
Chapter 4 

Switching Circuit 

4.1. Switching of Artificial load 

The new PI controller as shown in Figure 3.10 generates a control signal 

according to the error e(s) during synchronization process. The PI controller has been 

tuned in such a way that the system 'Settling Time' is reduced approximately to 42 

seconds following a step input. The PI controller programmed in 'PIC' 16F877A 

Microprocessor generates a PWM signal and the Duty Factor is varied corresponding 

to PI Controller's output control signal. The switching frequency of the PWM signal 

is fixed at 5 kHz in the processor. The magnitude of PWM pulses from the processor 

will be at 0-4.8 Volts which will be then given to the Gate of IGBT via a 'Gate 

Driver' circuit. Therefore, IGBT switches the load in a controlled manner according 

to the duty factor. The Figure 4.1 shows the line diagram of the switching circuit. 
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Figure 4.1 - Line Diagram of the Switching Circuit. 

4.1.1 AC Power Supply from Generator Switchgear 

The generator circuit breaker is used to connect and disconnect to and from 

the power system. As shown in the Figure 4.1, a 1600A, 3 Pole ACB type generator 

circuit breaker is located at the low voltage side of the step-up transformer (after 

Generator output terminals). The circuit breaker is closed as part of the generator 
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synchronizing sequence and is opened or tripped either by operator control or by 

operation of any protective relay device in the event of unit fault condition. 

For the new switching circuit, AC power supply connection is taken from the 

alternator terminals before the generator breaker and is then rectified through a three 

phase, six pulse rectifier circuit to convert AC to DC. The 3 phase supply at the 

alternator terminals are at 415 Volts and after full bridge rectification the DC Bus 

voltage will be around 560 Volts. The DC supply is then switched through the 1GBT 

and power is consumed at the load bank as a resistive load. 

4.1.2 The Resistive Load Bank 

The capacity of the load bank is 5,812W which is built to operate at 560V DC 

supply. This comprises of four numbers resistive heater elements with a capacity of 

1.5kW and 13.5Q each. Since the heat dissipation from the elements is substantial the 

heater elements are cooled by a 3 phase induction motor driven blower fan of 

0.37kW, 415 V. The resistor configuration of the load bank is wired in series. Figure 

4.2 shows the circuit of the Load Bank. 

R=13.5fiX4 

Figure 4.2 - Circuit of the DC Load Bank. 

Figure 4.3 - A picture of the load bank, connected through a 30A/ 4P MCB 
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4.1.3 3 Phase Full Wave Diode Rectifier 

Terminal AC Voltage to the rectifier 

DC Bus Voltage 

Maximum DC load current when the Duty Factor is 1.0 = 
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Figure 4.4 - 3 Phase Full Wave Diode Rectifier Circuit. 

1 2 3 

Resultant DC waveform 

Figure 4.5 - DC waveform with Voltage Ripple after rectification (phase waveforms 

1,2 and 3 are indicated in black, red and Blue colors respectively) 
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Figure 4.6 - A picture of 3 Phase Rectifier 

4.1.4 IGBT Gate Driver Circuit 

The maximum calculated Voltage and Current across the semi conductor 

switch in order to switch 6kW resistive load will be 560.25 V DC and 10.7 A 

respectively. The preset frequency of the switching (PWM signal) would be at 5 kHz 

which is within the limits of gate Driver switching transistor. Figure 4.7 shows a 

summery of device capabilities [6]. 

Frequency 

Figure 4.7 - Summery of semi conductor device capabilities. Source: Ned Mohan [6] 

Therefore, based on the power capabilities, switching speed and considering 

the easiness of gate triggering by means of a voltage signal, an IGBT is selected as the 
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switching device. Accordingly the selected IGBT model 'Toshiba-GT50J101' 

(Appendix 3) has the ratings of Collector-Emitter voltage of 600V and maximum 

Collector current of 50A. 
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Figure 4.8 - An IGBT: (a) Symbol, (b) i-v characteristics (c) idealized characteristics. 

Source: Ned Mohan [6] 

Figure 4.9 - PWM Output and Gate Signal to IGBT 

In order to trigger the Gate, the PWM output signal from PIC16F877A 

(RC2, pin# 17) is isolated through the Optocoupler PC817 (Appendix 4) and 

connected to the gate at 15 Volts after amplification through a switching transistor. 

Figure 4.9 shows the details of the gate signal which is plotted at 40% Duty Factor 
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and 5kHz switching frequency. 

In order to amplify 0-4.8 V PWM signal to Gate driver signal at 0-15V a D313 

(Appendix 5) switching Transistor is used. Figure 4.10 shows the details of the driver 

circuit. 

+ 5V + 5V + 15V *• 560V DC 

Figure 4.10 - IGBT Gate Driver Circuit 

In order to provide DC power supplies for microprocessor, switching 

transistor triggering and IGBT gate driver separate 5V and 15V power supplies were 

used. AC step down transformer with full bridge rectification and smoothing capacitor 

was used for each DC supply. Since the output DC voltage levels have to be constant, 

LM7805 and LM7815 regulator ICs were used in 5V and 15V power supply circuits 

respectively. 
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Figure 4.11 - A picture of the IGBT mounted on a Heat Sink. 

Figure 4.12 - A picture of PIC 16F877A Microprocessor based driver circuit. 

4.1.5 Speed Sensing Circuit 

In the model of the Mini-Hydro Generator when Artificial load is connected as 

shown in the Figure 3.10, it is required to sense the electrical speed of the grid supply 

as well as Generator supply at the summation point to generate speed error signal e(s). 

As denoted in the model cos and to are the speed of grid supply and speed of generator 

supply respectively. 
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Figure 4.13 - Diagram of Speed Sensing Circuit. 

As shown in Figure 4.13 two single phase step down transformers are used to 

sense the cycle speed of both sources. The two step down transformers used for this 

circuit are of 0-240V primary and 0-10 V, 1.8VA secondary output. Each is connected 

to the same phase (T2 terminal) of both sources. The secondary 0-10V RMS output is 

rectified by a full bridge diode rectifier. The rectified signal voltage is then further 

reduced by a Voltage Divider before it is connected to the Schmitt Trigger SN7413. 

(Appendix 6) 

Voltage at primary side of the transformer = 240 V AC 

Voltage at secondary side of the transformer = 9.39 V AC 

Maximum voltage (Vm) after full wave rectification = 13.28 V DC 

Voltage divider Resistor ratio (R, : R2) = 1046 Q : 2200 Q 

Maximum voltage (Vm) after Voltage divider = 9V DC 

The above full wave rectified positive half Sine wave signal with 9 V DC Maximum 

Voltage is connected to Pin 1 (1A) of the Schmitt Trigger. At the Schmitt Trigger, 

high level reference voltage is preset at 4.9V DC at Pin 14. All other NAND gate pins 

IB, 1C, ID are given logic 1 (4.9V DC). Thus, full wave rectified signal at Pinl is 
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converted to Square wave pulses at Pin 6 (1Y). Table 4.1 shows the details of the 

Truth Table used for converting positive half cycle sine wave signal to square wave 

pulses. 

1 14 1 14 

2 13 2 13 

3 12 3 12 

4 11 4 11 

5 10 5 10 

6 1 9 6 9 

7 8 

7413 
Dual 4—Input 
NAND Gate 

Pin Number Description 

1 A Input Gate 1 

2 B Input Gate 1 

3 Not Connected 

4 C Input Gate 1 

5 D Input Gate 1 

6 Y Output Gate 1 

7 Ground 

8 Y Output Gate 2 

9 A Input Gate 2 

10 B Input Gate 2 

11 Not Connected 

12 C Input Gate 2 

13 D Input Gate 2 

14 Positive Supply 

Figure 4.14 - Pin details of SN7413 Schmitt Trigger. 

Table 4.1 - Truth Table of 4 input NAND gate with Hysteresis. 

1A (pin 1) lB(pin lC(pin lD(pin lY(pin Reference GND 

Full wave rectified 2) 4) 5) 6) (pin 14) (pin 

sine wave input 7) 

> 4.9V => 1 1 1 1 0 4.9V OV 

0.0V=>0 1 1 1 1 4.9V OV 

Dual banks of the Schmitt Trigger are used to process the signals from Grid 

supply as well as Generator supply. The two such square wave signals derived from 

both sources are then connected at input pins RB6 and RB7 of Port B (pins 39 and 40) 

of the Microprocessor. The program in the microprocessor will check for the Phase 

Width of each square wave and then it is converted frequency. Then after comparing 

grid frequency against generator frequency, the difference will generate the error, 
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denoted as e(s) in the model. 

Figure 4.15 - A picture of Speed Sensing circuit 

T e k J i - M P q s : 0.000s 

Figure 4.16 - Square wave signal output from Schmitt Trigger, converted from 
Sinusoidal voltage sources. 

4.2. Installation of Prototype Circuit Module at site 

At the beginning of the project, a desk survey was carried out to find out a 

suitable Mini-Hydro plant to experiment the prototype circuit module. Certain factors 

were considered during the survey such as plant capacity, easy accessibility, whether 
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the plant is under warranty period and whether the plant's synchronization delay is 

significant factor. Having considered the above facts it was possible to decide on a 

1MW plant 'Gomala-Oya' for practical implementation of the circuit module. After 

finalizing the project proposal, proposed circuit and its operation was discussed with 

the plant developer and permission was obtained to install and experiment this circuit 

module. 

4.2.1 Termination of load Bank Power Cables 

According to the site layout, the most appropriate location for tapping 

generator terminals for connecting power cables of Resistive Load bank is at the 

incoming side of the generator breaker at main Switchgear Panel. During a plant 

shutdown for maintenance, the termination of Load bank power cables were carried 

out. The end point of the power take off cable was terminated with a 30A, 3P MCB. 

Figure 4.17 - A picture after connecting Load Bank cables at Generator terminals 
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