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Summary

Overview of Measurement Systems

Detailed Evaluation of Select Technology

New Era in Advanced Inspection Solutions
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Overview of
Measurement Systems

There are six basic categories of measurement system.
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Categories of Measurement Systems

1) Mounted on Vehicle to measure the Vehicle.
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Categories of Measurement Systems
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2) Mounted on Track to measure the Track. ﬁ;‘ﬁ“‘ﬁ:ﬁ:ﬂ vee

B PRINCIPLES COURSE - JUNE 7 WENSCO KLDLABS . WRI 2023

MEASUREMENT TECHNOLDGIES
.
Rail



Categories of Measurement Systems

3) Mounted on Vehicle to measure the Track.
(Manned, Unmanned, and Autonomous)
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Categories of Measurement Systems

4) Mounted on Track to measure the Vehicle.
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Categories of Measurement Systems

5) Mounted on Vehicle to measure the Vehicle & Track.
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Categories of Measurement Systems

6) Mounted on Track to measure the Vehicle & Track.

Truck Performance Detectors
Also known as “L/V Detector”

Common Uses:

Vehicle condition monitoring
Superelevation assessments
New Vehicle Fleet Assessments
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Track Measurement Vehicle Measurement

Rail Profile Measurement System Wheel Profile Detector

Truck Condition Monitor
(TBOGI)

Track Geometry Measurement

V/TI Monitor Axle Impact Wheel Impact Load Detector

Ultrasonic Rail Flaw Detector Cracked Wheel Detector

Machine Vision Machine Vision

Hot Box & Hot/Cold Wheel
Detectors

VANWANVANVANWANIAN
AV VA VA VA VR VY

Infrastructure Thermal Imaging

Instrumented Wheel Sets (IWS) &
Truck Performance Detectors (TPD)

P

"T PRINCIPLES COURSE - JUNE 7 WENSCO KLDLABS . WRI 2023

EEEEEEEEEEEEEEEEEEEEEEE
Rail




Rail Profile Measurement System Wheel Profile Detector

Truck Condition Monitor
(TBOGI)

Track Geometry Measurement

V/TI Monitor Axle Impact Wheel Impact Load Detector

Previously covered in:

WRI 2&19
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Previously covered in:

WRI 2021

7

Machine Vision Machine Vision
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Ultrasonic Rail Flaw Detector Cracked Wheel Detector

Previously covered in:

/| WHRI 2022

Instrumented Wheel Sets (IWS) &
Truck Performance Detectors (TPD)
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Infrastructure Thermal Imaging

P

Hot Box & Hot/Cold Wheel
Detectors
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Hot Box Detectors

aka Hot Bearing Detectors
aka HBD
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Bearing Background
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Bearing Background

SEAL
LOCKING WEAR RING
PLATE SEAL C|F
CAP AXLE SEAL WEAR CONE CONE SEAL BACKING
SCREW ENDCAP  RING SPACER RING
S
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Infrared Temperature Measurement

Fed ™

(+]
FLUKE.
aka: Infrared Thermometer
o 25mm @ 50mm @ 100mm @
Measures Thermal Radiation 250mm  300mm ‘““T“m
Key Items to Know: D5 = 101 .A—Y g
* Measurement area is bigger, 2l ca s
the further away the object is.
4“
4:}@ Y
* Measurement assumes a value “
for thermal radiation
emissivity. \ 4
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Hot Box Detector Overview
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Hot Box Detector Overview
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March 31, 1959 C. A. GALLAGHER ET AL 2,880,309
HOT=BOT DETECTOR
Filed Juns 30, 1956 3 Ehpsts-Shest 1

Patent: US2880309A
T

Granted: 1959
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Hot Box Detector Installations

Over 6000 HBD
installed on North
American Freight
Railroads

Average spacing:
25 miles

Common Mainline
Spacing:
15~20 miles

Shortline/Regional
il mor-Class

—  Multiple
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Hot Box Detector Operations
Radio Transmission

R—

N
3H 1 [ | .

LA
HBD
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Hot Box Detector Operations
Dispatch Operations

~ —— din
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LA
HBD
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AAR Field Manual Alert Rules

2023 Why Made 50 WM50 -

Overheated Roller Bearing
FIELD MANUAL

OF THE

170 Degrees Fahrenheit Over
AAR

Ambient Temperature

INTERCHANGE RULES

95 Degrees Fahrenheit Over Mate
Bearing
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Custom Alerts

Trending

Many freight railroads have

implemented various trending
wlgorthms — —

MP 10 MP 30 MP 50

Outliers

AAR MSRP S-6001 has various
calculations for identifying
outliers
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n-Process Bearing Burn Off
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Completed Bearing Burn Off
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Hot Box Detectors

Important Things to Keep in Mind
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1) Wide Variety of Bearing Failure Modes
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1) Wide Variety of Bearing Failure Modes

Damage from Wheel Impacts

T
e ¥4 q LA
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Example Steel Cage Fatigue from Wheel Impacts Example Roller Skew

B PRINCIPLES COURSE - JUNE 7 WENSCO KLDLABS . WRI 2023

EEEEEEEEEEEEEEEEEEEEEEE

Rail 31




1) Wide Variety of Bearing Failure Modes

Spalling

Leg
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1) Wide Variety of Bearing Failure Modes

Water Etch

Rollers
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1) Wide Variety of Bearing Failure Modes

Fretting

Loss of Press Fit between Journal and Loss of Axial Load due to fretting at
Cone cone/wear ring interface
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1) Wide Variety of Bearing Failure Modes

Other failure modes (but less common)
* Cracked Cup
* |ssues with Bearing Adapter

* Missing Cap Screw(s)

P

"T PRINCIPLES COURSE - JUNE 7 WENSCO KLDLABS . WRI 2023

EEEEEEEEEEEEEEEEEEEEEEE
Rail



2) Temperature Measurement Location
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2) Temperature Measurement Location

Dr. Constantine Tarawneh
researched the thermal
characteristics.

Summary: Temperatures

throughout the bearing are
varied and complicated.
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2) Temperature Measurement Location

WHEEL

BEARING HOUSING | |
e Wheel Diameter

Wheel Tread Wear

Rail Head Wear
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2) Temperature Measurement Location

Wheel Set Lateral
Tracking

Wheel Set Flange Wear

Rail Gauge Face Wear

Bearing Size/Design

N
WHeeL————— )
|
I

BEARING HOUSING
[} T8 4 -
| r .
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2) Temperature Measurement Location

WHEEL

BEARI N[; HOUSING

rﬂ

|
| '_\____
I | SCAN PATH
l --Lc UAGE LINE
) ‘ Loose Mounting Bolts
=& T8, Rail Cant
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2) Temperature Measurement Location

Hot Box Detectors with Multi Beam — 8 Channels

Temparatune [*C

LT

P
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3) False Positives & False Negatives
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3) False Positives & False Negatives

ROC Space Plot

1.0

False Positives:
 Warm bearings but have no defect

=
)

oy
o

False Negatives:
* |ssues with HBD (calibration,

=
.

TPR (True Positive Rate or Hit Rate)

mounting) L
* |ssues with measurement location
. 0.0
On bearlng 0.0 0.2 0.4 0.6 0.8 1.0
FPR (False Positive Rate or False Alarm Rate)
-
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4) Calibration & Maintenance
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4) Calibration & Maintenance

AAR MSRP S-6001

2.1 Wayside bearing temperature detectors must be physically inspected and validated at least
annually to measure the actual temperature variance from ambient for a roller bearing within
+/-6 °F at one temperature between 100 °F and 250 °F.

Manufacturer’s Recommended Maintenance

* Preventative Maintenance Visits every 30 to 90 days
* Clean lenses

e Alignment adjustments

e Adjust for rail wear

EEEEEEEEEEEEEEEEEEEEEEE
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Hot Box Detectors

Where to go from here?
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Number of Bearing Burnoff Derailments

~43 Derailments per year
HBD Trending

<

Acoustic Bearing Detectors

N
o

Number of Derailments
w
o

~15 Derailments per year
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Damage Cost of Bearing Burnoff Derailments
$16,000,000
$14,000,000
$12,000,000
$10,000,000
$8,000,000

Dollars

$6,000,000
54,000,000
$2,000,000

s Ref:https://safetydata.fra.dot.gov/Officeof

Safety/publicsite/on_the_fly_download.as
pX
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Infrastructure Thermal Imaging
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What get’s hot?

Third Rail (and associated components) Overhead Wire (and associated components)

S N

M
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What get’s cold?

Leaking Tunnel Walls
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Infrastructure Thermal Inspection

Window of Interest (WOI)

The Maximum, Minimum,
and Average Temperature
within the WOl is
reported on a ft-by-ft
basis to create a strip
chart.

Patent No.
US11358617B2
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Example:

Hot Third Rail Insulator

GeoEdit 8 Plus - ENSCO - GEOEDITS_WIN_20181129_2 - 201811062604 O % | B virtual Track Walk v VIRTUALTRACKWALK WIN_20180928.1 - liuzhipeng - X
File Graph Tools View Help File View Navigation Condition Formatt
B 2018110626044 Span: 5280 feet @ -n m [LSE°C_18.0°C_203°C_ 22$°C 24.9°C  27.°C 29.5°C_31.9°C 3410
i il i —
THIS TRK1:98+58 Surveyl0_. 2018110625 10 ENSCO
30
Center:0.000
StaDev0.697
Mean:23.466
Max31.954
,_—-n-vv‘——‘_A Min:21.669
20+
Ave Temp
304
Center0.000
StdDev.0.476
Mean:22.468
Max:23.322
W\[/\ Min:20.498
L
20|
Min Temp
304
Center0.000
StdDev:0.560
Mean:21.909
Max22924
Min:19.765
20 _—W
15048 158487 167464 176442
T — :

L

185+19

19440

DVIS TRK1:98+58 Surveyl0_20181106...

PRIS TRK1:98+58 Survey10_20181106.

THIS TRK1:98+58 Survey10_20181106.

Patent No.
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Example: Hot Third Rail Joint

W GeoEdit 8 Plus - ENSCO - NON_... O X E Virtual Track Walk v VIRTUALTRA( 1 - dick.matthew — O
File Graph Tools View Help Wtie View Navigation: Coniion_bormatting _Help
. — z - o o 5 o o o o o
o e oo | @R SUECE GEMG KEEE EE O - -
Ave Temp
HIEINRRSEESIE Pr1s TRK1:568+31 _201811141.
dde - |— Lo - ‘
Center:0.000 ‘
StdDev:0.244
, Mean:0.353
Max:0.568
Min:-0.615 [
b
=
7 Max Temp U
40 -
Center:0.000
stdDev:8. 168
A Mean:3.426
Max:52.642
Min:0.792
-
7 Min Temp
40 -|
Center:0.000
StdDev:0.182
- Mean:-2.138
Max:-1.209
Min:-2.402
g
565+84566+65567+48568+31569+14569+97570+80 | - LRISR HRT:S6H T
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Example: Leaking Tunnel Wall

20

10

20

10
30

20

File Graph Tools

W' GeoEdit 8 Plus - ENSCO - GEOEDITS WIN_20181129_2 - 2018110626044 = o X
View Help

Il 2018110626044 Span: 2640 feet

304

Max Temp

Center0.000
S1dDev0.789
Me=an:19.899

e E)} @ . n ﬁ m 10.6°C  13.0°C  15.3°C  17.6°C 19.?“C ZZ.?“C 24.5°C  26.9°C 29
H %] > » ﬂ

THIS TRK1:284+80 Surveyl0_2018110625:10 ENSCO

.1°C
& x

Max22.657
Min:18.351

304

Ave Temp

W Mean:
-—’_#_____f_.\_‘_’_,_——-*——"‘w“»«

Center0.000
StdDev.0.749

Max20.537
Min:17.752

Min Temp

Max20.121
W’“\f\hﬁ\'\ Min15.179

353+52

Center:0.000
StdDev:1.039
Me=n:18.395

357+88 362426 366+43 371+4 375+41 DVIS TRK1:284+80 Surveyl0_2018110625:10 ENSCO  THIS TRK1:284+80 Survey10_2018110625:10 ENSCO  Mavigation Manager
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Example: Rail Base Corrosion at Standing Water

Thermal Imaging Camera Rail Web & Base Imaging Camera
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Example: Rail Base Corrosion at Standing Water

L
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New Era in Advanced Inspection Solutions
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KLDLABS
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A Wholly Owned Subsidiary of ENSCO, Inc.

Preservation of Legacy Track Inspection Vehicle Inspection
Best of Breed Technology

Expanded Worldwide
Customer Support

VAMPIRE

Vehlcle/Track Interaction Inspection
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QUESTIONS?
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