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ABSTRACT 

 Reduction of emission from the engine is a very difficult task these days since emission norms are 

becoming very strict on NOx, HC, CO etc. Special methods should be incorporated into the engines to have such 

emission standards. Here dual fuel diesel engine which use liquefied petroleum gas (LPG) and diesel fuel is 

suggested for better HC values in the emission. Proposed system uses a Fuzzy logic based controller to control the 

LPG flow into the engine and diesel as a pilot fuel which is only used to ignite the fuel. Also, EGR system will 

reduce the NOx content in the exhaust. Both EGR and LPG are controlled by a fuzzy closed loop control system. 
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INTRODUCTION  

 The recent, highly serious problem in the world is the environmental pollution by automobile industry. It is a 

major issue which prevents the development of the industry. The governments are put forward with stringent 

emission standards to reduce pollution by the automobiles. NOx, HC, CO etc. are the main hazardous elements in 

the exhaust gas from the vehicle. And these elements create environmental issues and at the same time, it reduces 

the engine performance also.  Researches were always ON to rectify the effect of these elements to reduce emission 

as well as to increase the performance of the automobiles. 

     LPG is the one of the promising fuel, which can be used instead of gasoline and diesel. LPG has the more 

calorific value than diesel and its burning produce lesser HC content than diesel. Because of the high calorific value 

fuel consumption will be comparatively less with diesel, giving more fuel efficiency. The main agenda of industry 

ever was making existing petrol and diesel engine a LPG compatible one.SI engine can be easily converted into 

LPG engine without any major changes in the whole system. But it is not that easy to make CI engine a pure LPG 

engine. 

    Electronic control is best suit for such controlling applications, in fact various P, PI, PID controllers already 

implemented in many ECU in the automobiles. Such controllers need very tedious tuning to get the required output. 

The fuzzy controllers are good replacement for such conventional controllers. The fuzzy system is a knowledge 

based expert system which is developed from the existing experience and practical knowledge. It mainly consists of 

three parts viz. fuzzy inference system, rule base and defuzzification. Simulink model of diesel engine is developed 

which considers the engines dynamic model using the mathematical relationship. The mamdani fuzzy controller is 

developed in Matlab is used to control the LPG flow and EGR according to the engine load viz Fuzzy inference 

system, rule base and defuzzification. 

Proposed system:  An existing diesel engine can be converted into dual-fuel diesel engine by a slight modification 

as shown as block diagram in Fig.1. Diesel flow is controlled by the governor in the engine. So to convert into a dual 

fuel engine, only LPG flow should be controlled. For that a fuzzy controller is used as shown in the block diagram. 

 
Fig.1.Block Diagram of the Experimental Setup 

 The control system have load as input parameter and the output parameters are LPG valve control, EGR 

valve control and pre-heating temperature. Based on the variations in the load conditions the three output variables 
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would change. The entire operation is controlled by a fuzzy controller in which rules formed based on the practical 

values. LPG flow is controlled by a solenoid valve by signals from fuzzy controller. The intake air is allowed to get 

heated in order to obtain an optimal temperature for proper combustion. EGR is a technique used for reducing 

emissions by recirculation a portion of exhaust gas back to the engine intake. Due to improper combustion NOx, 

HC, CO etc. gases will be present in the exhaust gas. EGR technique will reduce emissions considerably. At high 

loads EGR quantity is less and vice versa. The simulation study was performed on a constant speed (1500 rpm) 

direct injection diesel engine rated at 1500rpm on Kirloskar TAF1 of power 4.3 KW engine in coupled with eddy 

current dynamometer. The LPG quantity for 70% load (3.08KW) is tabulated as below in Table.1. 

Table.1. Quantity of LPG and Diesel in Dual Fuel Mode at 70% Load 

 
Fuzzy control system design: FLC basically contain the following parts.  

 Fuzzification 

 FIS unit 

 Rules 

 De Fuzzification 

 Fuzzification is the process of converting input variables into linguistic terms also known as membership 

functions. Here the input load given to the controller is fuzzified as shown in the Fig.3 and which is in turn given to 

given a FIS unit. It process the inputs based on the rules. Rules are the set of instructions used to control the 

system. These rules are the basis of any fuzzy control system. A rule for the proposed System is to be made in 

fuzzy rule editor. 

  

Fig.2. Fuzzy Inference System Fig.3 Membership function In the Fuzzy System 

Fuzzification of the output variables are shown from Fig.5 to Fig.7. The last step in the fuzzy operation is to 

convert back the membership functions to numerical values, So that control can be achieved with better 

performance. Here the input is fuzzified with nine membership function and shown in Fig.3. Fuzzy Rule is 

designed using Matlab FIS toolbox. Total 25 rules are used for the control of the proposed system. And these rules 

will cover almost all the load variations and control the output variables. There are nine membership functions for 

the output variables LPG valve control and temperature. 

SIMULATION AND RESULTS 

 The simulation results for ordinary PID controller and proposed fuzzy controller were done using Simulink 

model. A Simulink model of the entire system is shown in Fig.4.This paper also present the comparison between 

both the systems. 
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Fig.4 Simulink model with fuzzy controller 

 

Fig.5. Simulink model with PI controller 

 Model of PID controller for the same system is shown in Fig.5. Here the load signal is directly connected to 

the PID controller block and it is tuned to obtain required operation. The engine speed was set to 1500 rpm and 

was loaded at different load conditions for performance comparison. There will be slight variation in the speed 

due to change in load conditions but it will eventually come to constant speed after a small interval of time. EGR 

and LPG valve positions and temperature variations can be viewed from the model. 
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Fig.6. Speed Vs. Time characteristics without 

fuzzy controller 

Fig.7. Load and LPG valve vs. time characteristics 

without fuzzy controller 

Fig.6 &7 shows the performance of the engine without fuzzy controller. Load is increased as a step function at 

simulation time 2sec & 8 sec. But in the following figures the same conditions are applied to the system with 

fuzzy controller. This results in a smooth and stable operation. A traditional PID controller cannot give a faster 

response with minimum overshoot and undershoot for varying load conditions. The operation of the PID is 

purely depends on the gain and time constant of the system. Proper adjustment of the above parameter will 

results in the cancellation of the poles and the system become stable. Tuning of the controller is a tedious process 

because chosen system constants should close to the balanced conditions. Speed characteristics for the varying 

load conditions; it is stable at the constant speed as shown in Fig.8.The LPG valve and temperature output is 

shown in Fig.9 & 10. 

  

Fig.8 Speed Vs. Time characteristics with fuzzy 

controller 

Fig.9. Load and LPG valve vs. time characteristics with 

fuzzy controller 

 

 
Fig.10. EGR and Temp Vs. time 

CONCLUSION 

 Dual fuel engine model is realized using Matlab and fuzzy controller. It is used for LPG fuel flow and 

EGR control when subjected to various load conditions. The proposed fuzzy control system gives a better 

performance compared to the conventional PID controller. The result shows that adding non-linearity to ordinary 

PID by FCS, improve the performance to varying load conditions. It also improves the time response. PID tuning 

is a difficult process for complex and non-linear systems. By using fuzzy control system in such situations find a 

better solution. 
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