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Abstract

The objective of this paper is to meet the requirements of higher torque values at all engine speeds. This can
be achieved by varying the valve timing automatically using a new variable valve timing system (VVT), which gives
continuously variable valve actuation at all engine speeds. A model engine is designed using dimensional analysis
methods and then implemented to verify the proposed control system. Moreover, microcontroller and computer-
aided control systems are constructed and used to modify the variable valve timing control in the laboratory. In
WKLY SDSHU D PDWKHPDWLFDO PRGHO RI YDULDEOH YDOYH WLPLQJ LV GHYHORSHG
optimum valve timing at different engine speeds. From this model, the look-up table is created at all ranges of the
engine speed. A single cylinder engine is used to estimate engine performance characteristics for conventional
camshaft. In addition, a model engine is designed and constructed to apply the Variable Valve Timing control system.
7KH LQYHVWLIJDWLRQV VKRZ WKDW WKH VA\WWHP LV AH[LEOH WKURXJKRXW WKH HQW
alter valve timing concerning both valve opening and closing. The ability of valve opening and closing can be realized
with rates higher than these of the conventional timing mechanisms.

Keywords: Variable valve timing; Spark ignition engine; Control ~ Production VVT systems typically vary the relative camsha

System; Experimental test; eoretical approach; Performance position (cam phasing angle) [5-9] or using more than cam pro le
) and select one among them [10,11] depending on engine operating
Introduction conditions. ese systems seek to reduce the impact of the traditional

ed valve timing compromise, which penalizes low volumetric

e concept of control system to improve the performance and X ) . . -
P y P P ciency versus high speed and low speed combustion stability.

to satisfy constant engine torque for internal combustion engines f th t trol th | ing durati dli d
well established. However, the variable valve timing is one of the wz;_l Wever, they cannot control the valve opening duration and Il , an

used to improve the performance and satisfy constant engine torq 8n5|dered as a stepped control systems. e most exible actuators

requirements. Numerous methods have been studied theoretically aHaua"i/] %ntalll'the s::‘paratlezactuatllontof each \:a Ive. te ac{léa;c‘)ir, tg\?n’
experimentally for the control of valve timing. uses hydraulic system [12] or electromagnetic motor [13,14]. Also

electromagnetic actuators are used [15-19] however, they are still not
e optimization of valve train actuation for internal combustion applicable since they require a lot of power to open and close. Similar
engines through the xed geometry camsha is a compromise of theork has been conducted by Vu and Pyung [20] to develop a new
required torque, fuel consumption, idle characteristics and exhauslybrid magnet engine valve actuator using shorted turn for fast initial
emissions. Varying the engine valve-open duration, li and phasing an@sponse since the electromagnetic actuator using solenoids is the mos
known ways to improve engine performance, increase fuel econoraylvance system to provide the most exibility to valve timing, but it has
and reduce emissisn critical drawback of high power consumption [20].

With the essential need to enhance overall vehicle e ciency there Some of the above systems are capable of fast valve motion; howeve
has been considerable e orts to improve the performance of spatkey are very complicated and cannot be worked at high engine speed:
ignition engine (SIE) over the past years. A main disadvantage of thech as hydraulic system. Using solenoid as an electromagnetic actuato
conventional SIE is decreasing of volumetric e ciency at most enginbas been proven as a suitable construction for variable valve actuation,
speeds that cause reducing in engine torque [1,2]. To improve the
volumetric e ciency two-intake valves are used in cylinder to widen
the inlet charge port; however, widening the inlet charge port is notorresponding author:  Elmarakbi A, Department of Computing, Engineering,
the On|y parameter for improving the Voiumetric e Ciencyl Engine and Technology, Univgrsity of Sunderlanq, UK, Tel: +44 (191) 515-3877; Fax: +44
volumetric e ciency depends on the actual mass charge entering tH&®D>1%-2781: E-mail: ahmed.elmarakbi@sunderland.ac.uk
Cyiinder in the admission stroke [3,4] is mass is a function of engineReceived September 18, 2013; Accepted October 24, 2013; Published October
speed, throttle valve position (engine load) and valve timing, theref0|%7,' 2013

for a conventional engine the maximum volumetric e ciency will Citation: Elkady M, Elmarakbi A, Knapton D, Saleh M, Abdelhameed M, et al.
. . (2013) Theoretical and Experimental Analysis of Electromagnetic Variable Valve
occur at a speci ¢ engine speed. Timing Control Systems for Improvement of Spark Ignition Engine Performance.

In order to increase the range of speeds in which the maximuffV Automob Eng 2: 105. doi:10.4172/2167-7670.1000105
value of the torque will remain constant, some techniques should IBepyright: © 2013 Elkady M, et al. This is an open-access article distributed under
used to vary the valve timing Proper valve timing is a function of thtge terms of the Creative Commons Attribution License, which permits unrestricted

. . . . . use, distribution, and reproduction in any medium, provided the original author and
engine speed at which maximum torque is required. source are credited.
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where the valve spring xes the closing position of the valve. throttle is deduced experimentally as follows:
eoretical analysis A(h) 0.022° 0.88° 9.36 3.41 (@)

In this section, there are three theoretical studies accomplished € volumetric e ciency then can then be calculated using the
to calculate the actual engine volumetric e ciency, to evaluate thé&llowing mathematical expression:
optimum volumetric e ciency at all engine conditions, and to estimate

12am

the proposed model engine size. K 4

. - . . NVS lé
Calculation of actual engine volumetric e ciency where 4 is the engine volumetric e cienc is the engine speeds

e function of the throttle body is to restrict the air ow into is the engine volume and{ is the air density.
the engine in order to control the torque output. A simple model with
an empirically determined discharge coe cient is presented to giv%f ¢
reasonable ow prediction results. e throttle body model is based on
a one-dimensional steady, isentropic, compressible ow equation f
OW across an ori ce. is equation is de ned [21] as:

In the throttle body, there is negligible pressure recovery downstream
he minimal cross-sectional area, so the throat pressure can be
approximated by the intake manifold plenum pressure. e throttle

ody is not truly a one-dimensional ori ce, and information re ecting
this fact is contained in the discharge coe cient. is coe cient has

1 . been shown to be a function of the throttle li (i.e., throat geometry)

P P§% 2k P TLE 2§P 9 §kLl: _ ¥2and the pressure ratio across the throttle body. Furthermore, steady-

CiAh=£ = =l —| @ «— —2 © . fﬁ 'state ow tests have shown that these two in uences are independent
X RTePo k2r P | @ P1 klep- t (2)' 22 . .
My - ® ¢~ 7 within the operating range of the engine.
k 1 k ° X ) i )
canp_Pe k% 28k1 Py 2 ki § o Evaluation of the theoretical volumetric e ciency
¢ RT, k lo 'Ppeik Io 1oe

eoretical analysis is used to evaluate the engine volumetric
whereC, is ori ce discharge coe cient, A(h) is cross-sectional area€ cieéncy by considering the mass ow rate of charge through the
of throttle body (), P, is stagnation pressure (kPa), iR ideal gas €ngine valves. Following is the mathematical model and its associatec
P .

constant (kJ/kg<®), To is stagnation temperature (K®, is intake €duations. e mass ow rate is mainly in uenced by the pressure
manifold pressure (kPa) and k is ratio of Speci c heats. drop through the valve and valve Characterizing parameters (Shape and

) o dimensions). e following model assumptions are considered in this
In the throttle body there is negligible pressure recovery downstreagﬂudy:

of the minimal cross-sectional area, so the throat pressure can be _ _ _ _
approximated by the intake manifold plenum pressure. e throttle 1. @ model is a quasi-steady thermodynamic, ame propagation
body is not truly a one-dimensional ori ce, and information re ecting model.

this fact is contained in the discharge coe cient. is coe cient has 2. 5he combustion chamber is generally divided into burned anc

been shown to be a function of the throttle li (i.e., throat geometry),nhymed regions. Each zone is uniform in composition, local speci ¢
and the pressure ratio across the throttle body. Furthermore, steadyaais and temperature through the calculation step.

state ow tests have shown that these two in uences are independent ] ) N
within the operating range of the engine. 3. e volume of ame reaction zone is negligible.

e cross-sectional area of the throttle body(h) as shown in Figure 4. ere is no heat transfer between the burned and unburned
1, is a function of the throat diameter, li and geometry of the plungerzones.

At large throttle li the geometry of the plunger has a signi cant e ect 5. e cylinder charge is frequently assumed to be composed of
on the throttle cross-sectional area. e nal cross-sectional area of thqrozen mixture of air, fuel vapor and residual gases, in the unburned

gas zone.
- 6. e burned gases in the burned zone are assumed to be a mixture
.- of reacting gases assumed to be in chemical equilibrium.

7. e rst law of thermodynamics, equation of state, and
conservation of mass and volume are applied to the burned and
unburned zones.

" ! g 8. e pressure is assumed to be uniform throughout the cylinder
& 5 charge.
k= Throttle body area g . . . .
7 i e rst-order ordinary di erential equations for pressure, mass,
1 .
El 2 volume, composition, heat transfer and temperature of burned and
%“ g unburned zones are given below.
Z_lr e rate of changes of mass through the inlet or exhaust valves, and
the cylinder temperature, volume and pressure can be calculated using
. the following:
Full throttle opening Idel throttle opening —
sk ke« § .
Figure 1: Cross-sectional area of the throttle body d—m Apyp: 2 . L &:: & « o N (4)
d/ Rip-Tup k 1 Rpo Rpr  « © i1
«
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complex problems, which cannot be solved by analytical methods alone
dm, dm dm 5 and one has to rely on experimental data. Before any large engineering
d d d ©) project is undertaken, the performance of the component parts is
studied by conducting series of experiments on a small-scale model
of the system prototypepy theorem, geometric similarity, kinetic
% % D d—V§/(C\, my) (6) similarity, kinematic similarity, and dynamic similarity methods [22]
d d “d e/ * / are used to nd the size of the model engine.
v ArS [ Sin/__§2-§; Experimental Setup
d 180 © 2 T @« ) In this section, two test rigs are constructed; rst test is related to
G a single cylinder SIE and the second is related to a proposed model
engine. To estimate the SIE engine performance characteristics, the
dp, dm:/ ch/T dv§g engine test rig measurements included electronic devices and data
a4 Py M e /d o () acquisition system are used as shown in engine Figure 2.
e test rig for microcontroller control method and computer-
Q. aided control method are shown in Figures 3a and 3b, respectively.
“vohA T T ~1(6N) (9) It consists of an electric motor, model engine, inverter, power supply,
d/ e e and driving control circuit. e model engine is constructed and sized
according to the dimensional analysis study. Model engine valve, its
dR, dv, dr, dV, Aq bush aljd cylinder head conlstru.ction. drawing are shovyn in Figureg 4-6,
q U} /(BN)..... q %d_ 9 A (10) respectively. e model engine is driven by an electric motor which
its rotating speed can be changed using the inverter. Driving card is
designed and fabricated to control the valve timing and duration of a
dm, m, ldp 1 dY% iﬂb§ ...... dm, _dm 11 model engine. e inverter is used to control the electric motor speed
d /pod V,d Tdg "d / d 1) / /
dT, 1 dQ, dy, dm,
G, Py, —q (b Uk y 12)
a
QoL p S w) 13)
mG, d d/ d = /
dr o Vo VSdm, mR, dT, - m R df_d¢ 9y
d M m mged Ipe d 31 p/ dg / ( )/

wherem is the charge mass (kg}, is crank angle (degred),is valve
area (), p is pressure (bafR and T are the gas constant (kJ/kg.K)
and temperature (K) respectively, k is ratio of specic heats, Q is g
heat (kJ), V is volume {n C, speci ¢ heat at constant vol. (kJ/kg.K),
r is crank radius (m), ¢ is ratio of con-rod length to crank radius,
is coe cient of heat transfer (kJ/kg.KN is engine speed (rpmf,
ame front radius (m), Yturbulent ame speed (m/s) ar§ is ame
front area (M). e Su xes meaning are as followyp means upstream
conditions, d downstream conditions, ¢ cylinder, i inlet, e exhaust
p piston, j cylinder, burned or unburnedu unburned zoneg gas, j
cylinder, burned or unburned and burned zone.

e calculation is based on an energy balance of charge owing \_> Driving card
through engine cylinder. Knowing the pressure drop through the valve ) - 5
and discharge coe cients of engine valve being obtained as a function | Data acquisition Z;’}:’;“.’;‘is i y EA:Z,:':
of the valve li, the ow through the valve is calculated. e analysis = Ym
starts at a point where the pressure and volume of the gas inside the & ? {

engine cylinder are known. en it would employ step by step method

Figure 2: Engine test rig.

Software
| |:|

Power supply

Inventer

CFU

Microcontroller

3 ]
Va7 %

and the accumulated mass will be calculated inside the cylinder and finear posiii 7
i ) i i A position Proximity
hence the engine volumetric e ciency will be determined. sensor st
Encoder
Size determination of the model engine
. . . . . Figure 3a: Microcontroller method.
Various physical phenomena like uid ow, heat transfer, involve
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Software

=

Power supply Iventer

CPrU

Driving card

Electric

Data acquisifion
Motor

card

Linear position
sensor

Proximity
sensor

ﬁ\ Encoder

Figure 3b: Computer method.

Figure 4: Engine valve.

Figure 5: Valve bush.

and, correspondingly, to control the model engine speed. e electric

motor speeds changed from 150 to 1500 rpm and the correspondi
model engine speeds changed from 600 to 6000 rpm using a pull
and belt speed up system with speed ratio of 4:1. Power supply use
provide the control circuit by 24 volt 3 amperes and it can be replac
by 24-volt battery.

e experiments are conducted on a 125 cc, MZ 1 Cylinder;

of the model engine using the microcontroller and computer. In these
experimental measurements, ve sets of experiments are carried out.
e purpose of these experiments is to assess the following tasks:

1. Estimate the throttle body discharge coe cient (Cd) of the SI
engine and its variation with load and engine speed, using air box and
computer so ware.

2. Measure the parameters of the engine performance (power,
torque and volumetric e ciency at dierent engine speeds) at full
throttle opening with its constant valve timing.

3. Identify the solenoid mechanism characteristics: To discover
the solenoid characteristics, bode diagram test must be carried out.
e relationship between the amplitude ratio (output amplitude of the
solenoid/ input amplitude of the sine wave) and the input frequency of
the sine wave called bode diagram. Table 1 shows the test points tha
are used in this test.

4. Look-up table (list of related values stored in the memory unit of
a microcontroller or computer) that created in the theoretical study is
used to run the controlled model engine on the optimum valve timing
at various speeds. Both microcontroller and computer are used to run
the model engine.

5. Evaluate the response of the new control variable valve timing
system. To measure the system response engine speed, crank ang
position and valve position need to be measured. To measure the spee
and crank angle position an encoder (1000 pulse per revolution) is used.
Also, linear position sensor is used to measure the valve positions. e
signal from encoder and linear position sensor is fed to the computer
so ware to show and plot the relation between crank angle and intake
valve displacement with di erent engine speeds using Microso excel.

Control System

In this paper, the control system is applied using two methods as
shown in Figures 7a and 7b based on microcontroller and personal
computer respectively. e basic inputs to the controller are speed
and crank angle and the output is valve actuator signal. For the

ng
eys
d to
ed

Figure 6: Cylinder head.

Spark ignited engine coupled to an AC generator, and the construct Fd = To 15 120 5 T30 T35 Tao 125 150 55 Teo
model engine. Experimental data is obtained and stored using a dgig
acqu!smon system. So ware is constructed to process the experimentgl i qe 0788 0788 0768 0758 0.738 0718 0658 0588 0528 0508 0478 0448
data in two ways. e rstis to measure the parameters of the S| enginegatio
performance and the second is to measure the valve timing response Table 1: Bode diagram test points
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e control sequence for the microcontroller is triggered by
some incoming signals and input instructions. In this work, digital
input/output system is chosen to speed up the control response. e
engine speed and the crank angle position are measured by Hall E ect
sensor, transfers the speed and the position measurements to the
microcontroller memory through the multi I/O driving card.

When the control power is turned on the so ware initializes the
microcontroller PIC’s (Peripheral Interface Controller) 1/O lines.
e PIC controller is programmed to measure the engine speed by
measuring the time each half revolution of the cranksha takes. is is
carried out using the PIC’s timer 0 (TMRO). It measures the time from
one rising edge of the SENSOR pulse to the next. Timer is programmed
using the pre-scaled so that it rolls over every 2.048 milliseconds. By
counting the TMRO roll over, kept in the variable roll count (rollcnt),
the engine speed,Nan be determined from.

N.=2.048 urollcnt+TMRO value, when the SENSOR pulse rises. (15)

Figure 7a: Model engine test rig for computer-aided control.

e soware doesnt actually calculate speed. Instead it uses the
rolicnt as an index into look-up tables. ese tables provide the time
Figure 7b: Model engine test rig for microcontroller control. from TDC, from when the SENSOR pulse I’iSES, to the next value. is
provides good timing as long as the engine speed is constant.

e main control loop shown in Figure 8 consists of a series
Detect TDC |« of sequentially executed routines. e normal sequence is to open

Do a speed
calcula ¥n/ look up table

the exhaust valve, detect Bottom Dead Centre (BDC), do a speed
calculation/table look-up, close the exhaust valve, open the intake valve,
detect TDC, do a speed calculation/look-up, and close the intake valve.

Each of these events occurs at a speci ¢ time. e so ware again used
TMRO to measure the time since TDC and to determine when this time
catches the appropriate speed dependent times from the look-up tables.

Open the exhaust
valve

DetectBDC

Doa speed
calcula &n/ look up table

Open the intake
valve
Closethe exhaust
valve

Close the intake
valve

e exhaust valve will be opened when rollcnt reaches the exhaust
valve open count (EVOCnt) and the TMRO reaches the EVOTMRO
value. ese two values come from the table look-ups in the speed
calculation routine.

e exhaust valve open sequence checks for EVOCnt or TMRO roll
over and increments the variable rollcnt if one has occurred. It then
saves the current value of TMRO so that it can do the roll over check
next time this rst loop is executed. e so ware then checks to see if
the rollcnt matches the exhaust valve open count (EVOCnt). If it doesn't
the soware continues looping and checking for TMRO roll over until
the match occurs. e so ware then enters a second loop where it waits
until TMRO reaches or exceeds the exhaust valve open TMRO value
(EVOTMRO). e time for the end of the 2.5 millisecond valve pulse is
calculated and the so ware loops in the next sequence waiting for this
time to be reached.

In the personal computer method electrical signals are transferred
to the computer in the form of binary numbers. Contents of the input
port of the digital card are thus brought into the computer memory. e
so ware used to show the valve timing and valve displacement with
crank angle degree manipulates input data.

Figure 8: Main control loop Microcontroller software.

) ) e computer soware consists of two measurement programs.
microcontroller control, Hall E ect sensors measure the engine speqqrst program is to measure the response of the model engine systerr
and crank angle position and feed the input signals to the microcontroll%rstart of valve opening, duration, closing, and valve li with the crank
e microcontroller then generates digital output signals that operateangle degree). When lthat prog’ram star’ted the so ware initialize to
the solenoid actuators to control the valve timing mechanism. For thr% asure the engine speed by measuring the time each revolution of the
computer control, Encoder sensor measures the engine speed a}:r}gnksha takes
crank angle position, proximity sensor measures the Top Dead Centér ’

(TDC), and feed these inputs to the computer so ware. e computer e valve open, close and li are determined by using the analog

generates digital outputs to the solenoid actuators. signals (volt signal) from the linear position sensor and convert it to
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a position in (mm). e so ware is adjusted to operate for a specic
period of time namely one second. At the end of each second it sends
the results to the Microso excel le. A er that the relation between the
crank angle degrees and valve position can be monitored.

e Lab View computer so ware, as shown in Figure 9, is used
for controlling the model engine valve timing. e so ware starts if
it detects the engine TDC; hence it starts the main control loop. e
main control loop for computer control consists of series of sequentially
executed routines. e normal sequence is to detect TDC, open and
close each valve at crank positions determined by the speed calculation
routine and look-up table values. Each of these events occurs at a
speci c time.

e intake or exhaust valve will open or close when the encode

sensor approach the proposed crank angle as given in the look-up table
corresponding to the speed calculated by the speed calculation routine

It is worth noting that the engine is put under control of the

microcontroller or computer soware so that the engine is always00 to 1000

maintained very close to a certain desired valve timing corresponding 600 to 1700

the best volumetric e ciency regardless of speed changes. ContinuoZgoo to 2150
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Figure 10: Bode diagram of the valve lifting mechanism.
Engine speed rpm 1.V.O L.V.C Duration
B.T.D.C AB.T.C
10q 30q 220q
50q 70q 300q
80 ¢ 90 q 350q

sampling of engine speed and continuous correction of the valve timing;  «. pefore top dead center

do this.

e control loop of the microcontroller or computer so ware is
mainly composed of input instructions; digital output instructions

| Detect TDC |4—| Proximity

model (look-up table)

Lab test or mathematica‘

Case structure

Start the While | Linear positio

}

Read: TDC, time, speed, crank
angle, valve position.

Save read data i
an excel file

Determine the valve timing
corresponding to the speed valug
from look-up table.

I

Trigger solenoid actuator at the
valve timing

Read another
speed?

Figure 9: Steps of the computer software.

A.B.T.C: after bottom dead center

Table 2: sample of valve timing and duration.
1.V.O, L.V.C: intake valve opening and closing respectively

look-up table and control instructions. e input instructions are sent

by speed measurement port to transfer the measured speed value tc
the microcontroller or computer memory. e microcontroller or
computer generates digital output instructions. For the required pulse
width for the solenoids, the output signals are transferred to both
solenoid actuators.

e new concept for self-regulation of optimum valve timing
corresponding to the best volumetric e ciency was carried out. e new
concept is done by the way of creating a look-up table of the optimum
valve timing against speed. A look-up table is a list of related values
stored in the memory unit of a microcontroller or computer; this table
relates the output solenoid signal settings given by the microcontroller
or computer to the input signals received from a given sensors.

Results and Discussions

From the bode diagram shown in Figurel0 bandwidth of the
solenoid can be determined as follow: Bandwidth = frequency at 0.7 of
the maximum amplitude ratio. So the Bandwidth is equal 30 HZ, where
bandwidth is the solenoid operating range of frequency. is result
means that the solenoid actuator can be operated carefully from zero to
30 Hz frequencies, i.e. around 4000 rpm. en it will be operated from
4000 to 6000 rpm with less e ciency (less valve li).

e theoretical study showed that the described theoretical method
of volumetric e ciency and torque is a method to forecast the values
of volumetric e ciency , and torqueT at dierent valve timings.
erefore, a better valve timing can be predicated at each engine speed.
Table 2 shows the sample of recorded valve timings and duration that
fed to the microcontroller and computer-based controls. It indicates
that while the engine speed increased the duration of valve opening
must be increased (that is not o ered by conventional cam engines).

Figures 11-13 show the variation of timing and duration of valve at
di erent speeds with microcontroller control, Figures 14-16 show that
variation when using the computer-aided control. ese gures show
an accurate achievement of the look-up table values of the optimum
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e eect of the electromagnetic control system on the valve
12 oe opening, duration and closing is as follows:
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Figure 11: Engine valve timing response with crank angle at 825 rpm. Figure 14: Engine valve timing response with crank angle at 1000 rpm.
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Figure 12: Engine valve timing response with crank angle at 1636 rpm. Figure 15: Engine valve timing response with crank angle at 1680 rpm.
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valve timing covering completely the operation speed ranges. 1 oposed d
slope of valve li to the crank angle decreases as the engine speed and, S ‘HI
consequently, the valve opening duration increases. A steep decay of °°i n
M ed
the valve closing velocity is noticed and the rate increases at highe€ | \ easured 1
speeds. Figures 17-19 show a proposed and measuring valve resp n%e } / I
)
at various engine speeds. E ot : "
) 1\
It is possible to notice that the electromagnetic control system is . '\ : 'I
extremely sensitive to its microcontroller and computer-aided contral \ L\/_ o
. . . L. . 0 1 \g/“l‘\/-\./\—\
program which alters the required optimum valve timings, and thi 5 0 0 o 00 0 o 00 300
will help to obtain an accurate valve timing for any type of engine by Crank angle (deg)
calculating the optimum valve timing to achieve the correspondin gle tded
improved engine torque values at di erent engine speeds [23-2 ]. Figure 17: Proposed and measuring valve response at 1350 rpm.
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s is developed and implemented to meet the requirements of a higher
volumetric e ciency and torque under all ranges of engine running
conditions. e major conclusions are as follows:
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1. An electromagnetic camless valve train is developed for a camles:
model engine. is development conrmed its functional ability to
control the valve timing and its duration.
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response in the variable timing and duration.
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3. By applying the new valve timing of intake valve at specic
\/\.'/‘\\/\/\/—\_] speed an improvement of the volumetric e ciency is achieved. is
0 100 200 300 400 500 600 700 800 improvement is obtained over the whole range of engine speed by
Crank angle (deg) changing the suitable valve timing at any speed.
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Figure 18: Proposed and measuring valve response at 1820 rpm.

4. New concept for self-regulation of optimum valve timing is
applied. is concept is done by the way of creating a look-up table of

. the optimum valve timing against speed.
TDC

) o 5. e proposed electromagnetic variable valve timing system has
Measured h | the following advantages:

o
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Y

Proposed \

0.8

» Reduced friction losses by minimized a number of additional
components such as the camsha , the rocker arms, and the push rod.
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* Maximum valve li s most of the period of valve opening

6. eresults show a good agreement between that of microcontroller
system technique and that of computer-aided control technique.
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