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The Braun and the Brains...

Two Complimentary Technologies for Long Trains:
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More Productively: Distributed Power Capacity s

915800

99,732 tons, 682 ore cars ~42,000 tons, 342 ore cars ~45,000 tons, 336 ore cars

2x168x2x168x2x168x1x178x1 EDDx114XDDEx114xDDDDx114xDD 2x112x2x112x2x112
BP segments: 5,800’ BP segments 3,740’ BP segments 3,608’

[ = Bamad 0 e

~10,000 tons, 179 wells ~16,000 tons, 306 wells 15,000 tons, 130 cars
5x170x1 typ. 3x102x2x102x2x102x2 1x74x1x74x1
BP segment 10,000’ BP segment 6,000’ BP segments 6000’
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More Productively: Distributed Power Throughput

Benefits of going from 1.5 Mile long trains to 2.2 Mile DP trains:

Trains reduced: 52/year
Crews reduced: 520/year

OAKLAND (0IG) @ @ STOCKTON

@ FRESNO

1os anceLes @l
PORT OF LOS ANGELES \ \
/. R
PORT OF LONG BEACH /

SAN BERNARDINO
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More Productively: Distributed Power Throughput

Original Operatlon

5,000 tn = 150,000,000 / yr

Current with DP: 4x Capacity, 90 trains daily

Same braking distance
Same safe train interval
No changes needed to signaling!

- ol

T Ty

Total Program ROI: just over 2 years
LOCOTROL ROI: ~ 3-4 months
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More Productively: Distributed Power Stopping DiSi:.
Train Design

Date; 12 October 2006

Reference : /RS —2006 / 141

EVALUATION OF THIRD 342 (30T/AXLE) WAGON ORE TRAIN
USING AUTHENTIC LOCOTROL DISTRIBUTED POWER
EQUIPMENT
1

Teams: Technology Management (Train Design)
Technol N et (Signals & Telecommunications)

Traction Depadmert_(Electrical Test)

DP: With 3 remotes equals
ECP Brake performance

Approved
Pri Engi

in Train dgn)
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More Productively: Distributed Power Fuel Savings
322 Out of Macon:

e DP Avg: 342 GTK/Litre Fuel Efficiency
(805 GTM/Gal)

* Conventional Avg: 326 GTK/Litre :E‘;“"E”“O”a'

(766 GTM/Gal)

5.2% Difference

TMIG al

361 Out of Chattanooga:

e DP Avg: 355 GTK/Litre
(835 GTM/Gal)

e Conventional Avg: 335 GTK/Litre — F—
(788 GTM/Gal)

6.0% Difference
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More Productively: Distributed Power Fuel Savings

CPRR: * 6% Fuel Savings
 10% Improvement in overall tonnage
* 11% Improvement in fewer train starts

Union Pacific: 5% Fuel Savings across the fleet

due to LOCOTROL

Fuel Conservation Efforts
First Quarter

= Automated Shutdown

Fuel Consumption Rate ratai =
Ga,,ow,wﬁ)sm = Distributed Power Units

(DPU) / Hybrid Technolog
12 Good ﬂ

1.302 = Fuel Masters
1.283

= Fuel Conservation Speed
(FCS)

Saved Over 86 Million
Gallons the Last
Three Years

2006 2007 2008
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More Productively: Distributed Power Fuel Savings

P> ; T :; Power #
( Lead + Rear Power
I Rear-Power
) quling y Force of rail against flange
Sylinger \ Cylmder tends to move
in this direction
Pull of ca?’\
on truck pln
Union Pacific RR: 5% fuel savings over 5 years

Canadian Pacific RR: 6% fuel savings over 4 years
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Less Destructively: Distributed Power 10

DP Train

® Head-end Train Head-end Train
® DP Train ul Rail Deflection
b | Vertical

Same power/length/mass train

Rail Deflection
Vertical

w- Loco

Sleeper Deflection
Vertical

FORCE (kN)
o

Sleeper Deflection

Vertical

wy
new

0 50 100 150 200 250 300 350

5 Year Revenue Service Data
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DP RESULTED IN
AN AVERAGE 90% LESS
FATIGUE DAMAGE
[ —
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11

Less Destructively: Distributed Power
Control of Lateral Force

DP RESULTED IN AN
AVERAGE

80% LESS Rail Wear!

Less friction wear = less Fuel

Before * Longer Wheel Life
The rail installed in Oct. 2004 and  After installation in May of 2005, R
replaced in May 2005. which is 7 months, the curve rail wear * Less Track grmdmg/replacement
¢ The extreme rail wear was was between 1/32 to 2/32. Downtime

Less Sleeper/Wheel Maintenance

seen after only 7 months. o Thisi jor ement.
* Rail Life extended from one
year to five years.
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Less Destructively: Distributed Power 12
Slack Action Control

Dt .,,( jr i .
G * 2l
e/ (8P S .?,#,{”]" =

A G

fforce in tra. ST

and accelerating
2 ey o2
GE In-Train dynamic test data L o _. 159 ft/sec

Compressed
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More Productively: Trip Optimizer 13

60 - 1500
_'_l_lf' | I h I . °
L ]
The real situation....
Fo
=3 50 1
E distanc: L 1300
=R NN NN NN NN NN RN NN NNy (NENERENRNEARNNENT]
S 1200
40 3
" 2
S Human ' T 10Baxlne $ 1100 g
Optimizer Variations = —— Operator #1 &
Plan  m—— \J\J a g - - Operator #2 1000 g
S Gainsin ‘ | 2 74 Operator #3 2
-8 -
Driving Efficiency ® —— Operator #4 | oo 5
distance — Operator #5 ) '—§
20 — Operator #6 _— :
mSpeed Limit (MPH T 800
Human Variations Due to: = E|evation (ft)

Variations in train mass, Rolling resistance,

e S
Locomotive capability/de-rating, Wind, Train " / e
length, Mass distribution, Driver experience, etc. /"—_\\./- 2009 o0
e

0 T - T T T T T T T T T T T T - T T 500
0 1 2 3 4 5 6 7 8 9 10 1

Trip Optimizer
* Plans the most efficient (Optimum) way to Drive

for whatever is being Optimized (fuel, time, handling...)
 Automatically Drives to the plan
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More Productively: Trip Optimizer 14
TO Optimization/Plan — Complex Physics Based

* Full parametric optimization: For a given set of parameters and constraints (speed
restrictions, train mass, HP, train resistance, in-train force, time, etc.), there is only one
optimum solution. Upon on new or learned data TO can rapidly Calculate the change

SPEED(mph) vs DISTANCE(mi)

WL

o 10 20 30 40 50 60 70
Even a 40 min. difference over 500mi is significant change to the plan
NOTCH vs DIS
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More Productively: Trip Optlmlzer 15
Energy Efficient Train Meet |

distance

MP identifies meet event for
pacing, and sends TO required =—>

time of arrival.

TO Auto Adjusts optimal speed
using TOA target.

) , | Required Time of Arrival
Opposing train proceeds with no

delay.

Delayed train saves fuel by pacing approach to meet

Insert logo here in
i m i =T FR WRI 2@19

time
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Less Destructively: Trip Optimizer 16
Friction Modifier Control*

A ““:"““” ™ T‘bR“OFF |
RoughlyZO -25281-
hotter than wit

66666

TOR On

* Tested, under
evaluation
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Less Destructively: Trip Optimizer/DP 17
Computer Controlled Slack Action Control

Relative speed control

=———paseling =—=Fa3stSimRSC
Fuel
4
Concept Impact z 2
Max Buff Forc 2 Tme
Regulate difference between crucial car Real-time train-handling
speeds along the trip Run-in avoidance
Multiple interacting speed control loops Max Draft |
) ) Eoive Max Dyn Draft
* relative speeds between consists
* planned speed deviation Max Dyn Buff
* remote loco to tail speed
—f352liNE =——FSEQ =—RSC

Fuel
a
Plann 3
Planned speed -

A Max Buff Force 2

Train traveling

Time

2
e e - 3
\ H ) 3
\ : \
et e : e Vo
Vremote Vremote — Vtail < 0
v -V < Max Draft
lead remote < 0 R Max Dyn Draft

Q HEAVY HAUL SEMINAR ®* JUNE 20 - 21, 2019 @wam WRI 2@19

CORPORATION






