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Abstract 

In this paper, an electronic fuel injection system for a 4-stroke, 16 cylinders, V-configuration, medium speed, large bore 

locomotive diesel engine has been studied. The engine employs a Pump-Line-Nozzle (PLN) system of fuel injection 

into the cylinder. Original fuel injection system used is a mechanical fuel injection pump connected to a mechanical fuel 

injector through a high pressure fuel line. The fuel injection timings are however optimized only for the rated speed and 

load resulting in non-optimized operation at other engine operating points [1], [2]. An electronic fuel injection pump 

having a solenoid valve for both fuel metering and injection timing along with ECU has been developed for retrofitment 

on rebuilt diesel locomotives. Interfacing of the ECU to the engine test cell controller has been done by developing 

suitable hardware and software. ECU calibration has been done and various maps of the engine have been developed 

[3], [4]. 
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Introduction 

Present mechanical fuel injection system is not capable to time the delivery of the fuel based on the engine load and 

speed. With only the fuel delivery helix in the fuel injection pump plunger, the fuel injection timing cannot be varied. 

As engine speed and load decreases, the injection timing should be retarded to have optimum location of peak cylinder 

pressure [5], [6]. The mechanical fuel injection system is optimized only for rated speed and load and at all other 

operating points, the engine operates in a sub-optimized mode. In a mechanical fuel injection system, response time 

during transient operation is higher, which results in over-fueling / under-fueling and black smoke emission during 

transient engine operation [7].For load control, the mechanical system has to depend on the engine governor, control-

shaft and linkages, which are prone to defects and require regular adjustments. The reliability of the mechanical fuel 

injection system is also adversely affected due to large number of such moving parts. By machining an additional helix 

on the top of the plunger (top helix), some fixed control of the injection timing is achievable [2]. Electronic fuel 

injection system offers complete flexibility in varying the start of delivery of the fuel to obtain an optimum pressure 

curve and low smoke opacity. The Electronic Fuel Injection System uses pressure from an electric fuel pump to spray 

fuel into the engine intake manifold. The electronic fuel injection system is a type of electronic control unit that 

determines the amount of fuel , ignition timing and other parameter through that an internal combustion engine needs to 
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jeep running. The system does this by reading values from multi-dimensional maps which contain values calculated by 

sensors monitoring the engine. The ECU determines the fuel quantity to inject based on number of parameters. If the 

throttle pedal is pressed further down, this will open the throttle body and allow more air to be pulled into the engine. 

The ECU will inject more fuel according to how much air is passing into the engine. If the engine has not warmed upe 

yet, more fuel will be injected [7]–[9]. 

 

Conclusion 

An electronic fuel injection system has been studied for the automobile engines. This involved development of the ECU. 

Mapping of the engine and determination of optimum fuel injection quantities and start of fuel delivery was done. A 

reduction in BSFC has been achieved by the ECU and a significant reduction in smoke opacity levels has also been 

obtained.  Reasons for the improvement in the brake specific fuel consumption and the reduction in the smoke opacity 

levels were further investigated by studying the fuel line pressure, needle lift, in-cylinder pressure and the heat release 

rates in comparison to the mechanical fuel injection system. 
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