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record from idling to 6000 rpm every mode; standard, CDAL, and CDA2 for the 3-minute

duration.

3.7  Emission test

Emissions tests are aimed to measure the improvement of gas emission of the vehicle
from normal engine mode compare to CDA mode. The probe of the tester is inserted in the
exhaust pipe to sample the exhaust emissions. The amount of carbon monoxide present in
the exhaust is directly related to the air/fuel mixture delivered to the engine by exhaust
manifold whereas hydrocarbons are directly related to unburned or partially burned fuel.
These tests measure volume the amount of emissions produced by the experimental vehicle.

This subchapter will briefly describe the experimental setup and procedures
Automobile Exhaust Gas analyzer SV-5Q. The aim of the test is to measurement CO,, HC

and fuel to air ratio (A ). The experiment conducted in three modes shown in Table 3.8.

Table 3.8:  Experimental Mode and Parameter Emission Test

Firing Order
Mode Cylinder Active Cylinder Deactivate Experimental Parameter
Standard 1-3-4-2 - 750 - 2000 rpm
CDA1 1-3-4 2 750 - 2000 rpm
CDAZ2 1-4 2-3 750 - 2000 rpm

3.7.1 Automobile exhaust gas analyzer SV-5Q
Automobile Exhaust Gas Analyzer (SV-5Q). SV-5Q automobile exhaust gas
analyzer shown in Figure 3.12 is a device measuring the volumes of HC, CO and CO: in the

exhaust via microcomputer analysis using the infrared absorption method. It also analyzes
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the density of NO and with an electrochemical sensor to calculate excess air coefficient A.

Detail specific data are shown in Table 3.9.

Figure 3.12: Automobile Exhaust Gas Analyzer SV-5Q

Table 3.9: Specifications Parameters of SV-5Q Gas Analyzer

Specifications

Parameter

Environmental

temperature -5-40°C
humidity: =95%
Air pressure: 70.0-106kPa

Measurement scope

HC: 0-1000010-6 (ppm)
CO: 0-10.0  10-2(%)
CO,:0-20.0 10-2 (%)
0,: 0250 10-2(%)
NO: 0-5000 10-6 (ppm)

Indicated error

HC : £12ppm vol or £5% relative error
CO : +0.06% vol or £5% relative error.
CO,: £0.5% vol or +5% relative error
O, : 0.1% vol or+5% relative error
NO : £25ppm vol or£5% relative error

Stability

After preheating, zero excursion and measurement distance not
exceed 4 hours of sample value error.

3.7.2 Procedure for automobile exhaust gas analyzer SV-5Q

SV-5Q automobile exhaust gas analyzer is a device measuring the thickness of HC,

CO,, and air coefficient (1) using method infrared absorption. The setup for the SV-5Q
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automobile exhaust gas analyzer shown in Figure 3.13. Emission test implemented for the
vehicle in idle speed, 1000 rpm and 2000 rpm for manual CDA and idle speed for CDS.
Emission readings manually recorded during engine in standard and engine deactivated

mode for the 3-minute duration.

Figure 3.13: Setup for SV-5Q Automobile Exhaust Gas Analyzer

3.8 Experimental cycle and fuel consumption measurement

The New European Driving Cycle (NEDC) is a driving cycle designed to measure
fuel consumption and the emission levels of car engines and in passenger cars, light trucks
and commercial vehicles referred to as the MVEG cycle (Motor Vehicle Emissions Group).
This test procedure is defined consists of four repeated ECE-15 urban driving cycles (UDC)
and one Extra-Urban driving cycle (EUDC) for the assessment of fuel consumption and
CO.. The NEDC composed of two parts ECE: (Urban Driving Cycle) and Extra-Urban
driving cycle (EUDC). The ECE-15 repeated 4 times, is plotted from 0 s to 780 s; EUDC
cycle plotted from 780 s to 1180 s. For this study, speed adjustments have been made for the
extra-urban driving cycle from 100 km/h to 85 km/h and 120 km/h to 95 km/h on the safety
factor. The test is conducted by placing the experimental vehicle on lifting devices (axle

stands) with NEDC driving cycle simulation. The NEDC test graph shown in Figure 3.14
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and the following Table 3.10 shown a summary of parameters for the ECE 15 and EUDC

cycles.
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Figure 3.14: NEDC Driving Cycle
Table 3.10: NEDC Characteristic Parameter
Characteristic Unit ECE 15 EUDC
Distance km 0.9941 6.9549
Total time S 195 400
Idle (standing) time S 57 39
Average speed (include stops) km/h 18.35 62.59
Average driving speed (exclude stops) km/h 25.93 69.36

3.8.1 Vehicle load configuration for driving test

This subchapter was to determine the difference in the vehicle load configuration
between unload vehicles test and driven on the road for measuring fuel consumption. The
driving test is conducted by placing the experimental vehicle on lifting devices (axle stands).

However during a vehicle test, vehicle load (aerodynamic drag, rolling resistance, and

vehicle mass) not included. Therefore, the measurement of the fuel consumption result will
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be corrected according to the standard the road loads conditions. Referring to Kadijk and
Ligterink (2012), the vehicle load equation represents the forces of the vehicle rolling

resistance and aerodynamic drag are:

F=a+b*v+c*v2 (3.2)

Where the unit of Force (F) is Newton (N) and the unit of velocity (v) is km/h. The
calculation of the coefficients a, b and c of the vehicle load equation were made by the least-
squares error fit with a polynomial equation. Table 3.11 shown similar vehicle characteristics

with the experimental vehicle and the effect of power absorb for vehicle load.

Table 3.11: Vehicle Characteristic and Effect of Power Absorb for Vehicle Load

Coefficients Road Load Curves Absorb Power
Characteristic a b c Lower | Medium | Higher
[N] | [Nh/km] | [Nh3/km?] | Speed | Speed Speed
Type Hatchback
Empty mass [kg] | 960 - 970
Fuel Petrol 123 0.28 0.032 1kW 6 kW 18 kW
Ron 95
Max Power [kW] | 50 -55

The effect of changing vehicle mass will increase the total vehicle load resistance.
Therefore, the measurement of the fuel consumption result will be corrected according to
the standard the road loads conditions. Consider vehicle mass increase from 0 to 940 kg,
the theoretical work will rise to 23.5 % in an NEDC test due to the idling periods. The
corresponding expected increase in fuel consumption is approximately 5% for every 200 kg
added. The total increase in fuel consumption is 27.3% due to load mass 23.3% load mass

and plus 3.8% for aerodynamic drag and rolling resistance.
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3.8.2 Specification RON 95 Petrol unleaded

During all experimental and test, the fuel type was RON 95 unlead has been used.
RON stands for Research Octane Number, a form of fuel quality and performance rating.
Higher compression levels may mean more power output. Filling a vehicle with a lower
octane rating than the one specified by the car manufacturer may lead to pre-ignition, a

scenario that would ruin the car engine in the long-run or even result in an explosion.

Table 3.12: Specification RON 95 Gasoline Unleaded Premium

No Component Unit Value Method
1 | Density@ 15 Deg ‘C Kg/m3 720-775 EN ISO 3675
2 | Research Octane Number RON 95 MIN EN ISO 5164
3 Motor Octane Number MON 85MIN EN 1S0O5163
4 | Lead Content MG/L 5 MAX EN ISO 237
5 Benzene Content %VIV 1 MAX EN ISO 22854
6 | Olefins %V/IV 18 MAX EN 1SO 22854
7 | Aromatics %V/IV 35 MAX EN 1SO 22854
8 | Sulphur Content MG/KG 10 MAX EN 1SO 20846
9 | Oxidation Stability MINUTES | 360 MIN EN ISO 7536
10 | Copper Corrosion Rating 50DEG 'C CLASS1 EN 1SO 2160
11 | Existent Gums Content MG/100ML | 5 MAX EN 1SO 6246
12 | VLI (Vapor Lock Index) EN ISO 6246

a. Summer 70DEG'C | 1000 MAX

b. Winter 70 DEG'C | 1250 MAX
13 | Oxygen Content: %M/M 2.7 MAX EN 1SO 22854

Methanol %VIV 3 MAX

Ethanol %VIV 5 MAX

Iso Propyl Alcohol %VIV 10 MAX

Iso Butyl Alcohol %VIV 10 MAX

Tert Butyl Alcohol %VIV 7 MAX

Ethers %V/IV 15 MAX

Others %VIV 10 MAX
14 | Distillation @ 70 Deg 'C %VIV EN ISO 3405

Summer 20-48

Winter 22-50

Evaporated At 100 Deg 'C %VIV 46-71

Evaporated At 150 Deg 'C %VIV 75 MIN

Final Boiling Point DEG'C 210 MAX

Residue of Distillation %VIV 2 MAX
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Generally, higher octane fuels are used for vehicles with higher compression ratios.
A higher compression ratio gives an engine a higher horsepower per engine weight than one
with a lower compression ratio - making the engine “high performance”. RON 95 is
suggested for drivers of vehicles with an engine capacity below 2,000 cc. RON97 is
recommended for drivers of vehicles with an engine capacity above 2,000cc and RON100
for an engine capacity above 2,000cc. The Specification RON 95 Petrol unleaded used for

this experimental shown in Table 3.12.

3.8.3 Fuel consumption measurement

The experimental fuel tank was designed to facilitate measured the volume of fuel
and easier to weighed using a scale weighing. It measures 20 cm x 20 cm x 20 cm and can
be filled to a maximum of 5 liters of fuel. This experimental fuel tank function works the
same as the original fuel tank where the fuel pump feed fuel to common rail and injector
then return back to the fuel tank. The return line facilitates the return fuel. That advantage is
a return line provides nearly constant pressure to the injectors regardless of what their actual
demand. The experimental fuel tank shown in Figure 3.15.

Precision balance KERN EMB 5.2K1. This laboratory balance weighing will be used
to measure the volume of fuel before and after the experimental test to determines the amount
of fuel consumption used during the test. Table 3.13 shown a detail specifications parameters

Kern EMB 5.2K1 and picture shown in Figure 3.16.
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Figure 3.15: The Experimental Fuel Tank Figure 3.16: Kern EMB 5.2K1

Table 3.13:  Kern EMB 5.2K1 Specification Data

Specifications Parameter
Weight Range 5.2 kg
Readout 1lg
Reproducibility 1g
Linearity +3

3.9 Summary

The experimental method was carried out using an experimental and set up base on
SFC strategy used the experimental vehicle Perodua Myvi SXi year 2006 with engine model
of K3-VE 1.3 Litre DOHC 4-cycle with manual transmission. The Myvi equipped Dynamic
Variable Valve Timing (DVVT) systems and conventional Electronic Fuel Injection (EFI).

The test to investigate normal engine and CDA mode using chassis dynamometer,
static running and unloaded running simulation. The development of manual CDA includes
the requirements exhaust modification before and after installation manual CDA to the
experimental vehicle been tested. There are five fact-finding test to get data parameter
baseline data and characteristics. It includes tests for baseline power performance, engine

vibration, open throttle angle and fuel flow rate, emissions and fuel consumption.
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The apparatus used in this experiment covers all tests includes engine performance
tests, vibration tests, and emission tests and fuel consumption tests. All devices such as
chassis dynamometer, PD 400 Liquid Flow Sensor, K-beam accelerometer, Scan Tool
Launch X-431 and Automobile Exhaust Gas Analyzer SV-5Q accuracy between £1%b to
+2.5% was acceptable to conduct the experiment. It includes tests for baseline power (KW)
and torque (Nm) for the vehicle used chassis dynamometer, engine vibration (frequency)
used K-beam accelerometer, fuel consumption (L/h) used PD 400 Liquid Flow Sensor and
emissions (CO: and HC) used Automobile Exhaust Gas Analyzer SV-5Q and an opening
angle throttle used Scan Tool Launch X-431. The experimental method was implemented
using a static running, chassis dynamometer and unloaded running simulation. Data
parameter power and torque for a vehicle, engine vibration, fuel consumption, open throttle
angle, and emissions will be recorded manually and computerized.

The New European Driving Cycle (NEDC) is a driving cycle designed tested to
measure fuel consumption range. The experimental fuel tank was designed to facilitate
measured the volume of fuel and easier to weighed using a KERN EMB 5.2K1 scale
weighing. Precision balance weighing will be used to measure the volume of fuel before and
after the experimental test to determines the amount of fuel consumption used during the
test.

The driving test is conducted by placing the experimental vehicle on lifting devices
(axle stands). Therefore vehicle load configuration between unload vehicles test and driven
on the road for measuring fuel consumption corrected according to the standard the road
loads conditions references to road load determination of passenger cars (G. Kadijk and N.
Ligterink, 2012). The measurement of the fuel consumption result will be added 3.87%

because of added vehicle load base on 950 kg vehicle mass.
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CHAPTER 4

PERFORMANCE ASSESSMENT OF NORMAL ENGINE AND THE MANUAL

CYLINDER DEACTIVATION SYSTEM

4.1  Introduction

This chapter will describe the aimed to get characterization and engine parameter
data for using the skip fire cycle method. By testing with a static test and chassis
dynamometer, data results will be obtained to assessment engine power performance, engine
vibration and emission before CDS will design and development The structural design of
manual CDA will be discussed in detail include the requirements exhaust modifications and

development of the electrical circuit manual CDA control by the driver.

4.2  Experimental manual CDA

This experimental aims to collecting data for engine power, torque, and causes of
vibration in normal engine and CDA mode - Standard mode, CDA1 mode, and CDA2 mode.
The result data will be an assessment and determine appropriate parameters for the design
of CDS. Resultant according to vehicle speed and throttle opening will be programmed to
control the CDS. Overall this experimental to get the right parameters for CDS to enable

SFC according to engine speed and power.

74



4.3  Power performance result and discussion

From the result of the experiment, the maximum engine power for Standard mode is
48.39 KW at 5500 rpm, and maximum torque is 93.12 Nm at 5800 rpm. The result for CDA1
mode for maximum power is about 28.04 KW at 4700 RPM and torque is 58.60 NM at 4200
RPM. While the CDA2 mode is 12.46 KW maximum power at 4540 RPM and torque at

3000 RPM is 31.72 Nm. Detail result data are shown in Appendices C and graph power and

torque versus engine speed illustrated in Figure 4.1.
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Figure 4.1:

Table 4.1:  Chassis Dynamometer Test Result

Graph Power and Torque versus Engine Speed

Mode Standard CDA1l

CDA2

KW 48.39 28.04

12.46

Power Max  =op 5500 4700

4540

Nm 93.12 58.60

31.72

Torque Max oo, 5800 4200

3000

Km/h 134 130

108

Speed Max

Second 17 27

44
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From the chassis dynamometer test result, data showed in Table 4.1 found that the
maximum engine power and maximum torque for CDA1 mode and CDA2 decreasing from
STD mode. Reduction of engine power and torque at CDA1 mode and the CDA2 mode was
predictable because one or two-cylinder engine has been deactivated. The maximum engine
power reduction for CDA1 mode compared with STD mode is 42%, while CDA2 mode has
reduced to 74%. Similarly, maximum torque, compared to CDA1 mode with STD mode
reduced by 37% and for CDA2 mode has been reduced by 65%. Standard mode reaches max
speed 134 km/h in 17 seconds; CDA1 takes 27 seconds to reach 130 km, and CDAZ2 takes
44 seconds to reach max speed 108 km/h. This finding result agree with Adarrsh Paul, et
al., (2018), Thomas Kortwittenborg, et al., (2017) and Wilcutts et al., (2013) the cycle-
skipping application for CDA strategy will decreased the engine power and torque under all
loading conditions. While the power and torque reduces, the efficiency of fuel improved

with the expensed of air fuel rate characteristics to reduces pumping losses.

4.4  The throttle open-angle and fuel flow rate result and discussion

From PD 400 Fluid Flow Sensor and Scan Tool X-435 result are plotted in Figure
4.2 starting from 750 to 6500 rpm with 500 rpm intervals. For CDA2, data cannot be
obtained at idling to the engine frequently stopped, and unable to give consistent reading.
The average percentage increase of fuel flow rate from 1000 to 5700 rpm compare between
Standard modes and CDA1 mode is 11 %, but decrease of 10% from 3800 to 5800 rpm
however increased back up to 30 percent. When CDA2 mode was enabled, the fuel flow rate

increased by 30 percent from 100 to 6500 rpm.
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Figure 4.2:  Graph Fuel Flow Rate and Throttle Open Versus Engine Speed

The throttle open-angle CDA1, and CDA2 modes are higher than Standard. Paimon
et al., (2014), described throttle losses become more significant as the engine speed up. By
opening the throttle wider in CDA mode, the throttle losses (pumping losses) can be reduced
significantly. The less pumping effort will result in much less negative work in the cylinder
which will benefit the fuel economy.

From the experimental, CDAL could perform to CDA strategy for K3-VE Gasoline
4 cycles 1.3l engine at cruise state from 3800 to 5800 rpm. This finding agree with results
from Dheeraj B Gosala, et al., (2017) and Kutlar et al., (2007) hence the fuel-air charge
amount is more in the working part of the cylinder cut-off mode The CDA2 mode could only
be performed with CDA strategy at steady state due to reduced engine power and torque
output at CDA2 and give an average of 30 % increase in fuel consumption. This finding
agree with results from Joshi et al., (2018) proven efficient fuel consumption 5.6%, to 35%

when implemented at idle and low load portions.
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4.5

Engine vibration result and discussion

Experimental results have been recorded using DASY Lab software and plotted on a

graph using MATLAB software shown in Figure 4.3.
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(c) CDA2 Mode Test Graph of Amplitude versus Time/RPM

Figure 4.3:  Test Result Graph of Amplitude versus Time/RPM :

(a) Standard Mode (b) CDA2 Mode (c) CDA2 Mode
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Based on the spectrums analysis it can be observed that the maximum amplitudes
correlated to rpm in range of 4000 to 7000 rpm were raised from 12 g/s (std mode), 21 g/s.
(CDA1) and 24 g/s (CDA2). After analysis of the distribution of estimator of the total
vibration spectrum, it can be assumed that its value is most correlate to the increase of rpm
of the vehicle because unstable engine condition when one or two-cylinder misfiring or cut
off. This finding agree with Gawande et al., (2015), nonuniform cylinder-wise torque
contribution is a common problem due to nonuniform fuel supply due to a defect in fuel
injection system, causing increased torsional vibration levels of the crankshaft and stress of

mechanical parts.
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Figure 4.4:  Graph of Time Domain and Frequency Domain for All Mode
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The experimental result would be to calculate with Fast Fourier Transform (FFT) for
auto-spectrum shown in Figure 4.4. For relative sidelobe, std mode is -5.5 dB, CDA1 mode
IS -6.3dB increase 14.54 % and CDA2 mode -16.3dB increase 196.3%. The main lobe width
at -3dB for std mode is 0.0003662, CDA1 mode is 0.0003973 increase 8.4% and CDA2
mode is 0.0005188 increase 41.7%.

Figure 4.5 shows the vibration acceleration (rms), as a function of frequency, between
240 Hz to 300 Hz X (longitudinal) and 80 dB to 20 dB Y (lateral) axes and compares the
different mode base on engine speed. The results showed the vibration acceleration peaks
sidelobe observed for STD mode at 58.62 dB, 74.11 dB for CDAL mode and 70.66 dB for
CDA2 mode. It noted that CDA2 mode vibration acceleration main lobe width increased
almost at all of the frequency show two main lobes between 242 Hz to 265
Hz and repeatedly at 266 Hz to 283 Hz. For CDA1 mode vibration acceleration, the main
lobe width increased compares with STD mode especially went one cylinder deactivated
with one sidelobe between 276 Hz to 292 Hz. The vibration acceleration increase trend was
more at the high speed of the engine because of unstable engine condition when one or two-
cylinder misfiring or cut off. Referring to Kutlar et al., (2007), applying the cylinder
deactivated not less 45% idle speed allows the engine to work without any stability

problems. However, the problem typically can be solved using active engine mounting.
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Figure 4.5:  Graph Engine Vibration Frequency Domain in All Mode.

4.6  Emission test result and discussion

Emissions tests are aimed to measure the improvement of gas emission of the vehicle
from normal engine mode compare to CDA mode. The probe of the tester Automobile
Exhaust Gas analyzer SV-5Q is inserted in the exhaust pipe to sample the exhaust emissions.
The amount of carbon monoxide present in the exhaust is directly related to the air/fuel
mixture delivered to the engine by exhaust manifold whereas hydrocarbons are directly
related to unburned or partially burned fuel. These tests measure volume the amount of

emissions produced by the experimental vehicle.
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Figure 4.6:  Graph CO, Emission Result in All Mode

The emission data result for CO, shown in Figure 4.6. The CO, emission was reduced
by 2.3 % using the CDA1 mode and 5.1 % using CDA2 mode at idle speed (750 rpm). At
1000 rpm CDAL reduce 5.81 % and CDAZ2 reduce 9.27% compare to Standard mode. At
2000 rpm CDALI reduce 7.8 % and CDA2 reduce 4. 97% compared to Standard mode
Obtained.CO, emission reductions are mainly depending on the lower amount of fuel
consumption. From this fact of assessment, it was concluded that the obtained CO, emission
reductions were also a result of the increased combustion efficiency. This finding agree with
results from Kortwittenborg et al., (2017) where CO- reduction as a result of cylinder

deactivation.
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Figure 4.7:  Graph HC Emission Result in All Mode

The emission data result for CO, shown in Figure 4.7. HC emissions reduced a
minimum of 2.2% for CDA1 and 6.8 % for CDA2 mode at idle speed (750 rpm). At engine
speed 1000 rpm, CO, emission increase by 4.8% using the CDAL1 mode and 7.5 % using
CDA2 mode. HC emissions reduce to 5.5 % for CDA1 and 8.4 % for CDA2. At engine
speed 2000 rpm. HC emissions reduce to 7.2 % for CDA1 and 4.8 % for CDA2. It showed
that HC emissions more complete combustion products. Referring to Pedro Mello et al
(2014), the HC emissions are incomplete combustion products because of misfire and bulk
quenching, fuel trapped in crevices, absorption, and desorption of fuel in lubrication oil. The
higher pressure in-cylinder, the lower incomplete combustion products in CDA1 and CDA2

modes, thus HC emissions related to the lean-burn are expected to decrease.
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47  Summary
The manual CDA using SFC method in a predefined order to reduce the fuel
consumption was the focus throughout this experimental. A test vehicle was installed with
electrical circuit manual CDA control by driver and modification of standard exhaust to 4 -
2-1 header exhaust to run experimentally. The result of the experimental test stipulates the
assessment and evaluation of the appropriate speed parameter for the CDS trigger base on
the vehicle condition. These experimental findings were summarized as follows:
a. The maximum engine power and maximum torque for CDA1 mode and
CDA2 decreasing from STD mode. The maximum engine power reduction for CDA1
mode compared with STD mode is 42%, while CDA2 mode has reduced to 74%.
Similarly, maximum torque, compared to CDA1 mode with STD mode reduced by
37% and for CDA2 mode has been reduced by 65%. Standard mode reaches max
speed 134 km/h in 17 seconds, CDAL takes 27 seconds to reach 130 km and CDA2
takes 44 seconds to reach max speed 108 km/h.
b. The results of the CDA2 mode vibration acceleration is increased almost at
all of the frequency with two main lobes between 242 Hz to 265 Hz and repeatedly
at 266 Hz to 283 Hz. For CDA1 mode vibration acceleration, the main lobe width
increased compares with STD mode especially went one cylinder deactivated with
one sidelobe between 276 Hz to 292 Hz. However, the vibration acceleration increase
trend was more at the high speed of the engine. The vibration is evident when the
cylinder deactivated. However, the problem typically can be solved using active
engine mounting. The problem typically can be solved using active engine mounting.
C. Average % increase fuel consumption from 1000 rpm to 5700 rpm compare

between STD mode with the CDA1 mode is 11 %, but a decrease average 10% from
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3800 to 5800 rpm and increase back average 30%. Average percent fuel consumption
increases 40% compare between STD mode with the CDA2 mode.

d. The fuel consumption only reduces when the CDA1 mode operation is
running at 3800 rpm at 5800 rpm engine speed when achieving 56 Nm. When running
in the CDAZ2 mode, fuel consumption increased on average by 30%, due to the
amount of fuel injected into the engine increasing in direct proportion to the opening
angle between throttle with engine speed.

e. CDAZ1 could perform to CDA strategy for K3-VE Gasoline 4 cycles 1.3l
engine at cruise state from 3800 to 5800 rpm. CDA2 mode could perform to CDA
strategy only at parking states because CDA2 mode increases the fuel consumption
to 30% from the Standard mode. By opening the throttle wider in CDA mode, the
pumping losses can be reduced significantly. The less pumping effort will result in
much less negative work in the cylinder which will benefit the fuel economy.

f. CO,, emission reductions in CDA1 and CDA2 modes were also a result of the
increased combustion efficiency. HC emissions in CDAL1 and CDA2 modes of
operation in-cylinder pressures of fired cycles are higher than standard operation
mode. The higher pressure air-fuel mixture in-cylinder resulting in more complete

combustion in CDA1 and CDA2 modes.
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CHAPTER 5

CONTROL AND SIMULATION OF THE CYLINDER DEACTIVATION SYSTEM

51 Introduction

This chapter will describe the design and development of the CDS. Base on
assessment engine characterization and engine parameters from manual CDA experimental
data result. CDS process control strategy to drives automatically controlling the fuel
injectors and spark plugs based on vehicle speed rate and throttle open-angle feedback. The
design of CDS will be described detail include the design of the control process, the selection
and configuring the hardware, writing and debugging the program software. Fuel
consumption and emission will measure with an unloaded NEDC driven circuit simulation

test.

5.2  Assessment engine parameter for CDS

The performance assessment of the manual cylinder deactivation experiments using chassis
dynamometer indicated that the fuel consumption only reduces when the CDA1 mode
operation is running at 3800 rpm to 5800 rpm engine speed when achieving torque 56 Nm.
Based on the engine torque and power output shown in Figure 5.1, the vehicle speed at torque
56 Nm is started at 60 km/h in third gear, 75 km/h in fourth gear and 85 km/h in fifth gear.
Table 5.1 shown the appropriate speed for CDS trigger base on vehicle speed. The CDA2
mode operation reducing fuel consumption only suitable for parking conditions (ldling
condition). The highest engine power and torque CDA2 mode reduce to 12.46 kW and

31.72 Nm not appropriate for vehicle performance.
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Figure 5.1:  Graph Torque and Power versus Speed

Table 5.1: CDS Trigger Base on Vehicle Speed

Normal CDS Trigger at
Shift up Acceleration Constant Speed Mode
km/h Km/h Second
Neutral/Parking | 0 0 5 Std — CDAZ?2 - Std
1st 0-23 X X Std
2nd 24 - 40 X X Std
3rd 41 - 64 60 - 64 5 Std — CDA1- Std
4th 65 - 79 65-79 5 Std — CDA1- Std
5th 80— 130 80 - 95 5 Std — CDA1- Std

5.3  CDS control strategy

Knowing that the SFC method is to reduce the operative stroke volume of an engine
by cutting off fuel injection and spark ignition in a certain cylinder of four-stroke cycles.
A closed control loop exists a suitable CDS control strategy where a process variable
measured vehicle speed and open throttle angle. When variable-speed achieves a setpoint
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(trigger point) condition, and the action is taken by the relay module to cut off the fuel
delivery system and ignition system to activate cylinder deactivation. The feedback signal
from vehicle speed and open throttle angle at real-time will correct any deviation from the
setpoint to turn the engine to normal. Figure 5.2 shown the CDS initial block diagram design
for the purpose to control the fuel system and ignition system. There two variable inputs
from Vehicle Speed Sensor (VSS) and Throttle Position Sensor (TPS) used in the CDS. The
microcontroller will read the analog signal from VSS and TPS and calculate the vehicle
speed and open throttle angle. At the same time, liquid crystal display (LCD) will print the
current vehicle speed and throttle angle. The continuous measurement and monitoring of the
vehicle speed until reaching the trigger point. Then the microcontroller will give a signal to
cut off the ignition system current and fuel system current to deactivate the cylinder.
Feedback referencing the decreasing and increasing of speed and throttle angle will reset the
CDS to standard condition. The application: control algorithm for CDS flow chart shown in

Figure 5.3.

CDS Initial Block Diagram

Current On/Off *

MODULE
RELAY

*

———— Sensor

LCD Display g
Serial/ Analog
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L . Sl |
Microcontroller
Pushbutton Sy
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Figure 5.2:  The CDS Initial Block Diagram
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Figure 5.3:  Application: Control Algorithm for CDS

5.4  The design and development of CDS hardware

In this subchapter, the design dan development CDS hardware base on the Arduino
Uno Microcontroller board platform. Figure 5.4 shows the hardware setup, Arduino Uno
Microcontroller board, Module Relay, LCD, push-button and plus electronic jumper and

connector, and solderless breadboard. First, push-buttons wire connected to digital pin 13
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and to ground on the Arduino board. Next, connect LCD pin (12, 11, 6, 5, 4, 3) to the board.
The VSS and TPS input signal are connected to analog pin Al and PWM pin 2. Next

connected Relay Module top pin 7, 8, 9 and 10. Figure 5.5 shown CDS fabrication.

RELAY MODULE

TO SPARK PLUG
CYLINDER NO 3

TO FUEL INJECTOR -
CYLINDER NO 3

TO SPARK PLUG
CYLINDER NO 2

TO FUEL INJECTOR
CYLINDERNO2

I LCD DISPLAY
TOVSS

TO GND TPH
TO SIGNAL TPH
PUSH BUTTON

POTENTIOMETER

Figure 5.4  The CDS Hardware Setup

Figure 5.5:  The CDS Fabrication
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5.5  Design and writing program software

In this subchapter, the Arduino programmable platform has been used. The Arduino
software development environment is free to download and use with no lengthy registration
procedures or end-user agreements. Usually, Arduino software requires little programming
skills or knowledge of electronics theory, and more often than not, this handiness is simply
picked up along the way.

Before starting writing Arduino programming, the working principle CDS must be
designed and transform into a programming code. The main objective development CDS is
to deactivate engine cylinders using the SFC method. The CDS model for automatic switch
function operation in controlling a fuel injector and speed and throttle variable determine
spark plug (normal lift and deactivation).

The relay module will be used to cut off the current circuit in the ignition system and
fuel system. An analog pin of VSS and TPS will give an input signal to the microcontroller
to measurement and evaluate the vehicle speed and open throttle angle. The timer on the
board will observe the duration of time of constant speed. When vehicle speed triggers the
speed setpoint is constant 5 seconds, the microcontroller will give a signal to module relay
to open the circuit of the ignition system and fuel system to deactivate the desired cylinder.
The engine reset to standard when the microcontroller receives increment or reduction

analog feedback signal from VSS and TPS.
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Figure 5.6:  Flow Chart for CDS Programming

For example, if the vehicle in a parking condition, the microcontroller will determine

the vehicle speed is 0 km/h. After 5 seconds the vehicle not move, the microcontroller will

send signal instructions to the relay module to open the circuit of cylinder 2 and cylinder 3.

While pressing the speed pedal, the throttle angle will increase, TPS will send an analog

signal to the microcontroller. The microcontroller will give signal instructions to module

relay to close the circuit, and the deactivation cylinder will reset back to standard condition.

92



Flow chart for writing the program shown in Figure 5.6 and detail sketch Arduino

programming in Appendices C.

5.6  Fuel consumption result and analysis

The objective is to assess the effectiveness of the cylinder deactivation system using
CDS in terms of fuel consumption and emissions compared with the normal four-stroke
cycle. The research vehicle tested unloaded using the NEDC simulation circuit. The fuel
consumption is measured using a Kern weight scale. Experiments done in eight tests with

standard mode and CDS mode.

Table 5.2:  Fuel Consumption Test Result for Standard Mode and CDS Mode

ECE 15 EUDC
Mode Duration Time [s] Weight [g] Duration Time [s] | Weight [g] | Total Avg
CDS CDS Lo]
Normal | .-~ Total | Max | Avg |[Normal| .- Total | Max | Avg
Trigger Trigger
Std 780 - 780 | 87 83 | 400 - 400 | 178 | 174 257
CDS 628 152 | 780 | 78 75 | 210 90 400 | 167 | 162 237

Avg [2%] -9.63% -6.9% -8.27%

The results show that the duration time trigger for CDS is 152s for ECE 15 and only
90s for EUDC. The average fuel consumption reduces 8.27 percent for complete NEDC.
Total fuel-saving average is 20g or 0.0227 liters for 1,180s (19.67 minutes). The Fuel
consumption data result in the show in Table 5.2.

Think through the driving test is conducted by placing the experimental vehicle on
lifting devices (axle stands). Therefore, the measurement of the fuel consumption result will

be corrected according to the standard the road loads conditions. Consider vehicle mass
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increase from 0 to 940 kg, fuel consumption will increase by 23.5% for vehicle mass and
plus 3.8% for load resistance. The total increase in fuel consumption is 27.36 % of the
unloading result. The net result after correction of vehicle load for fuel consumption shown

in Table 5.3.

Table 5.3 Comparison Unload versus Load for Fuel Consumption

Unload Load
Mode ECE EDUC | Total ECE | EDUC | Total
[d] [d] [d] [g] [d] [d]
Std 83 174 257 105 222 328
CDS 75 162 237 95 207 301
Avg [+%] | -9.63 -6.89% | -8.25% | -9.52 | -6.75 -8.13

From the results, it was found that the CDS control mechanism managed to reduce
fuel consumption by an average of 8.13 percent compared to standard mode. The
effectiveness of fuel-saving can be observed especially in ECE 15 circuit that cylinder
deactivation duration was 152 seconds was longer than of EUDC was 90 seconds. The CDS
control mechanisms in stop or idle state conditions could deactivate two cylinders compared
to one cylinder deactivate during cruise state conditions. Furthermore, cylinder deactivates
intermittently during cruise cause the decreases in vehicle speed. For example, when the
vehicle cruise at 80 km/h in 5 seconds constants, CDS will deactivate the number 2 cylinder.
However, the vehicle speed will decrease gradually due to engine power resizing, and CDS
reactivate the engine to normal when the speed dropped to 75 km/h. The advantage here is
the throttle opening angle is large and gives more air into the combustion chamber to reduce
engine pumping losses. From the experimental, CDA1 perform to CDA strategy for K3-VE
Gasoline 4 cycles 1.31 engine at cruise state from 3800 to 5800 rpm. This finding agree with

results from Dheeraj B Gosala et al., (2017) and Kutlar et al., (2007) hence the fuel-air
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charge amount is more in the working part of the cylinder cut-off mode. The CDA2 mode
could only be performed with CDA strategy at steady state due to reduced engine power and
torque output at CDA2 and give an average of 30 % increase in fuel consumption. This
finding perform with results from Joshi et al., (2018) proven efficient fuel consumption

5.6%, to 35% when implemented at idle and low load portions.

5.7  Emission result and analysis

From the results, it was found that there was a reduction for CO, by 5.7 percent and
6.7 percent for HC when CDS mode is active. However, there was an increase of 2.5 percent
lambda represents the actual to stoichiometric air/fuel ratio of the burning efficiency of an
engine. The result shows when the vehicle is idle condition and CDS trigger two cylinders
for deactivation; HC and CO, is a reduction, and Lambda is increased cause air/fuel ratio
increase.The higher lambda value is imperative and reflected the CDS significantly improve
combustion efficiency as it approaching stoichiometric. Data result for emission test shown
in Figure 5.7. From this result, it was concluded that the obtained CO, emission reductions
were also a result of the increased combustion efficiency. This finding perform with results

from Kortwittenborg et al., (2017) where CO2 reduction as a result of cylinder deactivation.
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Figure 5.7:  Graph Emission Data Result for Standard Mode and CDS Mode

5.8  Summary

The design and development of the CDS base on assessment engine characterization
and engine parameters from manual CDA experimental data results. CDS process control
strategy to drives automatically controlling the fuel injectors and spark plugs based on
vehicle speed rate and throttle open-angle feedback. Based on the engine torque and power
output, CDA1 mode will trigger at a constant speed when the vehicle speed reach at torque
56 Nm is started at 60 km/h in third gear, 75 km/h in fourth gear and 85 km/h in fifth gear.
The CDA2 mode is only suitable when the vehicle in parking condition (idling) and not
recommended in running condition because the max engine power and torque only 12.46
kW and 31.72 Nm not appropriate for vehicle performance.

A closed control loop exists suitable for CDS control strategy where a process
variable measured vehicle speed and open throttle angle. The working principle of CDS is
the microcontroller will read the analog signal from VSS and TPS and calculate the vehicle

speed and open throttle angle When variable speed achieve a set point (trigger point)
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condition, and the action is taken by relay module to cut off the fuel delivery system and
ignition system to activate cylinder deactivation. The feedback signal from vehicle speed
and open throttle angle at real-time will correct any deviation from the setpoint to turn the
engine to normal. From fuel consumption and analysis results, it was found that the CDS
control mechanism managed to reduce fuel consumption by an average of 8.13 percent
compared to standard mode. The effectiveness of fuel-saving can be observed especially in
ECE 15 circuit that cylinder deactivation duration was 152 seconds was longer than of
EUDC was 90 seconds. The CDS control mechanisms in stop or idle state condition could
deactivate two cylinders compared to one cylinder deactivate during cruise state condition
For example, when the vehicle cruise at 80 km/h in 5 seconds constants, CDS will deactivate
to CDAL mode. However, the vehicle speed will decrease gradually due to engine power
resizing, and CDS reactivate the engine to normal when the speed dropped to 75 km/h.
From emission and analysis results, there was a reduction for CO, by 5.7 percent and
6.7 percent for HC when CDS mode is active. However, there was an increase of 2.5 percent
lambda. The result shows when the vehicle is idle condition and CDS trigger two cylinders
for deactivation; HC and CO, is a reduction, and Lambda is increased cause air/fuel ratio

increase.
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS FOR FUTURE RESEARCH

6.1  Conclusions

Based on the methodology and results described earlier, the conclusions are
established accordingly. In this chapter the effect of normal engine problem associated with
CDA, the manual CDA into CDS for fuel and emission improvement and the assessment the
effectiveness of the CDS in terms of fuel consumption and emissions are discussed. Finally
the suggestion for future studies are recommended based on learning experience obtained

during the investigation.

6.2  The effect of normal engine problem associated with CDA

The effect normal engine behavior and characterization before implementation of
CDA was described. This research targets to develop and evaluate cylinder deactivation
concept for a small 1.3-liter Perodua Myvi SXi K3-VE series with four-cylinder inline
configuration. Thus, CDS using a microcontroller was designed for controlling cylinder
deactivation using the skip fire cycle method. From the power performance result test, engine
assessment and parameter based on the torque and power output, CDS will trigger in two
modes: The CDA1 mode at a constant speed when the vehicle speed reaches at torque 56
Nm beginning from 60 km/h in third gear, 75 km/h in fourth gear and 85 km/h in fifth gear.

The CDA2 mode was investigated while the vehicle is in parking condition (idling).
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The vibration and acceleration shows increasing trend especially at high engine
speed. The vibration analysis show the evidence of the cylinder being deactivated. The

problem typically can be solved using active engine mounting.

6.3  The manual CDA into CDS for fuel and emission improvement

The manual CDA is forming each cylinder equipped with a switch that connected in
series in order to deactivate the cylinder, skip the fire cycle method based on controlling
ignition and the fuel system function manual by the driver. The fuel delivery and ignition
spark simultaneously controlled by a manual switch to cut off the electric current that the
engine cylinders required mode: Standard mode, CDA1 mode, and CDA2 mode.

Compare to the CDS process control strategy to drives automatically controlling the
fuel injectors and spark plugs based on vehicle speed rate and throttle open-angle feedback.
Development a control system for the cylinder deactivation system using the Arduino system
based on the engine torque and power output, CDS will trigger in two modes: The CDAL
mode at a constant speed when the vehicle speed reaches at torque of 56 Nm started at 60
km/h in third gear, 75 km/h in fourth gear and 85 km/h in fifth gear. The CDA2 mode when

the vehicle in parking condition (idling).

6.4  The effectiveness of the CDS in terms of fuel consumption and emissions

The results obtained when the vehicle was tested with NEDC simulation, only 30%
off time could be trigger using CDS. Resulting in fuel saving in excess of 8.13%, the vehicle
fuel consumption was compared with the normal engine mode.From emission and analysis
results, there was a reduction for CO, by 5.7 percent and 6.7 percent for HC when CDS
mode is activated. The result shows that as the vehicle at idle condition and CDS for two

cylinders deactivated; the HC and CO, show reduction trends.
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6.5 Recommendations for future work

Recommendations for future research will be based on some of the difficulty and
lesson learned and observation taking place during this investigation. It would be also be
concentrated on investigating other novel technologies such as the addition of turbochargers
on the baseline engine. The other strategies to further improve fuel consumption will focus
on the actuation mechanism of the locking plate at the intake air manifold to construct a
high-pressure air-assisted injection into the cylinder. This will increase the engine
performance and expand time for CDS trigger.

This research showed that under the influence of cylinder deactivation, engine
vibration accelerations increased, possible causing engine unstable and shuffle when one or
two-cylinder cut-off. The reactive engine mounting will suggest in overcoming engine
instability and vibration during cylinder deactivation trigger.

The other strategies to further improve cylinder deactivation control will focus on
learning ECU programmer enhance diagnostic system analyses all of the data for selecting
the operating mode (full engine mode or cylinder deactivation). It also connects all of the
relevant actuators for the engine mode transition control, including the air system with

throttle valve, the fuel, and ignition system for cylinder deactivation request.
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APPENDIX A

Chassis Dynamometer Model Dynojet Specification Data

Technlcal Data
Type Unit 331282 #312E10
Acceleration Range g &3 +10
Senslivity £5% /g 1000 200
2ero g Qutput (5%) m 030 0430
Fesoluthon/ Threshold pE B4 2830
Amplitude Non-lineanty HFS0 04 0.8
Resonant Frequency nom. Hz 1400 2700
Frequency Kesponse Hz 0...250 0... 180
Hotse typ. 10 ... 100Hz) Jigrere 380 2000
Moise Drensity (0...100 Hz) typ M@ HH 318 200
Fhase Shift max @ 0 Hz degres a o
& 10 Hz degres 2 2
& 100 Hz degres 20 0

Semslive Axls Misalignment typ. (max.) rrad =10 (=300 10 (<30
[ransverse sensitivty byp. (max) T 11(3) 113)
Environmental:

Random Vibration 20... 2000 Hz B 20 20

Shock half sine, 500ps gpk &000 2]

Temperature Coefficlent Sensitivity typ. (max) ppmydeC 200 (3200 200 (320)

Temperature Cosfficient Semsitivity byp. (max.) Bl 0,02 10,032) 0,02 {0,032)

Temperature Cosfficlent of Blas, typ. (max.) mg/*C 0211 11(5)

Temperature Range Operating *C -4 ... 8% -4 ... 85

Temperature Ranpe Storage *C -55 ... 125 -55 ... 125
{utput:

mpadance max. 0 350 350

Load Resistance min kil 0 30
Capacitive Load max. JF 0,5 0.5
Supply:

Winltage VDo 8. 32 3B8..32

Current nom. s 13 1.3
{onstrection:

4ensing Element bype Capacitive Capaditive

Housing/Base rnatera Al, Hard Anodized Al, Hard Anpdized

Sealing - housing/connector bype Epaucy Epoicy

Connector bype 4-pin pos. 4-pin pos.

Ground lsolation [ 10 10
Mounting bype 4-40 thread / Adhesive 4-40 thread / Adhesive
‘Welght Erams 12 12

1 g = 9,80665 mi¥, 1 Inch = 25,4 mm, 1 gmm = 0,03527 az, 1 Ibfin = 0,1122 Nm
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APPENDIX B

Chassis Dynamometer Power Performance Result

Dynojet Research Inc.

Run Name: D:\DynoRuns\PEC myvy2\14.5.14\RunFile_004.drf

Run Date: 14-May-2014 10:32:59 AM

RunFile_004.drf: 94.30 °F 1042.30 mBars Humidity: 41 % SAE: 0.98 Average Gear
Ratio: 84.12

S RPM x1000 kW N-M
057 260 2265 83.17
093 270 2346 82.96
129 280 23.89 81.48
165 290 2459 80.98
199 3.00 2651 84.40
234 310 27.76 8551
268 3.20 2859 8531
3.01 330 29.73 86.01
335 340 3099 87.03
368 350 3231 88.15
403 360 3259 86.46
437 370 33.86 87.39
469 380 3507 88.13
5.03 390 36.14 88.50
537 4.00 36.78 87.80
569 410 3852 89.71
6.02 420 39.86 90.63
6.34 430 4110 91.28
6.66 4.40 4240 92.03
6.98 450 4326 91.80
7.30 460 4439 092.16
763 470 4554 9253
795 480 46.35 9222
828 490 46.00 89.65
861 5.00 47.04 89.85
895 510 4735 88.66
9.29 520 4762 87.45
9.64 530 47.89 86.29
10.00 540 48.03 84.94
10.35 5.50 48.34 83.93
10.73 560 48.03 81.90
11.10 5.70 48.22 80.78
11.48 580 48.09 79.18
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11.88 590 48.00 77.69
12.28 6.00 4788 76.21
1269 6.10 4787 74.94
13.10 6.20 47.79 73.60
1353 6.30 4743 71.89
13.98 6.40 47.20 70.42
1443 6.50 46.79 68.74
1489 6.60 46.64 67.48
1537 6.70 4595 65.49
1586 6.80 4514 63.38
16.38 6.90 4420 61.18
MAX: 16.38 6.90 48.34 92.53
MIN: 057 260 2265 61.18

Dynojet Research Inc.

Run Name: CDA1\PEC myvy2

Run Date: 14-May-2014 10:25:40 AM

RunFile_003.drf: 94.76 °F 1042.08 mBars Humidity: 44 % SAE: 0.99 Average Gear
Ratio: 83.73

S RPM x1000 kW N-M
061 260 14.78 54.28
116 270 1591 56.28
171 280 16.11 54.95
227 290 16.05 52.85
281 3.00 17.44 5552
335 310 1795 55.30
3.88 3.20 18.92 56.46
441 330 1946 56.32
494 340 2036 57.19
547 350 21.10 57.58
6.01 3.60 2137 56.70
6.56 3.70 21.64 55.84
7.09 380 2223 5587
762 390 2327 56.97
8.16 4.00 2423 57.84
869 410 2516 58.59
922 420 2549 57.95
9.75 430 26.14 58.06
10.28 4.40 26.60 57.73
1081 450 27.21 57.74
11.34 460 27.65 57.39
11.87 470 28.35 57.60
12.41 480 2859 56.87
1296 490 28.83 56.18
13.52 5.00 28.78 54.97
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1409 5.10 28.72 53.77
1468 520 2884 52.96
1528 530 28,57 51.47
1590 540 28.28 50.01
16.54 550 28.43 49.37
17.20 5.60 28.04 47.81
1787 570 27.81 46.59
18.58 5.80 2753 45.32
19.30 590 27.03 43.75
20.05 6.00 27.01 4299
20.82 6.10 26.51 41.49
2163 6.20 25.72 39.62
2249 6.30 2529 38.34
2338 6.40 2439 36.39
2433 650 2411 3543
2531 6.60 2337 3381
26.35 6.70 2251 32.08
MAX: 2635 6.70 28.84 58.59
MIN: 0.61 260 1478 32.08

Dynojet Research Inc.

Run Name: CDA2 Mode\PEC myvy2\

Run Date: 14-May-2014 10:36:04 AM

RunFile_005.drf: 95.90 °F 1042.43 mBars Humidity: 40 % SAE: 0.99 Average Gear
Ratio: 83.40

S RPM x1000 kW N-M
089 250 7.67 29.29
192 260 834 30.64
294 270 849 30.04
396 280 9.04 30.82
496 290 954 3142
595 3.00 9.89 31.48
700 310 929 28.62
8.09 320 951 28.39
923 330 938 27.15
10.44 340 9.43 26.48
1169 350 936 2553
1298 3.60 9.26 24.57
1429 370 952 2457
1562 3.80 9.68 24.34
16.92 390 10.18 2491
18.24 4.00 1031 24.62
19.56 4.10 10.57 24.62
2091 420 10.64 24.18
2227 430 1094 2430
23.65 4.40 1111 24.10
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2499 450 1172 24.86
2631 460 1215 2522
2763 470 1242 2524
28.99 480 1230 24.48
3040 490 1194 23.27
3191 5.00 1152 22.00
3354 510 1101 20.62
3532 520 1056 19.39
3726 530 993 17.89
3950 540 897 15.87
4199 550 842 14.62
MAX: 4199 550 1242 31.48
MIN: 089 250 7.67 14.62
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APPENDIX C

Arduino UNO Schematic Diagram
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APPENDIX D

Programming CDS Sketch

#include <LiquidCrystal.h>
#include <TimerOne.h>

intTPSSensor = Al;
intVSSSensor = 2;

int Cylinder2 = 10;

int SPlug2 =09;

int Cylinder3 = 8;

int SPlug3 =7;

intswitchOn = 13;

bool state = 0;

intadcVal = 0;

unsigned short TPSPct = 0;
unsigned short TPSPctPrev = 0;
volatile unsigned long pulseCnt = 0;
unsigned long speedTot = 0;
unsigned short speedAvgCnt = 0;
unsignedintspeedV = 0;
unsignedintspeedVPrev = 0;
unsignedint timer = 0;

volatile unsigned inttimerCnt = 0;

booltestState = false;
bool testState2 = false;

LiquidCrystallcd(12, 11, 6, 5, 4, 3);

void setup() {

I put your setup code here, to run once:
pinMode(TPSSensor, INPUT);
pinMode(VSSSensor, INPUT_PULLUP);
pinMode(switchOn, INPUT_PULLUP);
pinMode(Cylinder2, OUTPUT);
pinMode(SPlug2, OUTPUT);
pinMode(Cylinder3, OUTPUT);
pinMode(SPlug3, OUTPUT);
digitalWrite(Cylinder2, HIGH);
digitalWrite(SPlug2, HIGH);
digitalWrite(Cylinder3, HIGH);
digitalWrite(SPlug3, HIGH);
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Icd.begin(16, 2);
Icd.clear();

Icd.home();
Icd.print("CDA OFF");

/Itesting
pinMode(7,0UTPUT);
pinMode(8,0UTPUT);
pinMode(9,0UTPUT);
pinMode(10,OUTPUT);

attachinterrupt(0, VSSSens, RISING);

Timerl.initialize(100000); // set a timer of length 200000 microseconds (or 0.1 sec - or
10Hz => the led will blink 5 times, 5 cycles of on-and-off, per second)
Timerl.attachInterrupt(timerlsr ); // attach the service routine here

¥

void loop() {

/I put yourmain code here, to run repeatedly:
while(digitalRead(switchOn) == HIGH)

{
if(state==1){
Icd.clear();
Icd.home();
Icd.print("CDA OFF");

}

state=0;
digitalWrite(Cylinder2, HIGH);//normally closed relays
digitalWrite(SPlug2, HIGH);//normally closed relays
digitalWrite(Cylinder3, HIGH);//normally closed relays
digitalWrite(SPlug3, HIGH);//normally closed relays

timerCnt=0;
checkSpeedThrottle();
delay(300);

¥

if(digitalRead(switchOn) == LOW)
{

if(state==0){

Icd.clear();

Icd.home();

Icd.print("CDA ON");

}

state=1,

checkSpeedThrottle();
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/laccelerate or decelerate
if(TPSPct>= (TPSPctPrev+2.0)

|| TPSPct<= (TPSPctPrev-2.0)

|| speedV>= (speedVPrev+2.0)

|| speedV<= (speedVPrev-5.0)

|| TPSPct<=1.0)

{

/Iboth cylinders on

digitalWrite(Cylinder2, HIGH);//normally closed relays
digitalWrite(SPlug2, HIGH);//normally closed relays
digitalWrite(Cylinder3, HIGH);//normally closed relays
digitalWrite(SPlug3, HIGH);//normally closed relays

timerCnt=0;

¥

else
{
if//( (speedV<= (speedVPrev+3.0) &&speedV>= (speedVPrev-3.0))
11&&
(timerCnt>=50.0)

{

if(speedV == 0.0 &&speedV<=4.0)

{

/11 cylinder off for parking
digitalWrite(Cylinder2, LOW);//normally open relays
digitalWrite(SPlug2, LOW);//normally open relays
digitalWrite(Cylinder3, HIGH);//normally closed relays
digitalWrite(SPlug3, HIGH);//normally closed relays

}
if(speedV>= 60.0 &&speedV<= 80.0)

/11 cylinder off for constant speed 60- 80km/h
digitalWrite(Cylinder2, LOW);//normally open relays
digitalWrite(SPlug2, LOW);//normally open relays
digitalWrite(Cylinder3, HIGH);//normally closed relays
digitalWrite(SPlug3, HIGH);//normally closed relays

}

if(speedV> 80.0 &&speedV<= 120.0)

{

/12 cylinder off for constant speed 80 -120 km/h
digitalWrite(Cylinder2, LOW);//normally open relays
digitalWrite(SPlug2, LOW);//normally open relays
digitalWrite(Cylinder3, LOW);//normally open relays
digitalWrite(SPlug3, LOW);//normally open relays
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}

if(timerCnt>5000)
timerCnt=5000;

¥
¥

speedVPrev = speedV;
TPSPctPrev = TPSPct;

delay(300);
}
}
voidcheckSpeedThrottle()
{
Icd.home();
//lcd.setCursor(10,0);
Ied.print(" ")
/llcd.setCursor(12,1);
Icd.home();

if(state==1)lcd.print("CDA ON");

if(state==0)lcd.print("CDA OFF");
lcd.print(" ™);
Icd.print(timerCnt);

Icd.setCursor(0,2);
lcd.print(" "),
Icd.setCursor(0,2);
Icd.print(speedV);
lcd.print("KM/H");

adcVal = analogRead(TPSSensor);

/ITPSPct = (adcVal*19.6);
Icd.print(" ")
Icd.setCursor(9,2);

/ITPSPct = ((adcVal-93.0)/778.0)*100.0;
TPSPct = (adcVal/0.97)/10;
Icd.print(TPSPct);

/llcd.print(adcVal);

Icd.print("%");
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}

voidVSSSens()
{

pulseCnt++;

¥

voidtimerlsr()

{
/Ihere we count the pulses
[IspeedV = pulseCnt;
/IspeedV = speedV/1.175;
/IpulseCnt=0;

speedTot = speedTot + pulseCnt;
pulseCnt=0;

if(speedAvgCnt>=10)

{

speedV = speedTot/10.0;
speedV = speedV/1.1985;
speedAvgCnt=0;
speedTot = 0;

}

speedAvgCnt++;
timerCnt++;

¥
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