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Abstract

Controllable rectified three-phase DC supply

Kerstin Lindström

The purpose of this project was to create 
a controllable rectified three-phase 
system connected to a hydro power 
generator. The system is supposed to be a 
DC supply for the field winding of the 
synchronous generator. It will provide 
voltage to the magnetisation equipment. 

Solid state relays (SSR) for AC with 
thyristors inside were modified and used 
to build a controlled thyristor bridge as 
rectifier. However, the using of modified 
SSRs did not work as anticipated. 
Therefore simulations was made to figure 
out how the rectifier could work with a 
diode bridge and a SSR for DC outside the 
bridge for control. The simulations of the 
diode bridge was working fine and the DC 
SSR was also working as wished by it self, 
but the system was never put together. A 
thyristor bridge with an extern control 
card was chosen as the final solution. 
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1. Introduction

The purpose of this project is to create a rectified controllable three-phase system connected to a 
hydro power generator. The system is supposed to be a DC supply for the field winding of the 
synchronous generator. It will provide voltage to the magnetisation equipment. The system also 
needs to be easily controlled by its user. The input waveform will be sinusoidal and the goal is to 
get the output waveform as much like a DC as possible.

This sort of system can easily be bought from many different manufacturers. Those systems are 
quite expensive and therefore it would save a lot of money if building one from scratch. The 
rectified controllable three-phase supply needs to be better than the one existing before this project. 
The problem with that system was that the output waveform was too irregular for using. Therefore 
the goal for this project is to get the output waveform as smooth and regular as possible so it can be 
taken into use. 

2. Methods and theory

2.1 Solid state relay

Solid state relays (SSR) are switching devices used in electronic circuits. SSRs are controlled by a 
control signal and can be used for both AC and DC switching to the load depending on which sort 
of SSR you choose. [1]

In this project two types of SSRs were used. The first one was a AC SSR that consisted of two 
antiparallel thyristors, shown in figure 2.1, and is controlled by a voltage between 0 and 10 volt. A 
thyristor is like a controllable diode, it rectifies and let the user decide how much of the input 
voltage/current that reach the output. By varying the control voltage one decides how much of the 
input that gets to the output. This SSR controls the output voltage by varying the control voltage 
between 0 and 10 volt. When having 0 and over 10 volt there is 0 volt on the output and when 
having 10 volt (or slightly under) you get the same output as input but in DC instead of AC. This 
SSR can handle up to 230 volt and 100 ampere. By disconnecting one of the thyristors control wire 
in the SSR the hope are to use the SSR as one controlled thyristor. By modifying this SSR you 
avoid the need to build a tricky control system from scratch. This control system is already 
compressed and good working.

Figure 2.1. Draft of the two thyristors in the SSR.   
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The other one is a DC SSR and consists of MOSFET and is controlled by voltage between 3.2 and 
32 volt. The SSR is either on or off, unlike the first one were you can control how much you are 
getting to the output. By controlling how often the switch goes on and off you can control the 
output voltage. This need an external control system, avoiding this was the main point for using 
SSRs.

2.2 Rectifiers

Rectifiers are used to convert AC to DC. The rectifier only gives one polarity on the output i.e you 
get something that more or less looks and works as DC on the output. There are several different 
kinds of rectifiers. For example they can be half wave or full wave rectifiers. Both of those can be 
uncontrolled, half controlled or fully controlled. [2]

Figure 2.2 and 2.3 are both one-phase systems. Figure 2.2 shows a half wave rectifier and figure 2.3 
a full wave rectifier, built as a diode bridge. When having a sine wave as input in both rectifiers 
figure 2.4 shows the output of the half wave rectifier and figure 2.5 show the output of the full wave 
rectifier. 

Figure 2.2. One-phase, uncontrollable half wave rectifier. 

Figure 2.3. One-phase, uncontrolled full wave (diode bridge) rectifier.
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Figure 2.4. Simulations of the output wave form for half wave rectifier with sine wave as input. It is  
volt on the y-axis and time on the x-axis.

Figure 2.5. Simulations of the output wave form for full wave rectifier with sine wave as input. It is  
volt on the y-axis and time on the x-axis.

Figure 2.3 is an example of an uncontrolled one-phase bridge rectifier. If you put thyristors instead 
of diodes you get a fully controlled one-phase bridge rectifier (see figure 2.7). As shown in figure 
2.6 both diodes and thyristors are used in half controlled one-phase bridge rectifiers. For having a 
three-phase bridge you just put one more pair of diodes, thyristors or diode/thyristors in parallel 
with the others i.e. you need four diode/thyristors for a one-phase bridge and six for a three-phase 
bridge. 

4



Figure 2.6. One-phase half controlled bridge rectifier. 

Bridge rectifiers will be used in this project to construct a rectified controllable three-phase system. 
With a diode bridge you need something outside the bridge to control the output since the system 
need to be controllable. If using thyristors the system is already controllable. Still, the thyristors 
needs to be controlled by something, and that can be a bit tricky. That is why it is desirable to use 
modified SSRs to get already controllable thyristors. Thyristors are like controllable diodes, but you 
still need something to control the control. SSRs have a built-in control system that works good and 
are very compressed. 

2.3 Freewheeling diode

Freewheeling diodes are used as a protection device. It is needed when switching inductive loads, 
for examples when using thyristors and relays. When switching off the current suddenly drops and  
a voltage spike might occur. The freewheeling diode is used to protect components in the circuit 
from breaking by letting the inductive current have a path to go. You can say it is counteracting the 
induced back emf according to Lenz's law. [3]

As shown in figure 2.7 the freewheeling diode is connected in reverse direction and parallel with 
the load. If a switch is needed in the circuit, it is placed between the bridge and the freewheeing 
diode. 

Figure 2.7. Thyristor bridge with inductive load and freewheeling diode.
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3. Results

3.1 Modifying AC SSRs

Because of the difficulties to control thyristors, solid state relays consisting two controllable 
thyristors was modified to get one controllable thyristor from each SSR.    

Figure 3.1. The two thyristor with modification in the SSR
      

The first modification made on the SSR is shown i figure 3.1. The modification was made by just 
cutting the control wire connected to one of the thyristors to make it open all the time. The next 
modification made was to put a resistance between the two cutted ends to not have any loose ends.

Figure 3.2. Linearity of the modified SSR with resistive load 11.2 ohm
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In figure 3.2 the linearity of one modified SSR with a resistive load on 11.2 ohm is shown.
The figure shows how the output voltage depends on the control voltage for four different input 
voltages, 30, 50, 70 and 90 volt. The linearity is measured every half step of the control voltage. 
The SSR needs 29 volt on the input to turn on and start working. 

When building the thyristor bridge it was concluded that the SSRs did not work as wished, see 
chapter 3.2.  

3.2 Thyristor bridge with modified SSRs

The idea was to build a three-phase system with a thyristor bridge made of modified SSRs. When 
testing the modified SSRs in a one-phase system they were first working fine and did exactly as 
expected, see figure 3.3. The figure shows the output of a one-phase full wave thyristor bridge 
where the thyristors are not fully opened, i.e. you see how the system is controlled. The input is a 
sine wave. Note that figure 3.3 only shows the shape of the output, not the real output.

Figure 3.3. Output waveform of a one-phase thyristor bridge with a sine wave on the input. Voltage  
on the y-axis and time on the x-axis.

After some more testing the SSRs started to break. The reason why they broke was because the 
switch inside the SSR was too slow so the SSR blow due to overload. As a consequence of this the 
SSRs were concluded not to work as wished despite the modifications. 
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3.3 Simulations of diode bridge

This chapter describes simulations of one- and three-phase diode bridges using circuitLab.com.
A one-phase diode bridge, see figure 2.3, gives the output waveform shown in figure 2.5 when 
having a sine wave on the input. Note that figure 2.3 shows a system with a resistive load. The 
output waveform will look the same if the load is inductive, but then you need to add a 
freewheeling diode in the circuit. If putting a capacitor in parallel with the diode bridge, see figure 
3.4, you can get an output waveform with less ripple. Figure 3.5 shows the simulation of the system 
in figure 3.4 where the input voltage is 100 volt, a capacitor of 2 milli Farad and the load is a 
resistance of 11.2 ohm and a inductor of 1 micro Henry. For this circuit a capacitor of 2 milli Farad 
is about optimal. A too small capacitor does not help and a too big capacitor makes the system 
inferior to one without a capacitor. 

Figure 3.4. One-phase diode bridge with capacitor. 

Figure 3.5.  Input sine wave and output waveform of the system in figure 3.4. 
Voltage on the y-axis and time on the x-axis.
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Figure 3.7 shows the input for a three-phase system. With that input a three-phase diode bridge, see 
figure 3.6, gives the output waveform shown in figure 3.8 where the top curve is the difference 
between the two others, i.e the top curve is the output comparable with the one-phase output in 
figure 2.5. The three-phase system gives a much more DC like output than the one-phase system. 

Figure 3.6. Three-phase diode bridge with inductive load and a capacitor on 0 Farad. 

Figure 3.7. Three-phase input. 
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Figure 3.8. Three-phase output waveform of the system in figure 3.6. The top curve is the difference  
between the two others. Voltage on the y-axis and time on the x-axis.

If putting the capacitor to 10 milli Farad in figure 3.6, you can like in the one-phase system get an 
output waveform with less ripple. Figure 3.9 shows the simulation of this system where the input 
voltage is 100 volt, a capacitor of 10 milli Farad and the load is a resistance of 11.2 ohm and a 
inductor of 1 micro Henry. This output is the one most like DC. If putting in a bigger capacitor you 
can get a straight line looking just like a DC.  

Figure 3.9. Three-phase output waveform of the system in figure 3.6 where the capacitor is changed 
from 0 to 10 milli Farad. Voltage on the y-axis and time on the x-axis. 

3.4 Circuit with DC SSR

From the simulation in chapter 3.3 you know how a material diode bridge will work. The thing 
missing then is something that controls the output voltage. This could be done by using the DC SSR 
and an external control system as described in chapter 2.1. Then you have a controllable rectifier. 
The DC SSR connected with an external control card works as it should. The whole system with 
diode bridge, SSR and control card was never built but would most certainly had worked.
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4. Discussion and conclusions 

4.1 Diode bridge

From the results in 3.3 you can see that putting in a capacitor is very effective in both the one-phase 
and three-phase system. In the three-phase case you can get the output to nearly exact a DC. By the 
simulations made it is shown that a diode bridge gives the output desirable, but the task to make the 
system controllable still remains and that is why you need the DC SSR with a control card. Since 
the three-phase system with diode bridge and SSR was not built it is hard to know how well it 
would work. However it is quite certain that it would work better than the system existing before 
this project. 

It is shown in the simulation in chapter 3.3 that when putting in a capacitor in the diode bridge 
system both the one-phase and three-phase system gives less ripple on the output. In the case of the 
one-phase system there is a limit on how good it will get by putting in one capacitor. In the case 
simulated the best result was given by a capacitor in 2 milli Farad. In the case of the three-phase 
system there is a limit (around 60mF) when the output do not get better. However it do not get 
worse if having a too big capacitor.      

4.2 Thyristor bridge

When concluding that the modified SSRs did not work as wished with the modifications made, that 
idea was dropped. It was not worth breaking any more SSRs to find out why they did not work. It 
was better to find another easier solution. The solution chosen in this proejct was to pursue with 
simulations of a diode bridge and DC SSR. 

However a thyristor bridge will give a better result than the diode bridge since it will give less 
ripple to a lower cost. Therefore the best solution would be to use a thyristor bridge with a suitable 
control card for controlling the thyristors. A suitable control card was found and the work was 
continued in the summer ending in a working system with a three-phase thyristor bridge connected 
to a control card. 
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