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DP: Basic Concept...

Distribute Locomotives to improve performance

Head-End:

e High Forces:

(Coupler, Curve friction, slack action)

e Slow Brakes:
Air Vented at lead only

e Slow Release:
Air filled at lead only

LOCOTROL DP:

e Low Coupler Force:

e Fast Brakes:
Air Vented at multiple places Ij ======== OO0 DOooOoooo=oo 7: :J' ======== oooonooooonooood
e Fast Release: ---=cs0508000 DEDBESEme=- -~ §=.=anmnDDDDDDDDDDDDDDDDDD

Air filled at multiple places
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DP: Basic Equipment/HMI...
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2011 Long DP trains

- 99,732 tons- 682;‘ore car
2Xx168%x2x168x2x168x1x178x1
BP segments: 5,800’

~10,000 tons, 179 wells
5x170x1 typ.
BP segment 10,000’

o
x\vj PRINCIPLES COURSE e

—Al'].l'- 9

' ~42 000tons 3420re cars
2%114x2x114x4x114%1
BP segments 3,740’

UP, USA

~16 000tons 306 wells
3x102x2x102x2X102X2
BP segment 6,000’

MAY 8, 2012

~45000 tons 336 ore cars
2%112x2x112x2x112
BP segments 3,608’

CN/CP, Canada

15,000 tons, 130 cars
1x74x1Xx74x1
BP segments 6000’
High Flow (90 CFM Rule Change)
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DP Elements: Operations Analysis...
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DP Elements: Communications...

LOCOTROL Distributed Power uses two means of communication:
. Rodlo/ere (main) __— ‘7\

e Brake Pipe (back-up) ssmrmrmomrmESR oo

Radio commands:
- Sent upon control, or every 20 seconds

- Designed to work through random comm losses
- Persistent; last command stays in effect during comm loss, (unless detects braking commanded)

Radio Comm taylored to
operations: Surveys,

repeaters, Redundancy,
Comm options..

L= = =

/\/\o/_\

=== =

o Good Msg at Remote C
" || © No Msg at Remote C
| * Good Msg at Remote D
. + No Msg at Remote D
165 15 183 "t 1 - Brake App in Effect
L Ve S Signal |
; Repeater® #_ At-Grade Road Crossing
o | e o] crow | o7 | | v [ 50 o | s | EET L
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DP Elements: Air Brakes

e With just one remote
e Less than half the train charge time
e 30% faster Applications, 100% faster releases
e Less slack action
e With multiple remotes, significantly better performance ...

f6 -
Number of remote locomotives - -
g o tend) 17 2 2 Conventional {150 car train )
g 13.4 Lami " N Ramii 1K Qi KN g i@t g i i g
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§ : \\\ Charge time: 55min 06sec \ tO fUrtheSt car
i
& DP Improvements
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DP Elements: Independent Control

Minimize in-train forces:
Throttle =IO T T , Lead: Dynamic
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In-Train Instrumentation

: Single location
8ch, 100 S/sec, 8hrs, 15lb

: Multi (radio) locations
4ch, 0.5 S/sec, 4hr, 30lb

: Multi locations
4ch, 10 S/sec, 6hr, 15Ib

: Multi location waterproof
4ch, 10 S/sec, 10hr, 8lb

: Multi location waterproof
4ch, 50 S/sec, 8hr, 8lb

: Multi Location waterproof
4ch, 100 S/sec, 96hr 9lb

Innovation and system Improvement can only
be as good as the visibility into the situation...
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In-Trcun Instrumentation

PPC-Dag R6

4 Channel

Pressure/0-5V selectable

50 Sample/Sec

30hr logging max (8 hr/battery)
0.25 psi, 0.1, 0.1CFM

PPC-Daq R7

4 Channel + GPS

Pressure/0-5V selectable

100 Sample/Sec

86hr logging max (12hr/battery)
0.01 psi, 0.01”, 0.01CFM

Pressure Interfaces
3/32" tubing/valve quick
disconnects

* Glad-hand gasket

* Single Car Test Port

* Service Portion Gasket

0-5V Interfaces

* 0 to 200 CFM high precision
flow meter

* 36" travel string pot for
slack measure

MU connector

converts throttle TLs to
stepped voltage for single
chonnel of Notch Cmds

WRI 2012



90 CFM Departure Rule Change for DP

e 23 different 10,000’ combos:
e 1x0, 1x0x1, 1x1x1 trains

» Leakages: tight, 60/60, 60,90,60
 various single unit mid types
e Various multiple unit mid consists

j M :

] mM e mmm |

o 2 different 12,000’ combos:
e 1x0x1, 1x1x1 trains
» Leakage: tight, 60/60, 60,90,60
 various single unit mid remotes

bk ‘ ,@;WMMMW

 Six continuous days of testing
e 135 Application and Releases
e 65 configuration/setup tests
e > 700 Million samples taken

CN Cold Sim Train Make-up: 10,000' CN Cold Sim Train Make-up: 12,000’
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ECP Stop Test...

r'*' gt -.[1.'-':-‘" it
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w005 BP
w005 SP
WOOS AR
w005 BC
w010 EP
Wol0 SP
w010 AR
w010 B
J— Wil5 BP
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WiO1l5 BC
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70MPH, - I | d |
100% brake l T :

G0+

404 i

L ';f . M
Leaving i

Stop 2 Stop 3 Stop 4

| . HH T

[} 2000 <000 BOO0 a000 10000
Seconds

Oakland /
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First Four Stops Pneumatic Data

Marne

Wi0s BP
W05 SP

[w]
|
B woos ar
[ m]
[ |

120

W05 BC

W10 BP
W10 SP

s — ST g
J’* yplE '.lq'.""'-"1 =, O T T e T a1 on W10 AR
| WO10 BC
W15 BP
W15 5P
Wll5S AR
W015S BC
O mrio
) E ECP TBC
F Speed
El

T\DE pl...

100

S0+

Stop 1:
70MPH,
100% brake

G0+

I g

Leaving

Stop 3 Stop 4
I [ B

Oakland /

_DI SeC on d S 2000 ’ ) 4000 000 \ s000 10000

Zoom-in to the
first stop test
(see next slide)

>
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First Stop Pneumatic Data

Name

005 BP
W00s SP
WO0OS AR
WA00S BC

\

Driver Modulating Throttle to
reach 7OMPH at MP 43. Train stretched prior to and during Stop test N wo1n P

F TR ot B e T L o Wwolo sp

i s ""*'"'“'—'"T by W10 AR
\ “ W10 BC

1204

Wil BP
W15 SP
Wio15 AR
W15 BC
MPY10

ECP TBC
Speed

T\DE Bl

100+

LL/ Reservoir depletes for Brake Cylinder fill, but is

oo ...Resulting slack action recharged by Brake Pipe during application
from Throttle modulation Speed

70MPH

60

4,'._ Application to release: 163  ==p

| Sec.
40+

\

0 - Stop in 7,500° > L

4300 4400 4500 4600 4700
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First ECP Stop

\

Pneumatic Data

Marne
O woosEr
O ‘woosse
0 woosar

1204

Driver Modulating Throttle to

_ reach 70MPH at MP 43.. Train stretched prior to and during Stop

W03 BC

test W10 BP

=" S L

100+

0 woiose
Wil AR
W10 BC
W15 BP

Al

i
L

..Resulting slack action
from Throttle modulation

[IAS

recharged by Brake

504

60

40

20

Reservoir depletes for Brake

<= Application to release: 163 SeC. ==p-

W15 SP
Wio15 AR
W15 BC
MPY10

ECP TBC
Speed

T\DE Bl

Cylinder fill, but is

O
. _ o ]
Pipe during application E

T~——

- [

Stop in 7,500’ \

< »

4300 4400 4500 4600

S
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Zoom-in to the first stop
Brake Cylinder fill time
(see next slide)
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First Stop, ECP Brake Cylinder fill time

100+

S0

G0

40

20

Pneumatic Data

Mame

Wio0S BP

solenoid valve cycling to
match fill curve and
L check BC pressure

1
l k Brake Cylinder fill

Wioos sP
WOO0S AR

WO0S BC
W10 BP

OocoooO

Wo10 5P

BC pressure maintaining

WO10 AR
W10 BC
Wo15 BP
Wols SP
WO15 AR
Wio1S BC
MPi10

ECP TBC
Speed

T\DE pl...

EO000 O

L/

4475 4480 4485 4450
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First Stop, Brake Cylinder fill time

100+

G0

40

20

Pneumatic Data

IMarie
0 wooserP

Gt Cylinder Fill: 15.72

(%)

4475

Sec.

BC fill solenoid valve
cycling to match fill cur
and check BC pressure

O woosse
P 0 woos ar

WODS BC
w010 BP
0 woinse
W10 AR
W10 BC
WO15 BP
W15 SP
W15 AR
W15 BC
O wrio
0 EcrTBC
Speed
E T\CERl...

BC pressure maintaining

—

4450 4455

I™ PRINCIPLES COURSE o

MAY 8, 2012

4500 4505 4510

Zoom-in to the first stop
Brake Command to
Cylinder fill response time
(see next slide)
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Brake Command to Cylinder fill Response time: Pneumatic Data

Mame
W00sS P
Woos SP
WO0S AR

100+

WAO0S B
w010 BP
w010 5P
WO10 AR
w010 BC
oo W15 BP
W15 5P

WO15 AR
W15 B
MPY L0

O
1 EcPTBC
O
E

Speed

T\DE pl...
N \DE pl

401

| /\
4——— Responsetime: ~2.5 Sec. =———> k |
f

oA

4473 4474 4475 4476 4477 4478
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Brake Command to Cylinder fill Response time Pneumatic Data

MNarne
O wooser
O woossp
— —— —— B woos ar
—_— WODS BC
w010 BP
O woiosp
W10 AR
Wa10 BC
a0 W15 BP
W15 5P

100+

W15 AR
W15 BC
O wrio
B EceteC
B speed
E toegl...

&l

401

201

— Response time: ~2.5 Sec.

: / |

4473 4474 4485 " 4477 4478

Zoom-in to Cylinder
fill response time
(see next slide)
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Cylinder fill Response time Pneumatic Data

Marne

O wooser
O woosse
0 woosar
] woosBC

W10 BP
B8 woiose
W10 AR

304

W10 BC
W15 BP
W15 5P
2 WOL5 AR
W15 BC
0 wruo
B Ecp1EC
B0 =peed
E

201 TDEpl...

ol / Response

= time: ~0.2 Sec.™
4475.5 4475.8 4476 4476.2

&
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First Stop Slack Data

Marme
O wooser
\\_\T \ O woosse
i . Rk 0 woos ar
120 Driver Modulating Throttle to B
reach 70MPH at MP 43... 5 | o i w010 BF
E ] T S N o mrmmnseem s o o R S Y N = T )
| e T L W10 AR
” WO10 BC
W15 BP
1a0 _ \ _ ] - WO15 SP
. = i —— — WOLS AR
ﬂ \ e w015 BC
= O Ao
g B Ecr1EC
a0 0 speed
E ToEpl...
0 P><
40
20
0 L \\ II
4300 4400 4500 4500 4700

Zoom-in to Slack
Action prior to 15t stop
(see next slide)
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Slack Action Prior to 15t Stop Slack Data

Mame

Woos BP
WOos SP
WOOS AR
WOOS BC
Wolo BP
Waolo sp
Wiol0 AR
WOl BC
Wo1s BP

T Going back to Notch-2 results in a S

fairly hard run-out... W15 BC
O wrio
1 EceTBC
O speed
{_'I__lf_'l E

Oooooo

1204

Driver drops from Notch-8 to
<4—— Notch-1in 18.4 seconds causing —»
a mild, then harder run-in

i S A T W WAt aY

n o
LT Vi TR VAN i,

T\DE fl...

1104

1004

ke PR Y T B e A T Y S T P T e o P o e fo i il T i v i n A oloa o & PRt

90+

Slack Action

4320 4330 4340 4350 4360
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Slack Action Prior to 15t Stop Slack Data

Mame

Woos BP
Woos sp
WOO0S AR
WoOs BC
Wolo BP
Wolo sp
Wiol0 AR
1204 W10 BC

. w015 BP
Driver drops from Notch-8 to . . WO1E 5P

<—— Notch-1in 18.4 seconds causing ——» Going back to Notch-2 results in a WIS AR

i - W15 BC
a mild, then harder run-in fairly hard run-out... MPL10

|

1 EceTBC
O speed
E T1cEnl.

Oooooo

T ho [ AT

Oy Vi T \." 1._.f‘\ﬁ._.“ul". i

1104

1004

ke PR Y T F e Y S YT AN o

90+

Slack Action

4320 4330 4340 4350 4360

Zoom-in to
Run-out (see

/ next slide)
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Slack Action Prior to 15t Stop Slack Data

Marme
E— O :woosee
1101 K/f ~ | B ‘woosse
B woos ar
g w05 BC
Slack Action
0 woinse
Wil AR
Well 5: from Well 10: From Well 15: From Wa10BC
105 compressed to compressed to stretched compressed to stretched wgig gs
stretched in 1.6 Sec in 1.2 Sec in 1.0 Sec W15 AR
W15 BC
Eg MPY10
ECP TBC
13 0.8 0 speed
s S 0.C > < Sec  — E 1iceql..
100
Average Velocity of run- Average Velocity of run-
out (350’ 5-pack) = out (350’ 5-pack) =
~270'/sec ~437'[sec
_.f"_""‘-\-.___,-r’ﬂ""-\-._ J__.r""‘-\-\.._ _-F"'_""‘-\-.__l'__-"—""‘-\-.___-’ﬂ""-\-._ _.f"_""‘-\-._ —_—

95

167'/Sec in average velocity over the above 1.05Sec travel
time ((1.3+0.8)/2), constant acceleration assumed.

159'/sec?

a0

4351 ' 4352 ' 4353 ' 4354 ' 4355

Speed/severity of slack increasing toward back of train
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DP with GE's Trip Optimizer

Automated Energy Management
with automatic control of
Independent Distributed Power

) & &M"'l' y
_L_.‘_..u.z:...iu_m"‘ = N
ad | e | | 4’.'}.:’

' \“

7+ R o amer _-.—-——.-—.—. ] \

e Ba cowBea. —nawm b
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GE’'s Trip Optimizer

Operating in Revenue Service on Six Class 1 RRs

Trip Optimizer Deployment Status

Railroad

BNSF, CP, CSX, CN

# Unique Track Miles
Operated

>30,000 Miles

Revenue Operating
Miles

+18 Million Auto Control
+32 Million Total

Varying Terrain

Mountains/Prairies/Mines/
Undulating

Train Starts

+188,000

Locomotives

+2183(contract for 2722)

Tonnage Range

500 - 24,000 Tons

Train Types

Intermodal, Manifest,
Bulk, High EOC

Most Diverse Terrain and Train Types
tested by any energy management system

N

i B s,
. L 1
T >

mmmm Revenue Service
B |n Process
Pilot

* Fuel Savings of 3-17% depending on terrain and service

* No velocity impact
 Precision Train Handling (Optimize for minimum wheel/rail wear?

=
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GE’s Trip Optimizer
Optimization: Physics dictates only one optimized trip for a given

set of constraints.

TO plans optimum operation (can create a family of curves for the entire run for
changes to a single parameter):

SPEED{mph) vs DISTANCE(mi)

h ' - 1'3 | G W E Y ..." r 1 il g‘ n‘ o Iy 'l 5 el | Plan 1 [
w‘»ﬂ & W AN — oo

¥

Plan 7 | &0
Plan 8

Trip Optimizer:
______ U = ’ HaS -1 | Saving fuel by changing just
' A S a |/ trip time (500mi run)

FUEL (Ib) wvs TIME(hr)

..........

w107
el

. [T000kr, 26556 b fuel
¢ [10.40 br, 254412 b fuel
e oo _i-.|10.90 hr, 24127 Ib fuel |2 5
i [11.49 hr, 22897 b fuel
b [11.98 hr, 21977 b fuel
L w4 |12.48 hr, 21220 b fuel |5 4

i [12.97 hr, 20530 b fuel

-----------------------------

i h=sT hr, 195335 b fuel

__________ : 1405 hr.19323 lkx Tl )
______________________________ 2

; ‘ 1.8
50 ED 7'3 10 12 14 16
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GE’s Trip Optimizer
e Real Time Train control performed by the RTE (regulator, Tran handling, Estimator]
 Drives to the plan - accurately
 Fast, closed loop, feedback control system - learns variations for re-plan
« Continuously calculates car-by-car (rope model), forces ten miles ahead
« Uses appropriate train handling for the real situation in-train forces

paads

Force (kips)

80 8|1 82 83 84 85 86 87 88 89
Distance (mi)
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Longitudinal Force Sim: DP Synch vs. Independent

€10 1] el

][ r===== —==== F__3_u_____‘______‘ _____ e ¥
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Longitudinal Force Sim: DP Synch vs. Independent
100 kips

ad) | U‘ ki i } I’V AR

! “? f;"[l . M

e T ,l,. oo 0

140 138 136 134 132 130 128 126 124 122120 118 116 114 112110108 106 104 10210098 96 94 92 90 88 86 84 82 80 78 76 74 72 70 68

What the Driver feels vs rest of train:

b4 Wik \tMLMAu’\A \ h Nauray L ‘Nw«%\} !
R
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Simulation Validation

Slack detection:

Data systems every 11 cars
100 Sample/Sec
0.1” Resolution

- Stretched Coupler ; .
Measured slack data == 4“ i
from MP143-135: R A B
: Compressed Coupler

GE Simulation force
data for MP143-135:

Combined data:
Excellent Correlation
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LOCOTROL User’s Experience:
Indications of significantly less Wheel/Rail Wear

Union Pacific:

BNSF: 10,000’ Intermodal trains-Same Productivity
with 2/3 the train starts

CNRR: Running full length trains at -35 C
Eliminate extreme cold delays with 90CFM
rule change

CPRR: 6% Fuel Savings

10% Improvement in overall tonnage
11% Improvement in fewer train starts
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DP: Less Coupler Force (fatigue/break-in-twos)

® Head-end Train
® DP Train

1500 -

} (Same train length, mass)

1000 -

500 %}L

-500 -

FORCE (kN)
o

-1000 -

-1500

0 50 100 150 200 250 300 350
DISTANCE (KM)

@PRINBIPLES COURSE * MAY 8, 2012 WRl 2012



DP: Less Coupler Force (fatigue/break-in-twos)

@® Head-end Train
DP Train
DP Train with Handling Training (Independent Mode)
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Less Longitudinal Force, Less Coupler Damage

5 Year Data

DP RESULTED IN
AN AVERAGE
90% LESS
FATIGUE DAMAGE
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Why Here?
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Less Longitudinal Force, less Lateral Force
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Source: Progressive Railroading
Webcast, 28 July 2010
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DP and Wheel/Rail Wear
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The rail installed in Oct. 2004 and After installation in May of 2005,
replaced in May 2005. which is 7 months, the curve rail wear
e The extreme rail wear was was between 1/32 to 2/32
seen after only 7 months. e Thisisa ement.
Source: Progressive Railroading * Rail Life extended from one
webcast , 28 July 2010 year to five years.
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DP: Less Infrastructure Damage

Head-end Train
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DP Controls Longitudinal Force

Minimizes damage to train and infrastructure
* Couplers, wheels, boggies?
* Rail, sleepers, road-bed

Why not?
Operational Logistics of distributing locomotive

Action:
Show the benefits
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imagination at work



