NTRD Program Disclaimers
1. Disclaimer of Endorsement:

The posting herein of progress reports and final reports provided to TCEQ by its NTRD Grant
Agreement recipients does not necessarily constitute or imply an endorsement, recommendation, or
favoring by TCEQ or the State of Texas. The views and opinions expressed in said reports do not
necessarily state or reflect those of TCEQ or the State of Texas, and shall not be used for advertising
or product endorsement purposes.

2. Disclaimer of Liability:

The posting herein of progress reports and final reports provided to TCEQ by its NTRD Grant
Agreement recipients does not constitute by TCEQ or the State of Texas the making of any
warranty, express or implied, including the warranties of merchantability and fitness for a particular
purpose, and such entities do not assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information,apparatus, product, or process disclosed, or represent
that its use would not infringe privately owned rights.
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Final Report:
Program Overview - RP20BH Locomotive

The Railpower RP20BH locomotive is a market driven extension of the GG20E Yard
Switching locomotive designed for yard switching duty as well as typical road switching
function all while maximizing fuel efficiency and emissions reduction. It employs similar
technology as the GGZ20B yard switcher utilizing large battery cells and low emissions
engines with integral alternators and cooling systems in the form of a generator set.

The need for the multiple engine design came from the inherent limitations surrounding extensive
use of batteries as the prime mover. The GG20B equipped with a single 100kW generator set, as
originally designed, ran successfully on all yard flat switching operations. Typically, the
locomotive would operate for 20-30 minutes on battery alone, then run as a true hybrid with the
engine being assisted by battery power as necessary. In light duty cycles, the engine would
recharge the battery while the loco was in operation, and turn off when the battery was

recharged, and the cycle would repeat. In heavier duty cycles the average battery state of charge
would stay relatively constant (average work load of the locomotive for traction and auxiliaries
being about 70 kW) and the engine would run for 20-30 minutes during the crew break, lunch
break, waiting periods, or at the end of shift. In the odd exiremely heavy duty cycle, the state of
charge would decrease temporarily, and may produce the need to shut down the locomotive. For
these reasons, the production version of the GG20B was equipped with a slightly larger engine,
200 kW. This would allow the engine to supply more power without the battery. This would be
helpful particularly when transferring cuts of cars from one part of the yard to another. For
example, as a locomotive accelerates to 6 mph with a given tonnage, the power will increase with
speed to a peak of approximately 800 kWW. Once the loco stops accelerating the power
requirement is much less to maintain speed, typically 100-200 kW. 200 kW is sufficient to
maintain modest speed (5-10 mph) depending on tonnage, track curvature and grades. The
grades must necessarily be very short, or extremely shallow (less than 0.5%).

After reviewing event recorder data (see discussion in section 2.1.1) it is immediately apparent
that the ratio of average power to peak power will be higher in a road switcher, and the drive
cycle will include much more sustained intervals at higher power levels. This suggests a milder
hybrid, or a lower degree of hybridization. In many cases, the driving pattern, and thus the power
requirements are very similar to that of the yard switcher. There are a couple of small
differences: a road switcher is more likely to be spotting cars at industrial warehouses. This
means that the engineer will use the brakes and apply power simultaneously to keep the train
stretched out or compressed for precise positioning. Also the engineer may need to drive a cut of
cars to an industrial location that is at significantly lower grade than the track grade. In this case
he will apply brakes and drive against the brakes all the way down to the spotting location. In
addition to this low-speed/low average-power work, there is usually a component of the drive
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typically from 10 to 50 miles distant. Given an existing road switcher such as the EMD GP38, the
transfer can be done with moderate tonnage at speeds of 30-50 mph. Alternatively the transfers
are carried out with more tonnage at lower speeds, as in the UP Houston area. In this case, the

cars are transferred from a main yard to an industrial park, separated into smaller cuts, then
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complex driving cycle. consisting of these two distinct components.  1n the slow speed work, the

BH could operate with one engine (at variable speed), depending on traction reguirements and
battery state of charge. In the transfer mode, the two engines can operate in tandem to provide
continuous (approx.) 1500 HP capability.

Task 1 - inition of Requirements and Preliminary design

Section 2.1.1. {1-3.)

Railpower has cooperated with interested railroads (predominately UP) and collected a
substantial amount of data from the locomotive event recorder from different rail yards,
different locomotives used in typical road switching service on different shifts. All data is
available upon request but this report shall discuss typical findings of Railpower in regards to
tractive power required, notch position, ground speed and dynamic brake power.

The figure below shows a typical duty cycle for a road switching locomotive used in the
Fresno, CA area by Union Pacific. Labeled on the figure are the clear distinctions between
the idle rest portions, typical yard switching portions and typical road switching portions as
discussed previously. The data suggest a perfect application for a RP20BH locomotive.
The longer, sustained higher speed application defines the need for a multiple engine
approach, the larger sections of typical yard switching duty fit well with the hybrid model of
the GG20B locomotive and the sustained periods of idle for this particular locomative will
emphasize the fuel and emissions savings of the Railpower RP20BH design.

Typical Road Switching Duty Cycle, Fresno CA Yard
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The chart below shows some analysis conducted by Railpower for the BH locomotive in a worst
case scenario, operating continuously for a full eight hour shift. The figure shows the charge
power from the generator set as well as the contribution of regenerative braking. The chart
shows two main points. First, recapturing energy from regenerative braking will delay the point
where the generator set is started. Secondly, the use of regenerative braking will reduce the load
on the generator set while operating to maintain a specific state of charge for the battery cells.
Both of these advantages will save fuel. However, there are drawbacks with the use of
regenerative braking. If the batteries are at a high state of charge and the locomotive is equipped
with regenerative braking, grid resistors will still be required. The batteries cannot accept charge
energy from the regenerative braking and that energy must be sent to a resistor bank. The
economics surrounding the use of regenerative braking warrants further investigation.

SOC and Charge Power vs Time
BH Locomotive, 800 Ahr Cells
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Section 2.1.2

Following the requirements for prime mover power requirements several engine

manufacturers were evaluated. The final selection considered the Deutz TCB2015 and the
Cummins QSX 15 engine. Below is a table of comparative features for these two engines in

this prime mover application.

Muffler Envelope

Cummins QSX 15 Deutz TCB2015
Engine Classification Industrial Truck
Engine Mode| QSX 15 liter Lz Z;E;rss izl
Cylinders <] 8
Cylinder Arrangement In-line a0 v
Displacement 15 Liters 15.87 liters
Compression Ratio 17.0:1 17.5:1
Bore and Stroke 5.4in x 6.7in 5.2in x 5.7in
F— Turbocharged, Charged Turbocharged, after
i Air Cooled cooler
Continuous Horsepower 510 544
Peak Torque @ RPM 1569 It @ 1400 RPM 21299 Bt @ 1400
Inlet Air Flow 1569 ft*/min 1566 ft'/min
Maximum Exhaust Back Pressure 10.1 kPa 7.5kPa
Engine EPA Certification Level EPA Off-Road Tier Il EPA Off-Road Tier llI
Motch B Traction HP Rating (3 Gensets) 1453 1508
Motch 8 Traction HP Rating (1 Genset) 484 503
Motch 8 Rating - Continuous HP Rating Continuous Continuous
Motch & Engine HFP as a % Continuous 95.00% 93.78%
Length 59.2in 57.2in
Width 37.7in 50.8in
Height 51.1in 32.9in
BSFC in Gallons/Net - Traction HP Hour 0.049 0.053
EPA NOx Rating in Grams PBHPHR 2.98 39
EPA PM Rating in Grams PBHPHR 0.148 0.1
Engine Operation Hours to Recommended :
Overhaul 16500 estimate 10000-12000
Injector Life in Hours Before Scheduled ;
Replacements 10000 estimate 7000
Turbocharger Life in Hours Before Scheduled :
Replacement 20000 estimate 15000
Engine Sump Qil Change Cycles in Hours 1500+ 1000
: Individual Pump
Fuel Injections Technology Modular Common Rail | g1acranic Injection
and EFI
System
After Treatment Use Particulate Device within | o ot this time

The Deutz engine was chosen on three primary features: higher continuous horsepower
rating, smaller overall footprint and total generator set package cost. Following the engine
selection, Railpower jointly developed a generator set package with the selected supplier,
Stauffer Diesel, for use on the RP-20BH engine. Stauffer Diesel has been successfully
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supplying smaller generator set packages to the transit rail business for several years. The
full details of that generator set package are summarized in the attachment titled RP50006
Rev 1 Date 0304

2.1.2.2 Preliminary Design

Once the weight and overall dimensions of the generator set had been selected as well as
that for the battery cells and battery support structure a preliminary design for the RP20BH
was completed. The target market for the BH application would be for retrofit of GP38 and
GP40 locomotives originally designed by EMD as well as B23 and Dash-7 locomotives
originally design by General Electric. The original BH design is defined by Railpower
drawing RP-04897 LOCATION OF APPARATUS RP20BH ON GE PLATFORM is attached
for reference.

2.1.2.3 Suppliers for engine hoods and cabs

Railpower has used two main suppliers in the past for operator cabs, Super Steel Products
Corporation in Milwaukee, W1 as well as Motive Power Inc. in Boise, ID. For the BH
prototype program Railpower used an operator cab supplied by Motive Power Inc.  All
engine hoods were supplied by Super Steel Products Inc.

Task 2 - Detailed d and construction

Once the design process is started all design specifications and drawings are captured on a
document titled a locomotive list. Railpower has created this document with document
number RP-LO007G100, This document is also attached to this report.

2.2 1.1 Railpower had identified a “hulk” locomotive to be used for this project. Originally
owned by Canadian National with road number 9637, the unit was purchased by Railpower
and transferred to Alstom Transport Services for teardown.

2.2 1.3 Purchase of long lead items
Railpower has purchased the following list of major components from the referenced supplier

to support the completion of the RP20BH prototype build. Also included are the suppliers
who stripped the “hulk” locomotive and prepared the balance of the components.

Item/Work Scope Supplier Location
Core strip and preparation Alstom Transport Services Calgary, AB, Canada
Platform preparation Super Steel Schenectady Inc. Schenectady, NY
Operator Cab Motive Power Inc. Boise, ID
Batteries Leoch Power Inc. China
Battery Rack Structure Super Steel Products Corp Milwaukee, W
Air Compressor Air Plus Systems Bumaby, B.C., Canada
Generator Set Stauffer Diesel/Stadco Ephrata, PA

| High Voltage Compartment Liberty Electronics Franklin, PA
Engine Hood Super Steel Products Corp Milwaukee, Wi
Rear Nose JP Metals Inc. Calgary, AB, Canada
Final Assembly/Test Super Steel Schenectady Inc. Schenectady, NY

Implémentation Grants Section

Texas Commission on Environmental Quality




TCEQ- NTRD

2.2.2 Assembile of Componenis

Following the design process, all parts were procured and assembled at our Super Steel
plant in Schenectady, New York into the completed locomotive. The attached photograph
shows the unit with assigned road umber 5401,
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Task 3 — Certification Testi

Section 2.3.1.1.

Since the RP20BH unit did not travel under its own power to the testing site in San Antonio,
Texas, independent Railroad insurance in Railpower's name was not needed for the unit as
the unit was insured by the delivering transporter.

Section 2.3.1.2

The RP20BH is designed to have the capability to monitor and/or record the estimated fuel
consumption, tractive energy output, notch position, engine run time, generator kW hours.

Section 2.3.3. Due to the sensitive and confidential nature of the information, the following
documents have been attached as separate documents: SwRI emissions testing report;

Parts List - RP-LO007G100_G; Genset Info - RP50006 REV 01 Date 0304; Schematic
Drawing - RP-04897_A.

S (—

Authorized Project Representative's Signature

Date._ 01/19/07

NOTE: Flease attach any additional information that you feel should be a part of your report or
that may be required fo meet the deliverable requirements for tasks completed during this
reporting period.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, DC 20460

2006 Model Year Certificate of Conformity

Manufacturer; RailPower Hybrid Technologies, Corp.
Certificate Number:  REfRROF-§6-8,c

Effective Date: MAR 14 ?Uﬂﬁ

Date lssued:

Pursuant to Section 213 of the Clean Air Act (42 U.5.C. section 7547) and 40 CFR 92, and subject to the terms and conditions
prescribed in those provisions, this certificate of conformity is hereby issued with respect to the remanufacturing kit which has
been found to conform to applicable requirements and which may be utilized with only the following locomotive engines, by
engine family, more fully described in the documentation required by 40 CFR. 92 and produced in the stated model year.

Locomotive Engine Family (Remanufacturing Kit): 6RHTKO0121BHI1
Locomotive Models: (Models which apperar to be duplicates are part of a different engine model/locomotive model combination. )
RP20BH

Locomotive Model Years: 1960 to 1983 The rebuild kit includes:
ALL PARTS ABOVE PLATFORM

In addition, parties who install this remanufacturing kit must also ensure that the base engine contains the following parts, more
fully described in the Application for Certification for this kit:

PLATFORM, AND EVERYTHING BELOW IT

This certificate of conformity is conditional upon compliance of said manufacturer with the provisions of 40 CFR Part 92,
Subpart D. Failure to comply with these provisions may render this certificate void ab initio,
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