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Ph.D., 130 PP.

BIOGAS FUEL/GASOLINE ENGINE/GENERATOR/SPEED CONTROL

Thailand has developed quickly both in agricultural and industrial sectors, the energy
requirements are increasing especially the petroleum which are unsustainable energy resource.
The researches related to renewable energy have been studied for finding renewable energy
resources. Biogas is a substance obtained from anaerobic decomposition process. The main
component of the biogas is methane which provides thermal energy through the combustion.
Nowaday, Thai government encourages communities to set the waste treatment systems for
the animal’s dung such as cattle, swine and poultry which is used to produce the biogas for
household usage. The biogas can be used not only as the automotive fuel but also the resource
for electricity production. The size of engine generators from biogas were 8-12 cylinders that
can produce 1-3 MW of electricity supply which is mostly utilized in the industrial sectors.
This research is to present the modification and design of the gasoline engine control system
that can be produced the electricity of 20 kW for utilizing in small communities, schools
and farms etc.,. The rotational speed and torque are controlled in accordance with the power
generator by using a PI controller and the adjustment of ration between gas and air. This

control system can maintain the effectiveness of electricity production of the gasoline.
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Parameter
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[#111 : Simulation Studies of The Estimated SI Engine Load Torque using Adaptive Observer
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Arduino is an open-source physical computing platform based on a simple i/o board and a development
environment that implements the Processing/Wiring language. Arduino can be used to develop stand-alone
interactive objects or can be connected to software on your computer (e.g. Flash, Processing, MaxMSP). The open-
source IDE can be downloaded for free (currently for Mac OS X, Windows, and Linux).

The Arduino Mega is a microcontroller board based on the ATmega2560. It has 54 digital input/output pins (of
which 14 can be used as PWM outputs), 16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal
oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to-DC adapter
or battery to get started. The Mega is compatible with most shields designed for the Arduino Duemilanove or
Diecimila.

Additional features coming with the R3 version are:

ATmegal6U2 instead 8U2 as USB-to-Serial converter.

1.0 pinout: added SDA and SCL pins for TWI communication placed near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided from the board and
the second one is a not connected pin, that is reserved for future purposes.

stronger RESET circuit.

Technical Specifications

Microcontroller ATmega2560

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital /O Pins 54 (of which 14 provide PWM output , 4 UART TTL)
Analog Input Pins 16

DC Current per /O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB

EEPROM 4KB

Clock Speed 16 MHz
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1. INTRODUCTION

The RAPCON platform offers a seamless interface between physical plants and Matlab/Simulink for im-
plementation of hardware-in-the-loop real-time control systems. It is fully integrated into Matlab/Simulink
and has a broad range of inputs and outputs. The platform is a complete and low-cost real-time control
system development package for both educational and industrial applications.

The RAPCON platform consists of the real-time control board (hardware) and the associated Matlab
interface (software). The hardware of the RAPCON platform has 8 x 12 bit analog inputs, 2 X 16 bit
capture inputs, 2 X 16 bit encoder inputs, 1 x 8 bit digital input, 2 X 12 bit analog outputs, 2 x 16 bit
frequency outputs, 2 16 bit pulse outputs and 1 x 8 bit digital output. The board also contains 2 H-bridges
with 5 A capability to drive external heavy loads. Some inputs and outputs are multiplexed to simplify
the hardware. The board is interfaced to the host computer that runs Matlab through a serial port. The
software of the RAPCON platform is fully integrated into Matlab/Simulink/Real-Time Windows Target
and comes with Simulink library blocks associated with each hardware input and output. The library
contains Analog Input Block, Capture Input Block, Encoder Input Block, Digital Input Block, Analog
Output Block, Frequency Output Block, Digital Output Block and Pulse Output Block. The platform
achieves real-time operation with sampling rates up to 15.2 kHz.

The RAPCON platform has been developed to extend and optimize the real-time operation of Matlab,
Simulink and Real-Time Windows Target. The developed platform is uniquely integrated into Matlab to
achieve real-time operation in Matlab under Windows. The salient features of the RAPCON platform
make it ideal for implementation of hardware-in-the-loop real-time control systems in both educational

and industrial applications.

1.1. Specifications

o Power supply: 6 — 15 V, minimum 0.15 A, regulated

o Interface: 460800 baud, 8 bit data, no parity, 1 stop bit

o Analog inputs: AO—A7, 0 — 5 V analog, 12 bit resolution
o Capture inputs: C0O—C1, 0 — 5 V digital, 16 bit resolution
« Digital inputs: D0_d0-D0_d7, 0 — 5 V digital, 8 lines

o Encoder inputs: EO-E1, 0 — 5 V digital, 16 bit resolution

o Frequency outputs: FO-F1, 0 — 5 V digital, 16 bit resolution
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¢ Analog outputs: BO-B1, 0 — 5 V analog, 12 bit resolution

« Digital outputs: GO_g0-G0_g7, 0 — 5 V digital, 8 lines

o Pulse outputs: HO-H1, 0 — 5 V digital, 16 bit resolution

o Filtered pulse outputs: LO-L1, 0 — 5 V analog

o H-bridge outputs: PO-P1, 0—(supply voltage) V digital, 5 A

o Voltage regulator output: VDD, 5 V, 0.25 A, regulated power supply
e Ground: GND, 0 V

o Sampling rate: up to 15.2 kHz

1.2. Requirements

o PC with Windows XP or later and an expansion slot for a serial card

» Serial crossover (null modem) cable

o Matlab R2007b or later with Simulink, Real-Time Workshop and Real-Time Windows Target
e RAPCON hardware (real-time control board) 1.5 or later

e RAPCON software 1.5 or later

o Power supply (regulated, 6 — 15 V and at least 0.15 A without any load)

1.3. Absolute Maximum Ratings

« Power supply voltage: minimum 3 V, maximum 16 V

« Each analog, digital, capture and encoder input: minimum —0.3 V, maximum +5.3 V

« Each analog, digital, frequency and pulse output: minimum —25 mA, maximum +25 mA

« Each filtered pulse output: minimum —25 mA, maximum +25 mA

« Each H-bridge output: minimum —5 A, maximum +5 A

« Total current from/into all inputs and outputs (except power supply, voltage regulator and H-bridges):
minimum —200 mA, maximum +200 mA

« Voltage regulator output: maximum 0.5 A (total)

e Operating ambient temperature: minimum 10 °C, maximum 50 °C




105

2. HARDWARE

The real-time control board is based on a dsPIC30F2012 digital signal controller. It has a total number
of 8 x 16 bit inputs and 8 x 16 bit outputs capability. The inputs and outputs can be selected among the
inputs and outputs listed above. The board is interfaced to the main computer that runs Matlab through
a serial port. Two pulse-width modulation driven H-bridges with 5 A drive capability are included on
the board to drive external actuators or loads. The functional block diagram of the board is shown in
Figure 1, where AQ—AT are the analog inputs, BO-B1 are the analog outputs, CO-C1 are the capture
inputs, DO_d0-D0_d7 are the digital inputs, EO—E1 are the encoder inputs, FO-F1 are the frequency
outputs, GO_g0-G0_g7 are the digital outputs and HO-H1 are the pulse outputs; ADC represents the
analog-to-digital converter, DAC represents the digital-to-analog converter, ICM represents the input-
capture module, OCM represents the output-compare module, DIP represents the digital-input port, DOP
represents the digital-output port, QEM represents the quadrature-encoder module and PWM represents
the pulse-width modulator; FLs are the lowpass filters with outputs LO-L1 and HBs are the H-bridges
with outputs PO-P1; and pC is the central microcontroller, UART is the universal-asynchronous-receiver-

transmitter unit and PC is the host computer.

PC
A0 — UART 5
: | ADC DAC [ i
Co — — F0
61— M ¢ [ oMk
nC
DO0_do —— oGl L e h’ G0_g0
D0_d7 — J" ‘l‘ > GO0.g7
E0 — Ll Ho
B QEM PWM -

Figure 1. Functional block diagram of the board.

The layout of the board is shown in Figure 2. The inputs and outputs are connected to the board
through standard pin header type connectors. The pins of all connectors are clearly indicated on the
board for convenience. Access to the on-board 5 V, 0.25 A voltage regulator output is also provided for

external light power supply requirements.
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A Comparative Study on Gasoline, LPG and Biogas
Affecting the Dynamic Responses of SI Engine

Odngam S.!, Khaewnak N.?, Dolwichai T.? and Srisertpol J.*

System & Control Engineering Laboratory,

School of Mechanical Engineering, Institute of Engineering,
Suranaree University of Technology, Nakhon Ratchasima, Thailand, 30000
Odngam.s@outlook. com® , b03mel2@hotmail.com”
prapun@sut.ac.th® ,jiraphon@sut.ac.th®

Abstract. Nowadays biogas is used in agriculture and industrial sectors
especially in electric production because its production cost lower is than other
fuels such as gasoline and LPG. However, biogas from the waste of swine farm
has only 50 — 70 % of methane that decreases the efficiency and power of SI
engine. This paper presents a comparative study of gasoline LPG and biogas
affecting the dynamic responses of SI engine. The system identification of SI
engine uses mean value model with parameter estimation. A mean value model
is a mathematical SI engine model which is the intermediate between large
cyclic simulation models and simplistic transfer function models. The
simulation and experimental results are found useful in the development of
control system for biogas engine-generator system and LPG plus biogas
engine-generator system.

Kevwords: Mathematical model of the SI engine, Parameter estimation

1 Introduction

The major concern of most people nowadays is the use and availability of energy.
They spend a large portion of their gas propane and oil. These fossil fuels have being
continuously used to a large extent. Because these forms of energy are
non-renewable, the availability will continue to decrease but the costs will to increase.
This has led to research for new energy sources. The properties of gasoline, liquefied
petroleum gas (LLPG) and biogas were analyzed by Chiang Mai University as shown
in Table 1. The calorific of biogas has lower value than other fuels. A mean value
modeling of SI engine is applied to system identification. Some nonlinear time-base
in-cycle thermodynamic model of a linear combustion engine is posing as an open
thermodynamic system [1]. Model of the injection system proposed a physics-based
state space model in [2-4]. The parameters estimation and the specification of the
identity of mathematical models for biogas or LPG engine were also studied [5-
6].This comparative study of gasoline LPG and biogas affects the dynamic responses

adfa, p. 1, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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of SI engine. The results are found useful in the development of control system for
biogas engine-generator system and LPG plus biogas engine-generator system.

Table 1. Properties of fuels

Fuel Density Calorific Value Stoichiometric
(kJ/kg) air/fuel ratio(kg/kg)
LPG 0.54 kg/litter 46,000 15.50
Gasoline 0.75 kg/litter 43,000 15.60
Biogas(60% CH,) 1.20 kg/m® 18,000 10.20
2 Mean value modeling of SI engine

The SI engine system modeling is a complex system and non-linear equation. Also,
the parameter of system changes overtime. The SI engine models are on the basic
principle such as fundamental thermodynamics, fluid mechanic and rigid body
mechanics. There are three principles consisting of air path model, torque production
model and rotational dynamic model. The diagram of SI engine is show in Fig.1.

o=t BB B === —
| Torgue Production Model

Spark Ignition  Friction Torque -

Fig. 1. Mean value modeling diagram of the SI engine

21 Air path model

The air mass flow rate (7, ) flying through the throttle valve into manifold can be
calculated from standard orifice equation for compressible fluid as follows

P
it = C, 22 PRI ©
RT, .

where Cjy is flow rate coefficient, P,,,; is ambient pressure, T, is ambient tempera-
ture, R is ideal gas constant, Ay is throttle area and PR/ is the pressure ratio influence
function, which describes the choked/sonic flow that occurs through the throttle valve.
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The most common throttle body used on spark ignition engines is the throttle valve.
Fig. 2 shows an end view of a throttle valve assembly. The purpose is to limit the flow
of air into the intake manifold and the combustion chamber. By limiting the airflow
into the engine, the power output of the engine is controlled.

7, ;/ T M4,
P T / _L Bran s Lonem

Fig. 2. Throttle valve body

The flow path of throttle

7d* rd? cos@

= —_— 2
A 4 4 cosb, @

where d is the diameter of the throttle, & is throttle angle and 6, =5

2.2 Torque production and rotation dynamic model

The air mass flow rate out of intake manifold ( sz, ) is

= I{:‘??v‘enan n

W= 3
@ 120RT_ 3

where #n is the engine speed (1pm), V5 is the displacement volume of the engine cylin-
ders, Tyanis the intake manifold temperature, 77, is the volumetric efficiency. The fuel

mass flow rate into the cylinder ( 71, is
1t

rit, =22 4
T @

when A is air fuel equivalence ratio (usually equal to 1), Ly is the theoretical air fuel
ratio. The indicated power (P;) forces the crankshaft from fuel

B = Hpp, ©)

where H, is the fuel low heating value and 7, is the indicated efficiency. Substitute

(3), @) to (5) and divide the result by engine speed (@ = nm/30), the indicate torque
with function of ignition (SZ(a)).can be derived from
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__HY.nm,

— -SI(ex)- P, 6
ATRAL,T,,, @) Lo ©)

ind

The friction torque (T) is loss in the rotational movement of the crankshaft. The mean
effective torque (7,) can be obtained from
HYVm1,

=" dli'h grgy.p T, 7
° A7mRAL,T, @) B =1 @

The engine rotation dynamic model can be derived directly from Newton’s second
law as follows

Lo=T,-T,-bo ®)

where 7, is the equivalent inertia of crankshaft, 7 is the load torque, o is engine speed
(rad/s) and b is viscous damping constant of the crankshaft bearing.

3 System identification

This method used Parameter Estimation toolbox in MATLAB for the parameters
identification of the SI engine. Parameter Estimation toolbox is a Simulink-based
product for estimating parameters of model from experimental data.

SI Engine o

Parameter
Estimation

»
Mode\ 1 03
\ e=m—0

Fig. 3. Parameter estimation diagram

From Fig. 3, the investigation of the coefficients in the mathematical models (1), (2),
(3). (7) and (8) is a very complex problem because of restricted information, input
throttle angle and engine speed can be measured, where @ is the engine speed from
the mathematical model and e is the difference between two outputs

e = 0—0 (%)
4 Simulation and experimental results
This section presented the dynamic response of SI engine model using parameter’s

value from parameters estimation for each fuel. Toyota 2JZ, 230 hp is used for
experimental setup. The parameters of the mathematical model are estimated by the
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mean values of SI engine as shown in Table 2. The cost function typically calculates a
least-square error between the signals of empirical and model data.The parameters of
the mathematical models of SI engine could be estimated as shown in Table 3.
Dynamic responses of SI engine model and experiment for gasoline, LPG and biogas
are shown in Fig. 4, Sand 6 respectively.

Table 2. Mean value models of SI engine

Va@’) R@molK) Tuw®) Twan(®K)  Paw(Nm) Pua®™Wmd) 7, 7,
value 0.0029 8.3144 303 303 101325 80000 0.8 0.8
Table 3. Parameter Estimation of SI engine for each fuels
Fuel Parameter Estimation
Ty (N.m) L (kg.m?) b (N.m.(s/rad)) Viu (1)
Gasoline 23.9260 0.0276 0.5812 4.3216e-7
LPG 27.5760 0.0212 0.4143 2.5360e-7
Biogas 70,7800 0.0172 0.1883 5.7486e-7

Theottle Angle (degree)

18} | — Throttle Angle

Time(sec)

Time{sec)

Fig. 4. Throttle angle and speed responses of SI engine using gasoline
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Fig. 5. Throttle angle and speed responses of SI engine using LPG
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Fig. 6. Throttle angle and speed responses of the SI engine using biogas

5 Conclusions

The results of system identification of SI engine using biogas have move friction
torque than those using LPG and gasoline engine. The dynamical responses of the
mathematical model with mean value modeling compared with the experimental data
by parameter estimation can be used to analyze the factors that affect the SI engine
performance. As the results of the study, the wvariable from fuel can be used to
estimate speed engine and applied to design controller for controlling SI
engine-generator using biogas.
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