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Power Electronics

(Solutions for Volume-1 Class Room Practice Questions)

1. Basics & Semiconductor Devices

01. Ans: (i) 100us (ii) 100.5 ps  (iii) 1005ps
Sol: (i) I = 100 mA

v 4
dt
th=LIL
2x1 107
= 020007 50 1 ec
200
200V L=0.2H

(i)R=20Q, L=02H

R=20Q
V=200V—/_—

L=02H

R
iL=%{l—e Lt}

Att=t,,i = 100 mA
20
100x10° = 290 [} _ ¢ 02"
20

10x107 = [1—e "]
e =099
t, = 100.5 psec

(i)R=20Q, L=2H

.V ot
1L2E|:1_6Lj|
20
100x10° = 220 _ 2"
20

10x107° = [1—e "]
e = 0.99
t, = 1005 psec
(iv)If load inductance increases, SCR

requires pulse width for longer duration.

02. Ans: (i) 7Q (i) 1W
Sol: (i) Given

Ve=15+81, %Z
Vel,=5W 5

From KVL
Ves=IgRg+ Vg ... (1)
Vel =5
(15+8Iy) ;=5
I[,=0.702 A
V, = S =712V
0.702
From (1)
12=0.702 x Rg + 7.12

R =6.950Q
(ii) Py = Pyax x D
=5x02=1W
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03. (i) Ans: (¢) (ii) (a)

Sol: (i) I max=150 mA. Applied voltage V= 10V.
of diode
and gate cathode junctions are 1V.

Write KVL to the gate circuit

- 10+ Igmax R+ 14+1+1=0

Voltage drop transistor,

150 x 102 R=7
R =0.0467 x 10°Q
=46.7Q

(i1) The time for which gate pulse should be
applied along with SCR, at least anode

current becomes more than latching
current. Whenever SCR  started
conduction, the formula for anode

current can be obtained as,

Rt
izx{l—e L}
R

Ixt
i:@{l_e } A
1

1t

= 200[1 —ew} =0.25

t=187pusec
of

transformer = voltage rating x Time for

Minimum volt second rating
which signal should be applied
=10x187 = 1870 uV-s

Hence next higher rating of transformer
is to be selected

.. Volt-sec rating = 2000u V-s

04. Ans:10to 11
Sol: The rectifier diode can be represented as
voltage drop = IR+V

05.

Sol:

06.

Sol:

For 0.8 Vat 2A, 0.8=2R+V ........... (1)
For 1.2 Vat30A, 12=30R+V........ (2)
By solving (1) & (2) R=14.2mQ, V=0.7716
ave :I—m:£:9.55A
TN
I BT 15A
2

~. Conduction loss = I R+ VI,

rms

= (15% x14.2x10) +( 9.55%0.7716)
=10.564 W

Ans: (88°C)

T.=100°; T; = 125°C
GCA =0.5 OC/W TS =9
T, =40°C
P= Tc _TA
eCA
_ 100—-40 _1D0W
0.5
120 :ﬁ
04
Ts —TA =48
= Ts=48+40=88°C

Ans: (i) 229.17W, (ii) 8.71%
T;=125°C  ; 0;.=0.16°C/W
Oes = 0.08°C/W ; Ts=70°C

0.

Js

S

@) P, =-

where 0j,= 0jc + Ocs
=0.16 + 0.08 = 0.24°C/W
125-70
T 024

=229.16 W

ACE Engineering Publications

Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




¥ Engineering Publications

Lo,
1% N
v \ 3
v v
=i,

Postal Coaching Solutions

(i) Now T, = 60°C

o T,-T,
0,
_125-60 _ 270.8 W
0.24

Device rating means current rating and
current rating is proportional to square

root of power.

V270.8 — /229.16 g
J229.16

=8.71%

100

% 1Increase=

07. Ans: (b)
Sol: Toxn =35 usec, [ =50 mA, Iy =40 mA

R
From circuit i:E l1-¢ o +£
R R

20
_100[, T 100
20 5000
1
=5l-e |+ —
i-e ]+ 5

50x107° = 5(1—e-“‘”)+L
50
= t=150 p sec
08. Ans: (i) 7, 5, (ii) 22.22 kQ , (iii) 0.094 uF
Sol: (i) V=11kV,I1=4kA,n=90%

For series

string voltage

n= n x voltagerating of SCR

11000
0.9 x 1800

For parallel

string current rating

* nxcurrent rating of SCR
4000
n=————~=
0.9 x 1000

Vim — V.

bm ~ Vs

R |
@ R= (n—1)Al,

AIb = Ibmax - Ibmin
r_(1800) - 11x10°
(7-1)x12x107°
=12mA -0=12mA
=222kQ

Gipc = 1-DAQ
nV, -V,

_ (7-1)x25%10°°
7x1800—11 x10°

=0.0937 pF

09. Ans: 74 to 76
Sol: Energy loss during

T = jOT‘v.idtzéo()xLT'idt
= 600 x area under current curve
=600><%><150><1><10-6
=45m]
Energy loss during T, = J.OTZ v.idt
T,
=100 x j V dt
0
=100 x area under voltage curve
=100><%><600><1><10-6 —30mJ

Total energy loss =45 + 30
=75ml]
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10. (i) scheme-1 Eon=133.3 pJ, Eorr=266.6 pJ
scheme-II Eox=400 pJ, Eorr=800 pJ
(ii) scheme-I : 40W
scheme-II : 120W

Sol: Switching scheme — I
(1) Energy loss during ON condition:

ton .
(Eloss ON :L Vldt
=[" (4oo—ﬂtJ§tdt
t, t
- {400(20)1 —‘mo—ﬁz‘”.f}u
0 t, t
A
— (400)(20)| —1- —
(400X )[% 34
6 "
(Bpoe ) =133.33u]
VI
( loss )OFF =?toff
=%(20)x200ns = 266.66p]

Etotal = Eon TEoFF

= 133.334+266.66 =400p)

(i) E = Pxt
P =Exf
= (400x10°°) x100x10°
P=40W
Switching scheme-II
Energy loss during ON condition

(1) (Eloss )ON = J.Otr v 1 dt

j (400 _400 tj20 dt

= 400(20)[" (1 —tijdt

tZ
=8000 (tr . J
2t

_ 8000
2
=@ x100x107° = 400pJ
VI
(Eloss )OFF = TtOFF
_ 40020 20010
=800 pJ
Etota = Eon tEorr = 1200 pJ
(ii) P = Exf
= (1200x10°)x100x10°
P=120W

11. Ans: L=4pH, C=0.16 pF and R=5Q
Sol: C

]
T
/N
1% 1
SW
T §E P Vdc—[

Vdc__ RL

At the time of switch closed:
SCR is forward blocking condition

—W—] —

i R L

Vdc____ RL
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KVL Vk=G{+RLﬁ+L%%

RY%Lh_EM]

1=

Where t=
R+R,

di _0- Vi (_le-t/f
dt R+R, \ 1t
dl &e—t/r

dt L

di. )
als maximum att=0

[dq _ Ve
dt |, L

Ve
(di/dt),,,,
L=&=4MH

60
L=4puH

Given damping ratio { = 0.5

= C=0.16 uF
As SCR is in forward blocking mode
voltage across SCR = [,R

V= LR

dv, _ . di,

dt dt

R 300 oo
60

12. Ans: R=50Q, C=0.2uF
Sol: Given d—V = 50X
dt us

When circuit is power up:

5 Idischarge =2A

SCR is forward blocking condition

R;=10Q

i l _EJD
Vi=100V

[dV%j att=0
dt max

dve. 'V

S

dt R,C

100
10xC

—=50x10°=

C=0.2 uF.
When SCR is ON:
By that time capacitor is already charged

source voltage, so starts discharging
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+
== V.=100V
~ = Source voltage
= VS

— 100 + Ijiscn R=10

_ 100 100
Idisch 2
R =50 Q.

13. Ans: 1W, 900puC
Sol: 4

(Eloss )OFF = J.Ot Vi dt
th(—v+ltj(—i+ltJdt
0 t1 tl
—f‘( 100+1%0 j[ 300+ 20 ]d
tl tl
=10 j (

j( 3+thdt
=10 f(

30 3( ) 3¢’ jdt
l tl
3
- 104[3‘[1 _ b +%.t—1}
2, ¢

14.

Sol:

15.

Sol:

=10*[3t, = 3t, +t,]=10%t,
=10*x2x10®
=20 mW
P =Exf
=20x107x50 =1W
Q:J-i.dt

:%x300x6><10_6

Q =900uC

Ans: (¢)

Electronic switch described in the statement
should have forward blocking state, forward
conduction state and reverse blocking state.
SCR, NPN Transistor with series diode

exhibits the above states.

Ans: (¢)

I = Vcc _VCE(sat)
e (i

_ 200198 ok

=1.98W

Vee %1,
5 xtqffxfs

Posr =

=0.792 W
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16. Ans: 9.52% (Range 9% to 10%)

Sol: From the given data
1

a
I 10
R,=0.42Q 0.3Q

4V — — 4.5V

The voltage at node a is

(Va —4.5} (Va —4)
I= +

0.3 0.4
30 =V, (5.833) — (15+10)
55 =V.(5.833)

Va.=9.43V
Al=1,-1;=-13.575+16.43 = 2.858 A
Al 2.858

—x100 =———x100=9.52%
1 30

2. AC-DC Converters

01. Ans: l
4

V2 o2
Sol: In the absence of SCR P, = R"f =

In the presence of SCR

v I %
fm— Vor = —m[(ﬂ— OL)+ESin 20vj|

J2n

Fora=90"= V_ =

| <

02. Ans: (i) 17.6V, (i) 329V,
(iii) 445.3V, (iv) 141.5V, 10.75A
(v) 8.98ms
Sol: (i) Voltage across thyristor
Vr=Vnpsina-E
= 230%+/2 sin25° — 120
=17.46 V
(1i1)) Now V1 =V,sin B - E
= 230x+/2 §in220° — 120
=-329.07V
(ii1)Peak Inverse voltage = Vi, + E
=230x4/2 +120
=4453V

(iv)Average output voltage

V, = Zl_n[vm (cosa—cosB)+EQRn+a—B)]

- zi[zsoxﬁ(cos 25" —c0s220")
T

F120(27+ 25X —— — 220 x—)]
180

180
=141.57V
V,-E
Current [, = —°

_14157-120 oo
() T o2nt0B 2n+(21.64-220) m
® 180

_ 282 =8.98ms

1007

03. Ans: 18A,1A
Sol: R=5Q, L=10mH,
E=80Vand V=230V

V, = Vo (1+cosa)
T
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230x~/2 [ 200 o
= - - ° 0 =sin" =37.94
- (14+cos 507) ,=sin [230><\/§]
=170.08 V 0, =10
V. —-E 170.08 — 80 IO :_1 J.(Vm sin(ot—E) dot
[p=—0 — =" =18.01A 2nR g
R 5 .
=R V,, (~cosot)® — E(ﬂ:—ZOL)]

If SCR damaged, the circuit will work as

half wave rectifier

Vv
V, =— (1+cosa)
2n

230><\/_
o

—— (I+cos 50°) =85V

V,-E  85-80

I, = = =1A
R 5
04. Ans: (¢)
Sol: R=20Q
If SCR, gets open circuited then the circuit
behaves like single phase half-wave
rectifier.  The SCR’s are triggered by

constant DC signal means
a= 61, B = 62275—61

Vs T
/: N / \ 7
|9] | L 2n
1 2
Vmsinot=E  sin@, = —

_R[2x230><x/§ c08(33-94°)]

— 200 1—2x39.94° x—
180

=11.90A

05. Ans: 120°, 0.54A, 1.016A

Vv 2V
Sol: V), =— (I+cosa) &V, = —"
T T
VO = 0.25 X V()max
Vv 2%V
—=(1+cosa) = 0.25x% Vo
T T
=120°
"V, = 240“/_ ZXNL (4 c0s120°)
=54.01V
I = =20 54n
R 100

V 1 1/2
V.. =—7—=|(m—a)+—=(sin 2(1):|
V27 [ 2

R N

Vims = 106.02 V
10602 o
100

ACE Engineering Publications
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06. Ans: 545.96 V

Sol: £ cos(180°—a)
V4

=—E +2[rs+2 x Vi + ol 1,
T
I 1507k + (2 60 % 03)
T

-3
L@2x15)+ 3x100tx1.2x10 <60
T

E=54596 V

07. Ans: 467.82'V, 22.616kW

Sol: V(): 3le
T

_ 3x/2x400
T
=467.8 V

0s30°

2

Output power = —==

1
2
(; +£cos2a]

4

= 40042 { 3\/_}

=475.562
Output power = 22.61 kW

Vrms = V

m/

08. Ans: (i) 67.85°, 0.36 lag (ii) 92.36V
Sol: (i) Vo=RI, + E

EA/YS coso. = RI,+E
T

m cosa =0.2x10+110

o=67.85°

09.

Sol:

10.

Sol:

11.

Sol:

P, =P,
V3 Vil cosh =Vl

\/§x220x10\/%xcos—(112)10

= cos ¢ =0.36 lag
(11) Vo = RIO —E

3V cosa = 0.2x10—-110=-108

s
V., =130.59V
v, = Yo 1309 g5 54y
V2 W2
Ans: (b)

The maximum current through battery will
be evaluated based on extreme condition of
operation

400
IO . W =40 Amps

Ans: (¢)

kVA rating of input transformer
=3 Vi 1,

Where [} = Rms value of line current on ac

side = I, \/g

kVA rating =~/3x400x40 \E

=22.6 kVA

Ans: (d)
Power supplied to load = Vil

2V, - 242V,
= I, = I,
T n(n)

T
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VA rating of secondary winding = 2 The current flowing through converter is

. . rd
[voltage rating of each secondary winding x a combination of fundamental, 3

. s harmonic and 5™ harmonic components.
current rating of each secondary winding]

The current flowing through the

= 2{£x1—0:| converter is non sinusoidal component
n 2 . .
then p.f will be written as
B x/EVS.IO Input power factor
n Vi I cosd, IS
= ——1—— =—-cos,
. . I Vs ls Is
Primary VA rating = V_.-%
n I, =10 A
Average VA rating of transformer I, = 10> +5> +2°
_ VI, +42V], = 11.35A
2n
VI, p.f= 111(;5 cos 60 =0.44
=1.207—+ :
n

. AverageVArating of transformer  1.207 14. Ans: 15.47 (Range: 14.5 to 16.5)
' P lied toload 0.9
ower supplied toloa Sol: Py =V, .Ip=3000W

=1341 . L
:{ m Gog 0 — S 0}10=3000
T T

12. Ans: (b)

Sol: Active power will be drawn by converter [2X230\/5X?_2><100Tc><1.4x103 xlo}lo 000
T T

only due to fundamental component.

Therefore, = 179.331, - 0.28I; —3000 = 0
Active power = V, I, Cos¢,

=1, =17.19A
=100 x10 Cos 60
. 2oL,
Active power = 500 watts cos(oL+ )= coso— v I,
13. Ans: (b) _N3_2x100n 14 oo

2 23042 1000
— 0+ =34.96° = 1 = 4.96°

Sol: Voltage applied v=100 J2sin (100mtt)

Current resulted

i=10v2 sin(lOOnt—gj+5x/§ sin(300ﬂ;t+%) DPF — COS{OH(%H —0.843 lag
+ 242 sin(SOOnt—%j

Power balance equation

X0 OB ) T LTI ST el I ITENO (0 Tl  Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad
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= V,, xIg cos¢, =P, 16. Ans: 6 (Range: 5.9 to 6.1)
2V
= 230x I, x0.843 = 3000 Sol: —*
T
3000 2x2007
=, =——=1547A P
LT 930%0.843 = - cos120" =-800+20x1 A
= -200=-800+RI, =1, =30
15. (i) 42.6°  (ii) 11.141A As switches are lossless, power fed back to
Sol: (i) Maximum value occurs at oo =0 the source = 200 V x 30 A = 6 kW
— 3Vm1 — 3le
Vo= cosal =
s
17. Ans: Without FD: (i) 146.42 V,
- Lcosa = 0.75x 2;:‘ (ii) 732.11 W, 732.11 VAR and
o= 41.409 With FD: (i) 176.74 V,
ii) 883.76 W, 366 VAR
o > 30, so we should not use above (“.)
Sol: Given data:

formula

Foroc>%, Vo=

3V
U cos(oc + Ej
27 6

3V
—=[1+cos(ac+7/6)]

27
3»Vmp X «/5

27

=(0.75x

1 + cos(a+m/6) = 1.2990
a +30=72.600
o =42.600°

T

(1) Ip= .

;c|<

o >

Vo_

3V
— (1+cos(a+n/6))
2n

{ps

(1+ cos(42.600 +30))
2n

Vo=111.414 and Ip= %

=11.141 A

V=230, f=50 Hz, a =45°, 1, = 5A
Without Free wheeling diode
(1) Itisa 1 - ¢ full converter

v, =2V
T

_ 2x230x42
T
Vo =146.4225 V
(i) Po= Vo Ip = 146.4225 x 5
Po=732.1125 W
Qo = Vo Ip tana
= 146.422x5 x tan45°
=732.1125 VAR
If o = 60°

0s45°

Vozﬂcosoc =103.536=5A
T

Py=V,lp=517.68W
Qo =V Iy tana

=517.68 % tan 60
Qo =896 VAR

ACE Engineering Publications
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N

:
With free wheeling diode L=(i)... = [;x3x60 I,
(i) Single phase full bridge converter with 37 \FDJRMS T 360 2
free wheeling diode will act as a single 11
phase semi converter [0 =1 :%:ﬁ
v, =&(1 +cosa) M(l +c0s45°)
T T 19. Ans: 224.17
Vo=176.747V Sol: When source inductance is not taken into
(i) Po=Vo1p=176.747 x 5 account, each diode will conduct for 180°
=883.73 W When source inductance is taken into
t h di ill t f
Qo= Vo Iy tan a account, each diode will conduct for
(180+ w)
— 88373 tanﬁ Where u is overlap angle and can be
2 determined as follows:
Qo =366.053 VAR 20L
(iii)IF o = 60° IS0
Vv
V,=—=(1+cosa) 2x100mx10x107°
= —1— 14
V IRSS 304V N 22 X
IO—_SA' =0.71727
o = u=44.17°
Po=Volo duction angle f 180+44.1
= +44,
Py = 776.523 Conduction angle for D, 80 7
=224.17°

Qo = Vo Io tan%

3. DC-DC Converters
=776.523 tan30°

Qo =448.32 VAR
In the two cases 1 - ¢ Full converter L
(without F.D) and 1 - ¢ Full converter | Sol: f=2kHz, Vi =100V, E:6msec

01. Ans: 5A, 0.208A, 5.104A, 4.896A

(with F.D) if ‘o’ increases, active power

Ry =100
decreases and reactive power increases. v 50
0
IO === SA
R 10
18. Ans: (¢) v
Al, =—%D(1-D)T
SOl: I] = IloadRMS = VI(Z) X = 0 L ( )
100 1
2 =—x0.5(0.5)x
L = (Lyex s = fox60_ L, 60x107° (03) 2x10°
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:50X0'5X0'5=O.208A D= V., _5vV_1
60 V, 15 3
I, =1, + Al —54 0.208 _ 5104 A (11) filter Inductance
2 \Y
AT AL = ~%&D(1-D)T
I =1 2L —-4896A L
2 1 2
S5x—x=x50u
= 05=—2>3
02. (i) Ans: (¢) (i) 2.5 A, 37.5 uH
Sol: (i) D= 0.5, f= 100 kHz, L =333.33 uH
. V.
Ai, = 1.6A, Ip =5A iii) AVo= —~_-D(1-D
Alc = Al - SLCf* ( )
c= AL
10x10° = 15 }_1( _1)
I _1 +AIL 8x333.33x10° xCx20x10" 3 3
Lmax = 7L C=312.5uF
1-D)R
:5+E:5.8A (iv) Lcr:u
2 2f
(ii) Average switch current _ (1 _0'33)500 - 833mH
2%20x10’ '
T T
_ L 4.2x_8+lx(5.8—4.2)x_s ]
T 2 2 2 C=——(1-D)T’
16L
=2.5A
1 2 1
Vc C = ——— —_— _
Al ==#D(1-D)T 16x8.33x103x3x(400x106J
24 =12.5nF
=_x0.5(1—0.5)><i =1.6
L 100
L=37.5uH 04. (i) Ans: 937.5W  (ii)1041.7 W
Sol: /=20 kHz, T=50 ps
03. () l D = 0.5, Given circuit is boost converter
3 (i) When switch is ON [0 < ¢ < DT]
(ii) 333.333 uH dig dip 100
(iii) 312.5 pH o 0= =T
iv) 8. H, 12.5 nF o
(iv) 8.33mH, 12.5n When switch is OFF
Sol: AVy=10mV 4
AlL=0.5 A, T=50us %:100—300:—200
(1) Duty cycle ratio
Vo =DV dip, _ 200
dt L
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From the given slopes, given condition (ii) When switch is ON [0 < ¢ < DT]
is discontinuous conduction mode. dl_L _100— dl_L _ 100
v, B dt dt L
"V, B-D When switch is OFF
30 B g 075 L9 100-250=-150
100 B-D dt
100 di, 150
From iy waveform, i p = T x DT E - _T
100 From the given slopes, given condition
= x25x% 1076 . . . .
100x10°° is discontinuous conduction mode.
=25A A \
it Vi B-D
_________________________________ \- - j@zijﬁzé
: 100 B-D 6
E From i; waveform, in = % x DT
25 pri37.s S )
ip 4 L ! ! =¢_6x25x10*"’
. T | ! [ 100x10
ILp ! | |
! " =25A
— 12,5 — t (us) it

Xy, X (B-D)T

Ipay=
P T

b

;x25x12.5><10_6 t(us)

= =3.125A ip 4 T
50x10°¢ i ”\ !
LP ) :

Pous = V> xIpay =300 x 3.125 , i ! ! R

_ 0375 W —16.66 +— t(us)
. Power transferred from B; to B, =
937.5 W X1, x(B=D)T
IDav: T
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;><25><16.66><106

oo 41664

V> xIpay =250 x 4.166
=1041.667 W

Pout:

.. Power transferred from B; to B, =

1041.667 W

05. (i) Ans: (b)
Sol: Given circuit is Boost converter circuit. In
this circuit source current and inductor

current are same.

. A
TIL
Tis

Average output voltage
Vie 12

Vo= ——=—"—=20V
I-D 1-04
Average output current
V
[p=—2= 20_1a
R 20
Source current
I, 1 1 10 5

= = :—:—:—A
I-D 1-04 06 6 3

N

05. (ii) Ans: (¢)
Sol: Peak to peak source current ripple.

v
Al = Al =%DT

12 1

- % 404x =0.192A
100x107°

06. Ans: 2 (Range 2 to 2)

Sol: ,
i A
6A |- mmmmmmm -
' -30 /
00 DT
L .
DT BT! T
N
- DT« >t
In continuous conduction mode,
V 20
y=—%-=——""—=40V
I-D 1-05

But given V, > 40 V, so it is discontinuous
mode of operation.

Power balance equation Py = Pj,

=>V,.1 :50x(ﬂj
50
1 =2_25a
20
W__ B _50_,4
V. p-D 20
=B =2.5xpB—(2.5x0.5)
B=0.833
2X1LMaxXﬂT
i 2.5
T
ILmax=6 A

I :ﬁx(é_ij
D,rms 3 6 2
1
6> 212
=| —X—
3 6

ID,rrns =2 A

T |2
X_
T
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07. Ans: (i) 0.6
(i) 0.72 A
(iii) 1.61 A
(iv) 34.09 mV
(v) 72uH, 500nF
Sol: Given
[(=05A,Vo=15V,Vpc=6V
Vi
1 D
= Duty cycle D = 0.6

(i) AL = \E DT

= 6 —0.6x !
250x10 20K
=0.72 A
I+ Al, 20 AL

i), = = +
(D L 2 1-D 2

0.72

=0.5+——=1.614
2

1

I, DT _ 20xK
C 440%107°

=34.1mV
D(1-D)'RT
2
_0.6(1-0.6) 30x
2 20k

0.5x0.6x
(iv)AV.=

(V) Lee =

I, 05
L, =72uH

_(1-D)I,DT
T 2\]DC

@)

(1-0.6)0.5% 0.6 x

— 20k _ 5 4F
2x6

08. Ans: 3.51 A (Range: 3.0 to 4.0)

Sol: For continuous inductor current,
V, = Ve =1-D= 360 =D=0.1
1-D 400

As output power is 4 kW at 400 V, I, =10 A
From power balance, P;, = P,y or Vi x I; =

4000

V, x I, it will give I, =——=11.11A
360

As the switching frequency is not given in
the question, we cannot proceed further

the
current through supply line is constant of
11.11 A then

r.m.s

=11.11x JDTT 11.11VD

=11.1140.1 =3.51 A

But by assuming one condition i.e

value of switch current

09. Ans: (i) 83.33us (ii) 83.33A
Sol: (i) Buck-boost converter, f= 10 kHz

100

I =—DT
L

L max

SOO
T-DT
X(r-pr)

From (1) & (2)

190h7 3% 1 _pry
L L

pr=227 _3,
600 6

1
10x10°

= 83.33 usec

(i) Peak current through switch

v,
= e pT
L

I

L max

100

=g < B33X107 =83.334
X
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10. Ans: .
O-Ans© - 00 a—1gv
Sol: K] ~ 1-0.6
|
ii) AV, = -2 DT
Ve (F WS L = R=V (i) AVe
<> L g 20 uH § 0 L
- =L_6xo.6x L 0144V
250x10 25K
In CCM Buck BOOSt, (111) Al = Vdc DT
D 0.6 L
I/Oszc —— |=20x— =30V 12 1
1-D 04 = —x0.6x
But given Vo > 30 V, so it is discontinuous 25010 25k
mode of operation. =LIS2A
. Al 1.5 1.152
i 1) I max =l + —== +
L V) T Sl = 5= 06T 2
IL(ma‘) —————————————————————————
N\
My g =4.326
: >
DT BT T _DVY
(v) L, =m=38.4uH
From i; waveform
I,T(1-D)
20 60 c L
_DT = T_DT cr
L L (s ) 2V,
— ADT =3pT = f=2xD =08 15x ! (1-0.6)
- \C _ TTosx100 Tk
= u
Vv 20 2x12
fd, = DT == x0.6x20u =12A
L 201
| 12. Ans: (¢)
5% 12x0.8x20u Sol: For step down chopper for R,
I oy = % =48A :
H Load V(t) = Vo=DVs = %Vs
11. Ans: (i) 18V For RLE load, the output waveform is
(ii) 0.163V 4 -
(iii) 1.152A \ /\
(iv) 4.326A . — 5
(v) 38.4 uH and 1pF v. Lo :
Sol: (i) Vo= —2>—V,, N [
1-D t ot to
— >
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From above diagram t =t + t¢+ t, 15. Ans: (d)
The terminal voltage exits only for the C
. P Sol: 1=V, ,|—sinw,t
periods t; and t,, remaining time zero L
. The average voltage = Vst, v B, _v C. 1
¢ = Vy4/—SIn t
L 4JLC
-6
13. Ans: (a) =100 10X103 i ! t
D D107 J10x10 *x10°
Sol: In Buck boost converter, V, = ——DVdC i =10 sin(10%) A
When V, =32V,
D48 3 16. Ans: (a)
1-D 32 = D= 5 =0.6 Sol: Given circuit is a current commutation
When V. =72V circuit. When ever both the currents are
« ’ equal and opposite then the thyristor will be
IDD ;‘i D—§:04 turned off.
5 : 10sin10* = 5 (Refer previous solution)
". The range of D will be = <D< E t=52usec
or0.4<D<0.6
17. Ans: 35.12 ps, 189.4V
14. Ans: 40 Sol: L
Sol: Given circuit is buck boost converter. I I dhtild
Source current is same switch current. Vee—— —>Ii a +V
Peak value of switch current means, T
. Al
lsw,peak = IL,max = ]L +TL
i(0)=1p
Al = EDT L d1
L J' idt =V,
50 3
=———=x0.6x0.1x107 =5A
0.6x10 L[SI(S) _ IO]_l_ lJ. I(S) + CVco — VdC
s 1 vV
b _N5) 3954 I(S){SL+—}— o o Ve
“T1-D 1-06 Cs
Vdc-V,, 1
I,,. =375+2=40A I(s)=—g—x—— Ll x——
2 SL+ SL+
s Cs
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vV, -V CS . CS (i) Effective on period
— C co X + X
S S’+LC+1 " SLC+1 T CV,
V-V, ~C LI, CS .
T IC S0 L0 Sre
6 50x107° x 220
v -V = (800x107)+2
1(t) =—% —“ginot+], cosot 80
oL
Ldi = 1075 psec
V(t)=V,. - dt (ii) Peak currents through T; and Ty
V. - : C
=V, - L{‘“’TV“’} cosot—I, sinot(o) Lpp =1 + Vs\/;
L ~ 804220, — 427.85A
v, (t) =V — (VdC -V, )cos ot+1, C sin ot 3 0 U
If Voo = Ve = i(t) = I cosot L., = Io=80A
_ T T JLC (iii) turn off time for T,
2‘“ 2 CVs  50x107 x 220
- t, = = =137.5psec
=E\/10><10'6x50x10"’ I, 80
(iv) Capacitor voltage 150usec after T,, is
=35.12 ps .
triggered
If Vco = Vdc = Vc(t) = Vdc + IO\/%SiH ot t at e
ey /1
At turn OFF ot = =~ . J AV
2 Vs
L o
SV, =V, + IO\/: 137.5 112.5:
C T) o
e N|
N 150 gl
~100+200, |1 — 189.4v
50u Viatt, =220V
137.5—>220V
18. Ans: (i) 1075ps, (i) 427.85A, 80A 12.5 -2
' (iii) 137.5ps, (iv) 20V V. = 220 <12.5=20V
Sol: Given data 137.5
V=220V, R=0.5Q, L =2mH, E =40V
Commutation parameters: L = 20uH, 19. (i) Ans: (b) (ii) Ans: (b)
C = 50UF. Tox = 800usec Sol: (i) The minimum time is required for
T = 2000usec & Io = 80A change the polarity of capacitor form
VS tO - Vs
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ie. t, =—

= x+/LC

= 1x4/2x107 x1x10°°

=140 p sec.

This time is turn ON time of thyristor i.e.

Ton = 140 p sec

(ii) In a voltage commutated chopper,
average value of output voltage is given
by

\%
v, =

o

V, CV,
=7 {TON +2. r j

( ON +2tc)

!

o

250

:1><1073

=475V

[140><106 42 1X107x250 "250}

10

4. DC-AC Converters

01. (i) 26.1V (i) 240W
(i) 48.43%  (iv) 5A
(v) 48V

V2

Sol: i) V,, =~V =045x48=21.6V
T
)
2
i) P, :2T _24 _osow

iii) THD = 48.43%

iv) Peak current through switch

IP(sw):%:IOA

Average current of diode = % =5A

v)PIV =48V
With full bridge

V2
Va :£Vdc’ P, = &

v

(=%
[}

Ip(sw)=

=

I

I, (diode)= ?P PIV =48V

02. (i) Ans: (b)

Sol:
B
AWAY
L 1
A : C >t

f—
T/4

(ii) Ans: (a)

Io4

200 T

=mx, I[p =——x— [T =20 msec
y Y v [ |

() Tp :%><5><10‘3 =10A

(11) Each diode will conduct for %sec

=5 msec

03. Ans: (¢)

Sot: v, = Fa _4x12
2 22
v, =8

2

Given V, =240 and N; = 10
N,V

Nl Vl
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240x+/2 x3 [2d
No=—x10 ; — ol
2 4x12 X (l) VO Vdc -
= 15042 [150
=220,/— = 200.83V
180
04. Ans: (c) (i) Now V, =V, +10% of V, =242V
Sol: Given 2d =150"
Fundamental component peak value V. 5x2d =200.8
T
4V, . T
= —Sgind. Sin—
n 2 (242) x 224 _ (200.8)
fundamental component r.m.s value 180
4V 2d =24.78
: LT
V)= \/75 smd.SmE 5%35
2m (iii) 200.8 = V,_ x /W (pulse width 35)
_ 4xV sin(75°)
— oy V, =203.64V
1.22
=fvs =0.862'V; 06. Ans: (a) (i) 13.2A, (i) 9.33A,
(iii) 7.84 kW, (iv) 18.67A
and r.ms. value of output voltage ®) () 11.43A (ii) 8.08A
1/2 ’ ’ ) ’
Vims= V. ( ﬁj (iii) 5.88 KW  (iv) 14A
T Sol: Given data R = 15Q
1/2 (1}
_ Vs(lﬂxij 0912V, In 180" mode
n 180

Given

THD = [Yoems =V
1

\/[(0.912)2 - (0.862)" |1’

V.0.862

x 100

x100

_ 02978
0.862

=34.55%

05. Ans: (i) 200.8V, (ii) 24.75", (iii) 203.64V
Sol: Given data:

Vi =220V, P=5, 2d=150

(1) rms value of load current

a,

Ir Vpn _ 3 de

R R
V2 420

=—x——=13.2A
3 1

5
(ii) I, = 10\/E =1 _9334
2m \/5
(iii) Load Power=3xI;R
=3x(13.2)° x15
=7.84 kW

(iv) 420 xI, = 7.84x10°
I,=18.67A
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120" Operation: T
P v 120 And b, _1 J-f(t)sin (n ot)dot
dc b n 0
V
i1, = V6 N6y 30 2% .
R R 15 :—Jf(t)sm (n ot )dot
T
I, 1143 ’
i) Ip = \/0— N =6.6A For fundamental n = 1
iii) P, =3x IR - b, zzvdc{vl.sinmtdcot— :[ sinotdwt+ J‘sincotdc)t}
T
0 o m—a
=3x11.43*x15 =5.88kW 2V, . . ]
<s50 == | cosot] +eosot][” ~[eosat],
iv) [ =——=14A
() 1, 420 A
=== [2—4cos0c]
T
07. Ans: 2.15 pF RMS value of fundamental output voltage
Sol: t.=F.S xt, =24 us i
ot = (21) x 24pu=0.75 rad 2V
&12-4cosa|=50V
=01 =0.754 n\/_ [ ]
Xc _XL
tan'| T R =0.754 = cos o = 0.2223
= a=77.16°
X=Xy _ 0.013
v [®
Xc - 12=0.039 = X¢ = 12.039 o Vs\/;
L:12039 Sol: V12 :V104V20
oC From Fig. (b)
C=2.15uF
Vo
08. Ans: (i) 500 ps (ii) 750 V o | -
Sol: (i) Circuit turn off time t. = ] 500 us . >0
4 0 T 21
Vol B :
Vs --1- + 1
(ii)vzlez 30 X500 =750 V i i i
C 20u ; ; ; >0
L
vl b
09. Ans: 77.16° : AR
Sol: The given output voltage waveform is Vs--ﬁ i i ﬁ
having quarter wave symmetry - >0
0 I
an = -
¢

X0 OB ) T LTI ST el I ITE T (0 (Tl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




“?su ACE 23 Postal Coaching Solutions
Explanation: At instant 0, Vo=V R 5
_ .'.ILI:VAO1 :@:IOA
and V20 =0 Z1 20
= Vi2=Vi0— V=V, -0=V;
After period of ¢, Vip= Vs 12. Ans: 24 (Range: 23 to 25)
and Vy = Vs Sol: By converting the load into equivalent star,
= V=0
e R,=2_100
Atinstant of t, Vjo=0and V,y =V, P
=Vi=Vio—V=0-V,=-Vj In 180° conduction mode, rms value of each
R.M.S value of V5. phase voltage,
r 0 1/2 \/E
(VIZ)rAm.s = ljvszdejl Vph :Tvdc
L™%
v =£x600=200x/§V
s o
= (9)0
L7 Power consumed by the load,
2
=V, ¢ P =3x—2
T
2
(2002)
11. Ans: 9.9 to 10.1 :3xT:24kW
v
Sol: Modulation index, M, = —+
Vi 13. Ans: 60 to 64
:%:0.8 Sol: m, =0.7
1 Vin =100 V
Amplitude of the fundamental output L=955mH
voltage, (V,,,) =m, VT C = 63.66 uF
R=5Q,f=50Hz
=0.8x250=200V Vo O cin(2nt
= t
From the given modulating voltage R « SIn(2mft)
equation, it can be understood that = (ma x Vin)sin(100mt)
o, = 2007 means, fundamental component = (0.7 x 100)sin(100rt) = 70sin(100mt)
frequency = 100 Hz L ST .
. 0000 +
Load impedance at 100 Hz frequency, 7 ! | _T_
1 1 !
\Y% v :
Z,=VR*+X’ 7020 o R W
2 2 I\ *'I —*—
=12 +16" =20Q S
Z
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Vo = 70.20° x Z, Number of cycles (N)
’ +Z, _ £, 1
5x(—j50) 2f,
=7040°x5_—J50. = 1000 —-1=10-1=9
B+ 5x(=J50) 2x50
5= 150 Order of harmonics = 2N + 1
— 70./0° —-j250 =18+1
15j+150—3250 =17,19
.| —Jj250
=70£0°| ———
Lso- j235} 16. Ans: (¢)
Vo=62.77TV Sol: R=40Qand X, —lOOnx(O?’J 30Q
T
14. Ans: (d) Load impedance, Z = /R’ +Xi
2
Sol: For 180° mode, P =3 2% =/40% +30> =50Q
v 4 P =1440
3( V2
10kW = E[“CTJ = I?, x40 = 1440
V2 =1,=0A
—& = 15kW
R RMS value of fundamental output voltage,
V2 MxV
For 120° mode, P = — %M v, e
aV i
2
:3(%] L 0.6xVy,
R V6 NG
Vel )
R 6 But, [, =—
1 Z
=3x15x—
6 _0.6xVp
P =7.5kW  J2x50
15. Ans: (¢) = Vo :w
Sol: Modulation index M = referaTnce voltage
carrier voltage =5002 V

=l:0.2
5
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17. Ans: 244.8 (Range 244 to 246)
Sol: The line to line voltage at fundamental

frequency can be written as, v, ocm,

V3 Vi

ViLigms = ﬁ xm, X
=0.612 x myxVyc
VLL 1(rms) — =0.612 xmadec

=0.612 x0.8x500
=244 8V

18. Ans: 47.325V,78.03V, 58 V
Sol: The Fourier series of function given in
above figure is
4V,

Von= —2(1-2cosna, +2cosna,)
nn

Given Vs =150V, o = 23.62°, o, = 33.3°

V

o7,m

(7x23.62)+2cos(7x33.3)]

=0.3155 Vs =47.325V

19.

Sol:

(9x23.62)+2cos(9%33.3)]

=0.5202 Vg =78.03 V

(11x23.62)+2cos(11x33.3)]

oll,m —

=0.3867Vs=57.85V

Ans: 9.1 to 9.3

Input power = Output power

:> Vrms rms 5 kW
(220) I;;ms = 5000
Irms = —5000 =22.72 A

220

IX [5202()) (2 fL)
tand = =—— =

VS VITIIS
500

~x100mtx5%x107°
22

220
=0.1621
— §=tan '(0.1621)=9.2°
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