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Abstract/Executive Summary 

The primary problem addressed in this project is emissions from switching and road switching 
locomotives including current gen-set offerings.  Our approach is to create a “mild” hybrid power and 
control system, in modular form/package, that will totally eliminate idle emissions and minimize 
emissions with cleaner Tier 4I engines that will be controlled in a way that will allow them to operate at 
maximum efficiency.  Smokeless start and the ability to move the locomotive or “index” railcars without 
starting an engine will contribute to further emissions reduction.  The availability of this technology will 
enable clients to quickly incorporate this technology into existing locomotives.  Overall contribution will 
be lower fuel consumption, reduced emissions, improved low speed tractive effort, and greatly enhanced 
diagnostics. 
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Introduction/Background 

Locomotives used in switching and low speed short line applications are typically purchased from larger 
railroads once the locomotives are no longer suitable for Regional or Class 1 use.  There are currently 
several gen-set options available; some even in kit form.  To our knowledge no one has implemented a 
practical hybrid solution to date.  Rising fuel prices, tightening emissions standards, and diminishing 
qualified maintenance personnel for aging fleets make the development of this kind of solution practical 
and significant. 

Attempted solutions so far have been implemented, primarily, by engineers and manufacturers with a 
locomotive background rather than experience with locomotives and experience implementing the 
development of control schemes for a variety of hybrid vehicles.  In some instances, poor battery 
technology was chosen.  Hybrid technology is not the answer for every locomotive application. 

Alternative Motive Power Systems’  (AMPS) approach differs from other attempted solutions because of 
our ongoing experience and the development of new technologies that have finally matured.  Our modular 
approach allows us and potential users of this equipment to choose a variety of engine and alternative fuel 
options depending on operational requirements.  It also affords the option of incorporating more efficient 
and mature technologies as they are developed. 

Project Objectives/Technical Approach 

AMPS will finalize the design of a modular package for converting a conventional switcher locomotive 
into a hybrid gen-set switcher locomotive. AMPS will build a prototype modular package and contract 
with Railserve to install it and do performance testing on the resulting prototype locomotive. AMPS will 
work with Railserve to partner with a rail yard in Longview, Texas, to demonstrate the locomotive in a 
representative working environment and to complete load and emissions testing of the prototype in 
comparison to a conventional switcher locomotive. 

Project Objectives included in the Grant Activities (Scope of Work) are: 

 To demonstrate that repowering of an in-use conventionally powered road switcher locomotive with a 
multiple gen-set/hybrid gen-set package reduces NOx emissions from a conventionally powered diesel 
locomotive by up to 98% and by 25% compared to a non-hybrid gen-set package. 

 To demonstrate the commercial viability and cost effectiveness of the modular approach to the design 
and installation of the multiple gen-set/hybrid gen-set package.  

In order to achieve these objectives AMPS will: 

 Refine the gen-set package modules in order to make system integration into the locomotive chassis 
as quick and simple as possible.   

 Undertake in-use measurement of the emissions before and after the installation of the multiple gen-
set/hybrid gen-set dominant package.  

 Determine the fuel consumption before and after repowering with the gen-set package.   
 Assess operator acceptance of use of the installed system. 

The prototype multiple gen-set/hybrid gen-set package will be installed on a GP9 road switcher 
locomotive purchased by AMPS from Railserve.  The gen-sets will be provided by a contractor to meet 
AMPS specifications and AMPS will provide any interface components required.  The gen-sets will be 
installed in the road switcher by Railserve at the Union Tank Car Repair Shop in Longview, Texas.   
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The energy source for the initial commercial version will be two generator sets installed in parallel in the 
road switcher locomotive in place of the original 1,500 to 2,000 horsepower (hp) diesel engine, one of 
which will be a battery hybrid module with a 150 kilowatt (kw) diesel generator and, the other a 400 kw 
diesel generator set.  Both engines in the gen-sets will be Tier 4 certified engines (as allowed under 40 
CFR section 1033.150 Interim provisions).  In the hybrid module, in addition to the 150 kw diesel engine, 
there will be a battery pack module.   

Where the induction generator is coupled to an engine in the more conventional diesel engine gen-sets, 
AMPS uses an induction generator electrically connected to an alternating current (AC) inverter.  This 
inverter, by varying the electrical slip in the generator, generates a constant direct current (DC) bus 
voltage. This voltage is then fed to either a set of storage batteries or to individual traction motor 
controllers, or to both.  

In the hybrid gen-set, the electricity will flow directly to the DC bus on the traction motor propulsion 
drives. The batteries will be charged by the smaller gen-set once a predetermined state of charge is 
sensed. This will allow the smaller gen-set to run at peak efficiency almost 100% of the time.  If the full 
capacity of the larger gen-set is not required for locomotive propulsion, it will be used for additional 
battery charging.  If required the locomotive can operate on batteries alone.   

The gen-set modules will be assembled by a supplier designated by AMPS.  Both the operator control 
stand and the locomotive will be equipped with quick connectors to the control cabinet and the traction 
motor propulsion drive skid respectively.  This will allow for major systems testing to assure proper 
function and quick, on-site assembly. 

Tasks 

Tasks included in the Grant Activities (Scope of Work) are: 

 Task 1: Finalize design of gen-set package modules 
 Task 2:Control and power system design, assembly, and programming 
 Task 3: Locomotive  systems installation and performance testing 
 Task 4: Emissions and fuel economy testing of conventional and prototype locomotive, and 
 Task 5: Evaluate operator acceptance of prototype locomotive 

The Task 2 accomplishments are summarized below. 

Task 2 

From the Grant Activities (Scope of Work): 

Task 2: control and Power System Design, Assembly, and Programming 

2.2. Task Statement: The PERFORMING PARTY will purchase all components required for 
subsystems, assemble components into modular subsystems, perform required programming, test 
subsystems, and ship them to Railserve yard in Longview, Texas, prior to installation. 

2.2.1. The PERFORMING PARTY will prepare the demonstration road switcher locomotive for 
repower, including removing the long hood assembly, the prime mover, the main generator, and 
accessories; cleaning the platform; and preparing the cab for installation of the control stand 
and the air brake equipment. 
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2.2.2. The PERFORMING PARTY will purchase the gen-sets, the battery, and the primary 
control components including the main power assembly, air compressor assembly, traction motor 
blowers, and special mounting hardware. 

2.2.3. The PEFORMING PARTY will assemble and program, complete preliminary testing of, 
integrate, and complete final testing of subsystems including the control cabinet, main contactor 
panel, main gen-set, battery hybrid rack assembly, traction motor drive rack, and operator 
control stand. Testing will assure the proper functioning of individual components and of all 
programming. 

2.2.4. The PERFORMING PARTY will ship the completed subsystems to the Railserve yard in 
Longview, Texas. 

2.2.5. The PERFORMING PARTY will select the working rail yard in Longview, Texas, where the 
prototype locomotive will be performance tested. The PERFORMING PARTY will submit to the 
TCEQ a description of the selected railyard, a signed agreement with the selected railyard, and 
proof of any required insurance for the performance testing at the railyard. 

2.2.6. Schedule: The PERFORMING PARTY shall complete this task within 16 months of the 
signed Notice to Proceed Date as issued by TCEQ. 

2.2.7. Deliverables: The PERFORMING PARTY shall submit a report to the TCEQ upon 
completion of this task including pictures of the prepared demonstration road switcher 
locomotive, written proof of delivery of subsystems to Railserve, a description of the selected 
railyard, a signed agreement with the selected railyard, and proof of insurance required by the 
TCEQ for the performance testing at the railyard. 

2.2.8. Approval to Proceed with Further Tasks (phases): TCEQ will determine whether 
additional tasks will be approved and funded depending upon the success of completing this task. 
The PERFORMING PARTY must receive written approval from TCEQ to proceed with any 
further tasks, in order for those tasks to be eligible for additional funding under this Agreement. 

AMPS has purchased all major components listed in Task 2.2 with the exception of the air compressor 
which is a stock item with a short lead time and will be purchased from Railserve, Inc. in Longview and 
requires no special programming for its control. The locomotive deck has been cleared (engines, 
generators, air compressor, traction motor blowers, cab, short hood and long hood), power washed and all 
unnecessary bracketry removed. The deck is fully prepared and all major components are on-site, 
including the populated and prepared cab/ short-hood module. All components and sub-systems have 
been tested as completely as possible prior to shipment to Railserve (see Appendix A for 
acknowledgement of delivery of components and systems to Railserve at the Longview Repair Shop). All 
relevant programming for sub-systems and components has been verified.  The battery pack has been 
“exercised” multiple times to ensure proper pack and battery management function.  The battery rack was 
shipped to Longview but we have delayed shipment of the batteries until we are ready to install them on 
the locomotive.  While this is a slight change to the SOW, we feel that this is the best choice for 
minimizing the potential for physical damage to the pack.  Both the Generators and the John Deere 
engines were tested by the respective manufacturers.  As mentioned in previous monthly reports, the 
engine shipment was delayed by John Deere.  The assembled gen-sets will not be able to be fully tested 
until placement on the locomotive and connected to the traction motors.  Communication with the J1939 
engine control module has been established. 

Testing and validation of AMPS control of engines, generators, ATS propulsion system, traction motors, 
axle generators, braking system, operator display screen, and data acquisition system have been 
continually refined over the last four years on the Railserve LEAF™ gen-set locomotive.  Our control of 
dynamic/ regenerative braking has been in testing for more than six months on four proto-type military 
vehicles. Our system development strategy has consisted largely of “real world” experience with each of 
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the systems incorporated into this locomotive design.  While AMPS has not incorporated all of these sub-
systems into one vehicle/locomotive, our programming since the award of this grant has been developed 

to quickly and simply incorporate the battery pack and regenerative braking into this locomotive. 


The modules began with an SD40 cab and short-hood purchased by AMPS.  We prepared/modified this 

cab and short-hood to become a “module” by:
 

 Stripping all unnecessary components and bracketry;
 
 Lowering the long hood point of attachment; 

 Adding windows on the long hood end of the cab;  

 Adding a substructure with removable lifting eyes and rigging to enable safe lifting of the cab/short-

hood module; 
 Sand blasting and priming the whole module; 
 Adding doors in the short-hood (one hinged and one roll-up so the propulsion system could be 

installed); 
 Installing the complete propulsion system; 
 Installing new floor; 
 Painting the inside of the cab with a special durable/sound-proofing paint (Lnex); and 
 Installing operator control stand, interior lighting, air brake system, and ducting for HVAC. 

Because of the approach AMPS has taken with the cab/short-hood module the following  work scheduled 

to be completed in Task 3 has already been accomplished: 


 Additional windows have been installed for improved visibility,
 
 The interior floor has been installed, 

 The interior of the cab has been painted, 

 Interior lighting has been installed, 

 The operator control stand has been installed, 

 The air brake components have been installed, 

 Access doors have been installed in short hood,
 
 The propulsion system from American Traction has been tested and installed in its permanent 


location in the short-hood, and 
 Plumbing for cooling system has been installed and pressure tested. 

Photographs of the prepared demonstration road switcher locomotive are attached in Appendix B 

The working railyard selected by AMPS for the performance and emissions testing of the protype 
locomotive, the Texas Eastman railyard located in Longview, Texas, is owned by Railserve and 
contracted to Texas Eastman to operate.  Railserve affirms that the contract currently in place with Texas 
Eastman allows Railserve to select appropriate equipment for use in moving Texas Eastman rail cars.  
Railserve also affirms that it has advised Texas Eastman of its intent to test the prototype locomotive on 
the Texas Eastman Railyard and that Texas Eastman has granted explicit permission for AMPS and 
Railserve to do the testing at the Texas Eastman Railyard.   

See Appendices C, D, and E for a description of the railyard, a copy of the signed prototype testing 
agreement between AMPS and Railserve, and proof of insurance for performance testing at the Texas 
Eastman Railyard. 
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Discussion/Observations 

Objectives vs. Results 

The project objectives for Task 2 have been met very successfully. Key technical accomplishments 
include: 

	 Development of improved axle generator design which has been undergoing field testing on a 
locomotive in Midland, Michigan, since April 2012. 

	 Development of programming for “blended braking” for independent locomotive air brakes to allow 
for energy recovery without the use of dynamic brake 

	 Successful implementation of AMPS data acquisition system tested on a Railserve LEAF™ dual gen-
set locomotive. 

	 Incorporation of programming to allow adjustable current range for locomotive throttle controller in 
each of the eight “notch” positions. 

Critical issues 

No critical issues have been identified at this time. 

Technical and commercial viability of the proposed approach 

Technical goals of this project have been met and in some cases surpassed.  Ultimately, the final field 
testing of the locomotive will be the test for success. 

We have tested and verified all systems being used in this locomotive design and have a very high 
confidence level that the locomotive will perform as promised 

We believe that this locomotive will be commercially viable for the following reasons: 

	 Price point should be similar to pricing of other gen-set offerings 
	 Modular design will afford quick conversion of existing locomotives 
	 Battery component affords: zero idle emissions, improved fuel economy; and optimal efficiency when 

engines are running 

The locomotive design layout is attached at Appendix F 

Intellectual Properties/Publications/Presentations 

	 Patent Pending: A CONTROL SYSTEM, A HYBRID CONTROL MODULE, AND METHOD FOR 
CONTROLLING A HYBRID VEHICLE Serial No. 61/324,283 filed on April 14, 2010 

	 IP: AMPS Programming and control methodology 

Summary/Conclusions 

Work is proceeding as expected and we are ready to fully undertake the work of Task 3 Locomotive 
Systems Installation and Performance Testing as soon as approval is received from TCEQ. 
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Contact Information 

For further information about this project please contact: 

Dan Frederick 
Alternative Motive Power Systems 
740-924-9479 
dan@ampsonboard.com 
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Appendix A: Written proof of the delivery of components and systems to 
Railserve 
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Appendix B: Photographs of the prepared locomotive 
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Appendix C: Description of the Texas Eastman rail yard 

The Texas Eastman facility sits on 5,000 acres and has 35 miles of track on site.  Railserve switches 
railcars for them around the clock seven days a week.  There are currently eight locomotives on site: three 
conventional locomotives and five Railserve LEAF locomotives.  This location averages about 75 cars 
into the facility and 75 cars out of the facility every day.  The typical pull for a single locomotive ranges 
between 1 and 50 cars with the duration of some of the daily “long” pulls being a little more than 10-
minutes and just over 1 mile in length.  The grades onsite are up to 1% in some areas.  The availability of 
multiple LEAF and conventional units on-site affords an ideal opportunity for comparative performance 
and emissions testing. 

The proto-type Railserve LEAF was commissioned and tested at this facility.  Texas Eastman was an 
accommodating host during this process and was happy enough with the experience to allow five LEAF 
units to currently operate at this location.  As a result they welcomed the opportunity to host another 
prototype locomotive from AMPS and Railserve. 
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Appendix D: Signed prototype testing agreement 
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Appendix E: Proof of insurance for performance testing 
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Appendix F: Locomotive Design and Layout 
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