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Experiment no. 1

Objective: Draw the static characteristics of IGBT, MOSFET and Thyristor.

This unit mainly consists of the following Power Semiconductor Devices: -

a) SCR -TY 616
b) MOSFET - IRF 840
¢) IGBT - IRGBC20S

d) TRIAC -BTA12
Whose characteristics is to be studied.

A variable DC power supply using to vary the load voltage From 0 Volts to 30 volts approximately.
One more variable DC power supply using LM 317 regulator to vary the Gate Voltage from 2.5 volts
to 30 volts approximately.

Switch and fuse is provided in series with both the power supplies.

A Potentiometer of is provided to vary the load current.

A Potentiometer of is provided to vary the Gate current.

FRONT PANEL DETAILS: -

1. MAINS : Power ON/OFF switch to the unit with builtin indicator.

2. VI : Potentiometer to vary the load voltage

3. ON : Switch for VI.

4. FUSE : 600 mA glass fuse for VI

5 +&- : Positive and Negative points of power supply VI.

6. SCR : TYN 616

7. TRIAC :BTA12

8. MOSFET . IRF 840.

10.1IGBT : IRGBC20S.

11. V2 : Potentiometer to vary the Gate voltage.

12. ON - Switch for V2.

13. FUSE : 250 mA Glass fuse.

14+ & - : Positive and Negative points of power supply V2.

15.R1 : Load potentiometer — 10Kohms is series with 220 ohm
Resistor.

16. R2 . Gate potentiometer — 10 K ohms is series with 220 ohm
Resistor.

BACK PANEL DETAILS:

1. Two pin mains cable.
2. Fuse holder — Fuse — 500 mA.




Experiment :- SCR, DIAC, TRIAC,MOSFET,& IGBT Characteristics Study Unit

FRONT PANEL DIAGRAM
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CHARACTERISTICS OF SCR:

AIM: To plot the characteristics of an SCR and to find the holding current and latching current.

APPARATUS:

1) Characteristics Study unit
2) Meter Unit (3 Y2 digit Voltmeters -2Nos) 200V, 20V-1No. each

R2 0-25mA |

/
7= V2

(3 %2 digit Ammeters -2Nos) 2A, 20mA -1No.each

CHARACTERISTICS OF SCR

0-15V6/;

0-500mA R1

v

™

1O
+

vi
@ 0-50VvV

Device: TYN 616.
Specifications:

1 Vrrm
2 I trms
3 | tav
4, | tsm
5. It

6 di/dt
7 I gt

8 V gt
9. Ih
10. I
11. tq
12. dv/dt

: 600 V.

: 16 A.

10 A

: 160 A.
1128 As.

: 100 A/ us.
125 mA.
:15V.

1 25mA.

s 45mA.

: 70 mMA

: 500 V / us.




PROCEDURE:-

1. V-1 Characteristics:

1) Make the connections as given in the circuit diagram including meters.

2) Now switch ON the mains supply to the unit and initially keep V1 &V2 at minimum.

3) Set load potentiometer R1 in the minimum position.

4) Adjust IG —IG1 say 5 mA by varying V2 or gate current potentiometer R2.

5) Slowly vary V1 and note down V AK and IL readings for every 5 Volts and entered the readings
in the tabular column.

6) Further vary V1 till SCR conducts, this can be noticed by sudden drop of VAK and rise of IL
readings note down this readings and tabulated.

7)Vary V1 Further and note down IL and V AK readings. Draw the graph of VAK V/s IL. Repeat
the same for 1G=1G2 /IG3 and draw the graph.

IG =1G1= mA IG=1G2=mA

V AK 1A VAK 1A

3. To find latching current:

1) Apply about 20 V between Anode and Cathode by varying V1.

2)Keep the load potentiometer R1 at minimum position.

3)The device must be in the OFF state with gate open.

4) Gradually increase Gate voltage - V2 till the device turns ON.

5) This is the minimum gate current ( Igmin) required to turn ON the device.

6) Adjust the gate voltage to a slightly higher.

7) Set the load potentiometer at the maximum resistance position.

8) The device should comes to OFF state, otherwise decrease V1till the device comes to

OFF state.

9) The gate voltage should be kept constant in this experiment.

10) By varying R1, gradually increase load current IA in steps.

11) Open and close the Gate voltage V2 switch after each step.

12) If the anode current is greater the latching current of the device, the device stayson
even after the gate switch is opened. Otherwise the device goes into blocking mode as
soon as the gate switch is opened.

13)Note the latching current. Obtain the more accurate value of the latching current by
taking small steps of IA near the latching current value.
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4. To find Holding current:
1) Increase the load current from the latching current level by load pot R1 or V1.
2) Openthe gate switch permanently. The Thyristor must be fully ON.
3) Now start reducing the load current gradually by adjusting R1. If the SCR does not
turns OFF even after the R1 at maximum position, then reduce V1.
4) Observe when the device goes to Blocking mode. The load current through the device
at this instant, is the holding current of the device.
5) Repeat the steps again to accurately get the Ih. Normally Ih <l
IG -8.5mA approximately
IL-45mA.
Ih-25mA.

+1 A4




CHARACTERISTICS OF TRIAC:
AIM: To plot the characteristics of an TRIAC and to find the holding current and latching current.
APPARATUS:

1) Characteristics Study unit

2) Meter Unit (3 Y2 digit Voltmeters -2Nos) 200V, 20V-1No. each
(3 %2 digit Ammeters -2Nos) 2A, 20mA -1No.each

Characteristics of TRIAC

10-500mA R1 ;
vi [
@ 0-50V /T

Device: BTA -41B.
Specifications:

1. Vdrm : 600 V.

2. | trms 140 A.

3. | tsm - 300 A.

4, 1%t : 450 A?s.
5. di/dt : 50 A/ us.
6. | gt : 50 mA.

7. V gt :15V.

8. I h :30 mA.
9. I : 50 mA.
10. dv/dt : 250 V / us.




PROCEDURE:-

1. V-1 Characteristics:

1) Make the connections as given in the circuit diagram including meters.

2) Now switch ON the mains supply to the unit and initially keep V1 &V2 at minimum.

3) Set load potentiometer R1 in the minimum position.

4) Adjust IG —1G1 say 10 mA by varying V2 or gate current potentiometer R2.

5) Slowly vary V1 and note down V T2 T1 and IL readings for every 5 Volts and entered the
readings in the tabular column.

6) Further vary V1 till Triac conducts, this can be noticed by sudden drop of VV T2 T1 and rise of IL
readings note down this readings and tabulated.

7) Vary V1 Further and note down IL and V T2 11 readings. Draw the graph of V12 T1 V/s IL. Repeat
the same for 1IG=1G2 /IG3 and draw the graph.

IG =1G1=mA IG=1G2=mA

VT2T1 IL VT2T1 IL

3. To find latching current:

1) Apply about 20V between MT2 and MT1 by varying V1.

2) Keep the load potentiometer R1 at minimum position. The device must be in the OFF
state with gate open.

3) Gradually increase Gate voltage - V2 till the device turns ON. This is the minimum gate
current ( Igmin) required to turn ON the device.

4) Adjust the gate voltage to a slightly higher.
Set the load potentiometer at the maximum resistance position.

5) The device should comes to OFF state, otherwise decrease V1 till the device comes to

OFF state.

6) The gate voltage should be kept constant in this experiment. By varying R1, gradually
increase load current IA in steps.

7) Open and close the Gate voltage V2 switch after each step.

8) If the anode current is greater the latching current of the device, the device stayson even
after the gate switch is opened.

9) Otherwise the device goes into blocking mode as soon as the gate switch is opened.

10) Note the latching current. Obtain the more accurate value of the latching current by
taking small steps of IA near the latching current value.




4. To find Holding current:

1) Increase the load current from the latching current level by load pot R1 or V1.

2) Open the gate switch permanently. The Triac must be fully ON. Now start reducing the
load current gradually by adjusting R1.If the Triac does not turns OFF even after the R1

at maximum position, then reduce V1.

3) Observe when the device goes to Blocking mode. The load current through the device at
this instant, is the holding current of the device. Repeat the steps again to accurately get

the Ih. Normally Ih < IL.
IG -10mA approximately
IL-14mA. approximately
Ih-12mA. Approximately
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CHARACTERISTICS OF MOSFET:
AIM: To plot the Trans conductance & Drain characteristics of MOSFET .
APPARATUS:

1) Characteristics Study unit

2) Meter Unit (3 Y2 digit Voltmeters -2Nos) 200V, 20V-1No. each
(3 %2 digit Ammeters -2Nos) 2A, 20mA -1No.each

Characteristics of MOSFET

0-500mA
(D) :941
o/
i - Vi
i QDS 0-50V AT
AT V2 '
Vo)
0-15 <GS
DEVICE- IRF 740.
Specification:
1. V Dss—Drain to Source : 400 volts.
Breakdown voltage.
2. Rds (on) - On state Resistance : 0.55 ohms.

3. I D - continuous drain current—25*C : 10 Amps.
4. 1 D - continuous drain current - 100* C: 6.3 Amps.
5. RoJC - Max thermal resistance : 1*C/Wiatt.
6. P D Max — Power dissipation @ 25* C : 125 watts.




Trans Conductance Characteristics:-

1) Make the connections as shown in the circuit diagram with meters.

2) Initially keep V1and V2 zero. Set V1=VDs1=say 10V.Slowly vary V2(vGs) and note
down ID and VGs readings for every 0.5 Volts. and enter in the tabular column.

3) The minimum gate voltage VGS which is required for conduction to start in the
MOSFE is called Threshold Voltage VGS(Th).

4) If VGs is less than VGs (Th) only very small leakage current flows from Drain to
Source.

5) If VGs is greater than VGS(Th), the Drain current depends on magnitude of the Gate
Voltage. VGS varies from 2 to 5Volts.

6) Repeat the same for different values of VDs and draw the graph of 1D V/S VGs.

TABULAR COLUMN :-

V1=VDs1 =10 Volts.| V1 =VDSs2 =30 Volts

\V GS Volts ID ma VGS Volts | IDma

Drain Characteristics :-

1) Initially set V2to VGsi= 3.5 Volts.

2) Slowly vary V1 and note down IDand VDs. For a Particular value of VGSithereis a
pinch off voltage ( Vp) between drain and source as Shown in figure.

3) If VDs is lower than Vp, the device works in the constant resistance
region and ID is directly proportional to VDS. If VDs is more than Vp, constant ID
flows from the device and this operating region is called constant current region.

4) Repeat the above for different values of VGs and note down ID V/S VDS

5) Draw the graph of | D V/SVDs for different values of VGs.
TABULAR COLUMN :-

V2 =VGes= 3.5Volty V2=VGs=3.8 Volts
VDS Volts [ ID ma VDS Volts| ID ma




4 \V/Ds = 25v

V es(Th) V bs

[13.5V

TRANS CONDUCTANCE CHARACTERISTICS

IDin
mA
V 6s= 3.6V
V Gs = 3.55V
V es= 3.5V
V bs

DRAIN CHARACTERISTICS




CHARACTERISTICS OF IGBT:
AIM: To plot the Transfer & Collector characteristics of IGBT .
APPARATUS:

3) Characteristics Study unit

4) Meter Unit (3 %2 digit Voltmeters -2Nos) 200V, 20V-1No. each
(3 %2 digit Ammeters -2Nos) 2A, 20mA -1No.each

Characteristics of IGBT

0-500mA R1

- +
(1) N
&/ N

£ @oa s

AT V2 +

Voo
o-15v_<GE

Device - IRGBC 20S .
Specifications-

1. V ces - Collector to emitter voltage : 600 volts.
2. Max Vce(on) — Collector to emitter voltage : 3.0 volts.
3. Ic - continuous collector current @ 25* C : 19 Amps.
4. Ic—continuous collector current @ 100* C  : 10 Amps.

5. Pd max - Maximum power dissipation : 60 watts.




Transfer Characteristics :-

1) Make the connections as shown in the circuit diagram with meters.

2) Initially keep V1 and V2 zero. Set V1= VCE1= say 10V.Slowly vary V2 (VGE) and note
down Ic and VGE readings for every 0.5 Volts. and enter in the tabular column.

3) The minimum gate voltage VGE which is required for conduction to start in the IGBT
is called Threshold Voltage VGE(Th).

4)If VGE is less than VGE (Th) only very small leakage current flows from Collector to
Emitter.

5) If VGE is greater than VGE(Th), the Collector current depends on magnitude of the Gate
Voltage. VGE varies from 5 to 6Volts.

6) Repeat the same for different values of Vcand draw the graph of IcV/S VGE.

TABULAR COLUMN :-

V1= vCcEl =10 Volts. |V1 =vcE2 =30 Volts

V GE Volts ID ma VGE Volts| IDma




Collector Characteristics :-

1) Initially set V2to VGE1=5 Volts. Slowly vary V1 and note down ICand VGE.

2) For a Particular value of VGE1thereis a pinch off voltage ( Vp) between Collector and
Emitter as Shown in figure.

3) If VGE is lower than Vp, the device works in the constant resistance
region and IC is directly proportional to VGE.

4) If VGE is more than Vp, constant IC flows from the device and this operating region is
called constant current region.

5) Repeat the above for different values of VGE and note down IC V/S VGE

6) Draw the graph of | c V/S VGE for different values of VGE.

TABULAR COLUMN :-

V2 =VGE= 5.0 Volt§ V2=VGE=5.2Volts
VCE Volts | Ic mA | VCE Volts| Ic mA




4 \V/CE = 25v

V ce

TRANSFER CHARACTERISTICS

Icin J V GE = 5.25V
mA

V GE =5.2V

V GE=5.15V

V GE=5.1V
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V ce

COLLECTOR CHARACTERISTICS
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Experiment no. 2

Objective: Draw the dynamic characteristics of IGBT, MOSFET and thyristor.

This unit mainly consists of following components sufficient to conduct the turn ON and turn OFF
of SCR ,MOSFET.

a) TYN 616

b) MOSFET : IRF 840

c) Variable DC supply from 2.5v to 30v @ 500mA.
d) Variable frequency square wave generator

e) A Resistive load.

Front panel details:-

1. Mains : Power ON/OFF switch to the unit with builtin indicator.

2. Vdc : Variable DC power supply from 2.5v to 33v @ 1A using
IC regulator.

3. S1 : ON/OFF Switch for - Vdc.

4. VA : Square wave supply of variable frequency.

5. FREQUENCY : Potentiometer to vary the frequency of Square wave generator

6. S2 : ON/OFF switch for VA.

7.+ gate of MOSFET/SCR .

8. SOURCE : Square wave generator — output terminal to connect Source of
MOSFET & cathode of SCR.

9. SCR : 616 gate,anode and cathode Terminals.

10. MOSFET : IRF 840 Drain, Source and Gate: Mosfet terminals.

11. RL - Resistive load — 220 ohms/25watts

The above items can be used to conduct SCR , MOSFET switching characteristics.

THEORY :-

Static and switching characteristic of power device are always taken in to consideration for
economical and reliable design of equipment. This Trainer is mainly designed to study the
switching or dynamic (or) Transient Characteristics of MOSFET and SCR and also observe and
compare the switching characteristic of different ratings of MOSFET and SCR




During Turn ON and Turn OFF Process the power Devices are subjected of different voltage across
it and different currents through it. The time variations of the voltage across power devices and the
current through it during Turn ON and Turn OFF processes give the dynamic (or) switching
characteristics of the device.

Power diodes are uncontrolled devices. In other words, their turn-on and turn-off characteristics are
not under control. Power transistors, however, possess controlled characteristics. These are turned
on when a current signal is given to base, or control, terminal. The transistor remains in the on-state
so long as control signal is present. When this control

is removed, a power transistor is turned off.

SWITCHING CHARACTERISTICS OF MOSFETS :-

A metal —oxide semiconductor field effect transistor (MOSFET)is a recent device developed by
combining the areas of field effect concept and MOS technology.

A power MOSFET has three terminals called drain (D), source (S) and gate (G) in place of the
corresponding three terminals collector, emitter and base for BJT. The circuit symbol of power
.MOSFET is as shown in Fig. (a). Here arrow indicates the direction of electron flow. A BJT is a
current controlled device whereas a power MOSFET is a voltage-controlled device. As its operation
depends upon the flow of majority carriers only, MOSFET is a unipolar device. The control signal,
or base current in BJT is much larger than the control signal (or gate current) required in a
MOSFET. This is because of the fact that gate circuit impedance in MOSFET is extremely high, of
the order of 10 9 ohm. This large impedance permits the MOSFET gate to be driven directly from
microelectronic circuits. BJT suffers from second breakdown voltage whereas MOSFET is free
from this problem. Power MOSFETS are now finding increasing applications in low-power high
frequency converters.

Power MOSFETS are of two types ; n-channel enhancement MOSFET and p-channel enhancement
MOSFET. Out of these two types, n-channel enhancement MOSFET is more common because of
higher mobility of electrons. As such, only this type of MOSFET is studied in what follows.

A simplified structure of n-channel planar MOSFET of low power rating is shown in Fig.

On p-substrate (or body), two heavily doped n+ regions are diffused as shown. An insulating layer
of silicon dioxide (Si02) is grown on the surface. Now this insulating layer is etched in order to
embed metallic source and drain terminals. Note that n+ regions make contact with source and
drain terminals as shown. A layer of metal is also deposited on Si02 layer so as to form the gate of
MOSFET in between source and drain terminals, Fig. .

When gate circuit is open, junction between region below drain and p-substrate is reverse biased by
input voltage VDD. Therefore, no current flows from drain to source and load. When gate is made
positive with respect to source, an electric field is established as shown in Fig. (b). Eventually,




induced negative charges in the p-substrate below Si02 layer are formed thus causing the p layer
below gate to become an induced n layer. These negative charges, called electrons, form n-channel
between two n+ regions and current can flow from drain to source as shown by the arrow. If VGS is
made more positive, induced n-channel becomes more deep and therefore more current flows from

D to S. This shows that drain current ‘D is enhanced by the gradual increase of gate voltage, hence
the name enhancement MOSFET.

Switching characteristics. The switching characteristics of a power MOSFET are influenced to a
large extent by the internal capacitance of the device and the internal impedance of the gate drive
circuit. At turn-on, there is an initial delay tdn during which input capacitance charges to gate
threshold voltage VGST Here tdn is called turn-on delay time.

There is further delay tr, called rise time, during which gate voltage rises to VGSP, a voltage
sufficient to drive the MOSFET into on state. During tr. drain current rises from zero to full-on
current 1D Thus, the total turn-on-time is ton, = tdn + tr. The turn-on time can be reduced by using
low-impedance gate-drive source.

As MOSFET is a majority carrier device, turn-off process is initiated soon after removal of gate
voltage at time t1. The turn-off delay time, tdf, is the time during which input capacitance
discharges from overdrive gate voltage V1 to VGSP. The fall time, tf, is the time during which
input capacitance discharges from VGSP to threshold voltage. During tf, drain current falls from
‘ID to zero. So when VGS <VGST, PMOSFET turn-off is complete. Switching waveforms for a
power MOSFET are shown in Fig. 2.18 (b).
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PROCEDURE USING MOSFET :-

R-LOAD (220 Ohms/25w)

gnd VMWV (Ch-1)

Drain

7_’1 Vdc

Gate

Source
VA +(channel-2 invert)

CIRCUIT DIAGRAM
1) Switch ON the mains supply to the unit.
2) Check Vdc power supply by varying amplitude potentiometer.
3) Check square wave (VA) by varying Frequency potentiometer.
4) Make sure that VVdc, VA are proper connecting to the MOSFET.
5) Make the connections as given in the circuit diagram.
6) Switch ON Vdc.Adjust VVdc between 10V tol5V.

7) Switch ON VA and observe voltage wave form across load
and device(MOSFET) using digital storage oscilloscope.

8) Draw the wave forms at Turn —on and Turn — off period.

9) Repeat the same for different values of VVdc and different frequency of VA.
Note :- To observe the waveform across load and device connect channel-1 of CRO across load and
connect channel-2 (invert) of CRO across device and adjust trigger knob in CRO to get still

waveform of both across device and across load.
SFET AND IGBT is studied
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Experiment no. 3

Objective: To study different SCR commutation circuits.
Equipment Required:

a. Forced Commutation study unit.
b. CRO
c. Resistive loads — 100 ohms / 25 watts

Description:
This unit consists of two parts: - Power Circuit and Firing circuit sufficient to study

Class A Commutation-Self Commutation by load resonance.

Class B Commutation — Self Commutation by LC circuit

Class C Commutation — Complimentary SCR commutation

Class D Commutation — Auxiliary SCR commutation.

Class E Commutation With an external source of pulse for commutation.

® 00T

Power Circuit:

This part consists of the following components to build different commutation circuits with
different values of commutation components:

2 SCRs, a diode, 2 different values of commutation capacitors to get different value of
commutation capacitance by individual, series and parallel connection and a
commutation inductor with tappings at different points and a transistor for class E
commutation.

Unregulated DC power supply of 24V @ 1 Amp is provided to use as DC input for commutation
circuits.

Firing Circuit:

This part generates triggering pulses to fire two SCRs connected in different forced commutation
circuits. The frequency and duty cycle can be varied using potentiometers.

Front Panel Details:

=

1. POWER : Power ON/OFF switch to the unit with builtin indicator.
2. FREQUENCY : Potentiometer to vary the frequency of commutation from 50 Hz to 250Hz
approximately.
3. 3.DUTY CYCLE : Potentiometer to vary the duty cycle from 10% to 90%
approximately.
4. TRIG.OUTPUT ON/OFF : ON/OFF Switch for mains pulse Ti.

N




5. GATE / CAT : Positive and Negative points of trigger outputs to connect to Gate and
Cathode of SCRs.

6. T1: Trigger output for SCR Ti — 200 us pulse.

7. T2 :Trigger output for SCR T2 — 200 us pulse.

8. VdcIN : 24V @ 2A unregulated DC supply is available at this

9. 9. ON : ON/OFF switch for DC supply.

10. 10. FUSE : 2 Amps glass fuse DC power supply protection.

11.11. + : DC Power supply point after switch and fuse.

12.12. D : Free wheeling diode — BYQ 28 200.

13.13. T1 &T2 SCRs — TYN 616.

14.14. Tr : Transistor TIP 122.

15. Commutation

Inductance — LI : 250 mH.
-L2: 500 mH
-L3: 1mH.
16. Commutation
Capacitance — Cl: 4.7 mF / 100V
-C2: 10.0 mF/ 100V
Back Panel Details:
Mains socket with builtin fuse holder. The fuse holder has a spare fuse along with the
fuse in the circuit. If the fuse goes remove the blown fuse and replace with he spare fuse.

Fusc IA fast blow glass fuse.

Procedure:

1. Switch On the mains supply to unit and observe the trigger outputs by varying frequency
and duty cycle potentiometer and make sure that the pulse output are proper before
connecting to the power circuit. Check the DC power supply between the DC Input
points.

2. Check all the devices. Check the resistance between the Gate and Cathode of SCRs.

3. Check the resistance between anode and cathode. Check the diode and its polarity.
Check the transistor and its polarity. Check the fuse in series with the DC input.




CLASS A COMMUTATION: - (Self commutation by resonating load)

The current reversing property of the LC load will force the device commutation. LC and R
values are chosen such that the circuit is underdamped.

Since the commutation elements carry load current on a continuous basis. These ratings are
generally high. For low frequency operation large value of L & C is required, make the cost of
the commutation circuit prohibitive. This commutation is commonly employed in series inverters
operating at frequencies above 400 Hz.

hIS
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Procedure: -
1)Make the interconnections in the power circuit as shown in the circuit diagram.
2) Connect trigger output T1 to gate and cathode of SCR T1.

3)Switch on the DC supply to the power circuit and observe the voltage waveform across load by
varying the frequency Potentiometer.




4)Duty cycle potentiometer is of no use in this experiment.

5)Repeat the same for different values of L, C and R.
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CLASS-B COMMUTATION: (Self Commutation by an LC circuit) :-

In this type of commutation reverse voltage is applied to the thyristor by the over swinging of an
Under damped LC circuit connected across the Thyristor. Capacitor charges up to the supply
voltage before the trigger pulse is applied to the gate. When the thyristor is triggered, two
currents flow, a load current through the external circuit and a pulse of current through LC
circuit and thyristor in opposite direction. This resonant current tends to turn - off the thyristor.

f 1 ==

24V

PROCEDURE: -

1)Make the interconnections as shown in the circuit diagram, connect trigger output T1 to Gate
and cathode of SCR T1.

2)Switch on the DC supply to the power circuit and observe the voltage wave forms across load
by varying the frequency, potentiometer. Duty cycle potentiometer is of no use in this
experiment.

3) Repeat the same for different values of L, C and R
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CLASS-C (Complimentary) Commutation: -

This commutation is used to transfer current between two loads. The firing of one thyristor
Commutates the other one. Both the thyristors are conducting the load current. However in Some
cases (Choppers) the thyristor used for turn-off may carry very small amount of Current required
for charging. In such case thyristor is called auxiliary Thyristor.

;7L —

PROCEDURE:

1)Make the interconnections as shown in the circuit diagram. Connect T1 and T2 from firing
Circuit to Gate and Cathode of Thyristor T1 and T2.

2)Observe the wave forms across R1, R2, C by varying frequency and also duty cycle
potentiometer.

3) Repeat the same for different values of C and R in this circuit L is of no use.
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CALASS E-COMMUTATION-WITH AN EXTERNAL SOURCE OF PULSE FOR
COMMUTATION:

V2

| ' W (- T1 ;Z

In class E turn off reverse voltage is applied to the load carrying thyristor from an external
Source across or in series with the conducting thyristor. The turn off time of the thyristor is
Smaller than the width of the pulse. The conducting period of the thyristor is from the instant Of
application of triggering pulse till the external turnoff voltage is applied. When Tr is Triggered,
load current flows. This connects the negative auxiliary voltage to the thyrsitor to Turn it off.

PROCEDURE:-

1)Make the connections as shown in the circuit diagram. Connect V2 supply from an external
DC power supply unit.

2)Connect the trigger output T1 from the firing circuit to the SCR.

3)Connect T2 to the Transistor base and emitter points. Switch on the DC supply and external
DC supply.

4) Switch on the trigger output and observe and note down the waveforms across the load.

5) Repeat the same by varying frequency and duty cycle.
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Experiment no. 4

Objective: To perform UJT firing circuit and study DSO

CONTENTS

FRONT PANEL DETAILS

BACK PANEL DETAILS

THEORY

CONNECTION DIAGRAM FOR UJT RELAXATION
OSCILLATOR

5. CONNECTION DIAGRAM FOR UJT FIRING CIRCUIT
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UJT FIRING CIRCUIT - UJF

This unit consists of the following components to study firing of SCR using UJT
relaxation oscillator. This can also be used to study UJT relaxation oscillator in
unsynchronized mode.

a) A step down transformer — 20V / 1A.

b) UJT relaxation oscillator circuit.

c) Pulse transformer isolation for SCR triggering.
d) SCR.

This unit can be used to trigger triac and also 2 SCR’s can be triggered in the following
power circuits.

a) Single phase Half wave converter — 1SCR.

b) Single phase Full wave converter — 2SCRs.

c) Single phase Half controlled bridge converter — 2SCR’s 2diodes.

d) Single phase AC phase control using SCRs — 2SCR’s

e) Single phase AC phase control using Triac.

This unit can also be used to study oscillator circuit using UJT.

FRONT PANEL DETAILS: -
1. MAINS : AC Supply ON/OFF switch to the unit with builtin indicator.

2. AC : 20V / 1A AC supply for UJT relaxation oscillator and SCR
firing from a step down transformer.

3.CF : Filtering capacitor — 100mF/35V to study relaxation oscillator
using UJT. In this exptt. Short Cf terminal to diode Bridge O/p
to get filtered rectified DC and the UJT relaxation oscillator
works in asynchronous mode.

4.DZ : Zener diode — 15V/1Watt. To limit the supply to UJT.

5 RC : Potentiometer to vary the firing angle in synchronous mode and
to vary the frequency of oscillator in asynchronous mode.

6. UJT : 2N 2646.

7.B1,B2, E : Basel, Base2 and emitter points of UJT.

8.T1&T1 : Pulse Transformer isolated pulse O/ps to trigger SCR.
9.SCR : TYN 612 — 12A/600V.

A — Anode K — cathode & G — Gate points.




BACK PANEL DETAILS: -

1. Two Pin mains cable.
2. Fuse holder. Fuse — 1A fast blow glass fuse.

PROCEDURE:

1. Firing of SCR using UJT.

Switch ON the mains supply observe and note down the wave forms at the different points
In the circuit and also the trigger O/ps — T1, & T1’. Make sure that the pulse transformer
O/ps T1 & T1’ are proper and synchronized.

Now make the connections as given the circuit diagram using AC source, UJT relaxation
Oscillator, SCR and a suitable load.

Now switch ON the mains supply, observe and note down the output waveforms across load
And SCR. Draw the wave forms at different firing angle — 120, 90 & 60. In the UJT firing
Circuit the firing angle can be varied from 1500 — 300 approximately. We cannot vary from
Exact 00- 1800 as we vary in single phase converter firing circuit.

This is one of the simplest method of SCR triggering. We can also fire SCR’s in the different
Power circuits as described earlier.

2. UJT Relaxation Oscillator:

To Study oscillator using UJT, short CF to the diode bridge rectifier to get filtered DC output.
Now we will get the equidistant pulses at the o/p of pulse transformer. The frequency of the
pulses can be varied by varying the potentiometer RC.




THEORY

UJT TRIGGERING CIRCUIT:

The charging rate of the capacitor C is varied as the Rc pot is varied. When capacitor voltage
reaches the threshold voltage (nVbb) of the UJT, the UJT is turned on. The capacitor
discharged quickly through the pulse transformer. And a pulse (Vg) is produced at the
secondary of the pulse transformer in every discharging period of the capacitor. These output
pulses of the relaxation oscillator, as this UJT circuit is commonly known, are synchronized
with respect to the applied ac voltage and are used for firing thyristors. The pulse transformer
provides isolation between the power & firing circuits. The angle between the initial point of a
half — cycle and the first pulse in a half — cycle, is the firing angle of the thyristor. Other pulses
in the half-cycle have no effect because once a thyristor is turned on, it can be turned off only
after the anode — current reaches below the holding current of the thyristor.

Observe the voltage waveforms at different points in the circuit. It can also be observed that the
period t between the pulses in a half — cycle is approximately given by RC, whereR is the total
resistance of the charging circuit. Since t= RC log e

Where n intrinsic stand — off ratio of the UJT. It generally, varies from 0.65 to 0.8. If n = 0.65
thent [ RC.

Two essential requirements are given below to ensure that the firing pulses of a UJT firing
circuit, can fire the thyristor.

1. The stored capacitor energy (Pc) at the instant of the switching of the UJT, must be greater
than the minimum energy required by the gate — cathode junction for firing the thyristor.
Pc=%CV2c=%(nvbb)2C

2. And total charging resistance R of the capacitor must satisfy the equation
Vbb - Vp >R >Vbb - Vv

Ip Iv
We are
Vp Emitter voltage at peak point in the UJT characteristics
Ip Emitter current at peak point in the UJT characteristics
AVAVAR: Emitter voltage at valley point in the UJT characteristics
v Emitter current at valley point in the UJT characteristics

Vbb : Applied dc voltage at the base — 2 (B2) of the UJT.




HALF & FULL WAVE RECTIFIER USING UJT
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UJT FIRING CIRCUIT

Cr
()
MAINS \_/ |

Connection Diagram

UJT FIRING CIRCUIT




VARIOUS WAVEFORMS FOR HALF WAVE CONVERTER USING UJT
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Experiment no. 5

(A) SINGLE PHASE HALF CONTROLLED BRIDGE CONVERTER
AIM: To study the single phase half controlled bridge converter with R & RL Load.

Apparatus required :

S.No | Equipment Range Type Quantity

1 Single phase half controlled
bridge converter power
circuit and firing circuit

CRO with deferential MODEL

Patch chords and probes

Isolation Transformer

Variable Rheostat

Inductor

DC Voltmeter

V(NP W|IN

DC Ammeter

CIRCUIT DIAGRAM:

ISOLATION TRAHSFORMER

SINGLE PHASE HALF CONTROLLED BRIDGE CONVERTER

PROCEDURE:

1. Make all connections as per the circuit diagram.

2. Connect first 30V AC supply from Isolation Transformer to circuit.

3. Connect firing pulses from firing circuit to Thyristors as indication in circuit.

4. Connect resistive load 2000/5A to load terminals and switch ON the MCB and IRS

switch and trigger output ON switch.



5. Connect CRO probes and observe waveforms in CRO, Ch-1 or Ch-2, across load and device in single
phase fully controlled bridge converter.

6. By varying firing angle gradually up to 180° and observe related waveforms.

7. Measure output voltage and current by connecting AC voltmeter & Ammeter.

8.Tabulate all readings for various firing angles.

9.For RL Load connect a large inductance load in series with Resistance and observe all waveforms and

readings as same as above.

10. Observe the various waveforms at different points in circuit by varying the Resistive Load and

Inductive Load.

11. Calculate the output voltage and current by theoretically and compare with it practically obtained

values.
TABULAR COLUMN:
S. No Input Firing angle | Output voltage (Vo) Output Current (lo)
Voltage in Degrees - - - -
(Vin) Theoretical | Practical Theoretical | Practical
1
2
3
4
5
6

Model Calculations:

MODEL GRAPH:

VOLTAGE

VOLTAGE

Vo = <@> X (1+cosa)

Iy = <%> X (1+cosa)

o= Firing angle

V= RMS value across transformer output

Output Voltage (Rosistive L.oad)

Output Wave Forms of Single Phase Half Controlled Bridge Converter




(B) SINGLE PHASE FULLY CONTROLLED BRIDGE CONVERTER WITH R AND RL LOADS
AIM: To study the single phase fully controlled bridge converter with R & RL Load.

Apparatus required :

S.No | Equipment Range Type Quantity

1 Single phase fully controlled
bridge converter power
circuit and firing circuit

CRO with deferential MODEL

Patch chords and probes

Isolation Transformer

Variable Rheostat

Inductor

DC Voltmeter

O IO W|IN

DC Ammeter

CIRCUIT DIAGRAM:

Single Phase Fully Controlled Bridge Converter
PROCEDURE:
1. Make all connections as per the circuit diagram.
2. Connect first 30V AC supply from Isolation Transformer to circuit.
3. Connect firing pulses from firing circuit to Thyristors as indication in circuit.
4. Connect resistive load 2000/5A to load terminals and switch ON the MCB and IRS
switch and trigger output ON switch.

5. Connect CRO probes and observe waveforms in CRO, Ch-1 or Ch-2, across load and device in single
phase fully controlled bridge converter.

6. By varying firing angle gradually up to 180° and observe related waveforms.



7. Measure output voltage and current by connecting AC voltmeter & Ammeter.
8.Tabulate all readings for various firing angles.

9.For RL Load connect a large inductance load in series with Resistance and observe all waveforms and
readings as same as above.

10. Observe the various waveforms at different points in circuit by varying the Resistive Load and
Inductive Load.

11. Calculate the output voltage and current by theoretically and compare with it practically obtained
values.

TABULAR COLUMN:

S. No Input Firing angle | Output voltage (Vo) Output Current (lo)
Voltage in Degrees - - - -
(Vin) Theoretical | Practical Theoretical | Practical

1

2

3

4

5

6

Model Calculations:

For RL load For R Load
Vo = (2\/—%) X cosa Vo = (%) X (1+cosa)
Iy = (%) X cosa Iy = (%) X (1+cosa)

o= Firing angle

V= RMS value across transformer output

MODEL GRAPH:
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Output Wave Forms of Single Phase Fully Controlled Bridge Converter
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Experiment no. 6

THREE PHASE FULLY CONTROLLED BRIDGE CONVERTER
INTRODUCTION

Three phase fully controlled bridge converter is the combination of a power module and a firing unit.
Power module consists of six SCRs, and a freewheeling diode.

Six fuses for thyristors & diode protection. The thyristors are mounted on individual heat sinks and
protected by fast fuses. A well-designed snubber circuit is provided for dv/dt protection. All the
terminals of the power module are brought out to front panel through BTI-15 terminals for connection
purposes.

Firing unit generates six-line synchronized firing pulses to trigger six SCRs of three phase fully controlled
bridge power circuit. Firing circuit is based on ramp generator, comparator, pulse generator, pulse
amplification & pulse triggering method. Gate pulses are taken out through isolation pulse transformer.
Load Voltage can be varied from Vmin to Vmax using firing angle knob. Firing circuit testing points are
taken out to front panels. All the terminals are brought out to front panel with BTI-15 terminals.

Devices of the power module internally connected to form three phase fully controlled bridge converter
power circuit. Gate pulses must be given to gate and cathode of respective SCRs from firing unit & firing
angle must be varied from the knob to get variable load voltage. AC inputs must be given externally
through isolation transformer while conducting experiment. External load must be connected while
doing experiment.

This unit can be used with resistance, resistance and inductance, and motor loads.

THREE PHASE HALF CONTROLLED BRIDGE CONVERTER
INTRODUCTION: -

Three phase half-controlled bridge converter is the combination of a power module and a fifing unit.
Power module consists of three SCR's, three diodes and a freewheeling diode. Six fuses for thyristors &
diode protection. The thyristors are mounted on individual heat sinks and protected by fast fuses. A
well-designed snubber circuit is provided for dv/dt protection. All the terminals of the power module are
brought out to front panel through BTI-15 terminals for connection purposes.

Firing unit generates three-line synchronized firing pulses to trigger three SCRs of three phase half-
controlled bridge power circuit. Firing circuit is based on ramp generator, comparator, pulse generator,
pulse amplification & pulse triggering method. Gate pulses are taken out through isolation pulse
transformer. Load Voltage can be varied from Vmin to Vmax using firing angle knob. Firing circuit testing
points are taken out to front panels. All the terminals are brought out to front panel with BTI-15
terminals.

Devices of the power module internally connected to form three phase half-controlled bridge converter
power circuit. Gate pulses must be given to gate and cathode of respective SCRs from firing unit & firing
angle must be varied from the knob to get variable load voltage. AC inputs must be given externally
through isolation transformer while conducting experiment. External load must be connected while
doing experiment. This unit can be used with resistance, resistance and inductance, motor loads.




THREE PHASE HALF & FULLY CONTROLLED CONVERTER POWER CIRCUIT: -24V/2A.

This power circuit consists of six SCR's & four diodes. These devices can use to build Three phase half
wave converter, three phase half-controlled bridge converter and Three phase circuits fully controlled
bridge converter and Three phase AC Voltage controller power. A freewheeling diode is provided to
observe the effect of freewheeling diode on inductive loads.

Each device in the unit is mounted on an appropriate heat sink and is protected by snubber circuit. Short
circuit protection is achieved using glass fuses. A three-pole switch is provided in series with the input
supply for switch ON/OFF the supply to the power circuit.

The front panel consists of input and output terminals. The Gate and Cathode of each SCR's brought out
on the front panel for firing pulse connection. A separate full wave bridge rectifier is provided in the unit
to get the DC supply for the field of DC Shunt Motors. The power circuit schematic is printed on the
front panel.

BACK PANEL DETAILS:

3 pin mains socket for Ac mains supply to field supply bridge rectifier. Glass fuse holders for 6 fuses in
series with each SCR's.

SEPCIFICATIONS:

Input Voltage : 24V AC 3Phase.

Load current : 2 Amps maximum.

SCR : (V) rrm 1200V, (1) av: 10Amps, 25TTSI2 International Rectifier Make.
Fuses : 2 amps glass fuses.

Heat Sink : PI-46, 50mm.

Snubber : R-250 Ohms/5 Watts

C-0.047 Microfarad/630V.
Field supply : 4 Amps / 600V + 10%

Switch : Three pole 16 amps / 415V.
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FRONT PANEL DETAILS: -

3-Phase Input R,Y,B : Terminals to connect 3-phase AC input from three phase Isolation Transformer.
Output : Terminals after the switch to be connected to power circuit.

Switch : Three pole 16Amps .AC power ON/OFF to the circuit

T1,T2,T3,T4,T5,T6 :SCR 25 TTS12-25 A/ 1200Volts

D2,D4,D6 : Diodes -SPR16 PB-16A/1200V
DM : Free wheeling diode - SPR16PB - 16 A/1200V
Field (+ and -) : Field supply for DC motor for motor control Experiments.

(with indicator)

BACK PANEL DETAILS:
Mains socket : For 230V AC mains supply to field supply bridge rectifier.

Fuse holders : 6 Glass fuses in series with each SCR's.




THREE PHASE POWER CIRCUIT

. j
3Ph AC — [solation Power
Load
Input Transformer Circuit
Firing
Circuit

Three Phase Experiments Block Diagram

1. Isolation Transformer: To suit three phase 440V / 50Hz supply ratio 1:1 KVA rating to suit the rating
with tapings at different voltages. Isolation of mains phase and neutral with measurement circuit. Serves
the purpose of dv/dt protection of SCR's and safe measurement of wave forms by using oscilloscope
isolation of Electric noise with mains.

2. Power Circuit: Different power circuit configuration are possible using SCR's and diode modules.

Half wave converter - 3 SCRS.

Half controlled converter - 3 SCRs & 3 Diodes.
Fully controlled converter - 6 SCRs.

AC Phase Control - 6 SCRs.

P wnhpRE

3. Firing Circuit: Each SCR of the above Power Circuit to be triggered using independently isolated
outputs using three phase converter firing unit. Trigger outputs phase sequence and variation to be
checked before connecting to the power circuit. Phase sequence to be compared with the power circuits
phase sequence.

4. Load: Load connections should include an ammeter and a current shunt for current wave form
measurements. Use freewheeling diodes wherever necessary.

Types of Loads :-

a) Resistance - 'R’

b) Resistance & Inductive load 'R' & 'L

c) Motor & Generator
Note: In case of DC motor control, field excitation is separate. Field supply should be ON before
giving armature supply. It should be OFF only after switch off the armature supply.

d) Lamp Load: Due to dv/dt limitation of SCR's and since the initial inrush current is 20 to 25 times
more than the load current in lamp loads, this can be done only with large safety factor.




Precaution: Initially keep the input voltage low and firing angle at 180°. Slowly increase the voltage to
the rated voltage and angle to 0°.

INSTRUCTIONS:
1. Check all the SCRS for performance before making the connections.
2. Check the firing circuit trigger outputs and its relative phase sequence.
3. Make fresh connections before you make a new experiment.
4. Preferably work at low voltages (20-30V) for every new connection after careful verification it

can be raised to the maximum ratings. (This is to reduce damages due to wrong connections and
high starting current problems)

The thyristor has a very low thermal inertia as compared to machine and by any over load or
short circuit the SCR will immediately get damaged. Therefore, do not switch ON the supply until
the instructor has checked the connections.

While observing the wave forms of two parameters on the oscilloscope, either differential input
oscilloscope should be used or special differential probes should be used with normal
oscilloscope. On normal oscilloscope observation of wave forms can be done with respect to
single common point only. Ground connections of other probe must be avoided. It will lead to
short circuit if ground connections of both the probes are used since they are internally shorted.
In no case should oscilloscope input ground point be disconnected. This is a dangerous practice.
Use 10:1 oscilloscope probe to see the wave forms at high voltages.

Do not make Gate & Cathode measurements when the power circuit is on.

PARAMETERS AND OBSERVATIONS:

ok wnN R

Input voltage wave form.

Output voltage wave form (across the load)

Output current wave form (through the shunt)

Voltage wave form across thyristors (make this measurement only if isolations is used)
Study of variation of voltage and current wave forms with the variation of firing angle.
Study of effect of freewheeling diode in case of inductive loads.

PROCEDURE:

THREE PHASE CONVERTER

1.
2.

Switch ON the Mains Supply to the Firing circuit.

Connect 3-ph /415V AC supply to RY B 3-ph IN terminals in the front panel for phase
synchronization. And also connect neutral point of 3-ph supply to the Green terminals provided
in the back panel.

Now switch ON the 3-ph supply. Observe RY B test signals with respect to ground. If all the
connections are proper we can observe 15V/3-ph signals at test points RY B.

Then observe all the test points by varying the firing angle and trigger o/p s using firing angle
potentiometer.

Then observe the trigger o/p s and three phase sequence. Make sure that all the trigger o/p s
are proper before connecting to the power circuit. 6) The trigger o/p pulse width is 6 m sec fixed
and its position moves as we vary the firing angle. The pulse width duration will not change as in
single phase firing circuit.




6. Inthree phase isolation transformer (24Volts)Connect primary in star and secondary connect in
star or delta.

7. Connect 24V tapping of the transformer secondary to R Y B input of the power circuit.

8. Connect the load 1000hms/2Amps rheostat between load points.

9. Connect firing pulses from the firing circuit to the respective SCR's in the power circuit.

10. Switch ON the three pole ON/OFF switch, switch ON the trigger o/p s and note down the voltage
wave forms across load and devices. 12) Draw the waveforms across load and device for
different firing angle.

TABULAR COLUMN
SI.No. | Input Voltage-Vin Firing angle Output voltage Output Current
1

AW N




Aim of the Experiment: -
To study 3-phase fully controlled bridge Rectifier on R and RL Load

Equipment Required: -

a) Control Circuit : 3-phase converter firing circuit

b) Power Circuit : 3-phase half and fully controlled converter power circuit -24V/2A
c) Source : 3-phase isolation Transformer - 24V/2A

d) Load : Resistive load -100 ohms/2Amps Rheostat. L-Load

0- 150MiilliHenry/2A

e) Test equipment : Power scope or CRO.

Procedure: -

a) Testing of Firing circuit: -

1. Connect 3-phase / 415 mains supply to the RY B - 3ph in terminals provided in the front panel.

2. Connect 3-phase neutral point to the green terminal provided in the back panel. Connect 3 pin
mains cable to the unit.

3. Switch ON the mains supply to the unit. Switch ON 3-phase supply for synchronization.

4. Now check RY B signals with respect to ground. If the proper neutral point is connected to the
back panel, we can observe clear RY B signals with 15V amplitude.

5. Check the trigger o/ps with their phase sequence. Compare this with the theoretical one.

6. The trigger o/p pulse width is 6m sec fixed and fixed position moves as we vary the firing angle
potentiometer.

7. Make sure that the trigger o/ps and their phase sequence are correct before connecting the
trigger pulses to the power circuit.

b) Testing of Power circuits: -

1. Check the Resistance between gate cathode of each SCR's.

2. It should show 20-2002. If the device is faulty, it shows zero resistance or very high resistance in
terms of K ohms.

3. Next check the resistance between Anode and Cathode of each SCR. It should show very high
resistance. If the device is faulty, it should show zero resistance.

4. Check the forward resistance of freewheeling diode. It should show some resistance 300 - 600. It
should show very high resistance in the order of K ohms in the reverse direction.

5. Check the continuity of Fuses provided in the back pane

6. Make sure all the device and fuses are correct before connecting input supply and firing pulses.




c) Interconnections : -

|
3-ph 3-ph Auto 3-ph Power \
415V Transformer [solation Circuit Load
415V : :
5 Transformer
INPUT Ml | ‘ ———
|
Firing
Circuit
A

1. Connections are made as shown in circuit diagram for three phase fully controlled converter
using six SCRs.

2. Connect Firing pulses T1,T2,T3,T4,T5,T6 in the firing circuit to the respective SCR's gate and
cathode provided for firing pulse connection.

3. Connect a R-load 100 ohms/2 Amps at the output terminals of the bridge rectifier.

4. Connect 3-phase AC input to the power circuit preferably through 3-ph Isolation Transformer
provided.

5. Connect this to RY B 3-ph IN terminals provided in the front panel of the power circuit. Connect
primary and secondary of Isolation Transformer in star - star configuration.

6. Use same RY B sequence to both firing circuit and power circuit.

7. Switch ON the 3-phase firing circuit trigger pulse in OFF condition and firing angle at 180°.

8. Check all the connections and conform connections made are correct before switching on the
instrument.

9. Next switch ON the 3-phase supply to the power circuit.

10. Switch ON the three phase ON/OFF switch.

11. Switch ON the firing pulse ON/OFF switch.

12. Vary the firing angle by varying the Firing angle potentiometer and observe the voltage
waveforms across the load.

13. If output is not varying by varying firing angle or sudden change in output voltage, Change
trigger pulses from T1 to T2, T3 to T4, & T5 to T6.and vice versa.

14. If the bridge output is coming properly, tabulate the reading as given in the Tabular column. And
draw the voltage waveforms across load and device for different firing angles.

15. Tabulate the parameters.

16. Connect the loading inductor (0-150mH) in series with Rheostat and observe the effect of R-L
load with and without freewheeling diode and observe the voltage waveforms across load and
devices.

17. Bring the firing angle knob to minimum (anticlockwise) position.

18. Switch off Three pole switch, firing unit & three phase AC mains.

Note: - 3-phase Isolation Transformer is necessary for safe measurement of parameters by isolating
ground also for di/dt limitation.

Experiment can also be conducted without Isolation Transformer if we have power scope or remove
ground pin of normal CRO (but it is not safe practice.




NOTE: -

Do not attempt to observe load voltage and input voltage simultaneously, if does so
input voltage terminal directly connected to load terminals due to the no isolation of
both channels of the CRO. While using dual channels on the CRO ensure that both the
ground terminals must be connected to the same point.

It is recommended to use low AC voltage when students are doing experiments to
eliminate electric shock.

Do not apply high voltage to CRO. 10:1 probe may be used while doing high voltage
measurements or use power scope.

Experiment can also be conducted without Isolation Transformer if we have power
scope or remove ground pin of normal CRO (but it is not safe practice)
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Tabular column for R-Load:

SIl. No Input Voltage Vin AC volts Firing Angle Output voltage Output current lo
Vo DC Volts DC Amps
Tabular column for R-L Load:
Sl. No Input Voltage Vin AC volts Firing Angle Output voltage Output current lo
Vo DC Volts DC Amps




Actual waveforms for 3ph. Fully controlled converter

LN

N )

1.8 0 R % 5 4 % % 0 N2 WL EAS 88, 88 ML RIS B NN

CH2u 2.0 M 2.56ms

Input waveform between R-Y Phases

L R

CHi= 288U

Input waveform between R-B Phases




F‘Hl- 1.6au

L‘&%f" "N.lw *« »b}t% \j!

llliilllllll||ill(lllll;llllillllllli

CHI—- E.BGU ' M 2, SBms CH1 7 0.66mL)
M Pos:8.80us

Load voltage waveform for R-Load (a=0°)




M 2.58ms
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Aim of the Experiment: To study 3-phase half-controlled bridge Rectifier on R and RL Load.

Equipment Required: -

a) Control Circui
b) Power Circuit
c) Source

d) Load

e) Test equipme

Procedure:

t : 3-phase converter firing circuit
: 3-phase half and fully controlled converter power circuit -24V/2A
: 3-phase isolation Transformer -24V/2A
: Resistive load -100 ohms/2Amps Rheostat. L-Load
0- 150MilliHenry/2A

nt : Power scope or CRO.

a) Testing of Firing circuit: -

1)

Connect 3-phase / 415 mains supply to the RYB - 3ph in terminals provided in the front
panel.

Connect 3-phase neutral point to the green terminal provided in the back panel.
Connect 3 pin mains cable to the unit.

Switch ON the mains supply to the unit. Switch ON 3-phase supply for synchronization.
Now check R Y B signals with respect to ground. If the proper neutral point is connected
to the back panel we can observe clear R'Y B signals with 15V amplitude.

Check the trigger o/ps with their phase sequence. Compare this with the theoretical
one.

The trigger o/p pulse width is 6m sec fixed and fixed position moves as we vary the firing
angle potentiometer.

Make sure that the trigger o/ps and their phase sequence are correct before connecting
the trigger pulses to the power circuit.

b) Testing of Power circuits :

1.

Check the Resistance between cathode of each SCR.




c) Interconnections: -

3-ph
415V
INPUT

| 3-ph Auto 3-ph Power ‘
['ransformer [solation Circuit Load I =
T'ransformer [
Firing ]

Circuit

1) Connections are made as shown in circuit diagram for three phase half-controlled
converter using three SCRS and three diodes.

2) Connect Firing pulses T1, T3, T5, in the firing circuit to the respective SCR's gate and
cathode provided for firing pulse connection.

3) Connect a R-load 100 ohms/2amp rheostat at the output terminals of the bridge
rectifier.

4) Connect 3-phase AC input to the power circuit preferably through 3-ph Isolation
Transformer provided (24V/2A).

5) Connect this to RY B 3-ph IN terminals provided in the front panel of the power circuit.
Connect primary and secondary of Isolation Transformer in star - star configuration.

6) Use same RY B sequence to both firing circuit and power circuit.

7) Switch ON the 3-phase firing circuit trigger pulse in OFF condition and firing angle at
180°.

8) Next switch ON the 3-phase supply to the power circuit.

9) Switch ON the three phase ON/OFF switch.

10) Switch ON the firing pulse ON/OFF switch.

11) Vary the firing angle by varying the Firing angle potentiometer. and observe the voltage
wave forms across the load.

12) If output is not varying by varying firing angle or sudden change in output Voltage,
Change trigger pulses from T1 to T2,T3 to T4,&T5 to T6..

13) If the bridge output is coming properly, tabulate the reading as given in the Tabular
column.

14) And also draw the voltage waveforms across load and device for different firing angles.

15) Tabulate the parameters and voltage waveforms with and without connecting the free
wheeling diode.

16) Tabulate the parameters.

17) Repeat the same for R - L load for different values of Inductance. Connect Loading
inductor (0-150mH/5A) in series with R-Load. Tabulate the parameters and observe the
voltage waveforms with and without connecting the freewheeling diode.

18) Bring the firing angle knob to minimum (anticlockwise) position.

19) Switch of three pole switch, firing unit & three phase AC mains..




NOTE: -

1. Do not attempt to observe load voltage and input voltage simultaneously, if does so input
voltage terminal directly connected to load terminals due to the no isolation of both channels of
the CRO. While using dual channels on the CRO ensure that both the ground terminals must be
connected to the same point.

2. Itisrecommended to use low AC voltage when students are doing experiments to eliminate
electric shock.

3. Do not apply high voltage to CRO. 10:1 probe may be used while doing high voltage
measurements or use power scope.

4. Experiment can also be conducted without Isolation Transformer if we have power scope or
remove ground pin of normal CRO (but it is not safe practice)
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Fig. 1 Three Phase half-controlled bridge with R load

Connection diagram for Three phase half-controlled converter with R-Load




D2 D4 D6

Fig. 2 Three Phase half-controlled bridge with RL load

Connection diagram for Three phase half-controlled converter with RL-Load

Tabular column for R-Load:

SI. No Input Voltage Vin AC Firing Angle Output voltage Vo Output current lo
volts DC Volts DC Amps

Tabular column for R-L Load:

SI. No Input Voltage Vin AC Firing Angle Output voltage Vo Output current lo
volts DC Volts DC Amps
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Experiment no.7

SINGLE PHASE AC VOLTAGE CONTROLLER: -

This unit consists of two parts: -
(a) 24V/ 1A step down Transformer.
(b) Firing unit and
(c) Power circuit sufficient to study the AC Voltage controller
using SCR and TRIAC.

1) FIRING UNIT: - This unit generates two pairs of pulse transformer isolated trigger
pulses to trigger to trigger two SCR’s and a triac. Firing angle can
be varied from 180° to 0° on a graduated scale using potentiometer.
ON/OFF switch is provided for trigger outputs with soft start facility.
A selector switch is provided for selecting SCR and Triac triggering.

FRONT PANEL DETAILS: -

1. Firing Angle : Potentiometer to vary the firing angle from 180° to Q°
2. ON/OFF : ON/OFF switch for trigger outputs with soft start feature
3. Trigger outputs : TRIG1 - SCR..
TRIG2 — SCR/TRIAC
4. Power : Mains ON/OFF switch to the unit with builtin indicator.

2) POWER CIRCUIT: - This unit consists of 2 SCR’s and a triac. All the devices are
mounted on proper heat sink and protected by snubber circuit
for dv/dt protection. All the terminals are brought out to front
panel. A switch is provided to switch ON/OFF the input supply
to the power circuit from step down transformer.

FRONT PANEL DETAILS: -

1. STEP DOWN TRANSFORMER : 24V @ 1 Amps terminals to connect
AC input to the power circuit

2.Tland T2 : SCR’s — 12 Amps / 600V.

3. TRIAC ; Triac — 12A / 600V.

4, LOAD : 220 ohm/25W




PROCEDURE: -

1)
2)
3)
4)

5)

6)
7)

8)

Switch on the mains supply to the firing circuit. And observe the trigger outputs
by varying the firing angle potentiometer and by operating ON/OFF switch.
Make sure that the trigger pulses are coming properly before connecting to the
power circuit. Two different power circuit can be build as given below.

Make the connections as given in the circuit diagram for single phase AC voltage
using SCR/TRIAC.

Then connect the trigger outputs T1 & T2 from firing circuit to
corresponding SCR’s /TRIAC.

Connect AC supply to the power circuit through step down transformer.

Connect the load of 220 Ohms LOAD.

Switch ON the step down transformer supply and trigger outputs and observe the
output voltage waveform across load. And not down output voltage, firing angle,
input voltage.

Note down output AC voltage

NOTE: - If there is no output even after all the proper connections, switch OFF the

Supply and just interchange the connections at step down transformer terminals.
This is to make the power circuit and firing to synchronize.

TABULAR COLUMN:-

Sl Input VVoltage Firing angle Output
No. voltage




DIFFERENT CIRCUITS: -

1.1Ph.AC voltage controller USING SCRS: -

T1

24V

230V T2
AC

ov

2. 1Ph.AC voltage controller USING TRIAC: -

TR
24V

ov
STEP DOWN TRANSFORMER

O>»O0or

O>»0Or




Actual waveforms for single phase AC voltage controller using SCR

Vin

VLoad

Input and Load voltage waveforms for R-Load((0=90°)

Vscrl

V/scr2

Voltage waveforms across SCR1 and SCR2 for R-Load(a=90°)




Actual waveforms for single phase AC voltage controller using TRIAC

VLoad

Vin

VLoad
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Experiment no. 8

Objective: To perform Buck and Boost chopper circuit.

EXPERIMENTS ON DC-DC CHOPPER:

The Chopper is used to convert a DC voltage of fixed amplitude to the DC of variable pulse
width. The output voltage is controlled by controlling the duty cycle of the chopper. These
choppers find application in variable voltage DC power supplies, battery chargers, electric
traction etc.

HOW TO CONDUCT THE EXPERIMENT:

Aim: To construct a chopper circuit and study its time ratio (TRC) controls. Apparatus: Chopper
module, CRO, connecting wires, Multimeter etc.,

Theory: Chopper converts fixed DC voltage to variable DC voltage through the use of
semiconductor devices. The DC to DC converters have gained popularity in modem industry.
Some practical applications of DC to DC converter include armature voltage control of DC
motors converting one DC voltage level to another level, and controlling DC power for wide
variety of industrial processes. The time ratio controller (TRC) is a form of control for DC to DC
conversion.

Time ratio controller (TRC) or chopper is basically a semiconductor switch as shown in fig.
MOSFET is connected between the source and the load. The switch is closed and opened
periodically such that the load is connected to, and disconnected from, the supply alternatively.
Thus the average voltage impressed on the load is controlled by controlling the ratio of ON
state interval to one cycle duration.

The most important factor that governs the performance of the chopper is the duty ratio. The
duty ratio can be controlled by changing the on period duration by keeping frequency constant.
changing the frequency of the chopper introduces different harmonics at different frequencies.
At some frequency of operation the harmonic contents are larger than the tolerable limits.
Therefore fixed frequency choppers with a variable on period technique are generally used.
Two types of choppers can be constructed using a MOSFET. One is step up chopper and other
one is step- down chopper.




POWER MOSFET STEPUP/STEP DOWN CHOPPER - 24V/1A

This unit consists of two parts:

a.

Control Circuit
Power Circuit

CONTROL CIRCUIT: This Unit generates pulse Width modulated (PWM)based gate drive
for the POWER MOSFET. Frequency of the chopper can be varied from 200Hz to 1KHz
approximately. Duty cycle of the chopper can be varied from 0% to 80%. ON/OFF switch
is provided for output with soft start feature.

POWER CIRCUIT: - This unit consist of a POWER MOSEFET mounted on a proper heat
sink protected by snubber circuit for dv/dt protection. A fuse is provided for short circuit
protection. And also consists of two diodes, one inductor and one electrolytic capacitor.

FRONT PANEL DETAILS: -

© 0N hWNR

FREQUENCY : Potentiometer to vary the frequency from 100Hz to 500Hz approximately.
DUTY CYCLE : Potentiometer to vary the Duty Cycle fro 0% to 80% approximately.
ON/OFF : Switch for driver output pulse with soft start.

+,- : Driver output to connect base and emitter of POWER MOSEFET.

G, D, S: Gate, Drain & Source terminals of POWER MOSFET. IRF 740-10A/400V.

D1, D2 : Diodes 6A

POWER : Mains switch for control circuit.

VDC IN : DC Power supply

ON : Switch for DC Supply to the Power Circuit.

10. L : Inductor - 40mH/2Amps.
11. C: Capacitor-470uf/200V.
12. R : Load Resistor- 22000hms/25 Watts




PROCEDURE FOR POWER MOSFET STEP UP CHOPPER

1.

No v k~wnN

8.
9.

Note:-

CRO.

Switch ON the mains by the control circuit and observe the output by varying the
frequency duty cycle, potentiometer.

Then connect the driver Output to Gate and Source of POWER MOSFET .

Make the step-up Chopper power circuit as shown in figure.

Connect DCinput

Connect R-Load of 2.2/ 25W Resistor provided in the unit.

Switch ON the input switch in series with the DC input.

Apply driver output Pulses to the POWER MOSEFET And observe the wave form at
different points like across Load, Inductor, across capacitor and across Device with R -
Load. And observe the effect of changing in ton and toff periods of the Power Mosfet
(At particular frequency) by varying the Duty cycle potentiometer.

Note down the voltage wave form across the load,POWER MOSFET, and across inductor.
Change the frequency and repeat the experiment.

Duty cycle can be measure by taking Ton and Toff periods at Driver output terminals on

Tabular Column F= .... Hz

SINo. | VpcIN | VL T on T oFF | Duty Cycle |
isee msec %o
1 10V
Duty Cycle=Ton ~ X100. Vo= Vs/1-D.Cycle
Ton+ T orr

For I/P 30 V ,If Duty cycle is 50% V0= 30/1-0.5 = 60V.




MOSFET BASED STEP-UP CHOPPER
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t
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STEADY STATE WAVEFORMS OF THE CIRCUIT

During toff- period the inductor voltage is EL=Vc - V. Under steady-state operation, the voltage
across the capacitor (Vc) is assumed constant due to a large value of capacitance. And also for
steady operation there must be zero average voltage across L-during the time period T (T = ton
+toff)




Theory:-

STEP-UP MOSFET BASED DC CHOPPER

Description

In the basic step-up chopper, The energy is stored in the inductor in the on-period of the switch
Sc. The current flows in the inductor L through the switch during Ton - period and the voltage el
across inductor in equal to V. when switch S, is opened, the stored energy in the inductance

discharged into the capacitor C and the load.
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BASIC CIRCUIT DIAGRAM OF THE STEP-UP CHOPPER
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(Ve=V) toff_Vton

2 =0 (1)
or v, = Mentlorp) _ YT (2)
toff Losf
And duty cycle, § = t"T" (3)

T-t t
or§=—2L =1
T T

T_

1
Or —
torr 1-8

(4)

From eq. (2) and (4)
14
Vc = 1T8 (5)
If duty cycle approaches zero (t,, = 0) then from eq.5
Ve=V

And when d approaches unity (t,, = T)

Then Vc=%=oo

Thus, theoretically the output voltage can be varied from V to as 8 is changed from 0 to 1.
Generally 8 is varied from 0 to 0.7.

A step-up power mosfet chopper as shown in the figure. The waveforms across different
components, diode D2 protects the mosfet against the negative surge voltage and the capacitor
C protects it against a positive voltage surge. So no additional protection circuit (snubber
circuit) is required for operating power mosfet as a switch in the step-up chopper.

The power delivered by the source is equal to the power consumed in the load and control
circuit of the transistor (Tr). Neglecting losses in the circuit,




VIS = eolo + VI

A 100W, 250V bulb is used as load. If the voltage across the bulb is now 100V, then the power
consumed by the load can be calculated as follows:

. v? 2502
Resistance of lamp (Rp)- W Te0 = 625 ohms

For a load voltage of 100V,

2
Power consumed (W, - % = 16 watts

Neglecting chopper losses,

I W 16watts_134
STV, 12wvolts amps

Since the same supply gives power (about ~ 2A) to the gate of the MOSFET, the total current
drawn from the power supply is around 3.5 amps.
Note that the chopper is operated at the higher possible frequency in order to minimize the

size of the filter.

PRECAUTIONS

1. Duty cycle should not exceed beyond 80%.
2. The total current drawn from the power supply must be monitored and should
be within the current rating of the power supply.




Different waveforms for MOSFET stepup chopper as observed on DSO
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MOSFET BASED STEP DOWN CHOPPER :-

A Chopper is a high speed on/off semiconductor switch. It connects source to load and
disconnects the load from source at a fast speed. A step down chopper using MOSFET is shown
in fig. During TON chopper is ON and load voltage is equal to source voltage Vs.. During the
interval Toff, chopper is off, load current flows through freewheeling diode and load voltage is
zero during Toff.. In this manner chopper load voltage is produced at the load terminals. In Buck
converter the average output voltage Vo is less than the Input voltage Vs.

Hence the name "BUCK" a popular converter. The circuit diagram using POWER MOSFET is
shown in fig. and this is like a step down converter.

The step down chopper requires only one MOSFET,is simple and has high efficiency greater
than 90%. The di/dt of the load current is limited by inductor L.How ever, the input current is
discontinuous and a smoothing input filter is normally required. It provides one polarity of
output voltage and unidirectional output current.

PROCEDURE FOR MOSFET BASED STEP DOWN
CHOPPER :-

1. Switch on the mains supply for control circuit. And observe the Driver output by Varying

the frequency, and duty cycle potentiometer
. Make the step-down chopper circuit as shown in figure.

3. Then connect the driver Qutput to Gate and Source of POWER MOSFET as shown in
figure. Connect R-Load of 25W Resistor provided in the unit.
Connect DCinput

5. Check all the connections and confirm connections made are correct before switching
on the equipment.

6. Switch ON the input switch in series with the DC input.

7. Apply driver output pulses to MOSFET and observe the load voltage waveform by
varying frequency and duty cycle.

8. Observe the Voltage Waveform across LOAD and the MOSFET by varying frequency and
duty cycle.

9. Output voltage & Current can be measured using DC voltmeter or digital multimeter
across Load points and DC ammeter or digital multi meter in series with load points.




POWER MOSFET STEPDOWN CHOPPER
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Different waveforms for MOSFET stepdown chopper as observed on DSO
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Tabular Column F=.................... Hz

Sl. No. VpcIN VL Ton
msec

TOFF
msec

Duty cycle %

Duty cycle= TTO—N X 100

oN*tToFF

Vo = D.cycle X Vs

For I/P 30V, if duty cycle is 50% Vo=0.5 X 30 =15 V
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Experiment no. 9

Experiment A
Objective: Study of Variable DC Voltage Section

Equipment Needed:

Oscilloscope: 20 MHz; ST201/Caddo 802 or equivalent
2 Multimeter: Scientech 4011 Handheld or equivalent
3 ST2720 single-phase bridge inverter

4 Patch cords and operating manual

5 BNC to test probe

P wWw NP e

Variable DC Voltage Section

T —y
. Adj..
Bridge Stable
AC i A
Rectfier Filter X votage
Regulator

Gnd

Figure 1

Procedure
Make sure that there is no connection on the board initially.

Connect the V+ and Gnd at their indicated position.

Connect the gate pulse from G1 & K1 to the G1 & K1 of SCR T1.
Connect the gate pulse from G2 & K2 to the G2 & K2 of SCR T2.
Connect the gate pulse from G3 & K3 to the G3 & K3 of SCR T3.
Connect the gate pulse from G4 & K4 to the G4 & K4 of SCR T4.
Connect the RLC load at its indicated position.

Switch 'on' the power supply.

© No Uk WwWwDN PR

Set the input DC Voltage above 6V and take the observation.




9. Set the input DC Voltage and observe the output waveform and output AC
Voltage across the load.
10. Connect the CHI of the oscilloscope to the RLC load and observe the output

waveform at the load terminals.
11. Observe the waveform of the single-phase bridge inverter as shown in the figure.

V(1)

\r

>
0 T2 T 3 r/zj 2T t (in secs)

Output waveform




Experiment B
Objective: Study of single-phase Bridge inverter with resistive capacitive load

Equipment needed:

Oscilloscope: 20 MHz; ST201/ Caddo 802 or equivalent
Multimeter: Scientech 4011 Handheld or equivalent
ST2720 single-phase bridge inverter

Patch cords & operating manual

BNC to test probe

vk wN e

Make sure that there is no connection on the board initially.

Connect the V+ and Gnd at their indicated position.

Connect the gate pulse from G1 & K1 to the G1 & K1 of SCR T1.
Connect the gate pulse from G2 & K2 to the G2 & K2 of SCR T2.
Connect the gate pulse from G3 & K3 to the G3 & K3 of SCR T3.
Connect the gate pulse from G4 & K4 to the G4 & K4 of SCR T4.
Connect the RC load at its indicated position.

Switch 'on' the power supply.

Set the input DC Voltage above 6V and take the observation.

O N A WNPR

Set the input DC Voltage and observe the output waveform and output AC Voltage

across the load.

10. Connect the CH1 of the oscilloscope to the RC load and observe the output waveform at
the load terminals.

11. Observe the waveform of the single-phase bridge inverter as shown in the figure.

t (in secs)

Output waveform




Experiment C

Objective: Study of single-phase Bridge inverter with LC load.

Equipment needed:

1. Oscilloscope: 20 MHz; ST201/Caddo 802 or equivalent
2. 2 Multimeter: Scientech 4011 Handheld or equivalent
3. 3 ST2720 single-phase bridge inverter
4. 4 Patch cords & operating manual
5. 5 BNCto test probe

Procedure

Make sure that there is no connection on the board initially.

© 0N A WN R

10.

11.

Connect the V+ and Gnd at their indicated position.

Connect the gate pulse from G1 & K1 to the G1 & K1 of SCR T1.

Connect the gate pulse from G2 & K2 to the G2 & K2 of SCR T2.

Connect the gate pulse from G3 & K3 to the G3 & K3 of SCR T3.

Connect the gate pulse from G4 & K4 to the G4 & K4 of SCR T4.

Connect the LC load at its indicated position.

Switch 'on' the power supply.

Set the input DC Voltage above 6V and take the observation.

Set the input DC Voltage and observe the output waveform and output AC Voltage
across the load.

Connect the CH1 of the oscilloscope to the LC load and observe the output waveform at
the load terminals.

Observe the waveform of the single-phase bridge inverter as shown in the figure.

L T2 T 3T/ 27 t (in secs)

Output waveform




Experiment D

Objective: Study of single-phase Bridge inverter with RLC load

Equipment needed:

Oscilloscope: 20 MHz; ST201/ Caddo 802 or equivalent
Multimeter: Scientech 4011 Handheld or equivalent
ST2720 single-phase bridge inverter

Patch cords & operating manual

BNC to test probe
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Experiment no. 10

Objective: To do performance analysis of cyclo-converter.
SINGLE PHASE TO SINGLE PHASE CYCLO CONVERTER - 24V/2A : -

This unit consists of a Firing circuit and Power circuit sufficient to study single phase Center tap
transformer type cyclo converter.

A) FIRING CIRCUIT: -

This unit generates 4 line synchronized trigger pulses to trigger SCR's connected in Center tap
transformer type cyclo converter power circuit. The firing circuit is based on Ramp-comparator
method and frequency division using 89C2051 Microcontroller.

Features: -

1. Works directly on 230V AC mains.
Gate drive current of 200mA.
Firing angle variation from 180° to 0°.
Frequency division:- 1,2,3,4,5,6,7,8,9 and 10.
Soft start and stop facility.

v AW

Front panel details : -
1. Mains: Power ON/OFF switch to the unit with built in indicator.
Firing angle: Potentiometer to vary the firing angle from 180° to 0° on a graduated scale.
Frequency division: Thumb wheel to select frequency division by 1 to 10.
Si : ON/OFF switch for trigger outputs with soft start feature.
T1/T2/T3/T4 GATE-CAT:Trigger outputs to be connected to Gate and Cathode of respective SCR's

v AW

Back panel details:
1. 2 pin Mains cable.
2. Fuse holder with glass fuse for mains supply.
3. Bigfuse holder with glass fuses for 24-0-24V AC supply.

B. POWER CIRCUIT: -This unit consists of 4 SCR's. The SCR's are mounted on a proper heat
sink for heat dissipation. Protected by snubber circuit for dv/dt. All the terminals were brought




out on the front panel for inter connections. A separate gate and cathode terminals are
provided for firing pulse connection from firing circuit. These SCR's can be interconnected to
build Center tap transformer type cyclo converters. They can also be used independently to
construct any other power circuits. A 24-0-24V/2A center tap transformer is provided as input
to the cyclo converter. A switch is provided for the Center tap AC Supply. Fuses are also
provided for the AC supply.

Front panel details: -
1. Center tap transformer 24V-0-24V : 24V-0-24V/2A Center tap transformer as input to
the cyclo converter.
2. S2:Power ON/OFF switch for Center tap transformer.
3. T1,T2,T3,T4:SCR's - TYN616 - 16A/600V SCR.

PROCEDURE :-

1. Switch ON the mains supply to the firing circuit.

2. Observe the trigger outputs by changing frequency division and by varying the firing
angle.

3. Make sure that the firing pulses are proper before connecting to the power circuit.

4. Next make the power circuit connections as given in the circuit.

5. Connectthefiring pulses from the firing circuit to the respective SCR's in the power circuit.

6. Connect R-load (50 Ohms/25 Watt) or 24V lamp at the output.

7. Connect 24-0-24V input AC supply from the Center tap transformer.

8. Switch ON the AC supply to the power circuit.

9. Keep the firing angle at 180° and frequency division at 2. Switch ON the trigger outputs.

10. Vary the firing angle and note down the AC voltage across load using a multimeter And
tabulate the readings.

11. Draw the voltage waveforms for different firing angles. Repeat the same for different
frequency divisions.

12. The circuit works as a single phase AC voltage controller when the frequency division is at
1. It works as a cyclo converter from 2-10 division.

NOTE:-

1. If the output is zero even after all proper connections, switch OFF the supply to 24-0-
24V Transformer and interchange AC input connections to the power circuit. This is to
make the firing circuit and power circuit synchronized.

2. Change the frequency division only when the trigger pulse switches at OFF position.
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CYCLO CONVERTERS

THEORY:-

A cyclo converter is a direct frequency changer that converts AC power at one frequency to AC
power at a lower frequency by AC- AC conversion without an intermediate conversion link. The
majority of cyclo converters are naturally controlled to be commutated and the maximum output
frequency is limited to a value that is only a fraction of the source frequency. As a result the major
applications of cyclo converters are low speed. AC motor drives in the range up to 15,000 KW
with frequencies from 0 to 25 Hz.

SINGLE PHASE CYCLO CONVERTER: -

Fig (a) shows the schematic of a single phase cycloconverter. It consists of a full wave rectifier
circuit equipped with two sets of SCR's which would give opposite output polarities. Thus if SCR1
and SCR2 are triggered, the DC output would be in the polarity shown on the left side of the
output voltage waveform in fig (b). If SCR3 and SCR4 were triggered instead, the output polarity
would be reversed as shown. Thus by alternatively triggering the SCR pairs at a frequency lower
than the supply frequency a square wave of current would flow in the load resistor. (A filter would
be needed to eliminate the ripple).

If SCR1 and SCR2 pair is triggered continuously for 'n' half cycles followed by SCR3 and SCR4 pair
for next 'n' half cycles, then the frequency of the output voltage would be fin/n.
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Connection diagram

A) Circuit
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Single — phase / Single — phase Cyclo Converter

Different waveforms for single phase cyclo converter for R-load

Input and Output waveforms for frequency division-5(a=90°)

Result:- Single phase eycloconverter is constructed and drawn the waveforms
across load.
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