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Integrated Fuel Blending Control System – Caterpillar G3520C/E Engines CS 7727

             APPLICATION

             PRIME MOVERS

 Caterpillar G3520C

 Gas Engine-Generator

 Rated at 1600 kW

             CONTROL TECHNOLOGIES

             HMI / SCADA SYSTEM

           TYPE OF PLANT PROJECT OVERVIEWPROJECT OVERVIEW

Prior to the new system installation, the plant only produced enough digester gas to  
run the engine at part load for one to two days per week. This led to an under-used  
engine and inefficient operation. The objective of this project was to enable the engine 
to consume all available “free” digester gas produced at the site, while actively blending 
pipeline natural gas to keep the unit running at full rated load all the time regardless  
of digester gas availability. The Woodward LECM control system was utilized as the  
OEM control system did not provide the ability to blend fuels in real-time. The plant  
automation system can now adjust the fuel blending ratio to maximize fuel usage based 
on digester pressure.

For this project, the design approach started with our proven standardized “kit” that has 
been applied and installed on other G3520C/E engines of the same vintage. GCS had 
developed and packaged the system as a drop-in replacement for the OEM control  
system. Our OEM design approach led to a system that has been quickly installed on 
several G3520C/E engines. The system utilizes the original factory-provided throttle 
and turbo compressor bypass valves and actuators as well as the OEM ignition coils. 
The majority of OEM on-engine sensors are also re-used. The system features dual  
Woodward TecJet mass-flow metering valves which fully replace the OEM Raptor fuel 
valve. In addition, the Woodward Easygen generator controller is integrated on CAN bus 
and also communicates to the SCADA system via ModBus TCP along with the LECM for 
display of vital system information to the plant network and remote operator terminals.

Power generation for a food  
production facility. The engine is run 
base-loaded to the utility to maximize 
load output of the engine and use of 
digester fuel produced on-site.

           PRIME MOVER

           FUEL TYPE

           CONTROL TECHNOLOGIES

  Woodward LECM 
Large Engine Control Module 
Single engine controller for speed 
governing, emissions control, ignition, 
detonation detection, monitoring,  
and protection.

  Woodward TecJet 
Dual mass-flow metering fuel valves 
for Full Authority engine air-fuel  
ratio control.

  Woodward Actuation and Ignition 
OEM factory-provided Woodward  
actuators and ignition coils retained.

  Woodward Easygen 
Generator control package for 
synchronizing, load-sharing,  
monitoring, and protection.

The engine utilizes a blended 
mixture of digester gas and pipeline 
natural gas. The fuel is actively 
blended in real-time at a mixture 
ratio based on the available fuel 
from the digester.
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Figure 1: GCS Designed and Built LECM Enclosure Figure 2: Dual TecJet Valves and Gas Trains Replace the OEM Raptor

STANDARDIZED DESIGN APPROACH
Since the system is designed to be a repeatable kit for the  
G3520C/E engines, components can be installed and the retrofit  
completed in a relatively short timeframe. GCS packaged the 
LECM control into a new enclosure of the same size and from the 
same manufacturer as the one provided by the OEM. The new 
enclosure uses the same connectors, the same mounting, and 
is finished in Caterpillar yellow to match the engine. This allows 
the new enclosure to be installed in the exact same location on 
the engine. The factory harnesses plug into the same connectors 
eliminating the need to change any wiring on the engine.

SERIES OF CUSTOM ADAPTER HARNESSES
In the cases where the LECM system required a sensor signal to 
be converted or a component changed, GCS designed a series  
of custom wiring harnesses to adapt the factory harness to the new  
devices. These adapter harnesses simply plug into the connectors 
on the factory harnesses so no cutting or splicing of wires on the 
engine is required. These harnesses are provided as a standard 
part of the system kit and complete the plug-and-play approach 
to the design.

EASYGEN INTEGRATION
The Woodward Easygen generator control was installed in 
the switchgear. This control performs the generator automatic  
synchronization to the utility source as well as controls the  
baseloading operation between the control room and the engine. 
GCS integrated the Easygen control into the LECM system via 
CAN Bus.  

Adding a single cable between the devices allows for data  
exchange the OEM system was unable to provide. Now, a whole 
host of engine parameters are visible on the Easygen screen in 
the switchgear along with seamless integration of control and  
status signals that would otherwise be hardwired analog or digital 
requiring a separate cable for each.

EMCP-2 REMOVAL
The integration the new system provides also allowed for the 
complete removal of the Caterpillar EMCP-2 control from the  
generator. Since the unit no longer provided valuable function, 
GCS was able to remove the control along with the entire  
enclosure and associated wiring through the generator-end of  
the machine. This simplifies the system wiring leading to easier 
troubleshooting in the future.

SUMMARY
GCS was able to successfully address the customer’s need for 
an efficiently operating engine that could be utilized to its potential 
by providing a purpose-designed fuel blending system based 
around the LECM. The Raptor fuel valve is replaced with dual  
TecJet valves, which are more readily available and cost-effective. 
The new controls integrate with the site SCADA system via  
an industry standard ModBus TCP connection in order to provide  
a level of access for the operators that was unavailable with the 
OEM system. In addition, the new system achieves improved 
startability, performance, and emissions compliance while  
maintaining as much OEM serviceability as possible due to the 
nature of the design.  
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