Sohag University Power Electronics 3% Year Electrical. Dept.
Faculty of Engineering Time: 2 hours Midterm exam April. 2019

Exam Model Answers

Question One (10 points)

1- Asingle-phase ac voltage controller Fig.1, S2jsaced with a diode (D
S1 operates at a delay angleDetermine (a) an expression for rms loa., )
voltage as a function efand Vm and (b) the range of rms voltage acr
a resistive load for this circuit.
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2- The half-wave rectifier with a freewheeling didugs R = 22 and L = 25 mHYm is 100 V,

and the frequency is 60 Hz. Determin® the average load voltage and current,
and k) the power absorbed by the resistor.

a) the Fourier Series are :
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The Fourier series for this half-wave rectified voltage that appears across the load is
obtained from Eq. (3-34). The average load voltage is the dc term in the Fourier series:

Average load current is

Load power can be determined from /7R, and rms current is determined from the Fourier
components of current. The amplitudes of the ac current components are determined from
phasor analysis:
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where Z,= |R + jnwyL| = |2 + jn377(0.025)|

The ac voltage amplitudes are determined from Eq. (3-34), resulting in
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The resulting Fourier terms are as follows:

31.8 2.00
50.0 9.63
21.2 18.96
424 37.75
1.82 56.58

The rms current is obtained using Eq. (2-64).
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Notice that the contribution to rms current from the harmonics decreases as n increases, and
higher-order terms are not significant. Power in the resistor is /2, R = (16.34)*2 = 534 W.




Question Two (10points)

1- A single-phase rectifier has a resistive load of2®etermine 4) the average load current,

(b) the rms load currentg) the average and rms current in each diojléhe average and rms
source current. (e) power factor. For a bridgeifiecwith an AC source of 120 V rms and 60 Hz.

a) V=120 xv/2 =169.7 V
V. = 2V, 3 1 - 2V
oavgT oavg~ p

b) Vo,ms=Vsms=120v >

Io,avg —

C) ID,avg = 5

ls,rms: Io,rms= 6.67 A

(nOte9 IS rms— IO rms ===+ VR,rms: Vo,rms - Vs,rms)

2- A controlled half-wave rectifier has an AC sour¢®40 V rms at 60 Hz. The load is a @0resistor.
(a) Determine the delay angle such that the aver@ag durrent is 2.5 Abj Determine the power
absorbed by the loact)(Determine the power factor.

a) V=240 x+/2 =339.4V
Vo.avg = fzn V(wt) dwt = — f 7. sin(wt)dwt = —(1+COS a)

Vo.avg= |0,avg R=25x30F5v
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PR _ 711 - 0.61

Vs rmslsyrms 240 x 4.87




Question Third (5 points)

A controlled single-phase bridge rectifier has an put of 120 V rms at 60 Hz and a
load resistor. The delay angle is 40. Determine diaerage current in the load, the power
absorbed by the load, the source voltamperes,hendawer factor.

The average output voltage is determined from Eq. (4-23).
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Average load current is

m

(1+ cos40°) =954V

Power absorbed by the load is determined from the rms current from Eq. (4-24), remem-
bering to use a in radians.
V2(120) |1 0.698  sin[2(0.698)]
ms DR — P +
20 V2 2w 47

P=1I2%_R=(580)(20)=673 W

=5.80 A

The rms current in the source is also 5.80 A, and the apparent power of the source is
S = Vs Lrms = (120)(5.80) = 696 VA

Power factor is

Question Four (5 points)
A controlled single-phase bridge rectifier has aree of 120 V rms at 60 Hz, &b load where
R =10Q andL = 100 mH. The delay angte= 60. (@ Verify that the load current is continuous.
(b) Determine the dc (average) component of the ntir@ Determine the power absorbed by
the load. V() =V,+ YV, cos(nwy + 6,) (4-29)
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The dc (average) value is
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Equation (4-28) is used to verify that the current is continuous.
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R 10

a = 60° < 75° .". continuous current

The voltage across the load is expressed in terms of the Fourier series of Eq. (4-29).
The dc term is computed from Eq. (4-30).
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The amplitudes of the ac terms are computed from Egs. (4-31) and (4-32) and are
summarized in the following table where, Z, = R + jol|and I, = V,/Z,.

a b V Z

— — 54.0 10
—90 —935 129.8
46.8 —18.7 50.4
—~319 32.0 32.2

The rms current is computed from Eq. (4-33).
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Power is computed from /7 R.

P=(5.54)%10) =307 W




