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1. Single phase half wave controlled rectifier 
A rectifier circuit generally converts AC input to DC output. The single phase half wave controlled rectifier converts the AC input to a DC output only for positive half cycle of the AC input supply. In this type of rectifier, the starting point of load current can be changed by controlling the firing angle of SCR. The single Phase Half Wave Controlled Rectifier circuit consists of a Thyristor, an AC voltage source and load. The load may be purely resistive, Inductive or a combination of resistance and inductance
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Figure1a: Single phase half wave rectifier circuit 
Source: https://www.daenotes.com/electronics/industrial-electronics/half-wave-controlled-rectifiers
           Where 
[bookmark: _GoBack]           v0 = Load output voltage
           i0 = Load current
           VT = Voltage across the Thyristor T
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Figure 1b: wave circuit diagram for single phase half wave rectification circuit.
Source: https://electricalbaba.com/single-phase-half-wave-controlled-rectifie
                 This converter is not normally used in industrial applications because it’s output as high
               ripple content and low ripple frequency. 
2. single phase full wave controlled  rectifier using a center tapped transformer
A full wave rectifier is a type of rectifier which converts both half cycles of the AC signal into pulsating DC signal. The center tapped full wave rectifier is a type of rectifier which uses a center tapped transformer and two SCRs (thyristors) to convert the complete AC signal into DC signal.
The center tapped full wave rectifier is made up of an AC source, a center tapped transformer, two diodes, and a load resistor. 

[image: ]
Figure2a: single phase full wave controlled rectifier using a center tapped transformer
 Source: https://www.daenotes.com/electronics/devices-circuits/center-tapped-full-wave-rectifier
During the positive half cycle of the input voltage SCR1 is forward biased. Applying a gate signal at 𝛼, turns on SCR 1. The output voltage (Vo) follows the input voltage. The load current has the same wave form as the load voltage .At π, when the current through SCR1 becomes zero, it turns off naturally. During the negative half cycle, SCR2 is forward biased. SCR2 is fired at (π+𝛼), the output voltage then follows the input voltage. The current through SCR2 becomes zero at 2 and it turns off. SC 1 is fired at (2π +𝛼) and SCR 2 at (3π+𝛼) and the cycle repeats  
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Figure 2b: wave form of single phase full wave controlled rectifier using a center tapped transformer
Source: https://www.daenotes.com/electronics/devices-circuits/center-tapped-full-wave-rectifier

3. single phase full wave rectifier (semi- converter bridge configuration): 
This configuration consists of a combination of two thyristors and diodes and used to eliminate any negative voltage occurrence at the load terminals. This is because the diode Dғ is always activated (forward biased) whenever the load voltage tends to be negative. For one total period of operation of this circuit, the corresponding waveforms are shown in Figure 3.
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Figure 3: single phase full wave rectifier (semi- converter bridge configuration)
4. Three phase full wave rectifier (semi converter bridge configuration)
This converter consists of three thyristors and three diodes with freewheeling diode across the load. It gives positive voltage and positive current only (not regenerative converter) that is, it operates in the first quadrant only Figure4.
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Figure 4: Three phase full wave rectifier (semi converter configuration) 
Source: power Electronics by Dr. Mohammed Tawfeeq
5. Single phase full wave rectifier ( Full converter bridge configuration) 
This bridge configuration of diodes provides full-wave rectification because at any time two of the four diodes are forward biased while the other two are reverse biased. Thus there are two diodes in the conduction path instead of the single one for the half-wave rectifier. Therefore there will be a difference in voltage amplitude between VIN and VOUT due to the two forward voltage drops of the serially connected diodes. During the positive half cycle of VIN, diodes D1 and D4 are forward biased while diodes D2 and D3 are reverse biased. Then for the positive half cycle of the input waveform, current flows along the path of: D1 – A – RL – B – D4 and back to the supply.
During the negative half cycle of VIN, diodes D3 and D2 are forward biased while diodes D4 and D1 are reverse biased. Then for the negative half cycle of the input waveform, current flows along the path of: D3 – A – RL – B – D2 and back to the supply.
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Figure5a: Single phase full wave rectifier
[image: ]
Figure 5b: output wave form of Single phase full wave rectifier
6. Three phase full wave rectifier full converter bridge configuration 
Three phase rectification converts 3 phase Ac supply into a pulsating Dc voltage. The circuit configuration of the three- phase full – wave controlled rectifier is shown in Figure 6a, it consists of six thyristors connected in form of full wave bridge rectification which are turned on at appropriate times by suitable gate trigger signals. In this circuit, the Thyristor which has the most positive voltage at its anode conducts when triggered, and the Thyristor with the most negative voltage at its cathode returns the load current, if triggered. The waveforms can also be seen in figure 6b,
 - Commutation of the load current from one Thyristor to the next occurs at the firing instant, when the incoming thyristors reverse biases the previously conducting thyristors. 
 -The output dc voltage waveform is determined by the difference of potentials of the positive and negative rails.
[image: ]
Figure 6a: Three phase full wave rectifier full converter bridge configuration
[image: ]
Figure 6b: wave form for three phase full wave rectifier full converter bridge configuration
Source: power Electronics by Dr. Mohammed Tawfeeq

7. Single Phase Half wave uncontrolled rectifier
single phase uncontrolled half-wave rectifiers are the simplest and possibly the most widely used rectification circuit for small power levels as their output is heavily affected by the reactance of the connected load. During each positive half cycle of the AC sine wave, the diode is forward biased as the anode is positive with respect to the cathode resulting in current flowing through the diode. Since the DC load is resistive (resistor ,R) the current flowing in the load resistor is therefore proportional to the voltage (ohm’s law) and the voltage across the load resistor will therefore be the same as the supply voltage ,Vs that is the ‘DC’ voltage across the load is sinusoidal for the first half only so Vout =Vs 

[image: ]
Figure 7: Single Phase half wave uncontrolled rectifier and its wave form 

8. Single phase full wave uncontrolled rectifier 
Unlike the half wave, the full-wave rectifier utilizes both halves of the input sinusoidal waveform to provide a unidirectional output. The single phase full-wave rectifier achieves this by using two diodes in which only one diode will be forward biased and conducts during each half cycle. The full-wave rectifier basically consists of two half-wave rectifiers connected together to feed the load.
[image: ]
Figure 8: Single phase full wave uncontrolled rectifier

9. Single phase full wave uncontrolled rectifier using Centre tapped transformer 
A center tapped full wave rectifier is a type of rectifier which uses a center tapped transformer and two diodes to convert the complete AC signal into DC signal. The center tapped full wave rectifier is made up of an AC source, a center tapped transformer, two diodes, and a load resistor. The AC source is connected to the primary winding of the center tapped transformer. A center tap (additional wire) connected at the exact middle of the secondary winding divides the input voltage into two parts. The upper part of the secondary winding is connected to the diode D1 and the lower part of the secondary winding is connected to the diode D2. Both diode D1 and diode D2 are connected to a common load RL with the help of a center tap transformer. The center tap is generally considered as the ground point or the zero voltage reference point
 During the positive half cycle of the input AC signal, terminal A become positive, terminal B become negative and center tap is grounded (zero volts). The positive terminal A is connected to the p-side of the diode D1 and the negative terminal B is connected to the n-side of the diode D1. So the diode D1 is forward biased during the positive half cycle and allows electric current through it.
On the other hand, the negative terminal B is connected to the p-side of the diode D2 and the positive terminal A is connected to the n-side of the diode D2. So the diode D2 is reverse biased during the positive half cycle and does not allow electric current through it.
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Figure 9: Single phase full wave uncontrolled rectifier using Centre tapped transformer
Source: https://physics-and-radio-electronics.com/electronic-devices-and-circuits/rectifier/fullwaverectifier.html

10. single phase full wave uncontrolled rectifier using bridge configuration 
This type of single phase rectifier uses four individual rectifying diodes connected in a closed loop “bridge” configuration to produce the desired output. The main advantage of this bridge circuit is that it does not require a special Centre tapped transformer, thereby reducing its size and cost. The single secondary winding is connected to one side of the diode bridge network and the load to the other side as shown in Figure 10.
The four diodes labelled D1 to D4 are arranged in “series pairs” with only two diodes conducting current during each half cycle. During the positive half cycle of the supply, diodes D1 and D2 conduct in series while diodes D3 and D4 are reverse biased and the current flows through the load. 
[image: ]
Figure 10: single phase full wave uncontrolled rectifier using bridge configuration



11. Three phase full wave uncontrolled rectifier using the bridge configuration 
The full-wave, three-phase uncontrolled bridge rectifier circuit uses six diodes, two in a phase similar to the single-phase bridge rectifier. A 3-phase full-wave rectifier is 
Produced using two half-wave rectifier circuits. The benefit here is that the circuit generates a lower ripple output than the previous half-wave 3-phase rectifier, because it has a frequency of six times the input limit.
Also, the full-wave rectifier can be fed from a balanced 3–phase 3-wire delta connected supply as no fourth neutral (N) wire is required. 
Diodes D1 D3 D2 and D4 form a bridge rectifier network between phases A and B, as do diodes D3 D5 D4 and D6 between phases B and C and D5 D1 D6 and D2 between phases C and A. Thus diodes D1 D3 and D5 feed the positive line, depending on which one has a more positive voltage at the terminal of the anode. Likewise, diodes D2 D4 and D6 feed the negative line and whichever diode has a more negative voltage at its cathode terminal conducts.

[image: ]
	Figure 11a: Three phase full wave uncontrolled rectifier using the bridge configuration
Source: https://www.electronics-tutorials.ws/power/three-phase-rectification.html
The wave form of a three phase full wave uncontrolled rectifier using the bridge configuration can be seen in Figure 11b. 
[image: ]
Figure 11b: Three phase full wave uncontrolled rectifier using the bridge configuration
Source: https://www.electronics-tutorials.ws/power/three-phase-rectification.html
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7. Single-phase Half — Controlled ( Semiconverter)

Rectifier

Fig. 7.1 (a) shows a single-phase half-controlled (semiconverter) rectifier. This
configuration consists of a combination of thyristors and diodes and used to
eliminate any negative voltage occurrence at the load terminals. This is because
the diode Dy is always activated (forward biased) whenever the load voltage
tends to be negative. For one total period of operation of this circuit, the
corresponding waveforms are shown in Fig. 7.1(b).
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The average value of the load voltage Vi can be calculated as follows,
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Therefore there will be a difference in voltage amplitude between V,y and Vgyt due to the
two forward voltage drops of the serially connected diodes. Here as before, for simplicity of
the maths we will assume ideal diodes.

So how does the single phase full-wave rectifier work. During the positive half cycle of V|,
diodes D, and D4 are forward biased while diodes D, and D3 are reverse biased. Then for the
positive half cycle of the input waveform, current flows along the pathof: D; -A-R -B -
D, and back to the supply.

During the negative half cycle of V|, diodes D3 and D, are forward biased while diodes D4
and D, are reverse biased. Then for the negative half cycle of the input waveform, current
flows along the path of: D3 - A - R_ - B - D, and back to the supply.

In both cases the positive and negative half-cycles of the input waveform produce positive
output peaks regardless of polarity of input waveform and as such the load current, i always
flows in the SAME direction through the load, R| between points or nodes A and B. Thus the
negative half-cycle of the source becomes a positive half-cycle at load.

So whichever set of diodes are conducting, node A is always more positive than node B.
Therefore the load current and voltage are unidirectional or DC giving us the following
output waveform.

Full-wave Rectifier Output Waveform
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Ak —
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Rectified Output Waveform

Although this pulsating output waveform uses 100% of the input waveform, its average DC
voltage (or current) is not at the same value. We remember from above that the average or
mean DC value taken over one-half of a sinusoid is defined as: 0.637 x maximum amplitude
value. However unlike half-wave rectification above, full-wave rectifiers have two positive
half-cycles per input waveform giving us a different average value as shown.

Full-wave Rectifier Average Value
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3. Three- phase full — wave , Half -controlled rectifier

This converter is shown in Fig.7.8. It consists of three thyristors and three
diodes with freewheeling diode across the load. It gives positive voltage and
positive current only (not regenerative converter) i.e, it operates in the first
quadrant only (Fig.7.9).
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The single phase full-wave rectifier does this by using four diodes arranged in a bridge
arrangement passing the positive half of the waveform as before but inverting the
negative half of the sine wave to create a pulsating DC output. Even though the the
voltage and current output from the rectifier is pulsating, it does not reverse direction
using the full 100% of the input waveform and thus providing full-wave rectification.

Single Phase Full-wave Bridge Rectifier

AC Supply
Ny Vu

This bridge configuration of diodes provides full-wave rectification because at any time
two of the four diodes are forward biased while the other two are reverse biased. Thus
there are two diodes in the conduction path instead of the single one for the half-wave

rectifier. Therefore there will be a difference in voltage amplitude between Vi and Vour
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Although this pulsating output waveform uses 100% of the input waveform, its average
DC voltage (or current) is not at the same value. We remember from above that the
average or mean DC value taken over one-half of a sinusoid is defined as:

0.637 x maximum amplitude value. However unlike half-wave rectification above, full-
Wave rectifiers have two positive half-cycles per input waveform giving us a different

average value as shown.

Full-wave Rectifier Average Value
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Fig.7.5 Three-phase, fully- controlled bridge converter circuit
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Fig. 7.6 Waveforms

Assuming continuous conduction, the average dc output voltage can be
evaluated from the general p-phase formula:

cosa

P
maximum line — to —line voltage,

Here p=6, Vi =\3Vn where Vs

¥y = maximum line —to-neutral voltage. Hence

‘
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3. Full Wave Rectifier

The half wave rectifiers produce too much of ripples and the
output current is not continuous. These drawbacks make it
unsuited for many applications, especially in the circuits that
require “steady and smooth” DC supply voltage. Ripples and
efficiency can be improved using full wave rectifiers.

In full wave rectifiers we can obtain output voltage during the
positive and negative half cycles. Therefore it delivers improved

efficiency than the half wave rectifiers. It produces an output

voltage that is purely DC. For the full wave rectifiers the average

Resultant Qutput Waveform

direct current output voltage is higher than that of half wave, the

output of the full wave rectifier has much less ripple than that of

the half wave rectifier producing a smoother output waveform.
In a single phase, Full Wave uncontrolled Rectifier circuit two diodes are now used. Only one diode will
be forward biased and conducts during each half cycle. A centre tapped transformer is used in full wave

rectifier as shown in the figure.

Reduction of ripples in bridge rectifiers using smoothing capacitor

BRIDGE RECTIFIER
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¥ 4 CAPACITOR
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Resultant Oulput Waveform

As mentioned earlier, the voltage ripples can be controlled by connecting a smoothing capacitQigii

parallel to the load. It converts the full wave rippled output of the rectifier into a smooth DC outplit
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current through it.

Centre tap

[On the other hand, the negative terminal B is connected to the p-side of the diode D> and the

positive terminal A is connected to the n-side of the diode D5. So the diode D is reverse

biased during the positive half cycle and does not allow electric current through it

The diode D supplies DC current to the load R, . The DC current produced at the load R will

return to the secondary winding through a center tap.

During the positive half cycle, current flows only in the upper part of the circuit while the lower

part of the circuit carry no current to the load because the diode D is reverse biased. Thu:
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transformer, thereby reducing its size and cost. The single secondary winding is B
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connected to one side of the diode bridge network and the load to the other side as shown
below.

The Diode Bridge Rectifier
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Full-wave Three-phase Rectification
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As before, assuming a phase rotation of Red-Yellow-Blue (Va - Vg - V) and the red phase

(Va) starts at 0°. Each phase connects between a pair of diodes as shown. One diode of the

conducting pair powers the positive (+ side of load, while the other diode powers the

negative () side of load.
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Ihen we can see that for three-phase rectification, the diodes conduct in matching pairs =
giving a conduction pattern for the load current of: D45 D16 Dg.g D3.6 Dg4 Ds.4 Ds.p and
D, as shown.
Full-wave Three-phase Rectifier Conduction Waveform
4 Periodic Time (T)
&0 Output Voltage Waveform
In 3-phase power rectifiers, conduction always occurs in the most positive diode and the
corresponding most negative diode. Thus as the three phases rotate across the rectifier
We use cookies to enhance your experience. By continuing to visit this site you agree to our use of cookies. More info -
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this type are also called one-quadrant converters.

Controlled rectifiers provide DC power for various applications, such as DC motor speed control,
battery charging, and high-voltage DC transmission. Phase control is suited for frequencies less than
400 Hz, typically 60 Hz. The main drawback of phase control is radio frequency interference (RFI). The
chopped half-sine wave produces strong harmonics that interfere with radio, television, and other
communication equipment.
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With a Resistive Load

Figure 1 shows the basic arrangement of a single-phase, center-tap controlled rectifier with a resistive
load. Phase control of both the positive and the negative halves of the AC supply is now possible,
thus increasing the DC voltage and reducing the ripple compared to those of half-wave rectifiers.

SCR1

Figure 1: Full-wave Controlled Center-tap Rectifier Circuit

During the positive half-cycle of the input voltage, SCR; is forward-biased. If we apply the gate signal
at a, SCRy turns on. The output voltage (v,) follows the input voltage. The load current (i = v, / R)
has the same waveform as the load voltage. At i, when the current through SCRy becomes zero, it
turns off naturally. During the negative half-cycle, SCR; is forward-biased. SCR; is fired at (1t + a). The
output voltage again follows the input voltage. The current through SCR; becomes zero at 2m, and it
turns off. SCRy is fired again at (2rt + a) and SCR; at (31 + a), and the cycle repeats. Figure 2 shows

the resulting voltage and current waveforms.

The average value of the load voltage is twice that given by equation 1

Vin( 1+ cosa)

Vo(avg) = 2y T T T o eq.1

And

1
sin 2 a]l
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Figure 2: Full-wave Center Tap
controlled Rectifier with Resistive

Load Waveforms

With an Inductive load (RL) Load

Figure 3(a) shows the waveforms for voltage and current, assuming a highly inductive load so that
the load current is continuous (i.e. present always). SCR; conducts for 180° from a to (1t + ), and the
load voltage follows the input voltage. At (1t + a) SCRy is fired. SCRy now turns off, since the supply
voltage immediately appears across it and applies a reverse bias. SCR, now conducts for 1800 form

(m+ a) to (2m + a) and supplies power to the load.

The average value of the load voltage is given by

2
Vo(avg) = ;Vm cosa

The output voltage is at its maximum when a = 0°, zero when a = 90°, and its negative maximum

when a = 180°. the normalized average output voltage is:

SPONSORED SEARCHES
( types of full wave controlled rectifier Q) ( controlled center tapped rectifier Q)
( electronic circuit Q) ( motor control circuit Q)
Vﬂ(m'g)
h=———=cosa
Vao

®X




