EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT 1
SINGLE-PHASE HALF-WAVE UNCONTROLLED RECTIFIER

To investigate the operation of a single-phase half-wave uncontrolled rectifier by
measurernent and observation of the waveforms.

TecQuipment NE9023 thyristor and diode circuit teaching unit.

Resistive load bank, 9A max, variable R

CRO

Migital multimeter.

Preliminary Work:

13 For the circuit as shown in the following, by neglecting the diode voltage drop, determine
he current waveform in mathematical form, the mean load voltage and the mean current for a
oad of

a. a pure resistor of 1 Q,

b. an inductance of 1 mH in series with a 1 € resistor.

L
i

on !
v Vetr= 220V  effective voltage of mains
'&f“w) f=50 Hz  frequency of mains
S
-

3 Build the same diode rectifier in Matlab/Simulink. Run the simulation to obtain the
rectified and inductor voltages (Vg, V1) and current waveforms (Ip) through the load of R=1Q
and also for the load of R=1Q, L=1mH for 0sr260ms. Present these curves in your
preliminary report.

3) What is free-wheeling diode? Explain its function.

BA %
¥

Vere =220V  effective voltage of mains
f=50 Hz  frequency of mains
R=1Q

L=1 mH

Rust the simulation for the circuit as shown in above to obtain the Ibi, Ip2, [Lead, VD1, Vb2, and
Yioad curves for 0srs60ms. Present these curves in your preliminary report.

4} For the source current in steps (2) by using Matlab/Simulink,

a} Determine the harmonic spectrum using the FFT function.
b} Determine the THD.



PERFORMANCE PARAMETERS OF RECTIFIER

1.

b

|95

o0

The average value of output (load) voltage given as Vy,

The average value of output (load) current given by Iy
The output de power given by Py, = Vi Iy,

The rms value of output voltage given as V

The rms value of output current given as I

The output ac power given by P, = Vi

de:

The efficiency or rectification ratio of a rectifier given by n= "

The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

U ——

) &
Y
Voo = o/ Miys ~ Ve

The form factor which is a measure of the shape of the output voltage is given by

. The ripple factor which is a measure of the ripple content is given by

o p / Z
Yo » W Vims ~ Mic ,4} ( \""rms) “1 = FFS -

BF o 25 = | 1
o Ve o Vo

1. The transformer utilization factor is defined as

TR L
TUF =

where Vg and I, are the rms voltage and rms current of the transformer secondary respectively.
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TECQUIPMENT NE9023 THYRISTOR AND DIODE CIRCUIT TEACHING UNIT

Figure 5.1.1 Single-phase, Half-wave Rectifier Circuit
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Experimental Procedure:

1.

o3
A

Connect the single-phase half-wave circuit as in figure 1, including a current
transducer on the transformer primary and secondary sides which will allow the supply
current waveform to be observed on a CRO with earthed frame. With a resistive load
connected, and taking only about 0.5 A or less to establish diode conduction, measure
the AC supply and DC supply voltages. Using a double trace CRO, observe the output
voltage and the load current waveforms. Sketch the waveforms.

Then turn off the circut and connect CRO inputs to the transformer primary side
current transducer and secondary side current transducer. Observe and sketch the
waveforms.

Repeat the CRO connections in steps land 2 increasing the load current to about 5 A
and make the readings. Sketch the CRO waveforms of output voltage, current and
primary side current.

Turn off the circuit and connect 10 mH inductive load in series with the resistive load.
Repeat the procedures in steps 1, 2 and 3.

Turn off the circuit and connect the free-wheeling diode inverse paralel with the load.
Repeat the procedures in steps 1, 2 and 3.

Results and Discussion:

b

For each test, calculate the average and rms value of the output voltage and current
from a knowledge of the waveforms and the value of supply voltage. Put these results
in a table together with the measured values.

For each test, calculate the the transformer utilization factor, form factor
the efficiency

What is the effect of inductance connected in series with the resistive load?

What is the effect of free-wheeling diode? Comment on the advantages and
disadvantages of it.



EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT 2
SINGLE-PHASE FULL-WAVE CENTER-TAPPED RECTIFIER

Dbject:
To investigate the operation of a single-phase full-wave center-tapped rectifier by
measurement and observation of the waveforms.

Egquipment:

TecQuipment NE9023 thyristor and diode circuit teaching unit.
Resistive load bank, 9A max, variable R

Inductor

CRO

Digital multimeter.

Prelinunary Work:

1. Buld the single-phase centre-tap rectifier circuit in Matlab/Simulink. The input to the
rectifier is 220 V,50 Hz. Run the simulation for 0<60ms to obtain the rectified load and
inductor voltages (Vo, V1) and current waveforms (Ip) through the loads of; Z1=10Q,
Z2=10+w0.1Q, Z3=10+jw1Q. Present the curves in your preliminary report.

2. The single-phase centre-tap rectifier circuit of the following figure, calculate the
inductance L required to reduce the ripple current in the load to 5% of /d. Include only the

most dominant load ripple current neglecting all others. Given: v==340 sin(2z50t) V.

i, D ;

L1 Vi
R = 5052

L

e XTHL O

- é po
L %
)

i 3.

Experimental Procedure:

1. Connect the single-phase full-wave center-tapped rectifier circuit, including a current
transducer on the transformer primary and secondary sides which will allow the supply
current waveform to be observed on a CRO with earthed frame. With a resistive load
connected, and taking only about 0.5 A or less to establish diode conduction, measure
the AC output and DC output voltages. Using a double trace CRO, observe the output
voltage and the load current waveforms. Sketch the waveforms.

2. Then turn off the circut and connect CRO inputs to the transformer primary side
current transducer and secondary side current transducer. Observe and sketch the
waveforms.

3. Repeat the CRO connections in steps land 2 increasing the load current to about 5 A
and make the readings. Sketch the CRO waveforms of output voltage, current and
primary side current.

4. Turn off the circuit and connect 10 mH inductive load in series with the resistive load.
Repeat the procedures in steps 1, 2 and 3.



PERFORMANCE PARAMETERS OF RECTIFIER

I. The average value of output (load) voltage given as V4

fon

The average value of output (load) current given by I,
3. The output dc power given by Py = Vi Iy

4. The rms value of output voltage given as V

5. The rms value of output current given as L
6. The output ac power given by P, = Vil
7. The efficiency or rectification ratio of a rectifier given by n=Pdc/Pac

8. The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

)

- Ve

e
kY o -
Sar = 4 Mg

9. The form factor which is a measure of the shape of the output voltage is given by

vdi:

10. The ripple factor which is a measure of the ripple content is given by

fy 0 2 ! 2
. Voo WV ~ Ve N ,fl Mg L mﬁ
B = T e }‘ B q) EF 1
*"fdf: \‘;»:if.‘ A vﬂic

b The transformer utilization factor is defined as

P
TUE =
TUHF = VL

=

where V; and I are the rms voltage and rms current of the transformer secondary respectively.
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Results and Discussion:

1. For each test, calculate the theoretical mean output voltage from a knowledge of the
waveforms and the value of supply voltage. Put these results in a table together with
the measured values.

Z. For each test, calculate the transformer utilization factor, form factor and the
efficiency. Put these results in a tabular form.

3. Comment on the effect of inductive load on the mean output voltage relative to that
with resistive load. Explain its effect on load current.



EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT 3

SINGLE-PHASE FULL-WAVE DIODE BRIDGE RECTIFIER

Object:
To investigate the operation of a single-phase full-wave bridge rectifier by measurement and
observation of the waveforms.

Equipment:

TecQuipment NE9023 thyristor and diode circuit teaching unit.
Resistive load bank, 9A max, variable R

Inductor

CRO

Digital multimeter.

Preliminary Work:

1. Simulate a full wave diode bridge rectifier in Matlab /Simulink. The input to the rectifier is 220
Vrms,50 Hz. The load is resistive with R = 10 ohms.

a) Simulate the circuit and find the dc value of the output current. Analyze the circuit theoretically
and compare the results with the simulation. Also observe the obtained waveforms of the diode
currents, source current, output current and voltage.

b) Simulate the circuit now with an R-L load with inductance of 150 mH. Calculate the dc value
of the output current and the harmonic content.

¢) Repeat part b for L = 1 H. Compare reults with the part (b).

d) Repeat part ¢ with a source inductance of 10 mH and calculate the harmonic content of the load
current and the source current. What is the effect of source inductance?
i

Y J{ * ' . —*‘%H
Dy Dy R ts ="' 74

v v,

a0, sz

2. A highly inductive dc load requires 12 A at 150 V from a Vrimary=240 V single —phase ac
supply. Give the design details (think for the ratings of the transformers and diodes)for this
requirement using

a) center-tapped rectifier

b) diode bridge rectifier.

Assume each diode to have a voltage drop of 0.7V. Make comparison between the two
designs.

Il




PERFORMANCE PARAMETERS OF RECTIFIER

1. The average value of output (load) voltage given as V,

[

The average value of output (load) current given by R4

(%]

The output de power given by Py = Vg lg

4. The rms value of output voltage given as V

N

The rms value of output current given as K

N

.. The output ac power given by Py, = Vinslims

pj(

C

7. The efficiency or rectification ratio of a rectifier given by n= P

G

The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

I1. The transformer utilization factor is defined as

P
T = e
LI VL

where V; and I are the rms voltage and rms current of the transformer secondary respectively.



TECQUIPMENT NE9023 THYRISTOR AND DIODE CIRCUIT TEACHING UNIT
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Experimental Procedure:

1.

Connect the single-phase full-wave diode bridge rectifier circuit, including a current
transducer on the transformer primary and secondary sides which will allow the supply
current waveform to be observed on a CRO with earthed frame. With a resistive load
connected, and taking only about 0.5 A or less to establish diode conduction, measure
the AC output and DC output voltages. Using a double trace CRO, observe the output
voltage and the load current waveforms. Sketch the waveforms.

Then turn off the circuit and connect CRO inputs to the transformer primary side
current transducer and secondary side current transducer. Observe and sketch the
waveforms.

Repeat the CRO connections in steps land 2 increasing the load current to about 5 A
and make the readings. Sketch the CRO waveforms of output voltage, current and
primary side current.

Turn off the circuit and connect 10 mH inductive load in series with the resistive load.
Repeat the procedures in steps 1, 2 and 3.

Turn off the circuit and connect freewheeling diode across the load. Repeat the
procedures in steps 1, 2 and 3.

Results and Discussion:

1.

4.

For each test, calculate the theoretical mean output voltage from a knowledge of the
waveforms and the value of supply voltage. Put these results in a table together with
the measured values.

For each test, calculate the transformer utilization factor, form factor and the
efficiency. Put these results in a tabular form.

Comment on the effect of inductive load on the mean output voltage relative to that
with resistive load. Explain its effect on load current.

Comment on the difference between the diode bridge rectifier and center-tapped

rectifier.



EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT 4
THREE-PHASE HALF-WAVE RECTIFIER

Object:
To investigate the operation of a three-phase half-wave uncontrolled rectifier by measurement
and observation of the waveforms.

KEquipment:

TecQuipment NE9023 thyristor and diode circuit teaching unit.
Resistive load bank, 9A max, variable R

CRO

Digital multimeter.

Preliminary Work:

1)_Calculate the performance parameters of three-phase half-wave uncontrolled rectifier.

2) Perform the Simulink simulation on the following circuit. Use a 50-Hz variable source for

the source voltage vs(t) with a per-phase maximum value Vmax of about 220 V. R is about
200 Q.
{1y

a) On one graph, plot the output voltage and the phase-A , B, C voltages. On the second
graph, plot the current through and the voltage across the diode D1.

b) Perform the Fourier analysis of the output voltage and sketch its components. Determine
the amplitude of the first five non-zero components of the Fourier series.

¢) Repeat the above procedure with R=200 Q. and L= 0.2 H. Comment on the results.

Experimental Procedure:

1. Connect the experimental circuit. With a resistive load connected, and taking only
about 0.5 A or less to establish diode conduction, measure the AC bridge supply and
mean DC output voltages.

2. With resistive load increase the load current to 8A and take the all readings. Sketch
the voltage and current waveforms. Note that, the diode and bridge supply waveforms
must be observed separately from any others on CRO.

3. Repeat the above procedures with RL load.

Results and Discussion:

1. Explain the differences between the theoratical expectations and experimental results
if there exists.

2. Explain the effect of increasing the pulse number of a rectifier on the output voltage
and on the input ac supply current.

3. Comment on the ripple contents of the output voltage and current waveforms.




PERFORMANCE PARAMETERS OF RECTIFIER

I, Vhe average value of output (load) voltage given as V.

=

The average value of output (load) current given by Iy,

s

The output de power given by Py, = Vi kg,

4, The rms value of output voltage given as V

5. The rims value of output current given as L
6. The output ac power given by P, = V o dine

By
dL,
7. The efficiency or rectification ratio of a rectifier given by n=

8. The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

9.

{0. The ripple factor which is a measure of the ripple content is given by

5 {2 2 ! 2 S
- Ve X Vims = Ve }g}(%"ﬁ‘ms \ ] { o
‘S'g(ifj A&i}

11. The transformer utilization factor is defined as

where Vg and I are the rms voltage and rms current of the transformer secondary respectively.



EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT §

THREE-PHASE FULL-WAVE UNCONTROLLED RECTIFIER

Object:
To investigate the operation of a three-phase full-wave uncontrolled rectifier by measurement
and observation of the waveforms.

Equipment:
TecQuipment NE9023 thyristor and diode circuit teaching unit.

Resistive load bank, 9A max, variable R
CRO

Digital multimeter.

Preliminary Work:

1. Build the the circuit as shown in the following, in Matlab/Simulink. The rectifier is
supplied from a balanced three-phase supply with sinusoidal input voltages of a peak value
Vpeak Per phase and a frequency f. Run the simulation to obtain the rectified voltage (Uss),
voltage across the diode (Vps),voltage across the inductor (Vi ), Vrs and current through the
load (1), diodes (Ips Ip3 Ip1) of the bridge rectifier for 0s240ms. Present these curves in your
preliminary report.

? Uss

£
<

§oh f=50 Hz frequency of mains
L R, =200Q load resistances
L, =02H load inductances

Zim B3 /% 28
M ZX R . .
U T Var=220V  effective voltage of mains
.
. O
5 %32
——

N ngmz;l:

W

2. Build the the circuit as shown in the following, in Matlab/Simulink. The rectifier is
supplied from a balanced three-phase supply with sinusoidal input voltages of a peak value
Vpeak et phase and a frequency f. Run the simulation to obtain the rectified voltage (Uss),
voltage across the diode (Vps),voltage across the inductor (Vi ), Vac,Vec and current through
the load (1), diodes (Ips Ips Ip1) of the bridge rectifier for 0=<40ms.

Ver=220V  effective voltage of mains

f=50 Hz frequency of mains
Liine = 1mH line inductances
R, =200Q  load resistances

L, =02H load inductances

Explain the effect of source inductance on the waveforms.

3) For the source current in steps (1),by using Matlab/Simulink,

a) Determine the harmonic spectrum using the FFT function.
b) Determine the THD.



Experimental Procedure:

1. Connect the experimental circuit. With a resistive load connected, and taking only
about 0.5 A or less to establish diode conduction, measure the AC bridge supply and
mean DC output voltages.

2. With resistive load increase the load current to 8A and take the all readings. Sketch
the voltage and current waveforms. Note that, the diode and bridge supply waveforms
must be observed separately from any others on CRO.

3. Repeat the above procedures with RL load.

Results and Discussion:

Comment on the ripple contents of the output voltage and current waveforms.

2. What would be the ripple frequency of a three-phase diode bridge rectifier when the ac
source frequency is 100Hz, 1kHz, n Hz?

3. Compare the three-phase midpoint rectifier with the bridge rectifier. List their relative
advantages and disadvantages.



PERFORMANCE PARAMETERS OF RECTIFIER

1. 'The average value of output (load) voltage given as Vg

[y

The average value of output (load) current given by I
3. The output dc power given by Py, = Vi lge

4. The rms value of output voltage given as Vg

w

The rms value of output current given as Iy

6. The output ac power given by P, = V, Lins

Pdc

The efficiency or rectification ratio of a rectifier given by n= %

~1

8. The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

L T
Mo = Mers ~ Mae

9. The form factor which is a measure of the shape of the output voltage is given by
Ve
FF = _j’!llfa
Vi

10. The ripple factor which is émeasure of the ripple content is given by

- 4 Vrms ~ Mic . f M oy Fee?
2 = ] -1 =AFFT -1
e Yy de
11 The transformer utilization factor is defined as

where V, and I are the rms voltage and rms current of the transformer secondary respectively.
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Figure 5.6 Three-phase, Fully Controlled Rectifier Bridge C




EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT 6
SINGLE-PHASE HALF-WAVE CONTROLLED RECTIFIER

Object:
To investigate the operation of a single-phase half-wave controlled rectifier by measurement
and observation of the waveforms.

Equipment:
TecQuipment NE9023 thyristor and diode circuit teaching unit.

Resistive load bank, 9A max, variable R
CRO
Digital multimeter.

Preliminary Work:

1) For the circuit as shown in the following, determine, the mean load voltage and the mean
current and the rms load voltage as a function of firing angle for a load of a pure resistor.

T1

Verr=220V  effective voltage of mains
=50 Hz  frequency of mains

2) Build the above circuit in Matlab/Simulink. Run the simulation for the firing angles of 30°
90° 150° to obtain the rectified and inductor voltages (Vg, Vi) and current waveforms (I;)
through the load of R=10Q and also for the load of R=10Q L=0.1H for 0s£<60ms. Present
these curves in your preliminary report.

3) What is the function of the free-wheeling diode?

Ver =220V  effective voltage of mains
f=50 Hz frequency of mains
R=10Q

L=0.1H

Run the simulation for the circuit as shown in above for the firing angles of 30° 90° 150° and
obtain the It1, Ip, ILoad, V11, VD, and VLoad curves for 0<£260ms. Present these curves in your
preliminary report.

Experimental Procedure:

1. Connect the single-phase half-wave controlled circuit, including a current transducer
on the transformer primary and secondary sides which will allow the supply current
waveform to be observed on a CRO with earthed frame. With the protractor set to give
zero thristor firing delay and a resistive load connected, and taking only about 0.5 A or
less, note the supply side and load side voltmeter readings. Any zero error in the
protractor reading should be incorporated in the later setting of a. Take the readings of
ac and dc output voltages for 0<a<180° (a; firing angle). Using a double trace CRO,
observe the output voltage and the load current waveforms. Sketch the waveforms for
a=0°, 60°, 120°.



Then turn off the circut and connect CRO inputs to the transformer primary side
current transducer and secondary side current transducer. Observe and sketch the
waveforms.

Repeat the CRO connections in steps land 2 increasing the load current to about 5 A
and make the readings. Sketch the CRO waveforms of output voltage, current and
primary side current.

Turn off the circuit and connect 10 mH inductive load in series with the resistive load.
Repeat the procedures in steps 1, 2 and 3.

Turn off the circuit and connect the free-wheeling diode inverse paralel with the load.
Repeat the procedures in steps 1, 2 and 3.

Results and Discussion:

1. For each test, calculate the average and rms value of the output voltage from a
knowledge of the waveforms and the value of supply voltage. Put these results in a
table together with the measured values.

2. Compare this circuit with 1-Q half-wave uncontrolled rectifier.

3 What is the effect of increasing firing angle?

4. Comment on the effect of inductive load on the mean output voltage as relative to that

resistive load.

5. Explain the function of free-wheeling diode considering the experimental result.




PERFORMANCE PARAMETERS OF RECTIFIER

1. The average value of output (load) voltage given as Vy,

2. The average value of output (load) current given by Iy
3. The output dc power given by Py = Vaclye

4. The rms value of output voltage given as Vg

3. The rms value of output current given as Iy,

6. The output ac power given by Py = Vi i

Fe

7. The efficiency or rectification ratio of a rectifier given by n= fsc

T

The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

9. The form factor which is a measure of the shape of the output voltage is given by

. f2 ] / z —
RE = Mao *«.*"\'"’r‘z?m Mg [ Mis 1= ’FFE 4
R = = ¥ = f Y = of
o e Y fe's
11. The transformer utilization factor is defined as
EZ)A_-_
TUF w4
4 Fod

where V, and I are the rms voltage and rms current of the transformer secondary respectively.




EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT 7
SINGLE-PHASE THYRISTOR BRIDGE RECTIFIER

Object:
To investigate the behaviour of the single-phase thyristor bridge rectifier, and the
phenomenon of discontinous and continuous conduction modes.

Equipment:

TecQuipment NE9023 thyristor and diode circuit teaching unit.
Resistive load bank, 9A max, variable R

RO

[Hgital multimeter.

Prehiminary Work:

i Build the above circuit in Matlab/Simulink. Run the simulation for the firing angles of
30°90° 150°

a) Obtain the rectified and inductor voltages (Vou, Vip) and current waveforms (Irp, Irg)
for 0st=60ms. Present these curves in your preliminary report.
X he
s E 2%“ L Vs (rms) =220 V at 50 Hz
A uélim Ls= 1mH
P Vot RLOAD = 50
L RLOAD Ld =20 mH
-2\[3'1'4 %LS T2 @
b} Evaluate the dc average voltage (Vout) from the simulation and compare the same

with the results obtained from the analytical expressions for the same.

2}

Repeat the same simulation for Ls =L.d=0 and Ls=0. Observe Vo, Vip, Iip, Is What

is the effect of Ls, Ld?

Fxperimental Procedure

. Connect the single-phase thyristor bridge rectifier circuit with resistive load, including
a current transducer on the transformer primary and secondary sides which will allow
the supply current waveform to be observed on a CRO with earthed frame.Adjust the
value of R to give a 0.5A when firing angle of delay set to zero. Take the readings of
ac and dc part of the output voltages for 0<a<180° (a; firing angle), observe the output
voltage and the load current waveforms on the CRO. Sketch the waveforms of output

voltage and load current, transformer primary current, thyristor current and voltage
for o= 30°, 150°,

2. Repeat the CRO connections in steps land 2 increasing the load current to about 5 A
and make the readings

3. Turn off the circuit and connect 10 mH inductive load in series with the resistive load.
Repeat the procedures in steps 1, 2 and 3.

4, Turn off the circuit and connect the free-wheeling diode inverse paralel with the load.
Repeat the procedures in steps 1 and 3.



Results and Discussion:

i. For each test, calculate the average and rms value of the output voltage from a
knowledge of the waveforms and the value of supply voltage. Put these results in a
table together with the measured values.

2. Compare this circuit with 1-Q diode bridge rectifier.
3. What is the effect of increasing firing angle?

4. Comment on the effect of inductive load on the mean output voltage as relative to that
resistive load.

5. Explain the function of free-wheeling diode considering the experimental result.

6. For step 1, calculate the form factor of the voltage and put these results in a tabular
form. Ideally, what should be the value of FF? Comment on the experimental results.




PERFORMANCE PARAMETERS OF RECTIFIER

1.

4.

10.

The average value of output (load) voltage given as Vg,

The average value of output (load) current given by Iy,
The output dc power given by Py, = Va4

The rms value of output voltage given as V

The rms value of output current given as Iy

The output ac power given by P, = Vinslims

The efficiency or rectification ratio of a rectifier given by n= e

The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

The ripple factor which is a measure of the ripple content is given by

s 5 / 5
RF = i‘éal: - «.?‘Vrmg - Vrjf; = !( ﬁ“"{I'T(S ) -y = «E{FF:{ -1
Vi Vi ‘"‘vx Ve

j8 !

11 The transformer utilization factor is defined as

Py
TUF = o

Vsis

where V; and I are the rms voltage and rms current of the transformer secondary respectively.
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EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT 8
SINGLE-PHASE HALF-CONTROLLED BRIDGE RECTIFIER

Object:
To investigate the special characteristics of single-phase half-controlled bridge rectifier circuit
and compare its characteristics with those of fully controlled bridges.

Eguipment:
TecQuipment NE9023 thyristor and diode circuit teaching unit.
Resistive load bank, 9A max, variable R
CRO
Jigital multimeter.

Preliminary Worke

i) Build the following circuit in Matlab/Simulink. Run the simulation for the firing
angles of 30° 90° 150°.

a) Obtain the rectified and inductor voltages (Vou, Vb1, V11,) and current waveforms (Iy,

I ) for 0==60ms. Present these curves in your preliminary report.

L

}f T L Vs (rms) =220 V at 50 Hz
Ty * R""’in . 2
N s R=50
e N 7
"*‘“{ - AR L =20 mH
B) Evaluate the dc average voltage (Vout) from the simulation and compare the same

with the results obtained from the analytical expressions for the same.

2) Compare the performance parameters of this circuit with that of the single-phase fully-
countrolled bridge rectifier.

Experimental Procedure

I. Connect the single-phase half-controlled bridge rectifier circuit with RL load,
including a current transducer on the transformer primary and secondary sides which
will allow the supply current waveform to be observed on a CRO with earthed frame.

[

Adjust the value of R to give a 0.5A when firing angle of delay set to zero. Take the
readings of ac and dc part of the output voltages. Observe the output voltage and the
load current waveforms on the CRO.

3. While increasing the load current to about 5 A and « is increased from zero to 180°,
make the readings. Sketch the waveforms of output voltage and load current,
transformer primary current, thyristor currents and voltage for 0=30° and a=135°.

Hesults and Discussion:

1. For each test, calculate the average and rms value of the output voltage from a
knowledge of the waveforms and the value of supply voltage. Put these results in a
table together with the measured values.

2. What is the effect of increasing firing angle on the waveforms?

3. Explain the function of free-wheeling diode considering the experimental result.



PERFORMANCE PARAMETERS OF RECTIFIER

1.

o

9.

10.

The average value of output (load) voltage given as Vg,

The average value of output (load) current given by I,
The output dec power given by Py, = Ve

The rms value of output voltage given as V

The rms value of output current given as Iy

The output ac power given by P, = Vi

The efficiency or rectification ratio of a rectifier given by n= e

The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

The form factor which is a measure of the shape of the output voltage is given by

FE - Srms
W i

oo

The ripple factor which is a measure of the ripple content is given by

11. The transformer utilization factor is defined as

T VeI
where V, and I are the rms voltage and rms current of the transformer secondary respectively.
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EEE 421 STATIC POWER CONVERSION LAB.
EXPERIMENT 9

SINGLE-PHASE AC CONTROL BY THYRISTORS
Object:
To investigate the control of single-phase AC control by thyristors with gate firing delay for
resistive and inductive loads.

Eauipment:

TecQuipment NE9023 thyristor and diode circuit teaching unit.
Resistive load bank, 9A max, variable R

CRO

Digital multimeter.

Preliminary Work:

1) Study the operation of the following circuit. Search for the instantaneous line current,
average and rms current through each thyristor for a=30°

L

L]

A X

t E‘ﬁ{{x“} 2
=Y
v L vgl R

£
&

Experimental Procedure

1. Connect the required circuit with R load, including a current transducer on the
transformer primary and secondary sides which will allow the supply current
waveform to be observed on a CRO with earthed frame. Ensure that the thyristor
trigger circuit selector switch is in the 1-Q position.

2. Adjust the value of R to give a 0.5A when firing angle of delay set to zero. Take the
readings of ac and dc part of the output voltages. Observe the output voltage and the
load current waveforms on the CRO.

3. While increasing the load current to about 5 A and a is increased from zero to 180°,
take the readings. Sketch the waveforms of output voltage and load current,
transformer primary current, thyristor currents and voltage for a=0°,60° and 120°.

4, Turn off the circuit and connect 10 mH inductive load in series with the resistive load.
Repeat the procedures in step 3. Take the readings. Sketch the load voltage and current
waveforms for =45° and 90°

Hesulis and Discussion:

. Plot the readings of rms load voltage against firing delay a.

2. Comment on the range of firing angle required for full voltage control for the R and
R loads.

3. What are the advantages and disadvantages of this method of controlling AC
compared with the more traditional methods of a tap-changing transformer or variac.



PERFORMANCE PARAMETERS OF RECTIFIER

1. The average value of output (load) voltage given as V.

2. The average value of output (load) current given by Iy,
3. The output dc power given by Py = Vg Iy

4. The rms value of output voltage given as V g,

5. The rms value of output current given as Iy,

6. The output ac power given by P, = Vi, I

7. The efficiency or rectification ratio of a rectifier given by n= P

o)

The output voltage consists of two components an ac component and a dc component. The
effective or (rms) value of the ac component of output voltage is given by

9.

10. The ripple factor which is a measure of the ripple content is given by

{

5

]

I )
’%5’., )\}'f'.. o u‘:‘ J W . & (._‘M;: ________
RF:E{EE: = o ‘m{} de f{( {;ﬁm B m»\.! FF’,J 1
s de Y e
11. The transformer utilization factor is defined as
Py
TUF = 2?11”

where V and I are the rms voltage and rms current of the transformer secondary respectively.



