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Maintain strict discipline.

Proper handling of apparatus must be done.

Before switching on the power supply get it checked by the lecturer.
Switch off your mobile.

Be a keen observer while performing the experiment

DONT®S
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Do not touch or attempt to touch the mains power directly with bare hands.
Do not manipul ate the experiment results.

Do not overcrowd the tables.

Do not tamper with equipmentés.

Do not leave the lab without prior permission from the teacher.



INSTRUCTIONS TO THE STUDENTS

GENERAL INSTRUCTIONS

9 Maintain separate observation copy for each laboratory.

1 Observations or readings should be taken only in the observation copy.

1 Get the readings counter signed by the faculty after the completion of the experiment.

9 Maintain Index column in the observation copy and get the signature of the faculty before leaving
the lab.

BEFORE ENTERING THE LAB

1 The previous experiment should have been written in the practical file, without which the
students will not be allowed to enter the lab.

9 The students should have written the experiment in the observation copy that they are supposed
to perform in the lab.

1 The experiment written in the observation copy should have aim, apparatus required, circuit
diagram/algorithm, blank observation table (if any), formula (if any), programme (if any), model
graph (if any) and space for resullt.

WHEN WORKING IN THE LAB

9 Necessary equipmentés/apparatus should be taken only from the lab assistant by making an
issuing slip, which would contain name of the experiment, names of batch members and
apparatus or components required.

9 Never switch on the power supply before getting the permission from the faculty.

BEFORE LEAVING THE LAB

1 The equipment&/components should be returned back to the lab assistant in good condition after
the completion of the experiment.
1 The students should get the signature from the faculty in the observation copy.
They should aso check whether their file is checked and counter signed in the index



8EEG ELECTRICAL DRIVESAND CONTROL LAB

Study and test the firing circuit of three phase half controlled bridge converter.
Study and obtain waveforms of 3 phase half controlled bridge converter with R and RL
loads.

3. Study and test the firing circuit of 3-phase full controlled bridge converter.

4. Study and obtain waveforms of 3-phase full controlled bridge converter with R and RL

0.

loads.

Study and test 3-phase AC voltage regulator.

Control speed of dc motor using 3-phase half controlled bridge converter. Plot armature
voltage versus speed characteristic.

Control speed of dc motor using 3-phase full controlled bridge converter. Plot armature
voltage versus speed characteristic.

Control speed of a 3-phase induction motor in variable stator voltage mode using 3-
phase AC voltage regulator.

Control speed of universal motor using AC voltage regulator.

10. Study 3-phase dua converter.

11. Study speed control of dc motor using 3-phase dual converter.

12. Study three-phase cycloconverter and speed control of synchronous motor using

cycloconverter.

13. Control of 3-Phase Induction Motor in variable frequency V/f constant mode using 3-

phase inverter.



AlIM:

EXPERIMENT NO. -1
study and test the firing circuit of three phase half controlled bridge converter.

APPARATUS:

1
2.
3.

3-Phase half controlled bridge converter.
CR.O
Connecting leads.

BASIC CONCEPT:

T

Three phase fully controlled converters are very popular in many industrial applications
particularly in situations where power regeneration from the dc side is essential. It can
handle reasonably high power and has acceptable input and output harmonic distortion.
The configuration also lends itself to easy series and parallel connection for increasing
voltage and current rating or improvement in harmonic behavior.

However, this versatility of athree phase fully controlled converters are obtained at the
cost of increased circuit complexity due to the use of six thyristors and their associated
control circuit. This complexity can be considerably reduced in applications where
power regeneration is not necessary.The three phase half controlled converter has
severa other advantages over athree phase fully controlled converter.

For the same firing angle it has lower input side displacement factor compared to afully
controlled converter. It also extends the range of continuous conduction of the converter.
It has one serious disadvantage however.

The output voltage is periodic over one third of the input cycle rather than one sixth asis
the case with fully controlled converters. This implies both input and output harmonics
are of lower frequency and require heavier filtering. For this reason half controlled three
phase converters are not as popular as their fully controlled counterpart.

Although, from the point of view of construction and circuit complexity the half
controlled converter is simpler compared to the fully controlled converter, its analysisis
considerably more difficult.



CIRCUIT DIAGRAM:
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CALCULATION:

Consider conduction of T . The firing sequence of the thyristor is T Y T Y T_. Therefore
before T1 comes into conduction T5 conducts and voltage across T1 ISV =a 2V sin (vt + " /3).
If the firing angle of T1 is Uthen T1 starts conduction at ¥t = U- " /3and conducts upto U+ " /3.
Similarly T3 and T5 conducts during U+ "/30stQJ+ ~ and U+ “Ost(2" + U- " /3. From this

discussion the following conduction diagrams can be drawn for continuous conduction mode.
The waveforms of v, and i0 (for U< "/3and U> "/3) both of which are periodic over one third

of the input voltage time period. Therefore examining v, for the conduction period of any one
thyristor (for example Tl) will be sufficient to deduce information regarding output voltage.

Tl conducting there can be three conduction modes namely, Tle, TlD2 and T1D4.

Now,T1 conductsintheinterval Ui " /3 Owt OU+ " /3

D2 conductsin theinterval 0 Owt 02" /3

D4 conductsin theinterval 2" /3 Owt O4" /3

D6 conductsin theinterval 4" /3 Owt O2’

¢ Conduction interval TlD6 existsonly if UO" /3

Conduction interval TlD4 existsonly if U> " /3

So for QO’ /3
In the interval U /3 0wt O0

RMS value of vo can befound in asimilar manner and is |eft as an exercise.
From the waveforms of Fig. 14.2, v, is periodic over one third of the input cycle. Therefore one

can write.
Vo=Vo+B 6!'TAOCIS>O 6"TGald O

Van=-, GEAGoEOOQO

Veg=, G OQ0E0 0 o~

Similar analysis can be donefor U> " /3

The Fourier series of the input ac line current the load may be replaced by a constant current
source having the same value as the average load current. This approximation will be valid

provided the load current ripple is relatively small. With this assumption the last waveformof
Fig. 14.2(b) can be redrawn asfollows.
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RESULT_ : Hence, we study and test the firing circuit of three phase half controlled bridge

converter.



EXPERIMENT NO. -2

AIM: Study and obtain waveforms of 3-phase half controlled bridge converter with R and RL
and loads.

APPARATUS:

1. 3-Phase half controlled bridge converter.
2. CRO
3. Connecting leads.

BASIC CONCEPT:
U Three phase fully controlled converters are very popular in many industrial applications

particularly in situations where power regeneration from the dc side is essential. It can
handle reasonably high power and has acceptable input and output harmonic distortion.

U The configuration also lends itself to easy series and parallel connection for increasing
voltage and current rating or improvement in harmonic behavior. However, this
versatility of a three phase fully controlled converters are obtained at the cost of
increased circuit complexity due to the use of six thyristors and their associated control
circuit. This complexity can be considerably reduced in applications where power
regeneration is not necessary.

U Thethree phase half controlled converter has several other advantages over athree phase
fully controlled converter. For the same firing angle it has lower input side displacement
factor compared to a fully controlled converter. It also extends the range of continuous
conduction of the converter.

U It has one serious disadvantage however. The output voltage is periodic over one third of
the input cycle rather than one sixth as is the case with fully controlled converters. This
implies both input and output harmonics are of lower frequency and require heavier
filtering. For this reason half controlled three phase converters are not as popular as their
fully controlled counterpart.

Although, from the point of view of construction and circuit complexity the half controlled
converter is ssimpler compared to the fully controlled converter, its analysis is considerably
more difficult.

CIRCUIT DIAGRAM:




L
LI _Ir _Ir
51 =3 55
wR T T T
Wi R |:|
ot h
=
L
wB |
) D& D2z

SEMI-CONTROLLED THREE-FPHASE BRIDGE RECTIFIER

CALCULATION:

Consider conduction of T . The firing sequence of the thyristor is T Y T, Y T.. Therefore
before Tl comes into conduction T5 conducts and voltage across T1 isVac =a 2Vlsin (¥t + " /3).
If the firing angle of Tl is Uthen Tl starts conduction at ¥t = U- " /3and conducts upto U+ /3.
Similarly T3 and T5 conducts during U+ "/30stQU+ ~ and U+ “Ort2" + U- " /3. From this

discussion the following conduction diagrams can be drawn for continuous conduction
mode.The waveforms of v, and i0 (for U< "/3and U> " /3) both of which are periodic over one

third of the input voltage time period. Therefore examining v, for the conduction period of any
one thyristor (for example Tl) will be sufficient to deduce information regarding output voltage.

T1 conducting there can be three conduction modes namely, Tle’ TlD2 and T1D4.
Now,T1 conductsintheinterval Ui " /3 Owt OU+ " /3

D2 conductsin theinterval 0 Owt 02" /3

D4 conductsin theinterval 2" /3 Owt O4" /3

D6 conductsin the interval 4" /3 Owt O2’

C Conduction interval T D _existsonly if uo’/3
Conduction interval T1D4 existsonly if U> /3

Sofor UO" /3
In the interval U /3 0wt O0



RMS value of v0 can befound in asimilar manner and is left as an exercise.
From the waveforms of Fig. 14.2, v, Is periodic over one third of the input cycle. Therefore one
can write.

z A

Vo=Vo+B 6/TAGdS>O 6" TG aldO

VAn=- @ AGot00oo
VBn=- ¢ 0Q0t0 oW o-

Similar analysis can be done for U> " /3
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The Fourier series of the input ac line current the load may be replaced by a constant current
source having the same value as the average load current. This approximation will be valid

provided the load current ripple is relatively small. With this assumption the last waveform of
Fig. 14.2(b) can be redrawn as follows.

RESULT : Hence, we study and obtain waveforms of 3-phase half controlled bridge converter
with R and RL and loads.



EXPERIMENT NO. -3
AlIM: Study andTest the firing circuit of Three Phase Full Controlled Bridge Converter.

APPARATUS:

1. 3-Phasefull controlled bridge converter.
2. CRO
3. Connecting leads.

BASIC CONCEPT:

The three phase fully controlled bridge converter has been probably the most widely
used power electronic converter in the medium to high power applications. Three phase
circuits are preferable when large power isinvolved. The controlled rectifier can provide
controllable out put dc voltage in a single unit instead of a three phase autotransformer
and adiode bridge rectifier.

The controlled rectifier is obtained by replacing the diodes of the uncontrolled rectifier
with thyristors. Control over the output dc voltage is obtained by controlling the
conduction interval of each thyristor. This method is known as phase control and
converters are also called fiphase controlled converterso.

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. (1)

The control circuit become considerably complicated and the use of coupling
transformer and / or inter phase reactors become mandatory.

With the introduction of high power IGBTSs the three phase bridge converter has all but
been replaced by dc link voltage source converters in the medium to moderately high
power range.

However in very high power application (such as HV dc transmission system,
cycloconverter drives, load commutated inverter synchronous motor drives, static
scherbius drives etc.) the basic B phase bridge converter block is still used. In thislesson
the operating principle and characteristic of this very important converter topology will
be discussed in source depth.



CIRCUIT DIAGRAM:
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U Inthe circuit of Fig. 13.6(a) a phase shift network is used to obtain a waveform leading
viby 90°. The phasor diagram of the phase shift circuit is shown in Fig. 13.6(b). The

output of the phase shift waveform (and its inverse) is compared with V. The firing

pulseis generated at the point when these two waveforms are equal.
U Therefore this method of generation of converter firing pulses is called finverse cosined
control. The output of the phase shift network is called carrier waveform.

RESULT :Hence, we study and test the firing circuit of three phase full controlled bridge

converter.



EXPERIMENT NO. -4

AIM: Study and obtain waveforms of 3-phase full controlled bridge converter with R and RL
and loads.

APPARATUS:

1. 3-Phasefull controlled bridge converter.
2. CRO
3. Connecting leads.

BASIC CONCEPT:

U  The three phase fully controlled bridge converter has been probably the most widely
used power electronic converter in the medium to high power applications. Three phase
circuits are preferable when large power is involved.

U  The controlled rectifier can provide controllable out put dc voltage in a single unit
instead of a three phase autotransformer and a diode bridge rectifier. The controlled
rectifier is obtained by replacing the diodes of the uncontrolled rectifier with thyristors.
Control over the output dc voltage is obtained by controlling the conduction interval of
each thyristor. This method is known as phase control and converters are also called
fiphase controlled converterso.

U 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. (1)

U The control circuit become considerably complicated and the use of coupling
transformer and / or inter phase reactors become mandatory.

U With the introduction of high power IGBTSs the three phase bridge converter has all but
been replaced by dc link voltage source converters in the medium to moderately high
power range. However in very high power application (such as HV dc transmission
system, cycloconverter drives, load commutated inverter synchronous motor drives,

static scherbius drives etc.) the basic B phase bridge converter block is still used. In this



lesson the operating principle and characteristic of this very important converter

topology will be discussed in source depth.

CIRCUIT DIAGRAM:
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For any current to flow in the load at |east one device from the top group (Tl, T3, T5) and
one from the bottom group (T2, T4, TG) must conduct. It can be argued as in the case of

an uncontrolled converter only one device from these two groups will conduct.
Then from symmetry consideration it can be argued that each thyristor conducts for 120°

of the input cycle. Now the thyristors are fired in the sequence T, Y T Y T, Y T, Y T,
Y T Y 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 simultaneousdly.
This leaves only six possible conduction mode for the converter in the continuous

conduction mode of operation. These ale TT, TT, TT TT, TT, TT. Each
1 2 2 3 34 45 56 6 1

conduction mode is of 60° duration and appears in the sequence mentioned. The
conduction table of Fig. 13.1 (b) shows voltage across different devices and the dc
output voltage for each conduction interval. The phasor diagram of the line voltages
appear in Fig. 13.1 (c).
Each of these line voltages can be associated with the firing of athyristor with the help
of the conduction table-1. For example the thyristor T1 isfired at the end of T5T6



conduction interval. During this period the voltage across T1 wasv_. Therefore Tl IS
fired Uangle after the positive going zero crossing of V. Similar observation can be

made about other thyristors. The phasor diagram of Fig. 13.1 (c) also confirms that all

the thyristors are fired in the correct sequence with 60° interval between each firing.
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Theconverter in theinverting mode:
The circuit connection and wave forms in the inverting mode of operation where the |oad

current has been assumed to be continuous and ripple free.

ot

$ ot

RESUL T :Hence, we study and obtain waveforms of 3-phase full controlled bridge converter

with R and RL and loads.



EXPERIMENT NO. -5

AlM: Study and test 3-phase AC voltage regulator.

APPARATUS:

1. Three-phase, Three-wire AC Regulator
2. CRO
3. Connecting leads.

BASIC CONCEPT:

There are many types of circuits used for the three-phase ac regulators (ac to ac voltage
converters), unlike single-phase ones. The three-phase loads (balanced) are connected in star or
delta. Two thyristors connected back to back, or atriac, is used for each phase in most of the
circuits as described. Two circuits are first taken up, both with balanced resistive (R) load.
Three-phase, Three-wire AC Regulator with Balanced Resistive L oad

U The circuit of a three-phase, three-wire ac regulator (termed as ac to ac voltage
converter) with balanced resistive (star-connected) load .It may be noted that the
resistance connected in al three phases are equal.

U  Two thyristors connected back to back are used per phase, thus needing a total of six
thyristors. Please note the numbering scheme, which is same as that used in a three-
phase full-wave bridge converter or inverter.

U The thyristors are fired in sequence starting from 1 in ascending order, with the angle
between the triggering of thyristors 1 & 2 being (one-sixth of the time period of a
complete cycle).

U The line frequency is 50 Hz, with f=1/T= 20 ms. The thyristors are fired or triggered
after adelay of Ufrom the natural commutation point. The natural commutation point is
the starting of a cycle with period of output voltage waveform, if six thyristors are
replaced by diodes. Note that the output voltage is similar to phase-controlled waveform

for a converter, with the difference that it is an ac waveform in this case.



U The current flow is bidirectional, with the current in one direction in the positive half,
and then, in other (opposite) direction in the negative half. So, two thyristors connected
back to back are needed in each phase.

U Theturning off of athyristor occurs, if its current falls to zero. To turn the thyristor on,
the anode voltage must be higher that the cathode voltage, and also, a triggering signal
must be applied at its gate.
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-

CIRCUIT DIAGRAM:

Fig.1 Three-phase, three-wire acregulator .

CALCULATION:

Balanced star-connected resistive load, which depends on range of firing angle, as shown later,
Is described. If is the rms value of the input voltage per phase, and assuming the voltage, as the
reference, the instantaneous input voltages per phase are,

-| d Fvlil o < QO h
and

-|= dl Wy"ﬁi [ | Q h
Then, the instantaneous input line voltages are,

3¢

Ll vl o< Q
-| F Wv“lii o« Q

3¢

and

[ B F Wy"ﬁi [l | Q h



Fig.2 Waveformsfor three-phase three-wire ac regulator at different firing angle

RESULT :Hence, we study and test 3-phase AC voltage regulator.



