVENT:

CAUSE:
RESULT:

Accidental shutdown of main power occurs before on board batteries
are charged.

Operator error, defective battery indicator sensor.

Vehicle stranded, mass passenger anxiety.

Vehicle stops before accumulated magnetic levitation electrostatic
charge has been grounded.

Emergency stop in unplanned stopping area.

Possible passenger exposure to Electrostatic Discharge (ESD) hazards.
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INABILITY TO RESCUE MAGLEV PASSENGERS IN CASE OF BREAKDOWN, OR
ACCIDENT

Scenario 1
EVENT: Vehicie inaccessible to rescue equipment.
CAUSE: Vehicle stranded over water, swamp, busy interstate highway, etc.

RESULT: Mass passenger anxiety.

Scenario 2
EVENT: Vehicle rescue attempt is not made promptly.
CAUSE: Assistance is not available, rescue personnel are unavailable, rescue

equipment is not available.

RESULT: Mass passenger anxiety, possible passenger injury or death.

PASSENGER INJURY/ILLNESS

Scenario 1
EVENT: Individual slips or trips entering or exiting the vehicle.
CAUSE: Smooth wet surface, uneven surface, no railing, no assistance, etc.

RESULT: Possible passenger injury.

Scenario 2
EVENT: Passenger becomes ill while inside vehicle.
CAUSE: Motion sickness, heart attack, toxic fumes.

RESULT: Possible passenger death.

Scenario 3
EVENT: Passenger caught in automatic doors.
CAUSE: Door locks malfunction.

RESULT: Passenger injury, possibly crushed.
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APPENDIXB. GENERIC HAZARD CHECKLIST *
1. BASIC DESIGN DEFICIENCIES

a. Examples:

1) Sharp corners

2) Instability

3) Excessive weight

4) Inadequate clearance
5) Lack of accessibility

b. Causes: Improper or poor design

c. Control Methods: Improve or change design
2. INHERENT HAZARDS

a. Examples:

Mechanical (i.e., rotating equipment, vibration)
Electrical -
Explosives o

Flammable gases or liquids

Toxic substances )

Acceleration (flying objects)

Deceleration (falling objects)

Temperature

ONAOAN B WN =

b. Cause: Integral characteristic which cannot be designed out
¢.  Control Methods:
(1) Safety Devices

a; Isolation (separation)

b) Barriers (guards)

3 Interlocks (deactivation)
Pressure release

e) Temperature sensor (fuse)

(2) Warning Devices (Five Senses)

a; Visual (see) - color, shape, signs, light
b) Auditory (hear) - bell

2 Tactile (touch) - shape, texture

; Olfactory (smell

e) Gustatory (taste

*This checklist was developed by TSC using material adapted from Product Safe
Management and Engineering by Willie Hammer, 1980. While the check
provides a starting point for hazard identification, it does not present a
comprehensive, exhaustive listing of all hazards and/or their causes.

=10
(7Y (=4
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(3) Procedures and Training

a; Use of safe procedures
b) Training

8 Backout/recovery procedures
; Protective equipment

e) Emergency procedures

3.  MALFUNCTIONS
a. Examples:

Structural failures
Mechanical malfunctions
Power failures

Electrical malfunctions

1
2
3
4

b. Causes:

Faulty design

Manufacturing defects
Improper or lack of maintenance
Exceeding specified limits
Environmental effects

W N =

c.  Control Methods: Design

$1; Fail safe design )

2) Higher safety margins (i.e., reduce stress, increase
load strength, e'gc% _

$3g Redundan cnrcuatr¥ or equipment

4) Timed replacemen

d. Other Control Methods: Safetz devices, Warning Devices,
Procedures and Training (See Point 2. ¢. 1-3)

4. MAINTENANCE HAZARDS

a. Examples:

1) Improper connections
2) Component failures
3) Equipmentdamage
4) Operational delay
b. Causes:
1) Lack of maintenance
2} Improper maintenance .
3) Hazardous maintenance conditions

C. Control Methods:
(1) Design

a; Simplified design
b) Fail-safedesign
9 Easy access to equipment i

) Elimination of need for special tools or equipment
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(2) Safety devices

a; Guards for moving parts
b) Interlocks

(3) Warning devices

a; Labels/Signs
b) Bells
3 Chimes

) Lights

(4) Proceduresor Training

Improved training courses

ga; Documentation of proper procedures
¢) Housekeeping

5. ENVIRONMENTAL HAZARDS

b.

Examples:

1) Heat

Cold

Dryness

Wetness ) )

Low friction (slipperiness)
Glare

Darkness

Earthquake

Gas or other toxic fumes

WOONOYNIHIWN

Causes:

1; Inherent
52 Foreseen or unforeseen natural phenomena/conditions which do
or could occur

Control Methods :(see also 4.c)
(1) Design

b) Increased resistance to dryness or wetness

gag Increased resistance to temperature changes
¢) Fail-safe design

(2) Safety Devices

a; sufficient heating or cooling capability
b) Adequate insulation
2 Restricted access

) Temperature sensor

(3) Warning devices

a; Visual
b) Auditory
¢) Smell
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(4)

Procedures and Training

ag Use of safe procedures
b) Protective equipment
¢) Training

6. HUMAN FACTORS
a. Examples: (Also see all other items)

&)

(3)

4
5
6
7

Sﬂ'es,s (sensory, mental, motor)
Physical surroundings (environment)

a; Noise
b) llumination
9 Temperature

; Energy sources
% Air and humidity
Vibration

Errors

ia‘ Omission
Commission

Nonrecognition of hazards
Incorrect'decisions

Tasks done at wrong time

Tasks not performed or incorrectly performed

b. Causes:

~JOWNBWN =

18

Inadequate attention to human design criteria
Poor location, layout of controls

Ec“upment comJ)lexlty

Inherent hazards

Incorrect installation

Failyre of warning devices

Inadequacy of procedural safeguards

a) Failure to follow instructions
ib; Lack of nowle‘ﬁge of procedures

Inadequate training |
Lack ot or improper maintenance

C. Control Methods:

&)

(3)

Desict;n to address items (1) - (6)
Safety Devices (Redundancy)

a; Isolation (separation)

b) Barriers(g cfrd‘si_ )

C Interlocks? eactivation)
Temperature sensor (fuse)

Warning Devices (Five Senses) (Redundancy)
Visual (eye) - cqlor, shape, signs, light
B Ksyal(eye) . £3'onaape. signs. fig

ear

c) Tactile (¥o ch) - shape, texture
Olfactory (umell

e) Gustatory ?taste



7.

(4) Procedures and Training

(a) Clear warning labels (nature of hazard, action to avoid

injury, consequences)
b) Use of complete, proper, safe procedures
3 Adequate training (also refresher training)
; Backout/recovery procedures

e) Protective equipment

f) Emergency procedures

g) Proper maintenance procedures

FIRE HAZARDS
a. Examples: Rapid fire spread, smoke/toxic gas buildup
b. Causes:
1) Electrical (short circuit, overload, etc.)
2) Vandalism )
3) Flammable Liquids or Gases
4) Explosion
¢. Control Methods:

(1) Design

{a; Materials Selection
Equipment placement

2) Safety Devices

{a‘ Insulation/barrier material
b) Extinguishing system

(3) Warning Devices

ga; Smoke detection
b) Overheat/overtemperature sensors

(4) Procedures and Training (see 2.c.3)
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APPENDIX D. SAFETY REGULATIONS, GUIDELINES, AND REQUIREMENTS
POTENTIALLY APPLICABLE TO MAGLEV

The attached tables contain a preliminary regulatory comparison, both U.S. and foreign,
for the following list of railroad elements. Much of the data was derived and adapted from
areport prepared for FRA by ADL, enhanced by TSC to include German and non-FRA
applicable regulations, guidelines, and requirements.

1. GENERAL SAFETY ENGINEERING

2. VEHICLE

3. GUIDEWAY (TRACK)

4. SIGNALING, CONTROL, COMMUNICATIONS AND ELECTRIFICATION
5

PERSONNEL/OPERATIONS
ABBREVIATIONS

AAR - Association of American Railroads
ADL - ArthurD. Little, Inc.
APTA - American Public Transit Association
AREA - American Railway Engineering Association
DIN - German Standards Institute .
EBO - German Railroad Construction and Traffic Regulations, 1982 Edition
FAA - Federal Aviation Administration

* AC - Advisory Circular
* FAR - Federal Aviation Regulation

FRA - Federal Railroad Administration
49 CFR - Code of Federal Regulations, Title 49
MBO - Construction and Operating Code for Magnetic Levitation Rail System,

January 1988, DRAFT

MIL-STD - Military Standard (U.S.)

NASA - National Aeronautics and Space Administration

NFPA - National Fire Protection Association

SNCF - French National Railways

TGV - Train a Grand Vitesse (French High Speed Train)

TOvV - High-Speed Maglev Trains Safety Requirements,1991*
VDI - Association of German Engineers

VDE - Association of German Electrical Technicians

uIC - International Union of Railways

UMTA - Urban Mass Transportation Administration

* Folios available as of March, 1991 201
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