

Abstract— This paper presents the prototype design of 

Camless Internal Combustion (IC) Engine using 
electromagnetic coil valve actuation system (ECVAS) 
instead of conventional mechanism for operating valves. 
In this work an attempt has been made to integrate the 
concepts of mechanical and electronics for designing 
economical, low emission, high performance Camless
engine. Objective of this work is to demonstrate the use of 
developed ECVAS for Camless IC Engine. The paper 
describes prototype design, implementation and results as 
follows.

Index Terms— ECVAS, Camless engine

I. INTRODUCTION

ow a day’s automotive industry is severely 
suffering from decent market instability. Latest 

achievements in designing engine modifications using 
mechatronics; since past decade did not serve much 
comfort to automotive habitation. The development of 
cam in automobiles has been the important part of engine, 
as it opens and closes the valve at a required timing. The 
conventional valve train consists of a cam, a rocker arm 
and tappet assembly. For maximum efficiency of valve 
engine, overlapping of valve opening and closing proved 
necessary. Studies have shown that use of cam offers a 
compromise between maximum power and fuel economy. 
This lead to the concept of Camless engine where both 
maximum efficiency and power can be achieved 
simultaneously. The earlier attempts made during the 
design of Camless engine were based on the use of 
solenoids, which has its own limitations. It consumes 
considerable amount of energy and cannot directly 
operate valve velocity and displacement. 
Here efforts are being made towards overcoming above 
problem.

II. LITERATURE REVIEW

History shows that ides of Camless internal engine has its 
origin as early as 1899, when designs of variable valve 
timing surfaced. It was suggested that independent control 
of valve actuation could result in increased engine power. 

More recently, however the focus of increased power has 
broadened to include energy savings, pollution reduction 
and reliability. To provide the benefits listed above, 
researchers throughout previous decade have been 
proposing, prototyping and testing new versions of valve 
actuation for the internal combustion engine. 
There designs have taken variety of forms from electro 
pneumatic to electro hydraulic. These designs are based 
on electric solenoids for opening and closing either
pneumatic or hydraulic valves. The control fluid then
actuates the engine valve. Much of the available 
documentation deals with either the control of solenoids 
or computer modeling of such control systems. The 
research on the control of the solenoids is crucial; since 
precision and response is a limiting factor for developing 
reliable Camless valve actuator.

III. CONVENTIONAL IC ENGINE

Working: In four stroke combustion engine the cycle of 
operations is completed in four stroke of the piston or two 
revolutions of crankshafts. Each stroke consists of 180 
degree of crankshaft rotation and hence cycle consists of 
720 degree of crankshaft rotation.
Principle: In four stroke petrol engine; as the piston 
descends, the air fuel mixture drawn into combustion 
chamber, where it is then compressed as the piston moves 
upward. Spark plug acts as external ignition source to 
ignite the fuel in combustion chamber. Heat released in 
combustion process raise the pressure within the cylinder 
and piston push crankshaft in downward direction, 
providing actual work of engine. After each combustion 
stroke, the burned gases are expelled from cylinder 
through exhaust valve and fresh air fuel mixture drawn 
into cylinder through the intake valve. The series of 
operations of ideal four stroke spark ignition engine are as 
follows:
Valve Mechanism during Engine Cycle:
1 Suction stroke: Air is taken inside the cylinder because 
of piston suction 
Intake valve: opens
Exhaust valve: closed
Piston traversal: downward
Combustion: None

2. Compression stroke: piston compresses the air fuel 
mixture and spark is provided.
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Intake valve: closed
Exhaust valve: closed
Piston traversal: upward
Combustion: In initial ignition phase

3 Power Stroke: Combustion takes place and power 
transmitted.
Intake valve: closed
Exhaust valve: closed
Piston traversal: upward
Combustion: completed

4. Exhaust stoke: Burnt high pressure gas is expelled by 
upward motion of piston.
Intake valve: closed
Exhaust valve: opens
Piston traversal: upward
Combustion: None

Valve Operating Mechanism: The valve mechanism 
operations consist of cam, tappet, rocker arm, spring and 
valves. The cam is the most important member of valve 
operating mechanism. Cam shape or contour plays major 
role in operating characteristics of engine. Shape of the 
lobe determines a) when the valves open, b) how far they 
open and c) how long they open, which determines the 
amount of valve overlap. The cam controls the amount of 
air that comes in.

Working of Conventional Cam Assembly: 
The cam is used in the internal combustion engine to 
operate the valves. The opening and closing of valves is 
controlled by cam. Cam is the device which converts 
rotary motion of camshaft to the linear motion of valves.
The camshaft is driven by crankshaft by a pair of meshing 
gears or sprocket connected by chain called as timing 
chain. The camshaft turns at a half speed of the produced 
one rotation of crankshaft. 
To summarize the action of valve actuating mechanism in 
four stroke IC engine, the valve is opened by the positive 
mechanical action of the cam lobe and it is closed by 
spring pressure.
Since the timing of the engine is dependent on the shape 
of the cam lobe and the rotational velocity of camshaft, 
engineers must make the decision early in engine 
development process that affects the engine performance. 
Since maximum efficiency and power require unique 
timing characteristics the cam design must compromise 
between the two extremes.

Disadvantages:
1. The cam is rotated by camshaft, which in turn

operate the valve that means there are three 
siblings (tappet, cam and rocker) in cam and 
valves. As stages in motion transmission 
increases the power loss due to friction increases 
ultimately reduction in output of the engine.

2. Frequent use of cam lead to change in shape of 
cam which affects valve timing. Due to this the 
valves opens later and closes before the actual 
desired time. This results in less volumetric 
efficiency improper combustion and ultimately 
detonation in Spark Ignition (SI) engine.

3. Valve timing diagram at slow speed and high 
speed are different, which reduces flexibility of 
engine.

4. Metal to metal contact lead to noise and thermal 
losses.

5. Cam design need to compromise between 
maximum efficiency and power, which lead to 
compromising major factors while designing 
engine.

6. In conventional engine the push rod and rocker 
arm impose some inertia, which affects valve 
action and pose limit on top engine speed.

IV. PROTOTYPE DESIGN

The valve actuating mechanism is designed in such a way
that valves opens and closes in accordance with piston 
positions, which lead to soft and gradual landing, opening 
and closing and overlapping of valves.

Design and Working of ECVAS:
The system consists of design of solenoid, sensing wheel 
and driving electronic circuit.
Solenoid (Electromagnetic valve): Solenoid is 
electromagnetic coil that creates magnetic flux on 
temporary magnet to change to permanent magnet, which 
actuates valve by potential difference between coils. The 
coil arrangement is made such that the piston moves in 
the direction where it has no air resistance or non 
magnetized substance. The coil is wound on non 
conducting material to avoid earthen. Similarly a 
magnetic Interpol is wound against the acting coil to 
distribute the potential. Fig. 1 shows the comparison of 
mechanical and solenoid valve. 
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Sensing Wheel:
It is a simple wheel having certain diameter, made up of 
high temperature resistant material. Timing adjustable 
slots are designed according to actual valve timing 
diagram of the engine through which sensor circuit gets 
required data for operation. It has replaced cam 
mechanism.Fig.2 shows the Sensing wheel.

Figure

Driving Electronic Circuit:
Conventional mechanical valve actuating mechanism is 
replaced by driving electronic circuit. The valve timing 
diagram represented by slots on sensing wheel is 
interpreted by LED and Photo transistor pair. The output 
is given to electronic circuit which further drives the 
valve actuation relay.
Whenever a light from LED is triggered on base collector 
junction of phototransistor it turns on. This is because of 
motion of electrons from valance energy band to 
conduction band. Consequently, as the current through 
phototransistor increases, series resistance acts as a 
limiting resistor. Therefore, voltage at base of driver 
transistor increases and its base emitter junction get
forward biased. So voltage drop across series resistance 
increases and voltage at the base of second stage driver 
transistor decreases which operates relay.
To summarize, circuit get its input from the sensing wheel 
on which phototransistors and LED placed. Timing 
adjustable slots are designed on the sensing wheel, such 
that the rotation of this wheel gives required crank angles 
used for valve operations. This wheel is fixed in 
concurrence with cam wheel. The photo transistors will 
conduct as light of LED incident on them, thus it will 
provide a path to relay and hence the voltage is directly 
provided to electromagnetic valves for operation.

Diagram

V. RESULTS AND CONCLUSION

1. Better Fuel Efficiency:
Prototype design offers tremendous opportunities in fuel 
efficiency. In conventional engines, eventually 25-27% of 
fuel (Petrol or Diesel) is utilized in creating actual driving 
force of the vehicle. But in ECVAS, it has increased by 
10-30%. This is only because of decrease in losses such 
as friction, wear and tear, thermal loss in camshaft 
mechanism.

2. Higher Output:
It directly relates with power and torque of an engine.
Frictional losses in valve actuating mechanism are 
reduced. Thus it improves output power and mechanical 
efficiency.
Torque - There is no need of operating torque to operate 
Camless valve train, hence power consumption reduces.

3. Performance of Engine:
ECVAS allows engine for valve sequencing changes in 
conjunction with changes in driving of the vehicle i.e. at 
any torque or at any speed of the engine. As in 
conventional engine we found economy speed to drive out 
better mileage of the engine. ECVAS overcomes above 
problem by optimizing engine performance at any speed, 
as the valve actuation is on battery.

4. Reduction of Emission:
As the valves actuate in accordance with practical valve 
timing diagram of the engine, there is perfect combustion 
of air-fuel mixture. Thus, the gases are completely 
combusted. As there is no metal to metal contact, which 
lead to considerable reduction in sound emission. Thus it 
behaves as a complete EURO-II actuation with higher 
compatibility.
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