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ABSTRACT

Research to reduce emissions from the engines diesel is very difficult mission, because the
current emission standard is becoming very strictest NOx, HC, CO etc. Recently, dual fuel diesel
engines which use Liquefied Petroleum Gas (LPG) and diesel fitel are being studied to control
emissions and improve fuel efficiency. The research will propose using fuzzy logic to control the
Diesel and LPG into the engine and diesel as a pilot fuel. Combined with the exhaust gas
recirculation system (EGR) to reduce NOx levels in the exhaust. Both EGR and LPG are
controlled by a fuzzy control system to improve the performance of the dual fuel engine.
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TOM TAT

Nghién cuu giam mirc do phat thai (CO, NOx, HC) tir cdac dong co sir dung nhién liéu Diesel la
nhiém vu rdt khé khan, béi vi hién nay tiéu chudn vé khi thai dang tré nén rat nghiém ngat vé
NOx, HC, CO, vv. Thoi gian gan day, déng co Diesel sir dung nhién liéu kép véi khi dau moé héa
long (LPG) va nhién liéu Diesel dang dwegc nghién ciru dé kiém sodt khi thai va ndng cao hiéu
qud sir dung nhién liéu. Trong nghién ciru sé dé xudt sir dung phwong phdp logic mo dé diéu
khién cung cdp dong thoi LPG va nhién liéu Diesel lam nhién liéu phun moi vao déng co. Két
hop véi hé thong tuan hoan khi xa (EGR) sé lam giam ham liong NOx trong khi thai. Ca EGR
va cung cap LPG dwgc diéu khién boi mét hé thong diéu khién mo dé cdi thién kha nang dap
ing cua viéc diéu khién dong co nhién liéu kép.

Tir khéa: Péng co nhién liéu kép, Piéu khién hweu lwong, Logic mo, Piéu khién dong co.

1. INTRODUCTION

With the new emission standard and
orient the development of clean technologies
purpose reduce harmful emission components
of internal combustion engine. Dual Fuel
Engines (LPG - Diesel) shows that can be
applied in many different fields such as:
machine,

generator, agricultural

transportation, ship... Liquefied petroleum
gas (LPG) has several advantages compared
to engines using conventional fuel (gasoline,
diesel) as: the harmful emissions caused
environmental pollution reduce, ensuring and
maintaining of performance engine, low fuel
costs and easy conversion [1].... Dual Fuel
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Engines (LPG - Diesel) shows a part of diesel
fuel is replaced by LPG that makes saving
fuel; significantly reduce emissions of HC,
NOx, CO and PM; the parameters of
performance, moment of engine is improved;
cost of conversion fuel system low and the
engine's structure not change much ... [2].
The process control rate of LPG - Diesel
provides into engine has an important role to
determine operating and emission
characteristics of dual fuel engine. LPG
injector is controlled by electronic that
provide LPG into cylinder at the injection
timing and the exact amount of fuel on the
various operating conditions of the engine, to
ensure the highest engine performance and
the lowest harmful emissions.

With many studies have been conducted
based on the foundation of electronic
development control (ECU) to
control fuel flow and emissions of internal
combustion engines by the using controller
(P, PI and PID)
conditions of the engine. In fact, this control
is very difficult and may not achieve the
desired operating conditions of the system. In
addition, designing PID controller is very
difficult for non-linear systems, especially in
engine control.

systems

at various operating

The fuzzy controller is a good alternative
to compared conventional controllers. Fuzzy
system is a knowledge system which
developed based on foundation of experience
and practical skills. This controller consists of
three parts: the fuzzy inference system, the
basis of the rules and fuzzy reduction.
Simulink models of diesel engines is
developed by simulation tools and using
relationships of mathematic. The Mandeni
fuzzy controller was developed in Matlab
which used to control the LPG flow and EGR
following to the load of engine by fuzzy

inference system, the basis of rules and fuzzy
reduction.

The study showed that fuzzy logic
control system has many advanced features
compared to conventional PID controller.
The study shows a method to control LPG
flow supply and exhaust gas recirculation
flow through the EGR valve of a dual fuel
engine when different load conditions to
improve  performance
characteristics of the dual fuel engine

2. FUZZY LOGIC CONTROL SYSTEM

and emission

The theoretical basis of fuzzy logic
control mainly includes three parts. They are:

- The fuzzy inference system
- The basis of fuzzy logic rules
- Fuzzy reduction.

Fuzzy logic processed the input variable
based on the rules. The rules are commands of
function that is used to control system. These
rules are fundamental creating fuzzy control
system.

2.1. Fuzzy inference system

Fuzzy logic control system is the process
of converting the input variable to control
algorithm also known as member functions.
In this study, loads of the dual fuel LPG —
Diesel engine are considered as input
parameter and fuzzed have 9 sections fuzzy
shown in Figure 1.

Membership function plots  Plot points: 181

nyl nl nm ns ze ps pm pl‘ pvl

10 15
input variable “load”

Figure 1. The membership function of input
load signal



Journal of Technical Education Science No.36 (06/2016)
Ho Chi Minh City University of Technology and Education

Similarly, we also have 9 membership
functions for output variable to control LPG
injectors and EGR valve shown in Figure 2.

nl nm ns ze ps pm pl pvl plus
1

nm ns ze ps pm ol

0 n 1 L1
0 0.5 1 15
Figure 2. The membership function for output
load signal to control of control LPG
injectors and valve EGR

2.2. The basis of fuzzy logic rules

The rule is commands of the functions
which are used to control the system. These
rules are fundamental to make fuzzy control
system. The rules of the system are shown in
Figure 3.

1.1 Joad is pv) then (LPG_vaive is plus) (1) |
2. If (load is pl) then (LPG_valve is pvl) (1)
3. If (load is pm) then (LPG_valve is pl) (1)
4. If (load is ps) then (LPG_valve is pm) (1)
S. If (load is ze) then (LPG_valve is ps) (1)
6. If (load is ns) then (LPG_valve is ze) (1)
7. If (load is nm) then (LPG_valve is ns) (1)

Inad is 1PG valveis  FGR valve is
- . 5
nl = nm = ns |
nm ns ze
ns - ze - ps -
not [T not [“Tnot
rConnectiom)  Weight:
) or
Qa. 1 Add rule | Chanae rule =l 5

Figure 3. The window to import rules

A total of 25 rules are used for the control
of the system. And these rules include almost
all the load variations and control the output
variables. Fuzzy Rule is designed by using
MATLAB FIS toolbox and system inference
is used fuzzy logic as follows.

Engine controlier

LPG alve
(mamdani)

EGR alve

ALK
~—

Figure 4. Fuzzy logic inference system
2.3. Fuzzy reduction

Reducing fuzzy is the last step of the
process which is used convert membership
functions back data.

into the control

Therefore, the control achieved higher
performance.
3. MODEL  CALCULATION AND

SIMULATION OF ENGINE (LPG -
DIESEL) USING FUZZY LOGIC
SYSTEM

From the theoretical foundation of
Diesel engine by electronic,
researchers have designed a control circuit
dual fuel LPG - Diesel with application of
fuzzy logic shown in Figure 5 [3].

Fuel injection timming |

control

EGR valve
Turbo Pressure...

Injection Volume Control |

r

LPG
Injection

Figure 5. Diagram engine control systems for
dual fuel LPG- Diesel

Fuzzy logic control system is possible
control many system of engine as: fuel supply
system, emission control system... A method
of control fuzzy is proposed to limit air/fuel
ratio in diesel engine. Fuzzy algorithm is
being processed in the microcontroller to
control the flow of LPG fuel and improved
performance of dual - fuel engine. Fuzzy
logic controller was controlled effective
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operation of the output parameters compared
to PID controller.

In addition, fuzzy logic controller is used
to control emission by control EGR valve, it
allow a part of the exhaust reture manifold to
reduce NOx emissions. And fuzzy logic
control system using detonate sensor to check
the intensity of detonation with reasonable
level and guess performance of dual fuel
engines (LPG — Diesel).

Control system based on fuzzy logic is
used load as input parameters and position
signals of EGR, LPG valve as output
parameters. And these two variable will
change when load change. Fuel flow is
controlled by engine controller when load of
engine change. A block diagram of the
system is shown in Figure 6.

To study the characteristics of dual- fuel
engines when load engine constant,
mathematical models for diesel engines is
performed as follow:

E
Fuzzy Controller
! LPG Valve Load
Dual Fuel
|—~ Engine
T |

Figure 6. Diagram of the control system

using fuzzy logic
3.1. The mass of air in the intake system

Manifold is a part where the throttle
control intake air into the engine. The rate
change of pressure on the intake manifold
(Pm) is proportional with the rate of air mas in
intake manifold (mg) minus the rate of intake
air mass (mgcyl) in the cylinders. Using the
formula (1) to describe the dynamics of the
manifold as follows:
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2m) — K (i - they)) with Km= 25 (1)

Where: R: Private constant of gas;

T: temperature (K)
Vm:volume of manifold.

The rate of air through the intake
manifold is a function which is relationship
between the intake manifold pressure and
engine speed, shown in equation 2.

nig =-0.366+0.08979NP - 0.0337NPm?+0.0001N?Pm (2)

Where: N: engine speed

Pm: intake manifold pressure
LPG alternative fuel by the method of

energy balance and calculated following the
formula (3)

engine power - amount of diesel fulex 43000 (3)
46000

LPG alternative fuel =

3.2. Gas-air mixture in the intake manifold

The ratio mixture of LPG fuel and air
through the manifold is a function of the
relationship between angle throttle (engine
load) and the pressure in the intake manifold

me= £ () g (Pm) “4)

f(0)=2.821- 0.052316+0.10296-0.000636°  (5)

if Py < P,

1
)= .
9(Fn) I%,/PmPo — P2 if P> P,

3.3. Moment (T)

Torque is created by the self-combustion
of diesel fuel forming flame to burn mixture
of air and LPG, physical parameters is
mentioned below:

Teng=-181.3 +379.36m, + 21.91(A/F) — 0.85(A/F)?

+0.266 — 0.0028c%+ 0.027N — 0.000107N?
+0.00048N 6 +2.55 6 m, — 0.05 62 m, 6)

o: Ignition angle advanced; N: Engine speed;

m.: Mass of circulation exhaust; A/F: Ratio of
air/fuel
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4. THE RESULTS OF SIMULATION of the 3C - TE diesel engine which are
AND COMMENT controlled electronically. Engine speed is set
at 1500 rpm and load condition various to

compare performance with ratio alternative
fuel LPG - Diesel (30% - 70%).

The results of simulation applied the
fuzzy controller by using Matlab Simulink
model. A Simulink model of system is shown
in Figure 7. This simulation using parameters

FUZZY CONTROL OF DUEL FUEL DIE SELENGINE

can ees

] = ©
e o A -0
Et—‘_l\' M { °""'

Fuzzy logic controller

Constant Voume
Heau: Craser o fevence | | |

Figure 7. Diagram of simulation system with fuzzy logic control

Control model PID of similar system is  change when the speed load condition
shown in (Figure 8). This model, load signal  various, then will stabilize with constant
is connected directly to the PID controllerand  speed 1500 rpm after a short period of time
it is adjusted as need. The adjustment will

DUEL FUEL ENGINE CONTROL VATH PI CONTROLLER
Controller

'3ee

Figure 8. Diagram of simulation system with PID controller
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During the process  simulation,
researchers have been the result of control
LPG valve, EGR valve by using fuzzy logic
and PID control system for the engine. Then
the researchers have the following comments:

During the process simulation, changing
engine load is proceed step by step at seconds
the 2nd and 8™. Results of simulation have
ability to control and the responses of the PID
control system as follows:

Figure 9a. The graph shows ability to
responses the speed of the engine without
fuzzy logic controller

Figure 9b. Graph shows LPG injection signal
and engine load signal without fuzzy logic
controller

According to Figure 9a shows the ability
to responses the engine speed when engine
load increased that should take from 5 - 6
seconds to stabilize engine speed at 1500 rpm
with conditions simulating.

According to Figure 9b shows the control
signal of LPG injection is slower than change
of engine load signal.

A traditional PID controller cannot
provide control signal quickly with different
load condition of the engine. The operation of
the PID almost depends on the increase of the
input signal and the constant time of the
system. On the other hands, control PID is a
single processes because the parameter of
system are chosen approximate with equal

condition.

The same conditions with fuzzy logic
control system shows it operate smoother
and more stable compared to traditional PID
controller, as shown below:

Engine speed for PID

Figure 10a. The graph compares the ability to
responses engine speed following controller

i LPG injection signal 1

Figure 10b. Graphs shows LPG signal and

load signal of engine with fuzzy logic controller
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Figure 10b shows control signal for the
LPG valve which responses rapidly at appear
input signal and without delay time.

Similarly, control signal for the EGR
valve is adjusted to change area of EGR valve
at 2nd and 8th seconds following engine load
signal as shows in figure 11.

Figure 11. Control signal of EGR valve open
following engine load

5. CONCLUSION

Responses and performance of fuzzy
logic better than
conventional PID controller.

control system is

With PID controller cannot provide
control signal to fast responses and exceed of
minimum time following condition of engine
load. PID control system adjust difficultly
with complex systems and non-linear.

Therefore, research to apply fuzzy logic
to control exhaust gas recirculation and fuel
flow into the engine dual fuel (LPG - Diesel)
is a new solution to control dual fuel engine.
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