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ABSTRACT 

Micro hydro power is one of the best alternatives in renewable energy. It is popular to electrify 

rural area or isolated industrial area. Moreover it is used to supply additional power to the grid. 

However, most of the plant is controlled by manual conventional method. That causes severe 

problems like generator burning. In this research, a new control technique of Impulse Turbine 

with servo valve   is described. Beside, Programmable Logic Controller (PLC) is used to make it 

Automatic Generation Control. Then various kinds of mechanical and electrical faults are 

discussed and some of this applied for the model. Hence in this research, a computerized 

automatic control system is provided with PID control technique which gives the more 

flexibility, reliability and the efficiency to the system.  

Keywords: Micro Hydro Power, Impulse Turbine, Servo Valve, Automatic Generation 

Control, Programmable Logic Controller, PID 
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CHAPTER 1 

INTRODUCTION 

1.1 Study Background 

The economic and social development of any country depends on energy. Energy is also 

essential to improve the quality of life. Now a day, most of the energy in the world is produced 

and consumed in such a way that could not be sustained. For example, in the modern world 

energy is depending on non-sustain source like coal, gas and oil. This sources are very hazardous 

for environment cause they these are responsible for emission lot of carbon di oxide gases and 

sulphar di oxide gases which causes the greenhouse effect. Hence it is need to control 

atmospheric emissions of greenhouse and other gases in the air and these substances will 

increasingly need to base on efficiency in energy production, transmission, distribution and 

consumption in the world. That‟s why; the policymakers are now seeking the renewable sources 

like water, wind, solar and nuclear sources. In many developing countries, the power generation 

infrastructures are now transform in sustainable or renewable sources. Among them, power 

based on water sources which is known as Hydropower technology is very popular all over the 

world and it is increased day by day. In current time, the proportion of Renewable energy 

sources and using ratio of the hydroelectricity of the world are given below: 

      

Figure 1.1 The exploitation of Hydroelectricity by Continents 

 

Hydro power technology is the most widely used renewable energy sources worldwide. From 

Mokhils et al. (2012)  it is known that, more than 19% of the world‟s electricity is coming from 

this sector [2]. Hydro power potential on large scale is being used by most of the country. 

However, its potential at the small scale remains unexploited. This is because, implementation of 
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mini hydro schemes with conventional hydraulic, electrical equipment and controllers are very 

expensive and uneconomical. To solve this problem alternative options and new designs of these 

equipments‟ have been developed by the engineers and researchers. The application of this 

modified new design would reduce the cost of mini hydro schemes. As a result, many developing 

countries like Thailand, Laos and Bangladesh can use this scheme for rural electrification where 

interconnection of transmission line from electrical grid is uneconomical. For this, it would be 

now possible to use more renewable energy sources than before . 

The small scale hydro power plant is mainly run-of-river plant which uses a fixed speed drive 

with mechanical regulation of turbine. By Marquez et al. (2010) it can control the active power 

generation by adjusting the water flow rate. This design can reach high efficiency over a wide 

range of water flows but it contains complex operating mechanism. For this reason, engineers 

and scientists have developed the modified and advanced structure of micro-hydro power plant. 

This advanced structure of MHPP is run by the smaller, lighter, more robust and more efficient 

higher speed turbine. It can also eliminate all mechanical adjustment through a electronic power 

conditioning system for connection of the electric grid. Moreover this detailed model of MHPP 

can provide an advanced level of control scheme. 

Hydro turbine is one of the most essential equipment of Hydro power plant. It plays a vital role 

of whole mechanism system. The job of turbine is converting the hydraulic energy to mechanical 

energy. The hydro turbine is connected to the hydro generator which converts the mechanical 

energy into electrical energy. The turbine is regulated by the turbine governor.  The turbine 

governor is an important control element which provides safeties and ensures the stable 

operation of Hydro power plant. From Li L et al. (2012) the design and comprehensive control 

system of hydro turbine are easy to understand.   The governor can control the water guide or 

nozzle blade of turbine which can supply different amount of mechanical energy to the generator 

and it can change the load of generator. 

The performance of hydro turbine is largely determined by the characteristic of the water column 

effect in the penstock. These characteristics include the water inertia effect, water 

compressibility and wall penstock elastic properties. The turbine flow lags behind the turbine 

gate opening due to water inertia and it exhibits initial inverse response characteristics of turbine. 

For the elastic nature of penstock water hammer phenomenon occurs and as a result it shows the 

highly non linear dynamic characteristics that vary with operating point. Under this condition, 

operating and control is not efficient and in many cases detailed hydraulic model is required for 

considering the water column compressibility and penstock wall elasticity properties. For this, 

the nonlinear dynamic interaction between the hydraulic and the electrical system is introduced. 

Hence the consequences, Mahmoud et al. (2005) discussed the need for the development of 

accurate model of turbine and its controller design. 

Like any other power generation, hydro power requires a transmission system. For micro hydro, 

two types of transmission systems are used, such as: Standalone mode and grid system. Most of 
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the micro hydro is used for stand alone mode to supply power in rural or isolated area. Recently, 

the output of micro hydro is transmitted in large grid system by using common method of 

transmission network. However, both in stand alone mode and in grid connection mode there are 

some faults occur that hamper the generation. From S. Saha et al. (2010),the fault detection 

system in transmission network is described. More over, some unwanted situation is occurred in 

the generation system like prime mover (turbine) fault and genearor problems like increase the 

bearing temperature. For this reasons, the generator must control in a specified range and must 

keep balance with the demand. 

In Micro Hydro, to keep the generation constant lot of techniques is used. Using servo-motor to 

control the spear valve among them. Most of the plants use manual control valve to control the 

water flow from weir to turbine which is not effective in case of rapid load change. Moreover, 

some experts prefer the dummy load to balance generated output to load. However, Doolla and, 

Bhatti (2005) first propose to use servo control valve to control the water flow.  The advance 

control method for automatic generation control in Hydro Power is proposed by Khodabakhshian 

and Hooshmand (2009). They propose the PID application in AGC of MHPP. The PID control 

technique is more reliable and mostly important is, these methods are used for controlling the 

overshoot and give the stability of the dynamics of the system. 

Now a day, most of the plants and industries use computerized control system and the most 

commonly used computerized control system is SCADA. SCADA stands for Supervisory control 

And Data Acquisition. Mainly SCADA itself does not allow full control of the system but allows 

the control on supervisory level. It provides a flexible architecture which allows rich 

functionalities and allows for easy upgrade of the system. SCADA is connected with the PLC. 

PLC stands programmable logic controllers which are known as heart of control system. For 

small hydroelectric power generation mainly PLC based turbine control system is used. This is 

because this supervisory control can give more accuracy and flexibility than traditional control 

system. This system is implemented on Mae-Ngat hydro power plant under responsibility of the 

Electricity Generating Authority of Thailand (EGAT) for experiment by Duangsoithing , 

Kongnam who do engineering job for EGAT. The whole system contains two main parts; 

governor control and operation control. The governor control part consists of speed, power and 

position control mode actuating to guide vane are designed and implemented. For guide vane 

control function, the runner blade control function requires to completely fulfill. Finally, all 

control sequence is connected with Human Machine Interface (HMI), the central location of 

control system. The PLC based turbine control system is verified and confirmed by simulation 

and respectively several tests. The result of test indicated that the proposed turbine control 

system can work properly. 

1.2 Problem Statement 

Now-a-days, micro hydro project is involved with conventional equipments which is not 

efficient both as technically and economically. Hence, to apply new scheme and cost effective 

technology new design have been proposed.  



4 
 

In Micro hydro power Plant, turbine plays the key role in whole design. According to the water 

head level and speed of water level, the turbine is chosen. However, most of the cases turbine is 

designed and controlled in a conventional way which is not efficient that‟s told before and it is 

very hard to control in abnormal situation like fault occurring, overload and emergency 

shutdown. We would implement computerized control of hydro turbine which will be set up by 

the SCADA and PLC and it would be effective than before. 

1.3 Research Objectives 

The objectives of the research are: 

 Automatic generation control in Micro Hydro power Plant for Impulse Turbine and 

Synchronous generator. 

 Create a Human-Machine Interface for the supervise and monitoring of the whole    

model. 

1.4 Scopes and Limitations 

• Power Generation control and supervision become more convenient than before. 

• Give more security and reliability. 

• New turbine design is implemented which is simple and easy to control. 

• The total system would become automatic. 

• Use Synchronous generator which is not cost effective. 
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CHAPTER 2 

LITERATURE REVIEW 

In this chapter, the brief description of Micro hydro Power Plant (MHPP) will be discussed. At 

first, the structure and operation would be described then consequentially the control system will 

be described. Then the turbine, generator selection and its mechanism with respect to generation   

will be described briefly. 

2.1 Overview 

Generally, the arrangement of hydraulic structures consist a simple layout. Mainly it contains a 

water reservoir, a tunnel, a surge tank, a penstock, a spear valve, hydro turbine and a generator. 

These components are the main apparatus of the plant. Moreover, some other additional 

components are required like alarm signal device, protection system and switch yard. From 

Singh et al. (2006), the function of hydropower can be known briefly. Mainly, the water from 

reservoir enters the tunnel and then through the penstock the water enters into the turbine section. 

The water hits directly the scroll casing of the turbine and the runner blades are placed in scroll 

casing. Hence the water is colliding with runner blade and by this runner blade converts the 

hydraulic energy into mechanical energy.  The flow of water into turbine is regulated by means 

of spear valve and the position of deflector. The spear valve is operated as governor and this 

governor mainly controls the turbine operation. The turbine is coupling with the synchronous 

generator where the mechanical energy is converted into electrical energy. The generator is 

connected to grid and finally the resultant electrical energy is going through the grid. 

 
 

Figure 2.1  A simple layout diagram of Hydroelectric Dam (Singh et al. 2006) 
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Hydro power plants can be classified on the capacity of power generation. The large hydro 

power plants mainly set up on the bank of large hilly river and its power generation is connected 

through the national grid. On the contrary, the small hydro power plants are independently 

installed and connected to micro grid. From Kaunda et al. (2014) project on Micro Hydro system 

it is said that the micro hydro plant with standalone power generation (< 5 kW) are used for 

electrification in small communities. Hydro power systems of this size, benefits are in terms of 

cost and simplicity from different approaches in design, planning and installation than those 

which are applied into larger hydro power plants. Recently some innovation in micro hydro 

technology has made it economic sources of power generation in some developing countries like: 

Thailand, Vietnam and Bangladesh.                                         

There is a table which is provides below, shows the classification of Hydro Power Plant (HPP) 

based on power generation. 

Table 2.1 Classification of Micro hydro Power Plant 

                      

 

                                                  

The energy conversion process for water and wind are similar. At first stage, kinetic energy is 

converted to mechanical energy by a rotating blade. Then the mechanical energy is converted by 

electrical energy by a generator. It is one of the complex systems among all Mechatronics energy 

conversion. For energy conversion rotating plays an important role. In hydro-electric power 

rotating blades absorb energy from water. Here energy is exchanged in mechanical from the 

hydraulic (water energy).The rotating blades are connected to an electrical generator and it 

produces the electrical energy from the mechanical energy which is provided by the rotating 

blade. For describing various types of hydroelectric plants three terms are used. They are 

conventional system, Run of river and pumped storage system. In conventional hydroelectric 

power electrical energy is produced from the potential energy of dammed water. In that case 

turbines and generators are installed in dams or along rivers. Run of river (ROR) hydroelectric 

power system are built at middle and lower reaches for diverting water into turbines. On the 

other hand, pumped storage hydroelectricity (PSH) is involved with a water reservoir sluice. In 

this plant water is pumped into the high place for high power generation. This type of hydro 

project consists complex design but simple in construction and installation. The main benefit of 
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this plant is it can be installed in any type of canal like irrigation canal without affecting the 

water flow. Hydro power can be calculated by using the equation of kinetic energy. From Huang 

et al.(2014) the basic equation of hydro power can be found which is describing below: 

Pw= (1/2) ρAV
3

   

Where, 

ρ =Water Density (1000 kgm
-3

) 

V= Water Speed (ms
-1

) 

A= water turbine rotor swept area (m
2
) 

Sum of the available power of water can be approximated using the hydraulic power generation 

by a hydraulic turbine as follows: 

P=K (1/2) ρAV
3
 

K=Cpƞgƞb 

ƞg= Generator Efficiency 

ƞb= Efficiency of Bearing 

3
Cp=

0.5

Tt

A V



 
 

Cp= Power Coefficient of performance 

The water turbine torque is given by, 

P
T =
S W

s

 

Ts=Torque of water turbine 

P= Power of water turbine 

Ws=rotor speed of water turbine 

2.2 Turbine Classification 

The choice of turbine for hydro power plant depends upon the head and discharge of water in 

available site. According this two variables, there are two types of turbines are used in hydro 

power plant. These are Impulse turbine and Reaction turbine. From Mokhils et al.(2012) the 

turbine design and its control equipment is described briefly. 
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An impulse turbine is generally suitable for high head, low flow applications. This type of 

turbine is classified in three sections, that‟s: Pelton wheel, Turgo wheel and Cross flow turbine. 

Specially, the Pelton wheel is used for high head and low specific speed. The head range of this 

turbine is more than 240 m (meter) up to 1000m. The cross flow turbine is suitable below the 

range of Pelton wheel. Another type of turbine is Turgo turbine which is similar to the Pelton 

wheel. These types of turbines are supposed to be reliable, robust because it can operate 

efficiently over a range of flow rates. This type of turbine can handle significantly higher water 

flow rates, can efficient to operate lower head range. The Turgo turbine can extract over 80% 

efficiently under the best conditions. Now a day, it is proved that this turbine can also perform 

low head range of 1-3.5 m. this new design can improve the turbine performance up to 91% 

efficiency at 3.5m head and 87% at 1m head. 

A reaction turbine develops power from the combined action of pressure and moving water. The 

runner is placed directly in the water stream flowing over the blades rather than striking each 

individually. Reaction turbines are generally used for sites with lower head and higher flows than 

compared with the impulse turbines. These types of turbines are three types, namely Francis, 

Kaplan and Propeller turbine. Francis turbine is suitable for medium specific speed and medium 

head range which is nearly between 55m to 240 m. meanwhile, the Kaplan and Propeller turbine 

is suitable for specific high speed and low heads which is below 30 m. 

Now a day, a new design is applied in hydraulic turbine that makes more efficient for mini hydro 

schemes. If we can use two different Francis turbines of different sizes instead of single turbine 

then it is more efficient. In hydro power plant lot of water is wasted due to variation in flow rate 

of stream water which can be utilized efficiently by using two turbines of different sizes. From 

Mokhils et al. it can be shown that, maximum 25% more power can be exploited from this new 

design. For micro hydro scheme water flow is very important factor and normally Francis turbine 

operates satisfactory for more than 50% water flow. However, water flow below 40% causes 

vibration or mechanical shocks which may lead to instability. The only way to get maximum 

efficiency is to run the turbine at variable speed. The design in turbine essentially depends on 

specific speeds. Depending upon the specific speed, the turbine shape remained the same but the 

size was scaled for adjusting with penstock at low heads and low discharges in water flow. For 

economical purposes, axial flow designs of propeller turbine have been provided. These types of 

turbines are suitable for low head micro hydro turbine and suitable for rural electrification. 

The proposed hydro turbine is modified Pelton wheel machine which is now commonly used for 

Micro Hydro Project. This hydraulic turbine is Impulse type which does not consist the blade 

pitch control and upstream guide vane. Moreover this turbine is easy to control and convenient to 

coupling with the generator; as a result it makes a simple and robust design.  
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Figure 2.2 Two basic type of Water Turbine ( Turbine Wikipedia) 

2.3 Pump as a Turbine 

Recently a new technique is introduced in hydro power technology which is known as Pump as 

Turbine (PAT). In this method, a pump is used as a turbine mode. Basically a pump can operate 

in a turbine mode if the flow direction is in reverse way and when it is operated in the turbine 

mode its efficiency is higher than the pump mode operation. From a paper about Pump as turbine 

by Mariano Arriaga (2009) it is shown that with the suitable condition, this technology can cover 

the range of multi jet turbines, Cross flow turbines and small Francis turbines. For the generating 

power in range of 20 to 200 KW we can use this Pump as turbine (PAT) technology. In this 

research a pump with Impulse Turbine characteristic is proposed which is latest turbine 

technology. 

2.4 Turbine Control 

Hydraulic turbine control is an important factor. From the IEEE model (1977) on hydraulic 

turbine control and its system dynamic studies show the control technique elaborately. Hydro 

turbine has initial inverse response characteristics of power which is used for gate changing. It 

needs transient droop features in the speed controls as a pre requisite for stable control 

performance. The term „transient droop‟ means, for fast deviation in frequency, the governor 

exhibits high regulation (low gain) while slow changes and in the steady state the governor 

shows the normal low regulation (high gain). 
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The functional block diagram of hydro turbine below describes the whole mechanism of turbine 

system 

 

Figure 2.3 Functional Block diagram of Hydro Turbine generating system 

An impulse turbine has a different turbine governing system.  From IEEE Journal on Turbine 

Governing System (2011) it describes that, the impulse turbine needs a needles to control the 

flow of water into the turbine. As many impulse turbines are involved with relatively long water 

conduits, the water hammer effect can be significant and, if so, requires a relatively long needle 

servomotor operating time. To achieve the desired dynamic operation, many impulse turbines 

include deflectors that divert the water stream away from the turbine buckets and thus remove 

some or all of the water energy from the turbine runner. The deflectors do not affect the flow rate 

of the water in the conduit; therefore, the deflector servomotors may operate at relatively fast 

servomotor timings. The following block diagram describes the governing model of Impulse 

turbine. 

 
 

Figure 2.4 Impulse Turbine Governor Controller Model 
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To optimize the dynamic characteristics of the impulse turbine governing system, the governor 

Controller may have separate compensating gains like PID gains for operation with the 

deflectors within the water stream and with the deflectors outside the water stream. In this way, 

both the deflector servomotor and the needle servomotor can respond simultaneously to a 

frequency disturbance. The Turbine Control System with PID controller is given below: 

 
Figure 2.5 Typical PID Governor Controller 

 

2.4.1 Integral gain 

Integral gain(Ki) produces a controlling action that is the time integral of the governor controller 

error in a PI or a PID governor controller. Integral gain, also known as “reset,” acts to trim the 

controller error to a value of zero.  

2.4.2 Proportional gain 

Proportional gain(Kp) produces a controlling action that is proportional to the magnitude of the 

controller error in a PI or a PID governor controller. The proportional gain contributes an 

immediate response to a governor controller error.  

2.4.3 Derivative gain 

Derivative gain(Kd) produces a controlling action that is the time derivative of the governor 

controller error. The derivative gain term acts to limit controller overshoot by reducing controller 

action proportional to the rate of change of error input to the governor controller 

 

Mainly, the turbines convert potential energy into mechanical shaft power that drives an electric 

generator. The mechanical power available is proportional to the product of head and discharge. 

The mechanical power, P (in W), produced at the turbine shaft can be estimated from  A. 

Williams (1996), 

                             P = efficiency x ρ x g x Q x h 
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Where, efficiency is the hydraulic efficiency of the turbine, ρ the density of the water (kg/m³), g 

the acceleration due to gravity (m/s²), Q the discharge (m³/s) and h is the head of the water acting 

on the turbine (m).   

In run-of-river plant mainly fixed speed drive with mechanical regulation of the turbine is 

required for controlling the water flow rate for the active power generation. This design enables 

to reach high efficiency over a wide range of water flows but using a complex operating 

mechanism, which is in consequence expensive and tend to be more affordable for large systems. 

From Marquez et al. (2010) an advanced structure of a micro-hydro power plant (MHPP)is 

proposed  based on a smaller, lighter, more robust and more efficient higher-speed turbine and 

synchronous generator. Now a days, most of the Hydro power plant is run by Induction 

Generator for the cost efficiency. Moreover,  induction generator construction is less complicated 

as it does not require brushes and slip ring arrangement. Brushes are required in synchronous 

generator to supply DC voltage to the rotor for excitation. However , it has some drawbacks. In a 

synchronous generator, the generated voltage is synchronized with directly to the rotor speed. 

Hence the frequency of synchronous generator can be matched with rotor speed. In case of 

inductions generators, the output voltage frequency is regulated by the power system to which 

the induction generator is connected. If induction generator is supplying a standalone load, the 

output frequency will be slightly lower (by 2 or 3%) from the calculated value. In micro 

hydropower system standalone mode is a great concern and in standalone mode an extra 

excitation system like capacitor bank is required for the connection which is not require for 

Synchronous generator.  

 

                                                                                                                                                          

Figure 2.6 Induction generator (Left side) and Synchronous generator (Right side) 
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2.5 Automatic Generation Control 

A new technique of automatic generation control of an isolated small-hydro power plant is 

proposed by Dolla and Vhatti (2005). Now a days, surplus generation due to decrease in load is 

dissipated by using dump load and surplus water can be used for irrigation. The use of dummy 

load is not efficient. As a result, alternative should be found for generation control.  In this paper 

the servo control valve is proposed to control input power of the hydro plant. The on/off control 

valve linearly raises or lowers the generation by 50%, while the servo motor controls the 

generation in accordance to the load. It is viewed that the rate of opening or closing of the on/off 

control valve has considerable effect on the transient response of the system. Finally, the 

dynamic responses due to step disturbance for different nominal loadings of the system. The 

following block diagram shows the control technique of servo valve: 

 
 
 

Figure 2.7 Proposed schemes with on/off control valve(Dolla and Vhatti, 2005) 

 

The mathematical models of two control valves are given below: 

 
 

Figure 2.8 Transfer function of servo valve system (Dolla and Vhatti, 2005) 

 

In an electric power system, the output load requires uninterrupted power at rated frequency and 

voltage. To maintain these parameters within the prescribed limits, controls are required on the 
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system. Voltage is maintained by the control of excitation of the generator and frequency is 

maintained by eliminating the mismatch between generation and load demand. In power system 

the frequency   indicates of the energy balance in the system, so the frequency must keep 

constant. A novel scheme is proposed by Goyal et al. (2007) for the speed control of hydro 

turbines. In this scheme, the water flow is regulated and being fed to the turbine in accordance 

with the load balancing and by this the frequency of the system is maintained at the desired level. 

Conventional governor systems can be classified as mechanical–hydraulic governors, electro 

hydraulic governors or mechanical types. Mechanical hydraulic governors are sophisticated 

devices which are generally used in large hydro power systems. They require heavy maintenance 

and are expensive to install, making their usage in micro hydro power plants uneconomical. 

Electro hydraulic governors are complex devices with precision design and are costly. 

Electronic load controllers is governing the turbine speed by adjusting the electrical load on the 

alternator.. This method permits the use of a turbine with no flow regulating devices and the 

governor control system. Load controllers however not efficient because it causes the waste of 

precious energy that can be used alternatively. 

 In the proposed control system an electric servomotor is used as a governor [Andersson et al.]. 

An electric servo motor is a precision electric motor whose function is to cause motion in the 

form of rotation or linear motion in proportion to a supplied electrical command signal The 

electric servo motors are preferable for the control of micro hydro power systems as they have a 

simple design, require less maintenance and are less expensive than conventional governors. 

The mathemacal model of Micro Hydro Power plant with servo valve mechanism is given below 

 

 
 

Figure 2.9 Model of Micro Hydro Power Plant (Goyal et al. 2007) 

 

2.6 Various Faults and Protection 

The hydro turbine-generators should be protected against various type of fault like mechanical, 

electrical, hydraulic, and thermal damage. The abnormal operating conditions that can arise 

should be detected automatically and corrective action taken timely to minimize the impact. 

Hence, lot of devices like Relays, temperature sensors, pressure or liquid level sensors, and 

mechanical contacts operated for the detection of abnormal conditions. For automatic control, 

computer is used for total system control and lot of Programming language like programmable 
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logic controllers (PLC) are provided for unit control. The system is internally connected and 

response very quickly if any abnormal situation is occurred. From IEEE guide about the control 

of Small Hydro Power Plant (2012),various mechanical and electrical fault of Hydro Power can 

be found which is given below: 

a. Plant mechanical equipment troubles 

b. Plant electrical equipment troubles 

c. Fault in Transmission Line 

 

2.7 Application of SCADA 

 

Now days, remote control and monitoring have become more popular with the development of 

communication and automation technology. Hence, automation technology plays an important 

role in hydro power plant too and it replaces the conventional control of whole system. Recently 

automated control system for small hydroelectric power generation is proposed for Mae-Ngat 

hydro power plant under responsibility of Electricity Generating Authority of Thailand (EGAT) . 

By this consequential process, the electrical maintenance division has necessarily to establish a 

pilot project for modernization of those power plants‟ control system. With a several advantages 

for instance compact size, comfortable modification and various supporting accessories of the 

Programmable Logic Controller (PLC). This PLC is considered the heart of the automated 

control system. This technology is considered for implementation of a new turbine control 

system. The system would become stable in operation and it requires less maintenance and low 

equipment cost.  

The main objective of the new turbine control system is designed to completely fulfill the 

existing system. All control functions composing of turbine control, generator control, and load 

control and unit startup/shutdown sequence are implemented on PLC. The new system is 

designed to incorporate with the original electronic governor system and operation control 

system with sequential relay circuit. For maintaining the operation of existing control system, the 

designed control system can be switched from conventional system to PLC system.  
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Finally the human machine interface (HMI) is used for machine parameters and status 

monitoring in turbine operation. The implemented system structure is given below: 

                       
 

Figure 2.10 Automated Control System of  Hydro Power Plant 

 

2.8 Summary 

The literature review focuses on new governor control function and remote control technique 

which provide the different mechanism about micro hydro power.  The random load distribution 

which is described by Singh et al.(2006)  is significant issue for plant operation. From Mokhils et 

al. (2012) the design and control function of Impulse Turbine is viewed. The new idea is 

discovered from Doolla and Bhatti (2006) of controlling the gate by on/off valve using some 

control algorithms which need to be implemented together with the idea presented by Goyal et 

al. (2006). The presented idea about Goyal et al. (2012) of controlling the water flow of turbine 

using the spear valve with servo motor. The input water flow generates the mechanical power 

turbine and gives the energy for the prime mover of generator. The IEEE model (1977) on 

hydraulic turbine control and its system dynamic studies describes the turbine control and PID 

application on it. For automatic generation control faults are significant which are given by IEEE 

guide about the control of Small Hydro Power Plant (2012). 
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The table below represents a concise information about the main works and idea  by the various 

researchers especially on turbine design and control with respect to automatic generation control 

in Micro Hydro Power Plant. 

                                     

Table 2.2 Summary of significant literature reviews 

 

 

 

 

 

 

 

 

 

 

 

 

Author Prospective Idea Limitation 

Singh et al.(2006) Turbine speed identification 

with respect to load disturbance 

Not specified the turbine types 

 

Kunda et al.(2014)  Turbine Performance on Micro 

Hydro Power technology 

Concentrate on turbine design 

Huang et al.(2014) Energy conversion formula in 

Hydro Power 

Focus on vertical axis turbine 

Mokhils et al.(2012) Cost effective control 

technology in MHPP 

Not focus generation and 

transmission system 

Mariano Arriaga (2009) Pump as Turbine  Application in real system 

IEEE Model on Hydraulic 

Turbine Control System (1977) 

Various types of turbine 

Control System 

 

A William (1996) Pump as Turbine Operation Focus only in Pump 

IEEE Journal on Turbine 

Governing  System 

Impulse Turbine governing 

system with PID 

 

Marquez et al.(2010) Distributed generation control 

mode for micro hydro power 

plant 

Focus on Propeller type 

Hydraulic Turbine 

Dolla and Bhatti (2005) Automatic Generation Control Not mention the turbine type 

Goyal et al.(2007) Servo valve  control technique Not mention the turbine type 

IEEE guide about Control 

Small Hydro Power (2012) 

Various Faults in small  Hydro 

Power 

 

Report of EGAT about Mae-

Ngat Micro Hydro Power 

Application of PLC in MHPP Focus on Reaction Turbine 
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CHAPTER 3 

METHODOLOGY 

 

The thesis is mainly focused on automatic generation control and monitoring of Micro Hydro 

Power Plant (MHPP) with Impulse Turbine and Synchronous generator. Various experiments 

and researches have to be conducted in this field. The methodology flow chart of this work is 

given below: 

3.1 Methodology Flow Chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Flowchart of Methodology 

Collect data from existing Micro Hydro Power Plant model 

Create mathematical model of turbine, generator, load and 

spear valve and use MATLAB program to run this model 

Check the MATLAB model for turbine, generator and valve 

 

Write the Control Algorithm using PLC Simatic S-7 300 

Create HMI diagram by using Siemens WINCC and 

connect it with the PLC algorithmic code 

Create a small project to validate the model 

  Reach to destination 
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3.2 Tools and Software  

For this work several types of software‟s used. They are as follows: 

1. Simatic step 7 version 5.5 

A. Variable Editor. 

B.Symbol Editor. 

C.PLC programming for Control Algorithm (PLC SIM) using 

       1. Ladder logic 

       2. Structured Language (STL) 

       3. Functional Blocks (FB) 

       4. Functions (FC)  

       5. Data Block (DB) 

       6. Variable Table 

 

2. WinCC Version 6.0 for HMI  

        A. Graphics designer 

        B. Tag Management using Simatic S7 Protocol Suite 

 

3. MATLAB  

       A. Variable Editor 

       B. Simulink 

       C. SimPower System 

       D. Matlab Masks 

 

The details program models are described in following parts of the report. 
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3.3 Experimental Data 

For modeling the whole system we just use AIT Water Engineering Management (WEM) Micro 

Hydro Project data. 

In this model, the head is comparatively very low (only 6m) and the water pump is used as 

turbine. The output shaft of the pump has directly coupled with Permanent magnet Generator. 

The generator is then connected with Electric Load Controller (ELC) and ELC is connected with 

Rectifier and Inverter respectively. 

Mainly Pump as turbine (PAT) is controlled manually by valve. However, in proposed model the 

automatic servo valve governing system would applied.The control algorithm of PAT is 

programmed using Simatic S7 and the program can be connected with HMI via WINCC. Hence, 

it can be monitored easily from the control room or outside of the Plant. The layout of the plant 

is given below 

 

Figure 3.2 The existing model of MHPP in WEM Lab, AIT 
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The possible Input & Output (IO) of hydro power plant are shown in below table 

Table 3.1 The Input & Output attachment of MHPP 

 

 

 

 

 

Dams Valves Turbines Generator Transmission  
 Water Level 

Low 

 Water Level 

High 

 Surge Valve 

On 

 Surge Valve 

Off 

 Deflector On 

 Deflector Off 

 Main Valve 

On 

 Main Valve 

Off 

 Rotor Speed 

 Coupled 
  Grid Connect 

 Grid 

Disconnect 

 Load Connect 

 Load 

Disconnect 

 Mode(GC/SA) 

 

 

 

DI 

 Flow Rate  Main Valve 

Position 

 Nozzle 

Velocity 

 Rotor Speed 

 Bearing 

Temperature 

 Coupling 

Temperature 

 Terminal 

Voltage 

 Line Current 

 Frequency 

 Temperature 

 Grid 

Frequency 

 Grid Voltage 

 Grid Current 

 Load Voltage 

 Load Current 

 

 

AI 

  Deflector On 

 Deflector Off 

 Main Valve 

Off 

   Grid Connect 

 Grid 

Disconnect 

 Load Connect 

 Load 

Disconnect 

 

 

DO 

  Main Valve 

Position 
    

AO 

 Water Level 

High 

 Water Level 

Low 

 Deflector Error 

 Main Valve 

Error 

 Rotor 

Runway 

 Bearing 

Temperature 

High 

 Coupling 

Temperature 

High 

 Over 

Voltage 

 Over 

Current 

 Frequency 

mismatch 

 Grid Fault 

 Load Fault 

 Frequency 

Mismatch 

 

 

Faults 

and 

Alarm 

 

Supervision and 

Monitoring 

Programmable Logic 

Controller (PLC) 
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CHAPTER 4 

PLANT MODEL 

 

The proposed model is included with an Impulse turbine, a servo valve and a Synchronous 

Generator. The Impulse turbine is designed as pump as turbine which is recent in pump 

technology. The various data is collected from AIT-WEM lab which helps to determine various 

parameters about MHPP model. These data is represented in a table format and some graphical 

picture also represented to verify these data. The proposed model of the research work is given 

below: 

 

  

                            Water flow  

   is regulated by Servo-Valve (PID)  

                               

 

 

 

 

 

 

 

Figure 4.1 The Proposed Model for Micro Hydro Power Plant 

 

4.1 Existing model 

The existing data is collected from AIT-WEM lab. The existing model was with (PAT) pump as 

turbine with Permanent magnet synchronous generator. In this model the dump load is used for 

control the generation and a manual valve is used for controlling the flow rate. However in 

proposed model a servo control spear valve and automatic control turbine deflectors are used to 

control the water flow rate as well as generation of the final load.  

 

 

   DAM 

 

  

TURBINE 

SYNCHRONOUS 

  GENERATOR 

 

   Transformer 

  Final LOAD 

   Stand Alone       Grid 

Automatic 

Generation 

Control (AGC) 

 

PLC- For Controlling the whole Process 

WINCC-For Supervising and Monitoring 
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The various data about MHPP plant is given below as a tabular form: 

Table 4.1 Various data about MHPP 

Head(m) Flow(m
3
/

s) 

Velocity(ms
-1

) Pressure(pa) Speed(rpm) Frequency(Hz) Volt(v) Current(A) 

3.5 0.054 8.26 34.30 900 20.318 164.74 7.75 

4.0 0.062 8.829 39.30 970 23.22 188.27 8.87 

4.75 0.073 9.64 46.55 1025 27.56 223.5 10.5 

5.75 0.088 10.57 56.35 1100  33.37 270.64 12.76 

7.75 0.119 12.329 75.95 1350 44.99 364 17.19 

 

For Micro Hydro Power, Head-Flow characteristics are very important. Mainly the flow rate is 

the primary parameter of hydro operation. If the water flow rate is controlled then the rotation of 

turbine which is the prime mover of the generator, is controlled. That means if the flow rate is 

controlled the generator output can controlled. This water flow rate is varied according to the 

head range which is known as water head level. The head flow characteristics is given below: 

 

Figure 4.2 The Head-Flow characteristics curve in Micro Hydro 

 

For the operation a certain amount of water flow is required for the turbine. If the water level is 

high the water flow is regulated by at first Intake gate of the turbine. The sluice gate or bypass 

channel is used to bypass extra water. Then in penstock the water flow is controlled by the servo 

valve and the turbine deflectors. 

The equation of turbine mechanical power is, 
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Where,  

η =Hydraulic efficiency, ρ =Density of water, Q =water Flow rate 

Hence, it is shown that the flow rate is the basic and one of the parameters that is used to control 

the generation. If there are any mechanical or electrical fault is occurred, then the generation rate 

is changed with respect to the fault rate and creates a balance situation that can reduce or 

eradicate the faults.  

The below table represents the Mechanical Power and Electrical power rate with respect to water 

flow rate 

 

              Table 4.2 Mechanical and Electrical Power rate with flow passing to Turbine 

Water Flow (m3/s)   Mechanical Power(KW) Electrical Power(KW) 

0.0538 1.42 1.27 

0.0615 1.85 1.67 

0.073 2.61 2.35 

0.088 3.81 3.43 

0.1192 6.97 6.27 

 

The bar chart below shows the increasing rate of Mechanical Power and Electrical power   with 

respect to water flow 

                                  
                                      

Figure 4.3 The water flow vs. Mechanical and Electrical Power Graph 

4.2 Turbine model 

Turbine is the key part of the Hydro Power Plant. The maximum efficiency of the plant is 

depending on the efficiency of the turbine. Hence, selection and model of the turbine is very 

important. For our model, the impulse turbine is chosen. This is because it is reliable, cheap and 
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25 
 

robust. Moreover it is efficient and easy to control. Thus, for the controlling input power in 

Micro Hydro Project this turbine is used widely. Now days, a new design of Impulse turbine with 

Pump is invented. The PAT (Pump as Turbine) with Impulse turbine is very reliable and contains 

a simple design. That‟s why; this proposed model would implement in real application. For 

selection and designing of turbine the best efficiency point is very important.  

From, the report of Williams we can find it. That‟s 

                                                                       

                                                                        

where,Qt and Ht is the turbine flow rate and head rate. Qbep and Hbep is the flow and head range at 

best effeciecny point. Ƞmax= Maximum Effeciency 

 

The mathematical formulation of Impulse Turbine is given below: 

The Torque Coefficient is, 

                                                                   
The Input Power Coefficient is, 

                                                        
2 2

rb rb

2 PQ
C =

{ρ(v +U )bl N v}
in



 
Efficiency, 

                                                       

ωT
η=

ΔPQ   
Flow coefficient, 

                                                       

v
=

U


 
Here, 

         T=Torque, ρ=Density, v=Inlet velocity, U= Circumferal velocity, P=Pressure, Q=Flow 

rate, ∆P=Total Pressure Drop, r=Radius of the turbine, l=total leangth, N=Number of 

blades=blade height. 
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The mathematical model of the turbine is given below: 

 

Figure 4.4 Mathematical model of Turbine 

The Basic Turbine Model for Micro Hydro Plant is given below: 

 

 

                         

Figure 4.5 The Basic Turbine Model (with MATLAB Simulink) 

 

The parameters of this model is given below: 

Flow rate,Q=0-0.11m
3
/s 

Speed range=0-1200 rpm 

Output Power=0-4.8 KW 

Turbine Gain, At =1 

Gate opening at full load, gFL =1 

Gate opening at no load, gnl =0 

loss of water in conduit length, H0=0.005m
3
/s 

Water starting time, Tw =0.2 s 

Speed Governing System gain, K =5 
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Servo time Constant, Tg =1s 

Inertia Constant, HS =4s 

Turbine damping, D=0.5 

The figure below describes how turbine function in operating condition 

 

                 

Figure 4.6 The Output curve of Turbine Model (Impulse Mode) 

 

This curve represents the output power (KW) of turbine model. In X-axis the time (s) and in Y-

axis the input power (KW). At the beginning of the time the flow become zero then the speed 

also zero. When the flow is increasing the speed of the turbine also increasing. At a certain time 

the flow becomes constant and as well as speed and the constant power is coming through the 

turbine. Actually this curve is based on Head-Flow characteristics of Impulse Turbine. 

According to the head level of water, flow is becoming increase and as well as speed. When the 

flow level is dropped the speed drop gradually. 

 

 

Time(s) 

Input Power 
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The controlling of the turbine is very important part of Hydro Power Mechanism. The block 

diagram below represents the control mechanism of Hydro Turbine. 

                       

Figure 4.7 The basic hydraulic turbine governing System 

 

 

 

The Impulse Turbine is controlled by the deflector and a servo controlled Spear Valve. Hence, 

the governing system of Impulse Turbine for Micro Hydro Project these two parts are significant 

variables. The control system of the turbine is represented by following mathematical figure 

 
                       

           Figure 4.8 The basic hydraulic turbine Controlling System (Servo Governing) 
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The output of this curve is given below: 

 

 

                    
          

         Figure 4.9 The Turbine Control diagram for Micro Hydro System (Impulse turbine) 

 

In this graph, the indigo line indicates the normal turbine operation. The blue line represents the 

load rejection and the servo operation with respect to this; green line represents the changing 

input which is given by the turbine to the generator.  In this graph, the X-axis represents the 

amplitude gain. The negative gain represents that the opposite operation done by the servo valve. 

4.3 Generator model 

For the model of the electric system to be installed with the turbine, a choice would be made 

concerning the type of generator and type of control to be used. Induction, synchronous and 

permanent magnet synchronous generator (PMSG) are the options for transferring the hydraulic 

energy to electrical energy. Among them PMSG is the better option. This is because PMSG‟s 

have stable, good characteristics during normal operation and as they do not need an additional 

DC supply for the excitation circuit of generators. These advantages make it suitable for its 

utilization in micro hydro plants. Moreover, the simple rotor design without field windings, slip 

rings and excitation system also increases the efficiency of overall machine.  
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Time 
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The two phase d-q equivalent circuit model is given below: 

                                                                      

Where, rs= „resistance of the stator winding‟, Vs=„complex space vectors‟of the three phase 

stator voltages, λs=„currents‟, and „flux linkages‟, all expressed in the stationary reference frame 

fixed to the stator, these parameters are described as: 

                                                                    

The figure below represents the equivalent circuit diagram of permanent magnet synchronous 

generator. 

 
                      

Figure 4.10 Equivalent circuits of a PMSG in the d- and q-directions 

  

The, and a2 of previous equation are spatial operators for orientation of the stator windings, a = 

e j2π/3 and a2 = e j4π/3. vsa, vsb, vsc are the values of stator instantaneous phase voltages. isa, 

isb, isc are the values of stator instantaneous phase currents. λsa, λsb, λsc are the stator flux 

linkages. The equation of stator flux linkage is given below: 

                                                                           
            

Where Laa, Lbb, and Lcc, and are the self-inductances of the stator a,b and c-phase respectively. 

Lab, Lbc and Lca, are the mutual inductances between the ab, bc and ac phases and λra, λrb and 

λrc are the flux linkages that change depending on the rotor angle established in the stator a, b, 

and c phase. These phase windings respectively due to the presence of the permanent magnets on 

the rotor.  
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They are expressed as: 

                                                                                   

In this equation, λr presents the peak flux linkage due to the permanent magnet. It is often 

referred to as the back-emf constant. Note that in the flux linkage equations, inductances are the 

functions of the rotor angle. Self-inductance of the stator a-phase winding, Laa including leakage 

inductance and a and b-phase mutual inductance. 

The parameters of the Generator (Permanent Magnet Synchronous Generator) of this model is 

given below: 

Rated Speed (t) =1500 rpm 

Input Torque,Tm=37.2 Nm 

Damping factor, Kd=0.026 

Rated Power,Pe=5.5 KW 

D-axis reactive Reactance, Xad=5.79 ohm 

Q-axis reactive Reactance, Xaq=5.79ohm 

Efficiency at rated speed, ƞ=0.9 

Rated voltage, V=400V 

Rated Current, I=7.9A 

For calculating all the values, curve and phase diagram the MATLAB program is used. The 

MATLAB mask of Synchronous Generator (Permanent Magnet) is given below: 

                                                                  

Figure 4.11 The MATLAB mask of PMSG 
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The output curve of Permanent Magnet Synchronous Generator is given below: 

 

 

 

Figure 4.12 The Output curve of PMSG 

The graph shows the Speed vs. voltage model. For Permanent Magnet Synchronous generator 

(PMSG) voltage is increasing according to the rotor speed, the figure 4.12 represents that. The 

output curve about current vs. speed is given below: 

 

Figure 4.13 The Current variation curve of PMSG 

                       
  

Current 

Gain 

Time (ms) 



33 
 

 

4.4 Servo valve model 

Servo valve is an important element in Micro Hydro Power Plant. In MHPP, this servo valve 

technique is used widely and it is very effective for automatic generation control (AGC). In 

standalone small or micro hydro power plant this valve is used to control the flow for eradicate 

the mismatch between supply and load. Sometimes it is used for irrigation in local area. The 

on/off valve is worked linearly raises or lower the position. A command signal is used to give the 

on/off signal as well as change the direction of upper or lower position. From Doolla and Bhatti 

(2006) The schematic diagram of control valve is given below: 

 
 

Figure 4.14 The main Schematic Diagram of control valve 

 The mathematical model of servo motor controlled valve is given below 

                                                               
                              

Figure 4.15 Mathematical model of Servo motor control valve mechanism 

Where, Kv=Valve Gain, Tv=Time rate of valve 

A servo motor is run by dc with armature control for controlling the valve. The water flow rate in 

the penstock is controlled by the servo valve. The water flow through the turbine is controlled by 

regulating the position of the valve . The closed loop transfer function of the valve controlled dc 

servo motor is given below: 

                                       

 

Here,  

Ra = armature resistance (ohm);  

La = armature inductance (henry);  
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θ =angular displacement of the motor shaft, (radian) 

J = equivalent moment of inertia of the motor and load (kgm2) 

 b =equivalent viscous-friction coefficient of the motor and load (N m/rad/s) 

 K =the angular velocity and voltage constant in rpm/voltage 

 Kb = the constant. 

 La = armature circuit inductance 

 

The inductance La in the armature circuit is neglected for its small value. La is neglected, and 

then the transfer function is derived by neglecting La of (1) is given by: 

                                                                  

V

V

Kθ(s)
=

Ea(s) s(T +1)
 

 

Where, Motor Gain Constant 

                                                       
Motor Time Constant      

                                                                   
the mathematical model of micro hydropower system with servo control  valve system  is given 

below 

 
          

Figure 4.16 Mathematical model of Servo control Micro Hydro System 
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The resultant curve of this model is given below: 

 

               
 

Figure 4.17 Output curve of Servo motor control valve mechanism 

From the above graph, it represents the change of position of servo controlled valve. The X-axis 

represents the time and Y-axis represents the valve position. The valve is closed or open by a 

motor. In this figure it represents the closing position of the valve. Hence the value is shown in 

negative. Primary value of this valve is zero and when it is closing or in off mode the position is 

decreasing. Similarly the value is increasing in the on condition and maximum it can reach the 

zero.  The valve is moving linearly and it can move any direction as desired location. 

This new technique is effective to eliminate the frequency deviations when the load disturbances 

are occurred for different nominal loadings of the system.  

 

4.5 Final plant model 

The maintenance of power generation with respect to output load is the prime concern of this 

plant model. An electric servomotor is used to control the flow rate. Thus controlling the flow 

rate the input power of the turbine is controlled and as a result the output power of the generator 

and the final output load can be regulated. This model would become a different scheme for the 

control and mechanism of MHPP (Micro Hydro Power Plant). 
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From Goyal et al. (2005) we can find the final plant model of MHPP which is given below: 

 

 

Figure 4.18 The Final Plant Layout 

 

The output of this model is given below as a graphical pictures 

                   
                                                  

Figure 4.19  The model output graph (a) 

The amplitude gain represents the speed vs flow ratio. According to the time, the flow is 

increased then the speed is increased. When there is sudden load drop, the speed will increased 

Time 

Frequency 

Gain 
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and the servo valve changing its position for controlling the flow rate. In above figures the speed 

is increased and after a certain time the valve is actuated and take the speed as a certain value. 

Another figure of this model is given below: 

            

 

Figure 4.20 The model output graph (b) 

If there is sudden load increasing, the speed will drop. The servo valve changing its position to 

open up and for controlling the flow rate to increase the speed. In above figures the speed is 

increased after a certain time when the valve is actuated for taking the speed as a certain level. 

When the flow is normal the position will be unchanged. However, in abnormal situation its 

position changes with respect to demand. The change of the position of the servo valve is in 

linear way. The main purpose of this servo valve is to control the generation automatically. 

4.6 Automatic Generation Control 

Automatic Generation Control is one of the vital parts of the plant mechanism. Mainly, 

frequency and voltage these two parameters are responsible these control system. The frequency 

and voltage is varied when any abnormal situation is occurred. The voltage is matched with the 

control of excitation system. In permanent magnet synchronous generator, there is no extra 

excitation system. Hence the stator output voltage is depending on the input of the rotor voltage. 

The produced rotor voltage is depending on the rotor speed.  Moreover, the frequency is 

depending on the rotor speed. The speed and frequency relation is, 

                                                                        

here, Ns=Synchronised Speed, f=Frequency, P=Number of Generator pole 
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Time 
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The relation of speed and voltage is described from the swing equation of the generator. The 

generator swing equation of the generator is given below: 

                                                                           

                                                                      
Where, 

               

δ = Generator internal bus voltage angle,  

ω= is angular speed deviation,  

M = moment of inertia of generator,  

Pge =electrical output of the generator,  

D =damping constant, and  

PM= is the mechanical power input to the generator 

When the load of the system is increased, the turbine speed drops. The opposite is happened 

when the system load is decreased. After that, governor take care the critical situation and back 

the system in normal condition. Before the governor acting, an error signal is sent to the 

governor. To detect the error signal an integrator is used and this integrator makes a set point for 

the governor. Form the swing equation, it is shown that the speed of the generator is depend on 

the difference of input power and output power of the generator. When there is any sudden 

change in load the speed is changed rapidly. Then the generation is restored automatically by 

adjusting the frequency or speed. This scheme is called Automatic Generation Control (AGC). 

The mathematical model of the Automatic generation Control (AGC) is given below 

 

Figure 4.21 The mathematical model of Automatic generation Control (AGC) 
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The output graph below shows the sudden load changing affect of the system 

 

  
             

Figure 4.22 Load changing affect and frequency deviation of the system 

From , the swing equation it is shown that the change of rotor speed is depend on the difference 

of input mechanical power and output electrical power. The main variable is turbine input power 

which is depend on water flow.hence, in this model the governor is used to control the flow and 

thus controlling flow is the prime mechanism of automatic generation control (AGC).   

The following figure shows the recovery of the frequency when sudden load change 

 
 

Figure 4.23 Load drop and restoration by AGC 

To detect the error and setpoint of the AGC system a PID method is used. The purpose of PID is 

described in following part. A servo control spear valve is used for governing. When load is 
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changing for any fault condition, the frequency is adjusted and restored again. 

In automatic generation control operation, the frequency restoration is an important factor. To 

desscribe a normal plant model is given below 

 

Figure 4.24 Normal Plant model represents the Power Generation 

Here, ∆PL is the input power and ∆ (s) is the resultant speed that shows the frequency 

changing.  

When there is sudden load increase the speed and frequency are both dropping. The figure below 

shows that 

                    

 

                  Figure 4.25 Frequency drop in sudden load increase 
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When load is changing for any fault condition, the frequency is adjusted and restored again by 

the system of automatic generation control (AGC). The mathematical plant model of frequency 

restoration is given below 

                            
                  

Figure 4.26 Frequency restoration Plant model 

The output curve is given below: 

                       

 

Figure 4.27 Frequency restorations curve due sudden load change 

This is the normal model for frequency restorattion as well as automatic generation control. Like 

Micro Hydro System, this model is applicable any kind of power generation system for 

generation control. 

4.7 Application of PID 

The PID (Proportional, Integral and Derivative) is applied to improve the dynamic response and 

reduce the steady state error. The integral controller is used to add a pole at origin and increases 

the system type and reduce the steady-state error by make step function to zero. In contrast, the 

derivative controller is used to add a finite zero to open loop plant transfer function and improves 

the transient response. The PID controller transfer function is given below, 

                                                

     Where, Kp=Proportional Gain, KI=Integral Gain, KD=Derivative Gain   
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The mathematical model of the PID controller for Micro Hydro Power System is given below: 

 

Figure 4.28 The mathematical model of PID controller block diagram 

                   

 

The output curve of the PID controller is given below: 

                    

Figure 4.29 The resultant curve of PID controller in servo governing system 

 

The output curve represents the PID action in the System. From the result of  this graph it is 

shown how the system become stable. The curve represents the output of  proportional , integral 

and derivative changing effect of the system. 

Mainly, the PID is used for detect the servo valve position and the timing rate. This PID is also 

applied for controlling the deflector too. Hence, in this model the PID is applied in spear valve 

application, thus it gives proper output and reduce the error signal. 

Time(s) 
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CHAPTER 5 

CONTROL ARCHITECTURE AND MONITORING 

The application, design concepts, and implementation of computer-based control systems for 

Hydroelectric power plant automation is important for automatic control. The Functional 

capabilities, performance requirements, interface requirements, hardware considerations, and 

software tools are significant for this control system. The computerized control hierarchy for 

hydroelectric power plants is given below: 

                   

Table 5.1 Control hierarchy category for hydroelectric power plants 

 

    Control Category     Sub-Category        Remarks 

    Location Local Control is local with 

controlled equipment. 

Centralized Centralized Control from the 

plant. 

Off-site Location is remote from the 

plant. 

    Function Manual The total operation requires a 

separate and discrete 

initiation. 
 

Automatic Several operations are 

precipitated by a single 

initiation 
 

    Supervision Attended Operator is available at all 

times to execute the control 

action. 

Unattended The Plant staff is not normally 

available at the plant site. 

 

 

In this research, the Simatic S-7 300 Programmable Logic Controller (PLC) and Siemens 

Windows control center (WINCC) are used for computerized automatic control. The PLC 

language is used for designing the control architecture and the WINCC software tool is used for 

monitoring the whole automatic system. 
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5.1 Control Architecture 

 

The control architecture of the total automated system of MHPP is given below:  
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Figure 5.1 Control Architecture of Micro Hydro Power Plant 
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5.2 Initializing 

At first check all parameters before start the system. At first check the intake gate where the 

water enters to the turbine through the turbine. For the operation some steps are taken as 

initializing methods. For check the flow rate measure the head-flow rate very attentively. Then 

observe the turbine –generator rotor speed very carefully. This rotor speed is the prime mover of 

hydro power plant and for automatic generation control the rotor speed is significant. Then 

carefully check the servo valve position and turbine deflector position. Then the finally all other 

apparatus like turbine bearing temperature, generator stator temperature and generator protection 

system or switch gear system should be observed. For grid connection mode, the grids 

parameters like load flow and system control should be checked and for stand-alone mode load 

control system and flow system should be considered. For both systems, transformer is an vital 

element. In hydro power plant step-up transformer is used. This transformer is checked before 

execute the operation. 

5.3 System Operation 

At first, water enters to the turbine through the penstock. The head water level is first monitored. 

Then other parameters like water speed, velocity and pressure through the turbine are observe 

and monitored. After that, the mechanical power through the turbine and generator electrical 

power are checked. Then, electrical power is synchronized with grid or load of stand-alone 

mode. However, any fault occur then the system is changed the generator output is varied by the 

spear valve and turbine deflector. Then the changed output is combined with the grid. The 

following parts describe the whole process briefly. 

5.4 Application of SCADA 

SCADA stands supervisory control and Data Acquisition. It is an operating system with coded 

signals over communication channels. Hence it is used to provide control of remote equipment 

(using typically one communication channel per remote station). The control system is uniting 

with a data acquisition system by adding the application of coded signals over communication 

channels to acquire information about the status of the remote equipment for display or for 

recording functions. It is a type of control system in Industry (ICS) by using distributed control 

system (DCS). Industrial control systems are computer-based systems that monitor and control 

industrial processes that exist in the physical world. SCADA systems historically distinguish 

from other DCS systems by carrying large-scale processes that are included by several multiple 

sites, and large distances.  

The supervisory control in a hydropower plant, the SCADA application was built in during the 

general layout of the hydropower plant. The execution and the control algorithms was built on 

the SIEMENS PLCs S7-300. The SCADA application is the top and reliable supervisory control 

structure. The controlling application was made in the form of enclosed logical parts of the 

process displayed on individual control panels. The communication of the SCADA application 

http://en.wikipedia.org/wiki/Industrial_control_system
http://en.wikipedia.org/wiki/Computer
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with the PLCs is connected by the communication server WINCC. The control structure of the 

SCADA application was made in the "top-down'' form. On the top, the panel is known as HOME 

-Screen Panel, then other communication panels like  Speed-Flow screen , Fault screen and then 

Operational screen is coming which is described briefly in later part.  

5.4.1 Home-Screen Panel 

The Home-Screen Panel diagram is given below: 

 

Figure 5.2 The main Home-Screen Panel of MHPP 

The Main-Screen panel is also known as home panel. In this Screen the user can easily identify 

the mechanism of plant easily. This panel is the basic and it shows all operation and parameters 

value in different screen. There are lot of buttons that contain the operation and these parameters 

values. There are seven buttons that‟s contained by the main screen. Each button contains the 

different mechanism, parameters values and operation. 

5.4.2 Head-Level Panel 

This panel represents the intake water level to the penstock. At first water enters to the turbine 

through the penstock. This water can be regulated by the intake gate. In case of run of river plant, 

the water flow is constant. However, in rainy season the water level is the highest and in dry 

season the level is become lowest. In research model, the data of AIT-WEM MHPP project is 

taken that can verify the model.  
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The below table represents the value: 

Table 5.2 The head level of MHPP 

      Head Level (m)   Remarks 

               7.75            Highest Level 

               5.75  

               4.75            Medium Level 

               4.00  

               3.50            Lowest Level 

 

The panel of Head Water level is given below: 

 
 

Figure 5.3 The head water Panel of MHPP 
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5.4.3 Panel of Parameters 

This panel represents the various data about turbine and generator. The picture of this panel is 

given below: 

 
 

Figure 5.4 The various parameters of MHPP 

 

This panel represents various parameters value related with hydro turbine and generator. At first 

the water flow (m
3
/s) is shown against water head level (m). Then, other parameters like velocity 

(ms
-2

) of water through the penstock; water pressure (Pa), Speed (rpm), frequency (Hz) of the 

turbine is shown. Then voltage (V) and current (A) rating of the generator is showing 

accordingly. This monitoring screen helps to the operator to observe the value at normal and 

abnormal condition. 

           The below table represents the value of all possible parameters 

Table 5.3 Possible various parameters in hydroelectric power plants 

Head(m

) 

Water 

flow(m
3
/

s) 

Velocity(m

s
-1) 

Pressure(p

a) 

Speed(rp

m) 

Frequency(H

z) 

Voltage(

V) 

3.5 0.054 8.26 34.30 900 20.318 164.7 

4.0 0.062 8.829 39.20 970 23.22 188.27 

4.75 0.073 9.64 46.55 1025 27.57 223.5 

5.75 0.088 10.57 56.35 1100 33.37 270.6 

7.75 0.119 12.329 75.95 1350 44.99 364 
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            5.4.4 Faults Screen 

In this panel various faults related to MHPP are shown. Mainly 3 type‟s faults are related 

with MHPP. That‟s are Mechanical, Electrical and various faults related to load. Mainly, 

the mechanical faults are related with turbine and other mechanical elements. For 

example, turbine mechanical faults and various types of valve error. Electrical faults are 

related to generator switchgear system. Moreover, other faults like water passage 

jamming, head and tail water increasing etc. The faults in the grid system or micro grid in 

the stand alone mode are also considered. In this research, the main faults are considered 

and shown how the system is running during the fault condition. This faults results the 

load unbalancing for detecting the load several sensors are used in the screen. 

 

 
 

Figure 5.5 The various Faults related with MHPP 

5.4.5 Operational panel during faults 

 

This panel represents the operational behavior after fault occurring. In this panel the mechanical 

and electrical power is shown. If there are any voltage drop or increased the system is changed 

automatically. For example, in 3.5 water level the final electrical power of the generator become 

1.279 KW (From AIT-WEM MHPP project data). If there is 50% load drop the voltage in 
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generator increase in 50% times. Hence, to the Swing equation of the generator it can be shown 

that the difference of input and output power is increased and as a result the speed and frequency 

is increased. This parameter remarks the generation changing rate and verified this rate the servo 

control spear valve and turbine deflector are moving. Thus the generation is controlled. The 

spear valve and deflector mechanism is given later part. This panel is known as panel of 

automatic generation control.   

 

 
 

             Figure 5.6 The Operational panel during fault condition 

5.4.6 Servo Valve and Deflector Panel 

This panel represents the servo valve position according to the load change and as well as 

deflector changes. For automatic generation control monitoring, this panel monitoring is very 

significant. For monitoring, the servo valve is designed for four positions in the penstock. This 

positioning is depending on the size of the penstock. The deflector is a vital part of an Impulse 

turbine. This deflector is also moving according to regulate the flow rate.  

The displacement of deflector is following a formula which describes below: 

                                                        
1

J=
2 D

  

Where, J=Deflector Position, D=Diameter of the pipe 
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The figure of this panel is given below: 

 

 

      Figure 5.7 The Servo Valve and Deflector panel 

 

5.4.7 The PID Panel 

A proportional-integral-derivative controller (PID controller) is a control loop feedback system 

widely used industrial control systems. A PID controller calculates an error value as the 

difference between a measured process variable and a desired set point. The main objective of 

this control system is to minimize the error by adjusting the process through use of a manipulated 

variable. 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Control_loop
http://en.wikipedia.org/wiki/Industrial_control_system
http://en.wikipedia.org/wiki/Process_variable
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In micro Hydro the continuous standard PID controller in combination with a simulated process 

is used to measure properly the servo valve and deflector position and compare the set point 

value and desired value to get proper output signal. The figure below shows the block diagram of 

PID application: 

 

Figure 5.8 The block diagram of PID application 
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The input parameters of PID parameters are given below:     

Table 5.4 The input parameters of PID 
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The output parameters of PID parameters are given below: 

 

Table 5.5 The output parameters of PID 

 
 

 

These input and output parameters are used to determine the set point and process value. After 

that, the marginal value is selected that contain a minimum percentage of error. There are 

overshoot and undershoot in the error signal then via trial and error method the errors is reduced 

and take a value for trouble shooting. The output result is taken to the servo valve timing to 

position when load unbalancing is occurred and as well as fix the deflector position and timing. 

The PID controller gives almost an error free signal that will make the verification of the running 

model. 
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The panel of this curve is given below: 

 

      Figure 5.9 The monitoring model of PID application 

 

This above figure is the beginning point of PID monitoring. The all values are set but the control 

method still in manual mode. 
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CHAPTER 6 

MODEL VALIDATION 

To validate the model, a propeller is taken which propeller and can run like an Impulse turbine 

which is similar with the principle of this work. However, a 24 V DC motor with permanent 

magnet is chosen instead of synchronous generator. This is because, the synchronous motor is 

not available in local market and Induction motor is not cheap. Moreover, for experimental set 

up and validation it is more convenient to use DC motor for testing. The equipment used for the 

experiment is given below: 

A  Propeller with a DC motor with 24V dc, 8 Watt and 3600 rpm. 

To validate the whole model it would be described in 3 sections. That‟s: 

                                                                                                                     1. Manual Model 

                                                                                                                     2. Automatic Mode 

                                                                                                                     3. Final Configuration 

 

6.1 Manual Mode 

 In manual mode, the experiment is conducted in conventional way. For testing, the air pressure 

is used. This is because in laboratory high water pressure getting is not possible. However, from 

the air pressure the expected output can got. This air is used to run the propeller. The propeller 

working principle is similar to Impulse turbine. When it rotates the output voltage can found in 

two terminal of the DC motor. The speed of the DC motor can regulate the output voltage of the 

DC motor. Here, N(Speed,rpm)V(Voltage,V). When the speed is increasing the voltage is also 

increased simultaneously. The opposite is true when the speed is decreased. By putting a variable 

resistor, the current is found. By calculating, this value the real power can be found. By changing 

the variable load  or resistor the current value is changing and that will affect the power.  

Below flow chart that will be described: 

 

 

   

  

 

 

 

When load is changing it will affect the rotational speed of the propeller or Impulse Turbine. For 

example if the resistance drop then the current increases that increases the power which increases 

Voltage (Volt),rpm) is 

equivalent to Speed 

N(rpm) 

Current (I) is changing to 

opposite to variable load 

change 

Real Power P=VI 
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the rotational speed of the turbine. Hence, to minimize or adjust the speed a manual control valve 

is used. When the load is dropped and speed increases this valve regulate speed and adjust this 

normal range,   

 

 

 

 

 

                                                                                                                  

The experimental set up model of manual mode is given below: 

 

 

                                                         Current measure                                                                                      

                                                                                                                                           Air Flow 

 

                                                                                                                                            Propeller 
Volt. Measure                                                                                         DC Motor                                                                                                      

 

         

Variable Load                   Stand 

 Figure 6.1 The Schematic Diagram of experimental Set-Up 

 

 

 

 

 

Load Drop, Current Increase then 

Power (P(watt)=VI) increase and 

also increase the rotational speed( 

N,rpm) 

Adjust the manual valve to 

control the air pressure and 

helps to adjust the propeller 

speed. 
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The picture of experimental setup is given below: 

 

 

 

        

 Figure 6.2 Experimental Set up of the Impeller and DC Motor 

6.2 Automatic Mode 

Now the automatic mode or second phase of the experiment will described. In this experimental 

model, to automate the system Programmable Logic Controller (PLC) would use. The Proposed 

automatic model of experiment is given below:  

                                                                                                                           Stepper Motor 

                                                                                                                              

                                  

                                                 Current measure                                Valve (Pneumatic) 

                                                                                                                                           Air Flow 

 

                      Volt.                                                                                                              Propeller 

                                                                                                          DC Motor                                                                                                            

                         Variable Load 

                                                                                                                             Stand 

         

Figure 6.3 Proposed model of PLC connection with the system 

 

                            

   

   PLC 
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6.3 Final Configuration 

 
             

Figure 6.4 Schematic Diagram of PLC connection 

The experimental set up is given in following 

 

 
                                       

                                     

Figure 6.5 The proposed experimental set up 
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This is the schematic diagram of the whole control system. The following flow chart describes 

the whole control mechanism: 

 

 

 

 

 

THegg 

 

 

 

The main input of the control system is the voltage and current which is coming from the Circuit. 

According to this voltage signal, the PLC run the ardunio which is designed for perfect pulse or 

step signal. This signal is going to driver and finally driver rotates the stepper motor. This 

stepper motor runs the air pressure valve. Thus, the air pressure can be regulated and it helps to 

adjust the propeller speed. The purpose of using ardunio is getting the pulse so accurately and 

fastly.  

The main objective of this thesis is automatic generation control of the Micro hydro plant with 

Impulse Turbine and Synchronous Generator (Permanent Magnet). The generation is controlled 

if the mechanical power of the turbine is controlled and it is controlled by the rotating speed of 

the propeller turbine which runs the generator. The air or water is regulate by the automatic valve 

so that the generation can be controlled and regulate. The mechanism of air and water for 

running the propeller almost similar. Finally, it is said that the model can be validate if this 

model describe before , would be implemented. 

The mathematical model of propeller is given below: 

The  propeller and the generator(DC motor)  consisting of rotor, shaft and generator is modelled 

as a two–mass inertia system, including the shaft torsion θ , where the two inertias are connected 

with a torsional spring with spring constant kS and a torsional damper with damping constant dS. 

The angular velocities ωr and ωg are the time derivatives of the rotation angles θr and θ g. The 
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from Voltage & Current 
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PLC OUTPUT is connect 
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and direction coming 
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motor and makes 
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drive–train can be thus described as the following linear system:  

 

Where,Jr the moment of inertia of the low speed shaft(rotor),Bg is the viscous friction of the high 

speed shaft(generator),Jg is the moment of inertia of the high speed shaft, and η d tis the 

efficiency of the drivetrain.The rotor torque Ta is generated by the lift forces on the individual 

blade elements,whilst Tg represents the generator torque.The ideal gear box effect can be simply 

included in the generatore model by multiplying the generator inertia Jg by the square of the gear 

box ratio ng. 

In propeller  turbines, the pitch angle of the blades is controlled only in the full load region to 

reduce the aerodynamic rotor torque, thus maintaining the turbine at the desired rotor speed. Two 

different types of pitch technologies are usually exploited in propeller  turbines,. hydraulic and 

electromechanical pitch systems. For hydraulic pitch systems, the dynamics can be modeled by 

means of a second–order dynamic model Odgaard et al. (2013), which is able to display 

oscillatory behaviour. For electromechanical pitch systems, which are more commonly used, a 

first–order delay model is sufficient. In this work, the first–order delay model is given below: 

1 1
d  

 
    

Where β and βd are the physical and the demanded pitch angle, respectively. The parameter τ 

denotes the time constant. An explicit model for the generator/converter dynamics can be 

included into the complete wind turbine system description. The parameters of the DC motor and 

the propeller related to the validation is given below: 

ZHENG Electric Motor 24 V, 3600rpm, 8W 

DC Brushless Fan with sleeve Bearing,12V 

 



62 
 

The model of the DC motor (Permanent Magnet) when it can run as a generator as connected 

with Propeller is given below: 

The equivalent electrical circuit of a dc motor can be represented by a voltage source (Va) across 

the coil of the armature. The electrical equivalent of the armature coil can be described by an 

inductance (La) in series with a resistance (Ra) in series with an induced voltage (Vc) which 

opposes the voltage source. The induced voltage is generated by the rotation of the electrical coil 

through the fixed flux lines of the permanent magnets. This voltage is often referred to as the 

back emf (electromotive force).  

                                                       
                                           

Figure 6.6 Circuit Diagram of DC Motor 

 

 A differential equation for the equivalent circuit can be derived by using Kirchoff's voltage law 

around the electrical loop. Kirchoff's voltage law states that the sum of all voltages around a loop 

must equal zero, or 

0a Ra La cV V V V     

According to Ohm's law, the voltage across the resistor can be represented as 

Ra a aV i R  

where ia is the armature current. The voltage across the inductor is proportional to the change of 

current through the coil with respect to time and can be written as 

La a a

d
V L i

dt
  

where La is the inductance of the armature coil. Finally, the back emf can be written as 

c v aV k   

where kv is the velocity constant determined by the flux density of the permanent magnets, the 
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reluctance of the iron core of the armature, and the number of turns of the armature 

winding.  a is the rotational velocity of the armature. 

Substituting eqns. (6F.2), (6F.3), and (6F.4) into eqn. (6F.1) gives the following differential 

equation: 

0a a a a a v a

d
V i R L i k

dt
     

The propeller create a torque to the rotor of the machine which makes the armature rotor torque 

Ta which converts the generator torque Tg. Fianally , the output is coming to the load. Thus, the 

DC machine is working as a DC generator. 

0e a LT T T T     

Where Te is the electromagnetic torque, T  is the torque due to rotational acceleration of the 

rotor, Ta is the torque produced from the velocity of the rotor, and TL is the torque of the 

mechanical load. 
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6.4 Device and Equipment 

The device which used to validate the model is given below: 

 

Table 6.1 Device and Equipment 

 
   

The Programmable Logic Controller (PLC) is used as a central command unit of the whole 

operating system. The figure below represents the working principle of this PLC. 

              
 

 

    Figure 6.7 The Basic PLC Configuration (Siemens Simatic Net Manual) 
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The System Configuration in real is given below: 

 

 
                                
 

Figure 6.8 The PLC configure system in real operation 

An Adapter is used for creating an inter connection with Personal Computer (PC) and with PLC. 

The figure below represents this modem: 

 

               
                            
  

Figure 6.9 The PC-PLC Adapter Device 
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The input and output module is given below: 

 

 
                        

Figure 6.10 The Common Input-Output Module of PLC 

For this work, 2 I/O module is used. That‟s are: Q 0.2 and Q0.3Now , the function of relays 

would be described. The relays are used to regulate the voltage. The output voltage of the PLC is 

24 V dc which can damage the stepper driver. For protection, 5 V dc is used which is coming 

from the arduino. The wiring diagram of relay is given below: 
 

                                      
                                                 
                                                   

                                         Figure 6.11 The Relay wiring Diagram 
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The number 13 pin is connected with the ground of PLC and pin 14 is connected with output pin 

of PLC. The pin 1 is connected to the 5 Volt port of arduino and number 9 pin is connected to the 

port 10 of ardunio ,the main input of this ardunio.After that, the input of the ardunio is going to 

the stepper driver. The pulse mode pin,direction pin and the ground pin is connected to the 

stepper driver. Finally, theere are four pins such as A+, A-, B+,B- are going from the stepper 

driver to the stepper motor. There are two additional points are coming from the external power 

source to the stepper driver to run this. The stepper motor runs and it helps to rotate the valve at a 

certain position to control the air flow. The whole model in real is given below: 

 

 
 
 

Figure 6.12 The connection between ardunio,stepper driver and stepper motor 
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6.5 HMI for Validation 

The Human Machine interface (HMI) is built to monitor the operation. The WINCC software is 

used for monitoring and control. The HMI figure is given below: 

 

Figure 6.13 The Human-Machine Interface of the controlling module 

Another HMI is used to describe the PID action of the system. Which is given below: 

 

Figure 6.14 The Human -Machine Interface of PID action 
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CHAPTER 7 

RESULTS AND DISCUSSIONS 

 

In this chapter, the several output of this model which describe before and analysis of this output 

data is shown. Hence, this results and discussion chapter verifies the data and as well as the 

model. Thus it can prove that, this model would applicable in the real system later. The 

verification and analysis of this data are given part by part in below sub categories: 

7.1 Intake Water Level  

The change of water level curves is showing below. That proves the increase the water level and 

also the decrease rate with respect to head level. 

                           
 

Figure 7.1 The change of head water level 

 

7.2 Input and Output Power Analysis 

In this curve the change of input and output power analysis in accordance to the flow rate is 

discussed. The power analysis curve is given below: 

                             

     Figure 7.2 The change of Input and Output power with input water flow 
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7.3 Rotor Speed and Frequency Analysis 

The turbine and generator are connected with common rotor. The output speed and frequency is 

significant for the model. The speed analysis curve is given below: 

                           

Figure 7.3 Speed and frequency changing Curve 

This above curve represents the speed and frequency changing analysis with respect to the load. 

The both parameters are changing both in normal and fault operation. The red line of this curve 

represents the speed changing rate. When there sudden load increasing the speed is dropped. 

That‟s why there is decline of the curve. After that, the speed is restored by automatic generation 

control and the curve is going in straight way or achieves then normal condition again. The 

fluctuation curve represents the prove of automatic generation control of the load. 
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7.4 Automatic Generation Control Analysis 

 In automatic generation control the output load is changed according to the fault situation.  The 

operation of automatic generation control is done under various fault conditions. The buttons 

represents the various faults situation. The yellow button represents the fault condition and red 

button shows the alarm situation. The blue button shows the power drop level and focus the 

signal which is send to spear valve and deflector. Certain while the generation is changed then 

the red button is off. However, the yellow button is on until the fault is staying. 

For example if there is seventy five percent drop in 7.75m head range, then the output is changed 

according to the new condition. The following diagram represents changing load condition at 

seventy five percent drop in 7.75m: 

 

Figure 7.4 The AGC analysis panel in 7.75 m and 75% load drop 

Another example is that fifty percent load drop in 5.75 m head range, the figure represents 

below: 

 

Figure 7.5 The AGC analysis panel in 5.75 m and50% load drop 
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In hundred percent load drop or in under voltage condition, the maximum critical situation is 

raised. At that point, the system is shut down. The servo valve reaches to its maximum position 

and deflector move maximum direction to hinder the water flow. At that moment, main circuit 

breaker(CB) of this system is on. The critical situation is describe following diagram which is 

depicted under voltage at 7.75m head range. 

 

Figure 7.6 The AGC analysis panel in 7.75m in Under Voltage Condition 
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7.5 Fault Analysis 

In Micro Hydro Power Plant (MHPP) lot of faults or error situation occurs that obstacles the total 

generation rate. The below fault chart represents the arise of faults, warnings and recover the 

whole system:  

 

 

Figure 7.7 The Fault Chart of MHPP 
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7.6 Spear Valve and Deflector Position 

Spear valve and deflector position are vital for the AGC. When there is sudden speed load drop 

or load increasing for fault the spear valve open or close according to the demand. In this model 

spear valve is staying normally in open condition, when the speed of the turbine is increasing, the 

valve is closed to regulate the water flow. The rising curve below represents the actuation of the 

spear valve. Same condition is applied for the deflector. Only deflector can move a certain 

position with respect to the spear valve. To validate the model only spear valve is used and 

deflector only shown for simulation model.  The position changing of spear valve and deflector 

according to the generation are given below: 

 
        

Figure 7.8 The Spear Valve changing  position by AGC 

 

 

 

                 Figure 7.9 The Deflector position changing through spear valve 
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7.7 PID Analysis  

The PID curve represents the set point and process value point. Using this value, the error signal 

can be detected easily. The curve below shows the PID parameters analysis. The following 

variable table represents the process values of PID system: 

 

Figure 7.10 The variable table of PID application 
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The output curves of PID application are given below that represents the result of PID 

application in Micro Hydro Power Plant. 

     

 

Figure 7.11 The normal process value of PID 

In this curve, the black line represents set point. Set point is the main PID controller value which 

is feed forward with process variable. The process variable used to eradicate the disturbance 

variable of the system. Process variable is representing by red line of the output curve. Another 

variable of the display is the manipulated variable, is shown in green line that represent the final 

output in floating point.  

The values of three variables are given in the program variable table before. 

 

 

Figure 7.12 The final process value of PID 
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7.8 Results from Hardware Implementation 

The output of the monitoring panel from the real application is given below: 

 

Figure 7.13The Output panel from real model 

 

In this panel, the reading meter shows the changing rate of air flow rate and change of speed in 

percentage. The two toggle button shows the load increase and decrease rate. This curve and 

table represents the analog meter reading in a graphical way and acquisition the data. Three input 

module represents the valve position in three different level. Moreover, three I/O modules are 

used for describing the voltage, current and the real power of the system. There is also a graph is 

used to describe the changing rate of three variables. 
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The PID is an important method to describe the control technique. Here, PID describes the the 

precision rate of the valve position and it also uses to show the error rate of the system. The PID 

monitoring panel is given below: 

 

   Figure 7.14 The PID panel from real model 

 

To describe PID three values are used. That‟s are set point, Manipulated variable and process 

variable. The set point is fixed value, manipulated variable is the value that we desire and finally 

the process variable that shows the correction and final output that links up set point and 

manipulated variable.   
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CHPTER 8 

CONCLUSION 

 

In this research, the automatic generation control and monitoring the mechanism of the Micro 

Hydro Power Plant is described. Hence, the final output of the research can be said 

 Automatic Generation control is shown by the simulation of various data which is 

verified and output result of the experiment in a joint venture research of Water 

Engineering Management (WEM) and Energy Department in AIT 

 Programmable Logic Controller(PLC) is used to make a control architecture 

 A Supervisory Control and Data Acquisition  is used to monitor the Control System 

 A small project is done to validate the system 

 

8.1 RESULTS AND CONCLUSION 

 A SCADA system is developed for the system. That represents a human machine 

interface (HMI) and a develop data acquisition system for the system. The input and 

output is tagged through the system and its used through the system. As a result the 

whole system would become automatic. 

 A servo control Impulse Turbine is used by using air and propeller which is able to 

change the speed.  

 For, automation of this project A programmable logic controller (PLC) is used. The PLC 

is used for building the control architecture. In PLC ladder diagram, input-output unit and 

the memory bit is used. 

 For implementation all devices describe before are connected through the PLC unit and 

test the system. Here, the primary input for load changing, memory bit is used from 

SCADA. 

 For validation, we make a own servo valve that is controlled by stepper motor instead of 

real servo which is costly. 

 

   8.2 RECOMMENDATION 

  However, there are some limitations of this experiment. According to this there are future     

recommendation of this research which is given below: 

 This research and experiment is conducted with Impulse turbine and Synchronous 

Generator with Permanent Magnet. This experiment can be recommended for  Induction 

Generator also. 

 Can be recommended of developing Power conditioning system in real application 

 Lot of Sensors like Flow sensors and Level Sensors can be used which is not 

implemented for high budget 
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 The high technological communication device like Ethernet or Optical Fiber can be used 

for this project. These networking devices are effective in long distance transmission in 

real plant. 

 Pump as turbine can be used in Micro Hydro Project which cannot done for budget. 

 The PID tuning is slow and fuzzy logic recommended for eradicate the disturbance and it 

is more appropriate to apply on real field instead of PID. 
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