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Abstract— For better drivability and better emission, amount of fuel input & air input to engine are most important 
parameter. For better injection of fuel and air, supply system of engine should be accurate and appropriate. Electronic Engine 
Management is the science of electronically equipping, controlling, correcting and adjusting an engine to maintain top 
performance and fuel economy while achieving cleanest possible exhaust spurt, and continuously detecting system defect 
(flaw). Due to the demanding of lower emissions, together with the need for better performance, air supply is a very 
important factor. This paper mainly explores design of air pressure controller i.e. ECU (Engine control Unit) simulation 
board for the application of off board testing and validation of component at manufacturer level. To Control air-fuel in 
engine we have engine control unit (ECU), but it is used in vehicle (ON-BOARD TESTING) and not available with air 
circulator component manufacturer and vehicle service station. So for testing and validation of component before exporting / 
Replacing, designed handheld controller is very useful. 
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I. INTRODUCTION 

 
In recent years, most of the research work is targeted 
towards minimizing fuel emission and better fuel 
combustion. To Control air-fuel in engine we have 
ECU (Engine Control Unit), designed by Bosch but it 
is used in vehicle (ON-BOARD TESTING) [1-2] and 
not available with air circulator component 
manufacturer and vehicle service station [3-4].  
Internal combustion (IC) engine 
An internal combustion engine (ICE) is a heat engine 
where combustion of a fuel occurs with oxidizer 
(usually air) in a combustion chamber which is an 
integral part of the working fluid flow circuit. In an 
internal combustion engine the expansion of the high 
temperature & high pressure produced by combustion 
apply direct force to piston. This force moves the 
component over a distance, transforming chemical 
energy into useful mechanical energy. 
Air to fuel ratio (AFR) level in internal combustion 
engine (IC engine) is dominate factor for combustion 
speed and fuel emission. For every 1 gram of fuel, 15 
grams of air are required [5]. 

 

 
Fig.1 cylinder in 4stroke gasoline C-crankshaft 

E-exhaust camshaft 
I-inlet camshaft 
P-position 
R-connecting rod 
S-spark plug 
V-valves. Red: exhaust, Blue: intake  
W-cooling water jacket 
Gray structure: engine block 
Importance of air for fuel combustion and minimum 
fuel emission can be very clear through four stroke in 
engine [6-7]. 
Four stroke engine: 
A four stroke engine (also known as four cycle) is an 
internal combustion (IC) engine. In IC engine when 
crankshaft turning piston completes its four separate 
strokes. A stroke refers to the full travel of the piston 
along the cylinder, in either direction.  
The four separate strokes are termed. 
1. Suction: This stroke of the piston begins at top 
dead centre (T.D.C.) and ends at bottom dead centre 
(B.D.C.).The intake valves are open as a result of the 
cam lobe pressing down on the valve stem. The 
piston moves downward increasing the volume of the 
combustion chamber and allowing air to enter in the 
IC engine. The air or air-fuel mixture is called the 
charge [8]. 

 

 
Fig.2 Suction stroke 
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2. Compression: This stroke begins at B.D.C, or just 
at the end of the suction stroke, and ends at T.D.C. In 
this stroke, both valves are closed and the piston 
moves upward reducing the combustion chamber 
volume. The piston performs work on the charge as it 
is being compressed; as a result its pressure, 
temperature and density increase. Just before the 
piston reaches TDC, ignition begins [9].  
 

 
Fig.3 Compression stroke 

 
3. Power:  At this point the crankshaft has completed 
a full 360 degree revolution. While the piston is at 
T.D.C. the compressed air-fuel mixture is ignited by a 
spark plug (in a gasoline engine) or by heat generated 
by high compression (diesel engines), forcefully 
returning the piston to B.D.C. 
 

 
Fig.4 Power stroke 

 
4. Exhaust: During the exhaust stroke, the piston once 
again returns from B.D.C. to T.D.C. while the 
exhaust valve is open. This action expels the spent 
air-fuel mixture through the exhaust valve. At the end 
of this stroke, the exhaust valve closes, the intake 
valve opens, and the sequence repeats in the next 
cycle. 
 

 
Fig.5 Exhaust stroke 

In IC engine air is required for the better combustion 
of fuel. So that the emission of fuel is minimum. 
 
II. AIR PRESSURE CONTROLLER 
 
Due to the regulations demanding lower emissions, 
together with the need for better performance, fuel 
economy, continuous diagnosis, designed electronic 
systems form an inevitable part of Engine 
management. A systems design approach has been 
used to maintain air pressure by controlling 
pneumatic valve through motor. The whole design is 
break down into two main categories, namely motor 
control and air valve control. Motor operates till it 
reaches to the required air pressure. After that motor 
with controller maintain air pressure at defined level. 
To control air flow in piston, there is stepper motor 
control valve.   
Once started, appropriate air quantity is injected into 
the cylinder through proper electronic control, which 
depend on various factors like ignition of engine, start 
and stop condition of engine, vehicle speed, engine 
RPM. In our project we have used motor, pneumatic 
valve, microcontroller and required protection 
circuitry for input and output. Throughout the report a 
designer’s approach has been used by proposing self-
designed circuits, block diagrams and flowcharts, 
which would form the basis for design. 
 
III. SYSTEM DEVELOPMENT 
 
3.1. Block diagram 
Figure 6 shows system architecture block diagram. 
Microcontroller based ECU (engine control unit) 
simulation board has some analogue signals and some 
digital signals as an input. Then it will be given to 
microcontroller for conversion of analogue signal and 
interfacing purpose.  Output of this simulation board 
is used to drive motors, solenoid, or to glow LED 
which is used as indication purpose.  
Scope of project is to control air supply using motor 
control valve. 

Fig.6 System architecture 
 
Capacitor C1 and R2 gives the reset pulse to 
microcontroller reset pinX1 along with two 33 pf 
capacitors gives required the clock pulse to the 
microcontroller. 
Block diagram consists of five digital inputs such as 
ignition, start, stop, emergency stop and break. It has 
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four analog inputs such as crank wheel engine 
(RPM), vehicle speed sensor (VSS), Manifold air 
pressure (MAP), Fuel pressure (FP). It has four 
digital outputs to drive four cylinder engine. 

Fig.7 Air controller architecture 
 
3.2. Flow chart 
In this paper we are dealing with air pressure limit 
taking into consideration, the wheel speed, engine 
RPM and other sensor output. When digital inputs 
such as ignition, start, stop, emergency stop and break 
have appropriate condition, microcontroller check the 
analog input. If fuel pressure and manifold air 
pressure is greater than set value then microcontroller 
check for vehicle speed and engine RPM. If vehicle 
speed is greater than set value motor operate 
inversely proportional to vehicle speed. Motor is used 
to control the valve. If vehicle speed is less than set 
value motor operate 50%, so that air flow is 
minimum. At the same time controller check engine 
RPM. If engine RPM is greater than set value, valve 
on and off for 0.5 sec else valve on and off for 1 sec. 
The control of air pressure by closing and opening 
valve is depend on engine RPM and vehicle speed. 
 

 

 
Fig.8 Flow chart for the system 

 
IV. COMPONENET AND DESCRIPTION 
 
4.1 Pneumatic valve 
Racing engines are fail at high rotational speeds 
because mechanical springs are unable to retract the 
valves quickly enough to provide clearance for the 
piston. Pneumatic valve technology replaced steel 
springs with light weight compressed air bellows. 
These could pull back valves more quickly and 
reduce the possibility of piston-valve interference, as 
long as pressure could be maintained. 
Pneumatic systems, sharing a common reservoir of 
pressure retain a more static level of force, 
controlling the valve effectively, without any 
attendant peak lift load increase [12-13]. 
 
4.2 Motor driver (ULN2003A) 
ULN2003A is a driver IC used to drive stepper 
motor. ULN2003 is high-voltage, high-current 
Darlington transistor array. Each consists of seven 
NPN Darlington pairs that feature high-voltage 
outputs with common-cathode clamp diodes for 
switching inductive loads. The collector-current 
rating of a single Darlington pair is 500 mA. The 
Darlington pairs can be paralleled for higher current 
capability. It has full cycle control. The motor is used 
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to control pneumatic valve. Motor is connected to out 
1, out 2, out3, out 4 of driver IC. 
 
4.3 Engine simulation board 
It is a simulation board, consist of microcontroller IC, 
input protection circuitry, output protection circuitry. 
Simulation board has five digital inputs, four digital 
outputs, four analog inputs. 
 
4.4 Logic controller  
Logic controller consists of microcontroller IC, 
peripheral devices and its logic to control air pressure 
using motor control pneumatic valve. Capacitor and 
resistor gives the reset pulse to microcontroller reset 
pin1 along with two 33 pf capacitors gives required 
the clock pulse to the microcontroller. MAX 232 is 
connected to microcontroller for serial 
communication i.e. wireless communication 
(Bluetooth). Port A is used for analog input, port C is 
used for digital input, port B is used for digital output, 
pin RXD and TXD are used for communication. 
 
4.5 Op-amp IC (LM324) 
LM324 op-amp IC is used at sensors output to avoid 
loading, which considered as analog input to engine 
simulation board. It is used to construct unity gain 
buffer. A unity gain buffer (also called a unity-gain 
amplifier) is an op-amp circuit which has a voltage 
gain of 1.This means that the op amp does not 
provide any amplification to the signal passing 
through it. It provides gain of 1, meaning there is no 
gain; the output voltage signal is the same as the input 
voltage gain so it is called as unity gain buffer (or 
amplifier) [10-11]. 
An op-amp circuit has very high input impedance. It 
is the reason unity gain buffers are used. When a 
circuit has a very high input impedance, very little 
amount of current is drawn from the circuit. We know 
ohm's law, we know that current, I=V/R. Thus, for 
greater resistance, the less current is drawn from a 
power source. Thus, the power of the circuit is not 
affected when current is feeding a high impedance 
load. So it is used to avoid sensors output loading. 
 
V. TECHNICAL SPECIFCATION 
 
The technical specification for air pressure control 
system is shown below. 

 

VI. RESULT 
 
In this way, successful test results has been observed 
for testing and validation of stationary component 
used with digital air pressure controller.Table top 
testing for engine at end of line. 
 

 
Fig.9 Real time photo of digital air pressure controllee 

 
VII. APPLIACATION AND LIMITAIONS 
 
7.1 Advantages 
 Off-board testing of component is possible 

before exporting at manufacturing level. 
 Rejection of component is up to 15%, which 

will be down to 0.1% using this handheld 
controller. 

 Low cost  
 
7.2 Disadvantages 
 Only used for stationary component testing and 

not for other issues in vehicle related to ECU. 
 It is an ECU simulation board and does not 

perform all functions of ECU. 
 
7.3 Applications 
 The digital air pressure controller is flexible 

enough to be used in any type of engine such as 
petrol engine, diesel engine or gasoline engine. 

 On-site support for testing. 
 Table top testing for engine at end of line. 
 Component manufacturer (validation) 
 
7.4 Future scope 
 Can be extended to service center (testing tool) 
 
CONCLUSION 
 
The project adventured by us is the one that is 
flexible for all types of engine. This is one of the 
feasible project considering the cost and simplicity of 
air pressure control.  
Test has been carried out by checking proper 
functioning of air pump using developed controller at 
stationary (without using vehicle). Precise monitoring 
of variables achieved by eliminating the need of 
running vehicle.  
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This paper investigate the performance of air pressure 
controller for off-board testing of component.  
Designed handheld digital air pressure controller is 
efficient than ECU, which is used at on-board testing. 
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