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Inspection de la géométrie de la voie, fondée sur la performance. Ce que c'est et
comment ¢a se passe.
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_Perforn]ancé-bas_et_l track gem_'netry
Inspection: What it is and how it works

TTCI begins implementation of a new track
inspection technology that relates track
geometry to vehicle performance, resulting in
better safety and maintenance actions.

new “add-on” technology has been developed to relate

measured track geometry to vehicle performance on a

real-time basis. The technology can also be used on

historic track geometry data to examine the effect of
track geometry degradation on vehicle performance.

Following several years of research and developmerit, the
Transportation Technology Center, Inc., Pueblo, Colo., has
started the demonstration and implementation of its perform-
ance-based track geometry, PBTG, inspection system.! The
PBTG inspection system is a new add-on technology that can be
implemented on conventional track geometry inspection vehicles,
. The PBTG inspection method is an improvement over the
current track geometry inspection method because track geom-
etry defects, identified nsing current methods, do not always re-
late to vehicle performance (Figure 1). Implementation of the
PBTG inspection method should lead to prioritized track geome-
try maintenance based on vehicle performance. As such, railroads

_can expect g reduce potential derailment incidents and the stress

- swce of rack strucriirecaused by poor vehicle/track interdcrion.
The PBTG technology allows users to specifyvehicle -

types sensitive to track geometry input (such as empty tank
cars, loaded hoppers and gondolas), as well as a variety. of
operating speeds for vehicle performance analysis. On a real-
time basis, this technology identifies track segments that may
produce poor vehicle performance and generates recom-
mended track geometry maintenance actions.

Vehicle performance and PBTG exceptions

Performance-based track geometry inspections relate mea-
sured track geometry to vehicle performance. Vehicle perfor-
mance can be defined in terms of different vehicle response
parameters relating to derailment potential, stress state of track
structures and vehicle ride quality. These vehicle responses can
be defined as foliows: '

* “Derailment potential” is often defined by L/V ratio (later-

alfvertical wheel or axle load ratio) and “vertical wheel unloading”™-

values with respect to allowable limits. The L/V ratio critedion is
intended to prevent flange climb derailment and the vertical
unloading criterion is intended to prevent wheel lift derailment.

* “Stress state” is often quantified by the “maxzimum
vertical and lateral wheel loads” exerted on track.
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Figure 1, top, depicts the revenue sesvice test results showing track geometry de-
fects identified by current methods do not always refate to vehicle performance.
Figure 2 is a test result showing how poor vehicle response (L katio > 1.0) was
caused by combined track geometry deviations in conjunction with an entry spiral
(vertical arows are FRA liaits for individual track geometry parameters),

* “Ride quality” is often quantified by “vertical and lateral
accelerations on the car body.” :

The current version of the PBTG inspection system defines
vehicle performance in terms of derailment potential and stress
state, though it can be expanded to include ride quality analysis.
More specifically, the current PBTG system can be used for ve-
hicle performance analysis for the following paramerers: single
wheel L/V ratio, vertical wheel load and lateral wheel load.

“PBTG exception” is defined as a track geometry condition
within 4 track segment that will likely cause an undesirable vehicle
response. Unlike a track geometry defect, defined by the FRA
Track Safety Standards? or railroad maintenance standards, which

by Dingqing Li,. prfncipai engineer, Abe Meddal, engineer, and
Kevin Hass, senior systems programmer, TTC!
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Figure 3, left, shows PBTG graphical user interface. Figure 4 is an example of
PBTG analysis result and comparison with test resuit.

is point specific, 2 PBTG exception is seg-
ment specific. It includes combined -and
- - multple geometry deviations within a seg-
ment and takes into account the effect of
track features, such as curvature and spiral.
As an example, Figure 2 shows where
a combined track geometry condition led
to a poor vehicle response (L/V ratio
above 1.0). As shown, the combined track

poor vehicle response.

geometry deviations (cross level, align-
~ment-and surface) were Jocated- berween -
- 4,500 feet and 4,700 feet.-The presence of -

an entry spiral also contributed to the

The allowable FRA limits are also
shown in the figure (vertical arrows) for
the measured track geometry parameters.
There were no individual exceptions that

could be identified to relate to the poor ,
vehicle performance. In-the PB¥G-in——--—
-spection; however,this.segment-would be~ -..." .-
- identified as a PBTG exception.

A PBTG exception is also a “likely”

defect, because an identified track segment

causes poor vehicle performance {derail-

ment potential) only under a certain ve-

hicle operation condition. Unlike a con-
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. RAILS COMPANY

' TUBULAR ELECTRIC
SWITCH HEATERS

Keep switches open and operating in the
most severe winter weather, even heavy,

- wet snow and ice. Quality alloy sheath
swaged stainless stee! construction, with no
maving parts, assures low energy cost and
long, trouble-free life. Round or flat profile.
AC or DC. Single-ended terminal heaters,
insulated heat retaining shields, automatic -
or dispatcher controlled systems availabie.
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due to plant closure of the SITE LEVERKUSEN-OPLADEN of

Die Bahn (DB

DB - Fahrzeuginstandhaltung GmbH

former plant Opladen, Werkstattenstr. 38
D—51c_-379 Leverkusen (Germany)

ON TUESDAY 19 OCTOBER 2004

CNC PORTAL WHEEL LATHE “Hegenscheid/
MFD", type DRR 1250N-2D {1994); CNC VERT, WHEEL
LATHE “Dorries Scharmann”, type VCE 2000t 180 F (1995);

CNC UNIVERSAL BORING AND MILLING

MACHINE (fioor type) “C.M.E." {2000}, type FCM 10.000,
Xyz = 10.000x1500x3600 mm; hydr. working stations (1098);
universal metalwarking machinery, etc. etc.;

HUGE VACUUM GRIT BLAST PLANT “vHG",
fype SMG300 (1998); PAINT SPRAYING PLANT “Braun” (1990);
OVERHEAD TRAVELLING CRANES, cap. 1-80 tons {f.e. 1999);

Intermediate sales reserved,
~ For detailed information please visit our website:
www.troostwijkauctions.com

TROOSTWHIK AUKTIONEN GMBH & CO. KG
Auctioneers and Valuers
Deutzer Freiheilt 77 - D-50679 Cologne - Germany
T +49 (0)221 690 660 - Fax +49 (0)221 690 6510
info@troostwijk.de
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MP Force Side Car Type Speed Value Limit
229.9 LV max Left Empty tank | 35 mph 1.8 »1.0
233.4 V min Right Covered 40 mph 3.0 kips <3.5 kips

hopper

MP: 228.9 Curvature: 1.5 degree
Geometry Parameter

Cross-Level
Surface
Gauge
Alignment

PBTG Index = x.x (before)
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YES
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No
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PBTG Index = v.v (after)
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0.8

1V Ratio

6.4

0.2

0.0 F— - . . .
00 02 04 08 08 1.0 12 1

PBTG_Indax

Figure 5, top left, is an example of PBTS exceqition report. Figure 6, hottom left,

Figre 7 shows the correlation between PBTE track quality index and the actual vehicle performance.

is an example of recommended track

ventionally-defined track geometry defect
that can be measured repeatedly, vehicle
response may not be the same due to the
same track geometry inpu, i other condi-

 tions vary. Even for the same vehicle oper-

ating at the same speed, vehicle response
can be different over the same wrack geom-
etry, when wheel and rail contact condi-
tions change. For example, rain or snow
can reduce wheel and rail friction, leading
to reduced lateral loads in curves.

Having pointed out the likely nature of

a PBTG exception, it is important to un-
derstand that poor track geometry within
a segment will always cause “undesirable”
vehicle responses, although their magni-

tude (or sensitivity to track geometry in-

put) can be different. In other words, the
trends of vehicle responses due to the
same track geometry inputs would be

similar, regardless of vehicle type and

operating conditions. :
Nevertheless, realizing possible varia-
tion of vehicle responses to the same track

geometry inputs, TTCI engiﬁeers have
employed a statistical approach in the de-
velopment of the PBTG technology. The

" approach required conducting actual ve-

hicle and track interaction tests under a
wide range of track and operating condi-
tions in revenue service. Then, based on
the database created from the actual tests,
many neural networks were trained to re-
late track geometry and operating speed to
“most likely” vehicle responses. .

The PBTG system also uses the fol-
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lowing statistical outputs to characterize
vehicle performance: (1) maximum and
the 98 percentile for L/V ratio, lateral and
vertical wheel loads; and (2) minimum and
the second percentile for vertical wheel
unloading, The maximum value represents
the most-likely maximum responses over
a given track segment, and the 98
percentile represents 4 magnitude greater
than 98 percent of likely vehicle response
OCCUrTences over a given segment.

To identify PBTG exceptions, the ve-

‘ hicle response limits need to be established.
For example, the following AAR Chapter

XI criteria can be used: (1) single wheel
L/V ratio > 1.0 and (2) vertical wheel load
V < 10 percent of static wheel Joad 3

PBTG inspection system

As mentioned, when used on a track
geometry inspection vehicle, the PBTG
technology is an add-on technology for

real-time vehicle performance analysis.

WORK THIS.

The basic functions of the PBTG sys-

unit while seated safely on the Hoor.

A Multi-Purpose Work Platform.
Self-Powered. Versatile. Safe.

INDEPENDENT WORK PLATFORM

The 8PS is a selkpowered consist of endHess gondala cars.
The on-board track-hoe is free fo move throughout the

- Di ching is performed at 250 tons per hour. The SPS carries
00 niet fons or 9,585 cult. of material. Ofloading is
med at-speeds of up to 450 tons per hour.

_Q_e designs are available. Switching to a
ergtion kakes about one hour. The pick-up
wobden ties is performed with the
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tem include:

* Interface with a conventional track
geometry inspection system to accept
and process measured track geometry
so track geometry data can be used as
inputs to the PBTG system

* Carry out real-time vehicle perfor-
mance analysis, based on measured track
geometry and given operating speeds

* Identify track segments that may

produce vehicle responses above the

pre-determined performance limits
(PBTG exceptions)
* Generate recommended mainte-

- nance actions to the track segments

~

identified with PBTG exceptions

* Output PBTG track quality index
values before and after the recommend-
ed maintenance

Figure 3 shows one of the graphical

user-interfaces of the PBTG: systenn.-As- —-

illustrated; users-can-enter-an-array-of - -
operating speeds for a given track and
tor a given vehicle. They can select
vehicle response parameters for real~time
analysis and enter their corresponding
performance limits. The system also
plots (strip charts) measured track
geometry parameters together with
vehicle response results.

-Figure-4 shows an-example of pre— -
--dicted-vehicle response for single wheel -

L/V ratio (max.), based on actual track
geometry measurements and vehicle
operating speeds for an empty tank car.
The actual test results recorded using
instrurmented wheelsets are also included
in this figure for comiparison. As shown,
the predicted results were consistent with
the measured results. In the example,
poor vehicle responses (L/V >1.0)
occurred at MP 229.9, 233.8 and 236.0.

Exception report and maintenance

From real-time vehicle response resulss,
the PBTG system will generate a PBTG
exception report (Figure 5). The report will
list the locations of PBTG exceptions iden-
tified, vehicle responses that exceed the
pre-determined performance limits, mag-
nitudes of likely vehicle responses, vehicle
types and operating speeds.

From this report alone, for the ident-
fied track locations, railroads can examine
the actual track geometry measurement re-
sults and decide what maintenance actions
need 1o be taken. However, the PETG
inspection developed by TTCI has aiso

incorporated preliminary performance-
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based maintenance guidelines for cor-
recting the PBTG exceptions. To do so,
the track geometry condition for an iden-
tified PBTG exception segment is cate-
gorized into four maintenance parameters;
cross-level, surface, gauge and alignment.
Each maintenance parameter is calculated
based on maximum deviattion, number of
repeated deviations and whether it is a
seguient in curve, spiral or tangent,

There are also weights associated with
each maintenance parameter. These
weights are developed based on the effect
of each geometry paramerer on vehicle
performance. The calculated result of each
geometry maintenance parameter indi-
cates the contribution of that particular

parameter to poor vehicle performance. -

Depending on the ranking for the results
of these four maintenance parameters,
track geometry maintenance actions are
recommended for surfacing, lining and/or
re-gauging activity. Figure 6 shows a
smmplified report of the recommended
maintenance actions.

Note in this report that 2 PBTG track
quality index is calculated before and
after recommended maintenance action,
The PBTG track quality index is a single

parameter developed to sum the com-
bined effect of all track geometry main-
tenance parameters. Unlike track quality
indices developed by others, the PRTG
track quality index is a performance-
based quality index and is developed
based on the effect of track geometry

- pararierers oii vehicle performance T

geometry condition for a given track
segment, in terms of how it may affect
vehicle performance.

Figure 7 shows the correlation between
the calculated PBTG index values and
actual vehicle response test results (L/v
ratio) for many segments in revenue
service. As shown, use of the PBT'G index
gives a reasonable indication of track

“geometry quality as it relares to actual
vehicle performance.

Demonstration, implementation

The prototype PBTG system has been
demonstrated on test tracks at the Federal
Railroad Administration’s Transportation
Technology Center and in revenue ser-
vice. The demonstrations were conducted
to check if the system would perform as
designed in a real-time manner. To do 50,
the PBTG system was set up on TTCPs
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track geometry measurement system,
TGMS, and the interface was established
between cach system. Overall, the PBTG
system performed as designed and was
capable of doing vehicie response aralysis
onboard at the same pace as the track
geometry measurement vehicle ran, The
PBTG system was stable and satisfactorily
performed its functions.

TTCl is presently completing its first
commercial PBTG system on track geom-

Santa Fe.g

Footnotes

1. This project was funded by the
Association of American Railroads.

2. Track Safety Standards, Part 213,
Subpart A to F, Class of Track 1-5,
DOT, FRA, Office of Safery.

3. AAR’s Manual of Standards and
Recommended Practices, Chapter XI, Service-
Worthiness Tests and Analyses for New
Freight Cars, Adopred 1987, revised 1993.
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