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Abstract/Executive Summary 

This project involves the prototype build and engine performance testing of US Environmental Protection 
Agency (EPA) Tier 3 compliant marine engines.  In particular, it is a goal of this project to release a Tier 
3 compliant engine ahead of the January 1, 2014, compliance deadline. 

This task in particular consisted of the performance testing of one 6L250 prototype engine in the diesel 
engine test lab at General Electric’s facility in Erie, Pennsylvania. The testing consisted primarily of 
performance, emissions, and power capability testing in order to develop three standard power ratings for 
the EPA Tier 3 6L250 engine. This testing provided the data needed to complete performance design 
reviews and provide the inputs to the controls team necessary to develop software builds. 
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Introduction / Background    

The GE family of inline engines is US Environmental Protection Agency (EPA) Tier 2 certified.  This 
project seeks to modify the current inline engine design such that it is capable of meeting the more 
stringent EPA Tier 3 guidelines.  Given that the EPA guidelines on Tier 3 marine engines only apply to 
engines with a rated load of less than 2000 kilowatts, the inline engines are the engines in GE’s portfolio 
that are subject to the Tier 3 regulations. 

Project Objectives / Technical Approach 

From the Grant Activities (Scope of Work): 

“1.1. The objectives for this work are: 

1.1.1. Certify a marine 4-stroke six and eight cylinder engine rebuild kit to American Bureau of 
Shipping (ABS) class standards and EPA Tier 3 marine emission standards ahead of the 2014 
EPA regulatory deadline.” 

This report in particular is in regards to the performance development testing of the 6L250 EPA Tier 3 
certified engine platform in the GE diesel engine test facility in Erie, Pennsylvania. 

Tasks 

Task 3: Performance test 6L250 prototype engine 

From the Grant Activities (Scope of Work): 

“2.3. Task Statement: The PERFORMING PARTY will performance test one 6L250 prototype 
engine.” 

“2.3.1. The PERFORMING PARTY will complete all performance testing on one 6L250 engine 
and performance design reviews for the 6L250 engine configuration, ensuring that it meets all of 
the specification requirements.” 

“2.3.1.1. The performance testing will include varying the timing and operation of the engine to 
maximize the benefit of the Tier 3 emissions package.” 

“2.3.1.2. The performance development will be used to develop various ratings for each engine 
configuration. The developed ratings will include, but are not limited to the following: 

a) 6L250, 900RPM, 2009hp 

b) 6L250, 1000RPM, 2232hp 
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c) 6L250, 1050RPM, 2344hp” 

“2.3.1.3. For all ratings, the four EPA listed duty cycles will be developed, as follows: 

-B1 – Fixed Pitch Propeller Variable Speed, 

-B2 – Controllable Pitch Propeller or Diesel Electric Main, 

-B3 – Variable Speed and Load Auxiliary Engine, and 

-B4 – Diesel Engine Auxiliary.” 

Performance testing and performance design reviews 

Performance testing of the 6L250 prototype engine is complete for all the required engine ratings and 
applicable duty cycles. Design reviews have been held and approved for each of the three engine ratings. 
The conclusion of the performance testing was to generate a set of operating parameters for each rating of 
the 6L250 that would enable it to meet EPA Tier 3 emissions standards while minimizing fuel 
consumption and maximizing power capability. The conclusion of the reviews was to update the engine 
interface control documentation to include these new configuration parameters which will serve as inputs 
to the next task of developing engine control software. 

Slight changes have been made to the engine power ratings since the signing of the initial Tier 3 L250 
development contract. The performance testing and design reviews were performed for the following 
engine ratings: 

a) 6L250, 900 RPM, 2035 hp 
b) 6L250, 1000 RPM, 2261 hp 
c) 6L250, 1050 RPM, 2374 hp 

These power ratings were increased slightly to better align the rated power with current and future 
commercial offerings of marine engines in this power range. 

Additionally, the ‘B3 – Variable Speed and Load Auxiliary Engine’ duty cycle has been eliminated from 
the scope of this program. With the new emissions regulations, the B3 Duty Cycle is no longer applicable 
to GET engines. GET engines will still operate in all of the currently served markets using the remaining 
three duty cycles. As a result, the 6L250 prototype was developed to be emissions compliant for the 
following duty cycles: 

 B1 – Fixed Pitch Propeller Variable Speed, 

 B2 – Controllable Pitch Propeller or Diesel Electric Main, 

 B4 – Diesel Engine Auxiliary. 

For each engine rating, the performance test process consisted of 3 major steps: 

d) Turbocharger matching test 
e) Power potential testing 
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f) Specific fuel consumption and emissions testing 

Turbocharger matching 

Matching the turbocharger to the engine consists of testing multiple internal components at various sizes 
on the engine (i.e. compressor wheel, turbine stage inlet nozzle, compressor stage outlet diffuser). This 
validates the thermodynamic modeling done in the design phase and confirms the right ‘match’ that will 
produce ideal engine boost pressure, exhaust temperature, in-cylinder peak pressure, and turbocharger 
rotating speed. The testing also ensures that the turbocharger operates with air flows safely away from 
any risk of ‘surging’, which can damage turbo components and cause engine deration. This process was 
completed for each of the three engine ratings and required roughly 2-3 weeks to complete each time. An 
example of one of the turbocharger compressor maps that was generated as a result of the testing is 
displayed in Figure 1 below. 

Figure 1: Turbocharger Compressor Map, 1050 rpm Rating 

Power Potential Testing 

Once the turbocharger is matched, the next step was to test the power capability of the engine. For each 
customer application there is a separate nominal propeller curve that the engine must match. Each has a 
different peak load as well as minimum torque constraints in the mid-speed range. The engine must also 
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be capable of reaching 110% load at rated speed for Marine Class Society acceptance. Therefore, GE’s 
current practice is to match all of these applications by rating the engine to maintain constant engine 
torque across the entire speed range >= 550 rpm. This capability must be validated upon matching the 
turbocharger with consideration for pre-turbine temperature, in-cylinder pressure and turbocharger speed 
limits. Fuel injection timing can also be varied to optimize the power curve for maximum boost pressure 
within these limitations. This testing was performed for each of the three engine ratings on the 6L250 and 
required ~ 2 days of testing per rating. Examples of the power potential curves generated for each engine 
rating as a result of the testing are provided in Figures 2-7 below. 

Figure 2: Engine Load Potential Results, 900 rpm Rating 
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Figure 3: Engine Torque Potential Results, 900 rpm Rating (Blue = Nominal Fixed-Pitch High-Torque 
propeller curve, Green = GE Design Target, Red = Tested Actual) 

Figure 4: Engine Power Potential Results, 1000 rpm Rating 

Figure 5: Engine Torque Potential Results, 1000 rpm Rating (Blue = Nominal Fixed-Pitch High-Torque 
propeller curve, Green = GE Design Target, Red = Tested Actual) 
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Figure 6: Engine Power Potential Results, 1050 rpm Rating 

Figure 7: Engine Torque Potential Results, 1050 rpm Rating (Blue = Nominal Fixed-Pitch High-Torque 
propeller curve, Green = GE Design Target, Red = Tested Actual) 
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Specific fuel consumption and emissions testing 

Fuel consumption and emissions testing were completed for all 3 engine ratings on the B1, B2, and B4 
duty cycles on the 6L250. The process consists of varying fuel injection timing at each point on the duty 
cycle until an operating point is found that minimizes fuel consumption while passing EPA Tier 3 
emissions with a factor of safety margin. Each point on the duty cycle is weighted as a percentage of the 
allowable value for NOx + HC and PM. After the optimum fuel injection recipe was found, the NTE (not-
to-exceed) points were completed as well with timing variations. The final step was to build a combined 
fuel injection recipe for all duty cycle, NTE, and power potential points that meet the emissions 
requirements. This testing required ~2 weeks for each engine rating. An example of the resulting 1000 
rpm rating power and fuel data sheets is attached in Appendix A. The EPA Tier 3 Marine emissions limits 
are displayed below per Part 1042. 

Table 1: EPA Tier 3 Duty Cycle Emissions Limits, Part 1042 

Paremeter (grams per kilowatt‐hour) EPA Limit 

7.00 

5.00 

0.34 

NOx + HC 

CO
 

PM
 

Performance Design Reviews 

“Formal Design Reviews” were held for each of the three engine ratings for the 6L250. These reviews 
were conducted to present the data proving EPA Tier 3 emissions compliance, confirm that the engine 
will operate safely within the mechanical and thermal limits of the engine components for all duty cycles, 
and to ensure that all the correct technical requirements are provided to the controls team via the engine 
ICD (interface control document). Each review took ~3 days to prepare for and complete. All necessary 
follow-on reviews have been completed. 

Schedule 

From the Grant Activities (Scope of Work): 

“2.3.3. Schedule: The PERFORMING PARTY shall complete this task within 17 months of the 
signed Notice to Proceed Date as issued by TCEQ.” 

The Notice to Proceed Date was agreed upon as July 11, 2011. Performance development testing began in 
the test cell on March 1, 2012. All three engine ratings were completed with all associated reviews held 
and approved by October 31, 2012. 

Deliverables 

From the Grant Activities (Scope of Work): 
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“2.3.4. Deliverables: The PERFORMING PARTY shall submit a report to the TCEQ upon 
completion of this task. This report will include but is not limited to pictures of the completed 
prototype engine, and completed performance level design reviews for all desired engine ratings 
and configurations.” 

Pictures of completed prototype engine 

Figure 8: Front view of prototype 6L250 engine configured for performance testing 
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Figure 9: View of new turbocharger installed on the prototype 6L250 engine 

Completed performance level design reviews 

The goals of the performance design reviews were to review and approve the fuel consumption and 
emissions data, present the fuel injection recipe and operating strategy, and present the data showing that 
this strategy will run the engine safely. First, the duty cycle and NTE test data was presented to 
demonstrate EPA Tier 3 emissions compliance. Then the power potential data was also shown to 
demonstrate that the engine will meet the loading requirements of each customer application. Next, a 
scorecard was reviewed that tracks each of the performance parameters and mechanical limits for the 
engine rating against their target values, i.e. duty-cycle emissions, pre-turbine temperatures and peak 
cylinder pressures at overload conditions, specific fuel consumption, etc. The reviewers must approve the 
safety margins of these parameters before the engine ratings can be released. Finally, the changes to the 
engine control interface document were reviewed line-by-line to ensure that the updates proposed to the 
engine software release are accurate. This process was followed for all 3 engine ratings, and each review 
was approved so that software development could begin. 

Discussion/Observations 

Objectives vs. Results 

All desired objectives have been met for this portion of the grant objectives.  All performance testing for 
all engine ratings, configurations, and duty cycles has been completed and the required performance 
design reviews have been completed and approved. 
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Critical issues 

The only critical issue encountered thus far has been with regard to schedule, due to lab resource 
availability with competing test programs. The impact of this risk has been minimized by increasing work 
through the off-shifts and overtime. 

Technical and commercial viability of the proposed approach 

All aspects of this project to date are deemed achievable and technically viable.  Some activity is still to 
be undertaken to develop a serial production ready version of the hardware, however this task can be 
viewed as a modification of the prototype component designs, and is seen as on track with respect to the 
GE design guidelines. 

Scope for future work 

Future work is to involve the compliance certification of the engine with the applicable governing bodies.  
For this task, much of the work performed will be leveraged for the 8L250 system design. 

Intellectual Properties/Publications/Presentations 

All information provided in this Task Deliverable Report is the property of GE Transportation. It has been 
supplied in accordance with the agreed upon terms of the NTRD contract as proof of Task completeness. 

The commercialization process of the GET EPA Tier 3 L250 engine has begun in 4Q 2012. The new 
brochure, released this quarter, is provided in Appendix B. 

Summary/Conclusions 

The elements of this part of the grant activity focused on the performance and emissions testing and 
formal design reviews of the EPA Tier 3 6L250 Prototype engine in the test cell facility in Erie, PA. All 
tasks specified in this deliverable report have been completed. Technical information, figures, charts, and 
test results have been provided as proof of the successful development of 3 engine ratings for the 
prototype 6L250. The remaining scope of this grant activity include the certification testing/submission 
and software release of the 6L250 engine, along with the performance development, testing, and 
certification of the 8L250 prototype engine.  
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Contact Information 

For further information about this project please contact: 

Ed Lu 

GE Transportation 

814-875-5961
 
ed.lu@ge.com
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Appendix A: Power and Fuel Data Sheets 
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Appendix B: GE L250 EPA Tier 3 Brochure 
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