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Abstract— Study of the behavior of a single-cylinder type spark ignition Otto engine with a cylinder capacity of 200 cubic centimeters,
which generates a modification in the geometry of the combustion chamber to increase the compression ratio, reaching optimal
operating conditions; in order to optimize torque, power, polluting emissions and something fundamental in the social reality of
Ecuador, fuel consumption. Variables are determined to be applied in a generic experimental model under controlled conditions with
the application of an analysis protocol based on the use of a probe in conjunction with a piezoelectric sensor for various tests based on
the effective mean pressure in different engine load cycles, using an electronic acquisition card controlled with LabVIEW software. In
the testing cycle, several conditions are considered as the instantaneous speed of the vehicle with attention to the INEN 960 standard,
achieving results of an increase in power of 5.85 kW, torque at 0.78 N.m, decrease in CO emissions by 13%, and HC 6.47%, and with a
reduction in fuel consumption of 3.35% compared to initial conditions. These results indicate the importance of the study of effective
mean pressure as a parameter of a validated experimentation model. The study projections in the branch of analysis of the indicated
and real effective mean pressure allow to generate a better control in the combustion process, showing a real stability model according
to the engine's behavior characteristics and work requirements.
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The mean pressure is determined as a constant value
I. INTRODUCTION resulting from the average that an amount of power will
produce by different fuels that can be used, which has been
generated that at a motor speed, a great load produces and
good efficiency results [4]. However, it should not decrease
because it reflects less power generation; this average value
resulting from the pressures generated inside the cylinder at
the time of the explosion is considered a condition similar to
the effective work of an internal combustion engine [5].

The variation of the pressure in the cylinder can be
interpreted utilizing the work cycle of an internal combustion
engine. It is a variation and different behavior of the pressure
inside the cylinder as the crankshaft goes through the degrees
of rotation in the whole operation to present an increase and
characteristic interaction of the pressure inside the cylinder
when they are at the moment of ignition and expansion as
shown in Figure 1 [6].

The increase in the consumption of fossil fuels increases
considerably as industrialization and energy demand in the
world increase, forcing countries to look for energy
alternatives sources. Akal ef al. [1] indicate that to reduce
demand or, above all, improvement of engine performance or
other vehicle systems should work directly with fuel
efficiency and performance and polluting emissions. It is also
to generate the deepening of dual fuels engines to control
engine emissions equally, as indicated by Ramazan et al. [2].
Four-stroke injection systems, the power stroke, are the most
important stroke to make combustion operation. The main
factor that affects the engine's performance is how the
combustion process behaves, generating an increase in
pollutant emissions associated with the conversion of
chemical energy from the fuel into thermal energy [3].
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Fig. 1 Pressure diagram in relation to crankshaft time [5]

The pressure that presents variations during internal
combustion engine operation can be interpreted by applying a
pressure sensor that has been installed inside the cylinder,
capable of detecting the different pressure variations during
the engine's cycle concerning the revolutions per minute (m
1. The sensor's processing of these electrical signals is subject
to reducing all electrical noise in the signal employing a zero-
pass filter with the obtaining of fundamental signals from the
motor such as the airflow at the intake, intake manifold
absolute pressure, and internal combustion engine load.
Figure 2 shows the signal generated by the sensor before and
after being processed [7].
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Fig. 2 Signal from the pressure sensor inside the cylinder [7]

Detecting each behavior of the generated signal allows
knowing the operating cycle of the piston in the cylinder. The
incidence that the different interactions of the signal have to
be used to model the torque and power of the internal
combustion engine [8]. Figure 3 shows the work cycles from
point 1 to 2 the admission time, from point 2 to 3 the
compression time is observed, from point 4 to 5 the expansion
time, and finally from point 5 to 6 the show escape time [9].

It is important to filter this electrical signal to achieve a
better curve of the effective mean pressure, and this is the
most real without electrical noise or parasitic currents, which
allows adapting a better pressure behavior in the graphs and
study results. For Castresana ef al. [10], implement a
Butterworth filter to filter the largest signals generated in
operation and determine that the filter considers a cut off
frequency at a value of 0.05 Hz, relating the path from the top
dead center in such a way as to achieve the curves for the
analysis of the graphs and they are real continuously with the
travel of the crankshaft [11].

This method of obtaining the effective mean pressure is
used in other studies that obtain torque and power, according
to Fang [12]. This method calculates the mean effective
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pressure of the fuel/air mixture. In the piston head the force is
generated, which is transmitted to the connecting rod and the
interaction of the inertial forces [13]. Said inertial forces are
obtained as a function of the crankshaft rotation, be it the
measured angle of the crankshaft and the motor's rotation
speed, which allows simultaneously to acquire the pressure in
the cylinder and also thrust force on connecting rod [14].
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Fig. 3 Cycle of the signal from the pressure sensor inside the cylinder [7]

In Figure 4, details the forces that act on the piston and the
piston rod at the moment when the crankshaft rotates in
ignition conditions, the effect of the power inside the
combustion chamber that produces energy to be able to have
the reciprocating movement piston, where piston-assembly
friction (Ff) can be obtained from the force of the compression
(Fe), rod force (Fstg), gravity (mpg) and finally the inertial
forces (Fin,Fcin). According to Chengwei et al. [15], the joint
piston-connecting rod work is generated by the force of the
combustion of the mixture, the push of the connecting rod,
gravity, which additionally with the inertial forces based on
the instantaneous balance of forces.
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Fig. 4 pressure sensor inside the cylinder [15]

Motorcycle engines operate in incomplete combustion,
with very poor emission control and aftertreatment
technologies, generating more pollutant emissions per
mileage than automobiles. Motorcycles are forced to update
their emission standards, first improving the fuel/air mixture
preparation system [16].



It is still far from satisfying. Therefore, to improve the
emission situation and environmental impact factors, it is
necessary to estimate the number of emissions and the
operating condition of the motorcycle engines in an entire
driving cycle., as shown in [17].

Vehicle emission standards are the primary technical
policy tools available to mitigate vehicle emissions.
Emissions test procedures for light vehicles are based on a
transition cycle that represents the driving pattern of a
particular country. Cycles for light service vehicles are FTP-
75 and NEDC used in the United States and European testing
procedures, respectively. Emission factors are the average
number of pollutants emitted by a vehicle type [18]. These are
said in terms of pollutant mass emitted per unit distance
traveled or per unit of fuel consumed. Determining these
factors poses major challenges for environmental authorities
[19]. Figure 5 shows the representation of the FTP-75, the
cycle that the EPA uses expressed in miles per hour and

seconds for the standardization of consumption and emissions.
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Fig. 5 FTP-75 cycle used by the EPA to certify emissions [19]
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Estimating consumption in motorcycles follows the
WMTC (Motorcycle Cycle World Test) procedure, which
considers different road conditions, be they urban, suburban,
or highway, considering the driving mode. The WMTC
procedure is characterized by frequent braking, strong
acceleration, and reaching the limit speeds of each type of
road, considering its very representative results in terms of the
actual consumption of a motorcycle in daily use. Figure 6
shows ECE R47 test cycle used for Euro 2 and Euro 3, as for
the Euro 5 use WMTC.
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Fig. 6 ECE R47 test cycle
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It is essential to emphasize that the tests are carried out on
a motorcycle with standard characteristics. It must be
estimated that the consumption data provided by the
manufacturers are always far from the real ones, which will
depend on different unpredictable factors that can increase
fuel consumption [19]. Table 1 shows the environmental
requirement for motorcycle for Euro 2, Euro 3, and Euro 5
[20].

TABLEI
ENVIRONMENTAL REQUIREMENT FOR MOTORCYCLES

Euro 2 and euro 3 step

. . Mass of [mg/km]
Categor Vehicle Classification FEuro
8OY  Category [em’] THC NOx
L1 Lz L3
<150 2 5.500 1.200 300
>150 2 5.500 1.000 300
Lie two-wheel <150 3 2.000 800 150
motorcycle >150 3 2.000 300 150
<130 km/h 3 2.620 750 170
>130 km/h 3 2.620 330 220
Euro 4 step
two-wheel
L3e motorcycle  PI/CI/Hybrid 1140 380 70
With and ~ Vma<130
L4e  without km/h 4 1140 170 90
side car

As with the number of injections, they can obtain a higher
effective mean pressure, as mentioned by Yang et al. [21].
Acquiring data to measure the pressure in the cylinder in real-
time is an alternative for several sensors today. It can reduce
calibration costs by providing diverse, accurate information
and less than 7% [22]. However, piezoelectric sensors can be
used; although they are very expensive, the measurement
variation due to sensitivity is high [23]. The ionic current
measurement is a more economical alternative, providing
good sensitivity, which will be used in the combustion study
process [24].
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Fig. 7 Combustion Chamber Geometry Design [25]

The use of different fuels in addition to conventional ones
also influences the continuous improvement of torque and
power. However, it is essential to control and decrease the
emissions and improve fuel consumption performance, as
indicated by Yangaz [2] and Yan [25]. In addition, Yan [25]
revealed that geometric modification is fundamental to



combustion behavior and improvement of MEP (mean
effective pressure), as shown in Figure 7.

Alrbai ef al. [26] consider that the pressure of the engine
cylinder depends directly on the piston movement and
introduces a new and novel procedure of a model in which it
combines algorithms, one for the dynamics converter and the
other the cycle in the cylinders, including the combustion
process by kinetic chemistry [27]. The algorithms are solved
by matrix models in MATLAB®, which are used to predict
the working pressure in the engine cylinder.

Another form of study is based on analyzing the acquisition
of pressure data inside the cylinder. According to Iscan et al.
[28], the heat release rate is obtained by filtering and
generating the calculation of the algorithm presented to
determine the average temperature of the gas, the amount of
exhaust gases, and the heat transfer rate. Arsie et al. [29] state
that the air-fuel mixing factor can estimate the pressure signal
in the cylinder. Also, the mass of fresh gases reached in the
cylinder can achieve a high precision method through
software analysis, which is appropriate to the engine's
behavior. Therefore, Rojas et al.  [30], [31] used the
measurement of the cylinder MEP to determine torque and
power. Considering the application of a pressure sensor in the
cylinder, Gaoa et al. [21] determine that it is valid for
laboratory studies considering that they are commonly used
and have a fairly wide margin of response in terms of
application in studies. This is true in the application in the
different studies [32]. The study developed by Tadros et al.
[33] defined that the implantation and placement of these
sensors allows obtaining the data for the control algorithm and
reviewing the engine optimization. It also develops a cylinder
pressure diagram according to the engine behavior data from
the cylinder. It works together with the application and
obtains different signals to more of those generated by the
pressure sensor in the cylinder. It can obtain the crankshaft
angle signals depending on the rotation and defines it
according to each angle for obtaining pressure diagrams for
the different loads applied to the engine in the different tests
performed by Skrzek ef al. [34].
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Fig. 8 of the test system. 1-acquisition card, 2-computer, 3-Engine Control
Unit, 4 accelerator position sensor, 5 piezoelectric glass sensor, foucault
current. 6 dynamometer, 7 lambda analyzer, wide range, 8 oxygen sensor, 9
optical encoder instrument, 10 motor 22.
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Zhang et al. [35] revealed that with a gasoline engine,
variables were considered with the management of sensors. It
is under conditions in fuel supply, engine temperature, engine
intake, exhaust conditions, and engine revolutions. The
cylinder pressure data were acquired by a Kistler 6117BFD
piezoelectric glass sensor. The signal is processed and
amplified by an acquisition card to obtain cyclic combustion
differentiations. However, it is under other operating
conditions and effects on engine operating parameters
concerning cylinder pressure (5). Figure 8 shows the scheme
used for electronic signal collection and management.

In the pressure study, simulating those results allows a
comparison of the calculated flame front, using the
thermodynamic model with these experimental results
achieving a comparison between the different results [36].
Figure 9 details the application of the data obtained to
establish an experimental model [37].
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Fig. 9 Application of the data obtained to establish an experimental model

While Salvi et al. [38] show the comparison of
experimental results of the literature working for the radius of
the nucleus of the flame front, as in Figure 10. The simulation
results of the presented model show agreement of sane with
the experimental results, which allows determining that the
application of modeling for validation and obtaining results
concerning experimental valuations is possible to perform.
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Fig. 10 Compared experimental results of the literature according to the
radius of the nucleus of the front of a flame



II. MATERIALS AND METHODS

The results obtained on torque, power, polluting emissions,
and fuel consumption are analyzed in the behavior curves by
the conception of a mathematical model and statistical
analysis in modifying the geometry of a combustion chamber.
Table 2 shows the technical data of the motor used in this
study.

A. Torque

To execute the combustion of the air-fuel mixture
internally of an engine ignition caused, it is by operation of
the ignition spark, which causes an elevation of temperature
and pressure to the inside of the engine cylinder. This internal
pressure, in turn, produces a power indicated on the piston that
displaces it generating the well-known crank-crank
mechanism of the alternative internal combustion engines,
where the linear movement of the piston becomes a rotating
movement of the crankshaft to achieve effective power

TABLEII
RANGER 200CC ENGINE TECHNICAL DATA

Technical engine data

Year 2015
Cubic capacity 197.4
Work cycles 4Q
Spark plug light clearance (cm?) 0.8-0.9
Idling (min-1) 900
Prepayment Grades (APMS) 100G
Intake Valves (Hot) (mm) 0.35
Exhaust Valves (hot) (mm) 0.35
Compression ratio 7.3:1
Total volume cm? 1974
Average Pressure (Bars) 2.685
Power Indicated max. (KW) 10.4398
Effective Power (KW) 9.603
Torque (Nm) 10.2

e N

180°
Fig. 11 Scheme for obtaining torque

The force generated by combustion acts on the plunger and
is proportional to the characteristic effective mean pressure of
an engine that is generated in the expansion stroke [31], being

directly proportional to the degree of filling inside the
cylinders, compression ratio, displacement of the engine and
the energy generated during combustion. In Figure 11, the
force executed on the piston is broken down into the force
acting on the crank head and in which causes a lateral thrust
on the cylinder walls’.FF b F n.

Consequently, the product of force by the crank radius
establishes the torque, expressed arithmetically in Ec. (1). F b
I.

T=F,xr (1

T: Torque (N.m)
F b: Force on the crank (N)
r: Crank radius (m)

The force that causes the torque to become variable, which
is a 4-course engine is the limit value at the time the
combustion time is carried out and then the working time
inside the cylinder, being negative the torque in the other
times of the engine. When the job is created, and the engine
performance is not similar at some points, it depends on the
engine's revolutions generating the thrust force that is formed.
In this way, the engine's revolutions per minute limit the
correct filling of the cylinders and, consequently, the torque.
While at low revolutions per minute, the combustion of the
mixture does not produce an optimal condition due to the
insufficient inertia that the gases have that induces that the
filling of the cylinder is not correct, as in the emptying
condition. On the other hand, if the engine is kept running at
a much higher speed, filling inside the cylinder is not
achieved. Due to the limited time, the gas requires to occupy
the space available inside the Feylinder [39]. Yes, achieving
an optimal rev time per minute of the engine. However,
combustion with more fuel quantity is achieved, and the
power is increased further, the torque is reduced. This ensures
that specific consumptions are recommended and close to
conditions in the maximum torque area in the engine,
extending the engine's fuel consumption according to this
established condition [40].

B. Power

Power knowledge states how many times the torque is
usable, i.e., how fast it can be positioned from the torque. The
power developed by an engine is directly proportional to the
compression ratio and displacement; at higher values, it is
concerned with a greater explosion achieving a higher force
applied to the piston; it also depends intimately on the
revolutions per minute at which the engine rotates. As a result,
the power can be determined by eq. (2).

T*n

P=Txw= &0 (2)
21
P : Engine power (kW)
T : Torque or torque (N.m)
w : Angular speed of crankshaft shaft (rad/s)
n : Revolutions per minute (min-1)

After achieving maximum power, the excess revolutions
per minute causes reduction. It is due to the fuel injection
system reaching an operating limit, unpointed, and it does not
achieve enough accuracy to inject the fuel effectively. In



addition, the distribution system is not able to open and close
the valves at sufficient speed for exhaust and intake gases to
flow properly. The maximum rev limit at which the engine
can rotate is set by the limitations of the mechanical elements
that constitute it.

C. Relationship between Power and Atmospheric Conditions

Factors that are due to the level of work and atmospheric
conditions are temperature, pressure, and conditions of the
degree of humidity in the air; all modification parameters
have shown a significant impact on the performance and
operation of the motorcycle engine. Studies and experience
carried out in different aviation engines within chambers in
which it is possible to vary the pressure and temperature of
the air have shown that the power and torque are proportional
to the barometric pressure and inversely proportional to the
square root of the absolute temperature. To obtain the same
results, the calculation for which the power data obtained in
the different test engines whose temperature and pressure
conditions have referred to an atmospheric base pressure (760
mm hg) and an ambient temperature (15°C) [34] must be
comparable.

No=N7 |+ 3)

No= Air-reduced CV power type

N = CV power gained from the brake

P = pressure atmospheric Kg/cm?

Po = normal pressure of 760 mm in Kg/cm?

T = Absolute ambient temperature in °k

To= Normal absolute temperature= (273+15 in °k)

The expression is called the height correction factor
regarding humidity. Correction can be made by subtracting
the pressure of the verified water vapor from atmospheric
pressure and using the resulting value instead of the p-value

in the correction % TL z. [39]. Replacing the data based on
0

the table results in the following data. Table II shows the
calculation value.

TABLE III
CALCULATION VALUES CORRECTION FACTOR AT 2800 METERS ABOVE SEA
LEVEL
Altitude (m) 0 2800
Temperature (°K) 288 269,8
Pressure (bar) 1.013 0.710
Air Density (kg/m?) 1.225 0.928

height correction factor = 1.013/0.710 (269.8/288)
height correction factor = 1.381

The height value correction formula for passing them at sea
level uses the following formula based on the same principle
of air density.

» (4)

sea level correction factor =1 — ———————
height correction factor

By replacing the results obtained as follows:
sea level correction factor=1- 1/1,381

sea level correction factor= 0,2758

sea level correction factor=28 %

D. Calculations of Cubic Capacity

2* *
Vh = D“*m*S (5)
4
Where:
D-Diameter
Yes, career
Vh-cylinder volume
2* *
Vh = D“*m*S (6)
4
Vh = 196.4cm?3

To develop the proposed analysis, the researchers
calculated the compression pressure of the motor (P), the
diameter of the piston, the rotation speed of the motor (W) in
min-1 and the relationship between the radius of the crank and
the length of the crank. Where the following terms are
obtained:

L The length of the crank

R Crankshaft turning radius

a Crankshaft position angle

B Crank Angle

P. 170 PSI x 11.95Kg/cm2

Piston diameter 72,967 mm x 7.2967cm

W-3600 min-1 - 471.23 rad/seg

==R/L 34.97/120
0.29m

Mechanical loss percentage:

51,45
56

% Mechanical Lossrdida= (1 — ) *100%  (7)

% Loss mechanical = 8.125 %

E. Signal Processing

The pressure sensor used is a BOSCH 0261545053 [41],
as shown in Figure 12, with a measurement scale from -5 MPa
to 14MPa, with thin-film strain gauge elements poly-silicon
metal. These are connected, forming a Wheatstone bridge (an
electrical circuit used to measure unknown resistors by
balancing the bridge arms). These consist of four resistors that
form a closed circuit (the resistance under measurement), with
a central signal line and temperature compensation for the
measuring range of 48°C with measurement effectiveness of
99.2%. When using work and evaluation of IC, the
measurement signal is amplified, correcting it for piston
displacement and sensor sensitivity. The functionality
features are:

o Evaluation of the radiometric signal (relative to the
supply voltage).

o Deviation and sensitivity of self-control.

o Excellent media resistance as the medium only meets
stainless steel.

o Resistant to brake fluids, mineral oils, fuel, water, and
air.

o Protection against polarity reversal, overvoltage and
short-circuit output to supply or ground voltage.
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Fig. 12 Polysilicon pressure sensor with range -SMPa to 14 MPa

The scheme used is similar to Zhang [37]; Figure 13 shows
the diagram for data capture is direct to the ECU of the sensor
capture system, and the calculations are determined according
to the characteristics of the vehicle and the torque and power
calculations according to the engine design geometry.
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JO%L10A

HARDWARE:
DAQ USB-6008
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SOFTWARE:
LABVIEW

Fig. 13 Schematic diagram of the test system, 1-Acquisition card, 2-
Computer, 3-ECU, 4 accelerator position sensor, 5 piezoelectric glass sensor
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III. RESULTS AND DISCUSSION

A. Signal processing

To obtain the pressure (physical magnitude), the model of
Rojas et al. [33] measured by the piezoelectric sensor inside
the cylinder is used. Creating a function where the pressure
depends on the voltage (electrical magnitude) is necessary.
For this purpose, in the first instance, the sensor was placed
in a Common Rail Direct Injection (CRDi) tester, which can
constantly vary and fix the pressure on the fuel rail so that
several pressure samples can be taken with the respective
voltage provided by the sensor. In addition, the sensor was
then coupled together with a pressure gauge on an engine
cylinder to sample low pressures with their respective
voltages.

The samples are entered in the form of vectors and are rated
by the MATLAB, obtaining a grade 2 polynomial shown in
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eq. (6) governs the sensor's pressure according to its voltage.
The mathematical algorithm for signal processing is designed
in LabVIEW software with this information.

Py = 1,682x% + 35,45x — 15,46 (6)

Voltage data and pressure conversion have been used to
generate a mathematical model, both magnitudes provided by
the built-in pressure sensor. No filter has been implemented
as it is necessary to consider the exact and actual behavior of
the monitored signal under the different operating conditions
of the engine to include and not discard voltage values that
may cause the inaccuracy of the developed model. The
pressure inside the cylinder without a filter as shown in Figure
14.
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Fig. 14 Pressure without filter obtained in LabVIEW software, an engine
without load

B. Development of the Algorithm for the Calculation of
Torque and Power

In this section, a statistical analysis of the physical
variables extracted from the dynamic tests of the three
vehicles cited is carried out in Minitab software, considering
that, of the 2500 voltages provided per test performed, the set
of samples is further divided into 500 voltages for each
analysis; That is, instead of having 17 tests with 2500 voltages
for each, 85 tests with 500 voltages are analyzed. This is to
generate a more accurate mathematical algorithm based on
statistical analysis with a greater number of samples. In order
to measure the torque and power of the motorcycle, a model
validation process described below was generated concerning
the alternative model [33]; otherwise, the bench
measurements will be carried out.

C. Torque Calculation

The equipment is connected to capture the data and
calculate the torque and power values to generate the
resolution comparison based on the catchment parameters,
using the alternative torque and power calculation model [1]
in addition to the signal strength (equivalent to M.E.P.) that is
calculated with Eq. (4) in MATLAB software and engine liter
displacement. It should be noted that the tractor force of the
tire was also analyzed. However, it did not show a torque-
consistent influence. Multiple regression is performed with
the three variables cited that affirm the direct influence with
torque, as shown in Figure 15. This analysis shows the Eq. (7)
governs the torque of vehicles covered by a displacement of
different liters.



T =-45,44+1151x, —0,796x, + 60,83x,
—0,006785(x,)* +0,01139(x,)’
+0,1318(x,) *(x,)

(7

x_2: Signal power
x_3: Vehicle speed (km/h)
x_4: Vehicle displacement (L)

IS THERE A RELATIONSHIP BETWEEN Y AND THE VARIABLES X ?
0 01
s

P < 0,001

>05

The relationship between Y and the X variables of the model is statistically significant
(p<0.10)

% of variation explained by the model

100%
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R-cuad =08,53%

The regression model can explain 98.53 of the variation in Y
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Fig. 15 Multiple regression results for vehicle torque

D. Calculating Power

Similarly, in torque calculation, the results of multiple
regression shown in Figure 16 show the direct relationship of
engine power to signal strength, vehicle speed, and
displacement variables. The statistical analysis is obtained the
Eq. (8), which governs vehicles' power within a displacement
range of 1.4 to 2.4 liters.

IS THERE A RELATIONSHIP BETWEEN Y AND THE VARIABLES X ?
0 0.1 >05

NO

P <0001

The relationship between Y and the X variables of the model is statistically significant
(p<0.10)

% of variation explained by the model
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Toraue bank vs variables in X

medium pressure Speed k Torque Cylinder Capacity
‘ ) ‘\'0\

' N

" L
.

.
.
LY
' ¢ e .
o T et
.
]
5
- A

2>

3
Y -

8 &

<o
2
R
Zs
o

2

L

Fig. 16 Multiple regression results for vehicle power
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E. Sensors and Engine Parameters Required for Torque and
Power Calculation

Mean Effective Pressure (MEP) comprises the average
above atmospheric pressure that gases exert on the plunger
during the engine expansion stroke when burned by the action
of the electric spark. The M.E.P. is proportional to the torque
and for a given rotational speed, also to the supplied power.
The calculation of the M.E.P results in determining the
pressure inside the cylinder during the engine duty cycle,
which is similar to determining the signal strength; For this, a
piezoelectric sensor is used that adapts to the spark plug to
provide real-time measurements of that internal pressure. In
terms of signal processing, signal energy Eq.(10) is a measure
that denotes signal strength or size. The energy function of a
signal represents the energy dissipated by resistance of 1 ohm
when a voltage equivalent to the cylinder pressure signal is
applied. Eq. (9) [42] gives the signal energy in the discrete
domain.

ENBW

RBWtheory (9)

Where, RBW is the calculation of signal spectra. tmax —
tmin, is the duration of the time domain of the selected signal
region record duration. ENBW is the equivalent noise
bandwidth spectral window. The function estimates signal
strength in a single step [43].

tmax—tmin

E=3%"

|2
n=ng

| (10)

F. Essential Design Devices

For pressure monitoring purposes inside the cylinder, it is
necessary to adapt the spark plug. This involves attaching a
metal tube to the spark plug so that the gases are guided from
inside the cylinder to the pressure sensor that is adjusted at the
end of the cylinder. This is done using a plex and a thin tube.
The adaptation made does not impair the correct operation of
the cylinder analyzed and the engine in general. The finished
coupling is seen in Figure 17 [39].

Spark Nut

plug

‘ Metal tube ‘ ‘ H Piezoelectric sensor ‘

Fig. 17 Spark plug with adapted pressure sensor



G. Engine data collection.

VOLTAGE (V) PRESSURE (Pa)
0.5 268550

0.51 305698.82
0.53 380097.38
0.52 342881.28
Unchanged original camera
VOLTAGE (V) SPEED (Km/h)
0.5 0

0.51 20

0.53 40

0.52 60

Unchanged original camera
VOLTAGE (V) SPEED (Km/h)
0

0.51
0.52 20
0.54 40
0.52 60
Modified camera
VOLTAGE (V) PRESSURE (Pa)
0.51 305698.82
0.52 342881.28
0.54 417347.12
0.52 342881.28

Modified camera

When measurement of road power with a requirement of
25% as stated in the manufacturer's manual, it can be noted
that the results expressed in Table 1 resemble the values
obtained, applying the correction by loss of drag which allows
us to use the model directly without generating tests on a
dynamometric chassis bench. The comparison and analysis of
data are carried out, based on the analysis of the curved values
obtained in the process of capturing the data by applying the
equations described above for the development of the article
or research, for which the results are presented in Figure 18
the tractor force generated, in Figure 19 the result of the
measured torque and in Figure 20 the final power obtained.
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Fig. 18 Tractor force curve behavior graph.
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Fig. 19 Torque curve behavior plot.
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IV. CONCLUSION

Variables such as signal strength, engine displacement, and
speed have been used to calculate power and torque, with the
signal power directly relating to the values obtained from the
pressure calculated by the piezoelectric sensor being a
transcendental variable. The configuration inside the data
acquisition card is important to capture the signals generated
by the engine operation, considering that the rotation
revolutions are at high speeds and achieve around 2500
voltage values in a second. This allows achieving exact values
over the average pressure in all engine cycles. Emissions were
analyzed by observing minor CO, CO2, 02, and HC gases
changes. The carburetor feed system possessing that engine
does not meet the parameters permitted in the test method
determined by the INEN standard for approval of this test.

By modifying the geometry of the combustion chamber,
the power was increased by 5.85 kW and the torque 0.78 Nm,
verifying an improvement in the increase in combustion
characteristics by varying the geometric parameters and the
mixing dosing to decrease emissions, with these results
getting an improvement of 36.7% and average in the desired
parameters. It is important for a model established as a
prediction by applying a piezoelectric sensor. The
performance in the prediction of the pressure signal is
according to the working performance inside the cylinder, and
the generated iterations are according to the expected real
pressure.
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