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Presentation Outline

« TTCI/AAR Overview
e |ntroduction — North American Railroads
« Background — Broken Wheels

« Automated Cracked Wheel Detector System
(ACWDS)

« Ultrasonic Testing (UT) Principle
« ACWDS Ultrasonic Output Results
« ACWDS Operation

 Facility for Accelerated Service Testing
(FAST)

« ACWDS Recent Findings
« Conclusions
* Acknowledgements
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AAR/TTCI

The Association of American Railroads (AAR) is an
Industry trade group representing primarily the major
freight railroads of North America, Amtrak and some

regional commuter railroads ASSOCIATION OF

* Founded in 1934
« Headquartered in Washington, D.C. AMERICAN RAILROADS

« Major Areas of focus includes Policy making, Standard
setting, Industry data, reports and publications, and
Research and technology initiatives

TTCl is a wholly owned subsidiary of the AAR

« QOperated by an on-site management team
« (Guided by an independent Board of Directors |
« Generally, the COO of each Class | railroad A Small Business Enterprise
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Why Wheel Inspection Research?

« Broken wheels are rare but important to find.

* A major precursor to wheel failure in Heavy
Axle Load (HAL) service is attributed to sub-
surface fatigue cracks initiating and
propagating from internal discontinuities
such as voids, inclusions, and micro-cracks.

« These fatigue cracks typically initiate at the
depth of the maximum shear stress
(approximately 3 mm - 6 mm)

« Safely detecting internal defects on wheels
before they become problematic, and without
Interrupting service, is the goal.
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Sub-surface Fatigue Crack Features

initial wheel
fatigue crack point of surface fatigue
propagation initiation . crack

« Sketch of a fatigue crack which nucleated R s mm——
about 4 mm below the surface. Maximum ] | e

N

depth of the crack below the wheel tread va—é;@ﬁ
is about 14 mm

/////’

M Il

Wheel (MISES)

1. No sign of inclusions or voids at the point of
Initiation

2. Crack initiates at a depth of 3-10 mm below
the wheel tread

3. Crack propagates in an angle downwardtoa = (I

depth of about 20 mm T -
N
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4. Final fracture toward the surface o —

Wheel Rail Contact Stresses

Kiani, M. and Fry, G.T., 2017, “Fatigue analysis of railway wheel using a multiaxial
strain-based critical-plane index,” Fatigue Fract Eng Mater Struct., pp.1-13.
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ACWDS

« Technology belongs to Nanjing Tycho company (China)
« Wayside NDE system for inspecting internal cracks on a moving train

Ultrasonic | piess |
wer® /-
)

| e

Wayside
Cabinets

Pt

W 4 0./ 4 o
Data Collection =P \A aly A o,
Units > = = ! Data Collection |

_ Units
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Ultrasonic Transducers
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Ultrasonics Hardware Configuration

« Array of Spring-loaded ultrasonic probes

« 0° UT probes look straight up and detects
circumferential cracks

« 70° UT probes inspect rim face and flange
« Water-based Couplant sprayed through
nozzles i.‘ = |
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UT Principle

* 0° probes look straight up into the
tread and look for the cracks running
parallel to the tread surface
(circumferential cracks)

« 70° probes inspect rim face and

flange to detect cracks oriented in the
radial direction

Railway Wheel

Amplitude

-llllllll-lillllllllllllllll- )

 These probes connect to a central
computer, which runs the software
program for analyzing wheel
Inspection ultrasonic signals.

Crack

Railway Wheel

Amplitude

UT Shear Waves
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ACWDS Ultrasonics Results Output

Automated Cracked Wheel Detector System @

Axle No.:3 - Position'R3 unknown 3Car roo 3 ro B O & Modted Our B s Scop 4 3

Raw Data Curve Straight Probe 3 (Inside)

s Ultrasonic waveform
nia-rdm s
e

ba

Straight Probes Complete wheel map Red and yellow color displayed Angle Probes
wemmrmmmeem With defect indications means the defect alarms
L LEF L
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ACWDS Operation

+# Train wheel auto test system(20180717-SP)

« System operation is automated .- -

© 11:56:06 simu Online | simu OffLine |  F¥_Version | DtConfig Single ¥heel | Train |

L] 1 ]
_ Se If ca | | b ratl on [10-02 07:32:25.151) Got CY[37] Sequdata axleNo®57 SN Corming time: 2018-10-02 07:1845 eft time:  2018-10-02 07:32:32
[10-02 07:32:26.484) Got CY[41] Sequdata axleNo:AS56

[10-02 07:32:27.609) Got CY[41] Sequdata axleNo#57 Train No: Elapsed:  13minuted6second
[10-02 07:32:32.214] Train left

- I nte 1A a I Se If—Ch eCk [10-02 07:32:32.267) [33] stop CY  return=0:FR | _ l

[10-02 07:32:32.321) [34] stop CY return=0:FR 13 |54960 1457

0

. [10-02 07:32:32.375] [35] stop CY return=0:IFR 54960

— A ' ' l [10-02 07:32:32.429] [36] stop CY return=0:1FR 1 T
u to ate d re po rtl n g [10-02 07:32:32.483] [37) stop CY return=0:ER 15 [109920 1457  |119

[10-02 07:32:32.536] [38] stop CY return=0:1ER 16 |109920 457 119

[10-02 07:32:32.590] [41] stop CY return=0:ER 17 1109920 |457 119

[ ) ReSUItS available Within [10-02 07:32:35.610] [13] stop acquisition return=0:ER =8 109918 las7 1o

[10-02 07:32:35.611] [14] stop acquisition return=0:1E®
[10-02 07:32:35.612] [15) stop acquisition return=0:1FE%® 54960

L ]
1 O m I n u te S [10-02 07:32:35.613) [16) stop acquisition return=0:IF%®
[10-02 07:32:35.614] [17) stop acquisition return=0:1F%®
[10-02 07:32:35.634] [18] stop acquisition return=0:dER
[10-02 07:32:35.642] [21] stop acquisition return=0:1ER

L] L] L]
* Reporting is configurable
[10-02 07:32:35.934] 192.168.0.14 W RESRIFE
[10-02 07:32:35.945] [14)] finished all=0 f 54960 Lost:0.000%
[10-02 07:32:35.946) 192.168.0.13 W BETIFE

— DefeCt alarm Ievel (Seve r|ty and [10-02 07:32:35.946) [13] finished all=0 / 54960 Lost0.000%

[10-02 07:32:36.291) 192.168.0.15 ¥Rtz
f' d [10-02 07:32:36.292] [15] finished all=0 /109920 Lost:0.000%
CO n I e n Ce [10-02 07:32:36.388) 192.168.0.17 ¥ RESRIFE

[10-02 07:32:36.389] [17] finished all=0 /109920 Lost:0.000%

(SR T -

ol o oo O o
oo o o o o

. [10-02 07:32:36421] 192.168.0.16 Kz FikeRIz: CY Device == ' m
—_ Re po r‘t' N g m eth Od ( manua I [10-02 07:32:36.422) [16] finished all=0 / 109920  Lost:0.000% 3 5 9 B
[10-02 07:32:36423) 192.168.0.18 Kz BiEERIT SRR

[10-02 07:32:36.423] [18] finished all=0 /109918  Lost:0.000%

reVi eW, ema i I a I e rtS , sSéen d i N g [10-02 07:32:36.798] 102.168.0.21 W BIats: 1545 1) S RS

[10-02 07:32:36.799] [21] finished all=0 / 54960 Lost:0.000%

ol * 0 o)
a I a rm S [10-02 07:32:37.777) [34] HAARRERHR ! Testdate tine: [
- . ATycho\date\2018410420181002_071845\Sequxml -
n | finished all=0 / 604558 Lost:0.000% o | 2ES
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ACWDS Performance Testing

Defect Type S mph 10 mph 12 mph 15 mph

MISSES Detection % MISSES|Detection % MISSES Detection % MISSES Detection %
Broken Wheel # 1 0 100% 0 100% 0 100% 0 100%
Broken Wheel # 2 13 13% 7% 13 13% 7%

Broken Wheel # 3 100% 93% 87% 73%

Broken Wheel # 4 100% 100% 100% 0 100%

FALSE CALL

AR s,
wnwhf/“’ﬂ‘ i

Broken Rim

Broken Wheel # 1 Broken Wheel # 2 Broken Wheel # 3 Broken Wheel # 4
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ACWDS Detection Performance Verification

N . (o)
Broken Wheel # 2 Detected 7% _1‘ - Broken Wheel # 3: Detected 73% at 15 mph

S5 mph

~Internal Crack
gﬁimed perpendicular to the tread)

Crack
(Oriented oblique angle to the tread)

f

Mg . PasT, }

Mg . PaT, _“

HIRTR2
e CHE

Broken rim face cracks

Broken Wheel # 2 Wheel Cut Open

Rail l Guard-

T

Ultrasonic Transducers

j Rim Face o7
e e U e 180 W o,

Broken Wheel # 3 Wheel Cut Open

 Broken Wheel # 4: Detected 100% at 15 mph

Flaw shape, size, location, and
orientation governs the UT detection!

Broken Wheel # 4 Wheel Cut Open
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ACWDS Demonstration

ASNT | LEARN.



TTCI FAST Operation

High Tonnage Loop (HTL)
2.7 miles

Mostly 315,000-pound cars
(39-ton axle load)

=50% of train operations
in each direction

Over balance speed in curves




FAST HAL Train - 2020 Broken Wheel

Wheel FAST
Car Car e . Transducer e ux
" position [mileage Hand UT verification results
position| No. . alarmed
alarmed | (miles)
71 33150 R3 201,751| 0° outboard 3.2-inch x 1.5-inch x 0.5-inch
62 |[33395| R3 |219,.281| O outboard 3.25-inch X 2.75-inch
0° wide gage
7 33166 L2 138,761| 0° outboard | 3.4-inch x 1.1-inch x 0.2-0.4-inch
17 33396 R1 194,466| 0O° outboard 1.0-inch x 1.2-inch x 0.25-inch
88 33317 L2 162,145| 0° outboard 7.0-inch x 1.8-inch x 0.3-inch
58 33164 L3 156,027 | 0° outboard |5.25-inch x 1.5-inch x 0.2-0.7-inch
72 33290 L2 56,829 | 0° outboard 3.5-inch x 0.9-inch x 0.3-inch

GROW YOUR KNOWLEDGE. GROW YOUR CAREER.
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FAST Car 33164 Wheel L3

» Detected by 0°
outboard probes o

 Hand-UT

.y

| Prev Chaseal | Next Chazael |

@ Curve | a
Curve Data 4-86(Outboard:44, Straight Probe)

02/11/2020

£ 3
100% UT signal

Ve ri f| Catl on : Bl
— 5.25-inch (L) x = e
1.5-inch (W) x —

0.2-0.7-inch (D)

[ Prev Chamoel | New Chazcel |

Curve Data 4-6‘((“);‘rd:44,traight Probe)
04/23/2019
No UT signal

NO ALARM

7
1
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FAST Car 33290 Wheel L2

- Detected by 0° [ E—
— e o 02/11/2020
outboard probes \ Ui |
H d UT | s D s N 100% UT signal
* and- | BN
Verification . n milii
— 3.5-inch (L) x
0.9-inch (W) x
0.3-inch (D)

a a 1;_;,:- 1 L] mbeiﬂm
Curve Data 5-28(Outboard:15, Straight Prol
04/23/2019
No UT signal

NO ALARM

ASNT | LEARN.




FAST Car 33317 Wheel L2

Detected by 0° 3
outboard probes Zaaas

Hand-UT
Verification
— 7.0-inch (L) x
1.8-inch (W) x
0.3-inch (D)

Www.olympus-ims.com

‘\ 1\ \\:\\“\\\‘3\\%

10\ !11 Al

R P R M A P

PT Indications

GROW YOUR KNOWLEDGE. GROW YOUR CARI

oy = 8Cunel B2 B [ PGl | e oo |
Curve Data 5~4‘8&lboard:25, Straight Probe)
1

02/25/2020

100% UT signal

44 < B ) )

| Nex Channe |

: D 58"(‘;“.;6'2555 'hPloE;:.
o ———— 02/11/2020
No UT signal

NO ALARM

< 1) M
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FAST Car 33395 Wheel R3

- Detected by 0° | SFEES ' = N — 0212512020
iInboard/ 93 ] < 80% UT signal
outboard probes

* Hand-UT | | YELLOW ALARM
Verification | —

— 3.25-inch (L) x
2.75-inch (W)

| Prev Cancel | Next Ceannel |

t BN 2020-02-11 09:32:2 L] B Curvel 8 a
: :: "r Q,‘? Curve Data 3-95(Inboard:48, Straight Probe)
e 02/11/2020

100% UT signal

GROW YOUR KNOWLEDGE. GROW YOUR CAREER ASNT ‘ LEARN.
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Handheld Phased Array UT Verification
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Hand-held Phased Array UT Verification

dB: +30.0(0.0) VelWDIyjSenTCG/ B AR + 30.0(0.0) Vel|WDIy)Sen|TCG)
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Prior Year Removals
&

UT Verification
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FAST Car 33376 Wheel R4

« Total of 94,327 miles and 13.48 [ #< g8 "= r—
MGTM at FAST from 01/2013 to | i .
03/2017 — | M

* No visible surface conditions e .
observed in the wheel tread g LD N e

PO

Automated Cracked Wheel Detection System

Lecato Argedir Ceptrcid Oomn
Powe  SHAGH ABREAC: IS cagres

Automated Cracked Automated Cracked

Do’ SO Ie crick

D cons ¥ 53 100w Rt 05/2016
15waign: Nasd? [k S2vm

fal Lock 33 Ax! . 1t . z.sn:‘w\-\tonmw-

33376 Axle No.:4 - Position:R4 33376 Axle No.:4 - Position:R4 - ::w--v«-v--i

INCREASING SEVERITY

i e D

Automated Cracked Wheel Detection System

0% UT signal

03/2017

B EAEIED B BRI B B N A N I Y Y

Initial 3 Months 1 year
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FAST Car 33376 Wheel R4

® Hand UT NDE findings:

— Sub-surface fatigue cracks
» Length: entire circumference
= Width: 1.4-inch to 1.5-inch
Depth: 0.24-inch to 0.36-inch

= | ocation:1.7-inch from the rim
face

Front View Side View

Hand-UT Flaw Mapping

GROW YOUR KNOWLEDGE. GROW YOUR CAREER. AS NT ‘ LEARN.




FAST Car 33312 Wheel R1

Automated Cracked Wheel Detection System

» Class C wheel manufactured in | N
chember 2004 | » .' ' : . ‘: Siois
 Total of 166,131 miles and 23.76 '

MGTM at FAST from 09/2009 to
05/2016

 RCF/spalling observed at two
locations next to one another in the
wheel tread

)
)
by

RN e
4 \\ o A J‘a:
- PO e Y -
. IRV i
ok SRR d
; .
7
! |
) N -
> 4
1 f &
1 -
\
: 5
LR £ v
3
B "
- N
YEE
.
\

5=100% UT signal

03/2016

INCREASING SEVERITY

« Spall length and width was 1.2-inch
(30 mm) by 0.8-inch (20 mm),
respectively

~100% UT signal

05/2016

PR R R N R B B B B T B P B D B D D B!
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® Hand-UT NDE findings:

— Sub-surface fatigue cracks:

* Length: 0.6-inch to 4.0-inch
(15 mm to 102 mm)

= Width: 0.3-inch to 1.0-inch .
(8 mm to 25 mm) 5 Per——o——e
Depth: 0.19-inch to 0.25-inch 5 A

(5 mm to 7 mm)

» Location: 2.0-inch (51 mm)
from the rim face (half of the
entire circumference)

Front View

GROW YOUR KNOWLEDGE. GROW YOUR CAREER. AS NT ‘ LEARN.




Conclusions

« Wayside testing of railway wheels for internal anomalies provides a means
for identifying subsurface cracks.

* Automated detection and characterization of cracked wheels presents
several advantages to the railroads and wheel manufacturers.

* Results from the testing on FAST train cars demonstrated the defect
detection and trending studies for wheels with sub-surface fatigue cracking.

 The hand-held UT verifications were in agreement with the ACWDS
findings.
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