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EXERCISE 32

For the single-phase half-bridge inverter of the figure on
the right, the following parameters are given :
V =500V, T = trigger pulse period = 2000usec, oL=10Q

and 1/oC=10€2. l DIJX o
e ¥
A) Draw the waveforms of vo, 10, 1Q1, i1 and Vaki1. Ignore IR o o D SCR
the higher harmonic components of the output Vs C) . AN QuQ I
current. T 500 R L ¢ Q@
= "= X
B) Calculate the RMS and average value of the thyristor fEi D SCR
and diode current.

C) Given that the thyristors’ turn-off time is 50usec,
determine if the thyristors need forced commutation to
turn-off and calculate the value of their current when they
turn-off.



Note : Due to the load characteristics, ®L=10Q = 1/0C,
current will not flow through the FWDs, thus their rms
and average current values are zero.

State 1 : 0 -T/2

* Q1ON

* Vo =Vs/2=250V
e Vaki=0

* 1o positive

b in = 1o

e ;=0

State 2 : T/2-T

* Q2ON

* Vo =-Vs/2=-250V

* Vaki=Vs/2 +Vs/2=Vs =500V
* lonegative

e 101=0

* 1mi=0




L_l
A) ¢ =tan™! ((DT/‘"C) =0
The output current’s fundamental harmonic is in phase with output voltage’s fundamental harmonic.

The circuit’s waveforms follow:
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B) According to the waveforms and by using Fourier series analysis, we have :
Output voltage
o2V
Vo = Z —sin(nwt)
nm

Output current

. 2V
ip = z sin(nwt — @,,)

nm|Zy|
Where:

= (p,,:the phase angle between current’s and voltage’s n,,;;, harmonic components.
L-1
and ¢, = tan~! (wT/‘"C) =0

LIV \/ R?2 + (nLw —1/,,c)? : the load’s impedance on frequency of the n,;;, harmonic component.
Z; =+/1.22 + (10 — 10)2 = 1.2Q




= Current’s first harmonic component:

» Thyristor average current value :

_2><500
1 T o x

sin(wt)

i, = 1.fn1000 in oot dot = — 020 ¢ + cos0) = 84.434
0~ o ) 121 SIn wl = o 121 COSTT coS = .
* Thyristor rms current value :
1 1
- 1.[" 1000 Zd t /2__ 1 10002J”f1 e /2
@ =2 ), \Tg Sinet) dwt] =10 oe,z ) 31~ cosondo
1 1
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" rms output current value :
~ 1000

[ =——  =18756A
° 2Zx12nm

C)
As there is no time interval between the moment when thyristor Q1’s current becomes zero and the moment when
current develops through thyristor Q2, forced commutation is required. The currents will be equal to zero when

commutation ends.



EXERCISE 33

Repeat exercise 32 while the load is consisted of R=1.2Q, ®.=7.92Q and 1/0C=10Q.
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Note : In this case, due to the load characteristics
(capacitive), current will flow through the diodes.

State 1 : 0 —T/2-tg

* Q1ON

* Vo =Vs/2=250V
e Vaki=0

* 1o positive

b in = 1o

e ;=0

State 2 : T/2 — T-tg

* Q2ON

* Vo=-Vs/2=-250V

* Vaki=Vs/2 +Vs/2 =Vs =500V
* lonegative

e 101=0

* 1mi=0




As output current precedes voltage, the current
of thyristor Q1 becomes zero before Q2 is fired.
The circuit’s conditions cause the diode DI to
free wheel. As soon as Q2 is fired, DI is
reverse-biased and the current commutates from
D1 to Q2. This process repeats for Q2 and D2

and so on.

State 3 : T/2-tg —T/2
« D1ON

* Vo =Vs/2=250V
* VAKI=0

State 4 : T-tg —T

« D2ON

* Vo=-Vs/2=-250V
*« VAKI =500V

10 negative
Q1 =0
iD1 =10

10 positive
Q1 =0
iD1 =0



A) ¢ =tan?! (O)L_Tl/“’c) = tan~! (7'912;10) = —60°

The output current’s fundamental harmonic precedes output voltage’s fundamental harmonic by 60°.
The circuit’s waveforms follow:
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B) According to the waveforms and by using Fourier series analysis we have :

Output voltage
= 2V
Vo = Z —sin(nwt)
nm
n=1,3,5,...
Output current
=2V
lo = z — sin(nwt — @)
n=1,3,5,...

= @, =tan"! (—O)L_Rl/“’c) = tan~! (7'912;10) = —60°

= 7, =122 + (7.92 — 10)2 = 2.4Q



=  Current’s first harmonic component:

= Thyristor average current value:
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» Thyristor rms current value:
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= Diode average current value:

ro jgmoo_ tdwt = — 1000( “s 0) 211 %= = 10.554
= = — — — = A k== .
D= o), 2am SNt T o oAy \T 3T 2
= Diode rms current value:
~ 1 (3/1000 1 1000% (31
Ip = ﬂjo > A sinwt ] dwt = %2.42n2j0 5(1 — cos2wt)dwt =

1
[1 10002 x 1(_1'[ 'o) /2—2932,4
= [2nzaznz g~z \sing —sin0)lp - =29,
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As shown in the waveforms there’s a time interval tg = T/6 = 334 usec between the moment when Q1’s current becomes
zero and when current develops through Q2. This time interval is long enough for thyristor Q1 to turn-off as it requires
50 usec (according to the data given) for it’s current to fall to zero. Therefore, there is no need for forced-commutation
under these operational conditions (the thyristors turn off with natural commutation due to the load characteristics).



