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Summary

The second of two prototype tribometer (HST2) concepts designed to
measure rail friction at speed has been demonstrated to be viable but in
need of improvements in tests conducted by the Association of
American Railroads (AAR). These evaluations were performed under
closed-loop conditions at the Transportation Technology Center near
Pueblo, Colorado. Data shows that prototype tribometer HST2 is capa-
ble of measuring rail friction at speeds up to 30 mph. The prototype
evaluated is the second of three concepts being offered by various ven-
dors for measuring rail friction at typical track-inspection speeds.

Rail friction was measured statically with a hand-operated tri-
bometer and compared with data generated by the prototype tribome-
ter at the same locations at speeds from 5 to 30 mph. Within these test
speeds, the prototype was most consistent at speeds between 15 mph
and 20 mph. Successive passes over the same sections of track indicat-
ed that repeatability of gage-face measurements was very high, while
top-of-rail friction (u) exhibited significant scatter. The hand-held tri-
bometer exhibited scatter of greater than +0.1p, thus accuracy of HST2
readings cannot be stated.

The prototype concept, as demonstrated, did not meet all guide-
lines established by the AAR and its steering committees. Prior to pro-
duction, the deficiencies of this system for measuring rail friction
should be addressed to ensure a safe, efficient, and user-friendly device.

AAR is sponsoring evaluations of technologies to measure rail fric-
tion at typical track-inspection speeds. These techniques could replace
hand-held and hand-operated tribometers to assess lubrication effec-
tiveness on the top and on the gage face of rail. Evaluation of the first
prototype was covered in TD 97-014. Future work in this AAR-spon-
sored project will include evaluation of the third concept and monitor-
ing revenue-service use of high-speed tribometers, providing that fund-
ing remains available.
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INTRODUCTION AND CONCLUSIONS

A second concept for measuring rail friction at speed has
proven viable but in need of improvements. This evalua-
tion was performed at the Transportation Technology
Center (TTC) near Pueblo, Colorado. The Association of
American Railroads (AAR) is sponsoring evaluations of
technologies that measure rail friction at track-inspection
speeds. These technologies may eventually replace the
hand-held tribometer, which is best used for spot mea-
surements, but is too slow for in-service use over long
lengths of track and requires separate adjustments for
top-of-rail and gage-face measurements.

Lubrication of the wheel/rail interface has been
shown to offer significant benefits in wheel and rail wear,
along with reduced train energy consumption. However,
improper lubrication, in the form of too much lubrication,
can lead to train-braking concerns and increased track
wear. High lubrication differentials between the top of
each rail can lead to poor truck steering and increased lat-
eral loads. A method to measure rail friction at high
speeds has been proposed to give railroads a tool for
managing lubrication over long lengths of track.

The AAR has coordinated an effort by the tribometer
Technical Advisory Group (TAG) to create a set of opera-
tional guidelines to evaluate prototype high-speed tri-
bometers (HST). In order to accelerate the introduction of
an HST into revenue service, the AAR is testing and eval-
uating prototype devices and comparing performance to
the TAG-generated guidelines.

More than 300 miles of testing on TTC tracks was
conducted using the second prototype high-speed tri-
bometer (HST2). Top-of-rail and gage-face friction data
taken at speeds up to 30 mph showed reasonable correla-
tion with hand-held tribometer data. However, scatter
and resolution of the data varies with filtering and sam-
ple averaging.

PERFORMANCE GUIDELINES

The TAG-generated guidelines include basic safety, accu-
racy, reliability, and operating factors that would be con-
sidered by railroad users when selecting an HST technol-
ogy for purchase or contract. These guidelines were sent
to prospective vendors in the form of a specifications doc-
ument describing the evaluation procedure to be used by
the AAR. A high-speed tribometer would be evaluated
against the following parameters:

* Safe operation over all track components,
including switches, crossings, and guard rails

¢+ Continuous friction data from top-of-rail and
gage-face measurements

———————————————

* Non-interference with routine track-inspection
duties

* Friction-data accuracy comparable to a hand-
held tribometer

* Inspection speed of 30 mph

* Immediate indication of rail-friction values

* Data storage for lubrication program planning
* Ease of installation, removal, and operation

¢ Successful mate to typical pickup hi-rail equip-
ment

HST2 PROTOTYPE

The second prototype tested was provided by Diversified
Metal Fabricators (DMF) of Atlanta, Georgia, with George
Clem of GKC Consulting Company (GKC) as project
manager. The prototype measurement system is sup-
ported by a four-wheel bogie that is pushed in front of the
hi-rail vehicle. Individual measurement wheels are con-
figured to measure top of rail and gage face.

For prototype testing, DMF equipped the HST2 with
measurement wheels on the right side only. The mea-
surement concept gradually increases rolling resistance of
each measurement wheel. Friction is computed at the
time of slippage by measuring the vertical and longitudi-
nal forces. This sequence is repeated continuously. A
running average of top-of-rail and gage-face friction is
updated by showing a four-data-point running average,
which is updated every two seconds. Control-system
and data-collection is Windows®-based and proprietary.

The data-collection system displays a running-aver-
age friction for the rail (top-of-rail and gage-face). This
system collects and stores continuous friction, speed, and
operator-referenced location data. The prototype HST2 is
shown in Exhibit 1.

DATA/EVALUATION PROCEDURE
After initial shakedown testing by the vendor, the proto-
type was shipped to TTC where it was attached to a hi-
rail vehicle. The prototype HST2 was operated over var-
ious TTC tracks to determine operating safety and stabil-
ity. In addition, the HST2 was tested for accuracy,
repeatability, and reliability. Operations were conducted
through turnouts (facing and trailing moves), curvature
up to 12 degrees, dry and lubricated rail, road crossings,
high guard rails, tight and wide gage, jointed and welded
rail, and a variety of worn-rail profiles.

Data consisted of hand-held tribometer readings at
selected locations, which were compared with friction
levels indicated by the HST. Additional data includes
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Exhibit 1. HST2 Prototype High-Speed Tribometer

notes on operations, adjustments, and repairs required by
the operator and test staff during the evaluation program.
No absolute, independent measurement of field rail fric-
tion was available. The existing hand-held tribometer
was used as a comparison because it has proven to be
very repeatable; however, during this test variations were
noted with the hand-held unit.

RESULTS

During the TTC evaluation, some upgrades and changes
to the prototype software and hardware were made by
DMEF and GKC personnel. Top-of-rail and gage-face data
collected comparing HST2 and hand-held data is shown
in Exhibits 2 and 3.

Results suggest that gage-face data scatter is signifi-
cantly less than that of the top-of-rail, however resolu-
tion/sensitivity to changes in friction of the gage face is
much less than that of the hand-held unit. Data displayed
in Exhibit 2 shows a small change in HST2 gage-face read-
ings of 0.12 (0.28 to 0.4) for a larger change in hand-held
tribometer readings of 0.3 (0.2 to 0.5). The top-of-rail scat-
ter (Exhibit 3) is much greater than the gage face, while
the resolution/sensitivity to changes in friction is larger
than the gage face. The HST2 tread data indicated a range
of 0.32 (0.28 to 0.6), while the hand-held range for the
same rails is 0.41 (0.19 to 0.6).

In both cases — top-of-rail and gage-face — scatter of
the data makes an individual measurement somewhat
unreliable. However, by creating a four-point running
average both accuracy and repeatability increase.
Exhibits 4 and 5 illustrate gage-face and top-of-rail results
of repeated passes over a 1,500-foot length of non-lubri-
cated tangent track, with Mile Post 12.545 being modified
by coating 100 feet of rail with soap to reduce friction.
The moving average utilizes four connective data points
collected over a 200-foot distance, thus changes in friction
over short distances tend to be filtered. For this test, as
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Exhibit 2. Gage-Face Friction — Hand-Held
Tribometer vs. High-Speed Tribometer 2
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Exhibit 3. Top-of-Rail Friction — Hand-Held
Tribometer vs. High-Speed Tribometer 2

friction was reduced by soap over 100 feet of rail only, the
filtered data did not properly show friction values. The
thicker dotted line in exhibits 4 and 5 shows actual unfil-
tered data instead of the four-sample moving average.
This thicker dotted line is shown only for data in the
immediate area in which localized lubrication was
applied to the rail. This represents how data would be
displayed if the rail had been lubricated for a longer seg-
ment. Note that the HST2 can collect and store raw data
for post analysis while at the same time displaying fil-
tered data, in this case a four-sample moving average, to
reduce apparent scatter.

Exhibit 4 shows the gage-face measurement, where a
reduction in friction at Mile Post 12.545 shows a larger
change in value with the hand-held readings than the
four-point running-average HST2 readings. Exhibit 5
shows top-of-rail readings for the same locations and rail
conditions, and both the hand-held and HST2 show larg-
er scatter and less repeatability. In both cases sensitivity
to changes in friction of top and gage face is greater with
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Exhibit 4. Repeatability and Resolution
of Gage-Face Friction Measurements

the hand-held tribometer than with the four-point run-
ning-average HST2. Repeated passes over this section
appear to show that the soap was being picked up and
transferred by both hi-rail truck wheels and HST wheels,
and deposited on the rail away from the application site.
This is seen as reduced friction during runs after the first
pass.

RECOMMENDATIONS

Test results and observations indicate a number of the
TAG guidelines were not met. The following issues
should be addressed in a production HST2:

* Repeatability of top-of-rail data should be
investigated.

* Measurement wheels tended to collect and
retain excess lubricant which must be removed
to prevent rail contamination.

* Filtering rate can affect apparent accuracy and
ability to locate small lengths of contamina-
tion.

* The HST2 is difficult to maneuver due to its
weight. An easy way to get the device off and
onto the rail needs to be addressed.
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Exhibit 5. Repeatability and Resolution
of Top-of-Rail Measurements
* Single-person operation is difficult, as the
operator must pay attention to the computer
while watching for alarms and location marks.

* Enlarging the most important information on
the computer monitor will assist the operator
in viewing data at a glance.

CONCLUSION

A method of measuring rail friction at speed has been
demonstrated by the DMF tribometer. If the above issues
are adequately addressed in a production model, the abil-
ity to measure lubrication effectiveness over large dis-
tances will soon bé available.

Because the HST2 is a prototype, statistical analysis
of the data was not performed. A more rigorous evalua-
tion of data repeatability and scatter will be conducted
when a revised production design is available and has
been tested.

Note: Contact Rich Reiff at (719) 584-0581 with ques-
tions or comments regarding this document.
E-mail: richard_reiff@aar.com

[ Disclaimer: Preliminary results in this document are disseminated by the AAR for information purposes only and are given to, and are accepted by,
the recipient at the recipient's sole risk. The AAR makes no representations or warranties, either express or implied, with respect to this document or
its contents. The AAR assumes no liability to anyone for special, collateral, exemptary, indirect, incidental, consaquential or any other kind of damage
resulting from the use or application of this document or its content. Any attempt to apply the information contained in this document is: done at the |

recipient’s own risk.

A MORE DETAILED REPORT, WHICH MAY CONTAIN REVISED INFORMATION, MAY BE AVAILABLE AT A LATER DATE THROUGH THE AAR,
PUBLICATION ORDER PROCESSING, 50 F STREET, NW, 5TH FLOOR, COG, WASHINGTON D.C., 20001



