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Comparative Study P&O and Fuzzy Logic 
MPPT System for Solar Energy Conversion System

Prashant Upadhyay*
Bheru Das Vairagi*

Vinod Kumar**
R. R. Joshi***

A B S T R A C T

Maximum power point trackers are so important to improve the efficiency of photovoltaic systems. Many 

methods have been proposed to achieve the maximum power that the PV modules are capable of 

producing under different atmospheric conditions. This paper proposed a fuzzy logic based Maximum 

Power Point Tracking (MPPT) algorithm for solar system. The solar panel is simulated and analyzed in 

MATLAB/SIMULINK. Photovoltaic system is connected to a DC-DC Buck-boost converter. The Solar 

panel can produce maximum power at a certain operating point called Maximum Power Point (MPP).To 

achieve maximum power and to get maximum efficiency, the whole system must operate at that Maximum 

Power point. Maximum power point of PV panel keeps same on changing with changing solar irradiance 

and temperature of cell. Then to obtain maximum power from a PV system, MPPT algorithms are 

implemented. So that, fuzzy logic based MPPT is developed and Simulation results show the effective of 

the fuzzy based controller to produce more stable power.

Keywords: MPPT, Fuzzy Logic, PV Modeling, Buck-Boost Converter.

1. Introduction: 

As we know energy has the great role in our life and economy. The energy demand has greatly increased 

day by day due to the technical revolution. Fossil fuels have been started to be gradually depleted. On the 

other hand the greenhouse gases emissions are increasing due to the conventional generation of energy. 

It is a really critical challenge to reduce carbon dioxide emissions and ensuring safe, improve and 

affordable energy, and to achieve better energy systems. Renewable energy sources are considered for 

generation of clean and sustainable energy.[1,2] There are many available renewable energy sources are 

such as solar energy, wind energy, etc. Photovoltaic (PV) system has a huge research area for upcoming 

energy requirement.[4] So it taken a great attention by the researchers and it appears to be one of the most 

sustainablerenewable energy sources. Solar energy is a secure, less maintenance, pollution free 

andnoiseless generation due to absence of moving parts.[3,5]
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However, two important factors affect the implementation of photovoltaic systems. These are high 

initial cost and less efficient at energy conversion. So to reduce photovoltaic system costand to increases 

the conversion efficiency of solar energy, the maximum power point tracking system of photovoltaic 

modules is one of the effective method. Maximum power point tracking, frequently referred to as MPPT, 

is a system used to extract the maximum power of the PV module to deliver it to the load, and system 

efficiency increases.[6,7]PV systems are dependent power sources with nonlinear I-V characteristics 

under different environmental (insolation and temperature) conditions. In addition they have high 

installationcost and low energy conversion efficiency. These are the reasons for the less efficiency of 

PVsystems. To overcome the problems, the Maximum power point tracking of the PV system is used (at 

a given condition) at on-line or off-line algorithms and the system operating point is forced toward this to 

desired condition.In literature, various maximum power point tracking (MPPT) techniques are proposed 

and implemented. These techniques include look-up table methods, perturbation and observation (P&O) 

methods and computational methods. One of the computational methods which havedemonstrated fine 

performance using fuzzy-based MPPT technique.[7-11]The fuzzy theory based on fuzzy logic sets and 

fuzzy algorithms provides a general method of expressing linguistic rules so that they may be processed 

quickly by a computer. Recently some application of fuzzy control has been successful in photovoltaic 

applications. The fuzzy controller introduced in uses dP/dI and its variations D(dP/dI) as the inputs and 

computes MPPT converter duty cycle. The shortcoming of this approach is the ignorance of duty cycle 

variations, which results in an acceptable accuracy level with improved dynamic characteristics. The 

fuzzy tracker of reference considers variation of duty cycle, but replaces dP/dI by the variation of panel 

power. This tracker has fine dynamic behavior with limited accuracy.[9,10]This paper presents a 

photovoltaic system including a solar panel, a fuzzy MPP tracker and a resistive load is designed, 

simulated and constructed. Simulated and measured results are presented.

II. The Photovoltaic System

There are many equivalent circuits of a solar cell, where the single-diode and two-diode models could be 

the mostly used. So that the single-diode model is simple and accurate enough in many cases. Its 

equivalent circuit with series and parallel resistance is shown in Figure 1.[2,4]
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Fig. 1: Equivalent circuit of a single solar cell

The symbols in Fig. 1 are defined as follows:

Iph     :     photocurrent;

Id       :     current of parallel diode;

Ish      :    shunt current;

I          :    output current;

V         :    output voltage;

D        :     parallel diode;

Rsh     :     shunt resistance;

Rs        :    series resistance;

Using the equivalent circuit of Fig.1, the nonlinear I-V characteristics of solar cells is given by the 

following equation:

Where Io is the reverse saturation current of the diode, q is the electron charge (1.602 × 10−19 C), A is the 

curve fitting factor, and K is Boltzmann constant (1.38 × 10−23J/K).

Model of a PV Module

If a solar cell type tends to have an I–V curve in which the slope at short circuit is almost zero, the value of 

Rsh can be assumed to be infinite. In this case, the last term in (1) could be ignored. And taking Iph as ISC, (1) 

will become
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Where ISC is the short-circuit current. Equation (2) is valid for a solar cell. For the accurate application 

of this equation for a PV module, the term of q(V + Rs I)/AKT is changed to q(V + Rs I)/NsAKT, in which 

Ns is the number of series-connected solar cells in a PV module.

…(3)

A simple PV module model will be derived from (2) in this section. When a PV module is in a open-

circuit situation, I = 0 and the item q/NsAKT in (2) will be solved as follows:

where VOC is the open-circuit voltage of a PV module. Substituting (3) into (2), we get

Fig. 2 shows the P-V curves of the PV module under changing solar radiation from 200W/m�to 

1000W/m� while keeping the temperature constant at 25°C. Fig. 3 shows the P-V curves of the PV 

module under changing temperature from 10°C to 55°C while keeping the solar radiation constant at 

1000W/m�.

Fig. 2: P-V curves under changing the solar radiation
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Fig. 3: P-V Curves under changing the temperature

III. Dc-Dc Buck-Boost Converter

The DC-DC converter is an electronics circuit which is used to provide a loss less transfer of energy 

between different circuits at different DC voltage levels. There are many DCDC converters. One of the 

popular types of DC-DC converters is buck-boost converter. Buckboost converter is circuit that 

operating using switching mode power supply. Buck-boost converter used to step up and step down the 

DC voltage by changing the duty ratio of the switch. When the duty ration is less than 0.5, the output 

voltage is less than the input voltage and vice versa. The buck-boost converter circuit is shown in Fig. 

4.[2,3]
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Fig. 4: Schematic of a buck–boost converter.

The operation of the Buck-boost converter is as follows:

      When the transistor is turned ON, the diode is reverse-biased and being not conducting.Turning on 

the transistor is accomplished during o < t < DT s interval. The voltage across the inductor in this stage is 

given as:

        When the transistor is turned off, the diode is conducting. Turning on the transistor is accomplished 

during DTs< t < Ts interval. The voltage across the inductor in this stage is given as:

It is known that for steady-state operation, the net change in the inductor current must be zero over one 

switching cycle. By applying volt-second balance we get:

Where D is the duty cycle of the converter which is given as:

From (7) the relation between the input voltage to the output voltage of the buck-boost converter is given 

as[3]:
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IV. Perturb and Observe

Perturb and observe (P&O) method is widely used to track the MPP of the PV module. The algorithm 

applies a small increment or decrement of perturbed voltage ΔV  to the PV module operating voltage. 

The operation of the P&O MPPT can be shown as in Fig. 5.

Fig. 5: Flowchart shows the operation of P&O MPPT

The measurement of actual state k and previous state k-1 of parameters V and I are taken. Comparison 

has been made between the actual and previous state of the parameters power, P and voltage, V. Based on 

the conditions as stated in Fig. 5, increment or decrement of perturbed voltage, ΔV will be applied to the 

PV module operating voltage. Fig. 6 shows the power-voltage characteristic of PV model which is used 

to discuss the principle of MPP tracking. There are four possible cases which will influence the direction 

of the tracking in P&O MPPT. 

Case I where Pk>Pk-� and Vk>Vk-1, the situation can be described as path α in Figure 6. When the 

operating voltage is increased, the PV power is increased also. Therefore, a small change of voltage ΔV 

need to be added to the present PV operating voltage followed by monitoring of the PV power. The 

process is continued until the MPP is identified.

Case II where Pk>Pk-� and Vk<Vk-� referred to path β in Fig. 6. It can be noticed that when the operating 

voltage is decreased, the PV power is increased. In order to identify the MPP operating point, reduction 

of ΔV should be made on the present PV operating voltage and the parameters Pk and Pk-� are compared. 

If the condition Pk>Pk-� is fulfilled, the decrement of ΔV will be continued until the MPP is successfully 

spotted.
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Case III where Pk<Pk-� and Vk>Vk-1 can be described as path β in Fig. 6. In this case, the PV power is 

decreasing as the increased of PV operating voltage. Thus, it should have a reduction of ΔV on the 

present PV operating voltage.

Case IV where Pk<Pk-� and Vk<Vk-� is illustrated as path α in Fig. 6. The PV power is reducing where 

Pk<Pk-� and Vk<Vk-� is illustrated as path α in Fig. 6. The PV power is reducing as the decreasing of PV 

operating voltage. Thus the PV operating voltage should have an increment of ΔV to track the PV 

maximum power point.

The main weakness of P&O MPPT algorithm is the PV module’s operating voltage is perturbed every 

cycle. The algorithm will always perform an increment or decrement of ΔV to the PV operating voltage.

Fig. 6: Principle for MPP tracking

V. The Proposed MPPT Fuzzy Logic Base Method

A Fuzzy Logic Controller (FLC) is designed to work as an MPPT controller. Fig. 7 shows the FLC.

Fig. 7: Fuzzy logic controller
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The FLC contains a Fuzzy Inference System (FIS) whose structure is shown in Fig. 7. The FIS inputs, 

error (E) and change in error (CE), are obtained using the following equations:[10]

Where:

PPV:          The power of the PV system

IPV:         The current of the PV system

E:             Error

CE:          Change in error

Fig. 8: Fuzzy Interface System

A. Fuzzification

1) Fuzzification of Error-Signal: The range of error-signal is partitioned into seven regions with 

triangular and trapezoidal membership functions labelled as: Negative Big, Negative medium, Negative 

small, Zero error, positive small, positive Medium and positive big over Universe of Discourse (UoD) of 

-0.8 to 0.8 as shown in fig.9.
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2) Fuzzification of Change in Error-Signal: The second input parameter is Change in Error-Signal. The 

range of signal is partitioned into seven regions with triangular membership functions labelled as: 

Negative Big, Negative medium, Negative small, Zero error, positive small, positive Medium and 

positive big over UoD of -3 to 3 same as shown as eroor signal.

3) Fuzzification of PWM Duty cycle-Signal: Defuzzification converts membership functions into Crisp 

value for PWM signal. Seven regions with triangular and trapezoidal membership partitions are labelled 

as: Negative Big, Negative medium, Negative small, Zero error, positive small, positive Medium and 

positive big over UoD of 0.1 to 0.7 counts.

Fig.9: Graphical view of the membership function error signal
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B. Fuzzy Inference System

The Fuzzy Inference forms a key part of Fuzzy Logic Control. The Fuzzy IF-THEN rule base matrix is in

Table 1: Rule Based Matrix

Fig.10: Rule Viewer

C. Defuzzification:

The Fuzzy Inference based on Mamdani’s scheme is shown in fig.10 for present Error of 0.33, change of 

error is -0.79 thereby suggesting a PWM duty cycle of 0.525.
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VI. Experimental Result

In order to verify the MPP tracker for the photovoltaic simulation system with step decay in solar 

irradiance, the proposed fuzzy MPPT method can effectively and accurately tracks the maximum power. 

The simulation is done using MATLAB/STMULINK and comparison study of the results are taken from 

P&O and Fuzzy MPPT. The output of the fuzzy MPPT control block is the gating signal which is used to 

drive the MOSFET. With further tuning of fuzzy sets and fuzzy rules theprocess of output power can be 

more and more power efficient. Results are shown in fig. 11.

VI. Conclusion

Fuzzy MPPT model using Matlab/SIMULINK and design of appropriate DC-DC buck-boost converter 

with a maximum power point tracking facility are presented in this paper. A new method for MPPT based 

fuzzy logic controller is presented. The model is tested under 1200W/m2to 540 W/m2solar radiation and 

250C photovoltaic temperature. Simulation results show that the proposed method effectively tracks the 

maximum power point as compared to P&O MPPT technique. The oscillation around MPP is decreased 

and the response is faster in compared with the conventional methods.
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Fig. 11: Performance of Fuzzy MPPT over P&O MPPT
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MONITORING AND CONTROL SYSTEM FOR THREE 
PHASE INDUCTION MOTOR FED BY INVERTER 

DRIVE USING PLC AND SCADA

Adarsh.R.J*
Narsimpur Tushar.S**

Sujatha.M.S***

A B S T R A C T

Induction motors has increased tremendously since the day of its invention. They are being used as 

actuators in various industrial processes, robotics, house appliances and other similar applications. The 

reason for its day by day increasing popularity can be primarily attributed to its robust construction, 

simplicity in design and cost effectiveness. Modern industrial processes which involve multimotor drives 

require a co-ordinated sequential control through PLC and SCADA system. An integrated system 

comprising of a Workstation (PC), the PLC (SIEMENS S7 300), SIEMENS MM420 DRIVE, Three phase 

INDUCTION MOTOR and the software for Supervisory Control and Data Acquisition system are 

configured and developed in co-ordination with each other to ultimately control the three phase induction 

motor drive in multiple ways. The Induction motor is configured and controlled during normal operation 

and trip conditions, an effort is made to monitor the induction motor runtime variables like speed, voltage, 

temperature and current. The necessary Communication protocols are established between PC-PLC-

DRIVE to ensure flawless communication. The real time Performance of the three phase induction motor 

is experimentally verified and captured on the Drive software. Various virtual animated screens are 

developed to explain the three phase induction motor speed control applications.

IndexTerms—Programmable Logic Controller, SCADA, Inverter Drive, Induction Motor.

A PLC-based system for the control and monitoring of a Three-Phase Induction motor showed the 

efficiency and speed regulation increased by using a PLC as compared to the conventional V/f control 

system Maria G Ioannides et.al [3]. A control program has been developed, in accordance of which PLC 

continuously monitors the inputs and activates the outputs accordingly. A speed sensor is employed for 

speed feedback. Protection scheme to protect induction motors against possible failures thereby 

increasing reliability, efficiency and performance of the system. proposed approach is a sensor-based 

technique, therefore, currents, voltages, speed and temperature values of the induction motor were 

measured with sensors and whenever any fault is detected during operation of the motor, PLC controlled 

on-line operation system activates immediately. The motor protection achieved is much reliable than 

classical techniques and can be applied even to larger motors [2].A power factor controller for a 3-phase 

induction motor, utilizing Programmable Logic Controller.
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This focuses on the implementation of a model for a PLC based power factor controller to improve the 

power factor of a 3-phase induction motor. Voltage to frequency ratio has been maintained constant to 

obtain maximum toque. The power factor controller hardware comprises of S7-PLC, a 3-phase squirrel 

cage induction motor coupled with a dc shunt generator and an electronic conditioning circuit [4]. An 

industrial PLC used for controlling five-axis rotor position, direction and speed, thereby decrementing 

circuit components and cost and at the same time enhancing reliability. Ladder diagram has been used to 

control robot through PLC. The robustness of the PLC controller has been achieved by rotating the motor 

in both clockwise as well as counter-clockwise directions. Consequently, the PLC controller proves to be 

a simple tool for controlling robot by extremely simple algorithm [5].Recent advances in DSP and ASIC 

technology, plus the theoretical concepts developed for Direct Torque Control combines the benefits of 

direct flux and direct torque control into sensor less variable frequency drive that does not require a 

PWM modulator. The theory of DTC for three phases Induction Motor Drive is developed. The 

mathematical model of the drive is developed and simulated. From the simulation transient and steady 

state performance of the drive is obtained [6].By considering efficient monitoring & control & 

customized application product development for a induction motor drive automation leads to this 

present work carried out, which was intended to configure and develop an easy control strategy for 

induction motor speed control with the help of PLC, and also simple monitoring available in automation 

industry with the help of SCADA.

I. INTRODUCTION

Automation of electric machines helps in precise control of industrial processes with higher productivity 

and product quality. The combinational use of both PLC and SCADAsystems helps in continuous 

monitoring, supervising and controlling process plants, has led to new heights in the field of automation 

for ac machines and processes., The development of the microprocessor from the mid 1970's have 

allowed them to take on more complex tasks and larger functions as the speed of the processor increased. 

SCADA which is actually the combination of telemetry and data acquisition involves the collection of 

the information via Remote Terminal Unit (RTU), transferring it back to the central site, carrying out any 

necessary analysis and control and then displaying that information on a number of operator screens or 

displays. The required control actions are then conveyed back to the process. The overall system set up 

which forms an integral part of this dissertation work aims to provide a fairly good platform for 

developing the concepts, methodologies and the complete understanding of an industrial automated 

system comprising of the commonly used components like PLC, SCADA, Drive and Motor along with 

SCADA. The PLC proves to be a very versatile and effective tool in the control of the Three Phase 

induction motor drive.
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The experimental setup consists of a 0.75KW Three Phase Induction Motor, Siemens MM420 AC drive, 

PG/PC and Siemens PLC. The Induction motor is fed through a PWM based Siemensdrive, which 

provides high frequency controlled voltage to stator windings of motor. The feedbacks like speed, 

current, temperature and voltage of induction motor are fed back to the PLC.Initially Ladder logic 

programming is performed according to the customised logic using S7 Simatic Manager software 

platform on a PC offline, and then it is made online by running the developed program in the PLC. 

Similarly for SCADA using WinCC Explorer software platform.

II. SYSTEM OPERATION

Main control program is developed on PLC programming space using S7 Simatic Manager 

(SIEMENS). In this control method application specific PLC ladder logic programsare written in 

software tool and are communicated to PLC through industrial Ethernet or MPI cable. This software 

integrates all the modules of PLC as well as the devices connected to its networking module. Block 

diagram of Experimental setup is shown in Fig 1.The following sections briefs about Induction motor 

closed loop feedback technique and role of PLCs in induction motor automation.

Fig 1 Block Diagram of Experimental setup

A.CLOSED LOOP FEEDBACK TECHNIQUE

Because of self adjusting nature, closed loop control systems are more complex in design. In induction 

motor closed loop control, feedback sensors can return data to the input stage, i.e.the control element 
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generally PLC, which can self adjust itself based on the information received. For efficient and accurate 

control operations, the system should be a closed loop system, requiring feedback information signals to 

be satisfied according to PLC Input modulestandards. The feedback signal here provides information 

about actual speed, voltage, temperature and current drawn by motor. This obtained feedback 

information is signal conditioned to match the PLC input module ranges. If the PLC detects a difference 

between the obtained and desired values, an Alarm is generated and if it crosses the limits, it just trips of 

the PLC outputs. When inverter drives are used for motor control, the feedback signals are the important 

issue. If an error occurs the controller should react to it and take actions as per the program and guide the 

Inverter Drive, inturn Drive will control the motor operation. The user must know the limitations of the 

process and the motor conditions and design the exact program for controller. This signal conditioning 

circuits alters the actual sensed input signals to the desired form to match I/O module ranges. The address 

used in PLC program(ladder logic) and taken as tags in SCADA software and assigned to the design 

elements and developed screen acts as the graphical representation and human machine interface.

B.INDUCTION MOTOR AUTOMATION USING PLC

Programmable controller is a digital computer which accepts inputs from switches and sensors, stores 

instructions using programmable memory, evaluates these in accordance with astored program, 

executes specific functions that include ON/OFF control, timing, counting, sequencing, etc. and 

generates outputs to control machines and processes involved. The PLC processor sends all the direction 

and information like actuating particular outputs at desired timings to the drive. It uses a programmable 

memory to store instructions and execute specific functions that include ON/OFF control, timing, 

counting, sequencing, arithmetic and data handling. The inputs are connected to the input module of the 

PLC and the outputs are connected to the output module of the PLC. In an automated system, a PLC 

controller is usually the centralpart of a process control system. In this project, control of three phase 

induction motor and monitoring of its parameters as well as evaluation based on our requirements under 

different condition is carried out using PLC. Based on the required application, a ladder logic program is 

developed and downloaded to PLC. Once the program is downloaded and PLC is in RUN mode the 

system works automatically on user defined instruction. Before loading program in to the PLC, 

inSiemens S7 300 PLC we have a simulator where logic can be verified without hardware setup and 

online corrections are made easy.
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TABLE 1 :SIEMENS S7-300 series PLC Specifications

PLC based systems are cost effective and comparatively require less downtime compared to previous 

controls, are less manual labor intensive, can be networked together and enables “realtime” monitoring, 

troubleshooting, and adjustments to set points. Present day PLCs are extensively used for controlling, 

manufacturing and treatment processes.

C.OVERVIEW OF AC MM420 DRIVE

Figure 2 shows a three-phase Siemens AC Drive. The rectifier circuit converts 1ph or 3 ph AC voltage 

source into DC voltage which is then fed to three-phase inverter through a DC link (choke coil) and 

capacitor. The DC link capacitor removes ripples in the converted voltage.
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Fig 2:Block diagram of MM420 drive

The drive has a protection circuit which protects motor against under overloading, faults, etc. MM420 

drive works on V/F principle... The pulses to the gate circuitry of IGBTs are controlled by gating circuits 

and in turn AC induction motor operation is controlled. The drive has a display screen to view and 

change various parameters as and when required. The commissioning of drive can be done in 3 ways i.e. 

using BOP (Basic Operator Panel), terminal blocks and through PG/PC.in quick commissioning the 

typical name plate readings should be fed in to the drive.

III. SOFTWARE REQUIREMENT FOR MONTIORING AND CONTROL OF THREE 

PHASEINDUCTION MOTOR
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A PLC and SCADA based monitoring and control systems for induction motor have been successfully 

implemented and tested for application development. The drive system provides precise control and also 

enables an online monitoring of drive speed, voltage, temperature and current drawnetc. through 

SCADA System. The following software’s are used in the monitoring and control of the three phase 

induction Motor.

SIMATIC MANAGER

This is software specially meant for SIEMENS S7 seriesPLC. The ladder logic programs are developed 

according to the control logic required so that same can be downloaded to the PLC, it also has the option 

of running in PLC offline mode where the developed ladder diagrams can be run without any PLC by 

simulating and running using simulator where the status of inputs and outputs can be monitored and 

controlled according to the requirement.

WinCC Explorer

This software is used to create SCADA screens graphically which provides user interface to control the 

process, creating tags in WinCC Explorer based on I/O addresses used in simatic manageris important. 

Different screens are developed in SCADA for monitoring and control of three phase induction motor. 

This makes the system/process to be controlled in an efficient manner.

COMMUNICATION PROTOCOLS

Protocols are used to communicate between PG/PC and the PLC. MPI (Multi Point Interface) and 

Industrial Ethernet can be used in the process as per the situation and requirements.

IV. OBJECTIVE FULFILLMEN

Following sections deals with the scope of the present work. The control schemes developed are able to 

control and monitoring of servo motor used for application specific requirement.

A.Development of PLC ladder logic program to control induction motor

An experimental setup comprising of a AC Three phase induction motor, PLC & PC will be designed and 

implemented to control Three phase induction motor for different process applications. In this method, 

V/F control of Siemens MM420 Three phase drive through PLC and SCADA has been implemented. 

The developed ladder logic is downloaded into PLC processor and control of motor is achieved by 

simply activating the particular logical inputinvolved, which ultimately results in instigation of ladder 

logic program developed.
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In this method,control of three phase induction motor drive through PLC has been implemented. The 

developed ladder logic is downloaded into PLC processor and control of motor is achieved by actuating 

the particular logical output involved, which ultimately results in instigation of ladder logic program 

developed.The experimental work involves parameter grouping for monitoring feedbacks of motor like 

motor voltage, temperature, speed and current drawn.

Fig 3 :Experimental setup to control induction motor using PLC

In order to provide convenient control using MM420 drive, the control mode parameters are listed, 

configured and commissioned in to the drive using BOP.Then the ladder logic program is developed in 

the PLC to satisfy the application requirement.The operational criteria and the limitations to be 

maintained of the process is completely written in the program logicand purely dependent on the user.

B. To read analog and digital inputs in PLC ladder logic

Micro Master 420 drive present in the system provides operation and monitoring of three phase 

induction motor. Simultaneously analog and digital input signals are read in data monitor window in 

PLC as a feedback of speed, voltage, current and temperature. This comprises of both digital and analog 

inputs, the analog inputs with high ranges which cannot be read directly by PLC to monitor, so an attempt 

has been made to overcome this problem by using signal conditioning circuits and scaling down the 

inputs equivalent to decimal values readable format in PLC ladder logic. 
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C.Interfacing of SCADA, PLC with Siemens MM420 drive

This method is meant for semi-automated control of field devices through a control panel; by designing 

PC monitor as SCADA screen using different graphics having the same address as that of logical inputs 

involved in motor control. SCADA allows control systems to be much more interactive than before. The 

basic purpose of SCADA is to allow easy graphical interface with control processes. SCADA allows an 

operator to use simple displays for determining machine parameters like Speed, voltage, temperature 

and current for supervising control processes.

1. Flow chart for the main program

The software regulates the speed and monitors the constant speed control regardless of torque variation. 

The inverter being the power supply for the motor executes this while, at the same time, it is controlled by 

plc.’s software. The inverter alone cannot keep the speed constant without the control loop with feedback 

and plc. From the control panel, the operator selects the speed set point nsp and forward/backward 

direction of rotation. Then, by pushing the manual start pushbutton, the motor begins the rotation. If the 

stop button is pushed, then the rotation stops.
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2.Flowchart of speed control software

The corresponding input signals are interfaced to the DIM and the output signals to the DOM. The AIM 

receives the trip signal from the stator current sensor and from temperature sensor, the speed feedback 

signal from the speed sensor, and the signal from the control panel. In this way, the PLC reads the 

requested speed and the actual speed of the motor. The difference between the requested speed by the 

operator and the actual speed of the motor gives the error signal. If the error signal is not zero, but 

positive or negative, then the PLC according to the computations carried out by the CPU decreases or 

increases the V/f of the inverter and, as a result, the speed of the motor is corrected.

3. Flow chart for monitor and protection software
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In the above flow chart we have a program for controlling, monitoring and protection software. First the 

inputs are read by the PLC and other protection parameters like stator current and ambient temperature is 

sensed and checks for the errors .If there are any errors occurring the control program shuts off the motor 

through the output command.

4. SCADA monitoring and controlling screen
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The above Screen presents the control of motor that is auto, manual, start, and stop; forward, reverse, 

emergency stop controlling FACEPLATE is designed. All the sensor outputs like speed, current, 

temperature and voltage readings of the induction motor are displayed as shown

5. SCADA TREND screen

Trend represents the speed, voltage and temperature in the form of graph.The x-axis represents the time 

domain and y-axis represents the speed temperature and voltage values as shown

6. RESULTS& DISCUSSIONS

Successful experimental results were obtained from the monitoring and control scheme indicating that 

the PLC can be used in automated systems with an induction motor. The monitoring control system of 

the induction motor driven by inverter and controlled by PLC and SCADA proves its high accuracy in 

speed regulation at constant-speed variable-load operation. Despite the simplicity of the speed control 

method used, this system presents

Monitoring and control using SCADA.

Constant speed for changes in load torque.
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Full torque available over a wider speed range.

Very good accuracy in closed-loop speed control scheme.

Overload protection.

7. CONCLUSION

The present work was motivated to develop an online scheme to Monitor and Control a Three Phase 

induction motor using PLC and SCADA. A thorough study of all the hardware components was done 

including their Specifications, functioning and overall performance. Two software platforms namely 

step 7 SIMATIC manager and WinCC explorer Software were comprehended, analyzed and 

implemented step by step. A 0.75KW, 1415 rpm, three phase induction motor monitoring and control 

was fully automated using PLC and Siemens MM420 Drive with the help of SCADA system its remote 

start, stop control operations and monitoring too were demonstrated. An effort was also made to 

configure the PLC device and its ports in SCADA to monitor the real-time values of the three phase 

induction motor variables like Speed, current, voltage and temperature.The necessary settings and 

software implementation of the algorithms needed for, Speed control operation of the drive were 

developed and tested for real-time implementation of the motor drive. The motor drive used in this set-up 

offered v/f control mode of motor operation. The configuration and settings to run the three phase 

induction motor in v/f control mode was done systematically and its characteristics were captured on the 

data scope and interpreted successfully. Other than practically implementing the above schemes an 

important aspect of the present work which was successfully carried out was to completely identify 

study and summarize the communication ports, standards and protocols used between the various 

components of the entire industrial set-up including the PC – PLC – Drive –Induction motor –

SCADA.

A complete study and practical hands on the PLC and the drive operation have imparted a fairly good 

idea about the industrial automation systems.

8. FUTURE SCOPE OF WORK

The following aspects can be explored as an extension to this dissertation work. More emphasis can be 

given to the real-time monitoring of processes using the SCADA software to obtain complete control of a 

real-time process including monitoring of more variables and incorporating some error control element 

too. Also the Programming methodology used in this dissertation work is Ladder Programming. The 

STEP 7 SIMATIC manager also offers various other programming platforms like FBD, STL, IL etc. 

Programs can be developed using these platforms.
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DESIGN SCHEMATIC OF ANDRIOD SMART BOX 
USING CADENCE ORCAD 16.5
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A B S T R A C T

Android Smart box tunes TV into smart TV, which can be used as Game station, supports office works and 

media player and also comes with internet access. It can be used as a WI-FI router which supports WEP 

and WAP protocol for security. It can be used as a game station by using joystick. It consists of HDMI, 

USB, memories and protocols such as I2C, I2S. In this paper, we presented a complete design schematic of 

ANDROID smart box using Cadence ORCAD 16.5. OrCAD Capture CIS is a software tool used for 

circuit schematic capture. It is part of the OrCAD circuit design suite. Capture CIS is nearly identical to the 

similar OrCAD tool, Capture. The difference between the two tools comes in the addition of the 

component information system (CIS). 

1.      INTRODUCTION:

OrCAD is a proprietary software tool suite used primarily for electronic design automation. The 

software is used mainly by electronic design engineers and electronic technicians to create electronic 

schematics and electronic prints for manufacturing printed circuit boards. OrCAD Capture CIS is a 

software tool used for circuit schematic capture. It is part of the OrCAD circuit design suite. Capture CIS 

is nearly identical to the similar OrCAD tool, Capture. The difference between the two tools comes in the 

addition of the component information system (CIS). The CIS links component information, such as 

printed circuit board package footprint data or simulation behavior data, with the circuit symbol in the 

schematic. When exported to other tools in the OrCAD design suite, the data stored in the CIS is also 

transferred to the other tool. Thus, when a design engineer exports a schematic to the circuit board layout 

utility, the majority of the circuit elements have footprints linked to them. This saves time for the design 

engineer.
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2.1 ANDRIOD SMART BOX:

T The CIS links component information, such as printed circuit board package footprint data or 

simulation behavior data, with the circuit symbol in the schematic. When exported to other tools in the 

OrCAD design suite, the data stored in the CIS is also transferred to the other tool. Thus, when a design 

engineer exports a schematic to the circuit board layout utility, the majority of the circuit elements have 

footprints linked to them. This saves time for the design engineer.

Fig.2.1 : Block diagram of andriod smart box

Block diagram of andriod smart box consists of CPU, GPU, Connectivities such as USB, MMC, I2S, 

system connectivities such as Interrupt controller,RTC, DMA, display interfaces like LVDS, VGA, 

HDMI and etc.

2.2 GPU-ARM Mali 400 :

The Mali series of graphics processing units (GPUs) are semiconductor intellectual property cores 

produced by ARM Holdings for licensing in various ASIC designs by ARM partners. Like other 

embedded IP cores for 3D support, the Mali GPU does not feature display Controllers driving monitors 

(such as the combination often found in common video cards). 
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Fig 2.2: Block diagram of Mali 400

With support for 2D vector graphics through OpenVG™ 1.1 and 3D graphics through OpenGL ES 1.1 

and 2.0, the Mali™-400 MP provides a complete graphics acceleration platform, based on open 

standards. Scalable from 1 to 4 cores the Mali-400 MP enables a wide range of different use cases, from 

mobile user interfaces up to smartphones, tablets and DTVs, to be addressed with a single IP. One single 

driver stack for all multi-core configurations simplifies application porting, system integration and 

maintenance. Multicore scheduling and performance scaling is fully handled within the graphics 

system, with no special considerations required from the application developer.

2.3 TV ENCODER:

TV Encoder provides high-quality MPEG-4 AVC, MPEG-4 part 2, and H.263 encoding to 

simultaneously support a variety of mobile applications (DVB-H, DVB-SH, ATSC-M/H, 3G, etc.) and 

various receiver types. For a better end-user experience, the Mobile TV encoder embeds a patented 

Grass Valley technology to automatically repurpose content. Such real-time technology enables the 

encoder to automatically adapt (detection of regions of interest, automatic cropping, etc.) the video 

content to the mobile TV display. As a cost-effective, multi-codec, and multi-stream encoder, it also 

features versatile inputs (analog, digital, ASI, and IP), statistical encoding, simultaneous multi-

conditional-access (CA) system content protection (OSF and OMA-BCAST Smart Card profile, and 

DRM profile), multi-stream generation, and more
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2.4 TV DECODER:

A digital TV decoder converts digital signals into analog signals; this technology allows information to 

be received digitally, but viewed on televisions that are not equipped with digital capabilities. Many 

countries have already or are in the process of switching from analog to digital broadcasting, commonly 

known as digital television (DTV), and the digital TV decoder Collects the digital signals from the 

airwaves and translates them for use on a non-digital television. With the use of a decoder, digital stations 

can be viewed in either standard digital format, or high-definition (HD), depending on the device and 

television. Other names for the decoder include digital television adapter (DTA), digital-to-analog 

converter box, and converter box; these devices may be purchased at most stores that sell electronic 

devices. Not all decoders are physical boxes, though; most newer televisions have the decoder built-in, 

and therefore eliminate the need for a converter box.

 The Flash memory is an electronic non-volatile computer storage medium that can be electrically erased 

and reprogrammed. Flash memory was developed from EEPROM(electrically erasable programmable 

read-only memory). There are two main types of flash memory, which are named after the NAND and 

NOR logic gates. The internal characteristics of the individual flash memory cells exhibit characteristics 

similar to those of the corresponding gates. The Multimedia Card (MMC) is a flash memory card 

standard. Unveiled in 1997 by SanDisk and Siemens AG, it is based on Toshiba's NAND-based flash 

memory, and is therefore much smaller than earlier systems based on Intel NOR-based memory such as 

Compact Flash. MMC is about the size of a postage stamp: 24 mm × 32 mm × 1.4 mm. MMC originally 

used a 1-bit serial interface, but newer versions of the specification allow transfers of 4 or 8 bits at a time. 

MMC can be used in most devices that support SD cards

3. SOFTWARE TOOL

Cadence OrCAD:

The Cadence OrCAD PCB Designer suite comprises three main applications. Capture is used to draw 

the circuit on the screen (schematic capture). A netlist, which describes the components and their 

interconnections, is the link to PSpice and PCB Editor.PSpice simulates a captured circuit. I do not 

describe PSpice in this tutorial. PCB Editor (Allegro) is the application for laying out a printed circuit 

board. It includes an automatic router that works out the arrangement of tracks needed to connect the 

components on the PCB. The output from PCB Editor is a plot or a set of files that can be sent to a 

manufacturer.PCB Editor replaces the earlier application, Layout, which is now discontinued. OrCAD 

PCB Designer is the most basic version of Cadence‘s Allegro suite for PCB design and much of the 

documentation refers to ‘Allegro’ rather than ‘PCB Editor’.
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The libraries for Capture and PCB Editor have some incompatibilities that must be corrected by fix-ups.

Fig3.1 : Design flow for making a PCB with Capture and PCB Editor

3.1 STARTING THE SOFTWARE:

Figure 1 shows the “Orcad Family Release 9.2 Lite Edition” folder (go into the programs menu and then 

look for Orcad Family Release 9.2 Lite Edition). The main components that will be utilized this semester 

are:

�CAPTURE CIS Lite Edition (referred to as just CAPTURE in this tutorial), and

�PSPICE Model Editor.

The CAPUTRE CIS Lite Edition is used to set up the schematics as well as simulations (it has SPICE 

built-in). The step-by-step procedure for this will be detailed in the rest of this tutorial. The PSPICE 

Model Editor can be used to create new models. However, for this course it will be typically used for 

looking at pre-existing transistor parameters (i.e. thoseComponents that are supplied with the PSPICE 

Student version). 
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Fig3.2 : CAPTURE CIS Lite Edition folder

3.2 RUNNING CAPTURE:

Start CAPTURE (Go into Start, the Orcad Family Release 16.5 Lite Edition folder/menu , then click 

once or twice depending on the configuration of the computer).

The basic screen (as seen on the front cover of this tutorial) will be instantly seen as the Program starts.

Step C-0: Click on “file.” Click on “New project

The following selections must be done:

Ensure that the “Analog or Mixed A/D” is selected,

the location path (if the directory already exists, CAPTURE will append it, or else

it will create a new one) must be specified (please ensure this is on a read/write

hard-disk or it can be alternatively on your own disk – the latter would be slower), and

Specify a filename (this can be any name – a useful name may help you to recall it easier later).

Example: Location: H:\ENE310

Name: ENE_PRAC0
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Press OK. You will be prompted to either "Create based upon an existing project" or to "Create a blank 

project." Select the latter (as at this stage, the earlier option may have noFields defined). Press OK.

CAPTURE environment:

Fig 3.3 : Basic features of the CAPUTRE

schematic window.

Click on project manager. To expand the “directory” structures, simply click the “+” next to the given 

“directory.” Names may be modified, for example to change “PAGE”, simply right click on the name, 

click rename and rename it (for example to

block0). To go back to the schematic page (figure 3), click edit page or just double click on

3.3 RUNNING PSPICE MODEL EDITOR:

Start PSPICE Model Editor (Go into Start, the Orcad Lite folder/menu (see figure 1), then click once or 

twice depending on the configuration of the computer).Step P-0: Click on “file.” Click on “Open” The 

dialog box will appear as shown Type in the path to the directory containing the PSPICE libraries:

C:\Program Files\OrcadLite\Capture\Library\PSpice

CAPTURE is often used merely for schematics; hence additional libraries may be also given in the 



International Journal of Engineering & Scientific Research (Volume - 13, Issue -  2025) 2, May - Aug               

ISSN No:-2347-6532

Page no.37

“C:\Program Files\OrcadLite\Capture\library\” directory. However, these may not be used for 

simulation (they are merely symbols/ʻʻpictures”). Generally, the libraries in the PSPICE directory 

(C:\Program Files\ OrcadLite\Capture\library\PSpice) have complete implementations given. Step P-1: 

In the demo version, the EVAL and Breakout libraries may be opened for

viewing or editing. It is sometimes useful to use these as a “template” to create your own parts or 

libraries. Once this is opened, it will appear as in the background (list of components). A click on any 

component will show its

Parameters (PSPICE parameters) that will be used for simulation. For example click on Q2N2222. The f 

used by PSPICE for this transistor will be 255.9.

 Fig 3.4 : “Open” dialog box of the PSPICE model editor.

INTERFACES Used:

Different interface used in this project are USB, HDMI, TV OUT, Speaker, microphone, headphone 

jack, I2C, I2S (Inter IC Sound) , Card.

Fig. 3.5 Andriod Smart Box
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CONCLUSION 

Thus schematic of andriod smart box is sucessfully designed using Cadence ORCAD 16.5 tool and 

different interfaces like USB, HDMI,MIC,TVOUT and protocols such as I2c,I2s are used in this project 

and power delivery of the platform is theoritically completed.

FUTURE SCOPE:

The television industry is changing so rapidly on all fronts”hardware, software, and the content we call 

“TV” “that consumers are rightfully cautious about investing in any new technology that might be 

obsolete by next year. But future-proofing electronics is a fool‘s game. Screen quality, the most 

important feature of any TV, can‘t really be upgraded without buying an entirely new device, and there 

are easier ways to keep up with the latest internet-connected apps. Samsung‘s cartridge solution feels 

like an admission that souped-up smart TVs favored by it and other manufacturers, like Panasonic and 

Sony, needlessly combine excellent hardware, which people do want from their TVs, with mediocre 

software, which they don‘t. 
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This study was conducted at the Faculty of Agriculture, Nile Valley University, Darmali, North of Atbara. 

The main objective of this study was to develop and improve the stationary threshingmachine by adding a 

diesel engine 49 hp and gearbox to become self operated. The diesel engine and gearbox were installed in 

the rear side of the thresher. Three iron frames were used to link the diesel engine and gearbox. The power 

was transmitted from the installed diesel engine through pulleys and belts to the threshing unit. The 

improved machine was evaluated and compared with the convention one through threshing two crops, 

faba bean and wheat. The time of linking thresher to the tractor, field efficiency, field capacity, fuel 

consumption and weight of seed and straw were measurement in all plots with three replications. 

The results indicated Low field operation time (0.03 hr) for improved thresher compared to (0.25 hr) for 

the conventional thresher. Higher field efficiency and capacity were observed for the improved thresher. 

They were 85% and 1.43 fed/ hr for the improved machine compared to 25% and 1.0 fed/hr for the 

conventional one respectively. Low fuel consumption of 3.5 liter/hr for the improved threshing machine 

compared to 7.57 litter/hr forthe conventional one.Statistical analysis showed highly significant 

difference (at p >0.01) between the improved thresher and conventional threshing machine for the time 

taken for linking, field efficiency, field capacity and Fuel consumption. No significant difference was 

observed between the two threshers for the weight of seed and straw output.The improved threshing 

machine is durable, portable, easy to operate and of Low maintain costs, All components of the machine 

were fabricated from local materials and total cost for the design and improvement of the threshing 

machine was only SDG (2500). 

Keywords: Stationary thresher, power, diesel engine, gearbox,performance

1.      INTRODUCTION:

Agricultural engineering is the science and art of engineering, mathematical and physical theories 

application to solve some agricultural problems and to increase production beside good work 

environment for farmers (Elsanoberi 1993). Power source in agricultural farms is of great importance in 

determining the level of agricultural mechanization and development, there are three sources of power 

for carrying out operations, the human power (about 0.07 – 0.1 kw) l, animal power and mechanical 

power (Grossly andKilgour1983). Mechanical power through tractors will continue to be an absolute 
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necessity for agricultural production (Hunt 1983). The tractor engine can be used as a prime mover for 

active (moving) tools or stationary farm machinery through the power take off shaft (PTO) or belt pulley 

(Rodicher and Rodicheva 1984).Transmitting of power from its source to the points of use is one of the 

important variables to the farm equipment designers. Krutzet. al. (1984) cited that the selection of proper 

power transmission systems on mobile agricultural machinery must take into account the customer 

requirements, cost constraints, field usage, operator safety and reliability. The primary function of the 

transmission member is to affect the change in speed between the two shafts as well as in linking them. It 

is generally required that the transmission system should have adequate reliability, service life, simple in 

construction, little resistance to motion, produce little noise, offers substantial resistance to vibration and 

easy to control. There are many power transmission systems used, but the most extensively used in 

agricultural machinery applications are V-belts (Kepneret. al., 1982, Krutzet. al (1984). Shigley and 

Mitchell (1983) stated that, the efficiency of V-belts ranges from 70 – 95 %. Gears and chains are also 

widely used for power transmission as linear or rotary motion (Hunt and Garver 1973, Spotts 1978, 

Crouse 1980, Liljedahlet. al. 1984). 

Other power transmission systems included bearings, shafts and universal joints. Rotating shafts are of 

various lengths, diameters and types and they may be subjected to bending, tension, compression or 

torsion loads, acting singly or in combination with one another (Shigley and Mitchell.1983,). Therefore 

it is important to locate the PTO shaft of the tractor with respect to the draw bar because of the 

telescoping action of the drive member.

The goal of good crops harvesting is to ensure maximum grain yield through minimizing grain loss and 

the prevention of quality deterioration. A wide variety of tools is used in harvesting, such as knives, 

sickles, animals, stationary threshing machines, tractor-mounted harvesters, and self-propelled combine 

harvesters.Stationary threshers which are drawn and operated by tractors PTO are now of great 

important in the Sudan for threshing many crops. Since stationary threshers are tractor engine operated, 

it was important to improve the operational performance of threshers to make the harvesting operation 

more efficient and economical. Therefore, the objectives of this present study are:

1- to install a diesel engine and conveyor belt on a stationary thresher as a technical and economic 

improvement.

2- to evaluation e the field performance of the improved threshing machine and to compare with the 

conventional thresher.
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MATERIALS AND METHODS

The study was carried out in Darmally village, 13 km north of Atbara city and 325 km north of Khartoum 

city.

Diesel engine (49,26hp), with technical specifications given in (Table1),and gearboxand Massey 

Fergeson (290) tractor of 74.8 hp (maximum PTO),were used as source of power for a stationary 

combiner thresher (Elshams) improvement. The technical specifications of the thresher are shown in 

(Table2). Other materials and tools used to carry out the installation included, iron sheets, iron angles, 

iron flanges, fixing bolts, nuts, shims, pulleys and other workshop equipment.

1. The Frame

A metal engine and gearbox frame was fixed in the rear part of the thresher (Fig 1). All design criteria 

were considered when fixing the frame strongly with fixing bolts. The frame is composed of three 

components: The main frame (A) made of mild steel U -sections angles 15 x7 x 0.5 The main frame 

supports are frame (B) and frame (C). Farm (B) stands made of mild steel angle 2.5 x 2 x 0.3 in and frame 

(C) 2.5 x 2.5x 0.3 inof mild steel.They are used tomount the engine and bolts and nuts were used to fix the 

U-section in grooves at both ends of the frame(Fig2).

2. Transmission of power 

The power to operate thresher unit was transmitted from gearbox shaft to flywheel thresher through a 

coupling, belts and pulley. 

3. The coupling

Couplings are used to connect a driver gearbox (power source) shaft to the shaft of the driven unit 

(combiner thresher shaft) such a connection allows torque to be torsion lead to the driven unit. The 

details of couplings are shown in Table 3. 

Table 1: Technology specification of Engine 
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Table2: Technological specification Combiner thresher (ElSHAMS)

Fig 1.The rear part of the thresher

Page no.43



International Journal of Engineering & Scientific Research (Volume - 13, Issue -  2025) 2, May - Aug               

Fig2. Side view of the main frames used

Table 3: Groove Dimensions and Tolerances for the Coupling

Source: Machinery's Handbook (2000)
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4.Power calculation:

The following formula mentioned by (Shigley and Mischke 1983) was used to calculate the design 

power for the diesel engine:

Design power = Service Factor Í Transmitted power

The service factor was used by assuming the overload75% ((Shigley and Mischke 1983).

Design power = 1.3 Í35 = 45.5 hp( the selected diesel engine of 1c and 49 hp).

a) Pulley selection:

The drive and driven pulleys may be selected as follows (Krutzet. at., 1984):

Where:

PDr = pitch diameter for the driver pulley (inch).

PDn = pitch diameter for the driven pulley (inch), proposed 8 inch.

(rpm)r = driver pulley speed (1000rpm).

(rpm)n = driven pulley speed (1000rpm).

Then:

b) V-Belts selection:

For V-belts design and selection the computations made follows the methodology mentioned by Shigley 

and Mischke (1983). The center distance between drive and driven pulleys was 29 inch and this was 

found to fulfill the following equation:

C 3 (d + D)

Where:

C = center distance.

D = large pulley diameter.

d = small pulley diameter

Therefore from Table (4), a V- belt section A- was selected.

The pitch length of the belt calculated as follows:

Page no.45



International Journal of Engineering & Scientific Research (Volume - 13, Issue -  2025) 2, May - Aug               

Where: 

C = center distance.

 D = pitch diameter large pulley.

 d = pitch diameter small pulley.

Lp = pitch length of belt.

= 2 × (29) +25.12 = 83.12 in

Table 4: standard V-belts sections 

Source:Shigley and Mitchell (1983)

The shaft threshing and driver pulley is designed as one body to contain only four belts.So that four belts 

transmitting power rang of 1-25 hpwas selected ( Fig.3 and Table 5).

Table 5: Groove Dimensions and Tolerances for Multiple V- belt Sheaves
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Source: Machinery's Handbook (2000

RESULTS AND DISCUSSION

A diesel engine was installed to the conventional thresher to improve its operational performance. The 

power transmitted from the gearbox shaft of the diesel engine to operatethe combiner thresher (35hp) 

through belts and pulleys as shown in Fig.3.Table (6) shows the field performance evaluation parameters 

measured for improved thresher compared to the conventional thresher using two crops. All measured 

parameters were improved when using the improved thresher.

Fig 3.The Improved thresher

The results showed that the time taken to carry out the threshing time was decreased by the improved 

thresher by 0.22hr for faba bean and wheat crops. This may be due to the higher waste of time by stopping 

during the operation and in turning at the ends of the field. 
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Table 6:The average operation time, field efficiency and capacityand fuel consumption 

The average field efficiency was increased by the improved thresher by 103% for the faba bean and by 

450 % for thewheat compared to the conventional thresher.Analysis of variance of the data indicated 

highly significant difference between the two threshers. It was noticed that the machine efficiency is 

generally low; which may be due to the high waste of time by stopping during field operation and high 

waste time in turnings at the ends of the.

The improved thresher was also increased the average actual field capacity by 0.43 fed/hr. for the faba 

bean and by 0.09 fed/hr for wheat crop compared to the conventional thresher. This is mainly due to the 

time taken in linking and preparing and the higher efficiency of the improved thresher. This finding 

agreed with that of Dahabet.al. (2007). The averagemeasured fuel consumption (l/h) for the improved 

thresher during threshing of fababean and wheat was reduced by 3.8 liter/hr and 5.6 liter/hrfor the two 

crops respectively(Table6). Therefore more fuel was saved and the threshing operation was economical 

compared to the conventional. This finding is consistent with the findings of El-Awad (2007) and 

compared well with those reported by Snighel.al. (2007).Statistical analysis showed highly significant 

difference between the two threshers at 1 % level for all measured parameters. It was observed that the 

added parts in the improved thresher .didn't change the threshing mechanism of the machine.

CONCLUSION

The following conclusionsmay be drawn from the results obtained:

-The improved threshing machine helped to do the threshing operation without a tractor.

-The Field efficiency and effective field capacity of the improved thresher were increased resulting in 

time and cost saving of the threshing operation.

-The installed and designed parts of the improved thresher were found of low energy consumption and 

low production costs.
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- Further work is neededto make the thresher more efficient by developing and fixing front cutter and 

pickup reel.
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Management of rainfed farm is a complex process, due to the nature of various factors involve in crop 

production; such as machineries selection and their available workdays. Computer systems can improve 

farm management through facilitating planning and decision making processes. The objective of this 

study was to develop a computer system to predict machinery workable days in rain-fed areas. The system 

was built in Excel-Visual basic computer software using soil moisture balance equation. Data entry is a 

step by step process. Input datainclude: starting month, starting decade and number of decades in which 

workdays needed to be estimated beside climate and soil parameters. The soil workability criterion, 80% 

of field capacity (FC) was used. The system calculates daily soil moisture content, evaluates them. Then it 

predicts workdays for any month and arranges them in decade order for period up to 100 years. As 

verification the system has the ability to predict workable days once entering input data. System validation 

showed a high correlation (R�= 0.89) between the predicted and actual workdays. The system was 

sensitive to changes in soil workability criterion reflecting it's dynamic. The system was applied for 

Gedarif rainfed area by using data from Sudan Metrological Authority for Gedarif Metrological Station, 

for period of 33 years (1977-2009). The average predicted workdays for seedbed preparation, seeding and 

weeding operations were 27, 24 and 23, respectively. These results help in selecting machinery and 

scheduling operations. Therefore, the system can be used for proper machinery management and decision 

making in rain-fed areas.

Keywords: computer system, machinery workdays, rain-fed agriculture, Sudan

1.      INTRODUCTION:

Accurate information on the days suitable for field operations is important in the design, development, 

and selection of efficient machinery system for crop production. The period of time when land is 

considered workable is expressed as machinery work-day. A work day depends upon the soil's ability to 

withstand loads applied by tractor and implement. The number of days suitable varies widely with 

climate, soil characteristics, and type of machine and operation. Thomason, (1982) reported that the 

effect of workability and machinery work days are complex and difficult to separate from other physical 

and management factors.
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Different criteria were used to determine soil workability and working days. Godwin and Spoor (1977) 

mentioned that, the lower plastic limit is a condition frequently acceptable as upper moisture content for 

working soils in agriculture. Terzaghi, et al, (1988) stated that land quality “workability" expressed as 

the upper tillage limit; depend mainly on clay and organic matter content of the soil. Mohamed, (2001) 

studied the working days in the mechanized rainfed areas using the criterion that workable day is a day of 

no rains and if any, the amount is less than 5 mm. On the other hand, several models are developed to 

predict available working days elsewhere (Rounsevell and Jones, 1993; ASABE, 2004 and Rotz and 

Harrigan, 2005). These models integrated soil properties with long-term weather records. Predicted 

work days are extremely sensitive to variation in the weather (Rounsevell and Jones, 1993), moderately 

sensitive to some soil characteristics and highly sensitive to the workability coefficients used to 

determine a suitable day (Rotz and Harrigan, 2005). Witney, et al. (1982) modified and simplified the soil 

moisture balance equation to predict daily fluctuation in soil moisture content. This equation was further 

used by Simalenga and Have (1994), Elfadil, et al. (2004a), and Mas’oud (2005) to determine the 

suitable field workdays for machinery field work. 

The mechanized rainfed agriculture in Gedarif state is one of most important sector in Sudan for it 

secures food and cash crops. Farm management of a rainfed farm is a complex process. The complexity 

is a nature of various and interrelated factors which involve in crop production process. These factors 

include; selection of crops and agricultural machinery (tractors &implements), the expected available 

working time for field operation, inputs cost and outputs prices. It was trusted that promotion of farm 

management can be realized by the use of modern aids like computer systems which facilitate the 

process of planning and decision making. The main objective of this study was to develop a computer 

system to predict available workdays in the mechanized rainfed areas.

2. MATERIALS AND METHODS

2.1 Characteristics of the study area

The study was conducted in Gedarif State, Sudan, which lies in the Eastern part of the Sudan between 

latitudes 12.67º and 15.75º N and longitudes 33.57 º and 37.0º E, where about 3 million ha are put under 

mechanized agriculture. Rainfall is always in summer and effective rainfall occurs within June to 

October and the peak rainfall occurs in July- August. The soil is heavy cracking clay soils (Vertisols), 

which characterized by shrinking when dry and swelling when moistened. The clay content ranged 

between 65% and 75%.
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2.2Type of Data Collected

The collected data include; Climatological and soil data. Daily rainfall and evapotranspiration data were 

collected from Sudan Metrological Authority for Gedarif Metrological Station, for period of 33 years 

(1977-2009). The average soil field capacity (FC), permanent wilting point (PWP) and initial soil 

moisture content; were taken as 42.18, 30.55 and 12.0%, respectively.Also optimum soil moisture 

content, at which machinery works, was taken at 20 cm depth.

2.3 System structure

The system was developed in Excel -Visual basic computer software. Data entry is a step by step process. 

Firstly the user has to enter starting month, starting decade and number of decades in which he need to 

estimate workdays. Then the user has to enter daily rainfall and potential evapotranspiration, some soil 

physical properties, correction factors and constants then the system calculates soil moisture content of 

specified day. After that the system evaluates the soil moisture content of the day, if the soil moisture 

content is < = 0.8 F.C., the system writes 1(one) (workable day), and if it is > 0.8 F.C., the system writes 0 

(zero) (non- workable day). Finally, the system sums-up all the workdays in each ten days a month 

(decade). The systemallows the user to predict available working days for the twelve months a year and 

for number of years up to 100 years for any location. The system flow chart is shown in Fig. 1. The 

systemoutput can be displayed on the screen or print out.

The following equations were used to determine the daily soil moisture content.

Where:

M = Soil moisture content of a day (mm).

Mp = Soil moisture content of the previous day (mm).

R = Rainfall on that day (mm)

Q = Run off (mm)

D = Drainage (mm)

AET = Actual evapotranspiration (mm) 

The system calculates actual evapotranspiration (AET) according to equation (2) as follows.

Where:

PET = potential Evapotranspiration (mm)

Kd = Soil dryness factor = 0.55

Ks = surface cover factor (percent soil cover) 

Kr = rain distribution factor = 0.55
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Where: 

PSC = percent soil cover = 0, Ks = 1

If the amount of rainfall is enough to cause runoff, then the system calculates the runoff 

according to equation (4).

Where:

S = maximum potential difference between rainfall and runoff (mm)

The model then, calculates drainage (D) according to equation (5)

Where:

FC = Soil field capacity (mm)

PWP = permanent welting point (mm)
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Fig 1. Available workable days system flow chart

3. RESULTS AND DISCUSSION

3.1System verification and validation

The developed system was used to predict workable days in the mechanized rainfed agriculture of 

.Gedarif State- Sudan. Soil criterion for machinery workability was taken as 80% of field capacity (0.8 

FC) according to Elfadil, et al. (2004a), and Mas’oud (2005). Table1 shows average the estimated 

workdays for Gedarif for months from June to October for 33 years (1977 to 2009) on decade base. It was 

observed that, as soon as the user enters the required . data, thesystem estimates the number available 

workdays on decade base. 
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Table1. Average estimated field workdays in Gedarif (1977 - 2009)

As verification for the system, the same input data for the months June to August for the years from 1991 

to 2000 were used for comparison with Mas’oud (2005). Statistical analysis showed close agreement 

between the two results with high correlation coefficient (R�) of 0.84 (Table2).One limitation of the 

system which is worth noting is that it does not take into account the time of day when rainfall occurs. For 

example, a heavy rain in the late evening would result in a nonworking day according to the system, even 

though the soil may have been dry enough to be tilled during the day time. 

For system validation the system prediction and observed values of available workdays during seasons 

2008 and 2009 in Gedarif showed close agreement (Table3). The correlation analysis between the 

predicted and actual workdays gave a correlation coefficient of (R�= 0.89). This proves that the system is 

able to estimate the available workdays with a high level of 

accuracy.
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Table2. predicted workdays in 1991 to 2000 as compared with Mas’oud, 2005

Table3. Observed and estimated field workdays in Gedarif (2008 - 2009)
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3.2 Sensitivity of the system

The sensitivity analysis was made to study the effect of changing soil workability criterion on the 

estimated workdays. The soil workability criterion 0.8 FC and 0.6 FC were used and keeping others 

inputs parameters constant for months August and September for season 2008. Changing soil 

workability criterion from 0.8 FC to 0.6 FC decreased the total number of working days from 26 to 20 

and 9 to 1 days for August and September, respectively (Table4). This mainly due to the effect of the 

changed in soil workability criterion, and this means that the system is dynamic and can successfully 

estimate the number workdays according to careful definition of soil workability criterion and other 

input data.

Table4. Effect of changing soil workability criteria on the estimated workdays

3.3 System application

The system was applied to estimate field workdays for three field operations, seedbed, seeding and 

weeding in mechanized rain fed sector of Gedarif State. The results in Table5showed that the average 

workdays for the three operations were 27, 24 and 23 days, respectively. It is obvious that the system 

saves much of human efforts, time and even financial expenses that spend for obtaining such results.

Table5. Estimated workdays for three field operations in Gedarif area
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4. CONCLUSONS

A computer system was developed to predict machinery workdays in rainfed areas, where soil 

workability criterion is known and soil and climate data are available. The system predictsdays suitable 

for machinery field work in decade base for any month during the year and for years up to 100 years. As 

soon as the user enters the required input data, the system displays the results. The system predictions 

were compared with actual workdays for two consecutive seasons. There were strong correlations 

between system predictions and actual data. The system was applied to estimate field workdays for three 

field operations, seedbed, seeding and weeding in mechanized rainfed sector of Gedarif area, the average 

workdays for the three operations were 27, 24 and 23 days, respectively.
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