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1.0
INTRODUCTION AND OVERVIEW

Since 1971, the Federal Railroad Administration (FRA), the Denver
and Rio Grande Western Railroad (D§RGW), and the Bessemer and Lake
Erie Railroad (BGLE) have engaged in a program involving a joint
study of the application of track geometry data to maintenance-of-
way planning. The objectives of this program are to develop
methods that can produce quantitative track rating information,

to develop measures of track quality changes, and to utilize these
techniques to establish a mathematical basis for long-range track

maintenance planning.

Anticipated benefits of such a program for the railroad industry

and the government include:

] Improved information for long-range maintenance planning.

° Improved control of certain maintenance-of-way budget
allocations (cost to maintain track at a given set of
standards can be computed better).

° Establishment of quality control measures of track
maintenance (which maintenance equipment or process
produces a higher or a more permanent improvement in
track quality).

° Improved track safety through the application of auto-
mated track geometry inspection.

] Development of computer data processing programs to
process data collected by track geometry cars and to
display the results in user-oriented formats tailored
for different management levels.

° Provide the government with an opportunity for testing
developmental track geometry measurement equipment in
the railroad environment and for receiving railroad
personnel evaluation of the data produced by this
equipment.




In support of the above objectives, track geometry data collection
runs have been made since 1971 on an annual basis (fall) on the
DERGW and on a semiannual basis (spring and fall) on the BGLE.
The railroads have utilized the data collected during these test
runs to make near-term track repairs and to plan certain long-
range maintenance activities. In addition, D&RGW and B&LE per-
sonnel have provided invaluable recommendations for the design of
new track geometry measurement instrumentation, the development
and modification of data processing programs, the generation of
user oriented output formats, and the establishment of measures
of track quality in support of the FRA track geometry measurement

car program.

The key to this program is the track geometry measurement car which
FRA supplies as part of its contribution to the effort. The FRA,
through its instrumentation and data collection contractor, ENSCO,
Inc., supplies the measurement car personnel, computer programming
capability to process the geometry data, computerized data reduction
and report generation capabilities, and development of analytic
techniques to evaluate track quality and the effects of various
maintenance practices. The D&RGW and BGLE furnishes the locomotive
power to move the measurement cars over their property, train crews,
car maintenance facilities, track maintenance records, and opera-
tional and maintenance-of-way expertise for application and eval-
uation of track geometry data necessary for achieving the objectives

of the program.

It is estimated that periodically collected track geometry covering
a minimum of 3 years is needed to complete the development of
rating indices for the various parameters of track geometry and

to gain practical experience with the use of these techniques in
long-range maintenance planning. This includes development of
specific computer programs and output formats, collection of his-
torical data, application of the processed output in the railroad
environment, evaluation of track measurement accuracy, and modifi-

cation of existing and development of new instrumentation systems.



This development cycle is well underway for certain track geometry
parameters (such as profile), but has not been started for other

parameters (such as alignment).

The introduction of automated track geometry exception data and
rating values provides much additional information for the main-
tenance-of-way officer. However, none of these data are designed
to eliminate the track man or supervisor. The reports merely
furnish more and better information to assist the track maintenance

personnel in making better judgments.

The railroads involved in this project are both using the FRA track
car measurement data for immediate identification and correction

of geometry exceptions, and each has also initiated selected
maintenance planning applications. For example, the B§LE, because
of the length of its line and working season and the time of year
of the survey, is able to use certain data reports to plan short-
range maintenance before the winter freeze. The DERGW is surveyed
once a year in the fall and uses the reports mainly to review the
quality of its maintenance program, to monitor the annual degrada-
tion of unworked track, and to help plan the next year's maintenance-
of-way program. As a result, the geometry cars already produce
data that is useful for a variety of planning purposes, in addition

to exception identification.

There are several types of track geometry measurement cars operat-
ing in North America. In general, they measure the same basic
parameters of track, although they do not necessarily use the same
methods. This report is based on experience with the FRA Track

Geometry Measurement Cars developed for the Northeast Corridor.

Operation of the FRA measurement cars on the D§RGW is the same as
that on the BGLE, except that a business car is added on the end
of the train. A 6-channel strip chart recorder is mounted in the
rear of the business car and the roadmaster or division engineer

acts as a rear observer. On the B§LE, the 6-channel recorder is



mounted in the rear vestibule of the measurement car. Any measured
defects in track geometry or rough spots felt in the car are marked
on the strip chart which the roadmaster may take with him at the

end of his territory.

When the length of time between detection and repair is extended,
as in planning large-scale maintenance programs, considerably more
data must be analyzed. If the rate of track degradation is to be
studied and comparisons of maintenance methods are to be made, all
of the data must be examined and compared to previous surveys.
This can be as many as 100 million individual data samples for one
measurement run on the DRGW. Electronic data processing and sta-
tistical analysis are indispensable tools, and the application of
these tools to track geometry data analysis has been the major
goal of this project. Without clear, concise, and accurate
methods of presenting this information, the planner is inundated
with computer printouts. Several computer programs have been
written under this effort to reduce the data to manageable size.

All are useful, but none are perfect.

Chapter 2 of this report describes the work that has been done in
the project, the current uses of the data, and the future thrust
of the study. The remaining chapters of this report are included
as backup for Chapter 2. Chapter 3 summarizes and explains the
different types of information reports which can be generated for
maintenance-of-way personnel. Samples of the output formats are

also included.

Chapter 4 summarizes an extensive testing program that was conducted
to validate the FRA track geometry measurement system. The tests
were performed to establish the accuracy and repeatability of mea-
surements made with the electronic measurement and digital computer
data collection systems onboard the cars. The results are discussed
along with a study designed to examine the relationship of track
geometry generated ride quality indices to the riding quality of

track.



Finally, Chapter 5 provides a brief description of the track geom-
etry measurerent system installed onboard the FRA measurement cars.
While this particular measurement system was used for this research
effort, it is important to realize that other types of equipment
could also be used.







2.0
DEVELOPMENT OF TRACK MAINTENANCE PLANNING CAPABILITIES

2.1 CHRONOLOGY

In the late 1960's, the FRA developed and built track geometry
measurement cars to monitor Northeast Corridor tracks. The cars
were designed to measure track gage, profile, and crosslevel using
noncontact capacitive sensors at speeds up to 150 mph. Initial
operational experience indicated that valuable track exception in-
formation could be provided to cooperating railroads through the

analysis of strip chart recordings and computer printouts.

In early 1971, the D&RGW, the BELE, and the FRA entered into a
long-term research effort to develop ways of utilizing track
geometry data for maintenance-of-way planning, track degradation

st1idies, and track maintenance quality control evaluation.

During the early track geometry development period, the strip chart
recording was considered an important analysis tool, because it
provided an integrated picture of the major track geometry measures.
Figure 2-1 shows a portion of an 8-channel strip chart produced

in real time on the FRA measurement cars. It shows nearly three-
fourths of a mile of track. From the top, the profile of each

rail, the short chord alignment of each rail, the crosslevel of

the track, the track curvature, the track gage, and track location

references are displayed.

Figure 2-2 shows a location trace. Midtrack anomalies, such as
road crossings, turnouts, location monuments, and even high ballast
or weeds, are automatically sensed and accurately entered in the
data stream by a detector located under the measurement car. Se-

lected turnouts and road crossings have been established as reference

2-1
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Figure 2-1. Typical 8-Channel Strip Chart Recording

locations and have been programmed into the computer as reference
stations. The B&LE is thus divided into nearly 100 track segments
of from 2 to 8 miles in length for comparison purposes. For ex-
ample, the end of double track at Carter is one of these and is
coded as location 19; Pine Street crossing in Grove City is coded
as location 20. Pine Street is 3.91 miles north of Carter. The
DERCGW has been similarly divided into track segments; but, be-
cause of the length of its lines, many more locations are required.
Some of these are as much as 10 miles long where general track
conditions permit homogeneous sections. By processing the data
between adjacent locations, the same piece of track can be exam-

ined for comparison of one measurement run with another.



In an effort to refine the data reporting techniques and to get
away from reading squiggly lines on roll after roll of paper, an
off-line gage exception program was developed. Figure 2-3 is an
example. The initial program output was cumbersome since, as can
be seen, it noted the beginning point of a defect, each change in
the severity threshold (usually every 1/4 inch), the maximum value
recorded, each descending change in threshold, and the end point.
Often this could mean six to 12 lines for one defect, with the

report running to several hundred pages.
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Figure 2-2. Example of Event Location Trace From
8-channel Strip Chart Recording
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@« 1348 1800 1 62 2 3466 57.06 5§53
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Figure 2-3. Original Off-line Gage Report



The data contained in the strip chart can be partially read and
understood. For example, a short, sharp dip in the profile trace
is easily seen as a low rail joint. When the gage trace exceeds
57.25 inches for the track or 57.50 inches for curved track, the
roadmaster can visualize what he will find in the field. Changes
in the crosslevel or curvature traces may also have some meaning

to the experienced eye, however. Except for the absolute value

of a low joint in profile or a wide spot in gage, the interpreta-
tion of individual traces is a function of judgment and experience.
Such defects as warp, even though requiring the reading of only

one trace, become more difficult and time consuming to detect.
Locating areas of rock and roll in profile or areas of significant
mismatch in curvature and superelevation again is a difficult process.
At the same time, a meaningful comparison of one strip chart trace

with another is impractical.

Computerized profile data exception reports were also under develop-
ment at this time. Both profile and gage exception reports were
designed to ignore good track and print out exceptions in digital
form by location and severity. Figure 2-4 shows an early form of
such a profile report. On the left are four columns which locate
the defect. The first column designates the track being measured.
The second column shows the code number of the last referenced
location. The third and fourth columns show the distance in miles
and feet from that location. Note that this figure is a one-page

computer printout that covers 2-1/2 miles of track profile.

Columns five through eight 1ist the defects by rail as referenced
to the cars, the overall length (or distance) of the defect from
cutoff threshold to cutoff threshold, and a '"fact'" column. An X
in this last column indicates that the defect is related to a road

crossing or turnout.

The cutoff threshold in this report was 3/8 inch low. More severe
defects were flagged by stars, with one star indicating 1/2 inch

low, two stars indicating 5/8 inch low, and so forth. The computer



PROFILE FVALUATION ACQUISITION 11108-2N4 PROCESSED 12/09/71 PAGE 9

STANDARDS (INCHES) -o375 =500 o625 o 750nne

« = EXCEPTIONS = = LEFT = = SEGMENT SUMMARY ( 135, FEET) = = RIGHT
TRK/LOC MILE FEET LEFT RIGHT DIST FaACT INDEX SLOPES MEAN VAR Ngx SLOPES MEAN VAR
1 13 2 3536 -ebl7
1 13 2 3558 -, 459 22
1 13 2 3565 -¢391 07
1 13 2 3954 856 2 +011 0058 1020 6 .016 .0083
1 13 2 4025 o377
1 13 2 S274 981 3 «016 . 0066 1210 6 . 024 . 0097
1 13 3 1313 914 0 024 0048 1183 4 017 0087
1 13 3 1645 - T6EEHwE
1 13 3 1705 - 4645 60
1 13 3 1756 ~+.388 51
1 13 3 2633 1054 4 «013 0077 1286 11 «020 «0123
1 13 3 3754 -+439
1 13 3 3952 798 3 +016 0044 1078 0 «018 +0069
1 13 3 4470 -e451
1 13 3 5134 -ol4t5
1 13 3 5137 4385 02
1 13 3 3272 863 2 «010 «0054 1187 7 «032 <0086
1 13 4 23 -.387
1 13 4 1311 917 5 «008 «0061 1210 3 «035S «0087
1 13 4 1291 ~e390
1 13 4 2237 - 486
1 13 4 2631 1036 3 «010 «0079 1306 12 «033 «0111
1 13 4 2645 ~-¢399
1 13 4 2704 -o463 50
1 13 4 335n 985 2 «005 +,0069 1221 12 ,033 .,0093
1 13 4 5270 749 1 006 «0040 1090 S «037 0067
1 13 s 212 ~a&T6 G
1 13 5 236 -, 495 24
1 13 5 1309 1187 4 «005 «0102 1494 S «037 <0128
1 13 5 1677 -,398
1 13 S 2266 -,392
1 13 5 2629 853 0 «007 «0047 1071 4 «031 «0068

Figure 2-4. Original Off-line Profile Report



program was written to give the user the option of varying these
thresholds. The right-hand half of Figure 2-4 gives various pro-

file rating values. These were the earliest attempts at rating

track quality. This program output information was the first designed
for different levels of management. The supervisor or roadmaster,

who is primarily concerned with defects, used the left portion,

while the planner or middle management maintenance-of-way officer

was concerned with the right half. From a user's standpoint, it

was realized that separate reports were needed. As a result, con-
solidated defect summaries were developed to meet the track super-

visor's needs.

The computer was programmed to sort the profile defects in a given
territory by severity and print them in a sorted table. Such a
listing (Figure 2-5) can include all spots above a given severity
level, or can display the worst 50, 100, or even 200 exception
locations. Such a printout can give a first-line maintenance
supervisor all the information he needs to locate and repair the
more severe profile defects. The listing eliminates the need to

scan numerous pages of a more detailed report.

Profile rating summaries (Figure 2-6) were also developed for
quarter-mile sections of track. These were oriented toward middle
management and planning personnel. The four columns on the left

of the figure define the quarter-mile track section by the location
of its end point in miles and feet, either from a milepost or from
a permanent location. The quarter-mile section was selected for
several reasons. While one can argue that tangents and curves
should be separated, neither a measurement car nor an experienced
surveyor can accurately locate a point of curve to the nearest foot
on the track. Some sort of permanent monument would be required

at each end of each curve as an absolute minimum. The FRA measure-
ment car can measure a mile of track with a maximum error of 5 feet
(0.1 percent). The computer can accurately divide this mile into

quarters. By selecting turnouts and road crossings located generally
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° 9 4200 3 3952 100 I 1401 a3 2.79 -+394 1 2 1 1 1 @
e 12 200 5 5268 100 1 1399 74 2.71 ~e406 1 2 1 1 1 @
° 10 250 3 s272 100 I 1354 85 2.46 =400 1 1 1 1 3 -
# 6 2759 0 2639 100 I 1246 61 2eb4 -e357 1 1 1 1 @
o 9 2990 3 2633 100 1 1246 51 2,51 -.383 1 2 1 1 @
. 10 1690 4 1311 100 I 1223 53 2el4 -e407 1 2 I 2 &
° 11 2990 S 2629 100 I 1201 S0 217 -e391 I ? I 1 e
- 7 4150 1 3956 100 I 1183 56 2.12 -+303 1 1 1 3 @
- 8 100 1 5276 100 I 1181 59 2424 -e306 1 ? 1 @
@ 11 1550 5 1309 100 | 1149 56 2.20 -.277 I 1 @
# 7 1500 1 1317 100 I 1140 45 2el¢ -.393 1 1 1 2 s
" 9 2590 2 5274 100 I 1131 50 2.11 P T 1 2 1 1 2 #
o 11 250 4 52790 100 I 1131 41 2.32 ~e259 1 1 1 o
. 9 1550 3 1313 100 1 1097 32 2.13 ~e503 1 1 1 1 @
. 12 1500 6 13907 100 I 1090 32 2.30 -e270 1 1 1 “
L 12 4160 6 3884 95 1 1085 38 194 ~-e285 1 1 1 @
L4 12 2850 6 2627 100 I 1072 40 1.96 ~e254 1 1 @
o 11 4200 S 3948 1og I 1067 43 1.95 -o246 1 1 ©
. 7 2800 1 2637 100 I 1049 42 1.95 -.378 1 1 1 1 @
. a 4050 2 3954 100 I 971 36 2400 -+295 1 1 1 2
. 6 4050 0 3958 100 I 931 26 1.68 -.337 1 1 1 #
[ 7 200 0 5278 100 I 907 27 1463 ~.388 1 1 1 1 s
. 8 2750 2 2635 100 I 780 13 1e4nm -e260 1 1 1 @
° 8 1450 2 1315 100 I 773 20 139 ~e408 1 1 1 2 @
° &
060550005}06009#’0'0&006606GDDQHGDGDDD({DDDDlbcbiccﬁénﬁﬁ’.ﬁO&Dl.Obcﬂochb’.lélcﬁGiISDlﬁoDDBQDOBDGOODﬁOQQGGG%GO’.OGS.”DDDGGGGQQ#Q.BG

® x SEGMENT IS LESS THAN FULL TRACK SEGMENT

Figure 2-6.

Profile Exception Track Segment Summary Report




3 to 5 miles apart as permanent monuments, highly repeatable
quarter-mile sections can be output for each test run. At the
same time, these sections are then short enough that limited
changes in the data do not become masked by the sheer mass of
data.

The last column on the left quarter of the page shows the percent-
age of data accounted for in the section. Each quarter mile of
track should have 1092 samples of profile data. If some of these
samples have been lost or are not included for some reason, the
rating values for that section lose their validity and cannot be
used for comparative purposes unless there is compensation for
this loss of data.

The first profile rating value shown is "track index." This is
defined as the area between a measured profile curve and a theoret-
ically perfect track. The numerical value for each sample of pro-
file data is multiplied by the 2.4-foot sampling interval (con-
verted to inches), and these products are then summed for each

rail. Although individual defects are related to a particular

rail, track profile quality is related to both rails. In present
practice, therefore, the index values for the two rails are averaged

to determine track index.

As in defect reporting, the computer can be programmed to sort the
quarter-mile sections by index value for longer stretches of track.
These are then printed out in order of severity so that the worst
track can receive immediate attention. Figure 2-7, for example,

covers nearly 50 miles of track.

A second method being studied to rate track is the '"top of rail
slope' changes per quarter mile. These are shown as "Track Slopes"
in the column to the right of "Track Index" in Figure 2-6. If two
consecutive data point values on either rail differ by more than
0.1 inch, the slope of the top of the rail is considered to have
changed, and one slope, or slope change, is counted. The number

of such changes per quarter mile is printed as a measure of surface

quality.



TT-¢

OB RGN BB RN RNE DG RBRT RN MOST SEVERE EXcePTIONS - TRACK SEGMENT SUMMARY

. LOC X03 - LOC X13

o«

“ BASED ON SEVERITY OF INPEX

o

# MP FEET TR /L 0OC MILE FEET INDEX SLOPES MEAN

*

® - .

@ 24 3400 1 08 0 1319 1809 156 .001
3 17 50 2 06 0 1319 1736 112 «003
- 1p 2990 1 04 4 2631 1703 115 «007
& lo 4200 1 04 4 3950 1624 107 .010
s 19 3950 2 06 2 5274 1583 93 -.007
- 6 1450 1 04 0 1319 1561 95 =006
e 19 5250 2 o6 3 1313 1535 71 =s011
@ 13 100 1 05 0 1319 1500 90 011
® 17 5300 2 06 1 1317 1498 75 «003
i 4 1350 1 03 2 2635 1485 92 «005
i 20 3900 2 06 3 5272 1482 78 =.007
“ 27 1700 1 09 0 1319 1466 84 «008
d 37 200 1 11 4 2631 1450 94 016
< 30 1900 1 09 3 1313 1439 90 «009
- 4o 1400 1 12 2 3954 1433 63 -e021
“ 4 4000 1 83 2 S274 1426 82 014
o 23 1300 2 06 6 2627 1415 17 ~-e002
L 9 4200 1 04 3 3952 1401 a3 ~a007
o+ 37 1500 1 11 4 3950 1400 92 2014
L4 12 200 1 04 S 5268 1399 T4 «002
a 23 5250 2 06 7 1305 1392 94 «002
° 4 2650 1 03 2 3954 139) 86 «002
“ 32 4250 1 11 0 1319 1384 73 «006
« 4 50 1 03 2 1315 1380 73 =001
@ 20 1300 2 06 3 2633 1379 61 ~e002
& 23 2600 2 06 6 3946 1370 73 -.005
- 10 250 1 (2] 3 5272 1354 85 -+ 005
& 24 1300 2 06 7 2625 1336 65 +001
- 19 1300 2 06 1 2637 1325 45 008
2 18 2650 2 06 1 3956 1317 39 - 002
a 29 1900 1 09 2 1315 1307 82 .018
- 20 5250 2 06 4 1311 1301 54 ~+000
. 24 2100 1 08 1 5276 1297 67 «004
L4 3 4000 1 03 1 5276 1296 52 +009
@ 24 4750 1 08 0 2639 1286 75 -.005
“ 17 1350 2 06 0 2639 1285 52 «010
L4 kX 150 1 11 0 2639 1284 a8z +006
@ 4] 100 1 12 3 2633 1289 42 -.019
L4 29 4550 1 09 2 3954 127a 61 .002
“ 33 1450 1 12 0 3958 1261 45 -2 (324
s 2 1300 1 03 0 2639 1255 63 “e001
L [} 2750 1 04 0 2639 1246 61 +001
* 9 2900 1 04 3 2633 1245 51 -.015
* 1 5250 1 03 0 1319 1244 61 ~e0%
* 3a 100 1 12 0 2639 1241 57 -.015
a 29 3250 1 09 2 2635 1239 66 015
bt S 0 1 03 3 1313 1237 76 «011
- 26 3400 1 [F:] 2 1315 1236 6l <004
@ 27 3050 1 09 [} 2639 1235 52 L017
- 20 2600 2 06 3 3952 1235 46 -e008
L.
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VARIANCE

.0187
+0155
«0167
L0141
.0134
«0148
+0132
.0118
«0121
.0122
.0147
0134
.0106
«0111
«0111
.0104
«0150
«0108
+0099
«0118
«0125
.0118
.0105
+0080
« 0124
.0119
20108
<0111
.0081
.,009%6
«0093
.0108
0104
«0065
0093
0090
«0093
20084
.0089
0082
«0079
.0089
<0081
20093
0082
+0077
«0083
.,0089
.0088
«0091

CUMe
SLOPE

3.5556
3.2893
3.451¢
3,0632
3,3931
3.n208
3.1407
2,9687
3.0490
2.4840
2.7022
2.6606
3.054S
2.6621
2.7678
2,6481
2,4329
2.,7858
2,6545
2.7065
2.,4286
2.6626
2.6993
2,7274
2,8605
2.4966
2,4605
2,466S
2,6993
2,5455
205103
2,4863
2.4049
2.R364
2,4706
2.5518
2,263S
244762
2,170
2434990
2.4462
2,4430
2,5092
242438
2.5491
246517
2,3179
2,4088
2,4106
244342

«50
PERCENT.
VALUE

-.5151
-e5024
-.3712
-.4828
-, 4094
4470
-.355¢
-,3658
-+3561
~e4973
-.4103
~.5087
-.2928
-e4398
-+5389
- 4347
~eS4hb4
-.3938
=-.3741
~e4063
~e454]
-.5309
-,351a
-.3823
~.5482
=.4395
~e4004
~.5014
~e2575
~.3669
~e2737
-.4428
-.5213
~.2882
=+3665
-e4825
-a4564
-.3504
~.2918
-,377%
~.3912
-.3565
~.3831
~e4539
-.3183
-.2514
~e293S
~+2802
-.3191
~.3858

Figure 2-7. Priority Profile Defect List (Track
Segment Summary-Index)
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A third profile rating technique is printed near the center of
Figure 2-6 and is denoted as 'Cumulative Slope." To define this
concept graphically, the cumulative histogram (Figure 2-8) of all
the profile data points in a quarter-mile section of track is con-
structed by the computer. The X-axis shows the profile values,
while the Y-axis shows the sum of all the data readings equal to
or less than that profile reading as a percentage of the total

samples.

Mathematically the slope of a line is described as the tangent
function which is equal to the difference in Y-values divided by
the corresponding difference in X-values. By reading across the
constructed graph at the 70 percentile level to the curve and then
down to the X-axis, the corresponding profile value can be deter-
mined. The same can be done at the 30 percentile level. The
change in Y-values is 70 percent minus 30 percent, or 40 percent.
The change in X-values is the algebraic difference of the two X-
axis readings. The slope value can therefore be calculated by

division.

If the track section is smooth, the data points will tend to group
tightly together; the change in X-value will tend to be smaller,
and the slope value will tend to be larger. If the track section
is rough, the data points will spread more across the graph; the
change in X-value will be larger, and the slope will tend to be

smaller.

These rating methods are concerned with the overall condition of
a quarter-mile section. However, it is possible that only a few
isolated spots may begin to deteriorate. These could be at road
crossings, at insulated joints, or at turnouts. It 1s also de-
sirable to flag this type of change. The 0.5 percent value
shown in Figure 2-9 is an attempt to note this type of change.
This can be described as that value of the profile data which is
less than 99.5 percent of all the values in the section. The

figure shows the lower end of the cumulative distribution curve,

2-12
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Figure 2-8. Cumulative Slope Value Calculation

with the cumulative percentage of the data as the ordinate and the
profile value as the abscissa. The computer, in effect, reads up
to the 0.5 percentile level and then over to the curve to find an

intercept value. This is the 0.5 percent value and is printed out
in the summary data.

The calculation of the 0.5 percent value normally utilizes five
data samples, or 12 feet of track. If these samples represented a
"critical' defect, they might be corrected before the computerized
data analysis was complete. For future comparative purposes it

would, as a result of corrective actions, lose its meaning.

2-13




PERCENT OF TOTAL SAMPLES

PROFILE DATA —.5% VALUE

A

-.4 -.35 -.3 -.25

-.36

PROFILE IN INCHES

Figure 2-9. 0.5 Percent Profile Value Calculation



Pictorial representations of the data can be made by the computer
through the use of the histogram. In Figure 2-10, the percentage

of profile data points in each cell, shown on the Y-axis, 1s plotted
against the profile value for the cell, shown on the X-axis. The
histogram can be an effective technique for displaying data for

longer stretches of track.

As with the study of track profile, it became necessary to develop
gage rating techniques and to output them in a separate user-
oriented report. Figure 2-11 shows gage rating techniques used

to evaluate approximately four miles of track.
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RIGHT mall

Figure 2-10. Typical Profile Histogram
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ACQUISITION

4112421N1

PERCENTAGE LEVELS ¢
3

546 SAMPLES)

FEgT

1319
2639
3958
5278
1317
2637
3956
5276
1315
2635
3954
5274
1313
2633
3952
5122

MEAN

56443
5650
56.58
56.51
56-50
S6.42
56432
56,53
56,73
56,81
56446
56,435
56.27
56.25
S56.24
56432

Figure 2-11.

VARTANCE

e Q241
<0191
«0292
<0147
.0587
.0522
«0393
«0203
0126
«0102
0087
+«0053
«0201

PROCESSED 12,15/74
} = RELOW 57,25 2 = 57,25 -~ S57.59
= 57,50 - 57.75 4 = 5775 - 58 _00
5 . 58,00 - 58,25 6 = ABOVE 58,2
PEQCENTAGE LEVELS NO,
1 2 3 4 5 6 SAMPLES
58 2 0 0 0 0 546
97 3 0 0 0 0 546
a7 13 0 0 0 0 546
92 8 0 0 0 0 546
Q6 3 1 0 0 0 546
93 7 1 0 0 0 546
100 0 0 0 0 0 546
79 20 1 0 0 0 546
46 44 10 0 0 0 546
30 59 12 0 0 0 546
97 3 0 0 0 0 546
100 0 0 0 0 0 546
100 0 0 0 0 0 546
100 0 0 0 0 0 546
100 0 0 0 0 0 546
98 2 0 0 0 0 484

Gage Track Segment Summary

PAGE

PERCENTAGE VALUF§

95%

56.66
56.7¢
56.8¢
56.82
56.71
S56.79
56,57
56,87
$7,04
57.07
S6.72
56.57
56,45
56.42
56.38
56,67

97%

56472
56,77
56.85
56.86
56.8¢
56,88
56,65
56,90
57,08
57.10
56.76
56,58
56.50
56444
56,40
56,71

99«

56.83
56,87
56,54
56,91
56,98
56,98
56.74
57,07
57,13
57,14
56,86
56,60
56,60
56,55
56,43
56,80



The track hés'been divided into the standard quarter-mile sections
during data processing. The columns on the left of the figure
locate the end of the section and identify the particular track.
Perhaps there is too much data displayed here merely to locate

the section, but to a large extent this must be a decision of the

user,

In the next column the ''mean" gage is given. This is the arithmetic
average of all the data points recorded in that quarter mile of
track. Normally this is 546 readings. A glance at the 'mean" gage
readings on this figure will show that it varies from 56.24 inches
to 56.81 inches. An average gage of 56.24 inches may be questioned
by some track maintenance men, but this is continuous welded rail
which was laid 1/4-inch tight on tangents. A ''mean'" gage of 56.81

inches is, however, questionable.

A second gage rating value which was developed is the gage "variance."
This is the normal statistical "variance," or the square of the
standard deviation, of all the data points within a quarter-mile
section. Any offset of the data due to calibration is ignored by

this calculation. The '"variance" is shown near the center of the
figure for each quarter mile of track.

Both "mean' gage and gage "variance" can be used to examine the
general condition of the gage in a quarter mile of track. However,
a limited number of spots where gage may be changing are also cause
for concern. Just to the right of the "variance'" data are six
columns labeled percentage levels. These indicate the percentage
of all the data samples in that quarter-mile section which fall
within the gage value groupings shown at the top of the page. A
number of the track sections shown have 100 percent of their values
located in the first percentage level, or below 57.25 inches. Most
sections fall in the first and second levels, or below 57.50 inches.
All of the sections fall within the first three percentage levels,
or below 57.75 inches. This is good Class 4 track.



The percentage level rating technique actually looks at both the
broad trends in overall gage and the limited changes at the wide

end of the distribution. As such, it could be a valuable technique.

At the right of the figure are three columns which are headed ''per-
centage values." These are developed in the same fashion as the
0.5 percent values for profile. The computer is looking at the
wide gage side of the distribution. Three different levels have
been computed and printed out in an effort to determine if one 1is

more significant than another..

In the historical development of the rail research program, the
next step was the generation of a crosslevel exception program.
Although a crosslevel system was operational on the measurement
cars from the beginning, more than a year passed before attempts
were made to write a program locating and quantifying the defects.
Because an isolated crosslevel value may or may not be a defect,
depending on whether the track is tangent or curve, it was neces-
sary to provide the computer with the logic equivalent to the
judgment and experience that the track maintenance personnel would

use when looking at crosslevel data on a strip chart.

This was accomplished through the use of a data sample averaging
technique. The values of the 60 data points immediately preceding
the data point in question as well as the 20 data points immediately
following are averaged. If the value of the data point in question
varies more than a preset threshold amount from this average, it 1is
considered a defect. As such it can then be output in a digital
crosslevel exception report. It can be displayed as a point or as

a longer exception having a beginning, a maximum, and an end The

defect is also specified by its location in the track.

Figure 2-12 is an example of one of the earliest of such reports.
At this time, curvature output information was attempted using the
crosslevel data. This information is shown in the left center of

the figure. After a small amount of field analysis, it became
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CROSS LEVEL ANALYSIS ACQUISITION 11109=-5N1 PROCESSED  01/13/71 PAGE 1

1 OCATION OF END OF EVENT TaNGENT QUNOFF SUPERELEVATION  TRANSITION EXCEPTIONS WARP
TRK,/LOC MILE  FEET AVG LNTH  /C LNTH N AVG LNTH IMV FMV TYPE MAX LNTH IOX SHORT MAX L ONG INDEX

0 40 0 39 .48 39 .222 934 147
0 40 0 #9 SHORT .88 19 154
0 40 0 196 -.75 157 15 .66 .52 455
0 40 0 737 -1.03 541 L0164 746
0 40 0 865 .90 128 7 .80 314
0 40 0 894 SHORT .65 29 65
0 40 0 1742 -.04 877 .008 1.038 .028 1419
0 40 0 1994 WH& 251 10 363
0 40 0 2594 2.53 604 729
0 40 0 2847 62 249 1 304
0 40 ¢ 4700 SHORT .68 70 160
0 40 1 563 o246 2997 .001 .801 ,019 2979
0 40 1 626 SHORT .58 12 80
0 40 1 858 -492 295 3 470
0 40 1 1187 -2.67 329 324
0 40 1 149% $94 312 1 .55 321
2 40 1 3596 _SHORT .70 72 221
0 40 2 482 409 4263 .029 3843
0 40 2 661 -e46 179 0 269
0 40 2 735 -e96 75 62
0 40 2 931 .87 196 1 316
0 40 2 1460 .26 529 L017 460
0 40 2 1586 .48 126 1 222
6 a1 2 3445 ~+05 1858 1743

Figure 2-12. Original Off-line Crosslevel Report



obvious that this portion of the report was too inaccurate to have
a practical use in curve analysis or maintenance. A curvature

system and a report based upon its data would be needed.

On the right third of the figure crosslevel and warp exceptions

are listed. While most of the crosslevel exceptions could be veri-
fied in the field, they represent only those spots where the actual
data value varies from the average. Crosslevel in tangent, reverse
elevation, and improper elevation of curves were beyond the measure-
ment capability of the system. This situation provided the moti-
vation for developing an independent curvature measurement system

and curve evaluation report.

About this time an extremely valuable tool was made operational on

the measurement cars (Figure 2-13). This was the real-time digital
exception printout. It furnished the maintenance-of-way supervisor
with a hard copy list of '"critical" defects by magnitude and loca-

tion which he could take with him when he left the cars. A second

copy was provided for office use or as a checklist of corrected

defects reported from the field.

This 1list has been successfully used by track maintenance forces.
There have been several instances when a track supervisor, working
from such a list, corrected the '"critical" defects before a formal
list could be given to him from off-line data processing runs.

On one occasion, when the on-line digital tape recorder malfunc-
tioned, gage and profile corrections were made by working from the

real-time digital exception printouts.

One objective during the course of this study was the simplification
of reports and a reduction in the amount of generated report paper.
Figure 2-14 is an example of the first attempt to develop an off-
line integrated exception report showing the defects in all param-
eters on one page. This report eliminated the need for separate
gage and profile exception reports, allowed the track man to see

how defects related to each other, and did away with the cumbersome

switching from data book to data book.
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Figure 2-13. Typical On-line EXception Listing Report

The earliest form of the integrated exception report included
profile, gage, crosslevel, and warp data. It was designed as an
"ouch'" type of report for first-line track supervision. Some of
the holdover information from earlier reports can be seen. Not
only is the defect magnitude and location printed out, but the
beginning and often the end are also located. Such a technique
can double or triple the amount of paper without conveying any

additional information.
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INTEGRATED TRACK GEOMETRY EXCEPTION REPORT ACQUISITION 31113.1N1 PROCESSED 11/27/73 PAGE 17

L0C Xx04
FOR XLEVEL AND WARP : + MEANS NORTH RAIL HIGH

- MFANS SOUTH RAIL HIGH

LOCATION : 04 TRACK NUMBER : 1 CLASS 7 TRACK
PROFILE ( 1445 ) AL TGNMENT GAGE X LEVEL WARP
THRESHOLDS IN INCHES =-=> { .375) NOT OPERATIONAL (S7.25) ( .750) ( «750) ( +750)
WEST EAST WEST EAST S.WARP L.¥HARP
Mp DIST MILE FFET RAIL RATL RATIL RAIL EXC MAX DIST FXC MAX DIST (19.5FT) (62.0FT)

A 2450 2 2633 -394 -.76 E
R 2850 2 2637 - 77 S

& 2900 2 2640 . -.86 M

a 2906 2 2642 -.77 E

A 2900 2 2659 -, 438

R 2900 2 2686 -e459

4 3150 2 292% -e491

a 4350 2 4097 ~e547

A 43590 2 4099 -.627

a 5100 2 4”73 -.83 S
4 5100 2 4”75 -.94 M
A 5100 2 4B87R -.86 E
8 5100 2 4RB2 +382

Qa 5150 2 4531 5730 GP

8 5150 2 45138 .78

8 5200 2 4940 GT7e28 57465 12 +81

A 525¢ 2 5008 -.398

9 950 3 €71 ~.84 S
9 950 3 sT3 -1.11 ™
9 350 3 685 -.94 F
9 950 3 712 -.89 S

9 959 3 714 =1.06 M

9 1000 3 724 -.78 E

3 1000 3 731 -.376 .82 S
9 1000 3 733 ~«5B7 .98 GP +82 SM 1.03 M
9 1000 3 736 -ot466 .

9 1000 3 741 .80 .98 7 .79 E

9 1co0 3 743 B85 E
9 1900 3 1632 -,462

9 1900 3 1635 ~sS15

9 1900 3 1642 «382

9 2150 3 1286 -+382

q 220¢ 3 1942 ~4395

9 27200 3 1944 -e426 ~e459

9 2200 3 1647 -+395

9 2200 3 1956 «452

9 2450 3 2717 -+556

9 2500 3 2220 ~eb81

9 2850 3 2606 ~e377

Figure 2-14. Original Integrated Excention Report



The development of a curvature measurement system led to the gen-
eration of a curvature defect report. As with crosslevel, there

is no way to tell that a single, isolated curvature reading con-
stitutes a defect. Therefore, the data sample averaging technique
that was developed for crosslevel was adapted for curvature defects.
If the absolute value of the curvature data sample varies more than
a predetermined amount from the average, it constitutes a defect.
This technique can be used equally well in tangent, curve, or

spiral track.

Field testing of the curvature system has shown it to be accurate.
Figure 2-15 shows the string line measurements for two curves
plotted to the same scale as the strip chart traces. For practical

purposes, the string line measurements and chart traces are identical.

N

Cile e M :A'\‘;f W e

Figure 2-15. Comparison of Curvature Data from String Line
and Curvature Subsystem Measurements
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The same curve was measured by the curvature system at varying
train speeds (Figure 2-16). In this figure the speed was varied
from 20 mph to 50 mph in 10-mph increments. The resulting strip

chart traces are identical.

By combining the inputs of the curvature and crosslevel systems
into one program, the curvature analysis report shown in Figure
2-17 was developed. This is not strictly a defect type report.
The left third of the figure locates and describes the curve with-
out regard for defects. Neither does this portion of the report
specifically attempt to rate the curve. It locates the event,
identifies the point of tangent to spiral, the length of the re-
ceiving spiral, the point of spiral to curve, the length of curve,

the average degree of curve, the average superelevation in the

Figure 2-16. Comparison of Curvature Subsystem Data
Collected at Various Speeds
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Figure 2-17. Curvature Analysis Report

curve, the limiting speed in the curve due to superelevation de-
fects based on FRA track standards, the allowable speed in the
curve based on average superelevation as determined from FRA
standards, the point of curve to spiral, the length of the
leaving spiral, and the point of spiral to tangent. This is a
tremendous amount of information. The need for some of it may
be questioned, but the data must be developed in order to deter-

mine curvature and superelevation defects.

The right-hand two-thirds of Figure 2-17 is strictly a defect
report. Errors in matching crosslevel and curvature are noted.
These can occur at the tangent end of the receiving or leaving

spiral when curvature and superelevation do not begin or end at
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the same point. This mismatch can also occur at either end of the
body of the curve when full curvature and full elevation do not
coincide. If a mismatch of more than a preset distance exists,
the length of the mismatch is located and printed out as well as
the maximum error in crosslevel. 1In Figure 2-17, the mismatch
distance threshold is 50 feet.

Reverse crosslevel can be found in the tangent just ahead of the
spiral, when the crosslevel actually goes negative (with respect
to the superelevation of the curve). If this condition is sensed
above the preset defect threshold, a defect is printed showing

its magnitude and location.

A curvature defect is sensed by comparing the actual data point
value with the running data sample average. In Figure 2-17, the
defect threshold is 1-1/2 degrees greater or less than this average.
Again, the magnitude and location of the defect are shown. The
maximum allowable speed for the defect is also computed from the
formula in the track safety standards and shown next to the curva-

ture defect.

Superelevation defects in curves are shown. These are computed as

previously discussed in the determination of crosslevel defects.

Warp can be defined as the rate of change of crosslevel. In Figure
2-17, warp is computed on a 31-foot length, using a 1-1/4 inch
defect level for tangents and curves, and 1 inch for spirals.

These values can be easily changed in the program to meet the needs

of the user.

The periodic irregularities in crosslevel which can produce rock
and roll instability can now be computed. In Figure 2-17, it is
analyzed over a 19-1/2 foot distance. Given a particular data
sample, the program examines the data sample a preset distance
away. If the difference in crosslevel between the two samples is

above a selectable threshold, the sign of the slope between the



two points is saved. Using the preset distance, a new crosslevel
difference is examined and compared to the threshold. If it ex-
ceeds the threshold, a second slope is calculated; if the sign of
the second slope is opposite to that of the first slope, two
changes in direction have occurred. If a continuation of this

analysis produces a third slope, having a sign opposite to the
second slope, a possible rock and roll situation is considered to
exist and it is printed out and located. The critical thresholds
used for rock and roll in this example are equivalent to three or
more successive spots which are 5/8 inch low on alternate rails
and 19.5 feet apart. Again, the thresholds can be varied for the

user.

In both curvature and crosslevel reporting, a sign convention was

developed to identify the direction of curve of the high rail. A

positive sign indicates that the curve is to the east, or that the
west rail is high. A negative sign indicates that the curve is to
the west, or that the east rail is high.

The exception report currently being produced for and used by the
railroads to display geometry defects is an improved version of -
the Integrated Exception Report (Figure 2-18). This is a compre-
hensive report that displays, by location, profile, curvature,
gage, crosslevel (or superelevation), warp, and rock and roll
defects on one page. Normally several miles of track geometry
defects can be displayed on one sheet. Curvature has replaced

the alignment column which was listed and left blank in the ori-
ginal integrated report. To date, it has not been possible to
obtain consistent rail alignment data from the 14.5-foot capacitive
sensor chord and to interpret it properly. Only one warp is shown,
and this is based upon a user-selected warp distance. In Figure
2-18, the selected distance is 31 feet. The second warp value
originally displayed in the integrated exception report has been
replaced by rock and roll. This, too, is based upon a user-
selected frequency distance and is set at 19.5 feet in the example.
A fact column has been added to the extreme right of the printout.
This informs the user that the defect in question occurs in a tan-

gent or in a curve, in a road crossing, or at a turnout.
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Figure 2-18.
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One mile summaries have been added to locate track sections by mile-
posts and to show the number of defects in each parameter within
that mile. Two exception levels are available and are user select-
able. One might be termed a normal defect level, while the second
might be considered a severe defect level. Severe defects shown

in the summary listings are identified by stars in the detailed
section of the report. An example of this summary portion of the
report is shown in Figure 2-19.

Most of the defects displayed in the Integrated Exception Report
are not based upon FRA track safety standards. For many parameters
they can be if the user so desires. The FRA track safety standards
define minimum requirements for safety. The railroad industry
should theoretically be able to maintain track at some higher
standard. However, it is not practical to set defect levels as
deviations from perfect track. While "critical" (within the con-
text used here) defects cannot be ignored and must be identified
and corrected for the safety of the trains, the maintenance-of-way
officer has a broader responsibility to his company. He must
determine that the dollars allocated for maintenance are spent
where they are most needed and that the maximum benefit is ob-
tained from the work done. The cost-benefit ratio required to
maintain theoretically perfect track would be prohibitive.

In practice, there are probably three general levels of management
to which track geometry data reports should be directed. The first
level is the track supervisor or roadmaster, who is primarily con-
cerned with defects. Middle management (the division engineer and
planning engineer) are not overly concerned with individual defects.
Instead, they are more involved in the general quality of the track
and the changes taking place in that quality. The geometry rating
reports are directed to them. Upper management needs a reporf that
can give a clear and concise picture of the condition of the track
and changes in that condition.
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onE MILE SUMMARY EXCEPTION REPORT ACQUISITION 1lo0/13/74 PROCESSED PAGE 1

DATA FROM MP640 TO MP607 TRACK NUMBER 3 2
NORTSROFILEOUTH CURVATURE GAGE X LEVEL WARP ROCK + RoLL

MILEPOST RAIL RAIL (31.0FT) (19,5FT)

START END DisT Cis g€xC sEv EXC SEV EXC SEV E£XC SEV EXC SEV EXC SEV EXC SEV

640 639 5331 3 1 13 411 2

639 638 5423 2 3 2 121 6

638 637 s077 2 2 281

637 636 5341 2 1 1 1 184

636 635 5350 2 82 1

635 63¢ 5292 2 1 142

634 633 5261 2 245 1

633 632 5314 2 1 1 29 3

632 63} 4954 2 2 30 1

631 630 5167 2 1 1

630 629 5160 2 1 1 59 2 1

629 628 5599 2 2 i 203 4

v28 627 5196 2 1 3 25 2

627 626 5341 2 1 1 13 S 13 2

TRACK CHANGE :TRACK 2 TO TRACK 1

626 625 5307 2 10 59 9 S
625 624 5290 2 2 2 7 4 2
624 623 w770 4 1 8

623 622 5285 4 1 47 5 1 1 1
622 621 5309 4 3 36 8 S 1 1 9 5 3 1

621 620 5087 4

620 619 5401 3 2

Figure 2-19. Current One Mile Summary of Integrated Exception Report




GEOPLOT was developed for use by the latter two groups. The example
shown here (Figure 2-20) gives a Z-year (or a two successive mea-
surement run) quality rating comparison of gage, profile, crosslevel,
and curvature. The ratings are displayed by miles, with approxi-
mately 50 miles of track being displayed on one page of computer

printout. A maximum of three runs can be presented on this plot.

In order to output such a program, it was necessary to have quality
rating values for each of the four parameters. Variance, or stan-
dard deviation, was already available as a rating of gage. Track
index had been developed as a rating of profile. But no rating
systems existed for crosslevel and curvature. These were needed

both for GEOPLOT and for investigations of quality changes.

By applying the same general concept that is used to compute the
profile index, crosslevel and curvature index values were programmed.
In profile index the actual data sample value is compared to theo-
retically perfect track, and the area under the difference curve is
computed. In crosslevel and curvature index, the actual data

sample value is compared to an average value. Differences between
data sample and averages, when multiplied by the sampling interval

and summed over a mile of track, give the index or rating value.

COMPARE is the most recent program to be developed. It is an
attempt to give a pictorial record of changes in track through

the use of the comparative histogram. In the example (Figure 2-21),
one set of data is represented by a "1", while a second set of later
data is noted with a '"2". Common points are denoted as dots. Track
segments of various lengths may be examined, with changes being

easily discernible.

2.2 APPLICATIONS

From its inception, the railroads have considered the track geometry
study to be a research and development project. Even though the
measurement cars had operated on the Northeast Corridor for several
years and had been used elsewhere on occasion, they were new to the
BELE and the D&RGW. The results of the first measurement runs over
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Figure 2-21. Typical Histogram Comparison Report

tracks of these railroads were presented as strip charts and as
profile and gage defect reports. These strip charts were taken
into the field, and many of the more severe defects were located
and verified before the track maintenance forces were given the

data to use in making repairs. As a result, these people have

accepted the system and its outputs with few reservations. Today
they will ask when the next measurement run is scheduled, or what
the last run might have indicated concerning a particular piece

of track. They are convinced of the basic validity of the track
geometry measurement system, and this proved helpful in developing

acceptance of the project.

One of the original requirements of the FRA geometry measurement

cars was that they have the ability to test at speeds up to 150 mph.
This stipulation necessitated the elimination of the contact sensor
for measuring gage. As a result, the capacitive sensor was developed.

Although these sensors do not make contact with the rail, their



proximity to the rail head makes them susceptible to damage, par-
ticularly at road crossings, self-guarded frogs, and raised guard
rails. Because they function on an electrical capacitive principle,
water on the rail or on the sensor will tend to give faulty readings.
The capacitive sensor, then, is definitely a fair weather type of
instrument. All-weather sensors are presently under study by the
FRA and will be field tested during 1975.

Unfortunately, difficulties with the capacitive gage measurement
system have hindered the development of gage rating techniques.

At first "mean" gage appeared to be a promising rating value, but
after two years of experience, analysis, and field checking it

was found that the measurement system could not repeat gage accur-

ately enough from year to year to allow for comparisons.

Calibration errors, lipped or worn rail, and the nonlinearity of
the voltage-gap curve in the amplifiers can give a probability
of error in gage readings greater than the actual change in gage
in the course of the year. This is not to say that the absolute
value output for a gage defect is not valid. 1In reality it is.
Experience over the last 3 years has shown that virtually all of

the defects reported are real.

For comparative purposes, gage "variance' has proved to be a more
meaningful indicator of a general change in gage. Since it 1s a
measure of the variation from average gage, it is not nearly so
sensitive to calibration errors. An analysis of repeatability
tests made with the measurement cars has shown that a change in
the gage "variance'" value of 0.0013 can be interpreted as a mean-
ingful change in the gage of that section of track. One consid-
eration in the use of gage "variance' as a rating value is the
curve, or section of track, where the gage could conceivable widen
uniformly. In such a case the ''variance' value might not change
because the '"mean' and not the scatter of data 'about the '"mean™

had changed.



Use of the percentage level rating technique for gage has been

hampered by the same instrumentation problems that developed in

the attempts to apply 'mean" gage for comparative purposes. How- 1
ever, the calibration oriented shifts are somewhat more apparent

in the percentage level technique. Continued study of this tech-

nique is planned.

Some of these problems will not be solved until the all-weather

gage system is installed and field tested. But another change 1is

being considered for the gage reports. At the present time, the

reports do not consider tight gage, on the assumption that trains

are safely passing over that portion of track and gage does not

normally tighten. There appears to be merit in adding a column |
in the quarter-mile rating summary report to show a 0.5 percent

value for gage data similar to the 95, 97, and 99 percent values.

This would look at the extreme narrow portion of the distribution

curve, and would satisfy safety requirements.

To date, the exception reports have been used to correct gage de-
fects after each measurement run. They have also been used for
several years to maintain safe gage on a light traffic branch line
even though a tie deterioration problem is developing. Both the
defect reports and the gage rating values have been successfully
used to assist in the upgrading of another branch line for anti-

cipated heavy tonnage increases.

It has been possible to show progressive gage widening in a few
isolated curves by comparing gage rating values over a period of
several years. In this process there have developed indications
that the mechanized tie gang may, in some cases, actually contri-
bute to long range gage widening. The gage on a curve may slowly
widen, either uniformly or in spots, up to 1/4 or 1/2 inch between
tie renewal cycles. The tie gang is apt to renew ties without
noting a change in gage. If such a set of conditions continues
for several cycles, the roadmaster may suddenly discover a curve
which has a l-inch-wide gage although the track is well spiked on
generally good ties.



Location and correction of profile defects now require the use of
the real-time exception printouts and the Integrated Exception
Report. While this may appear to be a duplication of data, each
report furnishes somewhat different information. The real-time
exception printout indicates "ecritical" defects that need immediate
attention. The Integrated Exception Report lists considerably more
defects (many of lesser magnitude) as well as exceptions sorted by
severity. A 'critical' defect 1in the context of this paper does
not mean an impending derailment, nor does it indicate a violation
of the FRA track safety standards. ''Critical' defect levels were
established by the chief engineer as a statement of minimum accep-
table track quality for his staff to follow.

More progress has been made in the rating of track profile than in
any other parameter. Some of these rating values are in actual

use today. The profile "index'" value is one of these. Profile
nindex" values have been found to range from 600 to 2,000 square
inches per quarter mile of continuous welded rail. On bolted

rail on branch lines, '"index" values can go as high as 3,500 square
inches per quarter mile. An analysis of the repeatability tests
made with the measurement cars has shown that a change of 125 or
more square inches in the m"index" from run to run can be inter-

preted as a meaningful change in profile quality.

The index value has also been found informative. A measurement

run was made on the Hilliards Branch track (Figure 2-22) in the
fall and repeated the following spring. Between Tuns the track

was raised and lined from Milepost 5 to Hilliards. Changes in

the computed index value showed an expected deterioration between
Milepost 1 and Milepost 5. From Milepost 5 to Hilliards most of
the track showed a definite improvement. However, between Milepost
6 and Milepost 7 the track profile seemed to have become rougher,

even though it had been raised.



Index Per Mile
| Spring 1973  Fall 1972  Change % Change
MP H-1to MPH-2 6,511 5,514 +997 +18%

MP H-2 to MP H-3 7,526 6,446  +1,080 +17%
MP H-3 to MP H-4 7,820 6,426 +1,304 +22%
MP H-4 to MP H-5 7,023 6,284 +739

MP H-5 to MP H-6 5,020 5,484  -464

MPH-6 to MPH-7 6,438 5,926  +512
MP H-7 to MP H-8 6,099 7,157 -1,058
MPH-8to MPH-9 - 5,90 8,432  -2,436

PH-O toHilliards 6,416 9,604 -3,278

Figure 2-22. Example of Track Index Value
Application (Hilliards Branch)

A discussion with the track supervisor for this territory revealed
that surfacing actually began near Milepost 6 with the gang wofking
toward Hilliards. They then returned and raised between Milepost

5 and Milepost 6. This was the first use of the tamper since 1its
winter overhaul, and problems developed in its electrical system.
For the first several days of surfacing, production was low and

the machine had a tendency to hump, or overraise, the track. The

problem was corrected by the time the gang passed Milepost 7.

Each fall the Track Department is given a list of quarter-mile
track sections (Figure 2-23) with high index values, so that these
sections can be smoothed before the winter freeze sets in. These
sections are taken from the track '"index" value summary reports

which are sorted for severity.
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JUARTER MILE TRACK SEGMENTS = 1. From 500 feet south of Bull Barn crossing
WITH INDEX ABOVE 1600 {Track 100) for 1/4 mile south.
South end of Maia Street crossing at Fredonia
northward 1/4 mile thru siding switch,
From 100 feet south of house switch at Girard
for 1/4 mile north thru #9 switch.
1600 feet north of north end of Kimble viaduct
- porthwird for 1/4 mile,

From south edge of Broad Street crossing at
Grove City to 500 It. north of Mill Strest.

From 400 feet north of MP 87 (south of Pardoe
for 1/4 mile north. -

From 1500 feet south of Odd Fellows crossing
(MP 61} for 1/4 mile south.

Thru Coolspring cripple switch and for 1/4
mile sovth, R ‘
From 150 feet south of Odd Fellows crossing
(MP 61) for 1/4 mile south.

From south end of Main Street croasing st
Fredonia for 1/4 mile south,

Figure 2-23. Example of Track Segment List Used
for Maintenance Planning

The "track index" values and the "cumulative" slope values tell an
almost identical story. Quarter-mile values (Figure 2-24) are
plotted here for 3-1/2 miles of actual track. Index values are
dark, and slope values are light. A correlation analysis of the
two values has been made, and the results support the evidence
pictured here. A further discussion of this correlation analysis

can be found in Chapter 4 of this report.

Presently, these "index" values are also being used by the mainte-
nance-of-way department to locate and verify a significant portion
of its annual surfacing program. They are also being used, par-
ticularly in the spring, to determine quarter miles of track which
need to be improved to the quality of the longer stretches on either

side of them.
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To date, profile defect and rating data have been developed by the
capacitive sensor chord system. Thus it is not compatible with FRA
standards. 1In its present state of development, the profilometer
(selected as the replacement instrument for the capacitive profile
system) appears to be speed sensitive and has exhibited some wide
discrepancies between consecutive runs over the same track at dif-
ferent speeds. However, recent tests indicate an early solution
is expected. Once profilometer accuracy has been demonstrated,
plans call for developing profile data from this system. However,
rating values from the two systems are not entirely compatible,
thus both systems will be required for a year or more to insure
that comparable data are available over a period of three or four
measurement runs. Because the profilometer can output data in
terms of the FRA track safety standards, a major effort is being
directed toward correcting its problems and verifying its outputs.

Figure 2-24. Quarter-Mile Rating Value Comparison




Profile "index," slopes, and cumulative slope values are duplicate
measures of track quality. At least one of them will probably be
discontinued at some time in the future. All rating values are de-
signed to reduce many data samples to one or two numbers. This
condensation is mandatory for run-to-run comparisons and for summary
reports to higher management. To some extent, this brevity may be
paid for by an accompaning loss of some of the information. Each

of these three values must be studied in much greater detail to
determine which presents the greatest amount of usable data in the

most concise form.

At present the severe defects in crosslevel, warp, rock and roll,
and curvature are taken from the Integrated Exception Report and
checked in the field. Corrections are then made by the track
forces. Experience has shown that the reported defects are valid
imperfections that need attention. Even though the raw data were
taken under load, a large majority of the defects can actually be
seen by eye in the field if the investigator knows where to look.
However, a track inspector would normally pass over many of the

smaller defects without the use of the report.

Aside from the crosslevel and curvature "index' values used to
develop GEOPLOT, no rating values for these parameters have yet
been devised. Crosslevel and curvature '"index" values have yet

to be verified and significant values of change determined. There
has been no effort to output these values for the quarter-mile
track sections for comparative purposes. This effort will be a

future project.

The curve definition portion of the curve analysis report is dif-
ficult to validate. Not even an experienced surveyor can determine
if a curve begins exactly at a given physical point. An ingenious
method of validation was recently suggested. Although the length

of curve and the degree of curve can be changed, the central angle
for that curve does not change as the result of maintenance. It

is established by the angle of intersection of the tangent on either

end of the curve.
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The central angles of all the curves in a rail line are known from
the days when the railroad was built or from the data of the most
recent line changes. If the central angles for a series of curves
are computed from the data in the curvature analysis report, the
amount of agreement with the known central angles of these curves
i1s an accurate measure of the correctness of the report. Prelimi-

nary work has been started in this area.

But a number of valuable, longer range observations have already
been made from curvature and crosslevel data. Instances of cross-
level in tangents, while not of sufficient magnitude to be safety
standard violations, indicate that the quality of production tamper
raising may not be as good as has been assumed. This may be the
result of equipment weakness, human failure, or both. Swings of up
to 1-1/2 degrees with a definite periodic frequency have been found
in isolated curves. Here the maintenance officers would not be-
lieve that they existed until a set of stringline notes proved
otherwise. This condition appears to have been the result of curve

deterioration resulting from traffic.

A study of the matching of superelevation with curvature, partic-
ularly in the spirals, indicates that raising and lining techniques
need some improvement. The point of full elevation often does not
match the point of full curvature. The beginning point of the
spiral does not always match the point of zero crosslevel, yet
generally the spiral curve is smooth and the superelevation runout
is uniform. It has been suggested that the lining machine, mea-
suring curves ahead of the tamper and then struggling to keep the
lining operation close behind the raising gang, cannot show the
raising foreman the proper points for starting and ending super-
elevation. Each foreman must use his best judgment in locating

the proper points.

The GEOPLOT program appears to be a very useful summary. The
indices are based on statistical values which are relatively in-
sensitive to possible instrument error. Since large-scale main-

tenance programs are planned for at least one mile of track, any
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errors in distance measurement would not be great enough to create
a serious comparison problem. It gives a snapshot summary of the

major parameters to the maintenance planning engineer.

Because the COMPARE program is relatively new, its usage in prac-
tical applications has been limited. Its chief benefit appears to
lie in its ability to picture track geometry changes in a form that
many people can readily understand. In its present form some of
the values, particularly gage and profile, are quite sensitive to
instrument error. The COMPARE program must lump longer stretches
of track together to reduce the required paper to manageable pro-
portions. Even then its output of sheets of paper is many times
that of GEOPLOT.

2.3 FUTURE CONSIDERATIONS

It has been claimed that, given the tremendous amount of data
developed in one measurement run, reports exceeding the length of
the track being measured can be generated. In fact, one of the
primary objectives has been to condense and simplify reports. The
1971 gage defect report actually contained almost as many pages as
all of the 1974 reports combined. Much has been learned about
instrumentation, computer processing, and report generation. Much
remains to be learned, but the project is well on its way to de-
veloping useful measures of track quality as well as measures of
change caused by service and/or maintenance practices and to pre-

sent this information in a concise manner.

The development of new modified track geometry instrumentation must
be continued to permit the final development of effective mainte-
nance-of-way planning techniques. The installation and verifica-
tion of the all-weather gage system must be done before further
progress can be made in the study of gage deterioration. Until the
profilometer is modified and its output verified, profile defect
data cannot be expressed in terms of the FRA track safety standards.

The same situation appears to be true if rail alignment is to be



compared to federal standards. An alignometer, which is under de-
velopment, appears to hold considerable promise in this field.

This device would function much like a lateral profilometer. Under
study is the possibility that an alignment standard's comparison

program can be written for the existing alignment data.

The programs that were discussed earlier are under continuing

study and change. In this area the object is to output more usable
information, reduce the amount of paper involved, reduce the cost
of programming and data processing, explore the possibility of
real-time processing of all data, and provide each level of manage-

ment with the most useful reports.

Particularly in the area of profile, some quality control value is
already apparent in the rating summaries. Curvature and crosslevel
still require the development of verified rating techniques. Some

of these are already developed, but there is much more study needed.

As of this time, no attempt has been made to develop any cost-
benefit relation using the track geometry data. This aspect of

the study is probably several years in the future.

At present, there are limitations to the use of track geometry

data. For example, it can never replace the track man. If track
begins to deteriorate, the measurement system can tell where and

in what parameters, but not why. A track man must look at that
location and use his experience and judgment to determine corrective
solutions. Sophisticated systems can only produce valuable infor-

mation to aid in the decision making process.

Track geometry is not an end in itself. The track structure is
merely the stimulus which excites a dynamic response in the rail-
road car. While some cars can develop undesirable dynamic reactions
on poor track at low speeds, other cars can show dangerous excita-
tion on relatively good track at higher speeds. As more is learned
about the reactions of car suspensions to the stimulus of track,
railroad safety will depend less on "operator judgments'" and more

on applied technology. The use of automated track measurement sys-

tems should then result in safer and more economical railroading.
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3.0
MAINTENANCE INFORMATION REPORTS

3.1 INTRODUCTION

Post-run processing of digital track geometry data is performed
to provide track maintenance information reports in a format useful
to maintenance-of-way personnel. A number of different reports

have been developed to evaluate track geometry data. They include:

° Crisis Maintenance Report which highlights exceptions
requiring immediate action (includes location and
magnitude).

° Detailed Exception Listing which provides detailed

information on the magnitude of each exception (gage,
profile, crosslevel, curvature, warp, or rock and
roll) keyed to geographic location.

° Maintenance Planning Report which presents information
on the average quality of track sections in a manner
useful for maintenance scheduling and for the evalua-
tion of maintenance performance. This report lists
track quality measures and contains summaries that
rank sections of track according to quality.

() Data Comparison Report which presents information
useful for evaluating the rate of track degradation,
the effects of specific types of track maintenance,
and the performance of track maintenance equipment
by means of (1) histograms for two sets of data which
are superimposed to give visual representation of
differences in the measured segments of track, and
(2) geographic plots where quality measures for se-
lected track geometry parameters are used.

These reports are used to present detailed maintenance information
on gage, profile, curvature, integrated exception (a single report
summarizing gage, profile, curvature, crosslevel, warp, and rock

and roll exceptions), and integrated standards (a report summarizing

exceptions to federal track safety standards).




Table 3-1 displays a list of all the reports that are generated for
maintenance planning. For each report the table shows which param-
eters are analyzed and which reports are used by each level of

management.

3.2 GAGE REPORTS

The Gage Program produces a multipurpose report which 1s oriented
toward railroad maintenance activities. The report contains data
for crisis maintenance, detailed exception analysis, and mainte-

nance planning.

The Gage Critical Threshold List (Figure 3-1) contains a summary

of critical gage exceptions found during data acquisition. Critical
gage thresholds can be predetermined in order to give the railroad
user a list of exceptions which he considers critical. The 1ist 1is
not ordered by severity, but is merely a summary of anomalies en-
countered. Each entry line includes information which is used to
determine the geographic location of the exception (i.e., milepost

distance) as well as the distance from the reference location.

The Gage Priority Defect List, also called the Largest Exception
List (Figure 3-2), is a one-page summary used for gage crisis mainte-
nance. It lists the one hundred largest gage exceptions in order

of decreasing magnitude.

The purpose of these two critical exception reports is to provide
the individual railroad user with sufficient information to determine

where to concentrate spot maintenance efforts.

Figure 3-3 illustrates the relationship between the strip chart
recording of gage and the computer-generated gage exception listing.
When a gage value exceeds a selectable low threshold, such as 57.00
inches, a gage exception is indicated. If only a single value within
a specified distance is in excess of this threshold, a single line

entry will be printed.



TABLE 3-1

RELATIONSHIP BETWEEN MEASURED PARAMETERS,
MAINTENANCE REPORTS, AND MANAGEMENT LEVELS

PARAMETERS MANAGEMENT LEVELS
MAINTENANCE REPORTS - ; "ok -
Gage © Pro- Curva- Align- Cross- | Warp and Track Mid Top R&D
file ture ment level Ro11 Supervisor | Level Level Engineer

Critical Maintenance f

1. Analog Chart X X X X X X ; X

2. Critical Defect X X X X X X X X
Z 3. Priority Defect X X X X
: Detailed Exception X X X X X X X
Maintenance Planning

1. One-Mile Exception Sum. X X X X X X X

2. One-Mile Class Sum. X X X X X X

3. Location Sum. X X

4. Track Segment Sum. X X X

5. Histogram X X X X X
Data Comparison

1. GEOPLOT X X X X X X

2. COMPARE X X X X X

3. PSD X X X X X X
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Figure 3-2. Gage Priority Defect List Showing the 100 Largest
Defects Sorted by Decreasing Order of Magnitude



CHART __RECORDING

REFERENCE

LOCATION
2t
COMPUTER GENERATED EXCEPTION LISTING
WIDE GAGE EXCEPTIONS ACQUISITION 30404-2NI PROCESSED 03/01/73 PAGE 23
LoC xo08 STANDARDS 57.00 57.25% 57.50%% S57.75%3% 58.00% ¥ ¥ ¥
MP FEET TRK/LOC MILE FEET GAGE O/A DIST ALD COMMENTS EXC. INDEX
—® 97 -1400 2 o8 0 4082 57.04 2 3

{ 97-1450 2 08
e
L
— -

0 4126 57.12 START
97 -1450 0 4150 S5T.28%
97 -i550 0 4270 S5T.S52% ¥
97 -1650 0 4330 57T.68%% MAX
97 -1850 0 4527 57.50%¥%
—® 97 -1850 0 A575 57.34 %
97-1950 0 4637 57.08 51t END 833

(REAL TIME)
57"
Eal

sy
T T
w%“‘ }
I e
! .
i
i
il
hj T T
il
e
i
w oy ’
' ]
57"

Figure 3-3.

Relationship of Detailed Gage Exception Infor-
mation and the On-Line Strip Chart Display




If gage values within a specified distance ahead also exceed the
low threshold, a group exception will be printed, grouping all ex-
ception data ahead until no additional data exceeds the low thres-
hold within the grouping distance. The final group exception entry
contains all of the data printed for the single exception mentioned
above, plus the word END in the Comments column.

There will always be a START and MAX entry to indicate the beginning
and maximum points of an exception group. In addition, there may

be entries to indicate the change from one severity level to another.

There is no distinction between wide gage and tight gage exceptions
other than in grouping (all wide gage exceptions appear in one re-
port section, tight gage exceptions in another) and in the direc-
tionality of surpassing a threshold.

The purpose of the Gage Track Segment Summary (Figure 3-4) is to
display an analysis of the quality of the track in terms of the gage
parameter. The method of analysis is to calculate various statisti-
cal measures for each segment (normally one-quarter mile, unless

otherwise specified).

Each entry in the report represents a track segment. The distance
information for mileposts and reference locations indicates the

point at which the track segment terminates. For each segment, the
mean and variance of the gage data are calculated and printed. In-
cluded also is a distribution chart for all of the valid data within
the segment. The latter is generated by setting six categories for
the gage data and determining into which one each measurement falls.
When all measurements have been categorized, the number of measure-
ments in each category is presented as a percentage of the total
number of measurements made in the segment. Thus each track segment
entry in the report shows data percentages for each of the six levels.
Three percentage values (95, 97, 99) are extracted from the distri-
bution chart to give an indication of gage width within a given track

segment.
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The value of this analysis is twofold. First, it is possible to
quickly determine the relative quality of one track segment compared
to another. As percentages in higher categories increase, the
quality of the gage decreases. Second, when analyzing data from

one run to another, it is possible to make comparisons of track
segments in terms of the respective distributions of their gage
measurements. By doing this it is possible to determine whether

the gage has widened appreciably in a specific area.

Gage Histograms graphically illustrate the condition of gage by
showing the distribution of gage measurements. Gage data histograms
are presented with measurement percentages on the ordinate axis and
incremental gage values on the abscissa. The sum of the measurement
percentages totals 100 percent. Although calculation of the mean
gage and other statistics can be performed from the histogram, its
primary purpose is to give railroad personnel a graphic comparison
of sections of track. As an example, there is little doubt of the
relative quality of the track segments represented in Figures 3-5
and 3-60.

The Gage Program provides individual histograms for each reference
location (normally about 5 miles of track) and a summary histogram

for all of the data analyzed.

3.3 PROFILE REPORTS

The Profile Program produces a multipurpose report which is oriented
toward different levels of maintenance activity similar to the Gage

Program.

The Profile Critical Threshold List (Figure 3-7) contains a summary
of critical profile exceptions found during data acquisition. The
thresholds can be predetermined in order to give the individual
railroad user a list of profile exceptions which he considers cri-
tical. The 1list is not ordered by severity; rather, it shows each

critical anomaly that is encountered.
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The Profile Priority Defect List (Figures 3-8 and 3-9), also called
the Largest Exception List, contains three pages. The first page
lists the one hundred largest profile chord offsets for the two
rails. Pages two and three list the fifty most severe track seg-
ments based on "index" (area under the midchord offset curve) and

slope ''changes."

The defect detection scheme is the same in the Profile Program as

in the Gage Program. When a profile value exceeds a selectable

low threshold, such as -0.375 inch, a profile exception is indicated.
Because profile anomalies are caused by low joints, and because low-
joint information is of short duration, there is no analysis done
for grouping exceptions (i.e., all exceptions are point exceptions).
Each time an exception is encountered, it is printed out in the
appropriate rail column along with additional information about

geographic location and severity (Figure 3-10).

Also included on the report page is a line entry for the segment
summary whenever the appropriate amount of data has been analyzed.
This summary presents data concerning the profile track quality
of the segment and includes an analysis of the Index (area under
the profile curve), Number of Slope Changes (abrupt change in
profile value between adjacent samples), Mean, and Variance.

These four quality measures are calculated for each rail.

The Profile Exception Location Summary Report (Figure 3-11) lists
all locations sorted according to Index value. The Index value for
each rail is summed for all the complete track segments within each |
location. Once the numbers have been accumulated, the total is

divided by the number of track segments to obtain the average Index

value per segment. The locations are then sorted by the severity

of the average index number.

The purpose of this summary is to give an indication of the quality
of track for track segments that average 5 to 10 miles. Planning
can be developed for the maintenance of longer sections of track

with this type of information.
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Figure 3-11. Profile Exception Location Summary Report Ranking
Locations by Magnitude of the Profile Index Value




The Profile Track Segment Summary Report (Figure 3-12) provides a
more detailed Profile Exception Track Segment Summary. Track seg-
ments within each location are analyzed for severity of the index
value. As with the Location Summary, the purpose of this section
is to provide useful information for maintenance planning of larger

sections of track.

Like the Gage Report, the Profile Report also displays relative

track quality by means of data histograms. These graphical displays
indicate quality by illustrating the distribution of profile measure-
ments. The report provides one chord offset data histogram for each

reference location derived from data combined from the two rails.

3.4 CURVATURE REPORT

The Curve Evaluation Program produces a report based on curve defi-
nition and FRA track safety requirements. It contains data similar
to gage and profile reports for crisis maintenance, detailed excep-

tion analysis, and maintenance planning.

The Curve Evaluation Program generates four exception lists, with
each one ordering the one hundred largest measurement exceptions
in decreasing order of magnitude. The four measurements used are

curvature, crosslevel, warp, and rock and roll (Figure 3-13).

The main curvature exception report gives a geographically ordered
accounting of curves and exceptions as they are encountered during
data collection. Curves are broken down into spirals and bodies
(constant curvature). Exceptions are noted for crosslevel curvature
mismatch, reverse crosslevel, curvature, crosslevel, warp, and rock
and roll (Figure 3-14).

The detailed curvature exception list is divided into two sections:
curve description and exception analysis (Figure 3-15). The de-
tailed curve description completely defines each curve by location
and magnitude, and gives point of spiral, spiral to curve, curve
to spiral, and point of tangent, together with geographic location

and overall length information. Also incorporated into the curve
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o 169 3000 7 5264 100 I 1532 124 2 1 14T 103 4 .
- 166 3050 4 5270 100 I 1421 115 1 1 1511 130 .
° 162 4250 1 1317 100 1 1121 67 1 1506 123 2 L
° 167 400 s 2629 100 I 1452 96 2 1 1499 109 3 .
# 165 4350 4 1311 100 1 1491 126 4 1 1211 81 -
» 165 1700 3 3952 100 I 1422 127 1 1 1 1469 128 1 .
° 164 4350 3 1313 100 1 1397 107 1 1 1468 120 3 L3
- 167 1700 5 3948 100 I 1328 89 1 1 1467 100 3 -
L] 161 4350 0 1319 9¢ 1 1431 121 3 1 1216 81 L
L 164 3050 2 5274 100 I 1218 80 I 1428 107 1 .
e 168 3950 7 1305 100 1 1278 79 1 1 1428 106 1 .
e 162 1600 0 3958 100 I 1427 84 1 1 1409 92 .
@ 163 3000 1 5276 100 I 1338 109 2 1 1360 104 1 L
o 167 4350 6 1307 100 I 1347 105 I 1203 81 L
@ 163 1700 1 3956 100 1 1056 41 1 1342 62 .
° 168 2600 6 5266 100 1 1162 78 1 1315 77 .
- 162 2950 0 5278 100 I 1117 58 1 1314 89 L3
3 163 400 1 2637 100 I 1273 71 1 1304 76 .
“ 167 3000 S 5268 100 I 1067 65 1 1303 90 1 L
. 170 3so 8 2623 100 1 1194 a3 1 1260 80 .
o 170 1650 8 3942 100 1! 1111 59 1 1 1 1191 82 1 L4
- 163 4350 F4 1315 100 1 1076 68 1 1160 73 A L4
@ 170 3000 8 5262 100 1 1019 48 1 1 1144 61 .
» 162 350 b] 2639 90 1 825 31 1 1068 52 1 »
a & 170 3300 9 272 100 1 23S 6 1 283 15 -
o 1 1 *

.GGGGGGQQGGGQGGQGGGGGGGQGDHGGGGGGGGGGGQGGGGGGGG..GGQ...Q.GQQQO.Q.QQG..Q..GDQ..G.......G.l..l.....................................
# = SEGMENT IS LESS THAN FULL TRACK SEGMENT
Figure 3-12. Profile Exception Track Segment Summary Report.

This Report Ranks Quarter-Mile Segments Within a
Location by Magnitude of the Profile Index Value
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= LOC X - LOC X -
# (BASED UPON MAXIMUM VALUE) *
s LoC uP  FEET MILE FEET CLASS MAX 0/A LEN PAGE & Loc MP  FEET MILE FEET CLASS MAX  0/A LEN PAGE hd
o & -
i+ * »
= PR 361 -4157 8 2608 5 -1.25 19 7 # 28 361 =4949 8 3406 5 =-1.25 2 8 *
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4 28 361 =367R B 2135 5 -1.01 9 7 # 28 361 =-4125 8 2582 5 -1.01 2 7 *
® 28 360 -19 8 3933 5 -¢98 2 8 hd 28 360 =435 8 4177 5 ~e94 2 8 ot
#® 28 368 -4009 1 2966 5 -.92 4 2 #* 28 1361 -4210 8 2666 S .88 7 7 @
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= ?8 361 -368r 8 2144 5 -84 2 7 & 28 1364 =2506 S 1000 5 -.80 4 5 ot
= PR 340 =251 8 13993 5 «80 2 8 ol 28 364 -2511 S 1005 5 -.78 2 5 ot
# 28 3A1 =4964 8 3423 5 -.78 2 8 * 28 1368 =3995 1 2951 5 =78 2 2 hd
# 2?8 361 =3664 & 2120 5 -.78 2 7 & 28 361 -5123 8 3580 5 -.78 2 8 o
& 28 340 =319 3 4061 5 - 77 2 8 ol 28 361 =4959 8 3416 5 =.76 2 8 ot
s 28 3A/4 2497 5 986 5 -e76 4 5 & 0 0 0 0 0 0 0.00 0 0 hd
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Figure 3-13. Curvature Priority Defect List. The Same Type
of List is Generated for Crosslevel, Warp, and
Rock and Roll Exceptions
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Figure 3-14.

Detailed Curve

Evaluation Report

ACQUISITION 31102-182 PROCESSED 03/04,74
FOR CURVATURE-=p0SITIVE VALUE=CENTER OF CURVATURE TQ WEST
NFGATIVE VALUE=CENTER OF CURVATURE T0O EAST
FOR CROSSLEVEL=--PNSITIVE VALUE= EAST RAIL HIGH
NEGATIVE VALUF= WEST RAIL HIGH

[ommmm e el ==THRESHOLDS~==emmmc e cmemecmmaen]
- 25 FT 250 .500 24000 2.000 500 -
- 25 FT . 250 .500 1.500 1,750 «500 -
J e EXCEPTIONSe-mcmmcccmuan R 1
I X~LEVEL 1
I  CURVATURE 1
1 MISMATCH REvV. CuRv. MAX X=LFv wWARP O/A R AND R I
[ DIST SIZE x-LFy (DEGY SPEED (IN.) (31.0) LEN (19.5) 1
1 I
1 I
1 1
I 57 42 2 I
I 1
1 .30 1
1 1e5n 39 28 1
1 I
1 ~e50 I
1 I
1 I
1 -1e40 7 I
1 I
1 ~1e24 38 45 1
1 -.57 2 1
I 75 50 7 I
1 1
1 1
1 1.12 46 16 1
1 1
1 1
1 - 65 36 2 I
1 1
1 I
1 ~1.30 35 21 1
1 -+59 44 2 I
1 -.53 2 I
1 1.1m a4 41 1
1 .50 2 I
1 -6 7-5 1
1 -5 7-9 1
1 I
1 I
1 I
1 1

PAGE

END OF EVENT
NISTANCE

LOoC.

MILE

(=== N- NN o

(=R Ne e Na)

OO0 O0O0COO0O0COOOO O
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19
24
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LLOCETTION FloalF tae TN 17 FOR CURVATURE=-PASITIVE VALUF=CENTER OF CURVATURE TO  wFST
MEGATIVE VALUE=CFnTE®R OF CURVATURE Tn  EAST
FAR CROSSLEVFL-=-2nSTTIVE VALUF= FaST RATL HIGH
ToaCH ©UMRER ¢+ MEGATTIVE VALUF= WFST RATlL HIGH
|
! FOA CLASS @ 2 [ommcmcmcmm—— e mm e THRESHOLDGmmmcmmmm s e mmmm e mm e = I
' NON-SPIRAL ~ 25 FT «250 .500 2.000 2,000 +500 -
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I
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Figure 3-15. Relationship of Detailed Curve Information

and the On-Line Strip Chart Display



display are statistics showing average superelevation, average
curvature, and corresponding limiting and average speed information
as defined by the following FRA Track Safety Standards equation
which correlates curvature, elevation, and speed.

v - | E+ 3 where E
max 0.0007d

elevation

[al
I

degree of curvature

<3
ii

maximum allowable
speed

max
The detailed curvature exception list defines six types of exceptions
in terms of location, magnitude, and overall length (Figure 3-16).
Crosslevel data are analyzed for possible crosslevel exceptions in
tangent, spiral, or curve body areas. Warp is defined as the dif-
ference in measured crosslevel over a specified "warp" distance.
Each warp condition is checked for a possible exception. Also de-
fined is a reverse crosslevel exception condition (known as '"under-
shoot" or '"overshoot'" at the start or end of a spiral). Another
type of exception which is defined is rock and roll. This condition
is determined by a difference in measured crosslevel over a speci-
fied distance and by a change in slope from one difference to the

next.

Curvature exceptions are defined as those areas where curvature
deviates from the average by more than a given threshold. The ex-
ceptions are described in terms of magnitude and overall length.
The last type of exception compares crosslevel and curvature data
to define potentially dangerous areas of superelevation-curvature
mismatch. This anomaly, in which curvature occurs before super-
elevation, is defined by length-distance between the start of
curvature and the start of superelevation, as well as by magnitude-

superelevation required for the measured amount of curvature.
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Summary information for curves is used in determining track quality
and conditions of curves. Each entry into the Curvature Summary
Report (Figure 3-17) represents each curve as defined in the de-
tailed report. For each curve, all of the curve quantifying infor-
mation is transferred from the detailed report along with information
about the central angle traversed through the curve. An exception
tally for each type of exception is also displayed for each curve.

5.5 INTEGRATED EXCEPTION REPORT

The Integrated Exception Program (INGRATE) incorporates data from
different track geometry parameters into a single data reduction
exception report. Whereas the three previously mentioned programs
analyze individual parameters, INGRATE analyzes multiple track
geometry parameters simultaneously and generates a multipurpose
report. It contains data for detailed exception analysis and

maintenance planning.

The INGRATE program uses the same analytic techniques for exception
detection as are used in the Gage, Profile, and Curvature Programs.
The parameters analyzed for anomalies are gage, profile, curvature, -
crosslevel, warp, and rock and roll. The Detailed Integrated Track
Geometry Exception Report (Figure 3-18) displays exceptions for each
parameter, with the capability of displaying one or more exceptions
simultaneously if they occur at the same location on the track.

Each exception is defined in terms of geographic location, magnitude,
and overall length. The primary importance of this report is that
the detailed information contained in the three preceding reports
are combined to allow the user to simultaneously observe anomalies

for multiple track geometry parameters.

The One-Mile Exception Summary Report displays the number of excep-
tion samples for each parameter processed. Two columns are provided
for each parameter. The first contains the number of exception
samples per mile and the second presents the count of exception

samples using a different exception threshold. Thus, in the summary
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Figure 3-17. Curve Summary Report. Report Displays
a Summary of Every Curve Encountered

During a Test Run
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INTEGRATED TRACK GEOMETRY EXCEPTION REPORT ACQUISITION 10/13/74 PROCESSED PAGE 8
LOC x60 MILEPOST 632,0 - 625,.2

LOCATION : 69 TRACK NUMBER ¢ 2 CLASS 2 THRESHOLDS
PROF 1L 445 ) URVATUR 146 X WARP FT) ReR SFT) FACT
THRESHOLDS IN INCHES =-=> ( .506)l ? 2.058)E (gé.ES) (l%SXS% A (lfgbﬁ? ’( fégﬁ) AC
NORTH SOUTH MAX O/A MAX 0/A MAX O/A MAX O/A

MP DIST MILE FEET RAIL RAIL DEG DIsT Exc DIST £xc DIsy EXC DIST EXCEPTION
® 626 ~2528 6 2081 ~.52 c
o 626 ~2666 6 2219 -5 6 =6 c
¢ 626 =2699 6 2252 57.36 7 c
e 626 =2740 6 2293 =5 7 -7 C
e 626 ~-2760 6 2313 ] E 6 -7 5 c
* 626 =-2803 6 2356 ~+55 ’ c
e« 626 ~2895 6 2448 57.28 12 c
® 626 =3011 6 2564 57.26 S c
® 626 -3132 6 2685 57.38 41 c
® 626 -3137 6 269¢ -6 7 -6% c
® 626 =3154 6 2707 E 7 -6 8« C
* 626 =3156 6 2709 =60 c
e 626 =3171 6 2724 E -6 8 -6« C
* 626 =3195 6 2748 6 «7 6% C
® 626 =-3275 [} 2828 =«50 c
e 626 ~3311 6 2864 -.69 C
& 626 ~3371 [} 2924 S7.49 12 c
® 626 ~3739 6 3292 -.54 c

TRACK CHANGE :TRACK 2 TO TRACK 1
® 626 =3987 6 3540 ~===SENSORS UP=c~w
® 626 =4526 6 4079 ~===~SENSORS DOWNeewa
® 625 -123 6 4983 57.26 2 c
® 625 <280 6 5140 ~+50 c
° 625 =324 6 5184 57.33 2 c
¢ 625 =503 7 83 57.27 2 c
® 625 -58S 7 16S -5 6 -7 C
¢ 625 604 7 184 E 6 -7 o C
® 625 =626 7 206 E =7 6 -6% C
® 625 =669 7 249 -.50 c
® 625 -1274 7 854 -.50 c
@ 625 =1609 7 1189 57.25 2 Cc
® 625 =2641 7 2221

CHANGE TO CLASS 4 THRESHOLDS

PROFILE CURVATURE GAGE X LEVEL WARP RsR
{ «500) ( 1.000) (57.00) ( 750 ( «750) { «500)

Figure 3-18. Detailed Integrated Track Geometry Exception Report. This Report
Displays Exceptions for Each of Six Different Measurement Parameters.




displayed in Figure 3-19, the first column under Gage shows the
number of samples which exceed a 57.00-inch threshold, while the
second column shows the number of samples that exceed a less strin-
gent threshold. This allows two different analyses of the same

section of track.

3.6 INTEGRATED STANDARDS REPORT

The Integrated Standards Program was developed to analyze track
geometry data for exceptions to the track safety standards as
defined by the FRA Office of Safety. Parameters are evaluated
according to track safety standards in a detailed exception
analysis and maintenance planning format. Besides the computer
output, the program generates a file of information which can be
subsequently used for a graphic display of the data.

This program uses the same set of parameters as the Integrated
Exception Program. However, curvature and rock and roll are not
analyzed for exceptions (Figure 3-20). Curvature data are used
for determining geographic location of track curves. Once the
track type (tangent, spiral, curve) has been established, this
information is used to determine which set of thresholds is re-
quired for the analysis of the data. Profile data are taken from
the signal of the inertial profilometer and converted to 62-foot
chord information. Warp is evaluated for anomalies for distances
between 2-1/2 feet (single sample length) and 62 feet.

As with the other reports, each parameter exception is defined by
geographic location, magnitude, and in most cases overall length.
The length displayed for a warp exception represents the distance
which has produced the maximum anomaly found in a 62-foot window

area.

As with the Integrated Exception Program, the Integrated Standards
Program generates a one-mile exception summary which displays the
number of exception samples for each parameter processed (Figure

3-21). For each parameter, two columns provide the capability to
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ONE MILE SUMMARY EXCEPTIQN REPORT ACQUISITION 1lo0,/13/74 PROCESSED PAGE 1

DATA FROM MPg40 TO MPs07 : TRACK NUMBER : 2
NORTSRO‘FILEOUTH CURVATURE GAGE X LEVEL WARP ROCK + RoLL

MILEPOST RATL RATL (31.0FT) (15,.5FT)
START END D1ST Cis EXC SsEv ExC SEV EXC SEV EXC SEvV EXC SEv EXC SEV EXC SEV
660 639 5331 3 1 13 411 2

® 639 638 5423 2 3 2 121 3

° 638 637 5077 2 2 28]

e 637 636 5341 2 1 1 1 184

e 636 635 5350 2 82 1

° 635 634 5292 2 1 l42

° 634 633 5261 2 245 1

L4 633 632 5314 2 1 1 29 3

L4 632 631 4954 2 2 3n 1

L4 631 63¢ 5167 2 1 1

L 630 629 5160 2 1 1 59 2 1

- 629 628 5599 2 2 1 203 4

o 028 627 5196 2 1 3 25 2

L4 627 626 5341 2 1 1 13 S 13 2
TRACK CHANGE :TRACK 2 TO TRACK 1

L 626 625 5307 2 10 59 9 )

e 625 624 5290 2 2 2 7 3 2

- 624 623 4770 4 1 8

« 623 622 5285 4 1 o7 5 1 1 1

e 622 621 5309 4 3 36 8 S 1 1 S 5 3 1

- 621 620 5087 o

4 620 619 5401 3 2

Figure 3-19. One-Mile Exception Summary Report. Report Displays Per Mile the
Number of Exceptions/Severe Exceptions Found for Six Measured
Parameters
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INTEGRATED TRACK GEOMETRY SAFETY STANDARD REPORT ACQUISITION 41013-1E1 PROCESSED 2/7/75 PAGE 2
LOC X60 MILEPOST 632.0 = 625.2 '

LOCATION : 690 TRACK NUMBER : 1 CLASS & TRACK
PROFILE ALIGNMENT GAGE x LEVEL WARP SPEED (MPH) FACT
THRESHOLDS IN INCHES =--> (2.000) NOT OPERATIONAL (57.25) (1.250) (1,250)
NORTH RATL SOUTH RAJL MAX o/A MAX 0/A MAX
Mp DIST MILE FEET MAX O/A MAX O/A £XC DIST ExC DIST | £XC LENGTH
e 622 -1300 10 ar79 -1,93 2 -2.12 3.4 0 s 0
e 622 ~1500 10 596 -==~SENSORS DOWN====
o 622 -3000 10 2085 57.44 2 18 T
e 622 ~5150 10 4226 =1¢36 60.4 39 T
s 622 -S150 10 4257 1,36 s 4] T
o 622 ~5200 10 4284 1,98 22 : 4] T
e 620 =550 11 4746 CHANGE TO CLASS 3 TRACK
PROF ILE AG x-LEVEL WARP
THRESHOLDS IN INCHES -=-> (2.2%%) (27.20) (1.9%0) (1?750)
e 619 ~3150 13 2212 CHANGE TO0 CLASS S TRACK
PROF ILE GAGE X-LEVEL WARP
THRESHOLDS IN INCHES ==> (1.250) (57.00) (1.000) (1,000}
e 619 -4200 13 3234 1.13 2 57 T
s 619 =-4200 13 3246 1,14 7 57 T
® 619 ~4200 13 3761 1,25 10 58 T
LOCATION CHANGE: LOC X59 MILEPOST 62542 = 617.4
e 618 ~4700 0 17590 1.10 60.4 43 T
® 618 =4950 0 1999 =-2,36 191 4] T1
e 617 =4750 1 1762 57.14 2 18 T
e 616 -3100 2 139 5726 17 43 T
Figure 3-20. Integrated Track Geometry Safety Standards Report. Report Displays all

Exceptions to FRA Track Safety Standards for Five Measured Parameters



6C-¢

ONE MILE SUMMARY EXCEPTION REPORT ACQUISITION 41013-1E1l PROCESSED 2/7/7S PAGE 2

DATA FROM MP640 TO MP607
TRACK NUMBEK ¢ 1

NORTzROFILEOUTH NO?LégESE?}ONAL GAGE X LEVEL WARP
MILEPOST RAIL RAIL RAIL RAIL

START END DIST OPCL CL1 OPCL cCL1 OPCL cCL1 oPCL CL1 OPCL CL1} oPCL CL1 OPCL cL1
* 622 621 5309 ' 1 12 1 2 1
» 621 620 5087
* 620 619 5401
® 619 618 5329 8
» 618 617 5249 _ 79 1
* 617 616 5280 1
« 616 615 5249 5
*» 615 614 4906
*  6le 613 5341 2
» 613 612 5341 1
» 612 611 5191 2
- 611 610 5263 2 2
« 610 609 5092 6 1
. 609 608 5285 19 1
*» 608 607 5263 15 43 1
* 607 606 5309 2
& 606 605 5244
e 605 604 5007
e 604 604 1075

TOTAL EXCEPTIONS 0 (4] 0 0 22 0 172 1 20 1

Figure 3-21. One-Mile Exception Summary Report. Report Lists Per Mile the Number
of Operating Class and Class 1 Exceptions for Each of Five Measured

Parameters.




look at the number of exception samples per mile for two different
sets of thresholds. As an example, it is possible to observe the
number of defects according to appropriate track class while at the
same time determining how many miles of track need immediate mainte-
nance because of the presence of exceptions exceeding Class 1 stan-
dards.

The One-Mile Class Summary gives information on compliance with
safety standards once deviations have been located. The highest
allowable operating class is displayed per mile for each parameter
processed. Also printed for each mile is the operating class as
set by the railroad and the overall limiting class as determined
by parameter comparison with safety standards. Other speed infor-
mation displays any restrictions found from the comparison of
elevation and curvature on every curve within each mile. Figure

3-22 gives an example.

The Curve Summary (Figure 3-23), which shows the points of change
from tangent to spiral and spiral to curve for each mile, is in-
cluded as an aid in determining where curves have been located for

changes in class standards.

As mentioned above, one added feature of this program is that it
has the capability for generating a graphic display of all infor-
mation provided in the summaries. In Figure 3-24, the top four
plots show the number of posted class and Class 1 exceptions for
each of four parameters for each mile tested. The fifth plot dis-
plays the railroad operating speed along with any limiting curve
speeds as defined by the FRA Track Safety Standards. The last plot
presents the operating class and the highest allowable class as

determined by the severity of deviations for the parameters analyzed.

3.7 DATA COMPARISON REPORTS

Data comparison reports are used to provide relative comparisons be-
tween different sets of track geometry data for higher level mainte-
nance planning. Two programs (COMPARE and GEOPLOT) have been dev-

eloped for this purpose.
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ONE MILE CLASS SUMMARY REPORT ACQUISITION 41013-1E1  PROCESSED 2/7,75 PAGE 2
DATA FROM MP640 TO MP607
TRACK NUMBER : |

MILEPOST PROFILE GAGE XLEVEL WARP o/A POSTEQ TRACK Lf:?:ENG POINT OF
CLASS CLASS CLASS CLASS TRK CLASS CLASS SPEED  SPEED LIMIT
START END  DIST

s 621 620 5087 4 4 4 4 4 4 60 49 200

- 620 619  S401 3 3 3 3 3 3 40 40

° 619 618 5329 3 3 3 3 3 3 40 40

° 618 617 5249 5 s 1 4 1 S 80 60 3000

a 617 616 5280 s 4 5 s 4 S 80 48 1700

b 616 615 5249 S 3 S 5 3 S 80 80

i 615 614 4906 L) S S 5 S S 80 80

- 614 613 5341 s 5 s 4 4 S 80 44 1500

° 613 612 5341 S S s 4 4 s 8¢ 80

. 612 611 5191 5 S 5 4 4 S 80 61 200

® 611 610 5263 5 s 4 3 3 s 80 62 1150

# 610 609 5092 S s 3 4 3 S 80 61 850

@ 609 608 5285 s s 3 4 3 5 80 63 2250

. 608 607 5263 S 1 1 4 1 S 80 68 3150

- 607 606 5309 4 4 4 4 4 4 60 52 2550

° 606 605 5244 4 4 4 4 4 4 60 53 4150

s 605 604 5007 4 4 4 4 4 4 60 59 4000

° 604 604 1075 4 4 4 4 4 4 60 59 450

TOTAL TRACK GEOMETRY MILES PER CLAsS
CLASS o CLASS 1 CLASS 2 CLASS 3 CLASS & CLASS 5 CLASS 6

1 3 14 9 9 1 0

anaodﬂnnﬂﬂDBﬂﬂﬂddBndﬂnnnﬂdDnlﬂnbﬂdanInGQGDGGGG.Qiinlﬂﬂﬂlﬂlﬂﬂﬂluinﬂ'I.nuiﬂaﬂ.ﬂﬂ..#.
TOTAL POSTED MILES PER CLASS

CLASS CLASS 2 CLASS 3 CLASS 4 CLASS 5 CLASS 6
0 15 3 8 11 0

TOTAL MILFS COVERFD IN REPORT= 37

Figure 3-22. One-Mile Class Summary Report. Report Displays Per Mile the Maximum
Allowable Class for Four Parameters Plus the Overall Allowable Class




CURVE SUMMARY
DATA FROM MP640 TO MP607

Mp DISTANCE LOC DISTANCE

PAGE 11

MP FT MILES FT
623 ~175¢ 9 82S
623 ~1850 9 912
623 =2050 9 1108
623 =205¢0 9 1108
623 =2159¢ 9 1219
622 -1100 10 176
622 =-1200 10 270
622 -13060 10 362
622 ~1300 10 362
622 =14590 10 545
622 =2760 10 1773
622 =-28¢0 10 1904
622 =2900 10 1964
622 =2900 10 1964
622 =2950 10 2049
622 =5200 10 4284
621 -150 10 4557
621 =200 10 4618
621 -200 10 4618
621 ~450 10 4850
621 =4400 11 3528
621 ~4650 11 3748
621 =41759 11 3888
621 ~4750 11 3888
621 <5050 11 4168
620 ~1250 12 191
620 -1500 12 430
620 =~1900 12 819
620 -1900 12 819
620 ~-2150 12 1049
619 =4200 13 3261
619 <4350 13 3379
618 =3000 0 39
618 =3000 0 39
618 =3100 0 169

Figure 3-23. Curve Summary Report.

START SPIRAL UP

START SUPERELEVATED SECTION
END SUPERELEVATED SECTION
START SPIRAL DOWN==NO COMPOUND

END SPIRAL DOWN==START TANGENT

START SPIRAL UP

START SUPERELEVATED SECTION
END SUPERELEVATED SECTION
START SPIRAL DOWN=--=NO COMPOUND

END SPIRAL DOWN==START TANGENT

START SPIRAL UP

START SUPERELEVATED SECTION
END SUPERELEVATED SECTION

START SPIRAL DOWN=--NO COMPOUND
END SPIRAL DOWN==START TANGENT

START SPIRAL UP

START SUPERELEVATED SECTION
END SUPERELEVATED SECTION
START SPIRAL DOWN-=NO COMPOUND

END SPIRAL DOWN==START TANGENT

START SPIRAL UP

START SUPERELEVATED SECTION
END SUPERELEVATED SECTION

START SPIRAL DOWN==NO COMPOUND
END SPIRAL DOWN=<=START TANGENT

START SPIRAL UP

START SUPERELEVATED SECTION
END SUPERELEVATED SECTION
START SPIRAL DOWN=-=NO COMPOUND
END SPIRAL DOWN=-=-START TANGENT

START SPIRAL UP

START SUPERELEVATED SECTION
END SUPERELEVATED SECTION
START sPIRAL DOWN==NO COMPOUND

END SPIRAL DOWN==START TANGENT

Report Gives Summarized
Curve Information for Each Curve Encountered
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NO . OF
GAGE EXECEPTIONS
PER MILE
NO . OF
PROFILE EXECEPTIONS
PER MILE
NO . OF
CROSSLEVEL EXECEPTIONS
PER MILE
NG . OF
WARP EXECEPTIONS
PER HILE
CURVATURE
{FOBR CURVES ONLY)

CLASS OF TRACK

Figure 3-24,.

RR OPERATING
CLASS
CLASS 1
RR QFPERATING
CLASS
CLASS 1
RR OPERATING
CLASS
CLASS 1
RR OPERATING
CLASS
CLASS 1
FPOSTEQ SPEED
(MPH)

LIMITING SPEED
(MPH)

MILE POST

50

257

50

25+

50

=

25+

50

257

!
211

Integrated Standards Graphic Display.
Class 1 Exceptions for Four Parameters.

L T O Ot T O T T T T T B R O S O R O L T B O S ST O S B S B S S B BN
201 191 181 171 161 1

Display Shows Operating Class and
These are Combined to Show Posted

and Safe Operating Class for Each Mile of Tested Track.
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The COMPARE Report provides a statistical comparison between two
sets of track geometry data. Various statistical measures of

each data set are included in addition to a histogram overlay plot
and a Power Spectral Density plot of each data set. This data pro-
cessing program was developed to compare track geometry statistics
and present conclusions in both graphical and tabular format. This
analysis can be made with either one or two sets of data. Two sets
of data are used to display a historical trend in the condition of
the track (Figure 3-25).

The histogram shows not only the percentage of measurements which
have exceeded the exception thresholds, but also the percentage of
measurements which are on the verge of becoming exceptions. It
also shows how closely the measurements are clustered about the

design value.

Power Spectral Density (PSD) plots (Figure 3-26) are commonly used
in the characterization of electrical signals varying randomly with
time, as the area contained under the PSD curve between any two
frequencies can be related to the total electrical power delivered
by the random signal within that bandwidth. Similarly, the area
between any two frequencies under the track geometry PSD curve 1is
related to the dynamic energy delivered to a traveling vehicle by
the track. Track geometry PSD's are useful both as track quality
indicators and as inputs to dynamic models for vehicle response
analysis because of the amplitude versus wavelength information

content.

Single data set histograms and PSD's can also be used to provide a
graphical comparison of different types of track. The gage histo-
grams and profile PSD's shown in Figure 3-27 are examples of the

type of information that can be presented.

3-34
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Figure 3-36. Comparison Report - Profile PSD Example
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GEOPLOT is a data processing program used to compare data from his-
torical test runs. The object of the report is to provide a visual
display that will assist maintenance-of-way personnel in determining
whether a specific section of track has degraded as a result of
little or no maintenance or has improved as the result of maintenance
actions taken between runs. Some railroads are using this report

as a tool for evaluating the status of track maintenance and the
effectiveness of maintenance equipment, and for determining the ex-
tent of track degradation. Visual identification of changes in the
condition of track over several years is a valuable feature of the

report.

The GEOPLOT Report produces a plot which displays up to four computed
track quality measures from up to three separate test runs over the
same trackage. The program overlays the data from the multiple
surveys and displays the computer measurement on a mile-by-mile

basis (Figure 3-28).
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4.0

SYSTEM VALIDATION AND
QUALITY INDEX DEVELOPMENT

4.1 INTRODUCTION

Studies were performed under the Rail Research Program to promote
better utilization of the data gathered by the FRA measurement
cars and to investigate new methods and techniques for solving
rail research problems. One of the most significant studies was
an extensive track geometry System validation effort which veri-
fied the accuracy of track geometry measurements. Other studies
included efforts to examine the relationship of track geometry

to ride quality; generate ride quality indices from track geometry
data; and to study the repeatability of index generation.

4.2 FRA TRACK GEOMETRY MEASUREMENT SYSTEM VALIDATION

An extensive testing program was conducted to validate the track

geometlry measurement system installed on the FRA measurement cars
to establish the accuracy and repeatability of measurements. Com-
parisons were made between manual and high-speed electronic meas-

urements of rail gage, Crosslevel, profile, and alignment.

The lack of a set of absolute reference standards made it necessary
to include not only field tests of the systems, but also controlled
laboratory tests of various components. The field tests permitted
comparison of system measurements with manual measurements, as well
as the evaluation of systenm repeatability under various operating

speeds, car directions, and types of track.

Analysis of field test results provided information on system per-
formance, while the laboratory tests were designed to evaluate the
operational characteristics of various components in an absolute

sense.
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System repeatability studies and comparisons with manual measure-

ments were made by calculating point-to-point measurement differences

and performing statistical analysis on the set of differences. A

summary of the validation results is presented in Table 4-1.

It should be noted that if the variances of the manual measurement
and the electronic repeatability are combined, they nearly equal
the variance associated with manual versus electronic measurement
differences. This agreement supports the conclusion that system

measurement is generally more accurate than manual measurement.

The results provide estimates on the average performance of the
measurement subsystems over a long section of track. Special
local conditions may cause increased errors in the measurements

at isolated points or segments of track. The effect of such
conditions, including worn rails, joint bars, etc., 1s discussed
in detail in the report entitled "Track Geometry System Validation
Report," DOT-FR-73-08.

4.3 RELATIONSHIP OF TRACK GEOMETRY AND TRACK QUALITY

Track quality measures show the measurement of track degradation
and the determination of maintenance needs. A number of measures
were developed and investigated for reliability, repeatability,
and significance, and the Bessemer and Lake Erie (BGLE) and the
Dénver and Rio Grande Western (D§RGW) railroads have studied
several measures for use in maintenance planning. These track
quality measures are derived from gage, profile, crosslevel, and

curvature parameter measurements.

A list of measurements and definitions is included in Appendix A.
Those currently under investigation are: Standard Deviation,
Slopes, and Index. Standard Deviation is calculated as the square
root of the statistical variance, Slopes as the number of signi-
ficant changes between two adjacent data samples, and Index as the

area under the data curve.



TABLE 4-1a
SUMMARY OF SYSTEM PERFORMANCE DATA

~ STANDARD DEVIATINNS
Giorg ey Vienrent Urosstoevel
Mainline Yard Mainline Yard Mainlire Yar Mainlinoe Yard
feaded runuai | ifigi 0.055" 0.130" 0.eoum 0.273" 0.005" 0. ::s" 0. 100" 0.1007
vorsus l Avg. [V R 0.100" 0.035" 0.250" 0.050 0.245" 0.075" 0.140"
ilectronic , Low 0.035" 0.070" 0.02s" 0.225" 0.035" 0.220" 0.ud0n 0.080"
Liecironic ; High 0.9335" 0.035" 0.065" 0.045"
Avg, 0.6235" g.025" 0.030" 0.030"
Low 0.010" 0.005" 0.015" 0.015"
|
i Higl C.udsm 0.030" 0.035" 0.080'"
Ava. 0.040" g.o20m 0.030" 0.035"
cata Low ¢.n10" 0.010" 0.015" 0.015"
TABLE 4-1b
SUMMARY OF VALIDATION RESULTS
Accuracy
Maximum Electronic Variations
Range of System from Manual
Veasur cment Repeatability Measurements
GAGE 55.5"-61.5" +0.025" +0.05"
PROFILE#* +2" +0.025" +0.04"
ALIGNMENT# +21 +0.030" +0.05"
CROSSLEVEL +6.5" +0.030" +0.08"

*Mid-chord offset using a 14.5-foot chord.




A number of experiments have been performed to investigate track
quality measures. One of the investigations involved a test run
on the BE&LE Railroad to relate track quality indices to track

ride quality as rated by two experienced railroad supervisors.

The supervisors were asked to rate the quality of ride of each
section of track measured, although neither the rating scale nor
the exact meaning of "ride quality" was explicitly defined. Each
section was rated by the supervisors as they rode the track geom-
etry car over different sections of track during three days of
testing, by using a scale of 1 (for excellent ride quality) to

10 (for poor ride quality). Since railroad reported the numerical
average of the pair of ratings for each section, no analysis was
made on the degree to which the railroad supervisors agreed on
their ratings. All of the track was continuously welded rail

maintained for 45-mph freight operation.

A computer was used after the test rTun to calculate a number of
different track quality measures for each section of track based

on recorded profile and gage measurements. These measures WeTe
then compared with the ride quality ratings made by the supervisors

during the test run.

Each of the measures calculated from profile measurements ranked

the track in approximately the same order as that selected by the
supervisors. The track geometry measure that best correlated with
ride quality rankings was calculated by counting abrupt profile
changes (changes greater than 0.1 inch between adjacent data samples).
This measure, ""Slopes Per Mile,™ exhibited an absolute average

error of less than 10 percent and a maximum single error of less

than 20 percent of the ride quality ratings assigned by the raill-

road supervisors. (See Table 4-2.)

None of the measures calculated from gage measurements correlated
well with the ride quality ratings. Gage apparently had little
effect on ride quality, at least within the range of gage condi-

tions found on the B&LE main line.
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TABLE 4-2

DISTRIBUTION OF ABSOLUTE ERROR TERMS USING
THE SIMPLIFIED SLOPES PER MILE RELATIONSHIP

REPORTED ESTIMATED
SECTION RIDE QUALITY RIDE QUALITY ABSOLUTE
NUMBER RATING RATING DIFFERENCE
1 2.5 2.0 0.5
2 4.0 5.3 1.3
3 6.0 5.3 0.7
4 2.0 3.3 1.3
5 3.0 1.9 1.1
6 7.5 5.5 2.0
7 7.0 5.6 1.4
8 5.5 3.6 1.9
9 2.0 3.2 1.2
10 2.5 1.7 0.8
11 4.5 4.6 0.1
12 4.0 3.9 0.1
13 4.0 3.0 1.0
14 4.0 6.0 2.0
15 5.0 6.5 1.5
16 4.0 3.9 0.1
17 6.0 5.9 0.1
18 5.5 4.6 0.9
19 2.5 2.8 0.3
20 3.0 3.4 0.4
21 5.5 6.8 1.3
22 1.0 1.4 0.4
23 2.0 2.8 0.8
24 1.5 2.9 1.4

(o]
~

Average Difference 0.




Further information can be found in the report titled "Correlation
Between Track Geometry Indices and Perceived Ride Quality,'" Report
No. DOT-FR-73-15.

A second experiment was conducted on the DERGW railroad. Track
geometry data were processed for many sections of trackage where
known maintenance had been performed between successive track
geometry surveys. Selected track geometry measures were then
calculated for each mile of track in these maintenance control
zones. Graphic presentations of the measures were used to enable
the qualitative comparisons of the consistency and responsiveness
of the measures to several maintenance levels. Figure 4-1 displays
an example of the graphic presentation. In the figure six sections
of track show the responsiveness of the Profile Slopes measure to
the maintenance action of laying new rail. Various gage and pro-
file measures were tested using three types of maintenance: new
rail, spot raise, and skin 1ift. The results showed that Standard
Deviation, Slope, and Index were the measures which were most con-

sistent and responsive to different types of maintenance.

The study of the correlation of track geometry indices to human
judgment and known track maintenance improvements has shown that
stable correlations do exist. Additional investigations will
provide the basis for the evaluation of the usefulness of track
geometry indices for track maintenance planning. Although it 1is
not suggested that track geometry measurement cars replace the
judgment of experienced supervisors, it does appear that such
cars can be used as a tool by these supervisors to provide relia-
ble and accurate measures of ride quality useful in the process

of allocating major track maintenance.

4.4 TRACK GEOMETRY MEASUREMENT AND MEASURES REPEATABILITY

There are four major causes for differences in the track geometry

measurements at any point along the track at two different times.
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° Sample error--the track geometry is sampled at incre-
ments of 2.41 feet during each test, so two measure-
nents assumed to be made at the same point may
actually be made at points up to 1.205 feet apart.

° System noise--including random vibration of the
sensors, round-off errors in digitizing, system
noise and nonlinearity, etc.

° Calibration errors.

° Changes in the track geometry.

The ability of the track geometry system to measure track degra-
dation or change depends on the repeatability of the measurements
and the indices calculated from the measurements. To check the
repeatability of the system, four test runs were made over a 6-1/2
mile section of BELE mainline over a period of approximately 1-1/2
hours. Since it can be assumed that the track geometry did not
change during this test, the differences from one run to the next
are an indication of the degree of repeatability of the measuring
system. This test essentially eliminated the influences of cali-
bration errors and changes in track geometry upon measurement

repeatability.

A preliminary analysis has resulted in an estimate of the magnitude
of the other sources of error. These imply a confidence interval

for individual point measurements which is as follows:

TRACK GEOMETRY 95% CONFIDENCE LIMITS OF
PARAMETER NORMAL RANGE INDIVIDUAL MEASUREMENTS

Gage 56" to 57.5" +0.07"

Profile -3/4" to +3/4" at 0" x0.03"

(beam system) at +3/8", x0.07"

Crosslevel +5" *0.17"

Curvature +6° +0.3°

A similar repeatability analysis will be performed for the profilo-
meter. This will allow comparison of the profilometer to the beam
profile system, and will allow evaluation of the effects of different

chord lengths used to calculate mid-chord offset.
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5.0
SYSTEM DESCRIPTION

5.1 INTRODUCTION

This chapter provides a nontechnical description of the track
geometry measurement system installed onboard the FRA measurement
cars. Data processing provides real-time computation and reporting
of track geometry characteristics, and digital recording of both
raw and computed data.

5.2 BASIC SYSTEM CONCEPT

The major subsystems and signal flow of the FRA Track Geometry
Measurement System are shown in Figure 5-1. As shown, each sub-
System is configured to measure, record, and display a particular
parameter of track geometry. The parameters include:

. Profile ® Crosslevel
° Alignment ° Curvature ?
° Gage ° Location

Each subsystem utilizes one or more sensors, signal processors, a
digital computer, recording equipment for digital magnetic tape,
and display equipment which provide on-line printout and analog
reports. The components associated with each subsystem are dis-
cussed in the following paragraphs.

5.3 PROFILE AND ALIGNMENT MEASUREMENT SUBSYSTEM (Figure 5-2)

Mid-Chord Offset (MCO) profile and alignment sensors are located
in pairs at six locations on the two 14.5-foot truck-mounted beams.
The sensors are arranged in pairs, and are located at the ends and
center of each beam. The beams are situated so that the sensors



are in proximity to the top of each rail. Each sensor is connected
in a capacitive feedback loop to an instrumentation amplifier inside
the car. Fach sensor amplifier produces an output signal that is
proportional to the distance between the rail and sensors, which

is dependent upon:

° Vertical distance from the sensor to the rail
. Lateral displacement of the sensor with respect to
the rail

MCO profile computations are based on the vertical distance from
a pair of sensors (i.e., LOR, LIR) to the surface of the rail,
while alignment computations are based on differences in lateral

displacement of the two sensors which constitute a pair.

A typical sensor pair is shown in Figure 5-3. The arrangement of

sensor pairs on the two beams 1is shown in Figure 5-4.

A
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SUBSYSTEY . = RECORIING
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3
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v

CROSSLEVEL \
SURSYSTIM hl

SPEED § DIGITAL
. BISTANCE RECORDING
CURVATURE o

SURSEYSTEM SUBSYSTEM

ALD
SUBSYSTEM

Figure 5-1. Track Geometry Measurement System Block Diagram
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Figure 5-2. Profile and Alignment Subsystem Block Diagram

Figure 5-3. Typical Capacitive Sensor Pair
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Figure 5-4. Location of Capacitive Sensors
on Truck-Mounted Beam

Rail curvature in the horizontal and vertical planes can be deter-
mined using a mid-ordinate to chord measurement technique. This
technique utilizes the displacement of the mid-point of an arc
from the mid-point of the chord drawn between the end points of
the arc as a measure of the curvature. As shown in Figure 5-5,

if P, and P

1 3
then D is the displacement of the mid-point of the arc from the

are the end points of a chord and lie on the arc,

(Pz) of a chord, or D is the mid-ordinate to chord measure of the

curvature of the arc. If P1 and P, do not lie on the arc, then

the mid-ordinate to chord measure (D) becomes:

(a-b) + (c-b)
2

_ a-2Zb+c
y/
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Figure 5-5. Mid-Ordinate To Chord Measurements

Since the capacitive sensors on the FRA measurement car are non-
contacting, this equation is used to compute the mid-ordinate to

chord measure of the vertical (profile) and lateral (alignment)
rail curvature.

The signals developed by a pair of sensors are then combined to
form one signal for front, rear, and mid-chord points. The ver-
tical distance from the rail top to each capacitive sensor pair

is a nonlinear function of the sensor output voltages. A bilinear
function is used to closely approximate the calibration curves
determined in laboratory tests.

The three vertical distances measured by the three sensor pairs on
each beam are then used to compute the mid-chord offset (MCO) for

profile. Details of profile data processing are covered in "Profile
Program Manual,' DOT-FR-73-05.



While the MCO measurement technique is an effective method of
measuring rail profile, certain restrictions are imposed due to

the characteristic frequency response of the system. The frequency
response of the FRA MCO system is shown in Figure 5-6. It can be
seen that the response is null at wavelengths of 1/2, 1/4, 1/6,

1/8 ... of the chord length, and double at wavelengths of 1/3, 1/5,
1/7, 1/9 ... of the chord length. However, the profilometer exhi-
bits a flat frequency response throughout the wavelength range of
interest. For that reason, an inertial profilometer has recently
been added to increas=2 the FRA Test Car profile measurement capa-
bility. The inertial profile sensors (profilometers) are mounted
on the car truck on each side of the car. The profilometers es-
tablish an inertial reference and develop signals which are pro-

portional to deviations from that reference.

The profilometer is basically composed of a mass which is attached
to a wheel of the test car through a spring and damper assembly
(Figure 5-7). The mass motion is restricted to the vertical direc-
tion by low-friction guides. An accelerometer is attached to the
mass, and a displacement transducer is connected between the mass

and vehicle wheel (axle).

SENSITIVITY

———  MID-CHJRD

= ~— PROFILOMETCR

Figure 5-6. Frequency Responses of MCO and
Profilometer Systems

5-6



o}
) piser,. | O3y
K R AN o 3 E——
t—’ 2
7
[o]
\___/\ ——
§
W
INERTTAL 5 %

RFFERF\-CE VA I VOO A Ry

Figure 5-7. Principles of Profilometer Operation

As the vehicle moves along a track, the mass acts as an inertial
reference in the vertical plane. Vertical displacements of the
rail act as inputs to the profilometer, and are measured directly
by the displacement transducer. Low-frequency inputs, which fall
below the natural frequency of the profilometer mechanism, are
measured by double-integration of the output of the accelerometer,
and then adding the integrated signal to that developed by the
displacement transducer.

Due to mounting space limitations on the FRA measurement cars,
the profilometer transducers are not mounted directly over the
rails. Thus, the point of measurement (rail center) extends
beyond the actual location of the profilometer transducer, as
shown in Figure 5-8. This condition is termed "overhang,'" and
is represented by distances B and C in the illustration. The
signal produced by each transducer does not represent the true

profile of the rail but, rather, is a scaled linear combination of




profile of both rails. As shown in Figure 5-9, actual profile
(ZR and ZL) is always greater than the measured signals (ZRT and
ZLT)' This condition is corrected by compensation circuits con-
sisting of operational amplifiers with gain characteristics set
to provide the required output. A block diagram of the profilo-
meter instrumentation is shown in Figure 5-10.

RIGHT PROFILOMETER

TRANSDUCER
R LEFT PROFILOMETER .
L LT TRANSDUCER ZRT

N !}
¥

Figure 5-8. Location of Profilometer Sensors
Relative to Rail Center

Figure 5-9. Graphical Representation of Overhang
Showing Left Rail High
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Figure 5-10. Profilometer System Block Diagram

5.4 GAGE MEASUREMENT SUBSYSTEM (Figure 5-11)

The gage sensors, which are also capacitive proximity devices, are
mounted in the shadow of the wheel flanges on the 14.5-foot truck-
mounted beams. The sensors face the inside of the rails and measure
at a point approximately 5/8 inch below the top of the rail. The
signals produced are proportional to the distance between the face
of the sensors and the inside of the railhead. The signals are

then processed by signal conditioning amplifiers, and are routed
through the analog terminal unit to the analog multiplexer of the
digital computer. The data are sampled and stored in the same

manner as the profile and alignment MCO signals previously discussed.

The distance between the faces of the left and right gage sensors
1s referred to as faceplate distance (Figure 5-12). Therefore,
addition of the implied distance from the right sensor to the right
rail (RG), the implied distance from the left sensor to the left
rail (LG), and the faceplate distance (FPD) provides the measure-
ment of gage.
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The two gage gaps are combined with the faceplate distance using
the following equation:

Gage = LG + RG + FPD

The capacitance between the rail and the sensor is a nonlinear
function of the distance between them. Therefore, a linearization
process consisting of a five-degree power series is used to repre-
sent the nonlinear relationship between the output voltage of each
sensor and the distance (gap) between the sensor and rail. Details

of gage processing are covered in ''Gage Program Manual," DOT-FR-72-03.
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DIGITAL
COMPPUTER

\
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A/D

ANALOG
RECORDING &
DISPLAY

RIGHT GAGE :
SEASOR 1 DISTRIBUTION

Figure 5-11. Gage Measurement Subsystem Block Diagram

GAGE SENSORS
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\— LG RG —/

Figure 5-12. Measurements Used in Gage Computation



5.5 CROSSLEVEL MEASUREMENT SUBSYSTEM (Figure 5-13)

The Crosslevel Measurement Subsystem measures the difference in
elevation in inches, between the right and left rails. The subsys-
tem consists of a self-erecting gyroscope, two displacement trans-
ducers (linear potentiometers--one mounted on each side of the car),

and analog circuitry to process the signals.

The vertical gyroscope is the principal reference for the Crosslevel
Measurement Subsystem. It is floor-mounted in Car T-3, above the

"A" truck, and provides an output voltage which is proportional to
the roll angle of the car body from absolute vertical. Since there
is a fixed relationship between degree of inclination and crosslevel,
only simple conversion and correction are required to obtain cross-

level measurement directly.

Since’ the body of the car is free to roll through bolster action
with respect to the truck, an angular correction is required to
determine the roll angle of the truck. The two displacement trans-
ducers are used for this correction, and are positioned to measure
the difference in height between each side of the car body and the
truck. Figure 5-14 shows the relationship of the gyro and trans-

ducer locations.

The crosslevel computer is an analog circuit which generates an
output signal proportional to crosslevel. A positive output
voltage denotes left rail high; a negative voltage denotes right
rail high. The output of the crosslevel computer is input to the
analog multiplexer of the digital computer. Digitized crosslevel
data are stored for recording on magnetic tape and are directly
displayed on a strip chart recorder. Figure 5-15 displays the

crosslevel computer technique.




Figure 5-13. Crosslevel Measurement Subsystem Block
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Figure 5-15. Crosslevel Computation Technique

5.6 TRACK CURVATURE MEASUREMENT SUBSYSTEM (Figure 5-16)

The Track Curvature Subsystem measures the curvature of track in

degrees per 100 feet. The system employs an inertial rate gyro-

scope to measure the yaw rate of the car, a speed signal from the
Speed and Distance Processor, and two velocity transducers to

measure relative yaw motions between the car and the trucks.

The curvature signal is digitized and recorded on magnetic tape,
and is displayed in analog form on a strip chart recorder to

provide a visual display and permanent record of the measurement.

5.7 AUTOMATIC LOCATION DETECTOR SUBSYSTEM (Figure 5-17)

The Automatic Location Detector (ALD) subsystem is used to detect
physical features which are unique to a particular section of
track roadbed. The detected features are used to correlate track
geometry data with specific physical location. The ALD sensor
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Figure 5-16. Curvature Measurement Subsystem Block Diagram

is located on a frame approximately in the center of the "A" truck
on Car T-3 (Figure 5-18), and detects the proximity of physical

objects in the centerline of the track roadbed.

The ALD signal is sensed and recorded simultaneously with the track

geometry data. The signal 1is then digitized, displayed on a strip

chart recorder, and stored on magnetic tape (Figure 5-19).

There are several types of ALD indications

chart recorder. These are as follows:

MILEPOST: Indication that appears as
pedestal when initiated by

LOCATION: 1Indication that appears as
excursion superimposed on a computer-generated

displayed on the strip

a small negative

the control operator.

a positive signal

pedestal. The positive pedestal is initiated

by the control operator. T

his indication is

used to locate a specific geographic position

on the track.



ROAD CROSSING Indications that appear as positive signal
and TURNOUT: excursions on the ALD trace. The two are
differentiated by the shape of the waveform.

In planning a test run, objects such as road crossings, turnouts,
etc., are assigned three-digit codes. As these objects are
approached during a test run, an identifying code is entered in
the remote control unit by sequentially depressing the three
numerical digits of the code. As the object of interest passes
under the leading vehicle, the code is keyed into the computer.
When detection of the object is made by the ALD sensor, the code
is recorded on the digital tape.

ALD SENSOR REMOTE
AND CONTROL —— -
AMPLIFIER CONSOLE

DIGITAL
CCMPUTER

{
4

STGNAL PULSE SIGVAL DIGITAL
CONDITIONING STRETCIER DrsT A/D RECORDTNG

Figure 5-17. ALD Subsystem Block Diagram
- ™

CAR BODY

SENSOR
CABLE

e

ALD SENSOR ALD SENSO
SUPPORT FRAME ELEMENTR

Figure 5-18. Location of ALD Sensor on Measurement Car
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Figure 5-19. Typical ALD Strip Chart Trace

5.8 SPEED AND DISTANCE MEASUREMENT SYSTEM

An optical tachometer, chain-driven by the car axle, produces one
thousand pulses during each revolution of the train wheel. The
pulses produced by the tachometer are counted over a fixed time
interval by the speed and distance processor to indicate instan-
taneous vehicle speed, and are accumulated by the same unit to
indicate total distance of vehicle travel. The speed and distance
processor provides the primary timing signals which control data
acquisition, computer sampling, and data recording. Speed and
timing signals are also distributed throughout the entire track
geometry measurement system where measurement functions are re-
lated to vehicle speed. A functional block diagram of the speed

and distance subsystem is shown in Figure 5-20.
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Figure 5-20. Speed and Distance Processor Block Diagram

5.9 ANALOG DISPLAY SUBSYSTEM

The Analog Display Subsystem consists of two strip chart recorders,

associated preamplifiers, and data channel selection equipment.

The analog signal from each measured track geometry parameter can
be displayed on a strip chart recorder to provide a real-time
visual display and a permanent record of data in an analog form.
The eight-channel recorder resides with the computer and associated
data acquisition units to allow for monitoring incoming geometry
data (Figure 5-21). The movable six-channel recorder is placed in
the rear vestibule of the final car in the consist to allow visual
correlation between strip chart data and significant track features

by railroad personnel during a test run.



Figure 5-21.

Track Geometry Computer
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5.10 DIGITAL RECORDING SUBSYSTEM

The Digital Recording Subsystem records all pertinent track geom-
etry data in digital form on magnetic tape to provide a permanent
record, and provides data for off-line processing on a large comp-
uter system. Such off-line processing results in reports and data
tabulations for further analysis of specific aspects of track

geometry.

As track geometry data are measured, the primary measurement sig-
nals produced are analog voltages. The analog voltages are scanned,
digitized, and stored temporarily in the digital computer. When 80
scans of data have been digitized and stored, the data are then
transferred to magnetic tape in a complete block. One scan of data
is initiated by each block distance pulse, which is supplied by

the speed and distance processor each 2.41 feet of vehicle travel.

A maximum of 32 channels are used as analog inputs to the data
collection system. The channels are digitized before being input

to the computer.

Fifteen of the analog inputs are committed to proximity sensors
of the measurement system; twelve channels are assigned to the
profile and alignment Sensors; two channels are assigned to the
Gage sensors; and one channel is assigned to the ALD sensor.
Five additional signals, including crosslevel, curvature, speed,
and left and right inertial profile, are also input to the com-
puter. The remaining channels are available for special test

data collection needs.

5.11 ON-LINE REPORTS

The Track Geometry Measurement System presently generates three
separate types of reports for operating personnel and has the
capability of supplying additional types of reports as required.

The following reports are presently provided.
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The Exception Listing Report (Figure 5-22) contains information

on track geometry parameters which exceed a predetermined range of
acceptable values. The first, last, and maximum variations in
excess of acceptable limits are printed and marked with respect to
the last milepost and distance in feet from that milepost. The
report also includes a summary of the mean and standard deviation
of the values since the last summary, and an index value associated
with each value. The index value is proportional to the product of
the variation from the mean multiplied by the length of variation.
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Figure 5-22. Typical Exception Listing Report

5-20



GAGE:

APPENDIX A
TRACK QUALITY MEASURES

X; = Gage in inches at point i on the
track
n = Number of gage measurements made

over section of track

Mean:

B

Mean =

Standard deviation:

Standard deviation = [Variance]l/2
where
i e RN LR B
variance = —-— X.~-X = %
n"]. i=1 1 n—]- i=1
Slopes
n
Slopes = ¥ F(x.)
. i
1=1

Where F(x;) =0 if Ixi—x. 1[<O.l

1_
=1 if [xi-xi_llzo.l
Index (-):
n
Index (-) = ¢ [F(x.)*SI]
i=1 / 1
Where F(xi) = X5 - 56.5 inches

SI = Sample Interval = 2.41 feet

(x,) %-nx?]



5. Index (0):

Index (0) = [F(xi)-SI]

W™ B
—

i

]

Where F(x;) 0 if xii56.5 inches

xi-56.5 if X >56.5 inches
SI = Sample Interval = 2.41 feet

A histogram of gage data is used for calculating the

5% Lt. and 5% Rt. measures.
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x. = Profile in inches offset from
. 14.5-foot chord at point i
on the track

n = Number of profile measurements
made over section of track
PROFILE:
1. Mean:
1 n
Mean = = Yy O X. = X

n .- i
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The Informative Message Report 1lists Forward Observer commands,

information related to tape starts, parity errors, and location

detections. The report also 1lists abnormal sensor voltages and

extreme track geometry parameter exceptions. Each message entry
on the list is tagged with the last milepost number and the

distance in feet from the milepost.

The Urgent Message Report is designed to inform operating personnel
of unusual, abnormal, or extreme system operating conditions. Such
conditions include abnormal sensor voltages, abnormal voltage

changes, and extreme geometry exceptions.
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2. Standard deviation:

Standard deviation = [Variance]l/2
Where:
n n
: _ 1 =2, _ 1 , 2. -2
variance = —r [ .% (xi x)7] = T [ _§ (xi) nx“]
1=1 1=
3 Slopes
n
Slopes = L F(x.)
i=1
Where: F(x.,) =0 if Ixi-xi_ll<0.l
= 3 - >
1 if lxi xi_l]_O.l
4. Index:
n
Index = z [P(xi)'SI]
i=1
Where F(x;) = |x.|

SI = Sample Interval = 2.41 feet

Histogram of profile data is used for calculating the

5% Lt. and 5% Rt. measures.

5. Lt.

5
5% of the profile data lies below this profile value.

SIS

(@)
[Ox]
o\

Rt.:

(921
(S

of the profile data lies above this profile value.

7. SIGMA = Measured value of profile corresponding to 0.26%

on the cumulative histogram.

P

8. DM/0.375 = Average number per mile of profile mezsurc-cnis
less than -0.375 inch.
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