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Profile Rail Grinding

LoRAMII

SPEED PERFORMANCE RELIABILITY

SPENO INTERNATIONAL SA
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Optical Rail Measurement

F

Run/Profile 5/5121 3/8400
Run Date Feb 26 2007 Jul 29 2005
Mile __5_,_869.-----" 5869
/
:I
|
Rail ij'ype 115RE 115RE
GFuge 56.62 in. 56.56 in.
Head Loss 7.07 % 542 %
Vertical Wear 0.103 in. 0.086 in.
Gauge Wear -0.004 in. -0.005in.
Field Wear -0.005in. 0.003 in.
Gauge Lip 0.057 in. 0.057 in.
Field Lip 0.000 in. 0.001 in.
GFA 0.0 deg. 0.0 deg.
Cant 1.0 deg. 0.9 deg.
Classification Unknown Unknown

MTS - SAN DIEGO TROLLEY
SOUTH LINE - Track EB
#16: 2.0 deg. L

North

&Holland

()i

INDUSTRIAL METRICS

DIVISION OF BQLLAND LF

MEASUREMENT TECHNOLOGIES |
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Optical Rail Measurement

5 5
4 4
3 0.1mm 3
2 2
1 | 1
0 |] Metal 0 | o
-1 Removal -1 \
§ 6.796 (mm?2) 8.411 i \\\
-4 PR Js | -4 s 5 T 5 &
4° 0 4 12 745 Curve: 4.00 Left 45 12° 4 0~ 4
420 2 T 812 Gauge: 56.88 in T 9 |2 4
;j_’_ #Z PTP: 56.6 in I |
L1
Run: 3
Sub: SOUTH LINE
Track: EB
Side: N Mile: 0.539 Side: S
Cant: 0.8 Date: Jul 29 2005 Cant: 0.1
Lip: 0.00 mm Lip: 0.00 mm
Hardness: N/A S/E: 0.00 Hardness: N/A
Maar: N/A Year: N/A
.Hallaﬂdl t: 115RE Weiaht: 115RE
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History of ARM on San Diego Trolley

® |nitial discussions and demonstrations
started around 2005 (optical measurement,
demo grind programs)

® Progressive increase in work in both areas
from 2006-2008

®* ARM awarded 5-year turn-key Rail
Management services contract in Nov. 2008

® Utilized Loram during first two years, Speno

In years 3-4 P

;/’?J'Iu\\\\&§
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Profile Rail Grinding

Embedded track Open track
0000
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Why Perform Rail Grinding ?

® Control Surface Defects

— Remove microcracks to control contact
fatigue

— Remove shells, spalls
— Remove corrugations
— Extend rail life
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Why Perform Rail Grinding ?

® Improve Wheel/Rall Interaction
—Reduce contact stress
—Improve wheelset steering
—Reduce lateral forces & gauge wear
—Improved ride quality
—Reduce noise levels
— Reduce fuel consumption
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Unlque Grlndlng of Embedded Truck
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Type 1 grinding

(no longer used — used In 1990s)
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Type 2 grinding

(conventional method for open track)

Uses bottom of stone

Pt T
A

S |
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Type 2 grinding

Type 2 grinding fouls embedded track
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Obstacles restrict conventional type 2
grinding strategy being used In
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Existing Grinding Strategy
In Embedded Track

H%w
T

i
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Type 3 offset grinding

(used in embedded track, road crossings)

\/
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Rail Grinding Embedded Rails

In the past, embedded track was very
challenging to grind, and full profile
grinding was not possible.

® grinding equipment not able to orient grinding
stones In the “normal” position used in open
track due to clearance restrictions — stones were

too big

® tight clearances (flangeway, girder rail,
pavement)

® problems navigating tight radius curvature
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Existing Grinding Strategy
iIn Embedded Track
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New Grinding Strategy
iIn Embedded Track

j i SpeC|aI stones assure
grinding

of the gauge corner down to

o oV O )

ol AV
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Speno SRR16-M4

16-stone machine

e capable of grinding embedded rail (uses small
stones) in tangent and curves down to 25 m rad.

e very smooth surface finish (< 10 pm)

e equipped with automated, real-time measuring
systems for monitoring and recording:

= corrugation
> Cross section profile
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Speno SRR16-M4

measuring trolley
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measurlng trolley

ol g KLD proflle e
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Grinding embedded roadway section
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Post-grind rail condition — corrugation removed
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Pre grlnd rall condltlon W|th corrugatlon

' I""F"--
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Pre-grind rail condition with corrugation

gy |

-
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Grinding embedded roadway Sectign

e
'
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CORRUGATION BEFORE GRINDING
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CORRUGATION CHART AFTER GRINDING
i .
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Post-grind rail condition — corrugation removed

— — - I = — ==
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Rail Grinding Embedded Rails

In addition to removing corrugations,

this machine produced a very smooth
rail surface finish not achieved in the
past.
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Very smooth surface finish
(5-10 um)

Hommel tester
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Very smooth surface finish




Previous typical post-grind “rough” surface finish

(> 15 pm)
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Previous typical post-grind “rough” surface finish
(> 15 pum)
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Precise Rall Profile Implementation

Another important enhancement to the

work in San Diego was the use of a

laser-based profile measuring system
to measure before and after rall proflle
conditions. g

B G LT i A :
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ORIAN
Rail Measurement Sensor Heads

Field Side Gauge Side
Camera Camera

Gauge Side
Laser

D KLDLABS ,

MEASUREMENT TECHNOLOGIES '- 3
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Metal Removal

@ Rangecam 3.8

Swztem  Plan Bun  Segment Profile Edit Databaze Wiew

i Create/E dit Grinding Plan
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100

a0
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Electronic BAR gauge
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120
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0.001in

Metal
Removal
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20

0.071

(in?)

0.079 ,

-20

1
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LOW_RAIL

Side: 8
Cant: 0.7
Lip: N/A
Hardnezss: N/A
Year: N/A
Weight: RE136

Temp |

1
-4 a 4 12 45

=20

Track Level

Gauge
PTP

Run:

Sub

Track:

Mile
Date
Curve

Super:

BTAT7 in
:56.9 in

3

: NLINE_POCA
1

1 372.003

. Apr 28 1997
: 9.1 Left
0

HIGH_SHARP

Side:
Cant:
Lip:

Hardness
Year
Weight

0 in
T NiA
T N/A
: RE136

Temp |

il Start | I Rangecam 3.8

@ Prt5cr 2 0e <unbifled:

Qs 11:34 AM
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Onboard Display of KLD data

Recording Si

¥ stampa auto?
Maw e 2.039

) :
LPM-TPM-III: X . LPM-TPM-TII:
ETS-HRC-115_40 ( £ 0.5) ETS-CPF115_40( £ 0.5)

2 hy— -

2N 4% A4 4N aw a4
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Comment

fo SR
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==
=
|

16- |

|
42 4

pre-grind rail prufile

(1

A

|
16

PROFILES BEFORE GRIND
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R R R S—
02 4 & 8 10 12

|
14

|
16

18020 22 24 26 28 30 32 34 35

3§ 40 42

44 45 48 50 52 54 56 B8 GO0 62 64

Train : SRR 16 M-4

Supemvisor version: 20.29 - 1303-22 - 26/
TPM: 1308-22 - 20,249

LFM: 1308-28 - 20.23

Landmark: 3TRAIGHT TRACK
KP(Km) and Way: 2445000
Pass: 2

Track number :
Ling - Guada upn south

Combination: CPF_CPF
A tolerance: + 0.3

B tolerance: + 0.3

A profile; AREA 115 CPF
B profile: AREA 115 CPF

Measurement date: 06/02/2010,00h47

Printed date:06/02/2010, 04h47

Measurement file: 10.02.05-22.17.24-5RR 16 M-4
Scale: 41

MSIOTT Vv PO Ciory - corm
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grind template

S R R E—
o 2 4 & & 10

|
12

—
14 18

820 22 24 25 28 30 32 34 35 38 40 42

44 45 45 50 52 54 56 58 60 62 64

Train 2 3RR 16 M-4

Supemisor version: 20.2% - 1303-22 - 28/

TPM: 1308-22 - 20.29
LPM: 1308-28 - "'C'.EEI

Landmary: STRAIGHT TRACK
KP(Km) and Way: 2407000
Pass: 16

Track number : 2
Line : Guadalupe south

Combination: CPF_CPF

Atolerance: £ 0.3

3 tolerance: £ 0.3

A profile; AREA 115 CPF
B profile: AREA 115 CPF

Measurement date: 06/02/2010,00h47

Printed date:06/02/2010, 04hd5

Measurement file: 10.02.05-22.17.24-35R 16 M-4
Scale: &1

1000 W M S A
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Rail Grinding Embedded Rails

It Is believed the work completed on San
San Diego Trolley is one of the first
Implementations of full profile grinding on
embedded track in North America.

In addition to full profile implementation,
corrugation was essentially eliminated, and
a very smooth surface finish was left on the

rail.
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Enhanced Rail Grinding Specification

« To achieve the benefits of reduced noise
and vibration levels, as well as improved
ride quality and extended rail and wheel life
cycles, a new type of enhanced ralil
grinding specification is required.

 An important detalil of this new
specification is the tighter tolerances, but
even more important is the accurate
measurements to document and confirm
that the specified resulted are being
achieved on a daily basis.
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Grinding embedded roadway section

PROPOSEED DRAFT

TRANSIT SYSTEM

RAIL GRINDING SPECIFICATION

(includes embedded track)

@"P
2010 s

APTA Eail Conference

YVancouver, BC, Canada

J|'|||

%
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Optical Rail Measurement

F

Run/Profile 5/5121 3/8400
Run Date Feb 26 2007 Jul 29 2005
Mile __5_,_869.-----" 5869
/
:I
|
Rail ij'ype 115RE 115RE
GFuge 56.62 in. 56.56 in.
Head Loss 7.07 % 542 %
Vertical Wear 0.103 in. 0.086 in.
Gauge Wear -0.004 in. -0.005in.
Field Wear -0.005in. 0.003 in.
Gauge Lip 0.057 in. 0.057 in.
Field Lip 0.000 in. 0.001 in.
GFA 0.0 deg. 0.0 deg.
Cant 1.0 deg. 0.9 deg.
Classification Unknown Unknown

MTS - SAN DIEGO TROLLEY
SOUTH LINE - Track EB
#16: 2.0 deg. L

North

&Holland

()i

INDUSTRIAL METRICS

DIVISION OF BQLLAND LF

MEASUREMENT TECHNOLOGIES |
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Rall Measurement

e Generate rail wear database
— wear charts

— comparisons, queries, automated classification,
identification of section (115, 136, etc)

—trend analysis / forecasting capability
e Support rail grinding operations
—actual vs. desired profile comparison
— pre-grind survey plan generation
—real time quality control (following grinder)
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Optical Rail Measurement

5
4
3
2
1
0
1
2
3
-4 D D S U
2 2 25
470 7 4 T12 g5
420 2
4 812 .
ML 7w
L1
Side: N
Cant: 0.8
Lip: 0.00 mm
Hardness: N/A
Maar: N/A
& Holland v s

0.1mm

Metal

Removal

6.796

Curve

Gauge:
PTP:

Run:
Sub:
Track:
Mile:
Date:

S/E:

(mm?) 8.411

: 4.00 Left

56.88 in
56.6 in

3

SOUTH LINE
EB

0.539

Jul 29 2005

0.00

B R U T S R G

Side: S
Cant: 0.1

Lip: 0.00 mm
Hardness: N/A
Year: N/A
Weiaht: 115RE
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San Diego Trolley — System Map
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Track Segment Report

T
S, -
A% MTS San Diego Trolley
A 4= ,
g Track Segment Reports 1‘ '] M
LA\ L'l
Sub: 3 - MTSCCLOOP V - CED
Track: EAST RAIL MANAGEMENT
Printed Date: February 10, 2012 L
Segment: Location Degrees Dir: Length: Description: Page 1 of 6
(Mile) (ft)
TANGENT 1.390 1.441 271
1.397 DIAMOND IMP JU
1.404 DIAMOND
1.429 FROG CC13
1.437 SWITCH
1.440 SWITCH IN
1.440 SWITCH
C#1 1.441 1.473 0.3 R 171
1.450 FROG INT-A
1.454 STATION END 12th & Imperial Transit Centre
TANGENT 1.473 1.492 98
C#2 1.492 1.537 29 R 235
1.507 STATION END 12th & Imperial Transit Centre
1.509 SWITCH
1.523 FROG CC5

g RAIL TRANSIT SEMINAR * MAY 7, 201 2

i

WRI 2012 =



ORIAN
Rall Measurement Sensor Heads

Field Side Gauge Side
Camera Camera

Gauge Side

Field Sid | aser

Laser

KLDLABS

MEASUREMENT TECHNOLOGIES ' i
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Optical Rail Measurement Test Vehicle

. wardl
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Optical Rail Measurement

5
4
3
2
1
0
1
2
3
-4 D D S U
2 2 25
470 7 4 T12 g5
420 2
4 812 .
ML 7w
L1
Side: N
Cant: 0.8
Lip: 0.00 mm
Hardness: N/A
Maar: N/A
& Holland v s

0.1mm

Metal

Removal

6.796

Curve

Gauge:
PTP:

Run:
Sub:
Track:
Mile:
Date:

S/E:

(mm?) 8.411

: 4.00 Left

56.88 in
56.6 in

3

SOUTH LINE
EB

0.539

Jul 29 2005

0.00

B R U T S R G

Side: S
Cant: 0.1

Lip: 0.00 mm
Hardness: N/A
Year: N/A
Weiaht: 115RE
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sample gauge wear & GFA chart

MTS - SAN DIEGO TROLLEY
SOUTH LINE - Track EB
PROVIDED BY ARM Tested Feb 26 2007
0.8
Gauge 08
Wear 04
s Gauge .' " 1 -J
(in) 02 .{\ .u.l. |. I {,J n }
0 —hame—t U A T PRy _»'-“.'"?\._,-.....r-;,l_,-._._z../.“ s U e S
0.2
26
24
GFA 29
(deg.) ) ”F!
- 20 20 Degre U’:ﬁdl! ¥ ..:'.'u, '||‘ T ._
¥ nv '} | | Ir
18 ’ | || ‘ - U
6 N ||l |l
N 3] 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7
2.0
6 1.8 2.0 1.8 1 ?
S 26 * * '
24
GFA 29
(deg.) 20 20 Degree Ling
18
16
0.8
Gauge 06
Wear 0.4
(in) g2 G
I e T N T B L et VNI, _ql‘M..‘mw,.a_
0.2
] 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7
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“Two-up” Comparison View

@ HRangecam 4.7
Swystern Profile

@ Two Up Yiew : Bun 121 : Left 108892 Right 108893

55/401833
Jul 1 1997 Jun 28 1999
RE136 136
57.14 in i

337.718
East ast

-0.022i

-0.025in -0.041 in
0.013in 0.000 in
0.003 in 0.014 in
0.0 deg 0.0 deg
2.3 deg 1.1 deg
GREEN GREEN

FULTONA

Run/Profile:
Date:

Type:
Std. Gauge:

% Head Loss:
ical Wear:
e Wear:
Field Wear:
Gauge Lip:
Field Lip:
5. Face Angle:
Cant:

Rail Classification:

121/10889
Jun 28 19

RE136

56.96 in
337.719
West

M= E3

55/401835
Jul 1 1997

RE136
Unknown
337.719

B03in .
0.245 in 0.227in_
-0.038 in -0.032 in
0.003 in 0.000 in
0.038 in 0.009 in
12.9 deg Unknown

0.2 deg Unknown
GREEN GREEN
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Trend Chart

MTSBLUE Track WEST: Mile 14.72 - 14.83: 3.9 deg. L
North Rail: 100% 115RE  South Rail: 100% 115RE

1 30
Gauge Wear: RED 20
in. 0.5 %
10
O
Q
0 R R - 0
2005 2010
Head Loss - N Gauge Wear - N
Head Loss-S © Gauge Wear - S
Time
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Profile Rail Grinding

LoRAMII

SPEED PERFORMANCE RELIABILITY

SPENO INTERNATIONAL SA
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Grinding Template
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Optical Rail Measurement

5
4
3
2
1
0
1
2
3
-4 D D S U
2 2 25
470 7 4 T12 g5
420 2
4 812 .
ML 7w
L1
Side: N
Cant: 0.8
Lip: 0.00 mm
Hardness: N/A
Maar: N/A
& Holland v s

0.1mm

Metal

Removal

6.796

Curve

Gauge:
PTP:

Run:
Sub:
Track:
Mile:
Date:

S/E:

(mm?) 8.411

: 4.00 Left

56.88 in
56.6 in

3

SOUTH LINE
EB

0.539

Jul 29 2005

0.00

B R U T S R G

Side: S
Cant: 0.1

Lip: 0.00 mm
Hardness: N/A
Year: N/A
Weiaht: 115RE

Q RAIL TRANSIT SEMINAR * MAY 7, 201 2

i

WRI 2012 s



Grind Quality Report

i
‘%\\L\\\\ U, :
A m MTS San Diego Trolley
A = . - ] P
g Grind Quality Report ARM
N LR\ LI
- e ADVANCED
Track: WEST RAIL MANAGEMENT
Run: 18 (C ANADA A) I N C
Run Date: November 27, 2008 Page 1 of 20
From Mile 1.423 To Mile 20.36 Report Date: March 02, 2012
Tangent
Segment From :  Mile 1.451 Segment To: Mile 2.113
Side Template Extreme Gauge Centre Crown Max/Min
Gauge Radius Diff. Index
N EDM CPF 0.062 0.053 0.021 15.350 41
S EDM_CPF 0.028 0.013 -0.013 9.430 41
Curve 32.4deg. R
Segment From :  Mile 2.158 Segment To: Mile 2.211
Side Template Extreme Gauge Centre Crown Max/Min
Gauge Radius Diff. Index
N EDM_CPG -0.013 -0.016 0.003 18.700 19
S EDM CPF 0.047 0.030 0.004 16.750 43

i
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Query Report

MTS San Diego Trolley
Wide Gauge (57.5" or more) Summary

Sub: 1- SOUTH LINE Query Date: 10-Apr-07 “'] =
Track: WB Run Date: 26-Feb-07 AL
Run: 6-4 Range: 1.429:15.069 3
Side: Both ADVANCED
Query Items: Gauge >=57.51in. %\{LJ‘*L?I\IJA&;}ED?E&\II
Curve #: Degree: Direction: Side: From: To: Length:
(Mile) (Mile) (ft)
Curve #1 5 L N(L) 1.462 1.462 1
5 L S(H) 1.462 1.462 1
5 L N(L) 1.456 1.456 1
5 L S(H) 1.456 1.456 1
5 L N(L) 1.448 1.448 1
5 L S(H) 1.448 1.448 1

Total: 6ft
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Profile Rail Grinding
& Optical Rail Measurement

P o X
LTS 4 San Diego Trolley

J KLDLABS ,

MEASUREMENT TECHNOLOGIES |
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