
Chapter 5 

Switching Strategy 

5.1. Introduction 

In the present Mini-Hydro plant as the machine is started after a shutdown, the 

speed ramping is controlled by the PLC controller of the plant. As the speed of the 

rotor reaches 95% of the rated RPM, (712.5 RPM) the synchronizer takes over the 

synchronization process. In most of the times synchronizer can not synchronize the 

generator and close the breaker as the rotor speed reaches its rated speed. As depicted 

in Chapter 1, this synchronization process may take a few minutes depending on the 

plant design and control system. 

In order to stabilize the rotor speed, a damping effect is introduced to the 

generator by switching a resistive load. The amount artificial load applied to the 

Generator during synchronization process is controlled by the new PI controller. The 

artificial load can be varied by the new PI controller in the range of 0-6kW by 

changing the duty factor. However, in the implementation of new controller, different 

switching strategies can be adopted in order to introduce the damping effect to the 

system. 

5.1.1 Switching Strategy 

Two alternative switching strategies can be implemented in order to achieve 

objective of damping the system. F6r the both alternative approaches PI controller 

parameters are the same and in broad terms the difference will be the initial value of 

the duty factor as the synchronization begins and variation of the duty factor during 

the synchronization period. They can be distinguished as follows, 

I) Synchronization begins with Artificial Load ON state (0%< duty factor 

<50%) 

II) Synchronization begins with Artificial Load OFF state (duty factor = 0%) 

and Load is switched (duty factor >0%) only when a>> cos 
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5.1.2 Strategy -(I) Synchronization begins with Artificial Load ON state 

(0% < duty factor <50%) 

In this approach the Artificial Load is connected just prior to synchronization 

begins and as the synchronization starts, the duty factor already maintains a value 

between 30% to 50%. Accordingly, about 30-50% of the load (<3 kW) is already 

connected to the generator as the synchronization process is started. The load will stay 

connected with the system till the synchronization is completed and generator breaker 

is closed. The Figure 5.1 shows the model of this switching option. 

Scope 

Figure 5.1 - Model of the system with Switching Strategy I. 

The Duty Factor generated by microprocessor is exactly proportional to the PI 

control signal out put. In the above switching option simulation the PI control output 

signal variation is in the scale of -1 to +1 and Artificial load Pe(s) variation is from 

4000 to 0. However, the actual implementation in the circuit requires Duty Factor to 

be in the range of 0 to 1 and proportional Pe(s) variation should be 0-6000 Watts. 

Physical interpretation of minus Pe(s) refers to releasing of Artificial Load which had 

been loaded prior to synchronization begins. Accordingly, the program in PIC 

16F877A is set such that Duty Factor is already reached to about 30-50% 

corresponding to 4000W (66.6% of Pe(s)) as the synchronization begins. The Figure 

5.2 shows the results of the simulation. 
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Figure 5.2 - Results of simulation with Switching strategy I. 

5.1.3 Strategy -(II) Synchronization begins with Artificial Load OFF state 

(duty factor = 0%) and Load is switched (duty factor >0%) only when 

CO>(Os 

In this approach the Artificial Load is in its OFF state as the synchronization 

begins and therefore Duty Factor value is zero and accordingly Pe(s) is also zero. As 

the rotor speed gradually increases to synchronize with the bus frequency and when it 

starts to go above the bus frequency, the PI controller provides the control signal 

output. Then corresponding Duty factor is generated by the processor and IGBT gate 

is switched according to the duty factor variation and finally Pe(s) will be varied. 

Figure 5.3 shows the model of this switching option. 
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Figure 5.3 Model of the system with Switching Strategy II. 

] 
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According to the simulation of this switching option, the PI control out put 

signal variation is in the scale of 0 to 0.1. Therefore, microprocessor program will re-

scale Duty Factor to be in 0-1 range and corresponding Pe(s) will be 0- 6000 W range. 
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5.2. Observation of Simulation results 

The observation of the simulation results in both cases can be summarized as 

in the Table 5.1 below. 

Table 5.1 - Simulation of switching strategy I & II. 

Performance 

Indices 

Results of 

Present system 

Results of New system Performance 

Indices 

Results of 

Present system Strategy-

1 

Improvement Strategy-

II 

Improvement 

Rise time 35 sec 5 sec 85.7% 35 sec 0% 

Settling time 330 sec 42 sec 87.3% 125 sec 62.1% 

Max-

Overshoot 

= 34.7% = 10% 24.7% = 4% 30.7% 

Duty Factor variation 1-0 0-0.6 

Pe(s) variation 6-0kW 0-5kW 

Simulation results of individual switching strategy shows that both settling 

time and rise time are lower in the case of strategy I but it consumes the full capacity 

of the load bank initially and then reduced to zero. The maximum overshoot is 

comparatively higher than strategy II. 

In contrast, Strategy II shows a low overshoot (4%). But the settling time is longer. 

However, both strategies show a significant performance over the present system. 

The practical implementation of either of strategy can be achieved by changing the 

program in the PIC16F877A micro processor. 

38 


