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1. Introduction

This report volume documents the proposed changdsravisions to the Federal Railroad
Administration (FRA) Track Safety Standard9, CFR 213, as developed by the Track-Vehicle
Interaction (TVI) Task Force and recommended tdthesenger Safety Working Group, Rail Safety
Advisory Committee (RSAC). To ensure consisteni these recommendations, this report
volume also includes proposed changes to the FRadPger Equipment Safety Standa@<FR
238. This document provides an outline of the changéise existing text and a description of the
rationale for the proposed revisions. A completeassion of the technical justification for the
recommended changes can be found in Volume 2.

1.1 Background

The Passenger Safety Working Group which was eskedal by the RSAC, formed the TVI Task
Force to review, update and recommend rule chatogétee FRA Safety StandardS CFR 213,
Subpart G, issued in 1998 to reflect experience gained adifying several vehicles for high speed
and high cant deficiency operation, including ArkisaAcela high speed trainset, Maryland
Transportation Authority’'s MARC-III bi-level car, &lv Jersey Transit's ALP-46 locomotive and
Comet 5 car. The Track Standards for Class 6 badeacurrently cover the speed range of qualified
passenger equipment at 91 miles per hour to 208&sm#ér hour and qualified freight equipment in
the range of 81 miles per hour to 200 miles peirhou

The TVI Task Force recognized that the high speéaddsards were built on the principle that, to
ensure safety, the interaction of the track andiéinécles must be considered within a system safety
approach that provides for specific limits for vaairesponse to track perturbations. This report
Volume 1 and the companion Volume 2 reflect thaapgh taken by the Task Force, the supporting
information and description of the development pss; and the results, recommendations and
conclusions reached by the Task Force.

1.2 Purpose

The purpose of this report volume is to documeatiftoposed changes and revisions to the Track
Safety Standardgl9 CFR 213 and the Passenger Equipment Safety Standd®dSFR 238, as
developed and recommended by the TVI Task Force.
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1.3 Scope and Methodology

From the outset, the Task Force strove to devetagtisal standards that were based on a sound
physical and mathematical basis, accounted fongeraf vehicle types that are currently used and
may likely be used on future high speed and/or bagit deficiency rail operations, provide safety
assurance for train operations in all classesagcki{rwould not present an undue burden on operators
and that were verifiable by field measurements.

The Task Force first identified the key issues négg attention based on the past six years
experience with the application of the currentkraafety standards, and defined work efforts to:

1. Consolidate inconsistencies between the track @uiggment rules, low and high speed track
safety standards, and requirements within the tsabity standards

2. Establish necessary safety limits on wheel prafild truck equalization

3. Revise qualification requirements for high speagtitdant deficiency operation
4. Revise safety criteria (acceleration and wheelefdirnits)

5. Revise inspection, monitoring and maintenance reqents

6. Revise track geometry limits for high speed

7. Establish consistent requirements for high caritiefcy operations

Through the close examination of each of the algsuees, the Task Force developed the proposed
revisions contained in this report volume, whichiatended to result in improved public safety and
reduced burden to the railroad industry. Thesisi@vs were arrived at through dynamic simulation
studies, consideration of international practie@sl a thorough review of qualification and revenue
service test data.
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1.4 TVI Task Force

The TVI Task Force was composed of a number of BR&ials, railroad representatives, railroad
engineering experts, consultants, labor represeasatind Volpe National Transportation Systems
Center (VNTSC) engineers. Table 1-2 lists the Thekce participants and their respective
organizations.

Table 1-2. List of Participants

Name Organization
John Mardente Chair, FRA Office of Safety
Cynthia Gross Facilitator, FRA
Dan Alpert FRA/RCC
Tom Blankenship FRA Office of Safety
Magdy El-Sibaie FRA Office of R&D
Gary Fairbanks FRA Office of Safety
Al MacDowell FRA Office of Safety (now retired)
Ron Newman FRA Office of Safety
Frank Roskind FRA/RRS
Satya Singh FRA Office of Safety
Ali Tajaddini FRA Office of R&D
Louis Cerny Representing AAR
Greg Gagarin Amtrak
James Howe Amtrak
Pat Malin Amtrak
Dave Staplin Amtrak
Michael Trosino Amtrak
Tom Peacock APTA
Rick Inclima BMWE
Nicolas Lessard Bombardier Transportation
Timothy DePaepe BRS
Peter Klauser Consultant/FRA
Phil Olekszyk Consultant/APTA
Jason Heineman ENSCO/FRA
Kevin Kesler ENSCO/FRA
Tim Martin ENSCO/FRA
Amit Singh ENSCO/FRA (formerly)
Brian Whitten ENSCO/FRA
Larry Kelterborn Interfleet Technology/APTA
Mark Stewart Interfleet Technology/APTA
Steve Chrismer LTK
Eric Magel NRC-CSTT
Phil Strong PS Consulting
Mike Coltman VNTSC
Eric Curtis VNTSC
Jon LeBlanc VNTSC
Brian Marquis VNTSC
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2. Proposed Rule Text: 49 CFR 213 Subpart A — Gener al

2.1 § 213.7 — Designation of qualified personsto s  upervise certain renewals
and inspect track.

Changes to this section involved eliminating thech&r qualified persons to be familiar with

Subpart G requirements. The wording “that applyhtorestoration and renewal of the track for
which he or she is responsible” was added to theéB 213.7(a)(2)(i). Three (3) other sentennes i
this section were similarly modified.

The original wording of the paragraph required thatperson designated under 213.7 “knows and
understands the requirements of this part”. Thiuired the person to have knowledge and
understanding of everything in the book regardtésehether that person needed it to perform their
duties. The addition of vehicle qualification aedting for high cant deficiency operations has
added a level of complexity and requirements thabbatside of the purview of the track foremen
and inspectors. This change in language was noaddi¢ve the qualified person from having to
know and understand things not germane to thabpe&rsgjualifications, or position.

§ 213.7 — Designation of qualified persons to supervise certa in
renewals and inspect track.

(a) Each track owner to which this part applieslistiesignate qualified persons to
supervise restorations and renewals of track utrdéfic conditions. Each persan
designated shall have--

(1) Atleast--
(i) 1 year of supervisory experience in railroagtk maintenance; or

(i) A combination of supervisory experience inckamaintenance and training
from a course in track maintenance or from a cellégyel educationa
program related to track maintenance;

(2) Demonstrated to the owner that he or she--

() Knows and understands the requirements of fiaig that apply to the
restoration and renewal of the track for which hele is responsible;

\§%

(i) Can detect deviations from those requiremesis}

(iiif) Can prescribe appropriate remedial actiondaect or safely compensate for
those deviations; and

(3) Written authorization from the track owner tegcribe remedial actions to correct
or safely compensate for deviations from the regménts in this part that apply to
the track for which he or she is responsible.
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§ 213.7 — Designation of qualified persons to supervise certa in
renewals and inspect track.

(b) Each track owner to which this part appliedistesignate qualified persons to inspect
track for defects. Each person designated sha#i-hav

(1) Atleast--
(i) 1 year of experience in railroad track inspeatior

(i) A combination of experience in track inspectiand training from a course in
track inspection or from a college level educatiqggragram related to trac
inspection;

A

(2) Demonstrated to the owner that he or she--

() Knows and understands the requirements of fiaig that apply to the
inspection of the track for which he or she is cemible;

(i) Can detect deviations from those requiremeauts}

§¥

(iii) Can prescribe appropriate remedial actiondarect or safely compensate for
those deviations; and

(3) Written authorization from the track owneptescribe remedial actions to correct
or safely compensate for deviations from the reménts of this part that apply to
the track for which he or she is responsible, pegdéview by a qualified persan
designated under paragraph (a) of this section.

[NOTE: Paragraphs (c) and (d) remain unchanged.]
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3. Proposed Rule Text: 49 CFR 213 Subpart C — Track Geometry

3.1 § 213.55 — Track Alinement

Changes to this section primarily involved the #iddiof tighter single deviation geometry limits fo
operations above five inches of cant deficiencyrack Classes 1-5. These include 31-foot and 62-
foot mid chord offset limits.

Simulation studies have been performed using coenpabdels of the AEM7 Locomotive, Acela
Powercar, Acela Coach, and Amfleet Coach to detezitiie amplitude of alinement track geometry
anomalies that result in undesirable responsefaseddyy the VTI limits. These simulations were
performed using two coefficients of friction (01dd0.5), two anomaly shapes (bump and ramp), and
combinations of speed, curvature and superelevatiotover a range of cant deficiency. The
simulation results were used to determine thessafaitudes of alinement track geometry variations.
Results show that these proposed track geometnysliane necessary in order to provide an
equivalent margin of safety for operations at hrgtent deficiency.

Also, footnote 4 is new and the section title hasrbmodified to better align with other sections.

§ 213.55 — Track Alinement

(&) Except as provided in paragraph (b), alinemeayt not deviate from uniformity more
than the amount prescribed in the following table:

Tangent Track Curved Track
. . The deviation of the | The deviation of the
Class of ;-f?see?fer\greg'g%gff?; m:lg mid-ordinate froma | mid-ordinate from a
Track may not be more than | 317700t chordf may 62-foot chord® may
y (inches) not be more than — not be more than —
(inches) (inches)
Class 1 Track 5 3N/A 5
Class 2 Track 3 3N/A 3
Class 3 Track 1%, 1Ya 134
Class 4 Track 1Y% 1 1%
Class 5 Track 3 E% ¥4
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§ 213.55 — Track Alinement

(b) On the outside rail in curves with Eu more thainches, the alinement in the cur

J

31-foot chord” may
not be more than —

may not deviate from uniformity more than the anmtqumescribed in the following
table:
Curved Track
The deviation of the | The deviation of the
C_II_aSSkOf mid-ordinate from a mid-ordinate from a
rac

62-foot chord® may
not be more than —

(inches) (inches)
Class 1 Track 3N/A 1Y4
Class 2 Track 3N/A 1Y4
Class 3 Track 3 1%
Class 4 Track 3, A
Class 5 Track VA 5%

1

that tangential segment of the track.

railhead.
N/A — Not Applicable

Restraining rails or other systems may be reqdsederailment prevention.

The ends of the line shall be at points on theegade of the line rail, five-eighths of an incHdvethe top of
the railhead. Either rail may be used as the lile towever, the same rail shall be used for tiidéngth of

The ends of the chord shall be at points on tige gade of the outer rail, five-eighths below tbe of the




RSAC Vehicle-Track Interaction Task Force DRAFT 10 - Edited 03 Dec 07

3.2 8§ 213.57 — Curves, Elevation and Speed Limitati ons

The extensive changes proposed to this sectiotydaecmodification and clarification of the
gualification requirements and approval processéticles intended to operate at more than three
inches of cant deficiency. For consistency with High Speed Track Safety Standards, cant
deficiency would no longer be limited to a maximofrfour inches on track Classes 1 through 5,
provided qualification requirements are met. Fénence, cant deficiency is defined as the amount
of superelevation, in inches, that would need tcatided to the track in order to balance the
centrifugal force when curving with a componentha gravitational force to realize no net lateral
force measured in the plane of the rails.

In the existing rule, vehicle qualification requirents are only stipulated for vehicles intended to
operate at up to four inches of cant deficiency fandehicles intended to operate at greater than
four inches of cant deficiency on track that istaguous to a high speed corridor. Vehicles intended
to operate at more than four inches of cant defayeon routes not contiguous to a high speed
corridor must presently file and obtain a waiveaatordance with part 211 of this chapter.

In paragraph (a) thé%sentence was removed, “Except as provided in §31&he outside rail of a
curve may not be lower than the inside rail.” Tbienge was made since the statement in this
paragraph is in conflict with § 213.63, which pr®$ actual limits for the reverse elevation on a
curve.

The Vmax equation sets the “maximum posted timetapkrating speed” based on Eu, which is
defined as the “qualifying cant deficiency of thehicle type”. A footnote related to the Eu term,
defines the “maximum allowable cant deficiency” ahhallows the vehicle to operate at the Eu for
which it is approved, plus one inch. This one-ingéargin provides a tolerance to account for the
effects of local crosslevel or curvature conditi@msVmax that may result in the operating cant
deficiency exceeding that approved for the equigntemesently, this situation generates a limiting
speed exception and some railroads have adopteapgireach of penalizing the operating cant
deficiency of the vehicle in order to avoid thegeeaptions. A footnote to the Vmax equation also
provides guidance for defining the term “vehiclpey

As in the existing rule, all vehicle types are adased qualified for three inches of cant deficienc

Paragraph (d) now outlines the requirements forckelqualification for more than three inches of
cant deficiency. The existing static lean requiretador four inches of cant deficiency limit the

carbody roll to 5.7° with respect to the horizontglen the vehicle is standing on four-inch
superelevation, and limit the vertical wheel loashaining on the raised wheels to 60% of theircstati
level values and carbody roll to 8.6° with resgedhe horizontal when the vehicle is standing on
six-inch superelevation.

The new requirements do not limit the cant deficyeio four inches, and do not impose the six-inch
superelevation static lean requirement specifidaliyour-inch cant deficiency qualification. The
latter requirement addressed potential roll-ovet passenger safety issues, should a vehicle be
stopped or traveling at very low speed on highjyesalevated track. Since these issues relaté to al
vehicle types operating at any cant deficiencyamedot specific to operation above three inches of
cant deficiency, this requirement specific to fonech cant deficiency qualification is no longer
imposed.

10
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The new requirements can be met by either, statigrmamic testing. The static lean test limits the
vertical wheel load remaining on the raised whee&0% of their static level values and the rokof
passenger carbody to 8.6° with respect to the bwot@ when the vehicle is standing on
superelevation equal to the proposed cant defigidiie dynamic test limits the steady state vdrtica
wheel load remaining on the low rail wheels to 66#4heir static level values and the lateral
acceleration in a passenger car to 0.15 g steatishen the vehicle operates through a curveat th
proposed cant deficiency. Research indicatestibatdceleration value of 0.15 g, which corresponds
to the lateral acceleration a passenger would expas in a standing vehicle whose carbody is at a
roll angle of 8.6° with respect to the horizontsigonsidered to be the maximum steady state latera
acceleration at which additional jolts from vehidi@amic response to track deviations can present a
hazard to passenger safety. The limiting steaalgsicceleration value of 0.15 g has also been
accepted as common practice in European counties).15 g steady state lateral acceleration limit
in the dynamic test provides consistency with ti& 8oll requirement in the static lean test and
eliminates the 5.7° roll requirement from the arigtrule.

The proposed changes also separate and clargybimaittal requirements to FRA to obtain approval
for the qualifying cant deficiency of a vehicle ¢yfparagraph (e)) and to notify FRA prior to the
implementation of the approved higher curving sgdpdragraph (f)). Additional clarification has

been added regarding the submission of suspensiortienance information. The requirement now
applies to vehicle types not subject to Part 238ant 229, and only to safety-critical components.

The proposed rule text also references pertinetioss of Subpart G, 88 213.333 and 213.345, that
contain requirements related to operations aboxee ifiches of cant deficiency. These sections
include periodic track geometry measurements, tlomitoring of carbody acceleration and
requirements for vehicle/track system qualification

Clarification was also added to the grandfathestagement to indicate that the equipment will be
considered qualified to operate over previouslyratael track segment(s).

11
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§ 213.57 — Curves, Elevation and Speed Limitations

(&) The maximum elevation of the outside rail ofiave may not be more than 8 inches on
track Classes 1 and 2 and 7 inches on Classesugths.

(b) Vmax formula.

The maximum posted timetable operating speeddoh eurve is determined by the

following formula—
_ |Ea+Eu
Vmax “ Al A AR~
0.000D
Where--
Vmax = Maximum posted timetable operating speed (ngikrshour).
E. = Actual elevation of the outside rail (inchés).

E. = Qualifying cant deficienc§ (inches) of the vehicle typ2.
D = Degree of curvature (degreés).

(c) 3.inch Cant Deficiency Operation.

All vehicle types are considered qualified forEuequal to 3 inches.

Table 1 of Appendix A is a table of speeds congbit@ccordance with the formula in
paragraph (b) of this section, when Eu equals Baacfor various elevations and
degrees of curvature.

Actual elevation for each 155 foot track segmenhée body of the curve is determined by averatiag
elevation for 10 points through the segment at fdobspacing. If the curve length is less than g5,
average the points through the full length of thdybof the curve.

The maximum allowable cant deficiency for eachveunay not exceed Eu plus 1 inch.

Vehicle type or Vehicle of a type means vehicléh wariations in their physical properties, sush a
suspension, mass, interior arrangements, and diomesthat do not result in significant change$art
dynamic characteristics are considered the sange typ

Degree of curvature is determined by averaginglfggee of curvature over the same track segment as
the elevation.

12



RSAC Vehicle-Track Interaction Task Force DRAFT 10 - Edited 03 Dec 07

§ 213.57 — Curves, Elevation and Speed Limitations

(d) Eu Greater Than 3 inches.

For Eu greater than 3 inches, each vehicle typst ine approved by the Federal
Railroad Administration. Each vehicle type must destrate compliance with the
requirements of either paragraph (d)(1) or (d)2hts section:

(1) When positioned on a track with a uniform sapmration equal to the proposed
Eu>:

(i) No wheel of the vehicleunloads to a value less than 60 percent of itesta
value on perfectly level track: and,

(ii) For passenger cars, the roll angle betweerltloe of the equipment and the
horizontal does not exceed 8.6 degrees; or

(2) When operating through a constant radius carasconstant speed corresponding
to the proposed Eu:

(i) For the purposes of conducting this test, anptaust be submitted and
approved by FRA in accordance with § 213.345 () (@n

(i) The steady-state (average) load on any wheebughout the body of th
curve shall not be less than 60 percent of itscstalue on perfectly leve
track, and,

—

(iiif) For passenger cars, the steady-state (avilaigeal acceleration measured on
the floor of the carbody shall not exceed 0.15g.

(e) The results of the testing specified in panplyr@) of this section shall be transmitted
to the Federal Railroad Administration requestipgraval of the vehicle type at the
desired speeds allowed under the formula in papagita) of this section. The request
shall be in writing and shall contain, at a minimuhe following information--

(1) A description of the vehicle type involved, liding schematic diagrams of the
suspension system(s) and the estimated locatittre @enter of gravity above top
of rail;

(2) The test procedure and description of the umsémtation used to qualify the
vehicle and the maximum values for wheel unloadargl roll angles o
accelerations which were observed during testing;

=

(3) For vehicle types not subject to Part 238 at P29, procedures or standards
effect which relate to the maintenance of all saeitical components of th
suspension system for the particular vehicle t$péety-critical components of the
suspension system are those that impact or haviicant influence on the roll of
the carbody and the distribution of weights onwieels.

n

[{°)

The test procedure may be conducted wherebyealitieels on one side (right or left) of the vehiarie
raised to the proposed Eu and lowered and thecaéwheel loads under each wheel are measured and a
level is used to record the angle through whichfltter of the passenger car has been rotated.

Vehicle means a locomotive, as defined in § 229this part; a freight car, as defined in § 21¢.this
part; a passenger car, as defined in § 238.59ptnit; and any rail rolling equipment used iramtwith
either a freight car or a passenger car.

13
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§ 213.57 — Curves, Elevation and Speed Limitations

() Upon FRA approval of the request in paragragto{ this section, the Federal Railroad
Administrator shall be given written notificatioo tess than 30 calendar days prior to
the proposed implementation of the approved higheiing speeds allowed under the
formula in paragraph (b) of this section. The rexjshall be in writing and shall
contain, at a minimum, identification of the trasggment(s) on which the higher
curving speeds are to be implemented.

(g) For vehicles intended to operate at any curspgpd producing more than 5 inches of
cant deficiency, the following provisions of subp@r shall apply: §88. 213.333 (a)
through (@), (j)(1), (k) and (m), 213.345, and ZB(f).

(h) Venhicle types that have been permitted by F&égerate at cant deficiencies greater
than 3 inches, prior tinsert date of publication of final rule], shall be considered
qualified under this section to operate at thogenjieed cant deficiencies over the
previously operated track segment(s).

(i) The documents required by the provisions o théction must be provided to the
Federal Railroad Administrator by:

(1) The track owner, or

(2) An operating entity that provides service viltle vehicle type, over trackage of
one or more track owners, with the written consemdll of the affected track
owners.

14
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3.3 8 213.63 — Track Surface

Changes to this section involved the addition ghtier single deviation geometry limits for
operations above five inches of cant deficiencyrack Classes 1-5. These include 31-foot and 62-
foot mid chord offset limits and a new limit foretldifference in crosslevel within 10-feet (short
warp).

Simulation studies have been performed using coenpabdels of the AEM7 Locomotive, Acela
Powercar, Acela Coach, and Amfleet Coach to detesrttie amplitude of surface track geometry
anomalies that result in undesirable responsefaseddyy the VTI limits. These simulations were
performed using two coefficients of friction (01dd0.5), two anomaly shapes (bump and ramp), and
combinations of speed, curvature and superelevatiotover a range of cant deficiency. The
simulation results were used to determine theaafgitudes of surface track geometry variations.
Results show that these proposed track geometnysliane necessary in order to provide an
equivalent margin of safety for operations at hrgtent deficiency.

8§ 213.63 — Track Surface

(a) Except as provided in paragraph (b), each owftbe track to which this part applies
shall maintain the surface of its track within tivaits prescribed in the following
table:

Class of Track
Track Surface 1 2 3 4 5

(inches): (inches): (inches); (inches): (inches)

The runoff in any 31 feet of rail at the end oa&se

may not be more than... 3%z 3 2 12 1

The deviation from uniform profile on either raflthe

3 1 1
mid-ordinate of a 62-foot chord may not be morentha 3 2% 274 2 1va

The deviation from zero crosslevel at any point on
tangent or reverse crosslevel elevation on cunas m| 3 2 1% 1% 1
not be more than ...

The difference in crosslevel between any two points

Y 1 3 1
less than 62 feet apart may not be more than 3 2% 2 1% 1%

*Where determined by engineering decision prioth
promulgation of this rule, due to physical restoos
on spiral length and operating practices and ezped,| 2 1% 1% 1 Ya
the variation in crosslevel on spirals per 31 faay
not be more than...

Except as limited by § 213.57(a), where the elemait any point in a curve equals or exceeds lbescthe
difference in crosslevel within 62 feet betweert fh@int and a point with greater elevation may m®imore
the 1% inches.

However, to control harmonics on Class 2 througbiried track with staggered joints, the crosdleve
differences shall not exceed 1% inches in allxftsnsecutive pairs of joints, as created by 7jmnts. Track
with joints staggered less than 10 feet shall eotdnsidered as having staggered joints. Jointsnite 7
low joints outside of the regular joint spacinglshat be considered as joints for purposes of finignote

15
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8§ 213.63 — Track Surface

(b) On curves with Eu more than 5 inches, each owhé¢he track to which this par
applies shall maintain the surface of the curveniwithe limits prescribed in the
following table:

—

Class of Track
Track Surface 1 2 3 4 5

(inches): (inches): (inches); (inches): (inches)

The deviation from uniform profile on either raflthe

3 3
mid-ordinate of a 31-foot chord may not be morenthg N/A °N/A 1 1 1

The deviation from uniform profile on either raflthe
mid-ordinate of a 62-foot chord may not be morenthg
The difference in crosslevel between any two points

less than 10 feet apart (short warp) shall not beem 2 2 1% 1% 1%
than..

3 N/A — Not Applicable

2% o 2% 1% 1Va 1

16



RSAC Vehicle-Track Interaction Task Force DRAFT 10 - Edited 03 Dec 07

3.4 § 213.65 — Combined Alinement and Surface Devia tions

This is a new section that only applies to operatiabove five inches of cant deficiency on track
Classes 1-5. An equation based limit for combihefécts is presented. It is noted that this lisiit i
only to be used with a track geometry measurenysiteés and applied on the outside rail in curves.
This new defect type involves a set of reducecealient and surface deviations occurring within a
single chord length of one another.

Although the current track standards prescribed$iimn geometry variations existing in isolatior th
FRA recognizes that a combination of alinementamnéhce variations, none of which individually
amounts to a deviation from the requirements ia gart, may result in undesirable response as
defined by the VTI limits. Trains operating at Iigant deficiency will increase the lateral force
exerted on track during curving and, in many casesgspondingly reduce the margin of safety
associated with vehicle response to combinatiark trariations. To address these issues, simulation
studies have been performed using computer modléte AEM7 Locomotive, Acela Powercar,
Acela Coach, and Amfleet Coach to determine thelitudp of combined surface and alinement
track geometry anomalies that result in undesiregdponse as defined by the VTI limits. These
simulations were performed using two coefficientsriation (0.1 and 0.5), two anomaly shapes
(bump and ramp), and combinations of speed, curwaiind superelevation to cover a range of cant
deficiency. The simulation results were used tewmeine the safe amplitudes of combined track
geometry variations. Results show that these gaoknetry limits are necessary in order to provide
an equivalent margin of safety for operations ghbr cant deficiency.

8§ 213.65 — Combined Alinement and Surface Deviation s

Combined Defects.

This section applies only to operations with Ewatgethan 5 inches when the track is
measured using a qualified Track Geometry MeasumeBystem (TGMS) as defined
in 8 213.333. The combination of alinement andesgr deviations for the same chord
length on the outside rail in curves, as measuyatid TGMS, shall comply with th
following formula:

[¢>)

30 A S0
4 1A S

<1

Where-

A — measured alinement deviation from uniformityt¢eard is positive, inward is negative

~

A, — allowable alinement limit as p8r213.55(b) (always positive) for the class of track

Sy — measured profile deviation from uniformity (doisrpositive, up is negative)

S, — allowable profile limit as per § 213.63(b) (alwaositive) for the class of track
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4. Proposed Rule Text: 49 CFR 213 Subpart G — Train  Operations at
Track Classes 6 and Higher

4.1 § 213.305 — Designation of Qualified Individual s; General Qualifications

Changes to this section involved eliminating thedhr qualified persons to be familiar with all of
the Subpart G requirements. The wording “thatreeeessary to supervise the restoration and
renewal of the track” was added to the end of 8&15a)(2)(i). In addition, the wording “that are
necessary to perform inspections in accordance8@th13.365 and 213.367 of this subpart” was
added to the end of § 213.305(b)(2)(i).

The original wording of the paragraph required thatperson designated under 213.305 “knows and
understands the requirements of this part”. Thiuired the person to have knowledge and
understanding of everything in the book regardbésehether that person needed it to perform their
duties. The addition of vehicle qualification aedting for high cant deficiency operations has
added a level of complexity and requirements thabbatside of the purview of the track foremen
and inspectors. This change in language was noaddi¢ve the qualified person from having to
know and understand things not germane to thabpe&rsgjualifications, or position.

§ 213.305 — Designation of Qualified Individuals; G eneral Qualifications

[NOTE: Introductory paragraph and paragraph (a¢ain unchanged.]
(a)(2) Demonstrate to the track owner that theviiddial:

() Knows and understands the requirements ofthiipart that are necessary to
supervise the restoration and renewal of track;

(i) Can detect deviations from those requiremesis}

(iiif) Can prescribe appropriate remedial actiondaect or safely compensate for
those deviations; and

[NOTE: Paragraphs (a)(3) and (b)(1) remain unchdige
(b)(2) Demonstrate to the track owner that theviialdial:

(i) Knows and understands the requirements ofthiipart that are necessary to
perform inspections in accordance with 8§ 213.368 213.367 of this
subpart;

(i) Can detect deviations from those requiremesis}

(iiif) Can prescribe appropriate remedial actiondaect or safely compensate for
those deviations; and

[NOTE: Paragraphs (b)(3), (c), (d) and (e) remainhanged.]
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4.2 8§ 213.307 — Class of Track: Operating Speed Lim its

Changes to this section involved the removal os€R track as well as reducing the maximum
allowable speed for Class 8 track from 160 to 1@ nThe Task Force recommends the removal of
track Class 9 and the lowering of the maximum spee@lass 8 track since all operations in excess
of 150 mph can only be authorized by FRA in conjiamcwith a Rule of Particular Applicability
(RPA) which considers and regulates overall systafaty (as per footnote 2).

The track/vehicle interaction, track structure sxgghection requirements in a RPA are specificeo th
operation and system components used. At speetle 4B0 mph the track safety standards will be
based on unique equipment characteristics thaegrered to operate at high speed. Track geometry
measurement systems, criteria and safety limithtrbg quite different than currently defined. In
consideration of the above the Task Force recomstirad all aspects of operation above 150 mph
be developed using a system safety approach ankhted through a RPA specific to the high speed
operation envisaged.

§ 213.307 — Class of Track: Operating Speed Limits

(a) Except as provided in paragraph (b) of thisiseand §§ 213.329, 213.337(a) and
213.345(a), the following maximum allowable speegply:

Over track that meets all of the requirements pileed in this The maximum allowable
subpart for - operating speed for traing ig
Class 6 track 110 m.p.h.
Class 7 track 125 m.p.h.
Class 8 track 150 m.p*.

Freight may be transported at passenger trairdsgéthe following conditions are met:

() The vehicles utilized to carry such freight efeequal dynamic performance and have been celifi
accordance with Sections 213.345 and 213.329(thi®Eubpart.

(2) The load distribution and securement in thegfrevehicle will not adversely affect the dynampierformance
of the vehicle. The axle loading pattern is unifantd does not exceed the passenger locomotivéoaximgs
utilized in passenger service operating at the saardmum speed.

(3) No carrier may accept or transport a hazardeat®rial, as defined at 49 CFR 171.8, except agged in
Column 9A of the Hazardous Materials Table (49 AFR.101) for movement in the same train as a
passenger-carrying vehicle or in Column 9B of thél& for movement in a train with no passengeryaagr
vehicles.

Operating speeds in excess of 150 m.p.h. are azglddoy this part only in conjunction with a rule o
particular applicability addressing other safeuiss presented by the system.

[NOTE: Paragraph (b) remains unchanged.]
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4.3 § 213.323 — Track Gage

Modifications recommended to this section inclutiremoval of track Class 9 and increasing the
limit for the change of gage within 31 feet fromiAgh to ¥%-inch for track Class 6. The latter change
was requested by Amtrak due to difficulties withimt@ining wood tie track (with cut spikes)
especially at higher rail temperatures.

For track constructed with wood ties and cut spitkes?2-inch variation in gage is difficult to
maintain. The tolerances of the rail base, tieedaoulders and spikes are sufficient to perit a
inch variation particularly if the rail is in comgssion due to heat stress. Modeling of the vanati
up to ¥-inch in 31 feet has shown no safety corszemaddition modeling of 20 miles of actual
measured track geometry including gage variati@sssdmown no safety concerns up to 115 mph.

§ 213.323 — Track Gage

(a) Gage is measured between the heads of thataifght-angles to the rails in a plane
five-eighths of an inch below the top of the ragbl.

(b) Gage shall be within the limits prescribedhia following table:

Class The change of gage withip
of The gage must be at least— But not more than — 31 feet must not be greater
Track than —
6 4'8" 49vy' '
7 4'8" 49vy' v
8 4' 8" 4!91/4" ]/2"
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4.4 8 213.327 — Track Alinement

Changes to this section primarily involved the #iddiof tighter single deviation geometry limits fo
operations above five inches of cant deficienclhiese include 31-foot, 62-foot, and 124-foot mid
chord offset (MCO) limits and are being includegbaragraph (c), with the existing paragraph text
moving to (d).

Simulation studies have been performed using coenpabdels of the AEM7 Locomotive, Acela
Powercar, Acela Coach, and Amfleet Coach to detezitine amplitude of alinement track geometry
anomalies that result in undesirable responsefaseeddyy the VTI limits. These simulations were
performed using two coefficients of friction (01dd0.5), two anomaly shapes (bump and ramp), and
combinations of speed, curvature and superelevatiotover a range of cant deficiency. The
simulation results were used to determine thessafaitudes of alinement track geometry variations.
Results show that these proposed track geometnysliane necessary in order to provide an
equivalent margin of safety for operations at hrgtant deficiency.

In addition, the existing single deviation limitsparagraph (b) have been expanded for appligabilit
to either tangent or curved track. Specificallyg @2-foot MCO limit for Class 6 curved track has
been tightened t&-inch, whereas the tangent track limit remaindatexisting value of %-inch.
This change was made to resolve inconsistenciesbetlimits in Class 5 and 6. In addition, the 62-
foot MCO limits for Class 7 and Class 8 tangentkrhas been increased to %-inch, whereas the
curved track limit remains at the existing valué/sinch. The 124-foot MCO limits for Class 8
tangent track has been increased to 1-inch, whéneasurved track limit remains at the existing
value of %-inch. These changes are based on re$sitaulations studies that were performed using
computer models of the AEM7 Locomotive, Acela PawaerAcela Coach, Amfleet Coach and P42
Locomotive.

Other changes include; removing reference to asack, adding footnote 1 to paragraph (d),
which is an adaptation of footnotes 1 and 2 fra2d8.55 describing the line rail, and modifying the
section title to better align with other sections.
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§ 213.327 — Track Alinement

[NOTE: Paragraph (a) remains unchanged.]

(b) Except as provided in paragraph (c), for alsidgviation, alinement may not devia
from uniformity more than the amount prescribedthia following table:

ite

The deviation from
uniformity of the mid-

The deviation from
uniformity of the mid-

The deviation from
uniformity of the mid-

C(I)E;SS 'Eahrlgggt chord offset for a chord offset for a chord offset for a
Track | Track 31-foot chord may not| 62-foot chord may not| 124-foot chord may
rac be more than — be more than — not be more than —
(inches) (inches) (inches)
Tangent Ya
6 b 1v2
Curve Y4
Tangent Ya
7 73 1Y,
Curve 1
Tangent Ya 1
8 b
Curve 7 S

(c) On the outside rail in curves with Eu more tHarmnches, a single deviation
alinement in the curve may not deviate from unifitynmore than the amour
prescribed in the following table:

1t

The deviation from

The deviation from
uniformity of the mid-

The deviation from
uniformity of the mid-

Class Curved uniformity of the mid- chord offset for a chord offset for a
of chord offset for a
Track 62-foot chord may not| 124-foot chord may
Track 31-foot chord may not
. be more than — not be more than —
be more than — (inches) . i
(inches) (inches)
6 Curve 1 VZ 1%
7 Curve Y% Y 1
8 Curve 1 %) Ya

22



RSAC Vehicle-Track Interaction Task Force

DRAFT 10 - Edited 03 Dec 07

§ 213.327 — Track Alinement

(d) For three or more non-overlapping deviatior@rfruniformity in track alinemen
occurring within a distance equal to five times #pecified chord length, each
which exceeds the limits in the following tablecle@wner of the track to which th
subpart applies shall maintain the alinement ofréek within the limits prescribed fc

each deviation:

Class of Track

The deviation from
uniformity of the mid-
chord offset for a
31-foot chord may not
be more than — (inches

The deviation from
uniformity of the
mid-chord offset for a
62-foot chord may

not be more than —

The deviation from
uniformity of the
mid-chord offset for a
124-foot chord may

not be more than —

(inches) (inches)
6 73 Yo 1
7 73 Vs 73
8 73 73 Yo

1

outside rail of the curve.

The ends of the chord shall be at points on the gale of the outer rail, five-eighths below the
top of the railhead. Either rail may be used aditteerail, however, the same rail shall be used
for the full length of that tangential segmenttoé track. On curved track the line rail is the
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4.5 § 213.329 — Curves, Elevation and Speed Limitat ions

The changes proposed to this section, include neatibn and clarification of the qualification
requirements and approval process for vehiclesd#e to operate at more than three inches of cant
deficiency.

In paragraph (a), thé®sentence, “The outside rail of a curve may natnbee than ¥z inch lower
than the inside rail”, was moved to the surfacéetab§ 213.331(a).

The Vmax equation sets the “maximum posted timetapkrating speed” based on Eu, which is
defined as the “qualifying cant deficiency of thehicle type”. A footnote related to the Eu term,
defines the “maximum allowable cant deficiency” ahhallows the vehicle to operate at the Eu for
which it is approved, plus one-half inch. The omdf-ch margin provides a tolerance to account
for the effects of local crosslevel or curvaturaditions on Vmax that may result in the operating
cant deficiency exceeding that approved for thepgant. Presently, this situation generates a
limiting speed exception and some railroads haeptsd the approach of penalizing the operating
cant deficiency of the vehicle in order to avoidgl exceptions. A footnote to the Vmax equation
also provides guidance for defining the term “véhigpe.”

As in the existing rule, all vehicle types are ddased qualified for three inches of cant deficienc

Paragraph (d) now outlines the requirements forckelqualification for more than three inches of
cant deficiency. The existing rule contains twaistean requirements. The first, limits the veatic
wheel load remaining on the raised wheels to 60%heir static level values and the roll of a
passenger carbody to 5.7° with respect to the bt when the vehicle is standing on
superelevation equal to the proposed cant defigidiine second requirement, which limited vertical
wheel load remaining on the raised wheels to 60%heir static level values and the roll of a
passenger carbody to 8.6° with respect to the bota when the vehicle is standing on seven-inch
superelevation, addressed potential roll-over @sdgnger safety issues, should a vehicle be stopped
or traveling at very low speed on highly superelegtdrack. Since these issues relate to all vehicl
types operating at any cant deficiency and arespetific to operation above three inches of cant
deficiency, this second qualification requiremesst been eliminated from this section, and should
be addressed by industry standards.

The new requirements can be met by either, statigrmamic testing. The static lean test limits the
vertical wheel load remaining on the raised whee&)% of their static level values and the rokof
passenger carbody to 8.6° with respect to the twoti# when the vehicle is standing on
superelevation equal to the proposed cant defigidiie dynamic test limits the steady state vdrtica
wheel load remaining on the low rail wheels to 66#their static level values and the lateral
acceleration in a passenger car to 0.15 g steathghen the vehicle operates through a curveat th
proposed cant deficiency. Research indicateshibatdceleration value of 0.15 g, which corresponds
to the lateral acceleration a passenger would exper in a standing vehicle whose carbody is at a
roll angle of 8.6° with respect to the horizontsiconsidered to be the maximum steady state latera
acceleration at which additional jolts from vehidi@amic response to track deviations can present a
hazard to passenger safety. The limiting steaalgsicceleration value of 0.15 g has also been
accepted as common practice in European couniites).15 g steady state lateral acceleration limit
in the dynamic test provides consistency with tt& 8oll requirement in the static lean test and
eliminates the 5.7° roll requirement from the arigtrule.
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The proposed changes also separate and clargybimittal requirements to FRA to obtain approval
for the qualifying cant deficiency of a vehicle ¢yfparagraph (e)) and to notify FRA prior to the
implementation of the approved higher curving sgdpdragraph (f)). Additional clarification has

been added regarding the submission of suspensiortienance information. The requirement now
applies to vehicle types not subject to Part 238ant 229, and only to safety-critical components.

Clarification was also added to the grandfathestagement to indicate that the equipment will be
considered qualified to operate over previouslyratael track segment(s).

§ 213.329 — Curves, Elevation and Speed Limitations

(a) The maximum elevation of the outside rail otiave may not be more than 7 inchas.
(b) Vmax formula.

The maximum posted timetable operating speeddoh eurve is determined by the

following formula:
V= / Ea+Eu
0.000D
Where-

Vmax = Maximum posted timetable operating speedegrper hour).
Ea = Actual elevation of the outside rail (inchés)
Eu = Qualifying cant deficiendy/(inches) of the vehicle type

D = Degree of curvature (degreé$)

(c) 3.inch Cant Deficiency Operation.

All vehicle types are considered qualified forEumequal to 3 inches.

Table 1 of Appendix A is a table of speeds congbit@ccordance with the formula in
paragraph (b) of this section, when Eu equals Baacfor various elevations and
degrees of curvature for track speeds up to 150 mph

Actual elevation for each 155 foot track segmarhée body of the curve is determined by averatiiag
elevation for 10 points through the segment at fdoSspacing. If the curve length is less than fEg5,
average the points through the full length of tbeybof the curve.

The maximum allowable cant deficiency for eashve may not exceed Eu plus % inch.

Vehicle type or Vehicle of a type means vehicléth wariations in their physical properties, sush a
suspension, mass, interior arrangements, and diamexthat do not result in significant change$iirt
dynamic characteristics are considered the sange typ

10 Degree of curvature is determined by averaginglfggee of curvature over the same track segment as

the elevation.
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§ 213.329 — Curves, Elevation and Speed Limitations

(d) Eu Greater Than 3 inches.

For Eu greater than 3 inches, each vehicle typst ine approved by the Federal
Railroad Administration. Each vehicle type must destrate compliance with the
requirements of either paragraph (d)(1) or (d)2hts section:

(1) When positioned on a track with a uniform sapmration equal to the proposed
Eu':

() No wheel of the vehicl¥ unloads to a value less than 60 percent of ite sta
value on perfectly level track: and,

(ii) For passenger cars, the roll angle betweerltioe of the equipment and the
horizontal does not exceed 8.6 degrees; or

(2) When operating through a constant radius carasconstant speed corresponding
to the proposed Eu:

(i) For the purposes of conducting this test, anptaust be submitted and
approved by FRA in accordance with § 213.345 () (@n

(i) The steady-state (average) load on any wheebughout the body of th
curve shall not be less than 60 percent of itscstalue on perfectly leve
track, and,

— @

(iiif) For passenger cars, the steady-state (avilaigeal acceleration measured on
the floor of the carbody shall not exceed 0.15g.

(e) The results of the testing specified in panplyr@) of this section shall be transmitted
to the Federal Railroad Administration requestipgraval of the vehicle type at the
desired speeds allowed under the formula in papagita) of this section. The request
shall be in writing and shall contain, at a minimuhe following information--

(1) A description of the vehicle type involved, liding schematic diagrams of the
suspension system(s) and the estimated locatittre @enter of gravity above top
of rail;

(2) The test procedur@nd description of the instrumentation used to ifu#te
vehicle and the maximum values for wheel unloadargl roll angles o
accelerations which were observed during testing;

=

(3) For vehicle types not subject to Part 238 at P29, procedures or standards in
effect which relate to the maintenance of all saeitical components of th
suspension system for the particular vehicle t$péety-critical components of the
suspension system are those that impact or hawviicant influence on the roll of

the carbody and the distribution of weights onwieels.

(D

1 The test procedure may be conducted wherebyeltteels on one side (right or left) of the vehaie

raised to the proposed Eu and lowered and thecaéwheel loads under each wheel are measured and a
level is used to record the angle through whichfltter of the passenger car has been rotated.

12 Vehicle means a locomotive, as defined in § 229this part; a freight car, as defined in § 21¢.this

part; a passenger car, as defined in § 238.59ptnit; and any rail rolling equipment used iraatwith
either a freight car or a passenger car.
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§ 213.329 — Curves, Elevation and Speed Limitations

() Upon FRA approval of the request in paragragto{ this section, the Federal Railroad
Administrator shall be given written notificatioo tess than 30 calendar days prior to
the proposed implementation of the approved higheiing speeds allowed under the
formula in paragraph (b) of this section. The rexjshall be in writing and shall
contain, at a minimum, identification of the trasggment(s) on which the higher
curving speeds are to be implemented.

(g) Venhicle types that have been permitted by F&égterate at cant deficiencies greater
than 3 inches, prior tinsert date of publication of final rule], shall be considered
qualified under this section to operate at thogenjiged cant deficiencies over the
previously operated track segment(s).

(h) The documents required by the provisions of 8gction must be provided to the
Federal Railroad Administrator by:

(1) The track owner, or

(2) An operating entity that provides service wiith vehicle type over trackage of one
or more track owners, with the written consentlbdfthe affected track owners.
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4.6 § 213.331 — Track Surface

Changes to this section primarily involved the &ddi of tighter geometry limits for operations
above five inches of cant deficiency. These inellid4-foot mid chord offset limits and a new limit
for the difference in crosslevel within 10-feet ¢ghwarp), which are both being included in
paragraph (b), with the existing paragraph text imgto (c).

Simulation studies have been performed using coenpabdels of the AEM7 Locomotive, Acela
Powercar, Acela Coach, and Amfleet Coach to detegrttie amplitude of surface track geometry
anomalies that result in undesirable responsefaseeddyy the VTI limits. These simulations were
performed using two coefficients of friction (01dd0.5), two anomaly shapes (bump and ramp), and
combinations of speed, curvature and superelevatiotover a range of cant deficiency. The
simulation results were used to determine theaafgitudes of surface track geometry variations.
Results show that these proposed track geometnysliane necessary in order to provide an
equivalent margin of safety for operations at hrgtant deficiency.

In addition, the reference to Class 9 track has bemoved and four (4) new limits have been added
to the existing single deviation limits in paradndp). The existing 1-inch runoff limit for ClaSs
track, as listed in § 213.63, has been added &oktClasses 6-8. The existing 1-inch limit for
deviation from zero crosslevel on tangent Clagsiék{ as listed in § 213.63, has been added for
track Classes 6-8. The Y-inch reverse elevatiwoit for curved track, as currently listed in 8
213.329(a), has been moved to this section. kinadw limits for the difference in crosslevel
within 10-feet (short warp) on curved track haverbadded. The first three limits (runoff, deviation
from zero crosslevel on tangent, and reverse etevhmit for curved track), although not expligitl
stated in the current table, have always been@gipé since it is necessary for Class 6 through 8
track to also meet all the geometry requiremen@la$s 1 through 5. These three limits have been
added to make the table comprehensive. The faarifh) short warp, was added based on results of
simulation studies that were performed using compuiodels of the AEM7 Locomotive, Acela
Powercar, Acela Coach, and Amfleet Coach.
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§ 213.331 — Track Surface

(a) For a single deviation in track surface, easher of the track to which this subpa

applies shall maintain the surface of its trackimitthe limits prescribed in the

following table:

Class of Track
Track Surface 6 7 3

(inches) (inches) (inches)
The runoff in any 31 feet of rail at the end oa&se 1 1 1
may not be more than...
The deviation from uniformprofile on either rail at the 1 1 3,
mid-ordinate of a 31-foot chord may not be morenthg 4
The deviation from uniform profile on either raflthe 1 1 1
mid-ordinate of a 62-foot chord may not be morenthg
Except as provided in paragraph (b), The deviation
from uniform profile on either rail at the mid-ongite 1% 1% 1Ya
of a 124-foot chord may not be more than
The deviation from zero crosslevel at any point on 1 1 1
tangent may not be more than ...
Reverse elevation on curves may not be more than |.. 14 % ¥
The difference in crosslevel between any two points 1 1 1
less than 62 feet apart may not be more than 12 12 12
On curved track, the difference in crosslevel betwany
two points less than 10 feet apart (short warpl) sbtbe 1Ya 1% 1
more than..

1

Uniformity for profile is established by placinget midpoint of the specified chord at the pointmaximum

measurement.

However, to control harmonics on jointed trackhwstaggered joints, the crosslevel differenced sioél
exceed 1% inches in all of six consecutive paijiots, as created by 7 low joints. Track withnijtsi
staggered less than 10 feet shall not be considerédving staggered joints. Joints within thewr jmints
outside of the regular joint spacing shall not besidered as joints for purposes of this footnote.

(b) On curves with Eu more than 5 inches, for glsieviation in track surface in a
curve, each owner of the track to which this subgpplies shall maintain the
surface of the curve within the limits prescribadhe following table:

Class of Track

Track Surface 6 7 3
(inches) (inches) (inches)
The difference in crosslevel between any two pdigs 11/, 1 31
than 10 feet apart (short warp) shall not be mae t 4
The deviation from uniform profile on either raflthe 115 11, 11,

mid-ordinate of a 124-foot chord may not be moemnth

On curves with Eu more than 7 inches, the diffeednarosslevel between any two points less than 10
feet apart (short warp) shall not be more thanéh.in
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§ 213.331 — Track Surface

(c) For three or more non-overlapping deviationdratk surface occurring within a
distance equal to five times the specified chordyile, each of which exceeds the
limits in the following table, each owner of thadk to which this subpart applies shall
maintain the surface of the track within the linptescribed for each deviation:

Class of Track
Track Surface 6 7 3
(inches) (inches) (inches)

The deviation from uniform profile on either railthe 3, 3, 1
mid-ordinate of a 31-foot chord may not be morenthg 4 4 2
The deviation from uniform profile on either railthe 3, 3, Y,
mid-ordinate of a 62-foot chord may not be morenthg 4 4 4
The deviation from uniform profile on either railtae 1y, 1 7
mid-ordinate of a 124-foot chord may not be mosmnth 4 s
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4.7 § 213.332 — Combined Alinement and Surface Devi ations

This is a new section that only applies to operatiabove five inches of cant deficiency. An
equation based limit for combined defects is presgbnlt is noted that this limit is only to be dse
with a track geometry measurement system and apphethe outside rail in curves. This new
defect type involves a set of reduced alinementsamthce deviations occurring within a single
chord length of one another.

Although the current track standards prescribed$iimn geometry variations existing in isolatior th
FRA recognizes that a combination of alinementamnéhce variations, none of which individually
amounts to a deviation from the requirements ia gart, may result in undesirable response as
defined by the VTI limits. Trains operating at Iigant deficiency will increase the lateral force
exerted on track during curving and, in many casesgspondingly reduce the margin of safety
associated with vehicle response to combinatiark trariations. To address these issues, simulation
studies have been performed using computer modléte AEM7 Locomotive, Acela Powercar,
Acela Coach, and Amfleet Coach to determine thelitudp of combined surface and alinement
track geometry anomalies that result in undesiregdponse as defined by the VTI limits. These
simulations were performed using two coefficientsriation (0.1 and 0.5), two anomaly shapes
(bump and ramp), and combinations of speed, curwaiind superelevation to cover a range of cant
deficiency. The simulation results were used tewmeine the safe amplitudes of combined track
geometry variations. Results show that these gaoknetry limits are necessary in order to provide
an equivalent margin of safety for operations ghar cant deficiency.

8§ 213.332 — Combined Alinement and Surface Deviatio ns

Combined Defects.

This section applies only to operations with Ewatgethan 5 inches when the track is
measured using a qualified Track Geometry MeasuneBystem (TGMS) as defined
in 8 213.333. The combination of alinement andesgr deviations for the same chord
length on the outside rail in curves, as measuyatid TGMS, shall comply with th
following formula:

[¢>)

30 A S0
4 1A S

<1

Where-

A — measured alinement deviation from uniformityt¢eard is positive, inward is negative

~

A_ — allowable alinement limit as per § 213.327(¢Wwégy's positive) for the class of track
S, — measured profile deviation from uniformity (doigrpositive, up is negative)

S, — allowable profile limit as per 88 213.331(a) &18.331 (b) (always positive) for the
class of track
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4.8 § 213.333 — Automated Vehicle Inspection System s

Many significant changes were made to this sedtioluding, the addition of; TGMS inspection
requirements for Class 6 track and also for lovedphigh cant deficiency operations, as referenced
by § 213.57(g), and a reference was added for 8323which is the newly proposed section for
combined defects. In addition, the reference€fass 9 track have been removed and clarification
has been added such that the documents requiriilstsection must be provided to the FRA by
either the track owner or an operating entity. @dtinajor changes to this section are as follows.

The minimum time between TGMS inspections has tsdgitly reduced in some cases. For
inspection frequencies of twice per 60 days, tha&mmim number of days between inspections has
been reduced from 15 to 12 days to allow for ingpas to occur every two weeks. For inspection
frequencies of twice per 120 days, the minimum nemdd days between inspections has been
reduced from 30 to 25 days to allow for inspectimnsccur monthly. For inspection frequencies of
once per year, the minimum number of days betwespeictions has been reduced from 180 to 170
days to allow for inspections to occur every sixnths.

Changes were made to the GRMS testing requireniardart to reflect recommendations made in
DOT/FRA/ORD-06/13Devel opment of Gage Widening Projection Parameter for the Deployable
Gage Restraint Measurement System. These changes include replacing the GWR equédiuhall
references to GWR) with a GWP equation, which nomgensates for the weight of the testing
vehicle. This correction results in more unifotneegth measurements across the variety of testing
vehicles that are in operation. The GWP equaticomemended in the section must be consistent
with the formula developed for use in § 213.110.

Revisions were made to the wording and requiremieng213.333(j) and (k), which relate to
carbody and truck accelerometer monitoring. Chamngguded adding the option to use a portable
device when performing the acceleration monitoang clarifying where the carbody and truck
accelerometers shall be located. Monitoring resqunents have been included for operations above
five inches of cant deficiency on track ClasseBraugh 6. Based on data collected to date and to
reduce the unnecessary burden on the track owaendmitoring frequency for operations at track
Class 8 speeds has been reduced from once per; dayrttimes per week for carbody accelerations
and twice within 60 days for truck acceleratiohsaddition, a clause has been added to allow the
operating entity to petition the FRA, after a sfiediamount of time or mileage, to eliminate the
truck accelerometer monitoring requirement.

The requirement in § 213.333(l) for measuring whiaéiforces during testing on Class 8 track was
modified to be optional. The necessity to perftinia testing will be determined by FRA on a case-
by-case basis, after performing a review of an atipgubmitted report detailing the accelerometer
monitoring data that was collected per § 213.3Ba8n@ (k). A thorough review of the Acela trainset
IWS data, as well as the economics associatedose tests, revealed that, in this case, there was
significant cost and little apparent safety bertefjtistify conducting additional annual IWS tedts.
was concluded that the other testing and monitaeqggirements in effect are adequate to maintain
the necessary oversight during revenue operations.

Substantial changes have been made to the coriitdrd Gehicle-Track Interaction Safety Limits
table. In general, the “Requirements” text for maisthe limits has been clarified or updated.
Specifically, the Single Wheel Vertical Load Raliimit has been tightened from 0.10 to 0.15 to
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ensure an adequate safety margin for wheel unigadime Net Axle Lateral L/V Ratio limit has
been modified from 0.5 to ‘0.4 + 5.0{Ywhich now takes into account the weight of tiehicle.

Due to variations in vehicle design requirements@assenger ride safety, the carbody acceleration
limits have been divided to include separate lirfotspassenger cars and other vehicles (such as
locomotives). In addition, the carbody transiertederation limits have been relaxed from 0.5 g
lateral and 0.6 g vertical to; 0.65 g for passerges and 0.75 g for other vehicles in the lateral
direction and 1.0 g in the vertical direction. Thehanges were made after considerable research
into the performance of existing vehicles duringldication testing and revenue operations.
Overall, it was found that the existing accelematimits were too conservative for the protectién o
events leading to vehicle or passenger safetysssue

Based on the small energy content associated withftequency acceleration events of the carbody,
a clause has been added to exclude any transmaieeation peaks lasting less than 50 milliseconds.
Other changes to this table include the additiome# limits for carbody lateral and vertical
sustained oscillatory acceleration events, asagadldding minimum requirements for sampling and
filtering of the acceleration data. The sustainecke&eration limits were included in response to a
review of data that was obtained during qualifizatiesting for the MARC-III Bi-level car.

The truck lateral acceleration limit, used for tleection of truck hunting, has been tightened from
0.4 g to 0.3 g and now includes a requirementttievalue must exceed that limit for more than 2
seconds. This update was made in response to nedasxamples of truck hunting that were not
being identified with the existing limit. In addt, the limit now requires that the RM&ot mean
squared with linear trend removed) value be ustebrahan the RM$ (root mean squared with
mean removed) value. This change will increaseldta quality while the vehicle is negotiating
spiral track segments.
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§ 213.333 — Automated Vehicle Inspection Systems

(&) A qualifying Track Geometry Measuring SystenGWS) shall be operated at the
following frequency:

(1) For operations at a cant deficiency of morentbainches on track Classes 1
through 5, at least twice per calendar year withless than 120 days between
inspections.

(2) For track Class 6, at least once per calendar with not less than 170 days
between inspections. For operations at a cantidefig of more than 5 inches ¢n
track Class 6, at least twice per calendar yedr mot less than 120 days between
inspections.

(3) For track Class 7, at least twice within any tay period with not less than 25
days between inspections.

(4) For track Class 8, at least twice within anyd&y period with not less than 12
days between inspections.

[NOTE: Paragraph (b) remains unchanged.]

(c) A qualifying TGMS shall be capable of measurdmgl processing the necessary track
geometry parameters, at an interval of no more évamy 2 feet, which enables the
system to determine compliance with:

(1) For operations at a cant deficiency of morentbainches on track Classes 1
through 5: § 213.53, Track gage; 8§ 213.55(b), Atirat; § 213.57, Curves;
elevation and speed limitations; § 213.63, Trackese; and §213.65, Combined
alinement and surface deviations.

(2) For track Classes 6 through 8: § 213.323, Tgade; § 213.327, Alinement; §
213.329, Curves; elevation and speed limitatior’s13 331, Track surface; and
for operation at a cant deficiency of more thaméhes §213.332, Combined
alinement and surface deviations.

[NOTE: Paragraphs (d), (e), (f) and (g) remainharged.]
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§ 213.333 — Automated Vehicle Inspection Systems

(h) For track Class 8, a qualifying Gage Restrieasuring System (GRMS) shall be
operated at least once per calendar year witlstt1¢0 days between inspections. The
lateral capacity of the track structure shall netnpit a Gage Widening Projection
(GWP) greater than 0.5 inches.

(i) A GRMS shall meet or exceed minimum design memuents which specify that:

(1) Gage restraint shall be measured between the bé#us rail:
() Atan interval not exceeding 16 inches;
(i) Under an applied vertical load of no less tidnkips per rail;

(iii)Under an applied lateral load which provides lateral/vertical load ratio of
between 0.5 and 1.85and a load severity greater than 3 kips butttess 8
Kips per rail. Load severity is defined by the faten
S=L-cV
Where-
S = Load severity, defined as the lateral loadiagpb the fastener system (kips).
L = Actual lateral load applied (kips).
C = Coefficient of friction between rail/tie whidk assigned a nominal value of (0.4).
V = Actual vertical load applied (kips) or statiertical wheel load if vertical load is not
measured.

(2) The measured gage and load values shall beegeavto a Gage Widening
Projection (GWP) as follows:

826
L -0.25€-V

GWP = (LTG -UTG) »

Where-

UTG = Unloaded track gage measured by the GRM<leeht a point no less than 10 feet
from any lateral or vertical load application.

LTG = Loaded track gage measured by the GRMS wehich point no more than 12 inches
from the lateral load application.

L= Actual lateral load applied (kips).

V = Actual vertical load applied (kips) or statiertical wheel load if vertical load is not
measured.

13 GRMS equipment using load combinations developifvgratios which exceed 0.8 shall be operated

with caution to protect against the risk of whdahb by the test wheelset.

35



RSAC Vehicle-Track Interaction Task Force

§ 213.333 — Automated Vehicle Inspection Systems

() A vehicle having dynamic response charactedsthat are representative of otf
vehicle type¥ assigned to the service shall be operated oventite at the revenu

speed profile. The vehicle shall either be instmit@é or equipped with a portab
device that monitors onboard instrumentation omstaTrack personnel shall k
notified when onboard accelerometers indicate giplestrack-related problem. Th
tests shall be conducted at the following frequencyess otherwise determined
FRA after reviewing the test data required by thibpart:

(1) For operations at a cant deficiency of morentbainches on track Classes
through 6, carbody acceleration shall be monit@ekbast once each calenc
quarter with not less than 25 days between ingpetn at least one passen
car of each type that is assigned to the serviug; a

(2) For operations at track Class 7 speeds, carbodytruck acceleration shall t
monitored at least twice within any 60 day perioithwiot less than 12 day
between inspections on at least one passengef eaclo type that is assigned
the service; and

(3) For operations at track Class 8 speeds, cardochleration shall be monitored
least four times within any 7 day period with nobnm than 3 days betwee
inspections on at least one non-passenger andawsemger carrying vehicle
each type that is assigned to the service. Truc&lation shall be monitored
least twice within any 60 day period with not leébsn 12 days betwee
inspections on at least one passenger carryingleatfieach type that is assign
to the service.

(k) (1) The instrumented vehicle or the portabléaks as required in paragraph (j) of tt

section, shall monitor vertical and lateral accgien. The accelerometers shall
placed on the floor of the vehicle as near theagarita truck as practicable.

(2) In addition, a device for measuring lateralederations shall be mounted or
truck frame at a longitudinal location as closer@sticable to an axle’s centerlit
(either outside axle for trucks containing morentRaaxles); or, if approved b
FRA, at an alternate location. After monitoringstdata for 2 years, or 1 millio
miles, whichever occurs first, the entity operating vehicle type assigned to t
service may petition the FRA for exemption fronmstrequirement.

(3) If the carbody lateral, carbody vertical, ardk frame lateral acceleration safe
limits in this section’s table of vehicle/trackenaction safety limits are exceede
appropriate speed restrictions shall be applied cmtrective action is taken.

14

Vehicle type or Vehicle of a type means vehicléh wariations in their physical properties, such
suspension, mass, interior arrangements, and diamexthat do not result in significant change$iirt
dynamic characteristics are considered the sange typ
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§ 213.333 — Automated Vehicle Inspection Systems

() For track Class 8, the entity operating thaigke type assigned to the service shall
submit a report to FRA, once each calendar yeaichyprovides an analysis of the
monitoring data collected in accordance with paphs (j) and (k) of this section.
Based on areview of the report, FRA may requia¢ @im instrumented vehicle having
dynamic response characteristics that are repasanof other vehicles assignedito
service be operated over the track at the revepaedsprofile. The instrumented
vehicle shall be equipped to measure wheel/raiE®rlf the wheel/rail force limits in
this section’s table of vehicle/track interacti@riety limits are exceeded, appropriate
speed restrictions shall be applied until correctetion is taken.

(m) Unless otherwise specified, the documents requy the provisions of this section
must be provided to the Federal Railroad Adminietrhy:

(1) The track owner, or

(2) An operating entity that provides service wita vehicle type over trackage of one
or more track owners, with the written consentlbdfathe affected track owner:

U7
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Vehicle-Track Interaction Safety Limits

Wheel-Rail Forces'
. Filter/ :
Parameter Safety Limit . Requirements
vy Window q
No wheel of the vehicle shall be permitted to
Single Wheel unload to less than 15% of the static vertical
Vertical Load ~0.15 5 ft wheel load for five or more continuous feet. The
Rati = static vertical wheel load is defined as the load
atio that the wheel would carry when stationary on
level track.
The ratio of the lateral force that any wheel
exerts on an individual rail to the vertical force
Single Wheel| _ tan@) - 05 5 fi exerted by the same wheel on the rail shall nof be
L/V Ratio " 1+ 05tan@) greater than the safety limit calculated for the
wheel’s flange angled] for five or more
continuous feet.
The net axle lateral force, in kips, exerted by any
axle on the track shall not exceed a total of 5
Net Axle 50 kips plus 40% of the static vertical load that the
Lateral L/V <04+ Va 5ft axle exerts on the track for five or more
Ratio continuous feet.
Va — static vertical axle load (kips)
The ratio of the lateral forces that the wheels an
Truck Side one side of any truck exert on an individual rail
L/V Rati <0.6 5ft to the vertical forces exerted by the same whegls
atio on that rail shall not be greater than 0.6 for five
or more continuous feet.
The lateral and vertical wheel forces shall besnezd and processed through a low pass filterawtiinimum
cut-off frequency of 25 Hz. The sample rate for altferce data shall be at least 250 samples pengec
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Vehicle-Track Interaction Safety Limits

Carbody Accelerations®

Parameter

Passenger Cars

Other Vehicles

Requirements

Carbody
Lateral
(Transient)

< 0.65 g peak-to-pea
1 sec window

excludes peaks < 50
msec

<0.75 g peak-to-pea
1 sec window

excludes peaks < 50
msec

The peak-to-peak accelerations,
measured as the algebraic
 difference between the two
extreme values of measured
acceleration in any one second
time period, excluding any peak
lasting less than 50 milliseconds
shall not exceed 0.65 g and 0.75
for passenger cars and other
vehicles, respectively.

Carbody
Lateral
(Sustained
Oscillatory)

<0.10 g RM$
4 sec window

4 sec sustained

<0.12 g RM$
4 sec window

4 sec sustained

Sustained oscillatory lateral
acceleration of the carbody shall
not exceed the prescribed (root
mean squared) safety limits of
0.10 g and 0.12 g for passenger
cars and other vehicles,
respectively. Root mean squared
values are to be determined ove
sliding 4 second window with
linear trend removed and shall b
sustained for more than 4
seconds.

Carbody
Vertical
(Transient)

< 1.0 g peak-to-peak
1 sec window

excludes peaks < 50
msec

< 1.0 g peak-to-peak
1 sec window

excludes peaks < 50
msec

The peak-to-peak accelerations,
measured as the algebraic
difference between the two
extreme values of measured
acceleration in any one second
time period, excluding any peak
lasting less than 50 milliseconds
shall not exceed 1.0 g.

[a

Carbody

Vertical
(Sustained
Oscillatory)

<0.25 g RM$
4 sec window

4 sec sustained

<0.25 g RM$
4 sec window

4 sec sustained

Sustained oscillatory vertical
acceleration of the carbody shall
not exceed the prescribed (root
mean squared) safety limit of 0.2
g. Root mean squared values ar
to be determined over a sliding 4
second window with linear trend
removed and shall be sustained
for more than 4 seconds.

[&]

A%

RMS = RMS with linear trend removed.
Acceleration measurements shall be processedghmlow pass filter (LPF) with a minimum cut-off
frequency of 10 Hz. The sample rate for accelematiata shall be at least 100 samples per second.
Carbody accelerations in the vertical and lateirglctions shall be measured by accelerometeratedeand
located as per § 213.333(k).
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Vehicle-Track Interaction Safety Limits

Truck Lateral Acceleration®

- Filter/ .
Parameter Safety Limit . Requirements
vy Window q
Truck hunting shall not develop below the
2 sec maximum authorized speed. Truck hunting|is
window? | defined as a sustained cyclic oscillation of thekr
'I;\ruckl Latt(.eral <0.30g RMS$ evidenced by lateral accelerations exceeding 0.3 g
cceleration 2 sec root mean squared for more than 2 seconds. Root
sustained | mean squared values are to be determined over a
sliding 2 second window with linear trend removed.

213.333(K).

RMS = RMS with linear trend removed.

Acceleration measurements shall be processedghrmlow pass filter (LPF) with a minimum cut-off
frequency of 10 Hz. The sample rate for accelenatiata shall be at least 100 samples per second.

Truck lateral acceleration shall be measured onrttok frame by accelerometers oriented and locaseger §
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4.9 § 213.345 — Vehicle-Track System Qualification

Many significant changes were made to this secfimiuding wording and requirement
modifications and clarifications, structure ancdblatyof the requirements, and specific updatesgo th
necessary qualification steps. In general, theaettle was modified to address the vehicle and
track system. Applicability was added for low sphd@gh cant deficiency operations, as referenced
by 8§ 213.57(g). The over-speed testing was matliiiem 10 mph above to 5 mph above the
maximum proposed operating speed or at a speegrthdiices more than 3 inches above maximum
proposed cant deficiency, whichever is less. It fglighat the existing 10 mph over-speed testing
was too conservative in consideration of the axgstipeed regulation standards. Clarification was
also added to the grandfathering statement toateltbat the equipment will be considered qualified
to operate over previously operated track segment(s

The additional (and tighter) carbody acceleratiomtts of § 213.345(b) were removed and the
section now refers to § 213.333 for the applic&lelimits for accelerations and wheel/rail forces.

This change was made after considerable reseacthimmperformance of existing vehicles during
qualification testing and revenue operations. @Neit was found that the existing acceleration
limits were too conservative for the protectioreeénts leading to vehicle or passenger safetysssue

A gualification regiment has been added for presipgualified vehicles that wish to operate on
new track segments. This ensures that when ceairehicles currently in operation are moved to a
new route, the new vehicle/track system is adetjuat@amined for deficiencies.

For new vehicles intending to operate above trdak<5 speeds, or at cant deficiencies above five
inches, the qualification requirements include ebmation of computer simulations, car body
acceleration testing, truck acceleration testing] wheel/rail force measurements. Computer
simulations are required for all operations atkr@tass 6 through 8 speeds or for any operations
above six inches of cant deficiency. Car body kecagon testing is required for all operations at
track Class 6 through 8 speeds or for any operaidiove five inches of cant deficiency. Truck
acceleration testing is required for all operatiansack Class 6 through 8 speeds. Wheel/raikfor
measurements, through the use of instrumented sétsdbr equivalent device), is required for all
operations at track Class 7 and 8 speeds or foopesations above six inches of cant deficiency.

For previously qualified vehicles intending to agteron new routes above track Class 5 speeds or at
cant deficiencies above five inches, the qualiftcarequirements also include a combination of
computer simulations, car body acceleration testmgk acceleration testing, and wheel/rail force
measurements. Either computer simulations or measnt of wheel-rail forces is required for all
operations at track Class 7 and 8 speeds or foop@erations above six inches of cant deficiency.
Car body acceleration testing is required for p#rations above four inches of cant deficiency and
at track Class 6 through 8 speeds or for any opesatbove five inches of cant deficiency. Truck
acceleration testing is required for all operatiahack Class 7 and 8 speeds.

Other changes include clarification of the quadifion test plan content and the addition of a
requirement for the plan to be submitted to the FRKast 60 days prior to conducting the testing.
A requirement has been added to explicitly stat¢ $hTGMS vehicle shall be operated over the
intended test route within 30 days of the testi@garification has also been added stating that the
documents required by this section must be providdtie FRA by either the track owner or an
operating entity. A statement has been addedttyagxceptions to the safety limits which occur on
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track or at speeds that are not part of the tesbtloeed to be reported. This statement refléets t
system approach in that the proposed high-speddrdngh-cant deficiency track geometry and VTI
limits are performance based and related to onéhano As an example, any exception to the
dynamic limits that occur at speeds below Clagse@ds when the cant deficiency is below 5 inches
do not need to be reported.

§ 213.345 — Vehicle-Track System Qualification

(a) Allvehicle types intended to operate at Cspeeds or above or at any curving speed
producing more than 5 inches of cant deficiencyl dfequalified for operation for
their intended track classes in accordance withghbpart.

A qualification program shall be used to ensued the vehicle/track system will not
exceed the wheel/rail force safety limits and #mbody and truck acceleration criteria
specified in § 213.333:

(1) Atany speed up to and including 5 m.p.h. altbegroposed maximum operating
speed, or at a speed that produces a cant defygeeater than 3 inches above the
proposed maximum cant deficiency, whichever is; lesd

(2) On track meeting the requirements for the claflstrack associated with the
proposed maximum operating speed. When conductiatifigation testing, the
class of track shall remain the same even if adspgeto 5 m.p.h. above the
proposed maximum operating speed is otherwise iassdavith the next highe
class of track. Speeds exceeding 150 m.p.h. ok @kxss 8 are permitted for the
purposes of conducting the testing.

—

(b) Vehicles of a typ& previously qualified or permitted to operateratk Class 6 speeds
or above or at any curving speeds producing mae hinches of cant deficiency
prior to [insert effective date of publication @fdl rule], shall be considered as being
successfully qualified under the requirements @ gection for operation at the
previously operated speeds and cant deficienciestbe previously operated track
segment(s).

(c) New vehicle type qualificatioriVehicle types not previously qualified under this
subpart shall demonstrate compliance with parag(apbf this section through the
following:

(1) SimulationsFor vehicles intended to operate at track Clagse@ds or above, or
at any curving speeds producing more than 6 incheant deficiency, analysis of
vehicle/track performance (computer simulationsg)lishe conducted using an
industry recognized methodology on:

(i) An analytically defined track segment repreagime of minimally compliant
track conditions (MCAT — Minimally Compliant Analgal Track) for the
respective track classes as specified in AppendiX this part; and

(i) A track segment representative of the full tmwn which the vehicle i
intended to operate. Both simulations and physixaininations of the route’s
track geometry shall be used to determine a tregaent representative of the
route.

2]

5 Vehicle type or Vehicle of a type means vehieléth variations in their physical properties, suah

suspension, mass, interior arrangements, and diamexthat do not result in significant change$iirt
dynamic characteristics are considered the sange typ
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§ 213.345 — Vehicle-Track System Qualification

)

®3)

(4)

Carbody acceleratiofror vehicles intended to operate at track Clasze@ds o

above, or at any curving speed producing more Bhiaches of cant deficiency

gualification testing conducted over a represevgategment of the route shall
ensure that the vehicle will not exceed the carbaidyal and vertical acceleration

safety limits specified in § 213.333.
Truck lateral acceleratioRor vehicles intended to operate at track Clesgseéds

DRAFT 10 - Edited 03 Dec 07

or above, qualification testing conducted overpaasentative segment of the route

shall ensure that the vehicle will not exceed thekt lateral acceleration safety

limit specified in § 213.333.
Wheel/rail force measuremeRbr vehicles intended to operate at track Class

(d) Previously qualified vehicle¥ehicle types previously qualified under this saitbfior

8 speeds, or at any curving speed producing mareg@linches of cant deficiency,
qualification testing conducted over a represevgasegment of the route shall
ensure that the vehicle will not exceed the whakklbrce safety limits specified

in § 213.333.

1)

)

®3)

a track class and cant deficiency on one route lmeagualified for operation at th
same class and cant deficiency on another routaughr analysis and testing
demonstrate compliance with paragraph (a) of taiien in accordance with th
following:

(e) Qualification test plarl.o obtain the data required to support the gealifon program

Simulations or wheel/rail force measureméiat: vehicles intended to operate

track Class 7 or 8 speeds or at any curving spestliping more than 6 inches of

cant deficiency, simulations or measurement of wiee forces during
qualification testing shall ensure that the vehiglk not exceed the wheel/raj

force safety limits specified in § 213.333. Simidas, if conducted, shall be in
accordance with paragraph (c)(1) of this sectioeaslirement of wheel/rail forces,
if conducted, shall be performed over a represieetaegment of the new route.

Carbody acceleratioror vehicles intended to operate at any curvingedp
producing more than 5 inches of cant deficiencgtdroth track Class 6 speeds

above and at any curving speeds producing moreivahes of cant deficiency,
qualification testing conducted over a represevgasegment of the new route
shall ensure that the vehicle will not exceed thebody lateral and vertical

acceleration safety limits specified in § 213.333.

Truck lateral acceleratioRor vehicles intended to operate at track Clagmeéds

or above, simulations or measurement of truck dhtaicceleration during
gualification testing shall ensure that the vehiciknot exceed the truck lateral
acceleration safety limits specified in § 213.3BRasurement of truck lateral

to

e

at

or

acceleration, if conducted, shall be performed avepresentative segment of the

new route.

(1)

outlined in paragraphs (c) and (d) of this sectmmualification test plan shall &
submitted to the Federal Railroad Administratoteast 60 days prior to conductir
the testing, requesting approval to operate thieaiethe desired speeds and ¢
deficiencies. This test plan shall provide for st frogram sufficient to evaluate t
operating limits of the track and vehicle type ahdll include:

The results of vehicle/track performance sirtiakes as required in this subpar
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§ 213.345 — Vehicle-Track System Qualification

(2) Identification of the representative segmerthefroute for qualification testing.

(3) Consideration of the operating environmentmiyqualification testing, including
operating practices and conditions, the signakgyshighway-rail grade crossings,
and trains on adjacent tracks;

(4) The design wheel flange angle that will be usethe determination of the Single
Wheel L/V Ratio safety limit specified in§ 213.333.

(5) A target maximum testing speed and a targetiimam cant deficiency ir
accordance with paragraph (a) of this section.

(6) As part of this submittal an analysis and desion of the signal system and
operating practices to govern operations in trdek$gs 7 and 8 must be provided,
which shall include a statement of sufficiency lese areas for the class of
operation.

() Qualification test.Upon FRA approval of the qualification test plaualification
testing shall be conducted in two sequential stagegquired in this subpart.

(1) Stage-one testing shall include demonstratibmazeptable vehicle dynamic
response of the subject vehicle as speeds areriraotally increased,; --

(i) On a segment of tangent track, from acceptailek Class 5 speeds to the
target maximum test speed (when the target speegsponds to Class 6 and
above operations); and

(i) On a segment of curved track, from the spemdeesponding to 3-inch cant
deficiency to the target maximum cant deficiency)(E

(2) When stage-one testing has successfully dematadta maximum safe operating
speed and cant deficiency, stage-two testing sloaimence with the subject
equipment over a representative segment of the msiidentified in paragraph
(e)(2) of this section; --

(i) A testrun shall be conducted over the roetgnsent at the speed the railrcad
will request FRA to approve for such service.

(i) An additional test run shall be conducted ah®.h. above this speed or at
curving speeds producing no more than 3 incheartfaeficiency above th
maximum safe cant deficiency, whichever is less.

(0]

(3) While conducting stage-one and stage-two tgstfrany of the monitored safety
limits are exceeded, on any segment of track irgefiok operation at track Class 6
speed or greater, or on any segment of track iebfatr operation at more than 5
inches of cant deficiency, testing may continuevigled the track location(s)
where the limits are exceeded are identified astsfgeeds are limited at the track
location(s) until corrective action is taken. Catige action may include making
an adjustment in the track, in the vehicle, or hafthhese system components.
Measurements taken on track segments intendegdoations below track Class 6
speeds and at 5 inches of cant deficiency or leseat required to be reported.

(4) Prior to the start of the qualification tesbgram, a qualifying Track Geometry
Measuring System (TGMS) specified in § 213.333 Idbaloperated over the
intended route within a period not exceeding 3@mar days prior to the start of
the test program.
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§ 213.345 — Vehicle-Track System Qualification

(g9) Qualification test resulté report shall be submitted to FRA detailing tesults of the
test procedures and qualification program uponctivapletion of the qualification
testing. The report submittal shall be made attlé@sdays prior to the intended
operation of the equipment in revenue service tweroute.

(h) Based on the test results and submissions, Wik Approve a maximum train speed
and value of cant deficiency for revenue service.

(i) The documents required by the provisions o théction must be provided to the
Federal Railroad Administrator by:

(1) The track owner, or

(2) An operating entity that provides service wiitd vehicle type over trackage of one
or more track owners, with the written consentlbbfthe affected track owne
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4.10 Minimally Compliant Analytical Track (MCAT)

The Track Safety Standards require certain vehielse qualified per 8 213.345 in order to
demonstrate safe operation for various track camit As a result of advancements made over the
last few decades, computational models have bepoactical and reliable tools for understanding
the dynamic behavior of vehicles and trains. Asisgaome of the qualification requirements can be
effectively met by simulation using a suitably dalied vehicle model. These models can be used to
assess the response of vehicle designs to a wnde @f track conditions corresponding to the
limiting conditions allowed for each class of track

APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION
OF HIGH SPEED AND HIGH CANT DEFICIENCY VEHICLES

1. PURPOSE AND SCOPE

() As part of the qualification requirements defl in Subpart G of the FRA Track Safety Standaidsylations will
be performed using a track containing defined gegnperturbations at the limits that are permiti@da class of track
and level of cant deficiency. These simulation$lyé used to: 1) identify vehicle dynamic performa issues prior to
service and 2) demonstrate that a vehicle is deifab operation on a particular class of track.

As per § 213.345(c)(1), MCAT will be used for theatjfication of a vehicle that operates at speaateesponding tc
Class 6 through 8 or for a vehicle that operates @nt deficiency greater than 6 inches. In adifor qualified
vehicles on an untested route, MCAT may be usethéogqualification of a vehicle that operates &iesfs corresponding
to Class 7 through 8 or for a vehicle that operatescant deficiency greater than 6 inches, a§ [24:13.345(d)(1).

2. TRACK LAYOUT

(&) The minimally compliant analytical track, MCATonsists of nine sections; each designed toatesthicle’s
performance in response to a specific type of tpeakurbation. The basic layout of MCAT is showrFigure 1.

Figure 1: Basic MCAT track layout

Curving: Class 1-5 for CD>6", Class 6-8 for CD>5"

I Curving: Class 1-5 for CD>6", Class 6-8 for all CD
I Tangent: Class 6-8
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APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION

OF HIGH SPEED AND HIGH CANT DEFICIENCY VEHICLES

(b)

MCAT contains the following nine track sectson

(1)

(2)

STABILITY (a 1): This section contains an alinement deviation dh bails to test vehicle stability on tange
track. The shape of each deviation is a versinemgavwavelength of 10 feet and amplitude of Och@s. This
section is only to be used on tangent track sirariat

GAGE NARROWING (a3y): This section contains an alinement deviation e rail to reduce the gage fro
the nominal value to the minimum permissible gagaaximum alinement (whichever comes first). Thee
of the deviation is a versine having wavelength amghlitude varied for each simulation speed asridest
below.

nt

m

(3) GAGE WIDENING (a 3): This section contains an alinement deviation arait to increase the gage from the

(4)

(5)

(6)

(7)

(8)

(9)

nominal value to the maximum permissible gage odimam alinement (whichever comes first). The shafp
the deviation is a versine having wavelength anglitude varied for each simulation speed as desgfiizlow.

REPEATED SURFACE (&): This section contains three consecutive maximumissible profile variations

on each rail. The shape of each deviation is airverhaving wavelength and amplitude varied fothe
simulation speed as described below.

REPEATED ALINEMENT (a 4): This section contains two consecutive maximum [esifvle alinement

variations on each rail. The shape of each dewias a versine having wavelength and amplitudesgeor
each simulation speed as described below.

SINGLE SURFACE (a0, @11): This section contains a maximum permissible gofriation on one rail. Th

e

ac

shape of the deviation is a versine having wavéteagd amplitude varied for each simulation speed a

described below. If the maximum permissible peofidriation alone produces a condition which exsdied
maximum allowed warp condition, a second profilgat#on is also placed on the opposite rail totitmé warp
to the maximum permissible value.

SINGLE ALINEMENT (a s, ag): This section contains a maximum permissible alenaariation on one rai:.

The shape of the deviation is a versine havingaleagth and amplitude varied for each simulaticeesipas

described below. If the maximum permissible alipabvariation alone produces a condition which egee

the maximum allowed gage condition, a second alergmariation is also placed on the opposite cdlihit
the gage to the maximum permissible value.

SHORT WARRP (a12): This section contains a pair of profile deviatitmproduce a maximum permissible
foot warp perturbation. The first is on the ougsidlil, while the scond follows 10 feet later on the inside r
The shape of each deviation is a versine havir@ffad wavelength and amplitude varied for eachusition
speed as described below. This section is onlgtoded on curved track simulations.

COMBINATION PERTURBATION (a 7, ag, a13): This section contains a maximum permissible dowh
out combined geometry on the outside rail in théybaf the curve. The shape of each deviationvieraine
having wavelength and amplitude varied for eachukition speed as described below. If the maxirm:
permissible variations produce a condition whickeds the maximum allowed gage condition, a se
variation is also placed on the opposite rail aseations 6 and 7 abovEhis section is only to be used
curved track simulations for cant deficiency mdrart 5 inches on track Classes 6 to 8 and for editiehcy
more than 6 inches on track Classes 1 to 5.

an

um
ond
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APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION
OF HIGH SPEED AND HIGH CANT DEFICIENCY VEHICLES

(c) SECTION LENGTHS: The length of each section should be long entaghow the vehicle response in a giv

section to damp out. For reference, Table 1 pessitie length of each segment defined in Figunativwtas used in th

modeling of several representative high speed leshithe perturbations shall be placed far enonghé body of the

curve to allow for any spiral effects to damp out.

Table 1: Minimum lengths of MCAT segments

Distances (ft)

d, d, ds ds ds ds d; ds dg

1000 1000 1000 1500 1000 1000 1000 1000 1000

(d) DEGREE OF CURVATURE: For each of the simulations involving assessméctoving performance, th
degree of curvature, D, which generates a partiteNa| of cant deficiency, Efor a given speed, V, shall be calcula
using Equation 1 below. This equation assumes\geauith 6 inches of superelevation.

+
= 6—_Euz Equation 1.
0.0007.V
Where—

D = Degree of curvature (degrees).
V = Simulation speed (miles per hour).
E, = Cant deficiency (inches).

3. REQUIRED SIMULATIONS

(a) To develop a comprehensive assessment oflggiecformance, simulations shall be performedafeariety of
scenarios using the MCAT track defined above. &fsgsiulations will be performed to assess perfooeam tangen
and/or curved track depending on the level of daficiency and speed (track class) as shown ineTabl

Table 2: Vehicle performance assessment using MCAT

NE Class1-5 NE Class 6 - 8
QEClass1-6 QEClass7-8

No Simulation MCAT — performance on curve

Cant Deficiency 6 inches

Cant Deficiency > 6 inche MCAT — performance orveu MCAT — performance on curve

Tangent Track No Simulation MCAT — performance angent

NE: New EquipmentQE: Qualified Equipment

All MCAT simulations shall be performed using thesthn wheel profile and a nominal track gage ob%iches, using
Tables 3, 4, 5, and 6. In addition, all simulasié@mvolving the assessment of curving performahe# be repeated usin
a nominal track gage of 57.0 inches, using Tablés 4nd 6.

All simulations shall be repeated using eitherART A 340 or the APTA 320 wheel profile, dependimgtioe establishe
conicity that is common for the operation. In liguthese profiles, an alternative worn wheel peofiiay be used i
approved by the FRA.

All simulations shall be performed using a whedltraefficient of friction of 0.5.

ed

[
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APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION
OF HIGH SPEED AND HIGH CANT DEFICIENCY VEHICLES

(b) TRACK CLASS 6 THROUGH 8, VEHICLE PERFORMANCE ON TAN GENT TRACK:

For maximum vehicle speeds corresponding to Trdakg3®b and higher, MCAT sections 1 through 7 dimallised tc

assess vehicle performance on tangent track. dnpetric matrix of MCAT simulations shall be perf@dusing the
following range of conditions:

(1) VEHICLE SPEED: Simulations shall ensure that, any speed lessghmaph above the proposed maximum
operating speed, the equipment shall not exceed/tieel/rail force and acceleration criteria defimedhe
Vehicle/Track Interaction Safety Limits table incBen § 213.333. Simulations shall be performed to
demonstrate acceptable vehicle dynamic responsetamentally increasing speed from 95 mph (115 ihph

qualified equipment on untested route) to 5 mphvalibe proposed maximum operating speed (in 5 mph
increments).

(2) PERTURBATION WAVELENGTH: For each speed, a set of three separate MCAT afimu$ shall be
performed. In each MCAT simulation, every pertdidrashall have the same wavelength. The followlmge
wavelengthsj, are to be used: 31, 62 and 124 feet.

(3) AMPLITUDE PARAMETERS: Table 3 below provides the amplitude values forAMGections 1 through
for each speed in the parametric MCAT simulatioescdbed above.

<

The last set of simulations shall be performesiraph above the proposed maximum operating spéegithe
amplitude values in Table 3 that correspond ttisposed maximum operating speed.

For qualification of vehicles involving speedsagar than Track Class 6, the following additionadidations
shall be performed:

» For vehicles that are qualified for Track Clasp@exis, one additional set of simulations shalldstopmed
at 115 mph using the Track Class 6 amplitude vatlud@able 3 (i.e. a 5 mph overspeed on Class 6 tre

» For vehicles that are qualified for Track Clasp8exis, two additional set of simulations shalldérfgomed.
The first set at 115 mph using the Track Clasmfligude values in Table 3 (i.e. a 5 mph overspare

Class 6 track) and a second set at 130 mph usinfréttk Class 7 amplitude values in Table 3 (i%engh
overspeed on Class 7 track).

[
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APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION
OF HIGH SPEED AND HIGH CANT DEFICIENCY VEHICLES

Table 3: Track Class 6 through 8 Amplitude Parametss in inches for MCAT Simulations on Tangent Track

Standard Gage (56.5")

Class 6 Class 7 Class 8

EN 0.500 0.500 0.500

e 0.500 0.500 0.500

e 0.500 0.500 0.500

‘j a, 0.375 0.375 0.375
‘I"I’ as 0.500 0.500 0.500
~< |as 0.000 0.000 0.000
ay 0.750 0.750 0.500
asn 1.000 1.000 0.750
a;| 0.000 0.000 0.000
EN 0.500 0.500 0.500

e 0.500 0.500 0.500

e 0.500 0.500 0.500

i a, 0.500 0.375 0.375
‘ICI’ as 0.750 0.750 0.750
~< |as 0.250 0.250 0.250
ay 0.750 0.750 0.750
asn 1.000 1.000 1.000
a;| 0.000 0.000 0.000
EN 0.500 0.500 0.500

e 0.500 0.500 0.500

e 0.750 0.750 0.750

ﬁ a, 1.000 0.875 0.500
S [zl 1500 1.250 1.000
"; as 0.750 0.500 0.250
ay 1.250 1.000 0.875
g 1.750 1.500 1.250
a;| 0.250 0.000 0.000
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APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION

OF HIGH SPEED AND HIGH CANT DEFICIENCY VEHICLES

(c) TRACK CLASS 6 THROUGH 8, VEHICLE PERFORMANCE O N CURVED TRACK:

For maximum vehicle speeds corresponding to Trdakg3®6 and higher, MCAT sections 2 through 9 dbmllised tc
assess vehicle performance on curved track. Anpetrec matrix of MCAT simulations shall be perforthasing the
following range of conditions:

(1)

(@)

3)

(4)

VEHICLE SPEED: Simulations shall ensure that, any speed less&maph above the proposed maxim
operating speed, the equipment shall not exceed/tieel/rail force and acceleration criteria defimedhe
Vehicle/Track Interaction Safety Limits table incgen § 213.333. Simulations shall be performec
demonstrate acceptable vehicle dynamic responseitgmentally increasing speed from 95 mph (115 ihg
qualified equipment on untested route) to 5 mphvaltbe proposed maximum operating speed (in 5
increments).

PERTURBATION WAVELENGTH: For each speed, a set of three separate MCAT a&iiming shall be
performed. In each MCAT simulation, every perttidrashall have the same wavelength. The followimge
wavelengths), are to be used: 31, 62, and 124 feet.

TRACK CURVATURE: For each speed a range of curvatures will be tsqutoduce cant deficienc
conditions ranging from 3 inches up to the maximotanded for qualification (in 1 inch incrementdjhe
value of curvature, D, shall be determined usingdfign 1 defined above in section 2(d). Each cshadl
contain MCAT sections 2 through 9 and have a fizagderelevation of 6 inches.

AMPLITUDE PARAMETERS: Table 4 below provides the amplitude values fohespeed in the paramett
MCAT simulations described above for cant deficiea@® through 5. Table 5 below provides the amgét
values for each speed in the parametric MCAT sitiaria described above for cant deficiencies grelaser5
inches.

The last set of simulations at the maximum cafiti@acy shall be performed at 5 mph above the pseg
maximum operating speed using the amplitude vaineBables 4 or 5 that correspond to the propc
maximum operating speed and cant deficiency. Resd simulations, the value of curvature, D, s
correspond to the proposed maximum operating spegdaant deficiency.

For qualification of vehicles involving speedsaer than Track Class 6, the following additioniadidations
shall be performed:

» For vehicles that are qualified for Track Clasp@exls, one additional set of simulations shalldstopmed

to
oh
mph

c

sed
hall

at 115 mph using the Track Class 6 amplitude valugsbles 4 and 5 (i.e. a 5 mph overspeed on @lass

track) and a value of curvature, D, that corresgdaod 10 mph and the proposed maximum cant defigien

» For vehicles that are qualified for Track Clasp8exis, two additional set of simulations shalldérgomed.
The first set of simulations shall be performedlEH mph using the Track Class 6 amplitude vaine
Tables 4 and 5 (i.e. a 5 mph overspeed on Classlf) and a value of curvature, D, that corresptmd40
mph and the proposed maximum cant deficiency. SBeend set of simulations shall be performed at
mph using the Track Class 7 amplitude values irné&af and 5 (i.e. a 5 mph overspeed on Class )t
and a value of curvature, D, that corresponds fori@h and the proposed maximum cant deficiency,

130

rac
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APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION
OF HIGH SPEED AND HIGH CANT DEFICIENCY VEHICLES

Table 4: Track Class 6 through 8 Amplitude Parametes in inches for MCAT Simulations on Curved Track
(3 through 5 inch Cant Deficiency)

Standard Gage (56.5") Wider Gage (57.0")

Class 6 Class 7 Class 8 Class 6 Class 7 Class 8

a, 0.500 0.500 0.500 0.500 0.500 0.500

as 0.500 0.500 0.500 0.250 0.250 0.250

a, 0.375 0.375 0.375 0.375 0.375 0.375

ﬁ as 0.500 0.500 0.500 0.500 0.500 0.500

‘I'l’ ag 0.000 0.000 0.000 0.250 0.250 0.250

< |a 0.750 0.750 0.500 0.750 0.750 0.500

as 1.000 1.000 0.750 1.000 1.000 0.750

an 0.000 0.000 0.000 0.000 0.000 0.000

a, 0.625 0.563 0.500 0.625 0.563 0.500

a, 0.500 0.500 0.500 0.500 0.500 0.500

as 0.500 0.500 0.500 0.250 0.250 0.250

a, 0.500 0.375 0.375 0.500 0.375 0.375

ﬁ as 0.625 0.500 0.500 0.625 0.500 0.500

““3 ag 0.125 0.000 0.000 0.375 0.250 0.250

< |as 0.750 0.750 0.750 0.750 0.750 0.750

a 1.000 1.000 1.000 1.000 1.000 1.000

ay 0.000 0.000 0.000 0.000 0.000 0.000

as 0.625 0.563 0.500 0.625 0.563 0.500

a, 0.500 0.500 0.500 1.000 1.000 1.000

as 0.750 0.750 0.750 0.250 0.250 0.250

e | 1.000 0.875 0.500 1.000 0.875 0.500

< las 1.500 1.250 0.750 1.500 1.250 0.750
N

— |ag 0.750 0.500 0.000 1.250 1.000 0.500

"'< ag 1.250 1.000 0.875 1.250 1.000 0.875

a 1.750 1.500 1.250 1.750 1.500 1.250

an 0.250 0.000 0.000 0.250 0.000 0.000

ag, 0.625 0.563 0.500 0.625 0.563 0.500
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APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION
OF HIGH SPEED AND HIGH CANT DEFICIENCY VEHICLES

Table 5: Track Class 6 through 8 Amplitude Parametes in inches for MCAT Simulations on Curved Track
(Cant Deficiency greater than 5 inches)

Standard Gage (56.5") Wider Gage (57.0")

Class 6 Class 7 Class 8 Class 6 Class 7 Class 8

a, 0.500 0.500 0.500 0.500 0.500 0.500

as 0.500 0.500 0.500 0.250 0.250 0.250

a, 0.375 0.375 0.375 0.375 0.375 0.375

as 0.500 0.500 0.500 0.500 0.500 0.500

= las 0.000 0.000 0.000 0.250 0.250 0.250
9 |a 0.333 0.333 0.333 0.333 0.333 0.333
| ag 0.000 0.000 0.000 0.083 0.083 0.083
< la 0.750 0.750 0.500 0.750 0.750 0.500
aspp 1.000 1.000 0.750 1.000 1.000 0.750
an 0.000 0.000 0.000 0.000 0.000 0.000
a, 0.625 0.500 0.500* 0.625 0.500 0.500"
a3 0.667 0.667 0.500 0.667 0.667 0.500
a, 0.500 0.500 0.500 0.500 0.500 0.500

as 0.500 0.500 0.500 0.250 0.250 0.250

a, 0.500 0.375 0.375 0.500 0.375 0.375

as 0.625 0.500 0.500 0.625 0.500 0.500

= |as 0.125 0.000 0.000 0.375 0.250 0.250
R 0.417 0.333 0.333 0.417 0.333 0.333
| ag 0.000 0.000 0.000 0.167 0.083 0.083
< [a 0.750 0.750 0.750 0.750 0.750 0.750
as 1.000 1.000 1.000 1.000 1.000 1.000
an 0.000 0.000 0.000 0.000 0.000 0.000
ap 0.625 0.500 0.500" 0.625 0.500 0.500*
as; 0.667 0.667 0.667 0.667 0.667 0.667
a, 0.500 0.500 0.500 1.000 1.000 1.000

as 0.750 0.750 0.750 0.250 0.250 0.250

a, 1.000 0.875 0.500 1.000 0.875 0.500

as 1.250 1.000 0.750 1.250 1.000 0.750

£ |as 0.500 0.250 0.000 1.000 0.750 0.500
S [= 0.833 0.667 0.500 0.833 0.667 0.500
E' ag 0.083 0.000 0.000 0.583 0.417 0.250
< |a 1.250 1.000 0.875 1.250 1.000 0.875
aspp 1.500 1.250 1.250 1.500 1.250 1.250
an 0.000 0.000 0.000 0.000 0.000 0.000
a, 0.625 0.500 0.500* 0.625 0.500 0.500"
a3 1.000 0.833 0.833 1.000 0.833 0.833

10.375 for CD>7"
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APPENDIX D to Part 213 - MCAT SIMULATIONS USED FOR QUALIFICATION
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(d) TRACK CLASS 1 THROUGH 5, VEHICLE PERFORMANCE ON CUR VED TRACK AT HIGH CANT
DEFICIENCY:

For maximum vehicle speeds corresponding to trdaksCl through 5, MCAT sections 2 through 9 stelifed to assess

vehicle performance on curved track if the propasedimum cant deficiency is greater than 6 inch&egparametric
matrix of MCAT simulations shall be performed usthg following range of conditions:

(1) VEHICLE SPEED : Simulations shall ensure that at 5 mph abovetbposed maximum operating speed,
equipment shall not exceed the wheel/rail forceaameleration criteria defined in the Vehicle/Traderaction

Safety Limits table in section § 213.333. Simuwlas shall be performed to demonstrate acceptabielge

dynamic response at 5 mph above the proposed maxoperating speed.

(2) PERTURBATION WAVLENGTH : For each speed, a set of two separate MCAT stiook shall be

performed. In each MCAT simulation, every perttidrashall have the same wavelength. The follovtivng
wavelengths), are to be used: 31 and 62 feet.

)

the

(3) TRACK CURVATURE : For a speed corresponding to 5 mph above thepesiimaximum operating speed, a

range of curvatures will be used to produce caficidacy conditions ranging from 6 inches up to
maximum intended for qualification (in 1 inch ingrents). The value of curvature, D, shall be deiteeth
using Equation 1 defined above in section 2(dgchHcurve shall contain MCAT sections 2 through®lsave
a fixed superelevation of 6 inches.

(4) AMPLITUDE PARAMETERS: Table 6 below provides the amplitude values fehezase in the parametric

MCAT simulations described above.

Table 6: Track Class 1 through 5 Amplitude Parametes in inches for MCAT Simulations on Curved Track
(Cant Deficiency greater than 6 inches)

Standard Gage (56.5") Wider Gage (57.0")
Class 1 Class 2 Class 3 Class 4 Class 5 Class 1 Class 2 Cl ass3 Class 4 Class 5
a, 0.500 0.500 0.500 0.500 0.500 1.250 1.250 1.250 0.500 0.500
as 1.250 1.250 1.250 0.500 0.500 0.750 0.750 0.750 0.500 0.500
ay 0.750 0.750 0.750 0.750 0.500 0.750 0.750 0.750 0.750 0.500
as 0.750 0.750 0.750 0.750 0.500 0.750 0.750 0.750 0.750 0.500
= ag 0.000 0.000 0.000 0.250 0.000 0.000 0.000 0.000 0.250 0.000
5‘ ar 0.500 0.500 0.500 0.500 0.333 0.500 0.500 0.500 0.500 0.333
I ag 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
~< ag 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
aio 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ag 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
an 1.000 1.000 0.875 0.875 0.750 1.000 1.000 0.875 0.875 0.750
aiz 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667
a, 0.500 0.500 0.500 0.500 0.500 1.250 1.250 1.250 0.500 0.500
as 1.250 1.250 1.250 0.500 0.500 0.750 0.750 0.750 0.500 0.500
ay 1.250 1.250 1.250 0.875 0.625 1.250 1.250 1.250 0.875 0.625
as 1.250 1.250 1.250 0.875 0.625 1.250 1.250 1.250 0.875 0.625
= ag 0.000 0.000 0.000 0.375 0.125 0.500 0.500 0.500 0.375 0.125
% a; 0.833 0.833 0.833 0.583 0.417 0.833 0.833 0.833 0.583 0.417
1 ag 0.000 0.000 0.000 0.083 0.000 0.083 0.083 0.083 0.083 0.000
< ag 1.750 1.750 1.750 1.250 1.000 1.750 1.750 1.750 1.250 1.000
ajo 1.750 1.750 1.750 1.250 1.000 1.750 1.750 1.750 1.250 1.000
an 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ajo 1.000 1.000 0.875 0.875 0.750 1.000 1.000 0.875 0.875 0.750
az 1.167 1.167 1.167 0.833 0.667 1.167 1.167 1.167 0.833 0.667

he
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4. MODEL COMPARISON

(&) A comparison of the vehicle simulation modeldictions and measured wheel/rail forces and aeat@ns shall be
made and submitted with the MCAT results using messtrack data. The segment of measured trackejepshall be
chosen from the same track section over whichnigssi performed as per 8§213.345(c)(2)(ii).

%4
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4.11 Removal of References to Class 9

References to Class 9 track have been removec itexh developed for the rule. Some sections
must still be edited to remove this reference #e\is:

Remove References to Class 9

§ 213.335 Crossties, paragraphs (c), (d), (e) ghd (

§ 213.347 Automotive or Railroad Crossings at Gypdeagraph (a)
§ 213.349 Rail End Mismatch, table

§ 213.355 Frog Guard Rails and Guard Faces: Gabje, t

§ 213.357 Derails, paragraphs (a) and (g)

§ 213.361 Right of Way

§ 213.365 Visual Inspections, table in paragraplagc paragraph (f)
Appendix A, Table 1 — remove speeds greater th@nijzh
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5. Proposed Rule Text: 49 CFR 238 Subpart C — Speci fic Requirements
for Tier | Passenger Equipment

This section was updated to align with the charg#sg proposed in part 213 of this chapter and
also to provide reference pointers to relevanisestof part 213. The existing pre-revenue service
gualification requirement was consolidated withagnger to the qualification requirements of 8
213.345. For consistency throughout parts 21288dthe term “hunting oscillations” was replaced
with “truck hunting” and the definition of huntingscillations was replaced with a pointer to
§ 213.333 for the existing definition of truck himgt

5.1 § 238.227 — Suspension System

§ 238.227 — Suspension System

On or after November 8, 1999—

(a) All passenger equipment shall exhibit freedoomf truck hunting at all operating
speeds. If truck hunting does occur, a railroadl shenediately take appropriate action
to prevent derailment. Truck hunting is define@if13.333 of this chapter.

(b) Nothing in this section shall affect the reguients of the Track Safety Standards in
part 213 of this chapter as they apply to passesmgipment as provided in that part.
In particular—

(1) Pre-revenue service qualificatigkll passenger equipment intended for service at
speeds greater than 90 mph or at any curving speedicing more than 5 inches
of cant deficiency shall demonstrate safe operadiaring pre-revenue service
qualification in accordance with § 213.345 of tbispter and is subject to the
requirements of either 8 213.57 or § 213.329 «f thiapter.

(2) Revenue service operatigkll passenger equipment intended for serviceetdp
greater than 90 mph or at any curving speed praduunire than 5 inches of cant
deficiency is subject to the requirements of § 233.0f this chapter and either §
213.57 or § 213.329 of this chapter.
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6. Proposed Rule Text: 49 CFR 238 Subpart E — Speci fic Requirements
for Tier Il Passenger Equipment

This section was updated to align with the charg#sg proposed in part 213 of this chapter and
also to provide reference pointers to relevant@esiof part 213. The steady state lateral caybod
acceleration limit of 0.12 g was changed to 0.18align with the proposed requirements in 8
213.329. The remaining acceleration requiremergsewonsolidated with a pointer to the
requirements of 8§ 213.333. For consistency througlparts 213 and 238, the term “hunting
oscillations” was replaced with “truck hunting” amtlde definition of hunting oscillations was
replaced with a pointer to § 213.333 for the ergstiefinition of truck hunting. The overheat senso
requirement in 8 238.427(d) was felt to be unreléesuspension systems and as such, was moved
to § 238.428, a new section.

6.1 § 238.427 — Suspension System

§ 238.427 — Suspension System

(a) General requirements.
(1) Suspension systems shall be designed to realgqmavent wheel climb, whee
unloading, rail rollover, rail shift, and a vehidtem overturning to ensure safe,

stable performance and ride quality. These requresshall be met:

() In all operating environments, and under adick conditions and loading
conditions as determined by the operating railr@ead

(ii) Atall track speeds and over all track quelitconsistent with the Track Safety
Standards in part 213 of this chapter, up to themam operating speed and
maximum cant deficiency of the equipment.

(2) All passenger equipment shall meet the safetjfopnance standards for
suspension systems contained in part 213 of thapteh, or alternative standards
providing at least equivalent safety if approved®A under the provisions of §
238.21. In particular—

(i) Pre-revenue service qualificatiohll passenger equipment shall demonstrate
safe operation during pre-revenue service quadlifinan accordance with 8
213.345 of this chapter and is subject to the reguénts of § 213.329 of this
chapter.

(i) Revenue service operatioAll passenger equipment in service is subject to
the requirements of § 213.329 and § 213.333 ofctégpter.

(b) Car body acceleration&.passenger car shall not operate under conditiatgesult
in a steady-state lateral acceleration greater@hEfg, as measured parallel to the car
floor inside the passenger compartment. Additia@albody acceleration limits are
specified in § 213.333 of this chapter.

(c) Truck (hunting) acceleratiorEach truck shall be equipped with a permanently
installed lateral accelerometer mounted on théfinaene. If truck hunting is detected,
the train monitoring system shall provide an altorihe operator and the train shall:be
slowed to a speed at least 5 mph less than thal sgtewhich the truck hunting
stopped. Truck hunting is defined in § 213.333hif thapter.
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6.2 8 238.428 — Overheat Sensors

This is a new section and contains the requirenverding (no change) as currently contained in 8
238.427(d) of this chapter. It was determined ghaquirement for overheat sensors should not be
included with those for suspension systems (8§ 239.4

§ 238.428 — Overheat Sensors

Overheat sensors for each wheelset journal beahialgjbe provided. The sensors may be
placed either onboard the equipment or at reaseiailvals along the railroad’s right-of-
way.

6.3 Appendix C to Part 238 — Suspension System Safe ty Performance
Standards

The entirety of Appendix C, which includes the minim suspension system safety performance
standards for Tier Il passenger equipment, was vethdrom part 238. These performance
standards were consolidated with a pointer to thealrail force requirements currently included in
§ 213.333 of this chapter and referenced in § 238a)(2).

Appendix C to Part 238 — Suspension System Safetgifformance Standards

Remove entire Appendix.
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