
Chapter 7 

Experimental Results and Conclusion 

7.1. Testing at Site 

The new controller was temporally set up at site and a power analyzer model 

Fluke 1735 was used to take the frequency Vs time readings during synchronization. 

For the speed sensing circuit, Voltage taping was taken from phase 2 of both sources 

(T2 terminal). The testing was done for two switching methods. After setting up the 

new controller and power analyzer, while the new control module was in switched off 

state, the generator was given the starting signal and was allowed to synchronize as of 

normal operation. The frequency Vs time readings were recorded. The Figure 7.1 

shows the synchronization under normal condition. 

This is then taken as the reference to compare the differences or improvements 



happens when the system is subjected to artificial loading under switching strategy I 

& II. The synchronizing time 142 seconds indicated in Figure 7.1 is the time taken for 

synchronization. 

7.2 Experimental Results with Switching Strategy I 

After recording the measurements under normal synchronization, the 

generator was shutdown and the plant was restarted to take the results with the new 

controller enabled during synchronization. As per the simulation results given in the 

table 5.1, the MCU was programmed for switching strategy I (Take both +/- error) for 

the 1st testing. In this approach the Artificial Load was connected (with initial duty 

factor set to 40%) just prior to synchronization begins and as the synchronization 

starts, PI controller controlled the loading. The Figure 7.2 shows the synchronization 

under the strategy I. 

Figure 7.2 - Frequency Vs Time during synchronization with switching strategy I. 

As per the resulting Frequency Vs Time curve in Figure 7.2, the frequency finally 

settles down at a much higher frequency (approximately 53.5 Hz equivalent to 802.5 
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RPM) where the synchronizing was not possible at that time and plant was shut 

down. 

7.3 Experimental Results with Switching Strategy II 

Under this method, the PI controller will respond only when error function (in 

Hz) is positive and when the error =0, duty factor=0, In that case, MCU signals a 

PWM output to the IGBT only when Generator frequency tries to exceed grid 

frequency. Thus the system operates as usual till to generator frequency tries to 

exceed 50Hz. The Figure 7.3 shows the frequency Vs time during synchronization 

when switching strategy II enabled. 

In this testing synchronizing time was measured to be 48 seconds. 

7.4 Conclusion 

The model of the present generator during synchronization was developed 

reasonably by taking known datasheet figures for generator, turbine and governor and 

taking estimated PID values for the synchronizer which were derived using a Matlab 
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computational method. Thereafter, the PI values of the proposed new controller were 

estimated based on the above model. However, the real life response to switching 

strategy- I (Figure 7.2) has been deviated substantially compared to that of Matlab 

simulated results (Figure 5.2). In this approach the new controller is fully interacting 

with the control loop of present synchronizer, governor, turbine and generator loop as 

the synchronization begins. This will lead to involve both Pm and Pe at more or less 

equal power levels during ramping. Therefore, if the actual value of Pm subjects to a 

non linear behavior, the PI values of the new controller are no longer be valid. In such 

scenarios, more practical methods of tuning PI controller to be deployed. However, 

since the down time can not be permitted for prolonged testing purposes as it affects 

the energy production and revenue, such experimental methods for tuning PI values at 

site was not pursued. 

In contrast, the results of the switching strategy II (Figure 7.3) are within the 

anticipated simulated results (Figure 5.4). In this option, the new controller starts to 

activate only when the generator frequency tries to exceed grid frequency. At this 

time the synchronizer signals negative pulses to reduce Pm and the synchronizer waits 

till the generator frequency slows down to reference frequency. Thus, during the 

positive loop of the generator frequency Vs time curve, the control loop combining PI 

controller-Generator dominates the speed control of the generator. Since the model 

maintains its linear characteristics the actual response is mostly in line with the 

simulated results. 

When compared with the synchronization time between normal process and 

the synchronization with switching strategy II, the objective of the project has been 

achieved. The PI control action can be further fine tuned using trial and error methods 

at site when it comes to real commissioning. The time taken for synchronization has 

been reduced from 142 sec (Figure 7.1) to 48 sec (Figure 7.3). The maximum 

overshoot also has been reduced from 3.5Hz to 0.5Hz which is as a result of damping. 

The time saving will save the downtime by 94 seconds and according to the 

Table 1.1 the plant can generate additional units of 376kWhrs per year assuming an 

average annual plant factor of 30%. 
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