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Average Power

Problem 1

What will be the average power in the load for the circuit shown, when

a:%. Assume SCR to be ideal. Supply voltage is 330 sin314t. Also

calculate the RMS power and the rectification efficiency.
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The circuit is that of a single phase half wave controlled rectifier with a resistive
load
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The wave form of the load voltage is shown below (not to scale).

Problem 2 )

In the circuit shown find out the average voltage across the load assuming that-
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It is observed that the SCR turns off when @t = . where f =(7—)) because the

SCR turns-off for anode supply voltage below 1 Volt.

Vg =V, siny =1 volt (given)
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} =0.17°(0.003 radians )
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f=(180°-y) : By symmetry of the curve.

B=179.83" : 3.138 radians.



Problem 2 (cont.)
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Note: £ and a values should be in radians

1 | 330(cos 45° —cos179.83° ) ~1(3.138-0.003) |



Problem 3

; /4 :
In the figure find out the battery charging current when o = i Assume ideal

SCR.
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It is obvious that the SCR cannot conduct when the instantaneous value of the
supply voltage is less than 24 V, the battery voltage. The load voltage waveform 1s
as shown (voltage across 1on).

Voltage across
resistance

> O

Vy=V, siny

24 =2004/2 sin ¥



Therefore charging current

Problem 3 (cont.)

Average voltage across R

I 24 .
y =sin™ (—) — 4.8675° = 0.085 radians R
200x+2
68
_ =—=06.8 Amps
p =m—y=3.056 radians 10
Average value of voltage across 1002 Note: If value of yis more than « . then the SCR will trigger only at @t =y,
. (assuming that the gate signal persists till then), when it becomes forward biased.
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(The integral gives the shaded area)
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Problem 4

In a single phase full wave rectifier supply is 200 V AC. The load resistance is

10Q. a=60°. Find the average voltage across the load and the power
consumed 1in the load.
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In a single phase full wave rectifier
V, =135 Volts
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In the circuit shown find the charging current if the trigger angle  =90°.

= l[—Vm cosat -V, (ot )]ﬁ
T =

Iy N Sr-100
zoox'Q =i[Vm(_cosa-cosﬂ)—VB (ﬁ—a)]
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50 Hz
Zf Zf _-f(lxoz) =l[ZOOXﬁ[cosi—cos3.106]—10(3.106—5]:|
/4 2 2
With the usual notation —85V
Vy=V,siny

Note that the values of o & £ are in radians.
10 = 200+/2 sin
: dc voltage across resistance
Charging current =

: 10 .
Therefore y =sin™ (— ] =0.035 radians Q1
200x+/2 resistance

a=90" == radians B =(7—-y)=3.10659 :g 8.5 Amps
2 10
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Problem 6

A single phase full wave controlled rectifier is used to supply a resistive load

of 10 Q from a 230 V. 50 Hz. supply and firing angle of 909. What is its
mean load voltage? If a large inductance is added in series with the load
resistance, what will be the new output load voltage?

For a single phase full wave controlled rectifier with resistive load.

V. =—"(l+cosa)
T\ _
23 ;
Vdc=h30x 2(1+C081)
T 2



Problem 6 (cont.)

When a large inductance is added in series with the load. the output voltage
wave form will be as shown below. for trigger angle o =90°.
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Therefore V7, =0 and this is evident from the waveform also.



Problem 7

The figure shows a battery charging circuit using SCRs. The input voltage to

the circuit is 230 V RMS. Find the charging current for a firing angle of 459
If any one of the SCR 1is open circuited. what is the charging current? With the usual notations

Solution

Ve =V, sinwt

ZSF ZSP §IOQ Ve Vi =\/§x2305in(ot

-+
v, ( i ) : V., siny =V;. the battery voltage

+
iy N - 100V V2 x230sin ¥ =100

Therefore y =sin” (ﬁ )
2 %230
y=17.9° or 0.312 radians

B=(r-y)=(7-0.312)

£ =2.829 radians
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Problem 7 (cont.) eyt = oltage acu;ss resistance

Average value of voltage across load resistance 106 68

=10.668 Amps

27 ’

a

.
_2 I(Vm sinor —Vj )d((r)r)}

If one of the SCRs 1s open circuited, the circuit behaves like a half wave
1 rectifier. The average voltage across the resistance and the charging current will be
. PR 11l wave rectifier.
_ _[_Vm cosat—V, (ot )]a half of that of a full wave rectifier
o |

Therefore Charging Current = 10'568 =5.334 Amps
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=l[530><\/5 (0.707 +o.9517)—-204.36]
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=106.68 Volts



Problem 8 V. 0
: s i : . -~*t A fq - —
A 3 phase half controlled bridge rectifier is feeding a RL load. If input voltage QYy— > -
’ AK1
is 400 sin314t and SCR is fired at & = . Find average load voltage. If any C = 1B 7
: O

one supply line is disconnected what is the average load voltage.
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3x 400

V, = ’ 7 [1+ COS 450] If any one supply line is disconnected, the circuit behaves like a single phase
=7 half controlled rectifies with RL load.

V. =326.18 Volts ”
Ve =—2[1+cos|
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V, = 420 [ 1+cos45” |
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V, =217.45 Volts
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Problem 9 Viv= 40042 sinl20xt , V.=40V , R=15Q , constant load current
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Calculate average and RMS load current values, a = 60°



Problem 9 (cont.)

V, = Vi cosa = 3-400v2 cos 607 = 3400\/51: 135V
2 2 2 2
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Vi ims \/_V |:—+£008205:|1 \/_4OOJ_{——£1}=204V

8 J3 |6 872

o YoVe 135V 40V _ oo
R 150

\/Voz,rms _‘/C2 . \/2042 — 402
R 15

Vo,rms=\/(R10,rms) +Ve =1, = ~13.3A



