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Scenario 1: POD (TOES Piot)
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MP 706.2 - 707.0 (TOES Plot)
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Scenario 3: POD w/ Reblocked Consist (TOES Piot)
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Scenario 3: POD w/ Reblocked Consist (TOES Piot)
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Scenario 3: POD

Reblocked Consist
(TOES Animation)
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UP 5574 & UP 9039 Wheels

New AAR2A Profile shown in BLUE for reference.
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NS 4408 & NS 9485 Wheels

New AAR2A Profile shown in BLUE for reference.
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RMEX 06 & RMEX 08 Wheels

New AAR2A Profile shown in BLUE for reference.
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New Rail vs Rail at POD

New 136 Rail Profile shown in BLUE for reference.

NS Standard for Top Rail = 10/16 inch = 15.8 mm

19



RMEX 6 - Wheel/Rail Interaction

DRAFT
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RMEX 8 - Wheel/Rail Interaction
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Coupler Angle Calculations
T To Front of Train RM EX 08
As Measured — Rear Couplers Minimum Travel - Front Coupler Nominal Conditions
Measurements Angles Measurements Angles Measurements Angles
Left Travel 7.75 Left 0.26 14.96 Left Travel 5.875 Left 0.20 11.45 | Left Travel 4 Left 0.14 7.85
Right Travel 7.25 Right 0.24 14.04 | Right Travel 8 Right 0.27 15.42 |Right Travel 4 Right 0.14 7.85
1 Rad Deg Total 13.875 Rad Deg Total 8 Rad Deg
| Cplr Length | 29 | |Cp|r Length | 29 |
Nominal Conditions
Measurements Angles
Left Travel 4 Left 0.14 7.85
4 Right 0.14 7.85
Rad Deg

RMEX
8 Total 5
Long Hood End Cplr Length 29
As Measured — Rear Couplers Minimum Travel - Front Coupler
Measurements Angles
Left Travel 7.75 Left 0.26 14.96
8 Right 0.27 15.42 |Right Travel
Rad Deg Total 8
|Cp|r Length | 29 |
a1 X
JU

R L R
Al <b A2
R L| LongHoodEnd
RMEX Measurements Angles
6 Left Travel | 7.75 Left 0.26 | 14.96
Right Travel 7.5 Right 0.25 14.50 | Right Travel
Total 15.25 Rad Deg Total 15.75
|Cp|r Length| 29 | | Cplr Length | 29 |

l To Rear of Train
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D RAFI' Appendix

Tracking Position Angle of Attack TBOGI Defi n itiOnS

(TP) (AOA)

* Tracking Position: Lateral shift distance
between the track centerline and the
midpoint of the axle.

* Angle of Attack: Angle between the truck
radial line and the centerline of the wheel
set axle

Inter-Axle Misalignment Rotation o
(ROT) * Inter-Axle Misalignment: The angle

misalignment between two wheel sets of
a bogie. Calculated by the difference
between the AOA of the leading wheelset
minus the AOA of the trailing wheelset.

+ Rotation: Angle of the bogie. Defined as
the average of the AOA’s of the leading
and trailing axles.

NS

NORFOLK SOUTHERN 2 6




DRAFI' Appendix
Tracking Error Lateral Shift TBOGI Defin itionS

» Tracking Error: The difference in lateral
distance between the midpoints of the
two axles of a bogie.

- Lateral Shift: Lateral shift of the bogie.
Defined as the average of the TP’s of the
leading and trailing axles.

Hunting / .

Lateral Instability Hunting Peak-to-Peak: Peak to peak

distance in the amplitude of the hunting
motion or the maximum distance travelled
by the bogie laterally. Calculated using TP
measurements of multiple TBOGI
sensors.

NS

NORFOLK SOUTHERN 2 7




Appendix

UP 5574 DRAFT

EXCEPTIONS SPEEDS S, Lead End F
LOCO- 5 M ~ I TABLE VIEW VIEW UP 5574 HISTORY
AOA :
ENTRY (km/h) 608 I ' I
LOCO-TP 0
1
AOA - I ! | AOA (mrad) TP (mm) SPEED (km/h)
— ’ . Axle 7 (Position 1) -03 6.9 60.8
H . Axle 8 (Position 2) -03 26 60.8
IAM /A EXIT (km/h) 62.4 !
Axle 9 (Position 3) -0.1 4.5 60.8
ROT 0] | 1 [
— 3 ! Axle 10 (Position 4) -0.4 -25 60.8
I : I Axle T1 (Position 5 -05 46 60.8
SHIFT AVERAGE . ( e )
(km/h) i ' L Axle 12 (Position 6) -02 39 60.8
HUNTP (6]
Site Track Direction Train Time Vehicle Number Position Lead End Bogie Speed (km/h) AOA (mrad) TP (mm).
Flat Rock 1 South 2023-03-07 09:57:00 UP 5574 7 1 F - 60.8 -0.3 6.9
Flat Rock 1 South 2023-03-07 09:57:00 UP 5574 8 2 F - 60.8 -0.3 9.6
Flat Rock 1 South 2023-03-07 09:57:00 UP 5574 9 3 F - 60.8 -0.1 4.5
Flat Rock 1 South 2023-03-07 09:57:00 UP 5574 10 4 F - 60.8 -0.4 25
Flat Rock 1 South 2023-03-07 09:57:00 UP 5574 n 5 F - 60.8 -0.5 4.6
Flat Rock 1 South 2023-03-07 09:57:00 UP 5574 12 6 F - 60.8 -0.2 519
Flat Rock 1 South 2023-02-28 10:56:00 UP 5574 7 1 F - 66.3 -0.2 8.0
Flat Rock 1 South 2023-02-28 10:56:00 UP 5574 8 2 = - 66.3 0.1 9.2
Flat Rock 1 South 2023-02-28 10:56:00 UP 5574 9 3 F - 66.3 -0.2 2.3
Flat Rock 1 South 2023-02-28 10:56:00 UP 5574 10 4 F - 66.3 -0.4 -35
Flat Rock 1 South 2023-02-28 10:56:00 UP 5574 n 5 F - 66.2 -01 3.4
Flat Rock 1 South 2023-02-28 10:56:00 UP 5574 12 6 F - 66.3 -0.1 0.7




UP 9039

DRAFT

Appendix

EXCEPTIONS

LOCO-
AOA

LOCO-TP 0O
AOCA 13
™ 4
IAM 7
ROT 0
TE 3

SHIFT

HUNTP 0

(0]

Site
Flat Rock
Flat Rock
Flat Rock
Flat Rock
Flat Rock
Flat Rock
Flat Rock
Flat Rock
Flat Rock
Flat Rock
Flat Rock

Flat Rock

i
=
— — r—
NORFOLK SOUTHERN

SPEEDS

ENTRY (km/h)

EXIT (km/h)

AVERAGE

(km/h)

Track

1

60.8

62.4

61.9

Direction

South

South

South

South

South

South

North

North

North

North

North

North

Lead End F

—
-y

o) 1

Train Time

2023-03-07 09:57:00

2023-03-07 09:57:00

2023-03-07 09:57:00

2023-03-07 09:57:00

2023-03-07 09:57:00

2023-03-07 09:57:00

2023-03-04 07.08:00

2023-03-04 07:08:00

2023-03-04 07:08:00

2023-03-04 07.08:00

2023-03-04 07:08:00

2023-03-04 07.08:00

Vehicle

UP 9039

UP 9039

UP 9039

UP 9039

UP 9039

UP 9039

UP 9039

UP 9039

UP 92039

UP 9039

UP 9039

UP 92039

TABLE VIEW

Axle 13 (Position 1)

Axle 14 (Position 2)
Axle 15 (Position 3)
Axle 16 (Position 4)
Axle 17 (Position 5)
Axle 18 (Position 6)

Number
13
14
15
16
17
18
13
14
15
16
17

8

Position

1

2

Lead End

F

F

AOA (mrad)
-0.1
-0.1

W
Q
o

TP (mm)
54
-2.8
6.0
6.8
2.6
2.8

Speed (km/h),

60.8
60.8
60.8
60.8
60.7
60.6
615
6l.4
614
615
615

613

VIEW UP 9039 HISTORY

SPEED (km/h)

60.8
60.8
60.8
60.8
60.7
60.6

AOA (mrad)

-01

-01

0.5

0.2

0.3

0.3

0.5

6.0

6.8

2.6

2.8

0.3

26

29



NS 9485

DRAFT

Appendix

EXCEPTIONS
LOCO- o
AOA
LOCO-TP 4
AOA 4
TP 0
IAM 0]
ROT (6}
TE 0]
SHIFT
HUNTP 0

Site
Marion
Marion
Marion
Marion
Marion
Marion
Marion
Marion
Marion
Marion
Marion
Marion

SPEEDS

ENTRY (km/h)

EXIT (km/h)

AVERAGE
(km/h)

Track

1

420

327

419

Direction

East

East

East

East

East

East

West

West

West

West

West

West

Lead End F

a1
-y

J 1

Train Time

2023-02-1117:55:00

2023-02-1117:55:00

2023-02-1117:55:00

2023-02-1117:55:00

2023-02-1117:55:00

2023-02-1117:55:00

2023-02-11 02:37:00

2023-02-11 02:37:00

2023-02-11 02:37:00

2023-02-11 02:37:00

2023-02-11 02:37:00

2023-02-11 02:37:00

Vehicle

NS 9485

NS 9485

NS 9485

NS 9485

NS 9485

NS 9485

NS 9485

NS 9485

NS 9485

NS 9485

NS 9485

NS 9485

TABLE VIEW

Axle 7 (Position 1)
Axle 8 (Position 2)
Axle 9 (Position 3)
Axle 10 (Position 4)
Axle 11 (Position 5)
Axle 12 (Position 6)

Number
7
8
9
10
n

12

10
n

12

Position

1

2

Lead End

E

F

AOA (mrad)

0.1

1.5

1.6

03

0.0

0.2
Bogie

TP (mm)
51
25
10.1
05
-7.2
3.4

Speed (km/h)
421
421
420
422
422
422
61.2
612
613
61.2
614

61.2

VIEW NS 9485 HISTORY

SPEED (km/h)

421
421
42.0
422
422
422

AOA (mrad)

01

S

16

03

0.0

TP (mm)
51
25
101

0.5

30



NS 4408

Appendix

DRAFT

EXCEPTIONS SPEEDS
LOCO- 0
AOA

ENTRY (km/h) 66.7
LOCO-TP 0
AOA p
TP 0]
1AM 0 EXIT (km/h) 54.4
ROT 0
TE 0
AVERAGE
SHIFT dor/h) 590
HUNTP 0
Site Track Direction

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

Marion 1 East

i, Lead End F

Train Time

2023-01-23 11:58:00

2023-01-23 11:58:00

2023-01-23 11:58:00

2023-01-23 11:58:00

2023-01-23 11:58:00

2023-01-23 11:58:00

2022-11-14 00:28:00

2022-11-14 00:28:00

2022-11-14 00:28:00

2022-11-14 00:28:00

2022-11-14 00:28:00

2022-11-14 00:28:00

-k

Vehicle

NS 4408

NS 4408

NS 4408

NS 4408

NS 4408

NS 4408

NS 4408

NS 4408

NS 4408

NS 4408

NS 4408

NS 4408

TABLE VIEW

Axle 7 (Position 1)
Axle 8 (Position 2)
Axle 9 (Position 3)
Axle 10 (Position 4)
Axle 11 (Position 5)
Axle 12 (Position 6)

Position

Number
505 1
506 2
507 3
508 4
509 5
510 6
1 1
2 2
3 3
4 4
5 5
6 6

Lead End

F

F

AOA (mrad)
0.3
0.1
0.2
0.3

TP (mm)

-6.6
-4.8
-2.6
10.4
-4.9
9.5

Speed (km/h)

50.0

50.0

50.0

499

50.0

499

7.4

71.6

71.6

71.8

71.6

7.4

VIEW NS 4408 HISTORY

SPEED (km/h)
66.6
66.5
66.5
66.4
66.2
66.2
AOA (mrad)

-0.5

-0.3

-0.3

0.0

1.2

01

-0.2

-09

-0.3

-0.5

01

0.6

TP (mm)

43

10.2
4.2

93

9.7
32

9.4

31



RMEX 06

DRAFT

Appendix

EXCEPTIONS

LOCO-
AOA

LOCO-TP
AOCA

TP

IAM

ROT

TE

SHIFT

HUNTP
Site
Flat Rock
Flat Rock
Flat Rock

Flat Rock

4

3

0

0

SPEEDS

ENTRY (km/h) 527

EXIT (km/h) 60.1
AVERAGE
(km/h) >4
Track Direction

1 South

1 South

1 South

1 South

&3 Lead End F

|
---»

—

Train Time
2023-02-26 06:34:00
2023-02-26 06:34:00
2023-02-26 06:34:00

2023-02-26 06:34:00

Vehicle

RMEX 6

RMEX 6

RMEX 6

RMEX 6

TABLE VIEW

Axle 7 (Position 1)
Axle 8 (Position 2)
Axle 9 (Position 3)
Axle 10 (Position 4)

Number Position
7 1
8 2
9 3
10 4

Lead End

F

F

AOA (mrad)
-0.1
-0.3
-0.3

-05

Bagie

TP (mm)
7.9
2.7
1.7

13.7

Speed (km/h)

52.8
524/
527

528

VIEW RMEX 6 HISTORY

SPEED (km/h)

52.8

52.7

527

529

AOA (mrad) TP (mm),

-01 7.9
-03 )
-03 1.7
-05 137
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RMEX 08

Appendix

DRAFT

EXCEPTIONS SPEEDS
LOCO- 4
AOA
ENTRY (km/h) 527
LOCO-TP 3
AOA 33
P 3
1AM 13 EXIT (km/h) 60.1
ROT 2
TE 0]
AVERAGE
SHIFT o} 547
HUNTP 0
Site Track Direction
Flat Rock 1 South
Flat Rock 1 South
Flat Rock 1 South
Flat Rock 1 South

&4, Lead End R

~
1
1
1
=
1

I

Train Time
2023-02-26 06:34:00
2023-02-26 06:34:00
2023-02-26 06:34:00

2023-02-26 06:34:00

Vehicle

RMEX 8

RMEX 8

RMEX 8

RMEX 8

TABLE VIEW

Axle 11 (Position 4)

Axle 12 (Position 3)

Axle 13 (Position 2)

Axle 14 (Position 1)

Number

n
12
13

14

Position

4

3

VIEW RMEX 8 HISTORY

AOA (mrad) TP (mm) SPEED (km/h)
25 52.8
15 529
10.2 53.1
-0.8 -5.0 52.8
Lead End Bogie Speed (km/h), AOA (mrad) TP (mm),
R - 52.8 25
R - 529 1.5
R - 531 10.2
R - 52.8 -0.8 -50
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Wheel/Rail Interaction Plot Guide

GXTr

* Rolling Radius Differential =Ar = —

o Gage G =57.0"

o Curvature R = (1.33°t0 4.0°) = 4784 .3 to
1432.7 ft

o Wheel Radius r =43/2 = 21.5”
o Ar = 0.54 mm (1.33°) to 1.81 mm (4.0°)

Axle Roll Angle
0.0000 deg
- 90.000 deg

CP Angle_| CP Angle
2.86 2.86 d

Rolling Radius Diff (mm)

25

20

15

10

-10

-15

-10 N o 10
Wheelset Shift (mm)

20

30
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RMEX 6 - Wheel/Rail Interaction DRAFT Plot Guide

Axle Roll Angle
Axle Roll Angle

0.1427 deg

0.1427 deg - T 90.000deg -
- E 90.000 deg - 1 1
1 1 1 1
1 1 1 1
| Xle | | Xie |
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
| 1 1 1
! | 1 cP Angle_|_CP Angle !
1 CP Angle_| CP Angle 1 I 430 deg 471 deg |

i AL 430deg " 471deg !

0.193 mm e 1 1
1 1 1 1
1 ’ 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 | 1
1 1 1 1
1 1 1 1
1 1 1 1
| 1 | Left Contact Right Contact |
| Left Contact Right Contact 1 | Area= 61746 mm+2 Area= 73.980 mm~2 1
| Area= 61746 mm~2 Area= 73.980 mm~2 1 | Ellipticity = 1.952 Ellipticity = 1.414 |
| Ellipticity = 1.952 Ellipticity = 1.414 1 | Hrmn Mean Radius = 0.486 mm Hrmn Mean Radius = 0.676 mm 1
| Hrmn Mean Radius = 0.486 mm Hrmn Mean Radius = 0.676 mm | 1 1 60000460 1

< - -90.000deg <+
Axie Roll Angle
0.7839 deg Axie Roll Angle
T  90000deg -3.1908 deg
- —  90.000 deg -
1 1
1 1
. Xie .
1 1
| 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
H |_cP Angle H
GP Angle | opnge | 7070 \ | sro
4.89 deg | CP Angle RZ RRI oo 2291 mm
¥ T~ o45deg 00 0051 mmT sodes T i —T
1 N | H
! 1 1
! 1 1
! 1 1
! 1 1
! 1 1
! 1 1
! 1 1
! 1 1
! 1 |
I 1 1
1 1 Left Contact Right Contact 1
1 Lt Contact Right Contact | 2= 60.606 mmh2 Area= 40.201 mm~2 1
i Area~ 60444 vz Area = 76,559 mimv2 | it 1dan Radiue = 0470 mm Fiten Maan Radivs = 0203 rm |
H Ellipticity = 2.023 Ellipticity = 1.320 N 1
H Hrmn Mean Radius = 0.467 mm Hrmn Mean Radius = 0.718 mm - -90.000deg
<+ - -90.000 deg
—
—
—
—

NORFOLK SOUTHERN" 3 6



RMEX 6 - Rolling Rad

ius Differential

DRAFT

Plot Guide

Rolling Radius Diff (mm)

Rolling Radius Diff (mm)

30 —

* Axle 1

25

20

25

>
S
®
w

20

1 L

-10 -5
Wheelset Shift (mm)

Rolling Radius Diff (mm)

Rolling Radius Diff (mm)

30

25

20

25

20

Axle 2

PR
//
_4/‘/ 1 1 1 1 1
-20 -15 -10 -5 o 5 10 15 20 25
Wheelset Shift (mm)
—
L /
//
//
’//
//
/
L //
SN /1/ 1 I L 1 1 I L I
-25 -20 -15 -10 -5 10 15 20 25

o 5
Wheelset Shift (mm)
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RMEX 8 - Wheel/Rail Interaction

DRAFT

Plot Guide

Axle 1

Fom e

Left Contact
A

Ellipticity = 1.0
Hrmn Mean Rad

Axle 2

— y
NORFOLK SOUTHERN

a= 86.985 mmA2

23
ius= 0.882mm

Left Contact
Area= 68.851 mm2
Ellipticity = 1.506
Hrmn Mean Radius

0.595 mm

Axle Roll Angle

-0.0221 deg
=  90.000 deg
|_cP Angie
P Angle. 5.91 deg

-1.98 deg

L -90.000deg

Axie Roll Angle

1.2830 deg.
- 90.000 deg.

cP Angle_|

6.95deg | CP Angle

112 deg

4 -90.000 deg

Right Contact
Area= 87.193 mmr2
Ellipticity = 1.025
Hrmn Mean Radius =

Right Contact
Area= 76.181 mm~2
Ellipticity = 1.316
Hrmn Mean Radiu:

0.885 mm

0.712mm

oln
3

|

$

bommmmmmmmm o

Fommm e

RRD
-0.232 mm

RD
-0.255 mm

I

! A I
| AXle
1

I

1

1

1

I

1

1

1

I

1

1

I\a_

RROD_I pal
ooz T

1

1

I

1

1

1

I

1

1

1

I

, Lon comtact
, s 2 a0 mma
! i whtan Rds = 0,547 mm
4
T

| Axle 4
1

1

1

I

1

1

1

I

1

1

1

1

1

1

| Rz

RRI
-0.043 mm

Left Contact
a= 64.636 mmA2

Ellipticity = 1.766

Hrmn Mean Radius = 0.531 mm

Fom e

Axle Roll Angle

02263 d

cP Angle_|

5.45 deg ="

eg
90.000 deg

P Angle
2.90 deg

-90.000 deg

Axle Roll Angle

0.1722

CP Angle
2.54 deg

deg
90.000 deg

cP Angle
2.81deg

-90.000 deg

Right Contact
Area= 72177 mmt2
Ellipticity = 1.478
Hrmn Mean Radius =

Right Contact

a= 67.485 mmA2
Ellipticity = 1.636

Hrmn Mean Radius =

0.646 mm

0.575 mm

Fommmmm e

1
1
1
1
1
1
1
1
1
1
1
1
|
|
1
1

L
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DRAFT

Plot Guide

RMEX 8 - Rolling Radius Differential

— A
NORFOLK SOUTHERN

ng Radius Diff (mm)

g Radius Diff (mm)

Axle 1

Iset Shift (mm)

o 5
Wheelset Shift (mm)

g Radius Diff (mm)

g Radius Diff (mm)

Axle 2
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NS 4408 - Wheel/Rail Interaction

Appendix
Plot Guide

RAFT

Axle Roll Angle:

0.9812 deg
T T 90.000deg T
I 1
1 1
I 1
I 1
1 1
I 1
I 1
1 1
I 1
I 1
1 1
I 1
| cP Angle_-RA0E 1

3.93 deg,

RD
1.173 mm

S

I
1
I
I
I
I
I
I
I
I
: Left Contact
I
I
L

A 78 760 mm"2 Rgntcontact
rea = 78.760 mm" T e 48
Ellipticity = 1248 Elipticity = 1.644
Hrmn Mean Radius = 0.753 mm Hrmn Mean Radius = 0.583 mm
L 0000des
Axie Roll Angle
-4.4415 deg
T — 90000 deg -
I 1
| X !
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
! L cP Angle 1
H 17.32 deg !
I EP 1_/2.908 mm
0,32 rm 2.23 deg

Left Contact . Right Contact
Area= 69765 mmn2 Area = 45132 mm2

e

Ellipticity = 1.560 Ellipticity = 3.407
Hrmn Mean Radius = 0.609 mm Hrmn Mean Radius = 0.256 mm
1 -s0.000qeg
Axle Roll Angle
6.4122 deg
T —  790.000 deg T
I I
1 1
I I
1 1
I I
1 1
I I
1 1
I I
: [ cP angle :
! 23.60 deg |
1 L RRI
| I 5.325mm

‘ Right Contact
Area =

Lefl Contact
Area = 74.552 mm'2 30.280 mm*2
Eliipticity = 1.385 Eliipticity = 6.85:

385 85:
Hrmn Mean Radius = 0.685 mm Hrmn Mean Radius = 0.104 mm

i
]
I
I
1
I
I
I
I
I
I
I
I
1
L

4 -90000 deg

Axle 4

Axle 5

Left Contact
Area = 46.771mm'2
Eliipticity = 3.060
rmn Mean Radius = 0.281 mm

Left Contact
Area = 42.020 mm*2
Eliipticity = 3.666

Hrmn Mean Radius =  0.224 mm

Left Contact
Area = 48.824 mm'2
Ellipticity = 2.865

Hrmn Mean Radius = 0.306 mm

Axle Roll Angle

0.9087 deg
T 90.000 deg -
I
1
I
1
I
I
I
I
1
I
I
I
I
CP Angle h
5.26 deg|.CP Anole —~RRD
1.14 deg I 0.023mm
I
I
I
I
1
I
I
I
I
Right Contact !
rea= 85729 mmt2 !
Elipticit 5 1
Hrmn Mean Radius = 0.862mm |
< -90.000deq +

Axle Roll Angle
5 deg

90.000 deg _l

1

1

1

1

1

1

1

1

1

1

1

CP Angle_| !
11.18 deg |_CF Angle

5.06 deg !

RRD
0.589 mm

Right Contact

Area = 49,662 mmr2
Elliptictty = 2.771
Hrmn Mean Radius = 0.318 mm
-90.000 deg
Axle Roll Angle
0.9986 deg
—  90.000 deg T
1
1
1
1
1
1
1
1
1
1
1
1
1
CP Angle RRD
“058 deg T ooasmm
1
1
1
1
1
1
1
1
1
Right Contact !
Area = 56289 mm2 !
Ellipticity = 2.261 1
Hrmn Mean Radius = 0.408Imm
L 90000 deg 1
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Appendix

NS 4408 - Rolling Radius Differential DRAFT Plot Guide
| Axle 1 | Axle 2 Axle 3 7
" Axle 4 " Axle 5 " AXle 6
= WS

— y
NORFOLK SOUTHERN
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Appendix
NS 9485 - Wheel/Rail Interaction DRAFT Plot Guide

F»\‘: F}f;\zﬁdng\e Asle Roll Angle
692 deg 0.1835 de
T T 90.000 deg T T = % 50000 deg —
| 1
1 | ! 1
1 | | !
1 | 1
1 I ! !
1 I ! !
1 | ! !
1 | H !
1 | ! 1
1 | H !
1 | 1 1
1 | H 1
I | H |
1 CP Angle i 1 | CP Angle_|_CP Angle
4 500 degd CP;_:QQI‘E -FRD 1 6.73 deg 6.77 deg J'__ RRD
r 01 deg = 0062 mm mm R - = 0923 mm
1
1 H ! 1
1 H H 1
1 1 1 i
1 1 1 i
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
! 1 1 1
Lef Contact Right Contact ! ! LeR Contact !
1 Area = 60447 mmw2 Aiea= 75, 92 o2 1 1 Breas 38 268 e R‘grhg‘aqnmraﬁdm: o2 1
1 Ellipticity EH\ph:n\' = 1 ! E\hpﬂcm" 973 Ellipticit !
! Hrmn Mean Radius = 0.469 mm B Wan Radue = 0.762 mm 1 1 Fr Weam Radia = 0,197 mm Fimhn Mban Racius = 0,582 mm 1
L 90,000 deg <L L L 90000 deg L
Axle Roll Angle Axle Roll Angle
0.3260 deg -1.5414 deg
%50 000 deg -+ T T 90000 deg -
1 ! 1
| | Axle '
1 1
I ! !
1 H !
1
1
: ! !
1
i | i
1 1 1
| | |
\ |_cP Angle !
i f— CP Angle_|” 8.96 deg L RRD
g 0.324 mm™T 3.79 deg, + 1613mm
I -268 deg | ! 1
1 1 ! !
1 | 1
| | 1 !
1 | | |
1 H H 1
1 1 1 i
1 1 1 1
1 1 1 1
I I ! I
I 1
Let Contact 1 Left Contact Right Contact 1
! Areal 51 a0 mmea o = 5 000 mme2 | ! foea 2 K2 = 507 v |
ipticity = 2640 Ellipticity = 2.420 1 Y= ipticity - 1
| Hrmn Mean Badius = 0.339 mm Hr;n M!Ean Rodios= 0375 mm H 1 Hrmin Mean Ramus = 0.823mm Hrmn Mean Ramus = 0.506 mm I
i 1l 90000 deq n < L 90,000 deg 1
Axle Roll Angle Asde Roll Angle
133020eg 15213 deg
T T = T T - 90.000 deg T
1 1
1 1 1 1
1 1 1 1
! 1 1 1
1 ! 1
1 1 1 1
| ! | 1
1 1
1 1 1 1
| ' i i
1 1
1 1 ! 1
I 1 ! 1
She ! CP Angle_| 1 1 CP Angle_| P Al
6.69 deg__CP Angle | 4 8,67 deg Angle
1273 mm = ) RRD
o 0.32 deg g + 414 deg 0.408 m
1 1 ! !
1 1 | !
1 1 1
| 1 | !
1 1 H !
1 1 | !
1 H H 1
1 H 1 1
1 1 1 i
1
Left Contact Right Contact ! ! Left Contact
! rea = suﬁ mme2 Areas Ba 788 mmn2 I ! Area = 38 16 2 mmr2 R/‘?mac:mrazdﬁz mm‘Z :
1 Ellipticity = 4.173 Elliptici 1 1 Elipticity = 185 Ellipticity = 1.8 1
J|_ Hrmn Mean Ramuﬁ = 0184 mm Hrmn Mm Radius = 0.863 mm 1 | Hrmn Mean Radwus = 0184 mm Hrmn Mean Radwus = 0504 mm 1
- -30.000 deg 4 1 L 90.000 deg L

g
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Appendix

NS 9485 - Rolling Radius Differential DRAFT Plot Guide
7 Axle 1 " Axe2 Axle 3 *
]
| Agle 5 : -Axle é

. Axle 4

— ‘
NORFOLK SOUTHERN
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Appendix
P 5574- Wheel/Rail Interaction RAFT Plot Guide

Axle Roll Angle Axde Roll Angle

-0.1147 deg 0.6164 deg
- T 90.000deg - - T 90.000 deg -
1 1
1 A 1 | 1
‘| Axle . | Axle '
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
| . ! | CP Angle A
RRD, CP Angle_L_CP Angle RRD RRD 767 e -0 Wi !
0490 mm™H- 392 deg— fedea +osaam 1383 ok - =
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
: Lsft cDmarc“ PP R}‘gm Cnmﬂaé:t‘m ) : : Left Cmna;:1 S— R}\?H Cnmra:;:tﬁ4ﬁ ) :
rea = 61425 mm: rea= 82168 mm: rea = 44.578 mm rea = 63.948 mm
1 Ellipticity = _1.934 Ellpticity = 1.1 1 1 Elipticity = _3.277 Eliipicity = _1.805 1
1 Hrmn Mean Radius = 0.483 mm Hrmn Mean Radius = 0.808 mm 1 I Hrmn Mean Radius = 0.255 mm rmn Mean Radius = 0.521 mm I
4 - -90.000 deg 4 L 4 -90.000 deg 4
A Koll Angle
15358 deg Aude Roll Angle
- —  90.000 deg - -0.1874 deg
1 1 - o= 90.000 deg -
1 1 1 1
I I 2 I ! I 5 !
1 I I
Axle . | Axle !
1 1 1
1 I I
1 I I
1 I 1
1 1 1
1 I I
1 I 1
1 I I
| cP Angle ) ! !
A T .
T 7 0 L
= 5.36 deg ] -
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
Left Contact Right Contact ! !
Area = 79435 mm2 Area= 72576 mma2 I Left Contact Right Contact I
Ellipticity = Ellipticity = _1.45f 1 Area = 72,647 mm2 Area = 17671 mm2 1
Hrmn Mean Radius = 0.764 mm Hrmn Mean Radius =  0.653 mm 1 Ellipticity = 1439 B Ellipticity = _1.274 1
L 500004 1 Hrmn Mean Radius = 0.656 mm Hrmn Mean Radius = 0.736 mm 1
L L 90.000 deg L
Axte Roll Angle A R g
0.6164 de 5
= 7 90,000 deg - - T4 4 000 ceg -
! 1 1
! 1 1
1 1
! ' Xie '
1 1
! 1 1
H 1 1
H 1 1
H 1 1
H 1 1
H 1 1
H 1 1
X 1 1
CP Angle_{ Gp Angle 1 CP Angle_| !
7.87deg [~ 598 deg = RRD RRD_I 8.16 deg |_CP Angle RRD
i - 052 ) 0.794 mm 1601 mm —_ = 360deg = 0301 mm
1 1 | |
1 1 1 1
1 1 H H
1 1 H H
1 1 H H
1 1 H H
1 1 H H
1 1 H H
1 1 H H
! ! | |
1 I A "B 4y ez 1 ! Left Contact Right Contact § !
1 Ellipticity = _ 3.277 Ellipticity = _1.805 1 Area = 38.885 mm'2 res = 58.634 mm'2 !
- o2s i Y 1 Ellipticity = _4.058 Ellipticity 1
N Frmn Mean Radivs = 0255 mm 50,000 d Firmn Mean Radius = 0,521 mm H 1 Hrmn Mean Radius = 0.182 mm Hrmn Mean Radius = 0.444 mm 1
- 9 4 L 90000 deg ES



Appendix

UP 5574 - Rolling Radius Differential DRAFT Plot Guide
| Axle 1 . Axle?2 || Axle 3 |
. Axle 4 | Axle5 '+ Axle 6
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— ‘
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Appendix
P 9039- Wheel/Rail Interaction DRAFT Plot Guide

Axle Roll Angle Axe Rall Angle

L 90,000 deg

0.7692 de 0.3519 de

- = %7 50,000 deg -+ T = % 90,000 ceg T
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 ] I
1 1 1
1 1 1
1 1 1
1 1 !

1 1 !

1 1 :

| CP Angle . | CP Angle_| CP Angle
! — _CP Angle frD RR A e

e 5.00 deg. e R o 108 '“'“_T_ —— 5.94deg | 536 dsg

1 1 !
1 1 !
1 1 !
1 1 !
1 1 !
1 1 H
1 1 H
1 1 H
1 1 H
1 1 H
! Left Contact Right Contact !
1 Area = 60.447 mun2 Aiea = 75327 mm2 1 i B e L
1 Ellipticity Ellipticity = _1.21. : 1 \ Eligticity = 1640 Eliptcity = 5
1 Hrmn Mean Radius = 0.469 mm Hrmn Mean Radius = 0.762 mm 1 \ Fimin Méan Radus = 0,576 mm Firmn Méan Radius = 0,508 mm
4 L .90.000 deg 4 4 L 90000deg 1
Axle Roll Angle Axle Roll Angle
0.8635 deg 0.1704 deg
T - 90.000 deg T T T 90.000deg -
1 1 1 1
1 1 1 1
. Xie . . Xie .
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
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1 1 1
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1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
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! Left Contact Right Contact 1 1 Left Contact Right Contact 1
1 Area= 41869 mm2 Area= 75.856 mmr2 1 1 Area= 74464 mm2 vea= 59072 mm2 1
1 Ellipticity = 3610 Ellipticit 1 1 Ellipticity = _1.376 Ellipticity = _2.061 1
1 Hrmn Mean Radivs = 0.224 mm Hrmn Mean Radius = 0.706 mm 1 1 Himn Mean Radius = 0.684 mm Hrmn Mean Radius = 0.450 mm 1
4 4 -90.000 deg L 4 4 90000 deg <
Axle Roll Angle ”‘”T L;}j;b”d“eug‘z
0.3673 de. -

T % 90.000 deg T T 90.000 deg T
1 1 1 1
1 1 1 1
.| Axle | | Axle |
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1 1 1 1
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1 1 1 1
1 1 1 1
1 ! 1 1
\ 1, ]
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RRo_| CFnale_|_CP Angle i s7ses g ;
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101 mm . K7 L oede - T+ T
1 | 1 1
1 1 | |
1 1 1 1
1 1 | |
1 1 1 1
1 1 | |
: : ' '
1 1
1 1 | |
| ' | ! !
! Left Contact Right Contact !
1 Left Contact Right Contact _ 1 \ Aren = $7.964 mmi2 eac 65 046 mun2 \
1 rea = 42.125 mm2 rea= 75857 mme2 ! 1 Ellipicity 7 Ellipiicity = 1667 1
1 Ellipticity 573 Ellipticity ! I Hrmn Mean Radius = 0.182 mm Himn Mean Radius = 0567 mm 1
1 Hrmn Mean Radius = 0.227 mm Hrmn Mean Radius = 0.706 mm 1
1 1 L L 90000 deg L
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Appendix

UP 9039 - Rolling Radius Differential DRAFT Plot Guide
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