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Aim:
To simulate three phase fully controlled and half controlled bridge rectifier.

Software Used:

Matlab — Simulink

Circuit Diagram:

Fig 2: Three Phase Fully Controlled Bridge rectifier
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Simulink Models:

AC Veltage Source R Load
Voltage Measurement Scope
Sy

AC Voltage Sourcel

Sy

AC Voltage Source2

Fig: Three Phase Half Controlled Rectifier
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Fig: Three Phase Fully Controlled Rectifier
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Entering Firing Angle Values:

In order to trigger thyristors we have to give proper triggering pulses to it using a
pulse generator. We can enter values in the box which is obtained by double clicking
pulse generator. It’s shown in the following figure.

W Scurce Block Parameters: Pulse Generator e
Pulse Generator
Output pulses:
if (t >= PhaseDelay) && Pulse is on
Y(t) = Amplitude
else

Y(t) =0
end

Pulse type determines the computational technique used.

Time-based is recommended for use with 3 vanable step solver, while Sample-
based is recommended for use vaith a fixed step solver or within a discrete portion
of a model using a variable step solver.

Parameters

Pulse type: Enme based vl

Time (t): [Use simulation time v

Ampltude:
1

Period (secs):
20e-3

(20/360)x60=3.33e-3

Pulsa Width (% of period):

7 Interpret vector parameters as 1-D

(o) (o) (o)
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Complete Triggering Values

For Half controlled Rectifier:

Firing Angle in degree Firing Angle in sec
T1 30 1.66e-3
T3 150 8.33e-3
T5 270 15e-3

For Half controlled Rectifier:

Firing Angle in degree Firing Angle in sec
T1 30 1.66e-3
T2 90 5e-3
T3 150 8.33e-3
T4 210 11.66e-3
T5 270 15e-3
T6 330 18.33e-3
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Fig 3: Wave Form of Three Phase half controlled bridge rectifier
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Fig 4: Waveform of Three Phase Fully Controlled Bridge Rectifier
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Theory:
THREE PHASE FULLY CONTROLLED CONVERTER

A three phase fully controlled converter is obtained by replacing all the six diodes of
an uncontrolled converter by six thyristors as shown in Fig 2. For any current to flow
in the load at least one device from the top group (T, T3, Ts) and one from the
bottom group (T,, T4, Te) must conduct. Like an uncontrolled converter only one
device from these two groups will conduct.

Ve | Vs | Yo | Vs Vil Ve

Vb {Tr.] v (T))
T,T; | Vs 0 0 Val Yol Ya | Ve

T_\T4 \'.h Vv @ 0 0 v ch v ak Vv [

(Ts) Vo o4 # Vi (Ty)
TT, | Vae Vic | Yoe | You | O 0 Ve
T Tl 0 Ve Yy ¥y y 0 Va
NONE] - - - - - - E Ve (T,) Vi (T}
Fig (a): Conduction Table Fig(b): Phasor Diagram

Then from symmetry consideration we can see that each thyristor conducts for 120°
of the input cycle. Now the thyristors are fired in the sequence T, —» T, —» T3 — T,
— Ts — Tg — T, with 60° interval between each firing. Therefore thyristors on the
same phase leg are fired at an interval of 180° and hence can not conduct
simultaneously. This leaves only six possible conduction mode for the converter in
the continuous conduction mode of operation. These are T,T,, T,T3, T3Ty4, T4Ts,
TsTs, TeT1. Each conduction mode is of 60° duration and appears in the sequence
mentioned. The conduction table of Fig(a) shows voltage across different devices
and the dc output voltage for each conduction interval. The phasor diagram of the
line voltages appear in Fig. (b). Each of these line voltages can be associated with
the firing of a thyristor with the help of the conduction table. For example the
thyristor T, is fired at the end of TsT¢ conduction interval. During this period the
voltage across T; was V.. Therefore T, is fired o angle after the positive going zero
crossing of V. Similar observation can be made about other thyristors. The phaser
diagram of Fig (b) also confirms that all the thyristors are fired in the correct
sequence with 60° interval between each firing.
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THREE PHASE HALF CONTROLLED CONVERTER

Fig:1 shows the circuit diagram of three phase half controlled converter supplying an
R load. In the continuous conduction mode only one thyristor from top group and
only one diode from the bottom group conduct at a time. However, unlike fully
controlled converter here both devices from the same phase leg can conduct at the
same time. Hence, there are nine conducting modes as shown in Fig (c).

Modg
Volt

1.0, |D.T,|T,0.|D.T.| T.D,| D, T| T,D] T,D,| T.D,

Vi 0 Vab | Van | Vae | Vac 0 0 Van | Ve
Vor 0 0 | Yool Vao | Ve | Voe| ¥ ] Yo | O

Yo Vs 0 0 Vac | Vi Via | Vs 0 Vie
Vos Ve Va 0 0 Via A™ 0 Vi Vs

Vis Vea Ve Veu 0 0 Ve Va | Y 0

Voo Ve Va Vb Vi 0 0 Vi 0 Vo

Ve Vi Ve | Yos | Ve | Voo | Y 0 0 0

Fig (c): Conduction Table

Now consider the conducting and blocking state of D,. In the blocking state the
voltage across D, is either V. or V.. Hence, D, can block only when these voltages
are negative. Taking Vy as the reference phasor (i.e., Vi = V2V sinot ) D, will
block during 2m/3< wt<2m and will conduct in the interval 0< ot<2n/3 . Similarly
it can be shown that D4 and D6 will conduct during 2n/3< ot4<mn/3 and 4n/3<
ot<2m respectively.

Next consider conduction of T1. The firing sequence of the thyristor is T1 — T3
— T5. Therefore before T1 comes into conduction TS5 conducts and voltage across

T1 is Va = V2Visin (ot + n/3) . If the firing angle of T1 is o then T1 starts
conduction at ot = a - /3 and conducts upto o + /3 . Similarly T3 and T5 conducts
during a+n/3<ot<a+n and a+n<ot<2n+a- /3.
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Procedure:

Operation

Path

lcon

Opening Simulink

1. Click on the Simulink
icon on Matlab taskbar
2. Type Simulink on
Matlab Command
Window

&b

Selecting New File

File -> New -> Model

Selecting Source

Libraries -> SimpowerSystems
-> electrical sources

> AC Voltage
Source

Selecting Thyristor

Libraries -> SimPowerSystems -
> PowerElectronics -> Thyristor

1 ‘-&f [ Thyristor

. . Libraries -> SimPowerSystems - b
o Dicde
Selecting Diode > PowerElectronics -> Diodes ==
. . i ies -> Sij eries RLC
Selecting Series RLC branch Libraries -> SimpowerSystems . 1 E - AL
-> Elements o8
Selecting Pulse Libraries -> Sources JUlp  Puis= Generator
Generater(Triggering)
Libraries -> SimpowerSystems o[+ ] Veltage
Voltage Measurement _> Measurement o[- I  Measurement

Current Mesurement

Libraries -> SimpowerSystems
-> Measurement

i Cument
-8 Measurement

Scope

Libraries -> Sink

L 1| scope

RESULT:

Three phase fully controlled and half controlled bridge rectifier is simulated and

graphs are obtained.
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