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PREFACE

Magnetic 'levitation (maglev) technoiogy ~has the 'potential .to
provide very high speed travel with the capacity and convenient
access of conventional passenger railways, while relieving U;S{
highway and airport congestion. o R -

A need exists for the assessment of the safety'implications”of this
new form of gulded ground transportatlon.' - Thls vis.‘the
responsibility of the Federal Railroad Admlnlstratlon (FRA), which
is charged with ensuring the safety of maglev systems in the United
States under the provisions of the Rail Safety Improvement Act of
1988. ' ’

The fourth in a series of reports address1ng hlgh speed maglev
transportatlon safety, this report, U.S. Maglev System Concept

eflnltlons (SCDs) -~ System Safety Review presents the results of
an 1ndependent system safety review of four proposed u. S. scD
maglev systems. The report is intended to assist the FRA in
ensuring that potent1a1 safety-critical hazards and unsafe
qonditions associated'with the SCDs and other'proposed'magiev
system designs are identified and resolved early in the life-cycle
of U.S. maglev system development. ' '

As a part of the National Maglev Initiative (NMi), Msgneplane,
Foster-Miller,,‘Grumman, and Bechtel prepared detailed system
concept definition (SCD) final reports which- conceptually define
the technical feasibility, performance, and cost of’ constructlng
and operatlng their respective designs in the United States.

The respective SCD contractors were required to.meet.minimum safety
requirements and perform a system hazard analysis to address_séfety
considerations associated with . their _ respective - system
characteristics. . This report presents the results of the system
safety review of the four SCD maglev technologles performed by
BoozeAllen & Hamilton, Inc.
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1. INTRODUCTION .

Magnetic 1levitation (maglev) technology has the potentiall to
provide very high speed. travel with the capacity and convenient
access of conventional passenger railways, while relieving U.S.
highway and airport cdngestion. |

The U. S. govérnment'hés brganiéédlthe National Maglév Initiative
(NMI) to determine the technical and economic viability of maglev
technology in this country and, if appropriate, to consider
incentives for U.S. industry to develop and deploy such systems.
As a part of the NMI, four prime contractors were selected to
conceptually define the technical feasibility, performance, and
cost of constructing and operating their respective designs in the
United States. Magneplane, Foster-Miller, Grumman, and Bechtel
established working teams (including subcontractors) which prepared
detailed system concept definition (SCD) final reports [1, 2, 3,
and 4] combining the ﬁajdrlélements 6f their‘réépective maglev
technologies into complete transportation systems. It was not the
intent of the U.S. government to select a specific maglev SCD for
further development, but rather to generate an input to decision-

makers in evaluating the future direction of the NMI.

The respective SCD contractors were required to meet minimum séfety
requirements and perform a system hazard analysis to address safety
considerations associated with their respective system character-
istics. This report presents the results of an independent system
safety review of the SCD maglev concepts performed under a contract
to the Volpe National Transportation Systems Center (Volpe Center).

Major elements of the four SCD design and operatidn approaches
(e.g., vehicle and guideway configuration, control system, etc.)
proposed by the U.S. contractors are unique. Three of the SCDs
propose the use of electrodynamic suspension (EDS) forces using
superconducting magnets for levitation. One SCD design proposes



the innovative use of a superconducting magnet to -achieve
electromagnetic suspension (EMS) forces for levitation.

1.1 BACKGROUND ’

The safety goal of any - transportatlon system is to provide
passengers ‘and employees w1th the highest 1level of safety
consistent with mlss1on requirements. - For maglev systems,'the
mlnlmum de51gn goal 1s a level of safety equivalent to current
conventlonal u. S. . rallroad operatlons. However, because of the
hlgh-speed operatlon and highly automated technology, a higher
level of safety may be necessary. In addition, evacuation of the
general public and mobility-impaired passengers under emergency
conditionsgis of particular concern due to the anticipated use of
elevated and sﬁperelevated guideways.

The Voipe Center is assisting the'Federal Railroad Administration
(FRA) in assess1ng the safety of new hlgh-speed gulded ground

transportatlon technologles proposed for U.Ss. operatlons. Current
U.S. regulatlons, ‘standards, ‘spec1f1cat10ns, practlces, and
guldellnes (requlrements) relating to passenger train safety are
prlmarlly technology-spec1flc and based upon years of
steel-wheel -on rall operatlng experience. Many of these
requlrements can be d1rectly applled to maglev and other high-speed
gulded ground transportatlon systems, wh11e others can be applied
in concept to achieve a hlgh level of safety. However, a
comprehen51ve FRA standard for evaluating all safety4re1ated

aspects of proposed maglev systems for U.S. serv1ce does not ex1st
at thlS tlme. ‘

Since maglev systems are still under development, it is not
‘ possible to 1dent1fy and resolve all potentlal system safety
hazards. Moreover, operatlng data are not available to quantify
the probablllty of undesired events for the U.S. environment. 1In
addltlon, certain hazards can only be identified after the maglev
system. is bullt and 1nstalled. : However, a systematic process can



be used to analyze major maglev system elements and identify :and
resolve the majority of potential safety-critical hazards.

The Department of Defense (DoD) Military Standard’System Safety
Program _Requirements (MIL-STD-882) ([5] and Federal Av1atlon
Administration Adv1sory Circular System De51gn and Ana1151s
(AC25.1309. 1A) [6] descrlbe two similar approaches for ensurlng
that system safety is considered early in the llfe cycle of the
system; each document prov1des guldance to the des1gner hin
performing hazard analyses. ' Lo SR

1.2 PURPOSE

The purpose of this report is to assist the FRA in ‘ensuring that
potential safety-critical hazards and unsafe-conditions associated
with the SCDs and other proposed maglev system designs are
identified and resolved early in the life-cycle of ‘maglev-prototype
development. Accordingly,-a major output is the identification‘of
a set of safety issues and requirements ‘related to- each: type ‘of
proposed SCD maglev system design, as. well as a generic. set of
safety issues and requirements applicable to any:‘proposed maglev
system. 7 - : R SR

1.3 BSCOPE

This report presents the results of the Boozg\ilen & Hamllton
(Booz-Allen) systematic review of the fourhSCD maglev technologies
in terms of major system elements, as documented, 1n each SCD. flnal
report. The system safety review was performed in terms of the
safety requirements contained in the original SCD statement of work
(SOW) , as supplemented by additional issues identified,hy,the_sqps,
by the FRA/Volpe'Center, or by BoozsAllen. o o

Due to the differences in proposed Sch technoiodies and the depth
to which system designs were deflned and analyzai 1n the SCD
reports, as well as variations in 1nd1v1dua1 SCD approaches to
system safety, it was necessary for BoozeAllen to develop a
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methodology which could be used to provide a uniform, structured
safety review of the SCDs. Chapter 2 further describes the
BoozeAllen approach. ’

The primary source of information used to perform the BoozesAllen
work effort consisted of the final reports submitted by the SCD
teams in the fall of 1992 [1, 2, 3, and 4]. During the performance

of the SCD development effort,'presentations at two symposiums were

given; three In-Progress Reviews were held; draft interim reports
and briefing materials were also prepared. The review of
information from those sources was considered outside the scope of
this effort. Additional resources included reports relating to the
German Transrapid EMS maglev technology [7, 8, 9, and 10] as well
as reports relating to collision avoidance and accidéntlsurviv-
ability [11], and emergency preparedness [12, 13; and 14].

The scope of work did not require an assessment of the technical or

¢___,*4pperationalfmeritfoﬁ—anyfof~the—desiqn—approaChesT—or‘the‘cost

effectiveness of the respective SCDs.

The BoozeAllen work effort was directed at determining the degree
to which each individual SCD final report addresses the following
genefal safety issues: (1) prevention of safety-critical hazards
and unsafe conditions, (2) minimization of the effects of such
undesired events if they do occur, and (3) effective and timely
response to emergencies.

In addition, the identification of safety issues and requirements
for each type of proposed maglev system design represented in the
respective SCD reports, as well as a generic set of safety issues
and requirements considered applicable to anY' proposed maglev
system, was required.

1.4 REPORT ORGANIZATION

Chapter 2 describes the approach developed by BoozsAllen to perform
the review of system safety and emergency response provisions, as

1-4
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documehted in each SCD final report. Chapters 3 throﬁgh 6 present
the results of the respective SCD safety reviews. Chapter 7
contains the results of the emergency response review and analysis
for each respective SCD maglev design and operation. It should be
noted that while these chapters contain summary desériptions of
respective SCD major system elements, the final SCD reports contain
a more comprehensive discussion of SCD maglev technology details.
Chapter 8 describes safety issues and requirements for each type of
proposed maglev system design represented in the respective SCD
reports, as well as a generic set of safety issues and requirements
considered applicable to any proposed maglev system.

Appendix A contains a brief description of the system safety
proéess¥as applied to maglév systems. Appendicesz-E'contain the
detailed matrices which include a review by safety event/issue as
addressed in the SCD by specific reference to analysis and specific
concept deéign text for mitigating hazards. Appendix F provides a
tabular summary of the preliminary list of safety performance goals
and specific design requirements and identifies their applicability
to specific SCDs and subsystems.

1-5/1-6



2. 8CD SAFETY REVIEW APPROACH

The proposed SCD maglev technologies have features that are unique
to this mode of ground transportation. These features include:

o High speed (>482 kmph [300 mph]) at or near ground 1evel'

L Lightweight vehicle structure, more like an airframe than
a conventional passenger rallcar,-

© Propuls1on, suspension, and braklng systems that are not
adhesion dependent;

° Highly automated command, control and communications
equipment; and A

e Guldeway alignments that could make evacuatlon in an
emergency d1fflcult

Alone and in combination, these features present hazards that are
presently outside the experience of the U.S. railroad industry and
the FRA regulatory environment.

The systematic process of identifying and resolving hazards before
proposed maglev systems are placed into actual operation: is
required to ensure safety. This process can enable the system
developers to modify design and operations to eliminate or minimize
safety hazards prior to the final development, construction, and
operation of the system, thus minimizing the cost of achieving a
given level of safety. In addition, the documentation of the
results of this process provides the FRA with important information
for use_in(developing appfopriate safety regulations for proposed
maglev systems. ' S '

This chapter descrlbes the approach used by BoozeAllen to examine
the degree to 'whlch the SCDs complied with safety-related
fequlrements as contalned 1n the original SCD SOW, and the degree
to which system safety was integrated into their Hrespective
technologles. ' ‘



2.1 B8CD SBAFETY REQUIREMENTS

The -SCDs were.  required to meet the specific safety-related
requirements contained in Section C3 of the original SCD SOW, and
listed in Table 2-1. In addition, Section C5 of the SCD SOW
required the development of a system safety assurance plan,eto
include a "system hazard analysis." As a minimum, that analysis
was to address the following hazardous events and issues:

e ' . Loss of system power
L Loss of control and/or communication system
e . Loss of levitation or guidance and

1ev1tat1on/gu1dance/magnet failures
... Loss of guideway integrity

Guideway obstruction
Fire

Evacuation and rescue
Operation restrictions

—Manual-override;—security and training

Maintenance of safe headway

In addition to the BoozeAllen review of the above basic
requirements, the review of the following safety issues was also
required:  other items identified by the SCD ‘contractors,
vehicle/guideway dynamics, electromagnetic interference, and guide-
way maintenance operations. Finally, BoozeAllen performed a
supplementary analysis of each SCD to identify additional safety
hazards. ‘

The BoozeAllen scope of work did not require an assessment of the
technical or operational merit of any of the design approaches, or
the cost effectlveness of the respective SCDs. '

2.2 8CD DOCUMENTS REVIEWED

The primary source of information used to perform the work effort
consisted of the final reports submitted by the SCD teams in the
fall of 1992 [1, 2, 3, and 4]. During the performance of the SCD

2=-2



TABLE 2-1. MAGLEV SYSTEM CRITERIA RELATED TO SAFETY
SCD RFP SCD REQUIREMENTS ~
S.O.W. ‘RELATED TO SAFETY
SECTIONC )
PART 3 7 .
3.1 Maglev System
Criteria
3.1.1 System '
Requirements
3.1.1(e) Magnetic Fields - (DG) Human exposurs to steady and fluctuating magnetic fields shall be
minimized and consnder current research findings.
3.1.1(f) Weather - (DG) Operatlon compatible with all common U. S weather condmons (e.g., wind,
snow, rain, fog, icing, heat Ilghtmng, ‘etc. ) wrth mlmmal degradatlon in system
performance. .
3.1.1(g) Controls — (MR) All controls must be fuIIy automated and fail-safe. (DG) A central facility
will operate the system, receiving and integrating data regarding the status and
integrity of all vehicles and guideways, the locations of all vehicles, guideway
power requirements, vehicle routing requests, etc. (MR) The system control
software must also be fail-safe, equivalent to the level of reliability defined by the
Federal Aviation Administration (FAA) for flight control software for military and
civilian aircraft. See Federal Aviation Regulation 25,1309, Amendment 25-23
and Advisory Circular 25.1309-1. . .
3.1.1(h) Safety - (MR) A system safety plan must be included which' discusses possible failure
: modes, human operation considerations, evacuation procedures, system restart,
equipment and software availability, safety inspections, conisequences of
vandalism and trespassing, etc. The central control facility will log all operations
and communications for subsequent analysis in the event of a failure.
Consideration must be given to safe use of materials and construction methods,
and to the safety of other users of the rlghts-of-way
3.1.1(1) Communications - (DG) The system will include provnswns for non-vital voice, data and video
' ' ‘ communication capability. '
3.1.1(m) | Human Factors - (DG) Human factors conS|derat|ons mcludmg the operator, passengers and
maintenance considerations shall be evidenced in the design.. _
3.1.2 Vehicle
Requirements
3.1.2(b) Braking System - (MR) Vehicles must have redundant braking systems which are fail-safe.
Normal braking of up to 0.2g should be considered.
“3.1 .2(c) | Structural Integrity ~ (MR) Vehicles must safely withstand high-speed impacts with small obje;cts such
. as birds, debris, snow and ice. Vehicles must also have adequate fatigue life
and low-speed crash worthiness and shall sustaln only minimum damage ina
2.2 nvs (5 mph) impact.
3.1.2(d) On-Board Power - (DG) All power for normal hotel functions, controls, levitation, etc. should be

transferred from the guideway. (MR) The Vehicle must be equipped with.
emergency power for operation, as appropriate within the system safety plan.

(DG) — Design Goal

(MR) -

Minimum Requirement




'I'ABLE 2=-1. MAGLEV SYSTEM CRITERIA RELATED TO SAFETY (Copt;.. ).
SCD RFP SCD REQUIREMENTS =
S.0.w. RELATED TO SAFETY
SECTIONC :
PART 3
3.1.2(e) Emergency — (MR) Vehicles must include emergency systems tor fire fighting, lighting, HVAC
. Systems - evacuation, communication, etc. as approprlate within the system saféty plan.
3.1.2(f) Instrumentation — (MR) The system shall include instruments which monitor the integrity of the

3.1.3(a)

é.1 3(e)

and Controls

Guideway -
Requirements

Structural [ntegrity

Instrumentation

and Controls - -

guideway (presence of debris, snow -and ice, misalignment or deterioration of
guideway, etc.) and the status of on-board systems (propulsion, levitation,
guidance, power, safety, etc.). Data acquired should be recorded and fully
integrated into vehicle and overall-system controls to allow appropriate response
in emergency and normal operations. In normal operations, vehicles will be
monitored or controlled from a central facility. However, vehicies will mclude
manual controls for emergency and maintenance operations.

(MR) Civil structure (foundation énd structure supporting the guideway) shall

“have a minimum 50-year life. Consideration shall be given to structural integrity

under earthquake and high-wind conditions.

(MR) The system shall include instruments which monitor guideway integrity
(presence of debris, snow and ice, misalignment or deterioration of guideway,
etc.), the status of its subsystems (propulsion, levitation, guidance, power,

3.1.3(f)

3.1.3(g)

3.1.3(h)

32
3.2.1

3.2.1(a)

3.2.1(c)

Tunnels

Power Systems

Superelevation

SCD Elements:
Vehicle -

entries/exits;-etc:)and the locations and velocities of all vehicles.  Data acquired
should be fully integrated into guideway and overall-system controls to allow.
response in both emergency and normal operations.

(MR) Design of tunnels shall address issues of comfort, noise and safety, wnh
special attention to vehicle entry and passing vehicles.

(DG) Power systems should be sized to provide vehicie acceleration and

- braking capacity for all operating conditions and should be capable of meeting

requirements for system capacity. Guideway power systems shouid be capable
of sustaining vehicles at full cruising speed up sustained grades of 3.5:100, and
provide vehicle propulsion at reduced speeds up a maximum grade of 10:100.

(MR) Superelevated (banked) guideways must provide for safe operation of -
vehicles at all speeds from zero to the maximum design speed of the curve.
Emergency evacuation must be possible from vehicles stopped in a curve.

“The contractor shall, asia minimum, address following elements:

Levitation and guidance systems including magnet design and configuration,
cooling, control system requirements, power requirements, and failure modes.

Structural design considerations, including weight and crash worthiness
considerations.

(DG) - Design Goal
(MR) — Minimum Requirement




TABLE 2-1. MAGLEV SYSTEM CRITERIA RELATED TO SAFETY (Cont.)

SCD RFP SCD REQUIREMENTS
S.0.W. RELATED TO SAFETY
SECTIONC

PART 3

3.2.1(d) Braking system, including regenerative, aerodynamic, mechanical or other
suitable means.

3.2.1(e) Active and/or passive banking, including the minimum horizontal and vertical
radii of curvature as a function of vehicle veiocity.

3.2.1(f) Aerodynamics, including calculated internal and external noise intensities, and

3.2.2 Guideway

3.2.2(a)

3.2.2(b)

3.2.2(c)

3.2.2(d)
3.2.2(f)
3.2.2(i)

3.23 System
Considerations

3.2.3(a)

3.2.3(h)

innovative design techniques to reduce drag and/or noise.

Civil structural elements, including piers, footings, columns, spans and materials
used and adjustability of structure to maintain required alignment.

Maglev active/passive eiements, including propulsion, guidance and levitation
system components, mounting and means of alignment adjustment, and
optimum material properties.

Alignment tolerances, and sources of disturbances (expansion gaps, thermal
distortion, warpage, differential settlement of substructure, wear, etc.).

Entry/exit method, including maximum speeds, impact on headway, physical
size and configuration.

Power requirements, proposed distribution method, Iightnir;g protection and
grounding.

Instrumentation for sensing guideway integrity and vehicle positions.

Communications and control systems, including overall philosophy, principal
elements, software hardware integration and verification and validation
methodology.

Reliability plan for assuring safety and high availability, including the major
subsystems (vehicle, infrastructure, power distribution, communications and
control) and their primary functions (propulsion, levitation, guidance, braking,
etc.).

(DG) — Design Goal
(MR) — Minimum Requirement




development effort, three In-Progress Reviews were held; draft
interim reports and briefing materials were also prepared. The
review of those documents was considered outside the scope of this
effort. o ' '

2.3 REVIEW METHODOLOGY

Since maglev systems are still under 'development, it is not
possible to identify and resolve all potential éystem‘ safety
hazards. Moreover, operating data are not available to quantify
the probability of undesired events for the U.S. environment. 1In
addition, certain hazards can only be identified after the maglev
system is built and installed. However, a systematic proceSS can
be used to analyze major maglev system elements and 1dent1fy and
resolve the majorlty of potential safety-critical hazards.  The
Department of Defense (DoD) Military Standard System Safety Program
Requirements (MIL-STD-882) [5] and Federal Aviation Administration
Advisory Circular System Design and Ana1251s (AC25 1309 1A) [6]
describe two.. 51m11armapproaches for--ensuring- system -safety is- -
considered early in the life cycle of the system and each document
provides guidance to the designer in performing hazard analyses.

The four maglev system concepts differed in technology and the
depth to which the system design was defined and analyzed in the
SCD reports. Similérly, the SCDs were not consistent in their
approach to system 'safety, hazard identification, and hazard
' resolution. The. approach used by the SCD teams did not unlformly
comply with the original ScD SOW safety requirements, the type and
level of éyétem;hazard analyses perforﬁed varied greatly, and means
of addressing emergency response varied. Moreover, although the
SCDs made references to MIL-STD-882B (MIL-STD-882B was superseded
by MIL-STD 882C on January 19, 1993.) and AC 1309.1A, the SCD
contractor interpretations of these documents varied. As a result,
it was necessary for BoozeAllen to develop a uniform methodology
which could be used to provide a structured safety review of the
SCDs, despite these variations. The remainder of this chapter
describes the BoozeAllen approach in more detail.
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.Each SCD flnal report was examlned to determlne the type of overall
system safety approach used by the respective SCD. A description
was then developed of the major system elements for each respective
SCD maglev technology. The SCD reports were then.reviewed-in terms
of the requlrements 1n Sectlons C3 and C5 of the orlglnal SCD . SOW
,(supplemented by the 1tems 11sted prev1ousLy 1n sectlon 2.1).
;These requlrements were rev1ewed in a matrix format as. 111ustrated
,1n Flgure 2-1. e L :

Other documents whlch ‘were reviewed relatlng to nmglev system
safety 1nc1uded reports relating to the German . Transrapld EMS
»maglev'technology 7z, 8, 9, 10,] . as well as . reports relatlng to
,ooilision ayoidenoe:amd aooident surv1vab;11ty,[1ll.

DOCUMENTATION IN SCD

CEVENT/ ‘ "CONCEPT DESIGN FOR T
ISSUE . ANALYS',.SBEFERE‘NCE _ MITIGATING HAZARDS .. COMMENTS

| mFp
REQUIRED

| | now mesoLveD | |/ opemissuEs

HOW RESOLVED
’ IN OTHER ) -7 oRm

N THE
U sarETY
_ISSUBS

CONTRACTOR'S |
SAFETY
- ANALYSIS -

“secmonsoF ) |\ coimeEnts
mesc@@ S |

FIGURE 2-1. EVENT/ISSUE MATRIX
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For each event/issue,vthe”respective_SCD system hazard analysis was
reviewed for accuracy and oompleteness, and the "resolution" or
"control method" was_dooumented. For ease of: reference, paragraph
numbers used in the SCD reports are indicated in the matrices
contained in Appendices'B-E by parenthesis with an abbreviation of
the prime contractor: Magneplane: (MP), Foster-Miller (FM), Grumman
(GM), and Bechtel (BEC). The remainder of each SCD was then
reviewed to: |

° Confirm the inclusion of the relevant design feature

proposed 1n the system hazard analys1s,

o Identlfy any system featlres that "control® hazards but
" 'were not covered in the safety analysis; and

L Identify safety issues such as safety-critical hazards
that were not addressed, hazard classifications that were
inconsistent, and amblgultles that will require further
system development.

Category I and II hazards were jdentified for each event/issue and
Subsystemselementse;Hazards;were#evaiuated!in—termseof—theeseverityee——f———
categories defined in the FRA report Safety of High Speed Magnetic
Levitation TransportatiOnﬁszstems: Preliminary Safety'Review of

The Transrapid Maglev System [7]:

o CATEGORY I (Catastrophlc) Death to passenger or
employee, loss of maglev system.

* _ CATEGORY IT (Critical)&vdSevere 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. Cr1t1ca1 systems are involved, and

- the maglev vehicle is unable to move to an evacuatlon
area. Time of response is important in preventing death
or system loss.

° CATEGORY IXI (Marginal): 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)/malfunctions(s)/ hazard(s) occur.

° CATEGORY IV (Negligible): Less than minor injury. Does
not impair any of the critical systems.



Narrative text was then prepared for each SCD major maglev system
élement to summarize the results of the detailed review contained
Narrative text was then prepared for each SCD major maglev system
‘element to-summariée'the results of the detailed review contained
in the matrix tables. In addition, the general overall SCD
‘approach to safety associated with each SCD maglev technology was
reviewed and unresolved safety issues were hlghllghted.

2.3.2 Emergenoy Response Review

The emergency response prov151ons for each respectlve SCD were
reviewed and analyzed in terms of the requlrements contained in
.appropriate sections of Table 2-1. . Several publlshed documents
relatlng to rail transportatlon emergency'preparedness were used as
resources durlng the review [12, 13, and- 14]

For each SCD, the emergency capabilities were reviewed in terms of
communications, on-board power supply, different vehicle evacuation
strategies, ..and vehicle ‘cabin/passenger compartment layout : and
exits. Advantages and concerns associated with each approach are
nighlighted. | ‘ |

4 -DEVELOPMENT OF SAFETY ISSUES AND REQUIREMENTS
2.4.1 ApplicationvoffReggirements to Resolve Safety Issues

Safety requlrements must address gener1C'maglev safety 1ssues while
'at the -same tlme be appllcable to any proposed maglev system
technology. They must also be - strlngent.enough‘to ensure safe
maglev operation while not 1limiting theyinnOVative engineering
effort requlred to maximize thls new technology. * The use of
trad1t10nal methods to create technology-spec1flc requlrements is
currently not poss1ble because U.s. maglev system development is
still in the concept definition phase.

To allow for design innovation, requirements should be specified as
safety performance goals; such as, complete loss of braking
capability shall be shown to be improbable through the use of
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appropriate analySes. - However, if design innovation is allowed to
progress with unlimj,ted_ freedom, there is a danger that very
nonconventionalvdesidns'wiil be proposed, resulting in an extended
conceptvdefinition phase;x In addition, if only safety performance
goals are spe01f1ed then proven technologies and design solutlons
which are known to ‘be safe, may be excluded from proposed designs.
Reference 11 prov1des further dlscu551on of the need to combine
safety performance goals and specJ.fJ.c design requirements in safety
requlrements.. As a result of the SCD system safety review, safety
requirements for maglev systems were identified as defined below:
° ‘Safety‘performanoe.goals provide for design innovation
while controlling the level of safety in the end product.
These are stated in terms of top level events, e.qg.,

complete loss of braking capability shall be shown to be
1mprobab1e through the use of approprlate analyses.

N Specific des1gn zequlrements require the designer to
' incorporate specific design characteristics which will

. reduce the severity and/or probability of known hazards.

For example, the cryogenic cooling system shall

1ncorporate redundant pressure re11ef valves to prevent
- system overpressurlzatlon.

\y oombining both types of‘requirements,‘safety requirements can be
developed that prov1de for U.s. maglev system safety while
encouraglng design 1nnovatlon. Chapter 8 of this report describes
safety requlrements for each.major magleV'system element. Appendlx
F prov1de a tabular summary ‘of the preliminary’ llst of safety
performance goals and spec1f1c design requirements and identifies
thelr appllcablllty to spec1flc SCDs and subsystems.

214)2. ‘ beveloping'safety ?erformanoe Goals

fhe'Ereliminary'ﬁaaard'Analysis (PHA) is a systematic tool for
developing safety'performance goals. The PHA is a 'high-level
examination of'a'proposed system’s functions. The PHA identifies
and categorizes”potential hazards and undesired events that the
functions can cause or- contribute to, not only due to malfunction,
but also in normal operatlon. A PHA addresses the vulnerability of



system.  functions; ‘it is not ‘an assessment of any partlcular
hardware or software design. :

A PHA is qualitative ana1y51s and is conducted u51ng experlenced
engineering judgment. For complex functions requlrlng'neW'des1gns,u
such ‘as many maglev subsystens - (e.g., propu151on, levitation,.
guldance, guldeway switch, €3, etc.), ‘a new-. formal PHA should be
prepared to prov1de a thorough 1dent1f1catlon of‘potentlal ‘hazards.
For functions that. are not complex, ev1dence of satisfactory
service experience of similar functions based on other high speed
rail, conventional rallroad ‘or transit7applications may>provide
sufflclent information. ' e L l '

The purpose of the PHA 1s to develop safety perfbrmance goals for
the system and to establlsh the framework: for subsequent safety
ana1y51s and a cert1f1cat;on plan. (see Appendlx A) ' For systems
containing software, the PHA prov1des ~the foundatlon for
establishing software development and documentatlon requlrements.
The PHA provides. information - about.: potentlal hazards and
undesirable events and a551gns severity categorles. A probablllty
requirementfis,assigned’toreach severity7categorya~

Design standards relate the ‘severity of‘thethazard/undesirable
event (e.g., mishap) to the probability“of'ithCcurring. In_order
to assign severity and probability categories; these categories
must be. defined.' MIL-STD-882, AC '1309.1A, and previous studies
completed for the FRA [7, 8, and 11]Jdiscuss methods for assessing
the causes, severities, and likelihood of potential mishaps. The
severity category descriptions . previously .described could . be
applied to the maglev NMI prototype development program. The
following deflnltlons used to describe the probablllty of mlshaps

are those clted in Reference 7

* ' FREQUENT mishaps are not unusual events. They could
occur several times in annual’operationSa ' '

L PROBABLE mlshaps ‘could occur several tlmes in the
lifetime of the maglev’ system. : '
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® - OCCASIONAL mishaps are expected to occur at least once in
the lifetime of the maglev system.

H,P | REMOTE mishaps are unlikely to occur durlng the 11fet1me
of the maglev system. .

o IMPROBABLE mishaps are those so unllkely that they are
not expected to ever occur during the llfetlme of the
1mag1ev system.

Using these definitions,; maglev systems should be designed. and
constructed so that: ' ~ :

A

° FREQUENT and PROBABLE mlshaps are. no more severe
than CATEGORY Iv
® I CATEGORY III mlshaps are at least OCCASIONAL
L CATEGORY II mlshaps are at 1east REMOTE
:0‘ Category I mishaps are IMPROBABLE.

To provide gﬁidahce ferr,determining.avpfebability requirement for

each category, the safety record of‘exiSting,transportation systems
provides a suitable source of data. A comprehensive study of
accident rates for passenger railroad systems and domestic air
travel was recently completed which provides a basis for developing
probability goals for maglev subsystems [11]. However, the
probability goals developed in this study are stated in "accidents
per passenger-km (ft)" and should be cdnverted into more useful
requirements for design guidance, such as ‘'probability of
occurrence per operational hour."

2.4.3 General Design‘Principles for Resolving Hazards

There are many design principles or techniqﬁes which can be used to
promote safe design. The use of only one of these principles or
techniques is seldom adequate for resolving a Category I or II
hazard; a combination of two or more is usually needed. Several
techniques are listed below:
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Redundancy or Backup Systems -. to ‘enable continued
functioning after any single failure or other defined
number of failures. Redundancy is the presence of more
than one 'independent -means for accomplishing a given
function or operatlon. Each means need not necessarily
be 1dent1ca1. : :

~Isolat10n or Indeéendence-of Systems, COmpohents, and
‘Elements = so that the failure of one system, subsystem,
or component does not cause the failure of another.

_ Failure Warning. or Indication - to provide early
‘”detectlon of fallures. '

Procedures - for use after failure detection, to enable
continued safe operation by spec;fy%ng‘correctlve action.

Checkability -~ to assess a component’s condition
periodically. . -This involves .pre-trip checks and
maintenance checks at deflned perlods of tlme. '

Proven Rellablllty - soO0 that multlple, 1ndependent
fallures are unlikely to occur during the same trip.

Marglns or Factors of Safety - to allow for any undeflned
or unforeseeable adverse conditions." :
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3. BECHTEL SCD

The Bechtel baseline, illustrated in Figure 3-1, is an
electrodynamic system (EDS) using vehicle-mounted flux canceling
coils which provide liftoff at speeds as slow as five to ten m/s '
(11.3 to 22.5 mph). Below these speeds, the vehicle operates on
air-bearing pads. The vehicle consists of a single 120-passenger
car. The single car configuration will meet the 4,000 passengers-
per-hour requirement operating at 108 seconds or on shorter

headways. The vehicle is constructed with an outer aluminum shell
surrounding an inner cabin shell. The inner cabin can be tilted up
to 15 degrees relative to the outer fixed shell without disturbing
the aerodynamic outer surface. Bechtel proposes guideway banking
up to 15 degrees that, with the vehicle inner cabin tilt, will
allow the vehicle to negotiate a 3,000 m (9090 ft) radius curve at
134 m/s (300 mph) with negligible lateral acceleration force on the
passengers. Switching is by a bendable beam constructed of fiber-

Z 00 772000297 s Al
4925000072, 525545554 4202 vzl A0
:’5 2554 3 %Y 4 2227 ’EE’/n// < AL 2722

FIGURE 3-1. BECHTEL GUIDEWAY AND VEHICLE CROSS-SECTION



reinfprcéd plastic. The guideway consists of a post-tensioned,
eight-span box girder supported on concrete piers. Levitation is
provided by the onboard superconducting magnets (SCM) arranged in
coil sets distributed along each side of the vehicle. These coils
interact with an aluminum ladder-like structure mounted on each
side face of the guideway. Guidance is provided by null-flux coils
mounted inside and outside of each ladder reacting against the
levitation coils on the vehicle. The propulsion coils are located
on the outside sidewalls of the box beam and interact with the
onboard SCMs to produce thrust.

This chapter‘preéénts the results of the safety review of the
Bechtel system based on the approach described in Chapter 2. The
design features of each major system element are described and
safety-related issues are identified. The narrative discussion of
safety issues within‘ the following subsections represent the
results of the detailed safety review contained in the matrices in
Appendix B. Information used for this review is derived from the
final Bechtel SCD report [1].

3.1 BECHTEL OVERALL SAFETY APPROACH

The stated Bechtel safety approach is to eliminate safety-critiéal
hazards through design; when the hazard cannot be totally
eliminated, the probability of its occurance has been reduced to a
" minimum through use of fault avoidance and fault tolerant
techniques. The process Bechtel uses is (1) establish the hazard
severity categories to be used and assign an allowable probability
value for hazards of each category, (2) identify specific potential
hazards associated with maglev rapid transit, and (3) develop
design approaches which,mitigate the hazards or reduce their proba-
bilities to acceptable levels.

The Bechtel approach recognizes the key distinction (yet
connection) between feliability and safety. Bechtel defines
reliability as the probability of successfully completing a mission
without mishap. Safety 1is defined as the probability of
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successfully completing a mission without mishap, but failure is
allowed as long as safety is maintained.  However, with the
exception :of air bearings, the SCD text does not ‘explicitly
identify reliability items which are related to safety issues.

To resolve identified hazards resulting from system faults and
failures, Bechtel states that the follow1ng spe01f1c de51gn
‘techniques have been considered:

° Fault Avoidance - Elimination of the fault or limiting

the probability that the fault occurs.
° Fail s8afe - If a hazardous fault occurs, the system

reverts to a known, safe state.

e  Fail Degraded - If a hazardous fault occurs, the system
reverts to a degraded or restricted operating mode.

. &  Fail Operational - A 51ng1e fault has no operational
~ effect, and a second fault is fail safe or degraded.

e  Fail Operational 8quared - There is no operatlonal effect
with more than one fault. :

Bechtel proposes to develop safety plans during later program
phases which will detail specific analyses to be used for
certification, and reporting requirements. These plans will
1mplement formal MIL-STD-882B type safety programs. Bechtel
prov1des a table 1listing MIL-STD-882B tasks by program phase,
show1ng when each task w111 be applled.

Eight hazard severity categories were’selected’whieh were adapted
Aahd.expanded from MIL-STD-882B, and‘ah‘allowable probability was
assigned to each category. However, no Quantitative analees of
any spec1f1c des1gn features were provided. Bechtel's prlmary
effort was to develop a prellmlnary hazard llst (PHL) of bthe‘
basellne system. :

ngh-level generlc design technlques are listed for each of the
1dent1f1ed hazards that are to be "employed to minimize the hazard
probablllty." However, while many of the listed technlques are
1ntended to mitigate the hazard effect, they have no influence on
'its probability of occurring. As an example, for the hazard of

3-3



"Fire aboard vehicle," a design technique recommendation is "Fully
automated detection and suppression systems designed into vehicle;"
this type of recommendation does not reduce the'probability of the
fire occurrlng, i e., through prgzggt;gg 1gn1tlon, through use of
materlals whlch re51st flame spread.

The majorlty of the hazards 1dent1f1ed by Bechtel cover the
basellne hazards/lssues spec1f1ed in the SCD SOW and identlfled 1n

Chapter 2 of this report. These identified hazards were grouped by
Bechtel into the following types: |

® Fire/Explosion
. ® -Vehicle Collision
-8 Vehicle Leaves Guideway
L Sudden Stop :
e . Vehicle does not Slow/Stop at station
‘e Vehicle Stranded Between Stations or Safe Evacuation
QP01nts
’ Unable to Rescue Passengers
o Passenger Illness or Injury

Manual operatlon, securlty, tralnlng, malntenance operations, and
passenger evacuatlon are con51dered procedural hazards, and are not
addressed in the PHL. Bechtel indicates these procedures will be
developed_duringulater phases of the maglev program. However,
these topics ‘are addressed to' a limited extent in Part E,
Operatlons and Malntenance Plan, of the Bechtel report. Also, no
PHL entrles are 1ncluded for tunnels or electromagnetic
1nterference (EMI) hazards. 1 ”

In addltlon to the baseline hazards llsted in the SCD SOW Bechtel
addresses seven other hazards in the PHL. They are:

Vehicle exterior breached by object, a Category I event.

Passenger injured by high voltage, a Category II event.
Passenger injured by automatic door, a Category II event.
Door opens at high speed, a Category II event.
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I Passenger trips while entering or 1leaving" vehlcle, a
Category II event.

.® .. Passenger trips while inside 'vehicle,_ a Category II
event. _
‘e " Sudden high negative acceleration, a Category II event.

Spec1f1c design approaches proposed to m1t1gate the hazards
addressed by Bechtel 1n the PHL are summarlzed in Appendlx B of
this report "

3.2  VEHICLE STRUCTURE AND INTERIOR DESIGN

3.2.1 System Description

Bechtel proposes a monocoque-type vehicle structure, using high
strength aluminum for the skin and structural members.: A cross-
section of the vehicle is shown in Figure 3-2. Bechtel asserts
this type of construction has a low weight-to-strength ratio and is
amenable to energy-absorbing controlled deformatlon-type collision
protection. A separate internal tilting coach is used to reduce
interior aerodynamic noise while having minimal impact on vehicle
mass and aerodynamic drag. o L

The coach resembles the passenger compartment of a Boelng 737 but
with more doors and wider aisles to facilitate rapld loadlng and
unloadlng. The’passenger capacity is 120 in 51x-abreastlseat1ng
With luggage carried on the same 1level as the passengers{
Addltlonal ‘space 1is available for high prlorlty' frelght. A
conflguratlon prov1d1ng some four-abreast business or first class
seatlng can also be used, resulting in a 106-passenger 51ng1e
vehicle.

six bogles prov1de the structural connectlon between.the propulslon
and levitation systems and the body. The bogle frames house the
magnet modules, support the vehicle weight through coil springs and
hydraulioally controlled dampers, and transmit. forces between the
guideway and vehicle. The bogie frames also house elements of the
air-bearing system for very low speed suspension.
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The vehicle de51gn uses an 1nterna1 coach structure whlch can be

tilted up. to 15 degrees to. elther 51de relatlve to the vehlcle

outer shellustructure as shown.ln‘Flgure 3-3.

The internal coach

contains all passenger seats, toilets, and galleys., The t11t1ng

coach utilizes ball bearing supports along the pivpt center line at
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FIGURE 3-3. INTERNAL CABIN TILT SYSTEM

each end of the coach. The bearings are attached to the outer
shell structure with .a spider-web support. Underneath the floor,
the structure is supported on rollers with rotation controlled by
spur gears. Tilting force is supplied by hydraulic actuators on
each side of the vehicle. The guideway may also be banked up to 15
dééfeés, so th_e total coach bank angle can be as great as 30
degrees to facilitate coordinated high-speed banked turns. = ¢



3.2.2 Safety TIssues

The aluminum monocoque construction for the vehicle structure
incorporates known and proven technology. " There should be no
significant safety issues related to the basic vehicle structure.
Failure of the hydraulic actuating system or jamming of the tilting
cabin due to collision damage or foreign objects can result in
evacuation hazards due to misalignment of inner and outer doors
that are discussed in Chapter 7 of this report. In addition,
depending on the spged of the vehicle, standing passengers may fall
down if a critical failure occurs while the train is negotiating a
curve. A complete failure modes analysis is needed to identify
failures that may result in the following unsafe conditions:

L Tilting system fails to return to the upright position
after negotiating a curve (Category III hazard)

L Tilting mechanism fails such that the carbody tilts in
the opposite direction prior: to entering a curve
(Category II hazard)

o Tilting mechanism fails to tilt (Category II hazard).

3.3 PROPULSION, NORMAL BRAKING, AND EMERGENCY BRAKING
3.3.1 System Description

The vehicle is propelled by a Linear Synchronous Motor (LSM).
Utility substations are located at 20 to 30 km (12.4 to 18.6 mi)
intervals along the guideway, normally near existing high voltage
power transmission 1lines. At the substations, ac power is
transformed and rectified to produce lower current dc which is fed
to underground dc transmission lines running along the entire
length of the guideway. Inverters spaced at about 4 km (2.5 mi)
intervals tap the dc transmission lines and produce variable
voltage, variable frequency ac power. This ac power is applied to
the LSM windings on the guideway and creates a traveling magnetic
wave that propels the vehicle. The guideway is divided into zones
with at least one inverter station located near the center of each
zone. A vehicle is propelled through a zone by independent six-
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phase inverters driving separate port and starboard motor windings.
In the event of a failure in either the port or starboard motor
systems, the other system can provide enough thrust to allow for
full speed operation. Additionally, Bechtel states that the use of
six phases allows considerable fault tolerance since a failure of
any one phase will allow power in the remaining phases to provide
continued operation until repairs can be made. The vehicle uses
12 separate independent SC magnet modules so that a failure in one
or two modules will not produce a serious problem for vehicle
propulsion; suspension, or guidance.

For safety and availability, a separate guideway is used for each
direction of travel. However, the LSM is capable of moving
vehicles equally well in either direction. 1In case of failure or
blockage in one guideway lane, the opposite direction lane could
be used for two-way travel. '

Five separate braking systems are included in the baseline design
vehicle concept.  Two are the inherent aerodynamic and electro-
magnetic drag on the vehicle. The other three are system-
controllable methods consisting of the normal regenerative braking
system, a deployable aerodynamic speed brake system, and an
emergency drag chute.

Regenerative braking, in combination with aerodynamic and magnetic
drag, will be used for normal braking and all emergency stops up to
deceleration levels of about 2.5 m/s? (8.2 ft/s?). Battery backup
is provided for the guideway inverters’ control system, allowing
regenerative braking even in the case of total system power
failure. The basaline concept for most emergency stops is to allow
the vehicle to coast to, and stop at a preferred stopping zone
located at intervals along the guideway. (
Aerodynamic speed brakes are provided which can add up to 0.2 g
deceleration to the normal regenerative braking at-high operating
speed where braking is most critical. The Bechtel design is a
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deployable plug-type  flat plate speed brake which''is stored
entirely inside the vehicle.

For extreme emergenc1es, a mortar-launched, rlbbon-type drag chute
is also prov1ded whlch can add another 0.2 g deceleratlon at high
speeds. Comblned w1th normal and aerodynamic braklng, the addltlon
of a drag chute can brlng total vehicle braking deceleratlon to
over 0.6 g.

A parklng brake is prov1ded to keep a statlonary veh1c1e stable.
It functlons by applylng a clamplng force between the bogies and
the 51des of the guldeway beam.

3.3.2 “‘safetvaesues

The Bechtel design approach provides considerable redundancy to
assure a high degree of fault tolerance in the propulsion and
regenerative brakingfsystem. 'The most likely cause of loss of
propulsion power may - be the utility power sources. For this
reason, the self-contained on-board backup power system should be
appropriately designed to assure that the vehicle can.continue to
a' station or a safe stopping location.

None of the emergency braking devices proposed by Bechtel involves
friction between the vehicle and the gﬁideway'beam. There is no
design consideration given to the effect of the bogies
inadvertently coming into contact with the beam. Considerable
damage could occur if no skid pads or other prov151ons are
1ncorporated. ' ' o o

Inadvertent deployment of the speedbrakes or drag chute would cause
a ‘'sudden: deceleration of up to 0.2 g depending on the amount of
counteracting propulsion force present. Also, if the parachute
deployed, the guideway would be obstructed until maintenance
personnel detached the parachute. These braking devices must be
designed to ensure such fallures have a very small probablllty of
occurring. : ’



3.4 .SUSPENSION, LEVITATION, AND LATERAL GUIDANCE

3.4.1 System Description

The Bechtel de51gn uses "flux cancellng" based on alternatlng thek
polarlty of the vehicle SC magnets.‘ Levltatlon, forces are
generated by the SC magnet fields interacting with a guideway beam
side-mounted ladder conductor. Guidance forces are generated by
these fields interacting with guideway-mounted null-flux 1oops:
The levitation system also provides some guidance but Bechtel
states it is more efficient to provide the majority of the
guidance force by the separate'null-flnx”loop system. 'Two coil
system modules (cryostats), each. with eight sc Windings, are
carried by each of the 51x bogies located along the length of the
vehicle. There are ‘96 such w1nd1ngs on one vehicle. '

Cryogenic coollng is provided by liquid hellum wh1ch is c1rculated
through a cable-i n-condu1t~conductor utilized by the magnets. A
s1ng1e helium inlet and outlet is used for each cryostat and the
w1nd1ng condults are connected to helium manlfolds within each
cryostat. The liquid helium is stored in a tank located 1n the
bow, and is recycled once each day durlng stops at spe01a1 stations
located about every 400 km along the guldeway. Since the heliunm is
not vented, no helium is lost, and the recycled.hellum is cooled at
wayside refrlgeratlon plants. No on-board helium refrlgeratlon
systen is used.

The magnets on the bogies, as illustrated'in'Figure 3-4,.intefact,
with ladder-like conductors on the guideway, providing'pfinary
suspension and some guidance forces. This concept can provide high
efficiency with large magnetic fields in the vicinity of the
guideway and negligible fields in the vehicle cabin because the.
field falls off rapidly with distance. This:designthasAthe ability
to provide magnetic levitation and guidance doWn:to very low speeds
of about 9 m/s (20 mph). The system is totally passive so that, as.
long as the vehicle is above the takeoff speed, it is suspended%and
guided independent of the successful operation.of any system power
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source or active control system. At designated stopping places and
at,_stations,"special' active coils in the 'guideway provide
suspension and propulsion down to zero speed, so the vehicle will
be able to stop without the use of wheels or skids.  For emergency
stops along the guideway, éir bearings are incorporated in the
bogies and provide suspension at speeds below 9 m/s (20 mph) down
to-iefo speed as shown in Figure 3-5.

A hydraulically powered, actively controlled, secondary suspension
transfers the forces from the bogies supporting the SC magnets to
the vehicle body to reduce vibration in the vehicle caused by
imperfections in the guideway. Additional control is provided by
small winglets located at the bow and stern of the vehicle. These
surfaces are actively controlled by the onboard hydraulic system to
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provide additional improvements in ride quality with only a modest
1ncrease in aerodynamic. drag _No aerodynamlc controls are used for
prlmary vehicle guldance. The dlrectlon and magnltude of secondary
suspension forces is regulated by sensors on the vehicle. Bechtel
states that this actively controlled #ecbndary ‘suspension system
provides for an improved vehicle ride quality. The internal cabin
tilt system described in Section 3.2.1 of this report ' is
independent of the secondary suspension system. ' "

According to Bechtel, the primary lateral guidance forces become
ineffective at very slow speeds and when stopped. At low spe'.eds,‘
the vehicle uses the air bearings to achieve low friction between
the beam and the vehicle, but the air bearings do not provide any
guidance forces. Small wheels mounted in the parking brake
assemblies are used to provide low speed lateral guidance. “



3.4.2 Safety Issues

The premise of the Bechtel suspension concept is tq néver havé
contact between a moving vehicle bogie and the guideﬁay beém. No
landing wheels or friction pad skids are pfovided. The:feliability
and performance of the EDS and air-bearing system afeypritical to
the success of the Bechtel concept. With no provisions for contact
between vehicle and guideway, the extent of the damage that might
occur, if such contact does occur at various speeds, has not been
assessed. Bechtel considered this to be a Category II critical
event in its Preliminary Hazard List.

Loss of the Bechtel vehicle passive electrbdynamic primary
' suspension system can result from superconducting magnet quenching
or from magnet winding/dewar component failure but not from failure
of the on-board power supply system. The magnets are persistént
current-mode operated and require only infrequent charging. Also,
these superconducting magnets do not require on-board refrigeration
power for their cryogenic cooling system because the magnet winding
cryocooling is based on an on-board supply of helium to absorb the
generated heat load. ‘

Not having the cooling system on the vehicles simplifies and
lightens the vehicles and is generally safer. However, the
location of the 1liquid helium storage sphere in the forward
compartment should be reviewed for hazards, such as effects of
vapor leaks, and collision-caused rupture of the helium systen.
These could be Category I or II hazards because of the effect on
passengers. - - '

There are three physiological hazards associated with employing
cryogenic materials. One is asphyxiation, referred to as cryogenic
Oxygen Deficiency Hazard (ODH), caused by allowing the temperature
of the cryogenic fluid to rise in a confined space. The oxygen in
the space would then be displaced by the cryogenic material due to
thermal expansion. This is potentially a Category I hazard and an
annunciation of this failure condition should be provided so that
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an emergency evacuation can be initiated. Two other physiological
hazards associated with cryogenic helium gas are "“cold burns" and
possible 1ung>damage caused by gas clouds. Such clouds are known -
to be highly dangerous prior to dispersal.

Materials embrittlement is potentially a Category II hazard that
may be caused by cryogenic systems. The selection of materials is
critical in properly designing the installation of an on-board
cryogenic system. Materials surrounding the cryogenic system will
be exposed to extremely low temperatures which may result in
embrittlement. Therefore, a systematic approach, similar to a
zonal analysis, should be taken to ensure that materials that may
come into contact with the system are ‘compatible..

3.5 ON-BOARD POWER SYSTEMS
3.5.1 System Description

On-board electrical power is provided by a redundant pair of
. methanol-powered fuel cells. Two separate circuits (port and
starboard) are used, each powered by one of the fuel cells.
Figure 3-6 shows a schematic of the electrical power system. The
system is sized to provide enough power to operate the heating,
ventilating and air-conditioning equipment, the hydraulic
actﬁators, the on-board computer, and vehicle 1lighting. A
crossover device allows both circuits and their 1loads to be
served, at reduced capacity, if one fuel cell fails.

Additionally, Bechtel states that half capacity operation of all
subsystems is possible from one circuit because all electrically-
powered subsystems are dual. There are also two nickel=-cadmium
battery banks that can provide peak power and emergency power for
up to one hour in the event of failure of both fuel cells.

An on-board hydraulic power system is required to operate the
vertical and lateral bogie dampers, the winglets, the parking
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brake/lateral wheel sets on each bogie, and the passenger
compartment tilt actuators. All of these actuators derive their
hydraulic.powef from lines supplied by two motor/pump sets located
in the forward compartment. Figﬁre 3-7 shows a schematic diagram
of the hydraulic systemn. ’

An on-board compressed air system is required to supply the air
bearings. which provide emergency low speed 1ift for the vehicle.
Toilets and galleys also require small amounts of compressed air
intermittently. The system consists of two motor-driven air
compressors, one at each end of the vehicle, supplying compressed
air to four air tanks built into each bogie. Figure 3-8 shows a
schematic diagram of the compressed air system.
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3.5.2 Safety Issues

Normal suspension, guidance, and propulsion all depend on a set of
independent SC magnets on the vehicle. These coils are operated in
the persistent current mode and are designed to operate for‘many
minutes without any external power input. Therefore, Bechtel
states that total loss of onboard power should not cause immediate
loss of suspension and guidance. '

Bechtel considered a number of methods for providing bp.—b_oard
electrical power, and chose methanol fuel cells for the baseline
design. Bechtel’s proposed use of methanol-powered fuel cells
introduces unique hazards.  Fuel cells are a relatively new
technology and have not been in widespread use for ground
transportation applications. ‘

Methanol fuel cells utilize a reformer unit to convert methanol
into hydrogen, carbon dioxide‘and carbon'monoxide. Reformer units
have associated hazards that arise from the high operating
temperatures and the emiséions of carbon dioxide and carbon
monoxide. Fuel cell equipment operates at extremely high
‘temperatures (180 to 200° C [356 to 392° F]), and care must be taken
to ensure isolation of the equipment from the passenger and
operator compartments. The end products of the reformer, the
hydrogen, carbon dioxide and carbon monoxide géses, must also be
kept out of the passenger and personnel areas.

Methanol is extremely toxic and must be safely separated from
passenger and operétor cabins. Additionally, unadulterated
methanol burns invisibly, thus delaying response time if the fire
is undetected for some period. The methanol used in automobiles
and other vehicles is adulterated with a contaminant to create a
visible flame, so the use of methanol in the maglev project would
require a similar treatment. . Beéhtel has recognized that special
design and operational precautibns will be necessary to address the
fire hazard problem; however, the SCD does not address the other
hazards.



3.6 MAGNETIC SHIELDING

3.6.1 system Description.

The Bechtel "fluklcanceling EﬁS"'concept should concentrate the de
magnetic fields’towards the vicinity of the guideway, causing the
fields to attenuate rapldly w1th distance from the source. Bechtel
has stated that this de51gn allows a number of relatlvely low-cost
mitigation options to be used to reduce the dc magnetlc fields in
the vehlcle to one gauss or less. However, no spec1f1c approach
was proposed in the SCD because Bechtel states that the extent of
the hazard to humans, 1f any, has not yet been determined.

Bechtel does indicate,,however,'that there does not appear to be a
cost effective’ﬁay to avoid having the fields interact with ferro-
magnetic material within guideway girders. Bechtel’s position is
that steel girders cannot be used at all, except as part of a more
complex structure. Even'lconcrete girders must be carefully
de51gned to avoid unacceptable magnetlc interaction with the steel
re1nforc1ng. The concern is that the moving vehicle can 1nduce
currents in electrlcal conductors on the guideway, and these
currents w111 produce power dlss1patlon and forces on the guideway.

3.6.2 - Safety Issues

Although a universal safe level for passenger exposure to dc fields
has not been determined, the SCD SOW set goals of 50 gauss, 5
" gauss, and 1 gauss levels to be studied with respect to cost and
‘potential mitigating measures. As defined by Bechtel, the design
-and location of the windings are such that electromagnetic fields
in the vehicle cabin should be negligible without shielding.
Shielding can be added if necessary, but Bechtel’s view is that
such protection will not be needed to achieve levels allowed by
current EPA rules. However, Bechtel’s analysis did not consider
effects on personnel in the vicinity of the guideway or in stations
or maintenance yards. Further examination of these areas should be
done as the design progresses.



3.7 FIRE PROTECTION

3.7.1 System Description

The Bechtel approach to fire detection and extinguishment
requirements is to apply concepts similar to those.qsed'on most
passenger aircraft. Bechtel proposes the use of fixed~systems for
detecting and extinguishing fires in non-cabin areas, and portable
systems for extinguishing fires in cabin areas. Bechtel did
consider the relative flammabilify of fuels when determining that
methanol would be used for the on-board fuel cells. The locations
of the fuel cells and ancillary equipmeht were also selected to
provide some degree of protection from collision damage that could
result in a fire. | ‘

13.7.2 Safety Issues

Although Bechtel states the potential for collision damage was
considered in choosing the fuel cell 1location, the selected
location in the most forward part of the vehicle appears to be
quite vulnerable to damage from major guideway obstructions.
Further, if a fire occurs in the forward compartment of a maglev
vehicle traveling at high speed, the natural draft on the fire may
encourage its spread in the direction of the cabin. Further study
should be conducted to determine whethér’restrictions are needed
for locations of fuel cells on maglev vehicles.

Most of the information provided.'by Bechtel dealt with fire
detection and suppression methods. ,More consideration should be
given to prevention, such as materials selection, control of
ignition and fuel sources, and opérating policies and procedures.
Although Bechtel considered fire in a passenger station in its PHL,
no significant design discussion on stations is provided in the
SCD. '

Methods for monitoring and detecting fires in isolated, unstaffed
wayside locations are discussed, but no information on suppression
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methods for such fires is provided. Automatic fire suppression
techniques usable in these wayside locations should be evaluated.

3.8 GUIDEWAY DESIGN

3.8.1 System Description '

The guideway structure consists of box-beam reinforced concrete
girders, transverse support frames, columns and foundations as
shown in Figure 3-9. The guideway propulsion/levitation/guidance
system components are mounted on both sides of the upper girder
section. The vehicle straddles the guideway girder and its bogie-
mounted magnets _intéract with the girder-mounted equipment
providing propulsion, levitation, and guidance.

Oon curved track, the girders are banked up to 15 degrees. A
vehicle stopped on a curved track section would expose passengers
to a substantial iateral force and impair evacuation of elderiy
and/or physically challenged passengers. However, as discussed in
Section 3.2, the vehicle cabin floor can be rotated 15 degrees in
either direction. This feature provides for a level cabin if
stopped on a banked guideway sebtion, but may also impair -
evacuation because of door misalignment.

The girder is a hollow, reinforééd concrete box-beam design. The
upper half of the girderrseﬁtioﬁvis exposed to magnetic fields
generated bthhe vehicle magnets. This necessitates the use of
fibergléss-reinfbréed¥p1astic (ERP) reinforcement in this part of
the girder section. Steel reinforcement is used in the lower
girder section. ' “ '

The suspension,"guidancé, " and propulsion systems require
substantial amounts of aluminum and copper conductors mounted on
the guideway girders. Prépulsion and braking are provided by two
six-phase cable windings on either side of the girder. The
guidance system'consiSts of aluminum coils supported within FRP
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FIGURE 3-9. GUIDEWAY CROSS~SECTION .

frames attached to the girder. The levitation ladder is fabricated
from aluminum alloy. : =

3.8.2° Safety Issues

The box-beam monorail design of the guideway provides limited
vehicle "wrap around" of the guideway. Gravity and the magnetic
levitation and guidance system are the only forces preventing the
vehicle from departing the guideway. The safety certification of
this design will require substantial analysis and testing of the
levitation and guidance system to assure that a vehicle departing
the guideway is an extremely improbabievevent'uﬁdér all foreseeable
conditions. ' ‘

Structural failures or guideway movement will be detected by fiber
optic and standard strain gauges. These are discussed in
Section 3.10.
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3.9 GUIDEWAY SWITCH

3.9.1 System Description

The Bechtel baseline switching concept is based on a flexible
switch beam as shown in Figure 3-10. A flexible beam is 1ateraily
deformed to line up with a turnout section of the guideway. The
existing systems have generally been constructed of high strength
aluminum, but because of the~presence of 'strong magnetic fields in
the upper area of the maglev guideway girder, FRP materials have
been applied in the Bechtel concept.

In maintenance yards and cross-over structures where speeds of less
than 11 m/s (25 ﬁph) are required, Bechtel states that standard
guideway girders can be used by forming a polygon in the switching
séction. The vehicle has the capability to negotiate angular
changes of about three degrees. : '

3.9.2 Safety Issues

Bechtel’s switch concept has been successfully used for several
decades on operating monorail systems in Japan. The primary
difference in this application has to do with the higher operating
speeds of the vehicles. The switch operating speed and the
allowable vehicle speed through a switch may become factors in
‘establishing safe headways. -

3.10 GUIDEWAY MONITORING

3.10.1  System Description

The Bechtel design incorporétes‘ an extensive set of guideway
sensors as illustrated in Figqure 3-11. The functions of the
sensors are to monitor and detect the following:

o Guideway movement and alignment
L Locations of vehicles on the guideway

° Size and location of foreign objects on the guideway
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FIGURE 3-11. GUIDEWAY SENSORS
o Amount of snow and ice accumulation
° Magnitude of wind velocity.

The general Bechtel philosophy for reaction to sensor warnings is
to automatically stop any vehicles which could be in danger. Only
after a visual inspection is made and the guideway declared safe,
would movement of the vehicles be allowed to resume.

Bechtel states that guideway movement (e.g., due to an earthquake
or the guideway structure being struck during a traffic accident)
is detected by fiber optic and standard strain gauges. The fiber"
optic gauge is embedded in the FRP reinforcement bars of the
guideway beam. The fiber optic light path will become distorted if
the reinforcement bar experiences excessive strain. Standard
strain gauges are mounted across guideway beam junctions. Any
movement of either beam will be detected by these strain gauges.
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Redar proximity detectors are mounted along the guideway beams to
detect any intrusion onto the guideway. These detectors operate on
the principle that the volume surrounding the guideway should
normally be static except for the passage of scheduled maglev
vehicles. Whenever the radar detects a disturbance of sufficient
magnitude to indicate the intrusion of a hazardous object, vehicle
movement is halted until the guideway is inspected. The inspection
ﬁould normally be conducted by central control operators using the
television surveillance system. The surveillance cameras are
located at intervals such that the entire guideway can be observed.

‘Bechtel plans to use snow and ice detectors where necessary, but no
specific design has been proposed at this time.

The presence of another vehicle in close proximity is detected By
several methods which cross-check each other. The primary means of
locating vehicles is the guideway propulsion equipment that tracks
the movement of each vehicle through the LSM windings. This method
is accurate to within a few centimeters and is needed for the phase
control of the motor. Sensors located onboard the vehicle are able
to use the same method to determine its own position. Periodic
updates of vehicle position are provided, both to the guideway and
to the vehicle, each time a communications beacon is passed.
Finally, radar-ranging sensors are used both by the vehicle, to
detect other vehicles in line of sight, and by the guideway to
detect the location of a vehicle as it approaches the station
berthing sites.

3.10.2 Safety Issues

Monitoring and assuring that the guideway is both sound and clear
are vital to the safe operation of a high speed maglév system.
Bechtel has pro?ided a variety of methods to monitor conditions,
but, since no evasive maneuver is possible, the key to safety is
the ability to stop a vehicle short of a detected hazard. Bechtel
has recognized this in the ScD. Further study of the lead time
required for identifying hazards, operating procedures, automation
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‘required, etc. is needed to assure safety without generating a
rlarge number -of nuisance service interruptions.

3.11 : POWER 8YSTEM AND DISTRIBUTION
3.11.1  System Description

Utility power substations are located at approximately 20 to 30 km
(12.4 to 18.6 mi) intervals, normally in the vicinity of existing
high voltage power transmission lines. At the substations, ac
power is transformed and rectified to produce lower voltage (about
30 kV) dc which is fed to underground dc transmission lines running
along the entire length of the guideway. Inverters spaced at about
4 km (2.5 mi) intervals tap this dc transmission line and produce
variable voltage, variable frequency ac power for exciting the LSM
guldeway w1nd1ngs.

Fault tolerance is provided within each inverter and in each
utility power substation to allow normal or reduced speed operation
during the repair of a failed component. The multipie-feed
guideway power distribution provides substantial fault tolerance
because an outage on one transmission line can be compensated for
by power from adjacent substations.

In the event of total power loss from the utilities, Bechtel
states that all vehicles would be regeneratively braked
simultaneously using resistor banks located near each substation
to dissipate the regenerated energy. The inverter controllers are
equipped with standby power that can provide control power in the
event of normal power system failure. The control system would
attempt to stop each vehicle at a passenger station or in a
preferred sfopping area on the guideway. ~Bechtel states that each
passenger station will have an emergency battery backup power
source that éan provide enough power to propel a vehicle that has
stopped near the station the remaining distance‘to the station.



3.11.2 Bafety Issues

The Bechtel power distribution concept is quite fault tolerant and
contains several innovative features that should enhance safety.
The dc distribution cables are installed undergfqund which should
provide. greater reliability and protectioh from severe weather.
The multiple power feed for the guideway distribution prevents a
power interruption at any one substation‘from-haiting operation.
Battery backup is provided ﬁorvallﬂcontrol electronics so the
inverters can operate to brakévthe vehicle when there is a power
failure. o

3.12 COMMUNICATIONS, COMMAND, AND CONTROL

3.12.1 System Description

Vehicle control is fully automated and has three spatially
distributedﬁhierérchical levels: onboard vehicle computer system,
wayside- zone control. égmputer system, and a Central Control
Facility (CCF). Data is -acquired, transmitted, and processed at
all three levels. Figure 3-12 illustrates the Bechﬁel maglev
control concept. |

A zone is a physically distinct section of guideway. The zone
controller is located in'an unmanned facility near the center of a
‘zone. It controls vehicles'traversing the zone by controlling the
inverters and dynamic braking. 'The zone controller also gathers
and maintains current data about- the guideway in its 2zone, and
transmits vehicle position, velocity, and power information to
higher 1level controllers. Higher 1level controllers are
responsible for safe operation of the entire guideway system, but
‘the zone control acts autonomously to provide protection and to
‘mitigate the effect of failures that occur at higher levels. All
wayside controllers communicate with each other through a fault
tolerant network of fiber optic cables installed in the guideway.
Each vehicle contains a number of systems that require on-board
control. These include " 'such functions ' as power, braking,
'suspension, doors, etc. which are discussed in other sections of
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FIGURE 3-12'; OPERATION CONTROL SYSTEM ELEMENTS

this report. The vehicles also have sensors that determine their
precise position, and these data are provided to the wayside
controllers as a,backupvsdurce of vehicle position and velocity
information. The vehicles use radio links to communicate with the
zone and station controllers;,:

Every utility power substation has a controller for monitoring and
providing protection for the transformers, rectifiers, and dc
distribution system. Protection is provided by circ,uit'breakers on
the primary side of the high voltage transformers. These allow
total isolation of the guideway from the power grid. .

Each passenger station has a control system that monitors
neighboring - zone .controllers and directs the docking and
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dispatching of vehicles. The stations are the lowest level of off-
vehlcle control that is manned at all times. The personnel are
tralned to deal with common types of control problems, operate
rescue vehicles, and effect minor repairs. '

The CCF is the highest level of control. A single CCF can manage
‘all trafflc 1n corridors up to a few hundred kilometers 1long.
Bechtel states .that the CCF computer will have a hlgh level of
fault tqlerance,,and the facility will be manned 24 hours-per-day
witﬁ personnel who can make repairs as needed.

Global level control of the zones and vehicles will be exercised
from the CCF. However, if a station detects that the CCF is not
operational, the -stations- will assume responsibility for
controlling~the~zones and vehicles. In the event of multiple
failures inVolving the CCF and one or more stations, .individual
zone controllers,~working with adjacent 2zone controllers, will
-still be able to move vehicles from station to station, but at a
reduced ffequency.- —

3.12.2 __Safet&:Issues

The‘reiiability'requirements of systems whose failures could result
in thé'les of human life are very demanding,  and such failure
conditions must'be‘extremely improbable. Bechtel has provided an
exten51ve dlscu551on of the design approach used to develop control

and- communlcatlon hardware architecture. The approach is based on

‘what Bechtel.., refers to as a fault tolerant parallel processor
(FTPP) . ' L '

BeChtel recognizes that exhaustive failure modes and‘effects-type
analyses 6f‘digita1 computers are not feasible due to the extremely
large(ﬁuﬁber’of possible failure modes and combinations that must
be’analyzed.\ The magleV'control compﬁter is such a device, and its
failure modes cannot be exhaustively enumerated. Therefore, to
achieve correct outéuts from the maglev computing platform with
acceptably high,probability, the platform must be designed to
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tolerate arbitrary failure behavior. Bechtel refers to this form
of fault tolerance as Byzantine Resilience, a term which comes from
a fault tolerance theory that drew an analogy between computer
network communication and communication among generals in:- the
Byzantine Army while laying siege to an enemy city. It is a set of
mathematically determined rules for establishing an architecture
that is capable of functioning correctly in the presence of a
specified ‘number  of faults. "Bechtel applies this logic to the
maglev control computers and communication network designs. °

While the philosophy of FTPP design and Byzantine Resilience
appears sound for -hardware, it may not resolve the issues: of
common-cause multiple fiber optic breaks and common-mode software
errors that can defeat the hardware fault tolerant redundancy
schemes. Bechtel does not address its approach to '‘achieving the
required safety 1levels: in software as 1is. done  for. hardware.
Further study of methods for assuring software integrity should be
‘conducted, and requirements for developing and controlling safety-
critical software should be defined early. 'in ' the .system

development.
3.13 SYSTEM OPERATIONS AND MAINTENANCE ISSUES

3.13.1 System Description

Bechtel has considered the three possiple‘1imits/t6Ahéadway:‘a
headway distance minimum dué to 1linear. ﬁoﬁor‘,zbng‘ length; a
headway time minimum due to qontrol-reiéted .;éspes such as
switching; and a safety limit determined by the abilify to stop in
the clear distance ahead. Bechtel states that its design is based
on the ability to handle 100 vehicles-per-hour at an average speed
of 125 m/s (280 mph), and 90_vehiclesfper-hour_a£ average speeds
from 100 to 135 m/s (224 to 302 mph). for‘thelﬁechtgl,baseline
design, the 100 vehicle-per-hour limit requi;eé a minimum,headﬁgy
time of 36 seconds, while the 90 vehigle-pef-hour limit réqﬁireésa
minimum of 40 seconds. '



At low speeds, the minimum headway distance is controlled by the
inverter spacing along the guideway because each inverter can
propel only one vehicle at a time. Thus, to allow .a vehicle
headway of 40 seconds at an average speed of 100 m/s (224 mph), the
inverter spacing must be no more than 4 km (2.5 mi).. This is the
nominal spacing used in the Bechtel baseline, but it is reduced in
regions where an average speed of 100 m/s is not possible, such as
in tight curves or steep grades.

At the highest speeds, the minimum headway is impqsed by safety
considerations. Bechtel states that it is neceésary to apply
either a maximum deceleration value or a maximum stbpping distance
to establish the required safety-related headway for any vehicle
speed. For example, using a 2 m/s? (6.6 ft/s?) deceleration limit
and a 2-second reaction time, the required stopping distance varies
from 5 km (3.1 mi) at 150 m/s (337 mph) to 2 km (1.2 mi) at 75 m/s
(168 mph).

Using the 36-second headway and 100 vehicle-per-hoﬁr limit, the
baseline 106-passenger vehicles provide a theoretical capacity of
over 10,000 people-per-hour. Allowing for statistical variations
in headway and switching speed limits, this capacity will be
somewhat less. Bechtel is proposing a conservative initial minimum
headway of 60 seconds. Reductions will be allowed only after
operational experience indicates shorter headway is safe.
Considering statistical variations and extra headway requirements
for switching, Bechtel calculated a practical limit of about 45
vehicles-per-hour can be sustained with the noﬁinal 60-second

minimum headway. This equates to 4770 passengers-~per-hour in 106-
passenger vehicles.

3.13.2 Safety Issues

Bechtel has generally'applied conservative factors in calculations
for safe headways. The desired headway is maintained by monitoring
vehicle position and adjusting speeds as required to control
relative speeds and distances between vehicles. Collision
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avoidance is achieved through the proper operation of the control
systems, braking systems, monitoring systems, etc. which are
discussed in other sections.

3.14 ENVIRONMENTAL EFFECTS
3.14.1 Environmental Considerations

Routes that are primary candidates for maglev systems in the United
States provide a broad range of environmental and climatic
conditions. These include high and low‘temperatures, wind, rain,
snow, ice, earthquakes, fog,(lighting, dust, and sand. Operational
safety can be significantly degraded depending on the severity of
the conditions. Bechtel uses sensors to evaluate these conditions
and relays the appropriate data both to the zone controllers and
thHe vehicles. For each condition, a look-ahead distance from 30 to
100 miles is used. Figure 3-11 illustrates the guideway sensors
proposed by Bechtel. They are discussed in Section 3.10 of this
report. ' '

The general Bechtel philosophy for reaction to sensor warnings is
to automatically stop any vehicles which could be in danger.
Movement would be allowed to start again only when the hazardous
condition has been eliminated. ‘

Snow, ice, and accumulations of other forms of guideway debris can
hinder operation if they are too large for the vehicle to pass over
without impact, or if they alter the magnetic fields
substantially. Plow-type devices commonly used on the front of
lowver speed trains are not feasible for the high speed maglev
train. Fortunately, the Bechtel guideway consists for the most
part of an isolated, elevated structure with little horizontal
surface to accumulate debris. In addition, normal prevailing winds
will, in many cases, blow most lightweight material from the track
before it accumulates. The potential hazard comes from material
that either accumulates rapidly or is of such size and weight that
it will not be blown away and is not easily passed over or
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,dispersed by the vehicle. Bechtel proposes to have a fleet of
.dedicated service vehicles that will run the full length of the
system daily (in segments between stations) to clear the guideway
~of any accumulated material before full operations can begin.

Extreme high winds or gusts could potentially de-stabilize the
vehicle or possibly cause contact between the vehicle and guideway
ubeem; a Category II hazard. fBechtel has taken wind force loads
into_account;in'the design of the magnetic forces produced to
levitate and guide the vehiclezalong the beam. - Thus, Bechtel
states that no special precautions are needed to handle high side
wind forces. when. the vehicle is levitated by magnetic forces. In
spme:very.severe conditicns; reduced speed may be necessary for
ride quality. The lateral-wheel parking brake system is used when
the vehicle is stationary to preventlvehicle rocking due to wind or
other disturbances.

Lightning and static charges can be guarded egainst using the same
methods. Whlle ‘there is no danger of electr1ca1 shock to
passengers from lightning for the same reasons airplane passengers
‘are not at risk, Bechtel states that there is a high probablllty of
damage ‘to' the propulsion and levitetion'subsystems; The closest
structures to the vehicle are the propulsion coils, the levitation
ladder, and the nonmetallic cover over them. ' Lightning will
usually. 'travel the easiest path to ground after striking the outer
vehicle shell.  The lightning will most likely arc over from the SC
magnet module to the propulsion coils and/or the levitation ladder.
Considerable damage can occur if this is allowed to occur. To
prevent such arcing, the vehlcle frame structure 1s cabled to a
flying beryllium wire hung from the bottom surface of the bogie.
The flying wire drags lightly along a cadmlum-plated copper strip
attached to the top of the guldeway beam.

3.14.2 safetx Issues

The box-beam monorail design of the girder supporting the vehicle
does not provide any protection from crosswinds . acting ‘on the
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+vehicle. Bechtel has considered these loads :in ~determining
.required magnet forces; :however, Bechtel efforts to ‘lighten ‘the
.vehicle weight have caused the center of gravity to become: higher
than that used in the: baseline calculations.’ 'Therefore,: revised
calculations may ‘be necessary to re-evaluate the requlred magnet
forces and ensure. protectlon from cross-winds. ’ R
The vehicle ‘grounding scheme-:using the flying ~wire- should ‘be
evaluated for the effect on- its functioning of various: thlcknesses
of ice on .the copper strlp on the bean. T ' s

.The sensor systems. that have theiauthoritYltoTéauSefthé“vehiciefto
automatically stop~must-be«desi§hed to have a very low probability
of false alarm. Frequent ‘uhnecessary disriiptions  to “normal
operations are themselves safety hazards. o : ’

3.15 S8UMMARY OF FINDINGS - BECHTEL

The . Bechtel stated'bapproaoh(‘tothsafety.\during system concept
definition is consistehtw with .the  philosophy ' of MIL-STD-882.
However, the documentation provided in the. Bechtel SCD report is
too 11m1ted to assess how thoroughly the approach was, actually
:applled to the basellne de51gn that evolved,. and whether that
baseline can’ meet ‘Bechtel’s self-imposed  probability criteria.
Bechtel states that the probab;llty of a mishap resulting from a
hazard will not be, allowed to. exceed the  allowed -probability
assigned to the hazard's level of ~severity. .. Probabilities are
_as51gnmi to each level w1th no . discussion of their source:- of
derivation, although they are. in the same general range as those
applled in the commer01a1 alrplane industry.  There are no data_or
analyses prov;ded to 1ndlqate whether the baseline design can meet
the'safety‘criteria estab;ished:forfeach hazard. .

The Bechtel >approach recognizes the key .distinction. (yet
connectlon) between reliability and safety. However, with the
exception of air bearings,. the 'SCD' text ‘does’ not explicitly
identify reiiability items which are related to safety ‘issues. '
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Bechtel’s approach to the design safety effort implemented during
the SCD phése consisted of identifying potential hazards through
means of a Preliminary Hazard List (PHL), and developing system
design approaches to eliminate or mitigate the hazards.

The Bechtel PHL can be considered appropriate for the SCD phase of
maglev system development. Bechtel addressed 25 hazards that
include those specified in the SCD SOW. However, several safety-
related .issues remain. These issues are reviewed in previous
sections and are summarized below.

The Bechtel approach to levitation, guidance, and braking does not
involve any in-motion contact between vehicle and guideway using
wheels, air bearings, or skids. No provision has been made for
inadvertent contact due to system faults or environmental
conditions. Contact at high speeds is identified as a Category II
event by Bechtel and could result in significant damage to the
vehicle or guideway. This damage level and its consequences have
not been addressed, although Bechtel has stated that it is a
probable event.

The probability of superconducting magnet quenching can be made
extremely low by appropriate magnet design practice such as that
applied by the Bechtel SCD baseline magnet design. The design uses
a winding current density of only'24% of the critical current so as
to provide an operational quenching margin of four. .Also, 96
»separate superconducting'magnet windings are used, contained within
12 separate dewar modules, providing a high degree of operational
redundancy. Nevertheless, cable-in-conduit style superconductors
have never been used in a transportation environment, and have seen
only . limited application in only very large-scale magnets.
Detailed FMECA-type analysis of the possible failure modes is
required during the design phase to determine whether a, safety
lockup function is required for the levitation system.

Liquid helium and methanol fuel are stored in the nose section of
the vehicle. Bechtel states that collision damage and fire were
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‘considered in the location selection, but further study should be
conducted to détermine the safest location for hazardous materlals
¢tarried aboard the vehicle. ' ‘

The box-beam monorail guideway design provides limited vehicle
Wyrap around" of the guideway. Gravity and the magnetic levitation
and guidance system”are the only forces preventing the vehicle from
departing the guideway; this is a Category I event and must be
extremely improbable. Feasibility studies of locking flange design
concepts should be considered. ' ’ -

Bechtel provides aerodynamic speed brakes and a drag chute for
emergency braking. The effect of inadvertent deployment of these
devices on vehicle stability and control should be evaluated.

The Bechtel philosophy for respondiﬁg‘to guideway and . vehicle
sensor warnings is to automatically stop any vehicles which could
be in danger. The sensor systems that have the authority to cause
the vehicles to stop must be designed to have a very low
probability of false alarms. Frequent unnecessary disruptions to
normal operations are themselves safety hazards.

‘Bechtel has provided an extensive discussion of the ' hardware
architecture used for control and communication computers to assure
a safe fault tolerant design. However, the approach needed to
‘achieve the required safety levels in the computer software is not
addressed. - Further study of methods for assuring software
integrity should be conducted, and appropriate requirements should
be defined. ‘ ‘ '

Bechtel uses a unique double-shell vehicle structure where - the
inner shell can be rotated 15° in either direction relative to the
outer shell.  This scheme requires doors in both shells. The inner
and outer doors move out of alignment when the inner shell rotates.
Failure of the actuating system or jamming when in the tilted
position may have a safety impact on evacuation procedures. This
condition should be evaluated. | ' “
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Bechtel addressed fire hazards by discussing approaches for
detecting and suppressing fires, primarily on the vehicles. More
consideration should be given to fire prevention, such as materlals
selection, control of ignition and fuel sources, and operatlng
policies and procedures. Methods for fire preventlon, detectlon,
and suppre551on in system equipment and. fac111t1es other than the
vehicle should also be evaluated, particularly unstaffed way51de
locations which may requlre automatic systems.



4. FOSTER-MILLER 8CD

'Foster-Mlller’s approach to defining a maglev concept is to provide
"alternatlve system designs and to specify the advantages and
dlsadvantages associated with each design. However, it 1s not
always clear from the SCD ~report which design concept will
.constltute the Foster-Mlller basellne system. _

The Foster-Miller vehicle consists.of 75 passenger modules and nose
sections that can be configured as single-car or multiple-car
consists. ‘A two-car train meets the 4,000 passenger-per-hour
requirement by operating at 130-second headways. The vehicle
structure is made of 1lightweight composite materials and is
designed to operate in a U-shaped guideway. The guideway consists
of two parallel post-tensioned concrete beams joined transversely
by precast concrete diaphragms. Figure 4-1 is a cross-section view
of the Foster-Miller baseline vehicle and guideway. Each beam
possesses an. integral sidewall that carries the null-flux
levitation coils and the propulsion coils. The vertical null-flux
system consists of four superconducting (SC) magnets on each side
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FIGURE 4-1., FOSTER-MILLER DUAL GUIDEWAY AND VEHICLE CROSS-SECTION
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of a vehicle-mounted bogie, interacting with eight .corresponding
coils on the guidewall sidewall. Propulsion coils are located in
the sidewall below the levitation coils. The SC magnets on-each
side of the bogie interact with the sidewall propulsion coils to
provide guidance. A

This chapter presents the results of the safety review of the
Foster-Miller system based on the approach described in Chapter 2.
The design features of each major system element are described and
safety-related issues are identified. The narrative discussion of
safety issues within the following subsections represent the
results of the detailed safety review contained 1n the matrlces in
Appendix C. Informatlon used for this review is derlved from the
final Foster-Miller SCD report [3].

4.1 FOSTER~-MILLER OVERALL SAFETY APPROACH

Foster-Miller states that they intend to adopt an "Integrated
Analytlcal Approach" whlch will aggregate the treatment of safety,
re11ab111ty, and ma1ntenance act1v1t1es 1n subsequent de51gn
phases. However, the1r 1ntegrated approach is not clearly deflned.

Foster-Mlller does descrlbe a Safety Hazard Screenlng approach to
1dent1fy external hazard causes, estimate the probablllty and
severlty of each hazard cause and, depending on the consquences of
the hazard nulllfy the hazard with design or prevent the hazard
'w1th phy51ca1 measures or procedures/safety regulatlons. However,
the detalled analy51s, as 1nd1cated by Foster-Mlller, 1tse1f 1s

1ncomplete, only propu1s10n and cryogenlc systems are examlned 1n
detail.

Foster-Mlller places hazards into four categor1e5°b Human Or1g1n,
Weather Related Vehlcle/Guldeway Interactlon, and Miscellaneous.
Wlth the exceptlon of vehlcle/guldeway' hazards, this approach
1dent1f1es only hazards that orlglnate outside of the maglev system
rather than analyzing malfunctlons and failure modes of maglev
systems that impact safety. The system design descriptions

4-2



provided elsewhere in the Foster-Miller SCD are more useful for
understanding the safety features of the baseline design. Although
Foster-Miller does indicate hazard "effects" for each cause, the
effects are not classified by category, i.e., catastrophic,
crtical, etc.; thus, there is no means to prioritize the hazard
causes. BoozeAllen’s recommended hazard severity classifications
appear in the following sections.

4.2 VEHICLE STRUCTURE AND INTERIOR DESIGN
4.2.1 System Description

Foster-Miller presents two alternative concepts for constructlon of
the vehicle carbody:

° Aluminum

° AS4 /EP Composite Material

Foster-Miller proposes the composite material for its baseline
design. Foster-Miller states that the composite material was
selected because of high stiffness and strength(combined.with
better sound attenuation, corrosion immunity, and repairability.
The vehicle carbody shell is a two-inch thick honeycomb sandwich
with a Nomex core and AS4/EP composite face sheets, as shown in
Figure 4-2. The frontal nose structure incorporates a graduated
stiffness honeycomb structure designed to improve the accident
surv1vab111ty properties of the vehicle. Additional studies with
respect to addlng a bumper system to the Vehlcle are to be
conducted during subsequent de51gn phases.

The proposed seating arrangement will include first class, two-by-
two seeting; and coach class, two by three seating. Each vehicle
car will ‘accommodate 75 passengers; and have luggage space and
restrooms. Multi-vehicle configurations of up to elght connected
75—passenger cars can be developed.



o AS4/EP COMPOSITE FACESHEETS . =
/ ORTHOTROPIC LAY-UP 0/0/+45/-45)S

NOMEX HONEYCOMB CORE ..
DENSITY =8 PCF

AS4/S-GLASS/EP HYBRID COMPQOSITE
SEAT TRACK

——COMPOSITE FLOOR BEAM -

FLOOR BEAM SUPPORT BRACKET

- \— AS4/EP COMPOSITE FACESHEETS

it

FIGURE 4-2. FOSTER-MILLER CONSTRUCTION DETAILS

4.2.2 Safety Issues

Foster-Miller 'did - not sufficiently address inter-car collisions
that could result in one car-overriding the top of an adjacent car
(i.e., 'incorpoi:'ation of an "anti-climber" device). This is a
Category II hazard.

Further analysis of the connection between the carbody and bogie
should be performed to demonstrate that the bogies will remain
attached to the car under all conditions. ‘

Ssimilarly, the forces on the Vvehicle created by a high speed
landing require further analysis -to verify the safety of the
proposed vehicle structure. Failure of primary vehicle structure
at high speed is a Category I hazard.-
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The composite materials approach to structures has the advantage of
being 1lightweight .while meeting the specified 1load factors.
However, existing high speed rail and maglev systems currently
under development use only conventional steel or: aluminum material
for the carbody structural shell. Composite materials have a
limited experience base and have the potential for hazardous events
that have not yet been fully addressed. - In particular, critical
composite material failures are not always detectable. Expensive
Non-Destructive Inspections (NDIs) are periodically required to
ensure the integrity of the structure. Undetected failures could
lead to critical structural failures resulting in potentially
Category I vehicle failures. 4

4.3 . PROPULSION, NORMAL BRAKING AND :EMERGENCY BRAKING
4.3.1 System Description

System propulsion is achieved by providing variable frequency ac
power to sidewall-mounted linear synchronous motor (LSM) windiﬂgs.
The three-phase LSM windings are installed vertically on the inside
walls of the U-shaped cross-sectlon guldeway, dlrectly below the
levitation null-flux loops. As the vehicle traverses along the
guideway, the LSM windings are energized from a wayside varlablg
current/variable frequency power qonditiohing source. The
energized windings interact with on-board SC magnets. This
interaction generates vehicle longitudinal forces that cause. the
vehicle to move along the guideway,:'

The unique feature of the Foster-Miller approach is the method in
which the LSM coils are energized. - As the vehicle traverses along
the guideway, .only the LSM windings.that are aligned at any given
instant with the on-board SC magnets are energizéd, as illustrated
in Figure 4-3. As the forward bogie approaches a de-energized LSM
winding, a high speed bridge-switchinglcircuitrprovides ac power at
the ‘winding. . After the bogie passes, the switching circuit
deactivates the LSM winding. . The same winding is then re-
energized, via the switch, as the rear bogie approaches.
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FIGURE 4-3. FOSTER-MILLER VEHICLE TOP VIEW SHOWING PROPULSION AND POWER TRANSFER



Foster-Miller calls this systenm a locally commutated linear
synchronous motor (LCLSM). The LCLSM control system must identify
and accurately track the location of the vehicle bogies at all
- times. -

To provide normal non-emergency brakingi two methods are proposed
by Foster-Miller. Primary braking will be provided'through reverse
magnetic traction. Secondary'brakinQ'wiil be'proVided thrbugh
wheel brakes attached to a landlng' gear, similer to aircraft
braking systems. ' '

‘To provide braking durind emergency situations, four skids are
. provided in the Foster-Miller baseline design. If the landing gear
cannot be deployed, the skids will be extended 150 mm (6 in) below
the vehicle, contacting the guldeway. .In the event of an
instantaneous loss of magnetlc 1ev1tatlon, the undeployed skids
~will still protrude suff1c1ently below the magnetic bogies for
support. Foster-Miller also asserts‘that;.if”the LCLSM power
supply fails but the magnetic suspehsionﬂ remeins }functioning
properly, semi-controllable braking can be achieved by deploying
the skids and reducing the levitation effect. ‘ |

4.3.2 Safety Issues

The proposed LCLSM propuls1on system relies on h1gh speed power
switching that has no similar transportatlon system appllcatlons.
The control system must 1dent1§y the exact location of the vehicle
at all times and energize only that section of LSM that is aligned
with the bogies. If the ILCLSM - and vehicie drop out of
synchronization, the magnetic forces exerted on the vehlcle by the
motor may become uncontrollable and cause the vehlcle to strlke thé
guideway. This event is potentially a Category II hazard. Since
there is no applicable reliabiiity data available, a substantial
amount of testing will be required to show that all failures are
fail-safe. ' ' o o



4.4 , SUSPENSiON, LEVITATION AND LATERAL GUIDANCE

4”.4.1 ) System Desci‘ig'tion

To provide levitation, suspension, and guidance, Foster-Miller
proposes a passive null-flux loop system in which the LSM winding
loop pairs are interconnected to form lateral guidance null-flux-
loops. Additionally, passive levitation null-flux loops with a
figure-of-eight configuration are mounted in the ‘walls of the
guideway. These loops interact with the magnetic field of the on+
board 'SC magnets to electro-dynamically generate levitation forces
as a function of the vehicle downwards displacement. ‘The general’
layout -of the levitati‘on,‘ - suspension and guidance ‘ systems is.
illustrated in Figure 4-4. | o C

The vehicle bogie assembly contains eight identical SC magnets
mounted four on each side of the bogie. The SC magnets interact
with coils mounted “in the vertical walls of the guideway. Each

NULL FLUX LEVITATION { -
COILS AND PROPULSION, 1| x| GROUND - |

COILS ' EDS COLEDS |  PROPULSION COILS (ACTIVE)

SIDEWALL

. LOW SPEED AND . BEAM

EMERGENCY -

UNNING SURF S iy : .
R NN N j\_CE — LEVITATION/GUIDANCE COILS

(PASSIVE)

HIGH-STRENGTH
FIBER CONCRETE
PRESTRESSED* BEAM

* OPEN CENTER
*NONMETALLIC

FIGURE 4-4. FOSTER-MILLER GENERAL LAYOUT OF TYPE I GUIDEWAY
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magnet includes a helium dewar mounted immediately above the magnet
casing. At low speeds, an alrcraft-type landlng ‘gear will be
deployed to support the vehicle.

Operationally, these null-flux loops_generete vertical 1lift forces
as a result of the difference between electrically;induced currents
in the cross-connected conductor coils that form the null-flux
loop. When the on-board SC magnet windings.are vertically centered.
between the guideway walls, the current induced in the upper and
lower loops will be equal in-magnitudelend opposite in ~direction.
Therefore, the currents induced in the coils will cancel and no net;
flux will exist. At that time, in the absenee,of‘circulating
current, no vehicle levitatioh force will be generated. However,
a downward vertical displacement of thevvehicle'toward the guideway
induces a circulating current within the loops, causing a magnetic
field to be generated. The direction of the null-flux loop current
will result in the upper coil attracting the on-board magriets while
the lower loop repels the magnets. This attraction toward the
upper loop and repulsion of the lower loop‘results in levitation.

The lateral guidance system is also produced by the null-flux loops
in the same manner. Increasing the lateral displacement from the
center of the gquideway results 1n 1ncrea51ng the magnetlc flux
generated by one sidewall coil while the flux generated by the loop
on the opposite wall is decreased. The induced current in the
loops results in a force that pushes and pulls the on-board magnets
back towards the guldeway center. - ’

fhe selected SC system provides Suffieient levitation force to
support the vehicle weight atfspeeds as low-as 5 m/s (11 mph).
HeweVer, to improve system performance and to overcome magnetic
dreg; Foster-Miller proposes a delay in magnetic .levitation until
the vehicle reaches 50 m/s (111.mph).~ During deceleration, an
aircraft type landing gear will be deployed and contact the
guideway at 20 m/s (44 mph).



To provide cooling for the SC magnets, Foster-Miller proposes- an
open-cycle helium cryogenic system. Liquid helium is introduced
into the magnet cryostat where vapor forms by the capture of heat
from the surfaces of the magnet. The vapor is then vented to the
ambient air through trace cooling lines attached to the supports.
The SCD drawings indicate that the liquid helium storage system
will be located on the bogies which are isolated from passenger
compartments by a bulkhead.

To provide passenger comfort through superelevated guideway curves,
Foster-Miller proposes a vehicle carbody tilting mechanism, as
shown in Figure 4-5.

4.4.2 Safety Issues

Foster-Miller proposés to operate the vehicle SC magnets in
persistent current mode so that no external current source will be
required except for very infrequent topping-up current charging.

0.3m (12 in)

FIGURE 4-5. FOSTER-MILLER TILTING MECHANISM
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Therefore, the proposed vehicle suspension and levitation system
should continue to operate normally in the event of a power system
fallure. ' ‘

In the event of an LSM failure, the maglev vehicle will decelerate
at a rate regulated by the aerodynamic and magnetic'dfag acting
against the ‘vehicle. The vehicle magnetic drag induced by the
guideway loops is generally lower than those forcés induced by
floor-mounted discrete levitation coils or sheets. This reduction
in drag results in a much smaller jerk force exerted on passengers,
as compared to failures of suspension systems incorporating floor-

mounted levitation coils or sheets.

The vertical and lateral stiffness of the Foster-Miller concept is’
expected to be high. This should reduce the risk of the vehicle
1mpavt1ng the guldeway ‘walls or floor under .extreme adverse
conditions such as those caused by extreme cross-w1nd gusts, gross
guideway mlsallgnments, excessive null-flux loop mlsallgnments and
inadvertent desynchronization of the LSM under maximum power
conditions.

A failure of the on-board magnets will result in immediate loss of
levitation and guidance. This is potentially a Category II hazard.
The most common cause of SC magnet failure is a propagation of
magnet quenching. Potentiallcauses of magnet quenching include
loss of magnet cryostaﬁ vacuum, mechanical failure of magnet
winding load transfer supporﬁ columns, loss~ofﬂWihding cooling, and
mechanical vibration or electromagnetic streés.

To mitigate the effects of such failures, Foster-Miller proposes
the following design requirements:

° A failure of two magnet pairs per bogie will result in
the deployment of the landing gear and a station stop.



o A system failure that would result in the loss of more
than one magnet pair must be avoided.

o The cryogenic cooling system must continue to operate for
at least 16 hours after a helium refrigeration unit
failure.

° Port/starboard magnets will quench instantaneously as a

pair for balanced guidance.

In addition to these requirements, it is important to note that an
undetected failure of the first magnet pair will result in a
degraded system that is vulnerable to a Category II single point
failure. Therefore, the first pair failure should be indicated to
the operator or Central Control Facility (CCF).

To assist in minimizing the quenching hazard, future design
considerations should include applying a safety factor for the
winding current relative to the SC critical current. In addition,
a disciplined quality control program during the winding
manufacturing process is essential.

By incorporating an aircraft-type landing gear, the Foster-Miller
system benefits from several million cycles of service history
experienced by these landing gear systems. However, there are
three potential hazards associated with installing an aircraft
rubber tire type landing gear. First, there is a potential for

tire failure within the wheel well resulting in damage to equipment
installed in or near that érea, potentially a Category II hazard.
Second, landing gear braking systems require airflow for cooling.
The Foster-Miller guideway design appears to 1limit air coolihg
capacity because of the close sidewall design. Reduced braking
effectiveness due to overheating is a Category II hazard. Finally,
at high speeds, the friction created between rubber tires and the
landing surface is sufficient to ignite the tires and create a fire
hazard. To resolve these hazards, a 2zonal analysis of the

installation of both the gear on the guideway, and in the interior
of the wheel well must be performed.



On-board cryogenic systems have potential Category I and IT hazards
that should be identified and mitigated during the preliminary
design phaSg;;'They include the effects of "cold" burns, cryogenic
oxygen deficiency, and materials embrittlement. These hazards are
applicable for Foster-Miller as for the other SCDs and have been
described in detail in Section 3.4 of this report.

Although the tilting mechanism provides a way to increase train
speed through curves, Foster-Miller acknowledges that the mechanism
reduces passenger safety. Depending on the speed of the vehicle,
standing passengers may fall down if a critical failure occurs
while the train is negotiating a curve. A complete failure modes
analysis is needed to identify failures that may result in the
following unsafe conditions:

° Tilting system fails to return to the upright position
after negotiating a curve (Category III hazard)

° Tilting mechanism fails such that the carbody tilts in
the opposite direction prior to entering a curve
(Category II hazard)

° Tilting mechanism fails to tilt (Category II hazard).
4.5 ON-BOARD POWER SYSTEM
4.5.1 System Description

To provide on-board electrical power, on-board coils are excited by
high frequency induction from the LCLSM windings. This is achieved
by an air core resonant transformer with the on-board coils acting
‘as a secondary and the LCLSM acting as the primary winding. As the
SC magnets pass a given guideway coil, this LCLSM coil is switched
to provide propulsion force. As the on-board resonant transformer
coils pass a given guideway coil, this LCLSM coil is switched to
provide electrical power transfer. Two redundant coil systems are
installed in parallel, one port and tﬁe other starboard, and are
excited simultaneously. In stations, electrical power is provided
by external station power, and during emergencies, batteries are
used. The on-board power loads include passenger amenities, HVAC,
galley service, and lighting.



4.5.2 Safety Issues

The Foster-Mlller on-board power system does not support any‘
safety-cr1t1ca1 equlpment. The proposed on-board electrlcal power
system uses the LCLSM w1nd1ngs wh1ch are also used for vehlcle
propulsion. This design requires a high degree of prec151on timing
in switching from 1low to high, and back to 1low frequency.
Foster-Miller acknowledges that more studies are required in future
development programs to demonstrate the effectiveness‘of the power
transfer system.

4.6 ° ' 'MAGNETIC SHIELDING
4.6.1. . System Description.

Although not discussed in the Foster-Mlller Safety Hazard Screenlng
process, the ScD does acknowledge that the magnetlc fields of the
scC magnets may create safety hazards for passengers and crew,
partlcularly to passengers with cardlac pacemakers. To develop a
shielding criteria, Foster-Mlller'applles standards incorporated by
the Magnetic Resonance Imaging (MRI) industry; the external field
is to be maintained below 0.5 mT (5 gauss).

Foster-Miller defines and studies several methods for mitigating
the magnetic exposure hazard. Foster—Miller_will use  octupole-
aiding flux magnets on the ends of the vehicle bogies to decrease
the passenger cabin magnetic field to less than 2 mT (20 gauss) of
dc field. 1In addition, a ferromagnetic shell. will be installed
around five sides of the vehicle cabin to achieve a 0.1 mT (1
gauss) maximum field, and a less massive ferromagnetic shell to
shield the. passengers to. . a 0.5 mT (5 Gauss) level will be
incorporated.

4.6.2 Safety Issues

Since the proposed shielding is passive, the methods should be
effective for reliably shielding passengers from magnetic fields.
The Foster-Miller analysis of the LCLSM windings shows that the
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nearest passenger will be exposed to only 0.02 mT (0.2 gauss) of ac
field, which 1s below the 0.1 mT (1 gauss) level but higher than
0.01 mT (O. 1 gauss) ac level required in the SCD SOW. Accordlng to
Foster—Mlller, the most effective and only method that will. protect
passengers below the 0.1 mT (1 gauss) level is a ferromagnetic
shell.

4.7 FIRE PROTECTION

4.7.1 System Description

To provide fire protection, Foster-Miller proposes using the fire
requirements defined by the Federal Railroad Administration codes
(regulations). According to Foster-Miller, the FRA requirements
include installing heat detectors, multiple fire extinguishers, and
escape windows on the vehicle. Foster-Miller states that according
to conventional practice, the materials wused for vehicle
construction will be low smoke foam padding, and fire retardant
fiberglass reinforced plastic (FRP) liners.

4.7.2 Safety Issues
Foster-Miller incorrectly cites the FRA regulations. These

regulations do not address heat detectors or the installation of
fire extinguishers. The use of "conventional practice" in
reference to materials construction is vague; at a minimum, the FRA
fire safety guidelines for selecting interior materials should be
used as a baseline. A complete fire protection -approach should
include fire prevention, containment, detection and suppression.
Foster-Miller should give further consideration to the selection
and placement of electrical cables, terminals and equipment to
preclude the initiation of a fire as well as its spread. In
addition, methods for detecting and suppressing fires in isolateqd,
unstaffed wayside locations should be addressed by Foster-Miller.



4.8 .. GUIDEWAY DESIGN .

4.8.1 System Description

The Foster-Miller selected guideway conflguratlon ‘and layout
consists of modular construction tw1n_hollow_beamswconnected'by
structural transverse diaphragms. The tfansVerse"diaphragms are
spaced every five to six meters. This,guideway“design provides
suspension support at the outermost corners of the vehicle where
the bogie magnets are mounted. .The guideway high-stiffness, multi-
celled  box beam -incorporates : structural ~"support beams and
sidewalls. LCLSM windings .and -levitation null flux loops are
located .in. the guideway sidewalls.

1.6.2'_j> Safeti‘Issaes

The - twin hollow beam design of the guideway provides limited
vehicle "wrap around" ‘of the guideway. Gfaﬁity\and the magnetie
Ievitation and guidance system are the only forces preventing the
vehicle from departing the guideway. The safety certification of
this design will requlre substantial ana1y51s ‘and testing of the
levitation and’ guldance system to assure that a vehicle’ departlng
the guldeway is an extremely 1mprobab1e event under all foreseeable
conditions.

To preclude animals, trespassers, and snow from the guideway,
Foster-Mlller states that the guldeway' w1ll be de51gned w1th
‘slanted surfaces.. There are two ‘concerns w1th thls approach.

L It ‘is p0551ble for snow and ice to build up on slanted
: .surfaces. P
J TheTQuideWay desién depicted by Foster-Miller in its SCD

report does not have slanted surfaces.

By designing a twin hollow beam guiéeway;vobstructions and .debris
are not likely to accumulate on the guideway. However, since the
guideway is open in the center, it is conceivable that an
earthguake :_potential;ytt,could. cause . both beams to move



independently. This may result in loss of levitation and cause the
vehicle to strike the guideway.

4.9 GUIDEWAY SWITCH

4.9.1 gsystem Description

To provide -lateral guidance' through' switches, Foster-Miller
proposes a very high spéed vertical switch with stationafy vertical
sidewall levitation coils, as shown in Figure 4-6. Switching is
accomplished . by implementing' wound - figure-of-eight 'coils that
provide two optional paths for the vehicle. ' Coils in the desired
direction are cross-connected by switches that also open coil
circuits in the undesired direction. The coils which are cross-
connected provide levitation through the vertical switch while the
open circuited coils do not interaét with the vehicle magnets.
Foster-Miller states that this allows for a switching system that,
in principle, does not rely on any moving mechaniqal‘or structural

components.

The Foster-Miller proposed guideﬁaY'designkprovides limited vehicle
wrap-around of the guideway. Gravity and.‘the magnetic levitation

(VERTICAL SCALE GREATLY EXAGGERATED)
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FIGURE 4-6. FOSTER-MILLER NULL-FLUX OPERATION IN VERTICAL SWITCH ‘
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and guidance system are the only forces preventing the vehicle from
departing the guideway. The safety certification of this design
will require substantial analysis and testihg of the levitation and
guidance system to assure that a vehicle departing the guideway is
an extremely improbable évent under all foreseeable conditions.

4.9.2 Safeﬁx Issues

As the vehicle goes through the turnout direction of the switch,
there is a time period in which the vehicle is exposed to an open
bottom guideway. If there is a loss of levitation while the
vehicle is in this region, the vehicle will fall to the guideway
below, a Category I event. To mitigate'this hazard, Foster-Miller
states that a movable beam floor can be: provided. However,
providing a movable floor eliminates the improved reliability and
cost savings associated with the purely electro-magnetic coil
switch scheme proposed by Foster-Miller.

4.10 GUIDEWAY MONITORING

4.10.1 System Description

To provide guideway obstacle monitoring, Foster-Miller proposes
several methods. Guideway protection will be provided by security
fencing and, in areas of direct overhead access, by overhead
roofing. To maintain a ‘high level of safety, Foster-Miller
proposes a system defined as a "risk contour approach." The
overall premise of this approach is to segmentally characterize the
route based on various population and geographical factors to
determine the associated risk of natural or man-made foreign object

intrusion. Appropriate detection and prevention measures are then
selected based on the risk.

In the highest risk areas, a machine vision system will be
installed. This system will digitally record an initial image
using charge-coupled device cameras and compare that image to
images continuouély being monitored. Any change in the image is
interpreted as a foreign object and proper action can be taken. 1In
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the next highest risk area, infrared motion detection will be
utilized. This system will monitor movement along the guideway.
Finally, in the lowest risk area, standard security cameras will be
installed and monitored.

A drone inspection will be used over the entire system at.a minimum
of once per day before beginning operation. Additional inspections
may be required and are planned to be implemented as needed.

4,10.2 Safety Isgsues

Collisions with obstacles are potentially Category I events.
Foster-Miller’s proposed guideway monitoring concept does not
ensure that the entire system is monitored continuously over the
entire route. Although the likelihood of an object landing on the
guideway may be greater in congested areas,'the probability of an
animal, snow, or debris landing on the guideway in less populated
areas is substantial. Therefore, the "risk contour approach® to
guideway monitoring may not be effective.

In addition, the charge-coupled device and closed circuit
television systems defined by Foster-Miller are dependent upon
light for effectiveness. Night operation will be dependent upon
artificial 1lighting. Infrared detection systems may not be
effective since they are prone to nuisance warnings. Accordingly,
the Foster-Miller approach to guideway monitoring requires further
development.

4.11 POWER SYSTEM AND DISTRIBUTION

4.11.1 System Description

Foster-Miller uses a three-phase connection from the utility to the
substation. The substation power distribution system, as shown in
Figure 4-~7, includes a transformer, an automatic physical
disconnect, secondary ac circuit breakers, a GTO rectifier and an
H-Bridge configuration switch . circuit used for <guideway
propulsion. ‘



69KV, 60 Hz

~— REGENERATION
—p» REPULSION
<(~‘ PRIMARY ‘

o{s |DISCONNECT - A . GUIDEWAY
. . PROPULSION

colLs

2100 VDC :

‘ F{riGBT

3 1FIGBT

)

TRANS-
FORMER

GTO
RECTIFIER{ - IGBT 4

)

SUBSTATION IGBT 4
.. BKMSPACING o

" UP TO 40 MVA CONTINUOUS

- 60 MVA-30 MINUTE OVERLOAD SECONDARY

BREAKER

3.0
BREAKER

40MVAI

i el TRANSFORMER -

o

v . : PIGURE 4=7. FOSTER-MILLER POWER DISTRIBUTION SYSTEM




The 1nput to the substatlon transformer is 69 000 volts, 60 cycle
power. The transformer and GTO rectlfler converts thls to
2, 000 vdc.(l Because of - the .high power vrequlrement a;
substatlon_, the GTOs are connected in parallel to handle the

each

required current, Foster-Miller states that each of. these parallel
connectlons would be fused so that the substatlon ‘could contlnue to
operate if one of the GTOs fails. C f_'"ga'f'}t

‘The power requlred for each of the guldeway c01ls 1s approx1mately
300 kw and: each ~of these c01ls is supplled by an-. H-brldge.f The
c1rcu1t breaker Foster-Mlller proposes to use 1s a standard

~:.,Lm_(. ,’

commerc1a1 product. I A EQCaA;;ﬁ”.nZ:L;‘ A

4.11.2 safety Issues

Foster-Mlller indicates that loss of prlmary power w111 result in
loss of propu151on and normal braklng functlons,. Foster-MIller
states that durlng prlmary power loss,"heav1er tralns may strlke
the rear of the llghter tra1ns because of momentum d1fference. To
mitigate these hazards, Foster-Mlller recommends redundant power
stations. However, the concept design does not 1nclude redundant
connections between the power -substations: and ‘the guldeway. This
approach exposes power substations to single p01nt fallures that
result in primary power loss along the affected substatlon block,
this is potentlally a Category II hazard. ' “

4.12 : 'COMMUNICATIONS,'commnmn, AND CONTRoL“g
4.12.1 System Description

To provide automatiC’train control (ATC) functions,‘Foster-Miller
proposes a mlcroprocessor-based automated mov1ng block system.. ‘At
the . hlghest level of communlcatlons, a’ CCF _w111' perfornm:
dispatchlng,and automatic train superv1slon (ATS)?functions,.as
illustrated in 'Figure 4-8. The basic 'control'Aunitagalongj”the
guideway will‘beithe wayside control microprocessor (WCM). The WCM
will be a redundant computer system responsible for automatic train
operation (ATO) and "automatic train protectlon (ATP) functions.,
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Redundant fiber optics communisations will transmit signals between
the CCF and WCMs. At the'lowet-leﬁels, there will be four major
_interfaces. 1) sensors for vafious cenditions along the guideway
w111 prov1de 1nformatlon dlrectly to the WCMs; 2) the micro-
processor-based propu151on system w111 report vehicle speed and
p051tlon to the WCMs, 3) 1nterlock1ng control systems will assure
that confllctlng routes cannot be set at control points (1 e.,
guldeway sw1tches) and each 1nterlock1ng system‘w111 communicate to
a WCM via the flber-optlc network,_and 4) vehlcles will report
.thelr status to WCMs v1a a dlgltal radlo llnk.



4.12.2 S8afety Issues

The system configuration iswsimiiar to a number of ATC systems in
operation today. 'sonevideviationfifrom. existing systems is the
incorporation of vital processes into the . propulsion control
system. The determination of correct vehicle speed and position is
a safety-critical function. The software responsible for this
function must be partitioned from the non-vital functions of the
propulsion control. The hardware eOnfiQuratioh is alsd expected to
be checked redundant. .In the event of an overspeed condition
being detected, or entry into an unauthorized zone, the onboard
system must be able to implement a brake application, over-riding
the propulsion system. It is alsojnecessary to achieve some form
of motion control following an ATP intervention. This may
necessitate the ATP system being independent from the braking and
propuision systems Qn board the vehicle;‘ Further analysis is
needed as the designjof the system progresses to demonstrate that
all potential Category I events are extremely improbable. In
addition, further study of methods for assuring software integrity -
should be conducted, and requirements for developing and
controlling safety-critical software should be defined early in the
sgstem developmeht,_nv

4.13 SYSTEM OPERATIONS AND MAINTENANCE ISSUES
4.13.1 System Description

The minimum safe headway is’ based on both the vehicle speed and
nworst case" braking capabilities. Foster-Miller acknowledges that
at short headways, there are certain events that create risks that
cannot be effectively countered. Natural disasters or acts of
sabotage that result in massive obstructions on the right-of-way
'will always present a risk. In addition, Foster—Miller states that
at short headways, secondary collisions with succeeding vehicles
may be difficult to avoid, potentially resulting in multi-vehicle
incidents similar to those reported on high speed freeways. With
longer headways, the risk of secondary collisions is much smaller
or virtually eliminated. Therefore, Foster-Miller asserts that for
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the same system passenger capacity, longer car consists with longer
headways will prove to be safer than fewer vehicle consists at
shorter headways.

4.13.2 safety Issues

The operation of longer car consists is desirable if it minimizes
the possibility of secondary collisions. The need to operate with
realistic station dwell times while minimizing the number of
platforms and complex switching arrangements at the stations must
be included in headway determination.

4.14 ENVIRONMENTAL EFFECTS
4.14.1 Environmental Considerations

Foster-Miller states that snow and ice acgﬁmulation will  be

eliminated by incorporating slanted surfaces in the guideway
design. To mitigate water damage‘due to rain, electrical boxes
will be watertight and non-slip floors will be incorporated. The
nose section of the vehicle will be reinforced to prdteét against
hail. To protect against strong winds, hurricanes and tornadoes,
Foster-Miller states that the guideway will be designed to
withstand high winds and the vehicle suspenéion will be designed to
allow for high crosswind-induced loading without the risk of
contacting the guideway. The system will be protected from
lightning strikes by proper grounding of equipment using proven
methods. Finally, the system will be designed u51ng california
construction codes for earthquakes. "

4.14.2 safety Issues

The relative importance of environmental effects will depend
primarily on the operating region of the maglev system. There are
no safety concerns associated with the Foster-Miller approach to
lightning protection which uses proven methods for mitigating these
hazards. The mitigating measures for the other weather-related
hazards are generic and general. More design development is
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required to ensure that hazards relating to specific climatic
conditions are resolved.

4.15 SUMMARY OF FINDINGS - FOSTER-MILLER

Foster-Miller states that it intends to adopt an "Integratéd
Analytical Approach" which will aggregate the treatment of safety,
reliability, and K maintenance activities in subsequent design
phases. However, this integrated approach is not clearly defined.

The safety aﬁalysis provided by Foster-Miller places hazards into
four categories: Human Origin, Weather Related, Vehicle/Guideway
Interaction, and Miscellaneous. With the exception of
vehicle/guideway hazards, this approach identifies only hazards
that originate outside of the maglev system rather than analyzing
malfunctions and failure modes of maglev systemé’ that impact
safety. The system designvdescriptions providéd elsewhere in the
Foster-Miller SCD are more usefﬁl for uhderstanding the safety
features of the baseline design. BoozeAllen’s recommended hazard
severity classificatiéns appear in the following sectionsf

Foster-Miller proposes composite materials for its baseline vehicle
structure. The cdmposite design approach has a limited applicable
experience. Foster-Miller has not fully addressed the structural.
issues of composite material failure detectability, vehicle
override protection during inter-car collisions (i.e., an anti-.
climber device), and high speed landings. The forces exerted by
high speed landings may cause critical structural failures. )
The Fdster-Miller proposed locally commutated linear,synéhfonous_g
motor (LCLSM), used for propulsion and electrical power, relies on
high speed power switching circuitry to switch the power inverter.
This mode of operation for a power inverter as proposed by Foster
Miller is unique. If the LCLSM and vehicle bogies drop out of
synchronization, the magnetic forces exerted may cause the vehicle
to strike the guideway. This is potentially a Category II hazard.
This is potentially a Category II hazard. The LCLSM and train
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control systems will require a substantial amount of testing to
show that all failure modes are safe.

Foster-Miller proposes a sidewall-mounted null-flux coil suépension
system. A failure of the on-board super-conducting magnets (e.g.,
from a propagation of magnetic quenching) results in immediate loss
of levitation and guidance. To mitigate the effects of such
failures, Foster-Miller identifies four key deSign criteria. 1In
addition to the criteria, design considerations should include
applying a safety factor for the null-flux coil winding current,
relative to the superconducting current, and a disciplined quality
control program during the magnet manufacturing process should be
implemented.

There are three potential hazards associated with installing an
aircraft-type rubber tire landing gear as proposed by Foster-
Miller. First, there is a potential for tire failures within the
wheel well, that would damage equipment. Second, landing gear
braking systems require cooling that may be 1limited by the
closeness of the guideway sidewalls. Third, rubber tires are
potentially fire hazards at high speeds.

The proposed on-board cryogenic system has potential physiological
and vehicle structural hazards (e.g., asphyxiation, cold burns, and
materials embrittlement) that were not addressed by Foster-Miller.
These Category I hazards should be identified and mitigated during
the preliminary design phase.

Although the proposed tilting mechanism provides a way to increase
train speed through curves, Foster-Miller acknowledges that certain
tilting mechanism failures are hazardous. While the train is
negotiating a curve, tilting mechanism failures may expose
passengers to excessive lateral acceleration forces. In addition,
the jamming of the tilting mechanism during emergency evacuation
can make vehicle egress difficult.



Foster-Mlller proposes an on-board electrical system that relies on
the same LCLSM' system used for propulsion power. This method
requires a high degree of precision timing for sw1tching the LCLSM
from the propu1s1on mode to the power transfer mode. Foster-Miller
acknowledges that more studles are requlred to demonstrate the
effectlveness of the power transfer system. ‘ '

The Foster—Mlller proposed guldeway design prov1des limited vehicle
wrap-around of the guldeway. Grav1ty and the magnetic levitation
and guldance system are the only forces preventing the vehicle from
departlng the guldeway. The safety certification of this design
w111 requlre substantial analy51s and testing of the levitation and
guldance system to assure that a vehicle departing the guldeway is
an extremely improbable event under all foreseeable conditions.

Foster-Miller proposes a very high speed vertical switch with
stationary vertical side-wall levitation coils. This' switching
system does not rely on any moving mechanical or structural
components. If there is a loss of levitation while the vehicle is
in the turn-out region of the switch, the vehicle will fall to the
guideway below. This is potentiaily a ‘Category I hazard.” A
detailed safety analysis and extensive testing should be required
to demonstrate that this hazard is extremely improbable.

The Foster-Miller proposed automatic train ‘control system is
similar to existing systems currently in operation. One exception
isrthe incorporation of vital processes into the propulsion system.
An approach to achieve the necessary software safety is .not
presented. Further study of methods for assuring software
-intégrity should be conducted, and requirements for developing and
controlling safety-critical software should be defined early in the
system development. '

To mitigate snow and ice on the guideway, Foster-Miller proposes to
incorporate slanted surfaces into its guideway design. However,
the effectiveness of slanted surfaces to eliminate snow and ice is
not obvious. In addition, a review of the guideway drawings does
not indicate that slanted surfaces are incorporated.
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5. GRUMMAN SCD

The Grumman design is based on the electromagnetic suspension (EMS)
system concept. However, the design uses the innovaton of using
superconducting (SC) iron core magnets along both sides of the
vehicle to generate attractive forces. The vehicle wraps around an
inverted V-shaped guideway, as illustrated in Figure 5-1, and uses
just one set of vehicle magnets and guideway rails with 1linear
synchronous motor (LSM) windings for levitation, guidance, and
propulsion. There are 24 levitation electromagnets distributed
lengthwise on each vehicle. Each magnet consists of a horseshoe-
shaped permendur-iron core with superconducting windings which
provide the steady state 1ift force. Propulsion is provided by
conventional, three-phase LSM windings embedded in the guideway
rail.

The consist is a two-vehicle configuration for 100 passengers; it
can be shortened to a 50-passenger, single vehicle or lengthened to
a 150-passenger, three-vehicle consist. The body is made of
aluminum and provides for up to nine degrees of body tilt.

4} -
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FIGURE 5-1. GRUMMAN DUAL GUIDEWAY AND VEHICLE CROSS-SECTION
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The guideway consists of‘slenderfinvertedfvfshaped'sections'(one
for each direction), mounted to a 27 m (88:6 ft) main beambby
outriggers every 4.5 m (14. 8 ft). The main beam (sérying both
dlrectlons) is, in turn, supported by a conventlonal pier on piled
or spread footlngs. Sw1tch1ng is accompllshed w1th a bendlng
guideway bean, complemented by ‘a sliding or. rotatlng, elongated
section that allows for a shorter length of bending- gu;deway.

This chapter presents the results of the safetyﬁrev1ew'of”tbe
Grumman system based on the approach described~ln3chapter“21 ‘The
design features of each major system element are. described and
safety-related issues‘are identified' The narratlve dlscu551on of
safety issues within the follow1ng subsectlons represent the
results of the detailed safety review contalned in the matrices- in
Appendix D.’ Information used for this rev1ew is derlved from the
final Grumman SCD report [33. ' '

5.1 GRUMMAN OVERALL SAFETY APPROACH -

The Grumman SCD includes a safety assurance plan mhich describes
tne process used, and results obtained, in identifying and
resolving potential safety hazards. The overall objectlve of ‘this
plan is to ensure that safety is a. prlmary con51deratlon ln the
process of defining the Grumman system concept Grumman states

I3

that other specific objectives are"

o To prov1de guldance to the system de51gn effort relatlve
to safety; . A ,

L To minimize the number, severlty and probablllty of
occurrence of hazards re51dual to the resultlng de51gn,

o To provide an _ indication (ev1dence) that ‘hazards

: associated ‘'with - the.- . systen concept ' are
controlled/mitigated to acceptable levels of risks; and

o To provide a basis for safety -and hazard resolutlon

activities in future development efforts.

Grumman conducted a Preliminary Hazard Ana1y51s (PHA) to 1dent1fy
approximately 150 potent1a1 hazards and based their severlty and
probability on the definitions provided in MIL—STD-aszB,-)Major
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Vsystem elementS'included in the PHA are substation/guideway power;
.communications command and control; 1ev1tation/guidance, vehicle,
and enVironment.w; '

‘A control provision is recommended for each hazard, and the design
feature is identified that has been or will be incorporated into
the baseline deSign to control the hazard. The BoozeAllen reView
of the PHA showed that it was comprehenSive and that a "resolution"
pr, "control method" was - documented. for the majority of the
identifiedwhazards.‘_,

Grumman states that while the PHA identified and supported the
resolution of numerous potential hazards in the design, not all
hazards can be identified in a conceptual design. During the next
phase of concept and deSign development Grumman expects other
hazards w111 be identified.,

The interfaces between safety, human factors, reliability, and
_ maintenance actiVities were handled appropriately. The reliability
program plan made good use of the PHA data, recommending design
approaches to reduce' the probability of the occurrence of
identified.potential hazards. Grumman.conSiders four approaches to
achieve a high level of safe system operation:

o R
. i

76'*"Network Redundancy - Multiple paths for. accomplishing
- the - des1red function are provided. The availability of
.any, one path permits the deSired function to be executed.

e Load-Sharing Redundancy: -' The utilization of ’n’
' ‘independent units/components to implement a function
.-which requires.. only 'm’ items for success, where n is.

- larger than m.;_ ' ~

e ’:stand-By or VOting Redundancy - Two or more

,.‘interconnected.'means, dedicated. to accomplishing the
- desired function, are provided. Decision 1ogic and

E switching prOV1SlonS are required. An example is 2-out-
~of-3 voting in which agreement is needed in at least 2
'channels. :

K .High Reliability Series string - The non-redundant

S *implementation of a. function utilizing components
" demonstrated to be highly reliable through field use,
- continuous production, and based on mature technology.
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De2 © . VEHICLE STRUCTURE AND INTERIOR DESIGN

5.2.1 System Description

Grumman has selected an alumlnum structure for 1ts basellne des1gn.
‘The aluminum cabln is designed as a bu11t-up sheet and strlnger,
mechanically fastened structure ulth internal frames and longerons
at discrete locatlons along the length of the vehlcle. The floor
is constructed of bonded honeycomh_sandw1ch‘pane;s.

The 50-passenger module undercarrlage is ‘developed with‘ an
underfloor support frame and a chassis. cOnnected to the prlmary
‘suspension system frame are 32 structural magnet support f1tt1ngs
and 24 magnets.

The. support frame and chassis are connected to each other by six
primary tilt mechanism links and four secondary links. The magnet
fsupport flttlngs-cha551s attachment p01nts are located to allow the
support loads to be’ transferred to’ the body.' The tilt mechanlsm
1links are major load-carrylng ‘members and prov1de longltudlnal

lateral and vert1ca1 stab111ty, and’ support the passenger cabln.
The under floor 1nterspace is’ d1v1ded into elght bays that are used
to ‘locate the following system5° tilt mechanlsm, he11um gas
storage tanks two-stage gas compressor, eddy ‘current and friction
brakes, batteries, air conditioning compressor, power condltlonlng
equipment, "dead vehicle" wheel assembly, and'skids.

Grumman will select materials that meet acceptance requlrements
concerning fire and tox101ty re51stance that comply with NFPA 130,
Fixed Guldewax Transit Systems. In addltlon, vehicle 1ightning
protectlon is provided by 1ncorporat1ng the requlrements of NFPA
130 into the de51gn, and by bondlng copper or ‘aluminum mesh to non-
metallic external surfaces to serve as a hlgh conduct1v1ty
electrical path to dissipate a 11ghtn1ng strike. Glazing and nose
compartment materials will meet the requlrements of"49‘CFh, Part
223, 1in order to protect passengers and crew from injury as a
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result of objects strlklng the windows or leading surfaces of the
vehicle. ‘ o

The vehicle is de51gned ‘with energy-absorblng bumper assemblles
fltted to the front and rear of the vehlcle. In operation, the
assembly absorbs the Vehlcle s kinetic energy during a low speed
:collls1on and llmlts the magnltude of deceleratlon.‘

A number of systeﬁ trade-off studies (e. g;, vehicle weight and
power) were performed by . Grumman to arrive at the two-module
baseline vehicle conflguratlon 1dent1f1ed in Figure 5-2. The best
tradefoff between welght and power was identified in the range of
four to five seats across. Grumman has chosen five seats aéroSs
for its baseline configuration to keep the vehicle weight as low as
possible with a minimum associated power penalty.

A module consiste_ef‘e 12.7 m (41.7'ft.)rlong'center sectipn,‘Which
seatst50 passengers with two entrance doors‘(one on each side of
the“rvehicle), two 1lavatories (ene. designed to accommodate
hanaicapped ”paseengers), :multiple overhead and closet storage
facilities, and a galiey area. The forward and aft sections of the
vehlcle utlllze the second module, which consists of a 4.9 m (16.0
ft.) long sectlon that is externally 1dent1ca1 but internally
different, depend;ng on its forward or rear 1location on the
Vehiele. ) | | ‘

The vehicle hae side doors for passengers to enter and exit the
vehicle at statlons. Passengers will step directly from the
vehlcle onto the statlon platform without the need to step up or
down, thereby allow1ng elderly and disabled passengers to easily
enter and ex1t the vehicle. The communication, command, and
control (C3%) system (see section 5.12) will control the opening and
closing of the side doors. The vehicle will not move until all
side doors are locked and verified in the closed position and the
C® system gives a "proceed" signal.
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‘ In the multi-vehicle configuration, 50-passenger cars are connected
with a semi-automatic coupler assembly. The coupler assembly
contains a tension/compression spring, a coupling/decoupling
mechanism, two support spreaders, and a strike plate. The contact
surface of the strike plate has parallel horizontal grooves that
serves as an anti-climb feature that prevents one vehicle from
riding up over the other vehicle during collision. ’

5.2.2 Bafety Issues

The aluminum construction for the vehicle structure incorporates
known and proven technology. There should be no significant safety
issues related to the basic structure.

In order to protect passengers and créw from injury as a result of
objects (e.g., birds, projectile, etc.) striking the windows or
leading surfaces of the vehicle, Grumman has identified FAA
aircraft glazing requirements in addition to FRA glazing
'requirements.

The control of the opening and closing of the doors uses "checked
redundant computers" to resolve a number of door-related hazards.
This method is acceptable and a common practice in the commercial
aircraft and ground transit industries. However, no software
requirements are given by Grumman for the different functions
performed by the computers. Since the computers are performing
functions that can contribute to Category I and II hazards,
stringent software requirements must be defined and included in the
software development process. -

$.3 PROPULSION, NORMAL BRAKING, AND EMERGENCY BRAKING
5.3.1 Ssystem Descrigtion

The three-phase AC traction winding is housed in the iron rail
along the guideway. The traction winding covers the whole length
of the track but only small sections (~ 500 m [1650 ft] long) are



energized at any given time. A wave-type winding is selected for
averaging out inhomogeneities of field excitation over the length
of an active section of the track.

Each LSM is individually supplied and controlled from the
substation as shown in Figure 5-3. Each substation supplies 4 km
(2.5 mi) length of track on each side; each 4 km length of track
_ winding is subdivided into eight 500 m (1650 ft) sections. The
track winding sections are supplied from feeder cable through
bipolar thyristor switches.

-Braking resistorsiare connected at the substation end of the feeder
to provide electrodynamic braking. - Three-phase ac power, supplied
from the utility line, is first rectified and inverted to provide
power to the motor blocks at desired frequencies. Vehicle speed
variations are achieved by increasing or decreasing the frequency
of the ac current.
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. Grumman summarizes the advantages and disadvantages of the braking
methods it examined in Figure 5-4. Based on the results, Grumman
did not include resistive or aerodynamic brakes in its baseline

configuration. The Grumman baseline braking approach is as
‘follows:
L For normal operations, the regenerative approach will be

used; and

o During emergency power loss, the eddy current brake in
conjunction with a friction brake will be used for the
high and low speed regions, respectively.

The friction brake system consists of two pairs of brake assemblies
mounted to the chassis structure of each 50-passenger module. The
brake assembly consists of a hydraulic actuator that clamps a set
of floating shoes (skids) -against the two sides of the guideway hat
section surface. When inactive, the shoes are held in the
withdrawn position by retraction springs. .

TYPE OF BRAKE ADVANTAGES DISADVANTAGES
1. REGENERATE CONSERVES POWER BY RETURNING | WILL NOT OPERATE WITH POWER SYSTEM
ITTOUTILITY GRID - , FAILURE
2. RESISTIVE REQUIRES MANY DISSIPATIVE RESISTORS

ALONG FULL LENGTH OF GUIDEWAY AND
MUST BE CAPABLE OF BEING ACTIVATED
WITH POWER LOSS AND/OR COMMUNICATION

LOSS
3. EDDY CURRENT IS NOT DEPENDENT ON MAIN NOT EFFECTIVE AT LOW SPEEDS
POWER SOURCE, CAN OPERATE OFF
BATTERIES
4. FRICTION PADS IS NOT DEPENDENT ON MAIN NOT EFFECTIVE AT VERY HIGH SPEEDS
POWER SOURCE, CAN OPERATE OFF
BATTERIES, CAN BE USED AS
PARKING BRAKE
5. AERODYNAMIC IS NOT DEPENDENT ON MAIN "NOT EF#ECTIVE AT LOW SPEEDS;

POWER SOURCE, CAN OPERATE OFF | REQUIRES LARGE SURFACE AREAS
BATTERIES. ‘ >15.25 M (>50 FT) TO BE EFFECTIVE.

FIGURE 5-4. GRUMMAN BRAKE COMPARISON
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5.3.2 S8afety Issues

No inherent safety problems should arise from the Grumman baseline
approach to vehicle propu151on and braklng. However, the normal
mode of electrié braklng is regeneratlve and relies solely upon the
recept1v1ty of the electrlc utlllty power system.f The unpredlct-
ability of the electric power system may affect the maglev system
availability due to loss of. . the prlmary braking. system. In
addition, this would result in the more frequent use of the brake-
up braking system.

The back-up braklng system con51sts of the eddy current and
friction brake systems which requlre an 1ndependent on-board power
source. This power source must be extremely reliable. However,

on-board batteries are only mentioned ocCasionaliy7thronghout the
SCD, there is no detailed dlscus51on or description of the on-board
batterles by Grumman. Accordlngly, the battery system will require
more detailed analys1s durlng the next phase of concept and design
development. . ‘ ' ’ '

5.4 SUSPENSION, LEVITATION, AND LATERAL GUIDANCE

5.4.1 - System Description

A dynamiclsimulation program-was'developed by Grumman to show that
its baseline vehicle does not reqnire a secondary suspension
system. The simulation program evaluates the wide range .of
maneuvers and disturbances to which the vehicle will be subjected
while remaining levitated. The air 'gap clearance between the
magnet’s face and the iron rail is controlled by varying the
current in the iron core magnet on the basis of gap clearance and
vehicle/magnet acceleration measurements. ‘A block diagram of this
control loop with its major components is shown in Figure 5-5.

The Grumman conclusions from this gap control system study can be
summarized as follows:
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FIGURE 5-5. BLOCK DIAGRAM OF LEVITATION AND GUIDANCE CONTROL LOOP

L The control system bandwidth should be at least ~ 10 Hz
to minimize gap errors durlng vehlcle maneuvers.

L A guldeway roughness proflle has been 1dent;f1ed Whlch

' has a root-mean-square deviation of 0.0042 m (0.16 in)
and a statistical range of +/- 0.0125 m .(0.47 .in) .which.
results in vehicle cabin vibration levels seven tlmes

lower then the ‘allowable ISO 1 hr standard. ‘ ‘

o A secondary suspens1on system 1s not requlred to. prov1de,
passenger comfort. o

° A step ra11 varlation of +/--3 cm (1.2 in) can. be
tolerated on the 1levitation control system without
exceeding. current ‘control capab111ty of the normalﬂ
control coils or the SC c01ls. '

Figure .5-6 illustrates-fthe' Grumman magnet design. concept.
Figure 5-6 (a) shows a"cross-Section of the vehicle. with the iron.
core magnets and a guldeway rail 1dent1f1ed in - black.. The.
laminated 1ron cored magnets and iron. rall are oriented in a "V
configuration with the attractlve forces (Fl and, F2) . between the
magnets and rail acting through the vehlcle s .center of grav1ty
(cg). - Vertical control forces are generated by sensing the gap
clearance on the left and right side of the vehicle and adjusting
the currents in the’ control. coils,. shown .in Figure 5-6 (b), to
maintain a relatlvely large 4 cm (1.6 in) gap between the iron rail
and the magnet face._ Lateral control is achieved by differential
measurements of the gap clearance between the left and right sides

511
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s/ 'FIGURE 5=6. LEVITATION, PROPULSION AND GUIDANCE SYSTEM

ef‘ the ~vehlcle magnets. ) 'I'he correspondlng magnet control coil
‘fcurrents are. dlfferentlally driven for lateral guldance control.
:I‘here are. 48 magnets, 24.on each 51de of a 100-passenger vehlcle-
.@air. In thls ‘manner, control of the vehicle relatlve to the ra11
Kcan e achleved 1n the vertical, 1lateral, pltch ~and yaw
d1rect10ns. ~ The .contrel of vehicle roll attitude is discussed
below. '

IS AN By g ; “'
B

Two magnets comblned as 111ustrated 1n Flgure 5- -6 (b) ' make up a
magnet module (MM) . Each magnet in a MM is "C% shaped consisting
of a lamlnated 1ron core with a superconductlng (sc) . c011 wrapped
around the center ‘body of the magnet, and two copper control coils
wrapped around each leg. Vehicle roll control is achieved by
offsettlng the magnets in an MM to the left and rlght side of a 20
cm (8 1n) w1de raJ.l by 2 cm (0.8 in). Control 1s achieved by
sens1ng the vehlcle s roll pos1t10n relative. to the guideway and
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differentially driving the offset control coils to correct for roll
errors. The total number of loops required for complete.control of
a 1oo-passenger vehicle~-pair is 26 (one:forreach,ogfthe 24~MMs and
two for roll control). I - S ’ 7

The iron rail shown in Figure 5-6 (b) 1s'alSO Iaminated'ﬁnd
contains slots for the installation of a. set of three-phase LSM'
propulslon c01ls. The coils are powered with a var;able frequency
varlable amplltude current that is synchronlzed to the vehicle's

' speed.. SO o T AR e i

- The Grumman magnet de51gn uses sC 1ron core magnets 1n contrast to
' copper coils in existing EMS systems. Grumman states that this.
- will allow then to operate with a large 4 cm (1.6 in)" gap clearance _
without - paylng a heavy weight and ‘power penalty that would be

requlred 1f copper 00115 were used for the same purpose. . '

According to Grumman, the use of an iron core with‘the-SChcoil
provides -an added advantage. - The magnetic flux. -is*}'.gp;im'aril'yj
concentrated in the iron core, not in the SC coilS-asjinhthexcaSe
of an air-core system. This reduces the flux densitydand"loads}in’
the SC wire to relatively‘low values”(<0;35‘Tesla“and€4l7f53kPaf
respectively). = In’ addltlon, Grumman ‘hasy‘itated' that‘ithe
implementation of a constant current loop controller on the sC coil"
will diminish rapld current variations in the coil, mlnlmize the
potential for SC coil quenchlng, and allow for the use of state-of-v

B
‘

the-art SC wire.

" In summary, Grumman states that the use of sC 1ron-cored magnets
results in a 51gn1f1cant number of advantages. e

.Large gap size - 4 cm (1.6 in) L

Low magnetic fields in superconducting. c01l-- <o 35 T
Low magnetic fields in passenger cabln;- <1,0,gausswdci
Low load forces in superconducting coil.--~17{5,kPaqui

State-of-the-art superconducting wire -0, 65 mm (0.026:
in) diameter (used in Relativistic Heavy Ion Conductor
Program) & ‘
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° Lower weight than copper coil system - ~80% reduction
per magnet. '

Tﬁe "dead vehicle" handling wheels consist of two groups of wheels
per 50-passenger module. Each wheel group is compriéed of two sets
of,tires normally retracted above the chassis skid ground line.
When extended, the wheels raise the vehicle to its nominal
levitated height. This system can be used to maneuver and'support
the vehicle during maintenance and position it for initial
levitation. The system can also be used to tow or push the vehicie
when levitation is lost. A ‘

Grumman uses liquid hélium‘to cool its superconducting magnets.
Its design includes storing ligquid nitrogen and liquid helium
locally in each magnet. Reservoirs are provided‘under the magnets
for this purpose. Each individual cryostat carries enough liquid
helium and nitrogen to sustain the Superconductdr for at least 24
hours.

The helium system consists of the magnets interconnected in series
with transfer lines for filling. Each magnet is outfitted with a
fill and return line and a vent line for the helium gas. In the
event of a quench, any high pressure warm helium is vented out of
the systen. The pressure and 1liquid flow regulation is
accomplished automatically using feedback from liquid level sensors
and pressure monitors. In addition to the liquid helium circuit,
there is a separate liquid nitrogen circuit that includes foam
insulated liquid nitrogen transfer lines. The nitrogen circuit
feeds the magnets in series from a central reservoir. The nitrogen
circuit is an open cycle system which the liquid nitrogen is
allowed to vaporize and escape to the atmosphere.

Grumman provides the capability of tilting the vehicle passenger
compartment by +/- 9 degrees relative to the guideway. This design
allows for coordinated turns up to +/- 24 degree banking (+/- 15
degrees in the guideway and +/- 9 degrees in the vehicle). Grumman
states this capability will assure that all coordinated turns can
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be performed at the appropriate tilt angle.independent of the speed
with which the vehicle is traversing the turn, as well as allowing
for high-speed off-line swiﬁching. If the vehicle were to come to
a stop on a horizontal curve, banked 15 degrees, the vehicle’s tilt
system is designed to counterbalance the guideway super elevation
up to nine degrees, fedﬁcing the passenger cabin floor to a six
degree tilt.

Figure 5-7 shows majorfcompbhents.of the tilt mechanism. A sensor
package located in the cabin senses lateral acceleration and
provides the input to the tilt system. The package will contain
several accelerometers and a sensor logic system to guarantee fail-
' safe operation, according to Grumman. The sensor will detect any
lateral accelerations'(i,e;, as the vehicle enters a horizontal
cﬁrve) and will generate a command to drive the tilt system in a
direction that will null the signal.

OF "
ca gO(:T[EA\NTTgE CONTROLLER

TILT METER OR
_ ACCELEROMETERS

-

- =T HYDRAULIC
DRIVE

\
HYDRAULIC
ACTUATOR

FIGURE 5-7. TILT MECHANISM APPROACH
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5.4.2 Safety Issues

The lack of a secondary‘suspension_system may lead to excessive
vibration loads on the vehicle structure. . This ultimately .could
iead to premature fatigue; therefore, the operating stress levels
need to be confirmed during a prototype testing program. On-board
cryogenic systems have potential Category I and II hazards that
should be»identified/and mitigated during the preliminary design
rphase, They include the effects of "cold" burns, cryogenic oxygen
deficiency, and materials embrittlement. These hazards are
applicab1e~for Foster-Miller as for the other SCDs and have been
described in detail in Section 3.4 of this report. '

A large number of hazards relating to the suspension, levitation,
and tilting systems are resolved in the Grumman PHA by the use of
"checked redundant computers." This approach is considered
satisfactory,'but as noted previously, no software requirements
are glven for the d1fferent functions performed by the computers.
Thls area w111 require more attentlon durlng the next phase of
concept and de51gn development.

5.5  ON-BOARD POWER SYSTEM

5.5.1 gystem Description -

The Grumman vehicle electrical systems will~re§uire\approximately
170 kw. Grumman acknowledges that supplying this power without a
direct electrical. contact is a challenge but has not yet
established a baseline approach. One concept Grumman proposes is
to use pickup coils operating on one of the larger harmonics of the
traction motor pole pitch. However, the voltage and frequency
generated by these coils is a linear function of the vehicle speed,
resulting in a reduction of power at low speeds.

On-board batteries are mentioned occasionally by Grumman  as
providing emergency power for several vehicle functions. However,
Grumman does not provide a detailed discussion or description of
the batteries.



5.5.2 . Safety Issues

‘Grumman ‘states that additional study of’ supplying- power - to 'the
vehicle is necessary and will be a major focus of future design
efforts. R ' o ' SRR o o

'If ‘all power has' been lost, the vehicle must be 'capable " of
‘providing emergency braking. - Thewemergency“braking'systems‘Grnmman
has proposed require the availability of an’ on-board’ battery
system. Grumman’ has not sufficiently described the architecture of
such a system to meet the extremely high reliability requirements.

5.6 ' MAGNETIC SHIELDING
5.6.1 System Description R

‘Grumman states that the EMS type maglev system is very s1m11ar in
power generation and distribution to ‘other electrified urban
tran51t and 1nterc1ty rail ‘ transportation ' systems, the
electromagnetic field (EMF) emissions are expected to be no greater
than existing - electrifled systems. ' The Grumman system 'also
1ncorporates iron core magnets and 1ron rails to concentrate the
magnetic flux 1n the iron, thus m1n1m1z1ng the magnetic field to
the passengers and the external env1ronment.._ ' ' B

Figure 5- 8 1dent1f1es constant flux 'densities in the cabin and
station platform that Grumman expects for its design. Flux den51ty
ievels'below the seat are expected to be'less'than\i gauss; On the
platform, magnetic levels are not: ant1c1pated to exceed 5 gauss.
This»data‘is based on a three-dimensional’ magnetic analy51s program
and assumes no shielding. Similarly, ac magnetic fields also are
anticipated by Grumman to be within 0.1 mT for frequencies above 25
Hz and 0.01 mT for frequencies above 140 Hz ‘with no shlelding{
With local steel shielding, both ac and dc levels could be further
reduced. ' ' ‘ o ‘ IR e
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5.6.2 Safety Issues

Although a universal safe level for passenger exposure to ac and dc
fields has not been determined, the SCD SOW set goals of 50 gauss,
5 gauss, and 1 gauss levels for dc, and 1 gauss.and 0.1 gauss for
ac. If the electromagnetic fields are discovered to be higher than
Grumman estimates during the next phase of cohcept,and design
development, shielding may be required on and around the veﬁicle,.

Such shieiding would be required to be fail safe, and will add
weight to the vehicle, affecting the trade-off analyses performed
by Grumman.



5.7 FIRE PROTECTION

5.7.1 system Description

Grumman’s philosophy on fire protection is that it is necessary to
consider fire preventioh, containment, detection, and suppression.
However@ the SCD does not provide any significant design discussion
on speeific.applications. Grumman does discuss the use of fire-
resistant meterials]end prbper equipment'plaeement as key design
considerationé to preclude the initiation of a fire-as well as its
spread; the use of flre/smoke detectors and fire extlngulshers is
also mentloned.- Grumman listed the following items as potentially
epplicable sources of requlrements for fire protection:

o FederalvReglster, Volume 54 - materials selectlon (for
' intercity and commuter trains) ' - ‘
L Amtrak Spec No. 352 - flammability, smoke emissioh}
toxicity

o Amtrak Spec No. 323 - wire insulation
° NFPA 130 - vehlcles
o FAA, 49, CFR Part 25 - aircraft

5.7.2 Ssafety Issues

While the ScD references several fire safety-related documents{
Grumman does not prov1de any 51gn1flcant design discussion on
spec1f1c appllcatlons to prevent fires from occurring. The SCD
text mentions fire-resistent materials. However, while the PHA
identifies fire hazards, the control provisioﬁs indicated focus on
fire detection and suppression; fire prevention through the use of
materials is not included in the analysis. In addition, methods
for monitoring, detecting, and suppressing‘ fires ih'"ieolaﬁed,x
unstaffed wayside equipment are not discussed and'-should be

evaluated.



5.8 GUIDEWAY DESIGN

5.8.1 System Description

The guideway consists of slender inverted V-shaped sections mounted
to a 27 m (89 ft) main beam by outriggers every 4.5 m (15 ft). The
main beam is in turn supported by a conventiondl pier on piled'or
spread footings.

A number of different guideway designs ﬁefe?.investigated' by
Grumman. In each case, the Grumman design mandated that a center
platform exist along the full length of the guideway to providé a
safe exit for the passengers and crew, in case of an emefgency,
such as fire or smoke in the cabin. Escape ladders from periodic
column locations are provided. The "spine girder" (outrigger)
configuration shown in Figure 5-9 was chosen as the baseline.
Additional discussion of the guideway emergency evacuation-related
features is presented in Section 7.3 of this report.

5.8.2 S8afety Issues

The proposed'Grumman.guideway incorporates a vehicle wraparound
design providing additional safety to the system by inherently
preventing "derailments." Also, by providing a center platform
along the entire length of the guideway, it is not a.requirement
that the vehicle proceed to a "safe stopping zone" in the event of
an emergency. This will result in faster evacuation from the
vehicle if required..

5.9 GUIDEWAY SWITCH
5.9.1 System Description

Grumman states that its design provides the capability of high-
speed off-line switching. Two sections of track are moved with one
actuator motion 3 m (10 ft) laterally. Each section is 60 m (196.9
ft) 1long. Details of the Grumman track switching concept are
illustrated in Figure 5-10. It identifies the two sections of the
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track that are moved to accomplish this function. Theuupper figure
: shows the through traffic condition for the track switch. The
. lower figure identifies how the 60 m long switch, Unit 1, is flexed
to a curved Section, while the right hand 60 m long swifch, Unit 2,
is pivdted about the fixed switch points. This combined motion of
the two sections (120 m [394 ft]) total length) provides a proposed
turnout speed of 65 m/s (143 mph). Grumman estimates the normal
operating cycle of the switch, to open 6r-¢1ose, will be about 25
to 30 seconds. : -

Movement of the bending track will be controlled by a pair of
| hydréulic cylinders. Each cylinder will be sized so that a éinglé
cylinder will operate the section if the other éylinder is inf
‘ oﬁérable: Similar to the bending section, the pivoting section is
actuated using a pair of hydraulic cylinders, each capable of
cdmpleting the :pivot movement alone. Both the ~bénding and the
pivoting traCks'ﬁill return to their original (straight) shape when

released.

The Grumman deSién uses mechanically operated locking bars to align
the switch'sectibns, either for the switch-bpen or switch-closed
~pq.é.ition. The 1§ck bars will be driven from the ends of the
bending sectioﬁﬁinto the end of the pivoting section to ensure
cdirect alignment. ’ ‘ '

 5.9.2 Safety Issues

The baseline switching'concept'proposed by Grumman should not have
any inherent safety issues that have not been recognized and
. addressed :ih "similar ‘applications. The primary ‘difference in
. Grumman’s proposed design is the higher operating speeds of the
: Vehicles.'zThe‘EWitch operating speed and the allowable vehicle
speed through'afswitch may become factors. in establishing safe
headways. -

The design of a closed-loop sensor system to detect proper position
of the guideway switches is recommended as a control provision for
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" several switch-related hazards. ~ However, .there is no detailed
discussion or. description .of ,the switch position. sensors: by
Grumman. The sensor systems that have the .authority to cause the
vehicles to stop must be designed to have a very low probability -of
false alarms&v: Frequent unnecessary disruptions to normal
operations are themselves safety hazards.

5.10 = GUIDEWAY MONITORING
5.10.1 System Description

‘Grumman has .divided the gdideway monitoring task into two
categories: “gﬁideway integrity sensing and right-of-way sensing.
‘Guideway integrity requires measuring misalignments of a fraction
of an inch, %nd‘detecting”internal‘cracks'or other structural
failures of'the structure. Right-of-way sensing is looking for
larger objects, particularly'foreign objects, that are on or near
the guldeway,'and range 1n size from a few inches to very large

ll

.objects.

© Grumman states that a comhination of electrical and magnetic
sensing approaches‘ is .the most reliable and cost effective
combination to monitor guideway integrity.

ﬂThe first approach uses electrlcal res1stance measurement of the
lamlnated rails to sense breaks 1n the track. Th1s approach has
the advantage of contlnuous monltorlng of the entire 1ength of
‘track. Palrs of tracks are connected as arms of an electrlcal
Wheatstone brldge to compensate for common-mode temperature
dlfferences on the ralls. Breaks or cracks in the rall will show
up as an 1ncr¢ase 1n rall re51stance. To attempt to ensure that
all laminates are monitored by this technique, ac voltage
- excitation will be tested in an attempt to electrically connect all
laminations by capacitive coupling. |

A second approach to measurlng 301nt mlsallgnments uses magnetlc
principles. Us1ng an electrical c011 or -the ambient earth'

[
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‘magnetic field, a- llnear magnetlc fleld is 1mposed across the track
joint between sections. Dlscontlnultles due to jOlnt.mlsallgnments
will cause an angular shift in the f1eld lines. = A magneto
resistive (MR) sensor chip is positioned to sense the angular shift
and ‘infer misalignment. ‘ ' -

Grumman’s baseline right-of-way sensing'system is the range-gated
TV system, based on its excellent poor weather performance and
moderate cost. In thlS method an 1llum1nator - a diode laser
array, is pulsed once per frame of 1mage,t1me.' A fast respondlng
image valve, such as a gated intensifier or Kerr cell, only lets a
small segment”of‘returnAthrouéh,,in the“nature of a radar or lidar
system. By such "range gating," the image is collected from only
a selected portion of the area illuminated by the laser pulse. The
result is dramatically’ reduced backscatter under heavy fog, snOW}
and/or rain. In»'fa‘ct',, Grumman states that most of the .back
scattered energy in active systems in bad.weather'is in the first
few meters. The image is gated off while this energy is back
scattered, and only energy several meters away or beyond ever is
imaged in the system, the near area being monitored by the previous
sensor'post._ | |

5.10.2 Safety Issues

None of the three above-mentioned systems'are inbegistence_today.
The range-gated systemfwas.deVeloped hy the military"to some degree
put would not'support the tighter range gates desirable in the
maglev sensing appllcatlon. A strlngent development program would
need. to be deslgned and 1mplemented on all three proposed systems
to demonstrate the re11ab111ty of the guldeway monltorlng systems.
Further study of the ab111ty to stop a vehlcle short of an
1dent1f1ed hazard is also needed. ’

In addition, the Grumman PHA and the SCD text do not recommend any
rellablllty/redundancy de51gn approach for the guldeway monltorlng
systems, although the hazards assoclated w1th the systems are
¢classified as Category I events.
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5.11;1 ' Bystem Descriptionm "

Each substation is sized to supply powver to 8 km (5 mi) of double
track. ..Each -8 km . -length .of track winding :is subdivided into
51xteen 500 .m. (1650 ft)- sections. 'The track . winding sections are
supplled from feeder cable through blpolar ‘thyristor switches.
Three-phase ac supplled from the utlllty line: 1s first rectlfled
and 1nverted to prov1de power to the motor blocks 'at desired

frequenc1es. Vehlcle speed varlatlons are achleved by 1ncreas1ng
0. decrea51ng the frequency of the ac current.

5.11;2‘ ,_éafetx.rssueQQ

AGrumman recognlzes that the dependence of traln control and
-operatlon on the ways1de power ‘source is a safety 1ssue. The power
semlconductor dev1ces ~in the wayside rect1f1ers, the stator
_sw1tches and the‘varlable voltage/varlable frequency'power sources
may be requlred to operate 1n an exposed env1ronment and, at
'current voltage, and sw1tch1ng levels exceedlng the present state-
Jof-the-art. Agaln, ‘a strJ.ngent development program should ‘be
de51gned and 1mp1emented on the proposed system to demonstrate the
"rellablllty of the power dlstrlbutlon system._

”A redundancy technlque for the stator sw1tch de51gn 1s recommended
by Grumman as a control prov1s1on for the hazard of 1nab111ty to
remove guldeway power.: Grumman states that th1s 1s a Category I
hazard and could result in a collls1on between tralns. However,
there 1s no detalled dlscu551on or descrlptlon of stator sw1tches
”1n the SCD. “‘” B ‘ ' ‘

:3.127il‘ COMMUNICATIONS, COMMAND, AND CONTROL
5.12.1 System Descriptiog

The communlcatlons, command and control‘(cﬁ system prov1des a
;hlghly-automated means for effectlvely monltorlng and managing the
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overall operation of maglev vehicles and related support systems
under normal, abnormal and emergency condltlons.‘“The Grumman -C?
system is divided into five subsystens by functlon. S

The ¢3 system .will be responsible ' for supervisory' tasks, «for
scheduling and routing of vehicles, for- managlng the reglonal
control systems, for collecting and storing necessary system data,
for monitoring overall system status and for adjustlng global
network parameters. ' ' :

The prlnc1pal duty of -the Reg10na1 Control Center (RCC) 1s re11able
handling of -the power distribution network that drlves the
vehicles. Each regional system will have prlmary respon51b111ty
for managing the - power substations and power dlstrlbutlon network
within its reglon. All power dlstrlbutlon functlons from c1rcu1t
switching and‘Voltage regulation to sw1tching of gate-turn-off
thyrlstors for vehicle acceleration or braklng w1ll ‘be managed at
the reglonal control level. " Each reglonal systen w111 also have
diverse communlcatlons responsibilities; 1t will communlcate with
all vehicles in 1ts reglon, with Central cOntrol and w1th adjacent
reglonal systems to coordinate hand-off of vehlcles. ’

The Vehicle Communications (Vecom) System is the communlcatlon 11nk
between the vehicles and the rest of the network. It consists of
an‘array of antennas, transceiVers, computers,'and cables flxed to
the guideway and antennas and transceivers attached to the vehlcle.
Each individual vehicle will be capable of autonomous control of
all its functions except,for'propulslon,HSome-speclflckexamples,of
indiwidua;,Yehicle_control.functions: _1evitation electromagnets,
hydraulic system, cryogenic system, interior environment;:onboard
communication systems, onboard braking system, onboard emergency
systems. | E IR

The Integrity,‘Safety, and Securlty (ISS) System is dlscussed in
section 5.10, _Guideway Monitoring, of this report.,



The Utility Communication System (UCS) supports all remaining (non-
vital) communications functions. Because these functions are
nonvital, Grumman elected not to include them in its scD.

Figure 5-11 identifies the major cpmponents being monitored by the
on-board Instrumentation'and Controlfsystem. The primary purpose
- of this system is to display to the crew and the central control
‘'station the condition and status of critical onboard equipment
- _including information that an automatic backup replacement of a
- component by the onboard computer was implemented. Figure 5-12
lists each of the subsystems identified in Figure 5-11. Figure 5-
“12 shows . the function - of each subsystenm to be monitored and
prioritizes failures into one of{three basic categories:

L Category 1 - ngh priority failure; identifies that an
automatic backup system has been implemented, will
require immediate service attentlon uponrcompletion of
run.

° Category 2 - Moderate prlorlty fallure, an automatic
backup system has been implemented and will require
service attention in the near future. .

e ' Category 3 - Low prlorlty failure; requlres no automatic
backup, but w111 requlre attentlon in the near future.

" The Grumman structure for the data 11nks between the four v1ta1
.subsystems with fault tolerance allowances 1is represented
"graphically in Figure 5-13. The Grumman baseline system uses
hardware redundancy to achieve a fail-safe status; self-checking
‘pairs are planned for use in all the data links except for the
RCC x to Vecom interfaces. |

'5.12.2 _ Safety Issues .

‘The reliability ‘requirements of systems whose failures could
result in the loss of human life are very demanding, and such
failure conditions must be extremely improbable. Grumman proposes
the use of checked redundant computers to control a large number of
safety-critical ¢ functions. - As mentioned before, this method is
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acceptable in the transportation industry, but stringent software
requirements should be defined and included in the software

- development process.

' The design of a vehicle position measurement system in the statioﬁs

~is recommended by Grumman as a control p;'ovision for the hazard of
A. the train not stopping/positioning properly in the station.
" Grumman states. that this is a Categofy II hazard and could result

in injury to passengers while boarding or deboarding.: However,

_there is no detailed discussion or description of this system in

the SCD.



5.13 ' S8YSTEM OPERATIONS AND MAINTENANCE ISSUES

5.13.1 System Description

Grumman anal&sis has shown that ninety-second headways using the
100-passenger baseline vehicle configuration are necessary to
provide the minimum passenger-per-hour capacity of 4000.

The Grumman maintenance program will be divided, ‘based on schedules
and hierarchy of function, into daily, weekly, monthly, and yearly
inspection and servicing activities to ensure the integrity of the
infrastructure, subsystems, and structural components. Grumman has
identified several subsystems requiring maintenance priority
including the ¢® system, batteries, helium coolant systenm,
superconducting magnets, and the vehicle speed verification system.

5.13.2 Safety Issues

Grumman states the  importance of a structured and .systematic
maintenance program to the high operational integrity of the maglev
system. As the design progresses, specific tasks need to be
identified and categorized by applicable inspection intervals.

Grumman also recognizes that the high operating speeds and
consequences of component failures will dictate a higher percentage
of cdmpleted scheduled maintenance than would be experienced in -
rail systemns. In this respect, it would be similar to the
airlines, with a more stringent training requirement for
maintenance crews and verification of completed tasks.

5.14 " ENVIRONMENTAL EFFECTS
5.14.1 Environmental Considerations

Routes that are primary candidates for maglev systems in the United
States provide a broad range of climatic conditions involving high -
and low temperatures, wind, rain, snow, ice, earthquakes, fog,
lightning, dust, and sand.



Low temperatures should not have an operational impact on the
Grumman system because it is designed to operate at -29° C(+20° F),
which is considerably below the typical low temperature experienced
in candidate routes.

The Grumman design has a 0.10 m (4 in) levitated clearance between:
the vehicle and the guideway track. Grumman asserts that this
clearance will be adequate for most moderate snow falls. During
frequent operations, accumulation on the track will be limited by
the passing vehicle blowing the snow away. When infrequent
operations allow heavy snow accumulations, a special maglev snow .
plow vehicle will be employed and operations restricted by
requiring a reduction in vehicle speed. Also, due to the high
thrust capability'of the propulsion system, Grumman states that the
standard front cars will be capable of plowing snow off the top of
the track while operating at a slow speed.

In freezing rain conditions, icicle accumulation on the sides of
the track will be prevented by providing a heavy armored leading
edge on the front car that will knock off icicles. If emergency
braking is needed during ice conditions, the on-board eddy current
brakes will still be effective since they are non-contact in
nature. The friction brakes will be somewhat effective, but with
reduced braking capability. Thus, it will be necessary to reduce
the operating spéeds to provide for sufficient braking distance as
deemed necessary. '

The proposed Grumman maglev system is designed for operation in
steady side winds up to 23.3 m/s (50 mph), head winds up to 13.2
m/s (30 mph), and gusting up to 33 m/s (75 mph). Grumman states
its design will result in minimal impact from most wind conditions,
since the levitation magnets and the associated control system is
designed to adjust to these wind forces. Operations may have to be
delayed or temporarily suspended during severe wind or wind gust
conditions (i.e., exceeding the design limits).
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The proposed Grumman guideway structure is designed to accommodate
‘a rain rate of 5.08 cm (2 in)/hr by providing appropriate drainage
and by not building in any "true" horizontal surface that could
-allow standing water. o ‘

The proposed Grumman guideway structure is designed to meet seismic
performance category B (i.e., areas with an acceleration
coefficient up to 0.19 g), applicable for ‘potéential Northeast
Corridor routes.

‘With an elevated guideway which is not accessible to the publlc,
‘operatlon durlng heavy fog should not have any major impact on
maglev operations and safety, since the command and control and
route integrity systems will have the capability to automatlcaliy
‘sensejahd respond to any foreign obstruction on the guideway. '

‘The Grumman design will include a metallicdgrid or mesh in the
external surface of the vehicle and static dissipaters similar to
those incorporated in aircraft. Safety-criticai electronic
components on the vehicle and the guideway will be protected by
proper shielding and grounding technlques.

5.14.2 Safety Issues

The relative importance of environmental effects will depend
primarily on the operating region of the maglev system.

If the Grumman maglev system is built in the Northeast, snow and
ice will have the greatest impact. - This would require a closer
examination of the proposed methods of dealing with snow and ice.
If the maglev system does not operate at night, the proposed snow
plow . vehicle must be employed each. morning. after a snowfall,
possibly resulting in an impact on operations. However, with the
Grumman guideway design, the accumulation of ice and snow is not

expected to be a major problem, since it will be pushed off the
guideway during normal operations.



If the Grumman maglev system is built in a high-intensity ground-
shaking area such as California, category C and D design
specifications (i.e., areas with an acceleration coefficient above
0.19 g) would be required. This would require some revisions in
the present guideway design to accommodate these more stringent
.requirements.

5.15 SUMMARY OF FINDINGS - GRUMMAN

The Grumman approach to safety during system concept definition is
consistent with MIL-STD-882B. The approach was systematic and
'exten51ve with the maln activity being the preparatlon. of a
Prellmlnary Hazard Ana1y51s (PHA) .

‘The 1nterfaces between safety, human factors,‘reliabilityk and
maintenance activities are handled appropriately. The reliability
- program plan made good use of the PHA data, recommending design
’épproachee to reduce the probability of the occurrence of
1dent1f1ed potential hazards.

Grumman conducted a comprehensive PHA to identify>approximately 150
potential hazards and rated their severity on the definitions
provided in MIL-STD-882B. A control provision is recommended for
each hazard, and the design feature is identified that has been or
-‘will be incorporated into the baseline design. The mejority of the
recommended control provisions in the PHA are discussed and
described in the SCD; however, several safety-related issues
remain. These are discussed in previous sections and. are
summarized in the rest of this chaptef.

On-board batteries are mentioned occasionally throughout the SCD as
providing emergency power for several vehicle functions, including
emergency braking. However, there is no detailed discussion or
description of the batteries in the SCD. Grumman has not
sufficiently described the architecture of such a system to meet
the extremely low probabfiity requirements of a Category I event.
A large number of hazards relating to the suspension, levitation,
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tilting, and d’systems_are resolved in the Grumman PHA by the use
of ‘"checked redundant computers." This method is acceptable and a
common - ‘practice in the commercial aircraft’ and groﬁnd transit
industiies. Howéver, no software requirements are given by Grumman
for the different functions performed by the computers. Since the
computers are performing functions that can contribute to Category
I 'and II hazards,-strlngent software requlrements must be defined
and included in the software development process.

A closed-loop sensor  system to detect the broper positiOn‘of the
guidéwayﬂswitches is proposed by Grumman as a control provision
for several switch-related hazards. However, there is no detailed
discussion or description of the switch position sensors. The
sensor systems that have the authority to cause the vehicles to
stop must be desighed to have a“very low probability of false
alarms.. - Frequent unnecessary dlsruptlons to normal operations are
themselves ‘safety hazards. S

Grumman provideés an extensive discussion of its proposed methods

for monitoring guideway integrity and right-of-way. However, none

of the three proposed systems, electrical resistanoe measuremeht,

magnetic- sens1ng, or rangngated TV, are in existence today. A
stringent development program should be des1gned and implemented’
on all three proposed systems to demonstrate the rellablllty of
the guideway mohitoring ‘systems. Further study of the ability to

stop a vehicle short of an identified hazard is also needed. In
addition, the Grumman PHA and the S$CD text do not recommend ahy"'
reliability/redindancy ‘design approach'for the guideway monito'rih&j'
systems -although “the "hazards assoc1ated. with the systems are‘
cla551f1ed as Category I events. ‘

Grumman- - addresses’ fire hazards by listing some potentlally:
applicable sources of requirements for fire protection. Grumman’s
philosophy on fire protection is that it is necessary to consider
fire prevention, containment, detection, and suppression. However,
the SCD does not provide any significant design discussion on



specific applications. Methods for fire prevention, detection, and
suppression in system equipment and facilities other - than- the.
vehicles should also be evaluated, particularly unstaffed wayside
locations which may require automatic systems.

A redundancy technique for the stator switch design is recommended
by Grumman as a control pfovision for the hazard of inability to
remove guideway powef. Grumman states that this is a Category I
hazard and could result in a collision between trains. However,
there is no detailed discussipn or description of stator switches.
in the scb. '

The designvof a vehicle position>measurement‘eystem in the stations
is recommended by Grumman as a control provision for the hazard of
the train not stopping/positioning ~properly in the  station.
Grumman states that this is a Category II hazard and could result.
in injury to passengers while boarding or deboarding. Again, there
is no detailed discussion or description of this system in the SCD..

Tﬁe relative impertahce of environmental effects on the maglev.
system will depend primarily on the operating regionvof the magley.
system._‘if the‘Grumman‘maglev system is'built in the,Northeast,“
snow and ice will have the greatest impact. This would require a
closer examination of the proposed methods of dealing with snow and,
ice. If the maglev system does not operate .at night, the proposed.
snow plow vehicle must be employed each morning after a snowfall,
possibly impacting operations. If the Grumman maglev system is.
built in a high-intensity groundshaking area such as.California,.
category C and D design specifications (i.e., areas with an
acceleration coefficient above 0.19 g) would be required. This
would. require some revisions in the present guideway design. to
aceommodate these'more stringent requirements.
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6. MAGNEPLANE SCD

The Magneplane concept uses single vehicle trains that operate
within a semicircular trough guideway, as illustrated in
Figure 6-1. Magnetic levitation is provided by an electrodynamic
system, achieved by vehicle-mounted superconducting (SC) magnets
inducing currents in the aluminum trough-shaped guideway, which
repel the vehicle and produce lift and guidance forces. Significant
vehicle velocity is required to induce the currents in the
guideway. For levitation below 27 m/s (60 mph), retractable
landing gear are deployed that are equipped with anti-friction air
bearing pads. The Magneplane vehicles are not proposed to operate
in multi-car trains. Two similar vehicles will be designed to
carry 45- and 1l40-seated passengers. To achieve the required
passenger capacity/hr, Magneplane estimates that headways of 20
seconds will be required. Guideway switching uses null-flux coils

=

FIGURE 6-1. MAGNEPLANE GUIDEWAY AND VEHICLE CROSS-SECTION
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to:.guide the-:vehicle through a fork' in the guldeway' trough.
Switching requires no moving. structural members. :

This chapter presents the results of the safety review of the
Magneplane system -based on the approach described in. Chapter 2.
The. design features of each major system element are described and
safety-related issues are identified. The narrative discussion of
safety issues within the. following subsections: represent - the
results of .the detailed safety review contained in the matrices in
Appendix E. Information used for this review is derived.from the
final® Magneplane SCD: report. ..

6.1 MAGNEPLANE OVERALL SAFETY APPROACH

The stated Magneplane approach to safety is to requlre that no
s1ng1e p01nt fallure shall result 1n a Category I (Catastrophic) or
Category II (Crltlcal) hazard and that any 51ng1e p01nt fallure
that results in a Category III (Major) hazard shall be backed up by
a safe mode of operatlon. Magneplane has deflned hazard severlty
1n terms of vehlcle damage and personal 1njury, for each severlty.
category, theoret1ca1 numer1ca1 hazard rates were developed for
safety—related fallures. Equlpment maintenance cla551f1catlons in
terms of priority of repalr are also deflned.K Magneplane states
that system safety des1gn requlrements will be specified after
"review of pertinent standards . . . :and other ‘sources of design
guldance for appllcablllty to the de51gn," and lists several
organlzatlons. o T e T

The - Magneplane scp has adapted the remalnder of its general system
safety phllosophy from MIL-STD 882B. ‘' The 'SCD report contains
extensive Madapted" text from MIL-STD-882B and includes the
specific requirement for a Software Requirements Hazard Analysis.

Magneplane ‘describes two types of safety analyses‘thatqhayereeh
donducted. The first type of analysis is called "system level
résponses" ‘and addresses six issues: wayside control or
communication failureé; global control or communication failure;
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guideway'integrity;;guideway obstacles; weather; andiearthquakeﬂ
The respbnses described.are very general. » ‘ |

Magneplane also prov1ded a Preliminary Hazard Analys1s (PHA) which
assesses 13 subsystems. aerodynamic controls; vehicle attitude
control systems vehicle electrical systen; superconductlng“magnets
and cryogenics refrigeration; doors and door 1nterlocks, seating,
handrails and steps, landing and emergency brakes, magnetic field
sh1e1d1ng, .seats; box beam/levitation sheets,_llnear synchronous-
motor winding; and the Magswitch. Each subsysten is’ described and
various hazards are identified; measures to resolve the hazards are
also included. S '

Although the stated approach is appropriate, the'PHA_and.SCD design
text did not"completely implement the planned"apprOach; " For
example, the Magneplane PHA does not identify the hazard severity
assoc1ated ‘'with each hazard under all operating conditions.xﬂ"

The Magneplane SCD text does not ‘discuss the relationship“betWeen
safety and reliablity. (Volpe Center note: Magneplane did discuss
safety and reiiability during the last In Progress Review ‘'meeting.)

6.2 E VEHICLE STRUCTURE AND INTERIOR DESIGN
6.2.1 sttem’Description

The ﬁagnepiane Vehicie structure will be fabricated from composite
materials. The outer shell will be made of graphite epoxy or
kevlar face sheets attached on both sides of a. Nomex honeycomb
core. The - outer body will include a fine aluminum mesh for
lightning; protection and a_ frontal design to protect Aagainst
strikes by.foreign objects. | | |

In addition to normai,and emergency structural load factors,-a 50%
safety factor was added- to the design loads to determine the struc-
tural requirements.7 Magneplane proposes extensiueftesting'of the
structure prior to certifying the vehicle for passenger service.
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The proposed vehicle desigh inclndes‘five-asross seating, two seats
on the left side and three on the right. There are two vehicle
capacities proposed: a 45- and a l40-passenger configuration.

6.2.2  safety Issues ’

The composite materials approach to'strﬁctures has the advantage of
being lightweight while meeting the specified 1load factors.
However, existing high speed'rail and maglev systems currently
under development use only conventional steel or aluminum material
for the carbody: structural shell. Composite materials have ‘a
limited experience base and have the potential for hazardous events
that have not yet been fully addressed. In particular, critical
compos1te mater1a1 failures are not always detectable. Expensive
Non-Destructive Inspectlons (NDIs) are periodically required to
ensure the 1ntegr1ty of the structure. Undetected failures could
lead to critical structural fallures resultlng in potentlally
Category I vehicle fallures.‘r .

Magneplane did not sufficientiy‘reSOive'tVo issues related to
structural design safety. In JOW'speed'impacts between the vehicle
and other objects, the vehicle should be'protected from damage
(i.e., buff loads should be defined and 1ntegrated into the design
of the vehicle). 1In addition, the vehlcle end section should also
be designed to collapse in a controlled manner so that the

passenger areas are‘survivable zdnes'during cqllisions;

6.3  PROPULSION, NORMAL BRAKING, AND EMERGENCY BRAKING

6.3.1 - 8ystem Description

The Magneplane vehicle is prbpelied by a -linear ' synchronous
motor . (LSM) located in the center of the trough-shaﬁed guideway, as
shown in. Figure 6-2. The proper current, frequency,. and phase
angle of the LSM is maintained by wayside controllers thatvreceive
command signals from a system'control‘center. This approach is not

unique and has been adopted by the Transrapld EMS and the Japanese
EDS maglev demonstration systems.
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FIGURE 6-2. MAGNEPLANE BASELINE VEHICLE OUTLINE (45 PASSENGERS)
While nermal propulsiOn and braking arepprqvided by the LSM, high
friction skid pads are provided on the underside of the vehicle for
use in emergency braklng s1tuatlons. In the event of a failure of:
the lev1tat10n system,,the skid pads (which have a coefficient of,
frlctlon of 0.5 to 0. 6) are hydraullcally deployed to bring the
vehlcles to a stop.

6.3.2 p sefetx Issues

In general, LSM eppiicetions‘ have failure modes thatwuare
potentlally hazardous due to inadvertent excessive g forces. The
Magneplane scD concept uses a single LSM stator which represents a
potential single point failure. A failure of one or more of the.
three-phase motor windings will result in ah uncommanded dynamic
braking action caused by the kinhetic energy of the vehicle on-board:
magnets interacting with the LSM windings. The unknown magnitude-
of this force and its unexpected occurrence could result in the‘
passenger- 1njur1es, a Category II event.: '



The propulsion and braking systems are mutually exclusive functions
dependent upon the LSM and a complex LSM control system. The
frequency synchronized LSM winding waveform intefacting with the
vehicle SC magnets provides normal propulsion and braking
functions. The LSM receives input from the global control center
via a wayside controller which governs local train movements.
The wayside controller can be responsible for the operation of up
to eight vehicles, eight power converters, and the associated
switching. All conceivable failures, malfunctions, and inadvertent
functions must be analyzed to demonstrate that.Category I events
caused by the controller are extremely improbable. Accordingly,
this system will require more detailed analysis~dufing the next
phase of concept and design development.

Although the emergency braking system should stop the Magneplane
vehicle, there are three concerns. High deceleration levels will
be experienced by passengers during emergency braking. These
braking 1levels may - cause passenger injuries, particularly if
passengers are allowed to move freely about the cabin as proposed
by Magneplane. This is potentially a Category II hazard. In
addition, no analysis has been provided to verify that during
emergency braking the vehicle will remain in the guideway through
switch zones, banked turns, and icing conditions. The vehicle
departing the guideway is potentially a Category I hazard.
Finally, loss of levitation at 300 mph may cause significant damage
to the vehicle guideway and guideway-mounted equipment. The
frequency and severity of emergency braking application incidents
requires further investigation to assure that the risk associated
with these events is sufficiently low.

6.4 S8USPENSION, LEVITATION, AND LATERAL GUIDANCE .

6.4.1 Ssystem Description

The Magneplane electrodynamic levitation design uses SC magnets
located at the bow and stern of the vehicle to produce strong
electro-magnetic fields under the vehicle. When the magnets move,
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their fields induce currents in the 2 cm thick aluminum guideway
sheets. These induced currents produce an opposite magnetic field
to that of the vehicle magnets, and therefore repel them causing
levitation. Magneplane states that the airgap between the vehicle
and guideway will be large enough and sufficiently compliant so
that no secondary suspension is required to ensure a good vehicle
ride quality.

At high speeds, the magnetic levitation combined with the
aerodynamic flight controls work to provide suspension and
stability. The magnetic levitation system is designed to regulate
the height of the vehicle by controlling the. phase of the LSM to
generate vertical forces. This action and control of the
aerodynamic surfaces work together to provide a "smart" shock
absorber that stabilizes the vehicle.

The Magneplane vehicle contains two bogies, each containing two
levitation modules and one propulsion module, as shown in
Figure 6-2. The levitation and propulsion coils contained in the
modules are SC multi-filament wires enclosed in a steel conduit.
The conduit provides a channel for the supercritical helium
coolant.

Each levitation module contains two SC coils that are designed to
be electromagnetically independent and have separate cryostats.
Magneplane states that this independence, in combination with a low
ratio of superconducting magnet-operating current to critical
current, assures that loss of levitation in one coil does not cause
a total loss of lift. Magneplane also states that one such coil is
sufficient to enable the vehicle to remain levitated, but no static
or transient dynamic analysis is provided in the SCD to support
this statement.

The Magneplane electrodynamic suspension system levitates the
vehicle only at speeds in excess of 27 m/s (60 mph). At low speeds,
a retractable skid-type landing gear supported by pneumatic shock
struts will be deployed as illustrated in Figure 6-3. The landing
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FIGURE 6-3. MAGNEPLANE S8KI/SKID CONFIGURATION

gear- is -equipped with an air-bearing pad that creates an air
cushion between the landing gear and guideway.

This air cushion is formed by forcing compressed air through a
manifold system on the bottom of the pad. The landing gear can be.
extended to accommodate flat sectio_ns of the guideway used in
switch zones.

The Magneplane vehicle is free to roll and move laterally within
the curved guideway under the influence of the lateral acceleration
forces. . The proposed guideway is designed to ensure coordinated
vehicle banking through curves to maintain all effective forces
normal to the vehicle floor. With this design, a mechanical
tilting mechanism is not required and is not included in the.
Magneplane SCD.



A liquid helium cryogenic refrigeration and storage dewar system is
located at the rear end of the vehicle to provide the supercritical
helium cooling fluid for the SC magnets, as shown in Figures 6-4
and 6-5. '

To provide control and stability of the vehicle at high speeds; the
Magneplané concept includes aerodynamic control surfaces.
Magneplane asserts that the aerodynamic control surfaces and the
magnetic suspension stiffness will provide a good enough vehicle
ride quality so that a secondary suspension system is not needed.
Two horizontal stabilizers are provided at the front of the
vehicle; and tﬁowéf the aft end. Thésé.surfaées are capable pf
generating both pitch and roll control forces." A vertical yaw
canard is provided on the forward end and a conventional fin and
rudder at the_aff end'qs shown in Figure 6-6; these are capable of
generating yaw Stabilization and control forces.as well as lateral
force generation; ' |

6.4.2 safety Issues

The-complexity of Magneplane’s suspension system may prOVeito be a
substantial challenge to designers because the aerodynamic and
levitation systems operate independently, while the action of one
system impacts the other.  Therefore, the safety requirements
placed on " the suspension system mnust consider the dynamic
interaction between the aerodynamic and magnetic levitation
systems. A highly reliable design must be developed to ensure that
vehicle contact with the guideway at high speed is an improbable
event. It is also important to recognize that theé effectiveness of
the aerodynamic controls is directly dependent upon the vehicle
spéed. Aerodynamic controls are ineffective for controlling the
vehicle at low speeds. The response rate and surface sizing of the
aerodynamic controls are not discussed by Magneplane. 'In addition,
no software requirements are specified for the functions to be
performed by the suspension system. Clearly, the software
requirements for control of the integrated aerodynamic and phase
regulated LSM systems will be formidable. However, similar complex

6-9



Helium Storage Vessel

' Cryogenic Helium Storage

Propulsion Module

Pickup Module Levitation Module

Levitation Module

Propulsion Module

FIGURE 6-4. MAGNEPLANE CRYOGENICS AND PICKUP COILS (UNDER FLOOR)

OML

HELIUM

COMPRESSOR

PACKAGE

HELIUM
REGRIGERATOR
COLD BOX

VEHICLE REF
AXIS SYS

(CG ANAL)

T

"~ SLEVITATION

C 7 MODULE

TAN N W ,
K GUIDEWAY

- PROPULSION
MODULE

FIGURE 6-5. MAGNEPLANE CRYOGENICS: (CROSS~-SECTION) -

6-10



“ Horizontal
. Control Surfaces

1
|
|
! ‘
Vertical | 1 Vertical
Control Surfaces rd S .o ™ . Control Surfaces
S
|
e ] -

|
|
1
I

SN RN N D D R _LL_ ]
1
|
)
{
I
I
|

Emergency :

Egress Aft

o I
|l
|
|

AFT VIEW

FIGURE 6-6." MAGNEPLANE AFT CONTROL BURFACE

control systems, such as alrcraft automatic landlng systems, are in
use and eth.blt hlgh operatlonal rellablllty. ' '

A failure of the landing gear pneumatic pump or manifold would
cause the air bearing pad to contact the guideway, resulting in an
emergency type brake application, . A more severe hazard exists when
a s1ngle air pad faJ.ls. ThJ.s results in a higher coefficient of
frlctlon between the falled pad and the guideway, creating a
substant1al yawing moment. on the vehlcle. .-Even at relatively low
speed (below 27 m/s, 60 mph), th;s is potentially a cCategory I
hazard. o o ‘

Oon-board cryogenic systems have potential Category I and II hazards
that should be identified and mitigated during the preliminary
design phase. They include the effects of "cold" burns, cryogenic
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oxygen deficiency, and materials embrittlement. These hazards are
similar for Magneplane as for the other SCDs and are described in
detail in Section 3.4 of this report.

No aerodynamic analysis is provided by Magneplane to -demonstrate
the effectiveness of the control surfaces. ~ However, the
aerodynamic controls are analyzed in the PHA by Magneplane for four
possible failure modes:

Actuator failure ‘
Loss of vehicle power
Bird strike

Unexpected "hardover" condition. -

Although the PHA discusses hardover control surface conditions and
mitigating measures, the severity of hardover conditipns at high
speed was not fully investigated. A'nose.downApitch hardover at
high speed might cause the nose of the vehicle to strike the
guideway. In addition,. failuré donditions resulting in
asymmetrical control surface settings were not addressed.
Historically, the most common cause of aircraft asymmetrical
control surface conditions is misrigging of the mechanical controls
during maintenance. Therefore, special care would be required to
ensure proper maintenance of the equipment. '

6.5 ON-BOARD fOWER 8YSTEMS
6.5.1 System Description

Magneplane’s vehicle electrical power is supplied by a linear
generator inducing voltage in inductive pick-up coils located along
the bottom side of the vehicle centerline, as shown in Figure 6-4.
A back-up lead-acid battery power system is provided to supply
vehicle electrical loads under abnormal and low speed operating
modes. The available battery time ranges from 35 to 165 minutes,
depending on the type of failure mode and allowable load shedding.
Three modes of back-up power operation are defined as‘follows:
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L Mode 1: Prlmary power source failure or major on-board
power conversion. failure. Available battery time is 35

" minutes. _
e  Mode 2: Loss of guideway power. Available battery time
is 54 minutes.
o Mode 3: Major loss of vehicle function such as loss of
levitation. - If magnets have been quenched, magnetic

shielding and cooling functions will be reduced.
Available battery time is 165 minutes.

The on-board electrical system will be used to power vehicle
systems including:

Cryogenic cooling syétem

| Magnetic shielding
HVAC (Heating, ventilation and air-conditioning)
Actuators

Landing gear and emergency brakes
on-board communication and control

Lights, and
° Kitchen.

6.5.2 Safétg Issués

A loss of eléqtgiéal power isvpotentially a Category II hazard
because some" Safety-relatéd ‘functions would be affected.
Therefore, iﬁ is important that the electrical system and pick-up
coils are réliéble. Although an analysis of the pick-up coil
sizing and location is presented in the SCD, Magneplane states that
further experimental work is needed to finalize the design.

As a safety provision, a low voltage lead acid battery system is
provided to supply povwer under abnormal operating modes. There are
two significant safety issues associated with the use of lead-acid
batteries on a maglev vehicle. First, lead-acid batteries emit
potentially explosive hydrogen gas. This is potentially a Category
I hazard. It is 1mportant that the battery compartment is properly
ventilated to prevent the accumulatlon of hydrogen. Second, leadf
acid batteries are prone to 1eakage that can cause corrosion. This
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is potentially a Category II hazard.' ' A‘well-managed maintenance
program should be implemented -to -control- battery leakage and

‘corrosion.
6.6 MAGNETIC SHIELDING
6.6.1 System Description

To protect passengers from'magnetlc fleld exposure, an actlve f1e1d
cancellatlon system consisting of shleldlng coils 1s proposed for
installation in the v1c1n1ty of the SC. magnets. Magneplane states
that this actlve system w111 largely cancel the fields to ensure
that passengers are not exposed to magnetlc flelds radlatlng from
the propulsion and levitation magnets. Near the ends of the scC
shield coils, additional localized "trimming" coils may be required
to limit the passenger exposure to less thanjl'gauss.

6&6,2~ : Safety Issues.

Although a un1versa1 safe level for passenger exposure to dc fields
has not been determlned the SCD SOW set goals of 50 gauss, 5 gauss
and 1 gauss 1evels to be studled w1th respect to cost and potent1a1
mitigating measures. Magneplane’s on-board SC magnets are located
very close to the passenger.compartment. In fact ‘the distance
between the magnets and the passenger cabln 1s less than any other
scp’ de51gn. Therefore, it is recommended that fa11ures of the
shleldlng colls and excessive f1e1d strength be annunc1ated.
Dependlng on the intensity of the magnetlc field produced in the
passenger compartment, it may be necessary to shutdown the on-board
magnets and delevitate the vehicle 1f there 1s a fallure of the
shield coil system. o ' '

6.7 FIRE PROTECTION

6.7.1 - 8ystem Description

To satisfy fire safety requirements, Magneplane proposes compliance
with FAA requirements. Magneplane states that the vehicle will
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comply w1th Federal Av1ation Requirement (FAR) 25.851 which
'requires a mlnimum of three fire extinguishers to be located
conveniently in passenger compartments. A fire protection system
will be installed per FAR 25.869. Electrical components will meet
the applicable fire and smoke protection requirements of FAR
25.831(c) and 25;863. Electrical cables, terminals and equipment
in designated fire zones will be fire retardant. Main power cables
will be designed to allow a reaSonable degree of deformation and
‘stretchinngithoht failure. Main poWer lines will be isolated or
shrouded from flammable fluid lines. Wire 1nsu1ation must be self-
extinguishing. Finally, Magneplane states that flammable fluids
w1ll meet FAR 25 863 to minimize the probability of 1gn1tlon of the
fluids and vapors.

6.7.2 Safety Issues

The Magneplane approach to fire protection is two-fold. First,
Magneplane states that vehicle finish materials will meet strict
combustibility'and flame requirements; Second, fire suppression
systems) 1nclud1ng on-board fire extinguishers and. smoke-remov1ng
ventilation equipment w111 be 1nstalled Magneplane states that
vehicle f1re protection w1ll generally be in accordance with FAA
’aircraft requirements. :

Most of the 1nformation prov1ded by Magneplane pertains to fire
prevention and suppre551on methods. Magneplane does not include
any discus51on of smoke detectors, therefore, more consideration
should be given to fire detection. In addition, although materials
selection is discussed.w1th respect to flammability, smoke emission
is equally 1mportant and should be addressed.

Finally, no significant fire protection discussion for stations is
provided in the SCD.. Limited information on detection methods for
fires in isoiated, unstaffed wayside iocations is provided. Fire
detection methods,ofvthese areas should be discussed.



6.8 GUIDEWAY DESIGN

6.8.1 System Description

The guideway consists of a trough -and sﬁpporting structure as shown
in Figure 6-7. The guideway is. composed of two levitation box
beams and an LSM winding. The vertical supports are columns or
piers that have crossbéams td;suppdrt the trough beam structure.
The foundations for thejMagneplane“guideway may vary in size and
type, depending on the"léaqing dynamics and soils encountered. To
monitor the guideway for safe operation, cbntinuity straps will be
installed at the 3joints between guideWay sections to ensure
integrity. - )

6.8.2 Safety Issues

According to Magneplane, there are no single point failures that
can lead to a Category I event. However, there is 1little
discussion about any specific guideway-related Category I hazards
(i.e., misalignments, buckling, etc.). Magneplane states that ride
quality monitoring will complement the continuity detectors to
provide failure detection of any gradual deterioration of the
guideway integrity. However, ride quality monitoring provides very
little proactive protection against abrupt guideway misalignments
or buckling. Therefore, this system should not be considered a
viable resolution to these hazards since failures will be detected
only after the vehicle passes‘the.ﬁgiled section of the guideway.

Magneplane provides no mechanical means to prevent the vehicle from
departing the guideway. The shape of the guideway (semi-circular
rather than up-side down "U" shape) and the fact that the vehicle
does not wfap around the guideway could contribute to the occurance
of this Category I hazard. Gravity and the magnetic levitation and
guidance system are the only forces preventing the vehicle from
departing the guideway. The safety certification of this design
will require substantial analysis and testing of the levitation and
guidance system to assure that a vehicle depérting the guideway is
an extremely improbable event under all foreseeable conditions.
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FIGURE 6-7. MAGNEPLANE CONCRETE CROSSBEAM AND
COLUMNS SUPPORTING AN ALUMINUM MAGWAY

6.9 ' GUIDEWAY SWITCH
6.9.1 -8ystem Description

The Magneplane system guideway switching concept widens the track
by increasing trough flat bottom width to form a track side branch.
A vehicle traversing the switch section at speed is electro-
dynamically guided along either the switch-trough branch or into
the switch side branch without using moving parts. By selectively
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FIGURE 6-8. MAGNEPLANE SWITCH

short-circuiting one of the two sets of passive null-flux loop
coils embedded in the track surface directly below the centerline
paths of the switch traversing vehicles, operators can guide the
vehicle as desired. Null-flux 1loop coils are track-embedded
directly on corresponding LSM windings which are powered in
accordance with the selected switch branch.



Spaces on each side of the embedded null-flux loops and LSM
windings are completely filled with concrete to provide a flat
running surface. This flat surface is required for the air
suspension pads which extend downward from the sides of the vehicle
when it is traversing through the switch at low speed (i.e., when
the electrodynamic suspension is inadequate).

6.9.2 safety Issues

The electrodynamic switching mechanism prbposed by Magneplane is
unique and untried. A null-flux loop coil or an SC magnet module
failure that occurs while a vehicle is traversing through the
switch is a potential Category I hazard. The dynamics of vehicle
operation through the switch have not been analyzed in detail (only
feasibility calculations are provided in the SCD report), so the
ability of the vehicle to remain levitated and safely negotiate the
switch at all speeds and d¢rosswind conditions must be completely
verified. The only information pertaining to low-speed switching
is a drawing and description of an active mechanical switch for
operation at vehicle speeds up to 100 m/s (216 mph). '

6.10 GUIDEWAY MONITORING

6.10.1 System Description

Magneplane proposes four methods to provide monitoring of guideway
integrity and obstacle detection. Closed Circuit Television (CCTV)
will be implemented to monitor obstacles on the guideway. Block
interface straps will monitor the integrity of the structure of the
guideway. The vehicle will be equipped with sensors to monitor the
g forces associated with poor ride quality. Finally, fences will
be erected to prohibit people, animals, and debris from entering
the guideway.

6.10.2 Safety Issues

The Magneplane guideway monitoring system is proposed to resolve
potential Category I collision hazards. The effectiveness of the

6-19



CCTV system will be limited during night-time operations and in
poor visibility conditions, and restricted to the area under
surveillance. CCTV requires human monitoring, which introduces
human error, further reducing system effectiveness. Vehicle ride
quality monitoring is reactive and indicates an obstacle only after
the vehicle strikes the object. Structural barriers are needed but
do not provide a fool-proof approach to protecting the systemn.
Power monltorlng provides an indication of the guideway 1ntegr1ty.
However, obstacles that do not interrupt the electrical continuity
of the LSM w1nd1ngs will not be detected. Although these systems
individnally do-provide some guideway. obstacle protection, they do
not adequately mitigate‘obetacle hazards. In addition, Magneplane
vehicles should also be capable of withstanding impacts with small
objects ‘that cannot be detected in a tlmely manner, such as birds
and debris. C

6.11 . POWER SYSTEM AND DISTRIBUTION
6.11.1 System Description

Power substations will be located every 21.2 km (13.25 miles) along
the guideway feeding converter stations that stepdown the power
from 115kv to 34.5kv for distribution. Power will be delivered
from power stations to converter stat{ons via a double overhead
‘alumlnum llne along the right-of-way. An overhead ground w1re w111
ﬂbe 1nc1uded for llghtnlng protectlon. The converter station w111
be de51gned and connected to the guldeway such that 1oss of one
34. 5kV dlstrlbutlon c1rcu1t w1ll cause a normally open relay to
‘close and allow the guldeway to be powered from the remalnlng
distribution circuit as shown in Figure 6-9.

6.11.2 Safety Issues

The Magneplane distribution concept inclndeevdual 115kv and 34.5kv
power lines for redundancy. - Magneplane states that a loss of any
one single power line will not cause a disruption of power to the
system. However, a loss of power from the utility will result in
loss of power to the affected block, resulting in a loss of
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'FIGURE 6-9. MAGNEPLANE POWER SYSTEM DISTRIBUTIQN "

letitation,‘avCategory‘Ii hazard. In addltlon to power feeder
fallures, a fallure of any converter w1ll also result 1n loss of
power to the affected block. To mltlgate thls hazard a fallure
management plan should be developed to deflne the procedures that
w1ll be 1n1t1ated 1n case of a power system fallure. '

6;12. COMMUNICATIONS, COMMAND, AND CONTROL

6.12.1 - System Description

There are three .levels of the communications system used to control
the Magneplane system:  On-béard control, wayside control, and

global control.



i

Thewon-board controller receives input~from~vehic1e sensors and the
wayside. controller. The on-board communicatiOns«'system .is
responsible for processing the information,relatedvto:..aerodynamic
control.~surface position, 1landing ‘gear'~deployment,} emergency
braking, and,door operation,.

Informatlon that 'is.'used to control the LSM ~and on-board
controllers 1s recelved by the way51de controller from the global
control center. The ways1de controller recelves veloc1ty, pos1tlon
and other . status data from the vehlcle.; The ways1de controller
then transmlts the 1nformatlon to the global control ‘center. -The
way51de controller is respon51b1e for'proce551ng 1nformat10n and/or
prov1d1ng commands to the following systems:

o *.7LSM power frequency, phase and current'magnitude
® ' Vehicle position and velocity commands - o
‘e - . Vehicle status '
) "quldeway block contlnulty and p051tlon markers
"5”»‘.Power converter commands o R
‘55 'tLPower switch control
e ”véiééity commands.

The global controller (i.e., éentraI"Control*Facility) continuously
manages the overall trafflc. The global controller 1s responsible

for malntalnlng headways “and veh1c1e speeds, monltorlng “ticket
purchases and schedullng, and as51gn1ng passengers to vehlcles.

6.12;2 - Safety:Issues

Measures will be needed to ensure very high levels of rellablllty
and avallablllty in the way51de controller, vehlcle—borne equipment
and communications llnk A hlgh level of system re11ab111ty will
be necessary as the control system is 1nherently v1tal to safe
operatlon of the Magneplane system. .Th1s\w11l require checked
redundant‘ archltecture to insure proper'_ operation" of
mlcroprocessors.yThe pos51b111ty of a way51de controller failure
must be recognlzed and a rapid recovery strategy bullt into ‘the
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design. This is essential at the proposed close headways because
without .such a recovery strategy, many vehicles ¢ould“be stranded
on the guideway for a prolonged time period.’ o

The global communications concept design demonstrates the need for
setting up software reliability requirements early in the design
process. Performing safety-critical and non-essential‘’ functions
within the samé system requires partitioning of software élements
into safety-critical and non-~essential modules. Software- that
monitors -ticket: purchases should -be partitioned froém software
performing critical train control functions. -’'Magneplane does not
provide -any discussion of an approach to achieve' the required
safety levels in software.  Further study of methods“for.-assuring
software '1ntegr1ty should be conducted, and requlrements for
developlng and controlllng safety-crltlcal software should be
defined early in the system development.’ A

6.13 ' SYSTEM OPERATIONS AND MAINTENANCE ISSUES

6.13.1 System Description

o

To provide an insight into Operations and Maintenance (O&M) issues,
Magneplane prov1des a section of the SCD descrlblng o&M procedures.

R

These procedures 1nclude.

‘e Initial Activation of the LSM

e  Re>synchronization of Vehicle Movement

U Traversing Horizontal Curves

J Magport-Guideway Transition

® . Network Traffic Management, Safe. Headway Deflnltlon

. » Passenger and Frelght Scheduling ' , D
'o;. ;Dally, Weekly and Longer-Term Malntenance Procedures.ﬁ;

In addition to these procedures, Magneplane prouides calculations
used to determlne the safe headway distances. As mentloned 1n the
prevlous section, the headways are controlled by the global
controller. - The safe headway is calculated based on the dlstance
between and speeds of two successive vehlcles on the guldeway.
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Based on the information in Table 6-1, headways as low as 19.9
seconds and as high as 126 seconds may be used to meet the 4,000
passenger/hour criteria.

TABLE 6-1. MAGNEPLANE BASIS OF SAFE HEADWAY CALCULATION

Communications and decision time 0.25 8
Brake deployment time 3.75 s
Running velocity 134 m/s
Deceleration 4.9 m/s?

6.13.2 Safety Issues

The safe headway definition does not provide a safety margin for
overall system control failure conditions. In particular, the
conventions of Automatic Train Control (ATC) interlocking must be
observed in the control of guideway switches. Before a train is
cleared to proceed through a switch, the route must be established
and held by the controller to prevent the switch operating in the
approach of a train. The 19.9 second headway appears to make no
allowance for this. Transit system minimum headways are usually
determined, not only by the capability of the system, but by the
ability to minimize station dwell times. To achieve 20-second
headways, a considerable number of platforms will be needed at each
station with complex switching configurations to direct vehicles
into vacant platforms.

At 20-second headways, the calculated guideway levitation sheet and
LSM winding temperature may rise 72° C (161° F) above ambient air
temperature. Since Magneplane proposes using the guideway for
emergency evacuations, guideway heating is a significant safety
issue and is discussed in more detail in Chapter 7 of this report.

Switching in maintenance and storage yards is very important to an

effective system. Because the Magneplane switching scheme requires
levitation, which requires speeds above 27 m/s (60 mph), another
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switch scheme for yards is needed. These issues require further

work in any future analysis.

6.14 ENVIRONMENTAL EFFECTS
6.14.1 . Environmental Considerations

To address environmental conditions, Magneplane provides a System
Level Response analysis. Magneplane states that, based on 20-
second headways, the normal operation of the system is expected to
generate enough heat to eliminate snow and ice from the guideway.
In addition, the Magneplane guidevay design is expected to protect
the vehicles from crosswinds. If winds become excessive, global
control will slow the vehicles and keep them in the magports.
Magneplane states that the vehicles and guideway will be designed
such that rain and fog will not affect operation. - Finally,
Magneplahe states that the vehicles, like airplanes, will be able
to withstand moderate lightning strikes.

To mitigate the earthquake héZard, the Magneplane Global Control
will be connected to local earthquake networks. Operationally,
vehicles will be slowed and the guideway integrity will be
evaluated by passing vehicles. After the guideway has been
patrolled and judged safe, the vehicles may proceed at full
velocity. |

6.14.2 Safety Issues

Based on the thermal heating of the guideway during normal
operations, Magneplane claims snow and ice will not accumulate.
However, Magneplane’s heating calculations are based on 20-second
headways, which may not always be applicable. A more conservative
heating calculation would use maximum headways. Furthermore,
Magneplane does not address accumulation of snow and ice during any
hours when the system is not operational. Vehicles would have to
be continuously run for the duration of any storm, even if there
are periods of low passenger traffic.
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Magneplane states that the guideway design shelters the vehicle
from crosswinds. This is a critical assumption because flight
controls, suspension and levitation systems will be. directly
affected by wind conditions. In .particular, the aerodynamic
control system is vulnerable to wind gusts. . The inherent
protection provided by the guideway must be. demonstrated. in
analysis and/or wind-tunnel testing.

The, Magneplane vehicle will be made of composite materials. The
ability of the vehicle to transfer a- lightning strike to the
guideway with no equipment damage will depend on the composite
material and construction.

6.15 8S8UMMARY OF FINDINGS - MAGNEPLANE

The Magneplane system safety approach as'defined in the SCD is
based on MIL-STD-882. To resolve hazards, the approach clas51f1es
hazards into one of four severlty categorles. Two types of safety
analyses were performed in the ,SCD: a System Level Response
analysls to prov1de methods for mltlgatlng system level hazards
such as weather, braking obstacles and control system fallures, and
a Prellmlnary Hazard Analysis (PHA) performed on 13 subsystems._ To
resolve the 1dent1f1ed hazards, a design precedence was created;
flrst de51gn for mlnlmum.rlsk, second 1ncorporate safety dev1ces,
thlrd prov1de warnlng dev1ces, and fourth develop procedures and
' tralnlng.

Although the stated approach is approprlate, the PHA and SCD d1d
not completely 1mplement the planned approach. For example, the
Magneplane PHA does not 1dent1fy the hazard severlty assoc1ated
w1thﬁeach hazard under all operatlng condltlons:'

The Magneplane SCD design text does not discuss the relationship
between safety and'reliablity. (Volpe Center note' Magneplane did
dlscuss safety and rellabillty durlng the last In Progress Rev1ew
meetlng )



Probability rate goals are assigned to each of the four hazard
severity categories as targets for the design and operation of the
system. The probability rate goals are defined with no discussion
of ~their source or derivation. There are no data or analyses
provided to indicate whether the baseline design can meet the
safety criteria established for each hazard.

Magneplane proposes composite materials for its vehicle structure.
The composite design approach has limited applicable experience.
Magneplane has not fully addressed the issues of material failure
detectability, low speed impacts between vehicles, and provisions
for a survivable collision zone at the ends of the vehicle carbody.

Magneplane proposes a single 1linear synchronous motor (LSM) to
providé both propulsion and braking for the vehicle. The A failure
of one more of the three-phase motor windings will result in
ﬁncommanded braking caused by the kinetic energy of the vehicle on
board magnets interacting with the LSM windings. Therefore more
analysis is necessary to quantify the frequency and bdrking forces
éasued LsSM failires. In addition, the emergency skid braking
éystem could cause high deceleration rates causing sténding
passengers or passengers not wearing seat belts to fall and be
injured. -Further analysis is needed to quantify the braking rate
gnd'freguency of occurrence of emergency brake appliéations.

The complekity of Magneplané's suspension system may prove>t6 be a
substantial challenge for designers. The aerodynamic and
levitation suspension systems will operate independently while the
action of one of these systems will affect the other. This
rélationship as well as the response rates and aerbdynamic control
surface sizing are not discussed by Magneplane and should be
addressed. - l

For low speéd operations less than the 27 m/s (60 mph), air-bearing
pads are required for levitation. Certain air-bearing pad failure
modes are potential Category I hazards. In particular, a failure
of one pad will result in a yawing force exerted on the vehicle,
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causing the vehicle to turn within and possibly depart the
guideway.

To provide cooling for on-board superconducting magnets, Magneplane
proposes an on-board cryogenic system. These systéms have
physiological én_cl structural integrity hazards associated with
them. A systematic approach to resolving these hazards must be
incorporated into the engineering design process.

Magneplane addresses fire hazards by discussing approaches for
selecting materials that meet strict combustibility requireinents,
providing on-board fire extinguishers, and installing ventilation
equipment. More consideration should be given to smoke emission
réquireménts for materials and fire detection systems. Methods for
fire prevention, detection, and suppression in system equipment and
faciiities other than the vehicles should also be evaluated,
particulav_rly’ in unstaffed wayside locations which may require
automatic systems. "

The guideway and vehicle interface does not contain any mechanical
or structural means to prevent the vehicle from departing the
guideway. . A substantial amount of analysis and testing will be
required to show that the vehicle leaving the guideway is extremely
improbable under all conditions. |

The Magneplane electrodynamic switching desigh does not include any
mechanical or structural moving members. A failure of the
superconducting magnet module while the vehicle is traversing
through the switch is a potential Category I hazard. The dynamics
of vehicle operation through switches has not been analyzed in
detail (only feasibility calculations are provided).

The Magneplane communications system uses software to perform
safety critical and non-safety critical functions. However,
Magneplane does not provide any discussion of an approach to
achieve the required safety 1levels in software. Methods for



”assuringvsoftwaré integrity'should'be developed prior to'system
development. o

'Operatlonally, Magneplane proposes using headways as low as 20
*seconds in order to meet the passenger capac1ty requlrements. Thls
"proposed headway does not appear to consider the conventlons of
"automatic train control systems w1th respect to sw1tch1ng tlmes and
station platform operatlons.: In addition, at 20-second headways,
the calculated amount of guldeway heatlng is substant1a1 and may
vlmpede the proposed emergency egress onto the guldeway. '
’However, these calculatlons are based on 20-second headways.
fMagneplane does not address snow bulld-up durlng longer headways
"and perlods of non-operatlon. Also, Magneplane states that the
guldeway des1gn will shelter the vehicle from crossw1nd gusts.
This assumptlon is cr1t1ca1 since the suspension system re11es on
aerodynamlc controls. Therefore, the capablllty of the guldeway to
'protect the vehlcle from crosswind gusts should be demonstrated by
analysis and wind-tunnel testing.

6-29/6-30



7. EMERGENCY RESPONSE SYSTEMS

This chapter reviews the emergency response systems for each maglev
SCD including the evacuation of passengers from each proposed
transportation system. The review pays particular attention to the
facilities, equipment, procedures, and training associated with
each SCD and to the needs of elderly and disabled passengers.
Based on information and drawings provided within each SCD report,
several illustrations were created and are included in this chapter
to support the text.

7.1 BECHTEL
7.1.1 Communication During an Emergency

Bechtel states that during emergency situations, communication
between vehicles and system central control occurs using vehicle—
to-wayside radio communication/data <transfer 1links. Back-up
communication is provided for by a back-up link transmitted on the
propulsion motor windings. All ground communication/data transfer
between system wayside controllers and central control is via a
fault tolerant fiber optic cable network. '

A number of vehicle-to-guideway communication and/or data links are
specified in the SCD. The primary vehicle-to-wayside link is a
leaky coaxial- cable antenna transceiver system for wide frequency
band communication/data transmission over a 20 km (12 mi) range.
Transmissions will be networked for direct radio links with central
control and other vehicles. A secondary vehicle-to-wayside radio
link ﬁill be provided using vehicle beacon readers and transponders
spaced at relatively close intervals along thé guideway to ensure
reliable line-of-sight transmission. A third vehicle-to-wayside
link uses low frequency signals modulated onto the guideway LSM-
powered propulsion windings. Voice communication services will
also be provided to the on-board passengers via standard cellular
telephones.



The SCD .specifies using three on-board attendants for the baseline
100-passenger vehicle to provide passenger assistance in emergency
situations and during vehicle emergency evacuation. This exceeds
current commercial aircraft federal regulations which require one
on-board attendant for every 50 passengers. Any emergency
response-related information will be transmitted to the. vehicle
.attendants who, in turn, will inform the. passengers with an. on-
3board4 public address -system. Attendants will also - assist
passengers ‘during any subsequent evacuation.

.The least reliable part of the emergency response communications
for the proposed system design is the vehicle-to-wayside 1link.
Emergency response vital links may ' be : susceptible to
electromagnetic interference effects and may malfunction or fail
due to transmitter and/or receiver equipment faults. However, the
SCD specification . for +three independent vehicle-to-guideway
transmission .systems provides for very significant emergency
response communications redundancy. -~ Additionally, each of the
three specified. transmission 1links is based on :different
implementation technology and thus offers different trade-offs
between sensitivity to electromagnetic interference effects,
transmission bandwidth capability, and inherent reliability of the
requiredw communications hardware/software.: - Accordingly, the
proposed -communication methods available for emergency response-
informétion transfer purposes (emergency control of the vehicle and
evacuation announcements) is considered to be adequate. .

7.1.2 Emergency On-Board Power Supply

The SCD specifies én‘oﬂ4board Nicéd battefy emergéncy bower system
which . is completely independent of the on-board dual fuel cell
normal power supply. The emergency power supply is capacity-rated
to supply power for  emergency -ventilation fans, lighting and
communications for. approximately one hour. ‘

The vehicle hydraulic supply system is required to operate the
cabin-tilting actuators and incorporates three accumulators. The
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energy stored in these accumulators must be sufficient to operate
the cabin-tilting system actuators after failure of the normal
(i.e. ndn-emergency) electrical power system which drives the
hydraulic system pump motors. Thé hydraulic'éystem accumulators
will be sized to maintain at least several seconds of normal
-operation of the vehicle secondary suépension_ and aerodynamic
control surface actuators with the hydraulic system pump
inoperative. Secondary suspension conventional mechanical springs
will be connected in parallel with the hydraulic actuators so the
suspension will remain functional under emergency conditions with
the hydraulic suspension inoperative. Under these conditions, the
vehicle will exhibit degraded performance to the extent that the
.ride at higher speeds will be uncomfortable but not dangerous. .

~ The vehicle on-board compressed air system for -air bladder
deployment and operation of the air-bearing landing pads ‘at speeds
below 10 km/hr (6.2 mi/hr) uses air tanks sized. to power these
pads for at least one landing or take-off with the system air
compressor inoperative. Additionally, a back-up airstart cartridge
will be provided for emergenconperation of the air-bearing landing
pads for one landing or take-off. '

Thus, back-up emergency power will be provided: for each of the on-
board electrical, hydraulic, and air systems and will have
sufficient power capacity to operate all of the vehic¢le essential
functions for emergency situations which require a vehicle landing
and subsequent emergency evacuations.

7.1.3 VYehicle Eﬁergencx Evacuation Strateqy

The emergency evacuation strategy pres‘ented in the Bechtel SCD
requires that passengers remain on-board the vehicle at all times,
except for the potentially life-endangering situations identified
as Category I hazards. This strategy requires continued operation
of the system with degraded or restricted performance without
endangering passengers and crew. )



Two alternative vehicle emergency evacuation means are prov1ded
. over the full length of the guideway.

o A preferred vehicle controlled-coastlng to a ‘"safe
stopplng" site, and

° A back-up inflatable chute or slide.

;The Bechte14proposed preferred means of vehicle vemergency
ievacuatlon (Flgure 7-1) utilizes the klnetic energy of the vehicle
and controlled: vehicle braking to’ "coast" the vehicle to a 'safe
istopplng site located approx1mately every 4 km (2 4 ml) along the
guideway length. Emergency platforms will be provided at sites for
.emergency egress through the vehicle side doors and, if necessary,
:through aircraft-type side/window panel emergency exits, onto the
site platform, shown 1n ‘Figure .7-2. The SCD specifies:aircraft
doors (Type-A) 1.05 m-x ‘1. 85 m (3.5 ft x 6 ft) for the maglev
yehicles, up to 104 passengers-per-minute can evacuate through
these doors. ‘ '

:The emergency platform can be used to transfer passengers/crew to
a "rescue- vehlcle" on either track of the dual-track guideway,
shown in Figure 7~ 2.' Additionally, a’ stairway w1ll be prov1ded for
alternatlve evacuation from. the emergency platform. to a safe
rlocatlon on the ground. ‘ '

Vehicles nill coast,toyéqstop*ohfthe‘guideWay<ﬁs1ﬁgla controlled
application of LSM dynamic'braking,'and braking provided by the
vehicle’s aerodynamlc and magnetlc drag. The proposed LSM
propulsion system w111 be able to stop a’' vehicle on any glven
guideway LsM winding block length, even with power loss from the
supply utility. .Vehicle-dynamic braking will be controlled by
selectively switching the electrical resistance of the wayside
resistor banks located near the wayside power substations. This

will dissipate the LsSM energy generated by the decelerating
vehicle.
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An ihdependent source of standby power at each substation resistor
bank will provide the power necessary to regulate the resistor bank
switching in the event of a total power outage from the supply
utility. The vehicle plug-type flat-plate aerodynamic and drag
chute emergency braking will not be used for éoastinq to a safe
stopping site because of their relative uncontrollability.

The"spacing between safe stopping sites will depend on the
dlfference in the coasting distance for a vehlcle deceleratlng from
a given speed with and without maximum LSM dynamlc braking coasting
effort. The SCD suggests placing the safe stopping sites together
with the guideway power conditioning substations spaced at 4 kn
(2.4 mi) intervals. By doing so, road access for substation
maintenance can be used addltionally for ground transport of
evacuated passengers and crew. o

Vehicles decelerating to a stop from speeds down to apprOXimately
80 m/s (180 mph) can coast to a safe stopping site spaced every 4
km (2.4 mi). Bechtel states that a vehicle will qoast’to‘a stop in
about 6 km (3.6 mi) from anuinitial speed of 80 m/s (180 mph)"
without dynamic braking and can be stopped in about 2 km (1.2 mi) .
with maximum dynamic braking. Dynamic braking ehergy recovery,
using converters to feed the LSM-geherated ac power output back
into the dc power 1lines, is advocated by Bechtel for economic
reasons and will be available for thrusﬁ'augmentatidn purposes - to
extend the coasting distance for vehicles 1n1t1a11y travellng below
the threshold speed of 80 m/s (180 mph).

This strategy will allow all system vehicles t§ reach a ‘safe
stopping site in emergency conditions independent of the utility
power supply, provided there is sufficient dynamic braking taking
place within the system by other vehicles to'méintain the needed
thrust to extend the coasting range of vehicles stopping from
initial speeds less than 80 m/s. While these conditions may not
always be met, exceptional cases will be handled by the vehicle
back-up emergency evacuation plan.



The concept of  safe stopping sites for emergency evacuation
‘purposes was first conceived for the German Transrapid maglev
system and requires maintaining a vehicle."safe hover" condition
while decelerating the vehicle to a safe stopping site. Safe hover
requires the vehicle’s electrodynamic primary suspension-and air-
bearing 1landing pad sYStem to remain functional during  the
decelerating coast to a safe stopping site. Safe hovering during
controlled coasting | aepends on realizing a low probability of
primary magnetic suspens1on system. loss relative to other
emergenc1es which require safe stopping and vehicle evacuation.

The safe hover condition for the Bechtel,SCD.is comparable to that
of the Transrapid system.  Thus, acceptance of the safe stopping
s1te concept for the Transrapid maglev system can be considered a
precedent for acceptance of the concept for the Bechtel maglev
system. Loss of,the'Transrapid vehicle‘active feedback controlled
eiectrofmagnetic primary suspension system can . result from
electrical or mechanical component failure in the suspension systenm
'or from failure of the on-board power supply system. . Numerous
electrical components, sensors,_and electrical units comprise each
of the separate suspension electromagnets and associated feedback
loop., This complexity. compromises the overall suspension system
reliabillty to the extent that it is is no longer acceptable for
public transportation.l The Transrapid maglev system now relies
upon suspension magnet loop ‘redundancy to realize acceptable
predicted reVenue‘system vehicle availability (i.e., use of a
substantial number of distributed suspension magnet loops per
vehicle such that only certain location combinations of multiple
magnet loop failures would jeopardize safe hovering).

COmpared with the Transrapid system, loss of the Bechtel vehicle
pa551ve electrodynamic primary. suspen51on system can result from
superconducting magnet quenching or from magnet .winding/dewar
component failure but not from failure of the on-board power supply
system. The magnets are persistent current-mode operated  and
require only infrequent charging. Also, these superconducting
magnets do not requireton-board refrigeration power for their
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cryogenic cooling system because the magnet'winding cryooooling is
based on’an on-board supply of helium to absorb the generated heat
load." ' ‘

The probabillty of superconducting magnet quenchlng can be made
extremely low by appropriate magnet" de51gn practice ‘'such as the
practice reflected by the Bechtel SCD baseline'magnet deSign hav1ng
a winding current density of only 24% of the critical current so as
to provide for a conservative operational quenching safety margin
of four. - State-of-the-art 'lightweight magnet dewars can be
designed to exhibit exceptlonally high reliability,~ being
structural rather than power active components. Further, the
proposed utilization of 96 separate superconducting'magnet w1nd1ngs
contained within 12 separate dewar modules. for the prlmary
suspen51on of the Bechtel proposed vehicle would prov1de for a h1gh
degree of operational redundancy in the same manner as for the
Transrapid primary suspension sYstem. E Such. redundancy would,
however, be conditional upon the proximity of the'Beohtel proposed
magnet windings not allow1ng for the inductive coupling propagation
of any magnet quench from one’ w1nd1ng to another.

The Bechtel proposed additional "back-up" ‘means for vehicle
emergency evacuation uses a1rcraft-type 1nf1atable emergency escape
chutes/slides deployed immediately below each of the four vehicle .
doors (see Figure 7-3). Passengers and crew egress directly to
ground level ‘when the elevated guideWay heightAdOes not exceed 12
m (40 ft) is shown in Figure 7-2. ° ‘ a ‘ A

In emergency “evacuation situations where the guideway height
exceeds 12 m (40 ft) or where the local ground is not readily
accessible by the slides, a walkway between the tracks of a dual
guideway will be provided. Emergency egress onto walkways will be
via.a short platform extended from the vehicle below each of the
four vehicle doors and a relatively short, inflatable chute/slide
as shown in Figure 7-2. A stairway to groéund will be provided at
intervals along the walkway as shown in Figure 7-3.
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7.1.4 Vehicle Emergency Evacuation Within Guideway Switch Zones

The proposed system baseline guideway switch is composed of a
flexible fiber- reinforced plastic beam which can be laterally
. deformed by suitable actuators to line up with the-turn-out branch
-from an undeflectea straight-through track setting.

1The basellne switch concept will be compatible with the inflatable
‘lsllde emergency evacuation options shown in Figures 7-2 and 7-3, if
.'a widened walkway floor is placed beneath the switch flexible beam.
"This will allow access to .the ground from the vehicle inflatable
fsllde for switch elevatlons hlgher than 12 m (40 ft). For
straight-through and turn-out branch sw1tch beam settings, switch
Zelevatlons less than 12 m require adequate structure clearance to
deploy inflatable slides on one side of the vehicle. Neighboring
'track for opposite direction travel should not be located so close
to the switch track that it would prevent sli&e use.

7.1.5 Vehicle _ Emergency Evacuation _Within Superelevated
- Guideway Zones A T

For the proposed vehicle, the hydraulically actuated active cabin
tilting and the _guideway beam superelevatlon angles can each be up
.to 15 degrees. Accordingly, any vehicle which is stopped on a
‘superelevated track in an emergency should be leveled using the
active tilting system to ease emergency egress. A veh1c1e stopped
on a superelevated track with an inoperative cabin tilt mechanism
could be tilted at an angle up to 30 degrees from horizontal.
Emergency egress should still be pcssible using deployable slides,
but it will be more difficult from a tilted vehicle and will be
only marginally possible for disabled and elderly passengers.
Emergency egress via vehicle deployable slides onto a guideway-
attached walkway, shown for a level vehicle in Figure 7-3, cannot
be considered because the slide may be misaligned with the walkway
enough to jeopardize safe egress.

The Bechtel tilt design is such that only an inner vehicle
structure containing the passenger cabin is tilted. The exterior
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structure remains fixed relative to the vehicle’s magnet :bogies.
This design simplifies the tilting mechanism, allows for advantages
in external aerodynamics and insulates cabin acoustical noise. It
is not apparent;, however, how the vehicle doors are designed. to
accommodate the 15 degree relative tilt between the cabin inner
shell and the exterior vehicle shell which could exist if stopped
on a superelevated track. Another difficulty is with therstowagé
location for the deployable slide below each door; there is no
mention of this design issue in the SCD.

7.1.6 . Vehicle cCabin/Crew Compartment ILayout and Exits -for
Emergency Evacuation

The aisle width, seating pitch, overhead baggage stowage bin
facilities, emergencéy lighting, emergenCy exit sizes, and emergency
exit arrangements'propOSéd for the vehicles appear to be consistent
with commercial aircraft practice (3 x 3 coach class seating at 74
¢m (31 in) pitch with 59 cm (23.4 in) aisle width). Such practice
should allow compliance with emergency evacuation standards which
call for evacuation of a vehicle within 90 seconds of an emergency
stop. '

Bechtel considers that this emergency evacuation duration-ié more
than adequate for a maglev vehicle where the risk of rapid fire
épreading and/or explosion in vehicles is lower than the risks for
aircraft where large quantities of liquid fuel are typically'on?
board.

The scp proposes using only single vehicles with 100-bassengef
éapaqity for revenue service. To meet specified sYstém capacity,
vehicles will operate at very low headways relative to currenf
public guided ground transport system operating practices. |

Headways. of 30 and 90 seconds minimum are specified for maximum
system capacity of 12,000 and 4,000 passengers-per-hour,
respectively. '



Four 1 m (3.3 ft) wide entrance/exit doors, two-per-vehicle side,

are provided in the vehicle cabin layout. In the event of an
emergency, each door will be required to evacuate up to 50

passengers. The doors -on only one side of the vehicle will be

available for emergency egress for safe stopping site platform
access or for escape slide deployment, as shown in Figures 7-1, -
7-2, and 7-3. For an evacuation duration of 90 secondé, this

corresponds to an evacuation rate of 1 passenger every 1.8 seconds.

The requirement to evacuate up to 50 passengers per évailable door
for the proposed vehicle design is conservative compared with
aircraft practices where, for example, a Boeing 747 aircraft may
evacuate 100 passengers per available door.

The FAA proposed commercial aircraft requirements for maximum
distance between any seat row and the nearest exit to be less than
9 m (30 ft) are easily satisfied by the proposed maglev vehicle
cabin layout. Adherence to this requirement minimizes the distance
to éxits for all passengers and thereby improves the chances of
safe egress during an emergency.

7.1.7 Advantages of Bechtel Emergency Response System

Emergency evacuation after using LSM dynamic braking controlled
coasting of vehicles to safe stopping site platforms along the
guideway will almost be comparable to station egress.

Emergency evacuation, after using vehicle controlled coasting to
safe stopping site platforms, will be available to vehicles
beginning their coast anywhere over the entire length of the
guideway, including through track switches and superelevated
curves.

Additional back-up means for emergency evacuation using deployable
slides will be available over the entire guideway length except
through one branch setting of the switch design and on curves with
the vehicle tilting system inoperative.



Two options for emergency egress from the track walkway to a safe
location will be provided, either by using a staircase to ground
level or from the walkway into a maglev rescue vehicle.

7.1.8  Bafety Concerns for Bechtel Eﬁérgencx_nesgbnsé sttém
.Passengers may be subjected to significant longitudinal®g forces
during controlled coasting deceleration to a safe stopping site,
particularly for minimal vehicle braking ‘distances within the
constraints-of safe stopping site spacing. S

Emergéncy evacuation by means of vehicle controlled coasting to
safe stopping site platforms will not be available to vehicles
beginning their coast from speeds below about 80 m/s (180 mph)
during a power outage if too few other vehicles are decelerating;”
Under these conditions, there are insufficient régéneratiVe power,
and coast-extending thrust will be available to the slow vehicle:

Evacuation by means of vehicle ‘depIOYable slides will not be’
available over the entire length of the non-baseline mechanically
- passive ' alternate switch - design - which relies ‘on laterally
displacing the vehicle magnet pods. ' ' '

When the vehicle cabin tilting system is inoperative, evacuation’
using vehicle. deployable slides over guideways exceeding 12 m- (40
ft). in height will be difficult on highly superelevated curves.
Emergency evacuation from vehicle deployable:slides has a higher:
risk of injury than emergency egress directly onto a walkway or:
site platform and may be particularly difficult for disabled and
elderly passengers. o :

For the high guideway slide egress option, the close proximity of
the emergency walkway to adjacent tracks of a dual track guideway-
will require drastic speed reduction or the complete stoppage of
all vehicle traffic on adjacent tracks to minimize or eliminate
vehicle-induced wind and acoustical noise ‘impact on walkway
occupants. AN



7.2° ° ' FOSTER-MILLER
7.2.1 Communication During an Emergency

Du:ing emergency situations, communication between vehicles and
system central control occurs using vehicle-to-wayside radio
communication/data transfer links in the 933 MHz frequency range.
All ground communication/data transfer between system wayside
controllers and central control utilize redundant fiber optic cable,
networks. Provision will be made on this ultra-high-frequency
radio link for the trainset crew to request initiation of voice
communication via a separate vehicle-to~wayside line-of-sight radio
frequency link and to indicate unusual on-board situations. \
Measures to ensure optimal reliability of the system-vital vehicle-.
to-wayside ultra-high-frequency radio 1link are not specifically
addressed in the SCD; the SCD mentions only the need for system:
redundancy. - Because of the uncertainty regarding systenm
reliability, a proper assessment of the communication system cannot
be made. Properly designed for high-reliability opefation,fthe
communication system can fulfill its role to provide communication
of information between vehicle and station central control.

The SCD requires one on-board attendant for each train vehicle unit
to provide  for passenger comfort needs and also’ to assist in
emergency .situations and evacuations. Only the attendant/
passenger ratio in the first class seating vehicle unit conforms to
current commercial aircraft federal regulations which require one
on-board attendant for every 50 passengers. . With 74 seats. in
business class seating vehicle units, this ratio fails to conform
to stated airline standards. Further analysis is needed to
determine. if one on-board attendant for every 50 passengers is
appropriate for maglev operations.

Emergency response-related information is relayed to the passengers.
via the on-board public address system accessible from the crew

positions for each vehicle unit. Additionally, an on-board
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intercom system is provided between all crew positions. in:each
trainset providing a vital communication link when 1nformatlonkmust
be transferred between crew members during an emergency. ’

7.2.2 Emergency On-Board Power Supply

Vehicle on-board power is supplied by a battery back-up subsystem
which is constantly charged by the inductive'coﬁpling wayside-to¥
vehicle power transfer system. The type of emergency battery power
is' not identified in the scD, but the battery subsystem enerqgy
density, power capacity, weight and volume are estlmated for
typical on-board emergency power requlrements. '

This on-board power battery subsystem 1s for on-board emerqency use
only, the inductive power transfer system 1s de51gned to directly
prov1deva11 on-board power needs over,the entire speed range of the
vehicle, including trains at a standstill. | o -

The;vebiole hydraulic power supply system powers the landing/
guidance wheels and the vehicle tilting system. Hydraulic system
accumulators could provide sufficient power to operate the vehicle
tilting system and to deploy the wheels during an emergency stop
with the wayside-to-vehicle power transfer system. inoperative.
However, hydraulic system accumulators are not specifically
addressed in the ScCD. : |

Back-up emergency power could be provided within the. design
boundaries of the SCD-proposed system for each of the on}board
electrical and hydraulic systems; the backnp emergency‘power
supply could provide .sufficient powver to operate all of the
essentlal vehicle functions, e.q., llghts communlcatlons etc., in
an ,emergency which requires vehicle landlng and subsequent
emergency evacuation. However, discussion and details have hnot
been provided in the SCD. | ‘ -



7.2:3 Vehicle Emergency Evacuation Strateqgy

The Foster-Miller SCD indicates vehicle passengers must remain on-
board for all but severe cases of emergency, such as out-of-control
fire, structural failure, or long-term stoppage.

Three .options ' for emergency egress from stopped vehicles ‘are
presented: : ‘ ’ ’ ' S

e Sldewall level. egress via the normal veh1c1e doors onto
’ a guideway supported emergency walkway, shown in
" Figures 7-4 -and 7-5 for single and- for dual track
guideways, respectlvely. . _

L Fore/aft egress via an emergency exit hatch at the nose
and the tail of each train set .onto a guideway track
floor walkway, shown in Figure 7-6. In addition, the

~ =.vehicle design- prov1des for emergency egress from one
vehicle to another in 'a train set, through .an
‘articulation unlt above the magnet bogles.

o Downward egress via vehlcle floor emergency hatch doors
and deployable staircases or ladders (not indicated in
.the 'SCD) -onto "a’ guldeway emergency walkway suspended
below the track, shown in Figure.7-7. : .

All three vehicle - emergency egress ‘options can- accommodate
passenger/crew egress from the guideway walkways to ground level
via emergency staircases, shown in Figures 7-4, 7-5, 7-6, and 7-7.
These staircases will be located periodically along the length of
the track. The distance between staircases along the guldeway was

not specified in the SCD.:

Both the lateral and.the fore/aft vehicle emergency egress options
can also' accommodate egress from guideway walkways to rescueée
vehicles, shown in Figures 7-4, 7-5, and 7-6. In the downwards
egress option shown in Figure 7-7, movement from the suspended
walkway up into a ‘rescue vehicle on the same -guideway “is. not
practical because of safety risks associated with deploying the:
rescue vehicle floor hatch staircases or ladders onto the suspended
walkway.
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Another issue not addressed by the SCD is theqinterference between
the vehicle floor door staircase/ladder in egress option "C" and
the guideway connection d1aphragm‘members which are spaced at 5-6 m
(16 5-19.8 ft) 1ntervals between - the track structural beam
sidewalls. Currently, the 1.4 m (4.6 ft) square vehicle floor exit
_only allows for steep ladder access onto the suspended walkway.
jThe steepness dramatlcally lowers the emergency egress rate and
?presents dlfflcultles for dlsabled : elderly passengers.
'Addltlonally, the SCD does ‘not explaln how the suspended walkway
»w1ll negotlate ‘the obstructlon caused by guldeway pylons.-
’The SCD proposes standardlzed 24 7 n (81 5 ft) long maglev vehlcle
;unlts which could be 1nterconnected between nose and tall units to
fform revenue system tralnsets._ The vehlcle unlts, with added
fldentlcally shaped. nose and tail exten51ons to allow for bi-
‘directional operation, are 1nterconnected to form a basellne two-
car :146 passenger trainset. '

Four inward-sliding side doors are provided for each vehicle unit,
;w1th two doors on each side (front ‘and rear) of the 'vehicle
.passenger cabin. 'The vehicle doors are 1.37 m- (54 in) wide
fallow1ng for two—abreast emergency egress, if necessary, for
élateral egress option "A". As shown in Flgures 7-4 and 7-5, the
%guldeway sidewall constitutes a 0.46 m (18 1n) hlgh obstacle to
flateral egress from the ‘vehicle doors to the emergency walkway.
‘Deployable steps with foldlng handralls w1ll be requlred to a551st
felderly and dlsabled passengers from the vehlcle to the emergency
fwalkway. ' :

7.2.4 Vehicle 'Emergency Evaouati‘on wit‘hin Guideway SWitch Zones

Three different system guldeway sw1tch design concepts are proposed
in the Foster-Miller SCD:

o A vertical switch design, ‘shown in Figure 7-8, used for

high speed mainline appllcatlon, designated as switch
Type I. '
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o A lateral switch design, shown in Figure 7-9, used
primarily for intermediate speed off-mainline application
(e.g., in the vicinity of stations); designated as switch
Type I.

° A lateral switch design used primarily for very low speed
application (e.g., within terminals or maintenance
yards); designated as switch Type III.

- Proposed high-speed switch Type I, shown in cross-section in
Figure 7-8, incorporates two oveflapping sets of null-flux
. levitation coils in the vertically extending sidewalls of the
- switch structure. Electrically opening one and closing the other
" set of null-flux coil sets will vertically divert a switch
traversing trainset into either an upper or lower track branch. If
'~ installed, continuous flexible and reinforced plastic floor members
- will be hydraulically actuated to be vertically positioned for the
ﬂﬁpper or lower track branch in conjunction with the electrical

opening or closing of the null-flux coil sets. These Type I switch
' moveable floor members will provideAthe vehicle with wheel landing
T surfaces in the event of é‘magnétic suspension system failure while
;traygrsing the switch.

This Type I vertical switch design preciudes placing emergency
jﬁwaikﬁays along the sides of the guideway as required for emergency
{;egresé option "A" and shown in Figureé 7-4 and 7-5. This switch
;;design could, however, - incorporate an'emergency walkway between or
suspended below the landing wheel floor members, as shown in
Figure 7-8; this 'wdlkwhy is required for the fore/aft or the
lﬁdownward emergency egress options shown in Figures 7-6 and 7-7,
respectively. Switch walkways should be_designed to be flexible
enough to accommodate vertical movement of the floor members.

The intermediate speed switch,nype II, shown in cross-section in
Figure 7-9, incorporates the hydraulically actuated . lateral
displacément of multiple segmented length track sections supported
by wheels running on laterally oriented rails.
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The Type II lateral switch design will allow for the location of an
emergency walkway along either side of the moveable track segments,
as required for the proposed lateral emergency egress option, shown
in Figures 7-4 .and 7-5. These walkways will be designed to have
overlapped joints to allow for the small rotational
movements of the segmented length track sections. This switch
design inherently provides for the track floor emergency walkway,
shown in Figure 7-9,

sliding,

required for the fore/aft emergency egress

option.. This 1lateral switch design precludes constructing the
suspended emergency walkway required for the downward emergency
egress option, shown in Figure 7-7. Table 7-1 below summarizes the

feasibility of switch types with emergency egress options.

TABLE 7-1. COMPATIBILITY OF PROPOSED SWITCH CONFIGURATION
TYPE WITH VEHICLE EMERGENCY EGRESS OPTIONS

Vehicle Emergency Egress Options

'Swi£Ch‘Type'"

Lateral -
Option “a"

Fore/Aft

Downward
Option "cC"

option "B"

;L No ~ Yes Yes
- IT . Yes Yes No
7:?.5' Vehicle Eﬁergencx' Evacuation Within Superelevated

Guideway Zones

The proposed vehicle’s hydraulic active tilting system can tilt the
vehicle up to 12 degrees from horizontal, and the guideway beam
superelevation® may be angled up to 12 degrees from horizontal.
Thus, vehicles with operative tilting systems stopped on a
superelevated segment, under emergency conditions, can be leveled
to ease emergency egress from the train.
option . without complication, possible
differences in angles between the vehicle floor and superelevated
segments present fore/aft door egress difficulties for elderly and
disabled passengers on walkways without handrails.
suspended walkway is also difficult;

While the first egress

can. be -implemented

Egress onto a
downward egress is only
possible for vehicles stopped on a superelevated curve that are
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tilted to'match the superelevation angle. ' This tilting provides
clearance for deployment of the vehicle floor door staircase or
ladder to the’ suspended walkway. Possible differences between the:
vehicle - and ‘'walkway angles also present difficulties for elderly
and disabled ‘passengers on walkways without handrails. -

If the tilting system fails, the vehicle may experience tilting
anglesiup-t0~24»degrees relative to the walkway; emergency egress.
onto guideway walkway from vehicle side doors becomes difficult for
elderly and disabled passengers. Downward egress-becomes virtually
impossible because of stairway/ladder clearance requirements. °

7.2.6 Vehicle Cabin/Crew COmpartment Laxout and Exits for
s Emergency Evacuation

Foster-Miller‘ states that cabin aisle width, seating pitch,
overhead baggage . stowage . bin facilities, .emergency 11ght1ng,'
emergency ex1t sizes and - emergency ex1t arrangements are
con51stent w1th commercial aircraft practlces. The. cabin layout is
based on.2 x 3 business class seatlng at 1.0 m (39.4 in) pitch, 2
x 2 first class seating at 1.1 m (43.3 in) pitch, and 0.54 m (21.3.
in) aisle width. This cabin 1layout is compatible with the
commerc1al a1rcraft arrangements used to meet requlrement for
emergency evacuatlon of vehicle passengers and crew  within 90
seconds of an emergency stop.

Four 1.37 m (54 in) .wide entrance/éxit doors, two per vehicle unit
side, are provided in each vehicle unit. ' Each unit also has one
wheelchair station. = Each door, in the event of an emergency, will
thus- be required  to evacuate only up to 37 passengers for the
lateral eéegress option on the basis that only doors on one side of
the vehicle will be -available for emergency access, as shown in
' Figures 7-4. and 7-5. The. corresponding evacuation rate for 37
passengers in a 90-second duration‘is one passenger every 2.4
seconds. The requirement to evacuate up to 50 passengers  per -
available door for the Foster-Miller proposed vehicle design is
consistent. with aircraft practice. This emergency evacuation
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duration is considered more than adequate for a maglev vehicle
where the risk of rapid fire spreading and/or explosion in'vehicles
is lower than the risks for aircraft where large quantities of
liquid fuel are typically on-board.

Two 1.4 - m (55 in) séuare'emergency floor hatch doors are provided
in each of the proposed vehicle‘uhits.‘ Each floor hatch, ‘in. the.
event of an emergency, will thus be required to evacuate up to 37
pa5sehgers for the downward egress option, shown in Figure 7-7.
The evacuation rate is -identical to the previous rate;: one
passenger every 2.4 seconds.

Based on vehicle passenger capacity designs, nose and tail vehicle
uhit hatch-type exits will be required to  evacuate up to 74
passengers for business class seating per vehicle unit to achieve
a 90—second evacuation duratlon (1 e., a maximum of one passenger
every 1.2 seconds per. cons1st tralnset) The awkwardness of
egress, espec1ally for. elderly and disabled passengers, from the:
vehlcle fore and aft emergency, ‘hatches (Flgure 7-6) makes the
reallzatlon of complete evacgatlon within the specified 90-second.
duration unlikely, even for theraselihe two-vehicle onit trainset
configuration. | o .

The Foster-Mlller proposed vehlcle cabln layout satlsfles the FAA'
commercial aircraft requlrement that the max1mum dlstance between
any seat row and the nearest exit be less than 9 m (30 ft) by the
to normal entry/ex1t doors for the lateral egress option "A" and .
the floor emergency hatch doors for the downwards egress. optlon
"C", but not when nose and tail-unit emergency hatch exits are
used; evacuation through up to one half of the trainset overall
length would be requlred in th1s latter case.

7.2.7 = Advantages of Foster-Miller Emergency Response System

Emergency evacuation from a stopped vehicle onto a gquideway-
supported walkway, using either the lateral or the fore/aft egress
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option, will be possible over the entire guideway length, except. as::
noted in Section 7.2.8. '
Emergency evacuation from a stopped vehicle onto the guideway--
supported emergency walkway for the lateral emergency egress option
will be relatively easy to accomplish if deployable steps are
available. ‘ ' |

Two options--for* emergency egress from the fguideway-supportedq
emergency walkway to a "safe location" will be available for the"
lateral and fore/aft egress optionms, either via a staircase ‘toi
'ground level or via maglev rescue vehicle.

7.2.8 Safety Concerns for Foster-Miller Emergency Response -
' . System , . I :

The Foster-Miller SCD describes several emergency evacuation
scenarios. 1In any emergency 51tuatlon, there is always a tendency

toward passenger panlc. ' Under those c1rcumstances, it is

preferable ‘to have a few cons1stent1y reliable options avallable.
for passengers to “exit the vehicle. The Foster-Mlller SCD

describes several comblnations, some ‘of which will work in some

circumstances and some of which will not work in others. Emergency

evacuation from a stopped vehicle onto a guldeway-supported walkway

is not avallable for two of the s1x combinations of ‘switch de51gn

and emergency egress optlons. ' ‘ - )

None of the three emergency egress optlons for superelevated curves
are avallable when the vehicle tlltlng system 1s 1noperat1ve.'

The downward vehicle emergency egress optlon appears to be 11m1ted
by guideway track cross-member dlaphragm and guldeway pylon
' interference cons1derat10ns, by design 1ncompat1b111ty with both
lower speed ‘switch des1gns and by 1mp1ementatlon difficulties in
hlghly supereleyated;track curves.



For trains with more than two vehicle units, the proposed fore/aft
vehicle emergency egress optlon requlres 51gn1f1cantly longer
vehicle evacuation times when compared to the - other two Foster-
Mlller egress options.

Emergency evacuation through the nose and ta11 hatch exlts for the
.fore/aft emergency egress option is hampered by the extra’ tlme
needed to navigate through the hatch' passage through these hatches
is slow because of the hatch size and orlentatlon 1mposed by the'
aerodynamic nose and tail section de51gn.

Emergency evacuation through the vehicle floor hatch—type'exits
down descending ladders or stalrcases to the emergency walkway
suspended below the track for the proposed downwards vehlcle
emergency egress option will be: dlfflcult partlcularly for
disabled and/or elderly passengers.

The guideway sidewall constitutes'an obstacle to“iatéral'egress
from the vehicle side doors to the emergency walkway.” Deployable
steps will be required to assist elderly and dlsabled passengers.

The close  proximity of the emergency walkway (for the lateral
egress option vehlcle evacuation) to ‘the adjacent track of a dual
track guldeway will require drastlc speed reductlons or complete
stoppage of all vehicle traffic on the adjacent track to mlnlmlze
or eliminate vehicle-induced. w1nd and . acoustlcal nolse 1mpact on
walkway occupants. ' ' '

There is no way of know1ng exactly where evacuated passengers and
crew are located along the  track at any given time or when the
track is completely cleared of all passengers andvcrew, unless the
proposed closed-circuit TV camera surveillance coverage is- extended
to the entire guldeway length.

Further study is required to determine appropriate evacuation'rates
for maglev vehicles. Because maglev vehicles do not carry large
amounts of fuel on-board, as do airplanes, the 90-second evacuation
goal may be too stringent. | o ' '
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7.3 . ' :'GRUMMAN

7.5.1jf: fCommunication%During.an Emergency

During emergency situations, communication between vehicles and
system central-control'occurs using vehicle-to-wayside ultra-high-
:requency (UHF) radio communlcatlon/data transfer 1links. All
ground" communlcatlon/data transfer between systen wayside

controllers and central control is via a fault-tolerant fiber optic
cable network. :

The SCD 1dent1f1es the need for extremely high reliability of  the
communlcatlons llnk between the vehicles and the wayside. reglonal
centers. The. SCD states that loss or s1gn1f1cant deterioration of
thls communlcatlon llnk w1ll 1nvoke a system-wide emergency stop.

Potentlal sources of unrellablllty for the proposed communications
'system and technlques “to optlmlze radlo link reliability are
exten51vely addressed in the SCD.« ‘

A potentlally serlous problem is the basellne system UHF radio
transm1551on multlpath interference problem. Thls results from the
radlo‘waveshbe;ng reflected off terrain or other ground objects.
Grumman plans to'minimize'thiS'problem by continually comparing
51gna1 quallty among a number of wayside transceivers dlstrlbuted
along the guideway length at nominal 2 km (1.2 mi) intervals. Thls;
ways1de transcelver spac1ng allows for nearly continuous geometric
llne-of s1ght transmlss1on, ideal for optimal UHF radio 1link
rellablllty.; Grumman plans to use an array of fixed antennas at
way51de-located rece1v1ng s1tes and multiple antenna/recelver
comblnatlons on the'vehlcle, combined with directional polarization
transmrs51on-mu1t1p11c1ty.~ The strongest signal is automatlcally
selected from:each wayside antenna array. Two vehicle antennas are
proposed,. separated by as great a dJ.stance as poss1b1e, with
redundant transcelvers for each antenna.



"A "leaky" transmission line or waveguide vehicle-to-guideway
 communication link, based on or near field-coupling between the
vehicle antenna and guideway transmission line located in close
”proXinity; is'suggested as an alternative to the baseline radio
“1ink if an insufficient number of radio - frequency channels are
'avallable because of system frequency allocatlon limitations.
"'The - proposed baseline- UHF radio link- vehicle-to-guideway
communication system has a high ‘degree of redundancy and - the
inherently high reliability of a line-of-sight transmission system.
The fiber optic cable networks proposed for the system ground
ccmmunications can be designed to be exceptionally reliable by
pusing state-cf-the-art“availability~enhancement techniques.

pAccordingly, the proposed communlcatlon systam rellablllty and
”avallablllty appear adequate for use 1n emergency condltlons to
" control the traln and to prov1de subsequent evacuatlon instructions

to passengers.

Grumman recommends one on-board attendant on the baseline 100-
passenger vehlcle to prov1de for passenger needs and superv1s1on
'iand to a551st in emergency 51tuatlons, espe01ally evacuatlon._ Thls
attendant/passenger ratio does not meet the current commercial
"a1rcraft federal regulatlons wh1ch requlre one on—board attendant
ffor every 50 passengers. Any emergency response-related
information will be transmltted to the’ vehlcle attendant who will
“then communlcate vital 1nformat10n to the passengers v1a the on-
" board public address system. - o

7.3.2 Emergency On-Board Power Supply

fThe‘predicted,vehicle electrical power demand of about 170 kw
requires an on-board battery power supply. The proposed lead-acid
battery weighs approximately 6000 lbs (i.e., about 4.5% of the
-estimated loaded baseline vehicle weight). This power supply will "
provide ‘power for up to 30 minutes for vehicle operations when
. power transfer from wayside via vehicle induction coil pickup of
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,the linear propulsion motor harmonics is unavailable because the
_train is traveling‘at speeds less than 161/241 km/hr (100/150 mph),

‘An emergency electr1ca1 power supply 1ndependent of the on-board
_hormal electrlcal power supply is not specifically addressed in the
SCD., .The 1ssue of prov1d1ng a highly rellable on-board emergency
power supply with the requlred capacity to provide all needed
suspen51on, braking, llghtlng, and communlcatlon functlons durlng
;any_emergency stop and vehlcle,evacuatlon should be addressed.

7.3.3 Vehicle_Emergencypzvacuation Strateqy

The Grumman evacuatlon strategy requlres passengers to. remaln on-
board except at scheduled station stops. and in 11fe-endanger1ng
emergency s1tuatlons. This strategy'allows for continued operation
of the system after detectlng faults, the vehlcle operates with
degraded performance or restrlcted operatlon th.ch either prevents
llfe-endangerlng hazardous 51tuatlons or - minimizes their
probability. )

‘Vehlcle emergency evacuatlon over the length of the guldeway w1ll
be: v1a the normal entry/ex1t doors and/or emergency exit w1ndows on
'elther 51de of the vehicle.’ Passengers will egress onto the top
slab of the dual guldeway center sp1ne glrder which forms a
horlzontal platform surface 3 to 4 m (10 - 13 ft) w1de, shown in
Flgure 7- 10.i Passengers and crew then transfer to a rescue vehicle
or egress to ground level via emergency staircases. These
stalrcases w1ll be 1ocated every 10 to 20 glrder span-lengths along
the guideway.

The SCD proposes standardized 56-passenger véhiclejmodules which
can be fitted with nose and tail sections; these.end sections will
containya»crew,compartment“and a storage bay. This modularized
.design approach allows,for_a'single 50-passenger . vehicle, a double-
module 100-passenger trainset which is designated the baseline
configuration, or longer multiple module trainsets, - depending on
system capacity requirements. Each vehicle module is provided with
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two power-operated sliding doors 0.81 m (32 in) wide, one on each
side of the module, for normal entry/exit and emergency egress.
Module 4/5 m x 9/5m (0.8 ft x 1.8 ft) windows are provided, some
of which are intended to be "popped out" for use as additional
emergency exits.

There is a 1 m (3.3 ft) vertical separation between the vehicle
" floor and the emergency egress platform, which is evident in
Figure 7-10. A deployable short ladder'or folding staircase will
" be required to assist elderly and disabled passengers during
egress. This is not addressed in the scD.

7.3.4 Vehicle Emergency Evacuation Within Guideway Switch Zones

The proposed guideway switch design does not incorporate the center
structural spine girder with the vehicle trégkﬂbeams cantilevered
on both sides of the girder suggested in the baseline guideway
configuration shown in Figure 7-11. Instead, the individual track
beams of the switch are supported on pier cross-beam members
located at 15 m (49.5 ft)‘intervals along the length of the switch.
A front section of the éwitchylength incorporates a bending track
~beam while the rear section has a rotating and llaterally
translating switch dual beam. These switch moveable beamé have
. steel rollers running on steel rails mounted on the pier crogs—beam
‘ members, shown in the switch cross-section in Figure 7-11.

Although not addressed in the SCD report, emergency egress walkways
could be cantilevered to the fixed outside beam and to the moveable
outside beam of the switch, but vehicle clearance requirements
preclude adding such a walkway to the center moveable beam of the
switch as indicated in Figure 7-11.

Thus, emergency egress onto a narrow walk&ay will be possible only
over the length of the switch design on the switch turn-out branch,
but not over the length of the rotating/laterally translating rear
section of the straight-through branch.
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7.3.5 Vehicle Emergenc Evacuation Within 8u erelevated
Guideway Zones

The proposed vehicle’s hydraulic active tilting system can tilt the
vehicle up to nine degrees from horizontal; and, the guideway
{:rack beam superelevation angle may be up to 15 degrees from
horizontal. Thus, vehicles with operative tilting systems thatare
stopped on a superelevated track segmént can be leveled to within
six degrees of horizontal to ease‘emérgency ggreés from the train.
If the tilting system fails, howeVer, the vehicle may experience
tilting angles up to 24 degrees from the walkﬁay and emergency
egress onto the guideway walkway from vehicle side doors will be
difficult. '

7:.3.6 Vehicle 'Cabin[Creﬁ' comgartment Layout and Exits for
Emergency Evacuation

The aisle width, seating pitch, overhead baggage stowage bin
facilities, emergency lighting, emergency'exit"sizes; and emergency
exit arrangements are consistent with commercial aircraft
regulations (2 x 3 business class seating at 96.5 cm (38 in) pitch
with 56 cm (22 in) aisle width specified). The cabin layout is
compatible with the requirements for ehergency passenger and crew
evacuation within 90 seconds of an emergency stop.

This 90-second duration is considered by BoozeAllen to be more than
adequate for a maglev vehicle where the risk of rapid fire:
.spreading and/or explosion is lower than the risks associated with
aircraft.

Four 0.8 m (32 in) wide entrance/exit doors, two per train side
(one per module set), are provided for the baseline dual module
100-passenger trainset configuration. Accofdindly, each door will
be required, in the event of an emergency, to evacuate up to 50
passengers. Only doors on one side of the vehicle will be
available for guideway spine girdef platform emergency egreés, as
shown in Figure 7-11. This evacuation rate corresponds to one
passenger every 1.8 seconds to achieve an evacuation time of 90
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seconds. The requirement to evacuate up to 50 passengers per door
for the Grumman proposed vehicle design is consistent with aircraft
practice.

7e3.7 Advantages of Grumman Emergency Response System

Emergency evacuation from a stopped vehicle ontd the guideway
walkway will be available over the entire guideway length, except
for some portions of a switch, and through superelevated curves for
a vehicle with an inoperative tilting system. Emergency evacuation
.from a stopped vehicle onto the guideway walkway will be relatively

easy with vehicle-deployable short ladders or stairs.

Two options for emergency egress from the guideway walkway to a
point of safety will be available:

° Via a staircase to ground level and
o From the walkway onto a rescue vehicle.

The system guideway capital costs associated with providing
emergency evacuation means from a stopped vehicle to an emergency
walkway is minimal because the top of the spine girder of the dual-
track guideway structure will function as a walkway. Therefore, the
costs of providing for emergency evacuation are 1limited to
‘constructing egress staircases from the walkway to ground at spaced
“intervals. ‘ '

Further study is required to determine appropriate evacuation rates
- for maglev vehicles.  Because maglev vehicles ‘do not carry large
amounts of fuel on-board, as do éirplanes, the 90~second evacuation
goal may be too stringent. ‘

" 7.3.8 Safety Concerns for Grumman Emergency Response System

.With an inoperative vehicle cabin tilting system, emergency
evacuation from a stopped vehicle onto the gquideway spine girder
top walkway will be difficult through highly superelevated guideway



curves. - These ,conditions:*wiil make evacuation difficultxffor
qisabled.and elderly passengers.

The close proximity of the emergency walkway to the adjacent track
of the dual-track guideway requires drastic-  speed. reductions or
complete stoppage of all vehicle traffic on the adjacent track to
‘minimize or eliminate vehlcle-lnduced w1nd and’ acoust1ca1 n01se
“1mpact on walkway" occupants. I '

"The 1 m (3. 3ift)vvertical’separation between-the vehicle floor and
the emergency egress platform requires a deployable short ladder or
foldlng staircase to assist elderly and dlsabled passengers during
egress. This is not addressed.;n the. SCD.

7.4 ‘MAGNEPLANE

7.4.1 Communication‘buring_anfEmergéncy

During emergency-situations,’communication between vehicles and
system.central controlfoccurs'using vehicle-to-wayside radio and
fiber optic. .communication/data -transfer 1links. . . All  ground
comniunication/data transfer between_system7wayside:controllers'and

central control is via a fault-tolerant fiber optic- cable network.

The SCD specifies the need ﬁor;at,leastlone'attendant-to_be on-
board each Magneplane vehicle in operation; Attendants have access
to a display unit which proyides a summary status of the vehicle
operations' and any 'data/messages» received . acrossAﬁthe<,radio
,frequency link from the “global" control center. Both keyboard.and
voice communication w111 ‘be. avallable _across. the radio . frequency
link. - Any_ emergency response related _1nformat1on .can . be
transmitted,to the vehicle attendant hoth aurally:and.textually,
thus reducing the’ likelihood ..of ~communication errors.: The
Iattendant will notify the passengers via the on-board public
address system or a prov1ded.megaphone and assist passengers durlng
subsequent emergency evacuations. ' ' '



Tﬁéileast‘reliable‘element of the energency-response communications
system is the vehicle-to-wayside radio frequency link, This link
may: be susceptlble to electromagnetlc lnterference effects or to
atmospherlc-induced propagatlon N uncertalntles, ‘?and<' could
malfunctlon .or fail because of. transmltter and/or ‘réceiver
equlpment faults.y Radlo frequency link rellablllty .factors, such

11ne-of-s1ght transm1551on, ultra-hlgh-frequency hlghly-
d1rect10na1 ‘beam - transm1s51on and’ on-board plus way51de
transmltter/recelver redundancy should be addressed 1n subsequent
program phases. ‘ '

f.glz"lj Emergency On-Board Power supp1y'

A sealed conventlonal 1ead-ac1d. battery on-board. power supply
'subsystem 1s speclfled 1n the SCD (25 and 33 kwh for the 45- and
140-passenger'veh1c1es, respectlvely), the battery array is divided
1nto left and rlght-hand sectlons for fault tolerance purposes. An
otherw1se separate on-board emergency electrlcal power supply, used
-pr;marlly for emergencylllghtlng and comnunlcatlons purposes, is
not‘specifically identified in the SCD, although either section of
the on-board battery power system may power the- veh1c1e during
_emergenc1es because of the redundant conflguratlon.\

Wlth respect to vehlcle emergency power loads, any ‘emergency
'51tuatlon requlrlng the rapid stopplng of the vehlcle, followed by
an: urgent evacuatlon of passengers and crew, can be ‘expected to
only requlre a small supply of emergency power. ‘There should be
~suff1c1ent thermal capacity in the superconductlng'magnet dewars to
prov1de for electrodynamlc suspens1on ‘during a vehlcle emergency
deceleratlon,to a stop w;thout rellance on‘cryocooler operatlon.

~Proposed hydraullc actuator deployment of the on—board energency
braklng skids for rapld deceleration (estlmated to’ be about 0.45
g’s at hlgh speed and increasing to about 0.6 g s at. the low speed
magnetlc drag peak) is 1ndependent of any on-board electrlcal power
supply,. these brakes are actuated by f1r1ng an -air/hydraulic
accunulator. Although not spec1f1cally stated in the ScD report,
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it is . conceivable. that low speed landing . air . pads -could be
'similarly deployed without reliance on.-an on-board emergency
electrical- power. supply - in: cases where. a reduced deceleratign
‘emergency .stop is necessary. Furthermore, cabin air.conditioning
and heating loads should_be»minimal,during-a vehicle emergency stop
-and urgent evacuation. ‘

7.4.3 . Yehicle Emergency Evacuation Strateqgy.
‘The overall strategy for emérgency"eQécﬁatiéh‘hfébbgp;zééizfﬁét
different circumstances will require significantly different means

to allow passengers to move to a safe location following an
incident. o - T S

.Fpr‘stationsuand,maintenance;areas which have platﬁor@s,;four:siQe
doors areiprovided for both.the:45—5and;140epassenge§,yehig}e
designs, with two doors on each side near both:the. front and rear
of. the véhicle;passenggr,qabin, 'The,slidingﬁdoofsﬂopen§qnd{clo§e
_by:,comprgssed;air-driven . actuators. The‘gvehiclé; doo