ELECTRICAL ENGINEERING

POWER ELECTRONICS

Volume-1 : Study Material with Classroom Practice Questions



Power Electronics

Solutions for Volume-1 Class Room Practice Questions

1. Basics & Power Semiconductor
Devices

N

/

01. Ans: a) 100ps b) 100.5 ps ¢) 1005us
Sol: (a) I = 100 mA

vor 3
dt
Vit,=LIL
-3
- 0.2x100x10 ~ 100 psec
200

200V T L=02H
(b)R=20Q, L=02H
i
R =20Q
V=200V—_—
L=02H

R
iLZ%{l—e Lt:|

Att=t,, i =100 mA
20
100x10~ = 2001 _ g2t
20

o100t 1

10x107° = [1 -

o100t

= 0.99

t, = 100.5 psec
(©)R=20Q, L=2H

.V Ry
1L=E|:I_GL:|
20
100x10° = 290 [} _ o2
20

10x107 = [1—e "]

-10t,

= 0.99
t, = 1005 psec

(d) If load SCR
requires pulse width for longer duration.

inductance increases,

02. Ans: (a) 7Q (b) 1W
Sol: (a) Given
V,=15+81,

Vel =5W %Z

From KVL
Ve =L Rs+ Vg (1)
Velg=5
(15+8Iy I, =5
I[,=0.702 A
V, = S =712V
0.702
From (1)

12=0.702 x Rg+ 7.12
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R;=6.95Q

(b) Py = Pomax x D
=5x02=1W

03. (i) Ans: (¢) (ii) (a)

Sol: () Iymax =150 mA. Applied voltage
V =10 V. Voltage drop of transistor,
diode and gate cathode
junctions are 1 V.
Write KVL to the gate circuit
10+ Igmax R+1+1+1=0

150 x 10° 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,

L
= 200|:1—6 ‘“5} =0.25

t=187usec
Minimum volt second rating of
transformer = voltage rating x Time for
which signal should be applied
=10x187 = 1870 uV-s

04.

Hence next higher rating of transformer
is to be selected

.. volt-sec rating = 2000 V-s

Ans: 10 to 11

Sol: The rectifier diode can be represented as

0s.

Sol:

06.

Sol:

voltage drop = IR+V

For0.8 Vat 2A, 0.8=2R+V .......... (1)
For 1.2 Vat30A, 1.2=30R+V ........(2)
By solving (1) & (2) R= 14.2mQ, V=0.7716
e Lo 30 9554
TU TU
i =dn_j5a
2

~. Conduction loss = I R+ VI,

= (15% x14.2x10™) +( 9.55%0.7716)

=10.564 W
Ans: (88°C)
T.=100°; T;=125°C
OCA =0.5 °C/W Ts =9
T, =40°C
P — TC _TA
eCA
_ 100-40 10w
0.5
120 :ﬁ
Ts —TA =48
= Ts= 48+40=88°C

Ans: (i) 229.17W, (ii) 8.71%
Tj=125°C  ; 6 =0.16°C/W
0cs = 0.08°C/W ; Ts=70°C
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i~ Ts
0
where 0j,= 0jc + Ocs

=0.16 +0.08 = 0.24°C/W

@ P, =

_ 125-70 _ 229.16 W
0.24
(ii) Now Ts = 60°C
b _ 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.

J270.8 — 4/229.16 §

1229.16

=8.71%

% 1ncrease= 100

07. Ans: (b)
Sol: Ton=35 psec, IL =50 mA, Iy=40 mA

R
From circuit i:& l—e L' +L
R R

20
_ 1008, cest], 190
5000

=5[1—e40t]+51—0

50%x107° = 5(1—e’40t)+L
50
=t=150 u sec
08. Ans: (i) 7, 5, (ii) 22.22 kQ , (iii) 0.094 pF
Sol: (i) V=11kV,1=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
0.9 x 1000

v
(i) R=2Yom ~ Vs
(n-1)Al,

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

(n—1) AQ
nV, -V,

(iii) C

_ -6
_ (7-1)x 25%10 —0.0937 pF
7x1800—-11 x10

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

= LTlv.idt=6OO><_[0T'idt
= 600 x area under current curve
=600><%><150><1><10-6
=45ml
Energy loss during T, = _[OTZ v.idt
T,
=100 x j V dt
0

=100 x area under voltage curve
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1
:IOOXEX 600x1x107° =30 mJ :400(20)]';’(1_%)&
Total energy loss =45 +30=75mJ 5
~8000| ¢, —
10. 2,
Sol: Switching scheme — I ~ 8000 )
(1) Energy loss during ON condition: 2
(Ew)on = [ Vidt = 83090, 1 00x10 = 400
400 ) 20
I [400 __tJ —tdt (Eloss )OFF - EtOFF
t, 2
_400%20 6
4;{400(20)%‘402(220)12}‘“ = %200x10°)
zr : r = 800 WJ
- (400)(20){22 —;7} Erow = Eon +Eorr = 1200 uJ
' ' (i1) P = Exf
_ (400)20) = (1200x10°)x100x10’
6 P=120W
(Eloss )ON = 13333”‘]
(B ) = ﬂtoff 11. Ans: L=4pH, C=0.16 pF and R=5Q
6 Sol: R C
= 400.20) x200ns =266.66pJ T
6 /¥ ]
Etotat = Eon TEorr W
= 133.33+266.66 = 400u] VeT & V«T R
(ii) E = Pxt
P =Exf
= (400x10) x100x10° At the time of switch closed:
P = 40W SCR is forward blocking condition
Switching scheme-II y
Energy loss during ON condition . Ivg\' I L
i) (E =["vidt ]
(1) ( loss )ON J.O \a Vo R,

j [400 —@ tho dt

T
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KVL v, :(R+RL)i+LE 12. Ans: R=50Q, C=0.2uF
dt . dv_ .V
Sol: Given — =50— , lgischarge = 2A
: Vdc —t/t dt Us
1=—— [1 -e ]
R+R, When circuit is power up:
Where 1= SCR is forward blocking condition
R+R,

‘ R=10Q
EZO_L(_le—w] i ] D
dt R+R, \ 1t -

V=100V c
é:&eft/r I T S
dt L
di. . 4 v
—1s maximum att =0
dt
dt|,,, L .
Ve
(di/ dt)y,, V.= R,i +ljidt
240 ¢
1)
L=——=4uH
60 n 1:L e—t/r
I{L
L=4uH
Given damping ratio £ = 0.5 1=R,C
=R C dVe Ve
2VL dt R,C
5 |C
0-5=247% [dVCj att=0
dt max
C=0.16 uF
- . forward blocki d e
As SCR 1is in forwar ocking mode dt R,C
voltage across SCR = [,R 100
Vi=LR =50x10°=
t a 10xC
v, =R dl, C=0.2 puF.
dt dt )
300 When SCR is ON:
R= 0 =5Q By that time capacitor is already charged
source voltage, so starts discharging
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| i

+
= V.=100V
~ = Source voltage
= VS

— 100 + Igisch R=0

_ 100 _100
Idisch 2
R =50 Q.

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

t)

t .
(Eloss )OFF :J-O V1 dt
=J-t(—v+ltj(—i+itJdt
0 t1 tl
—j( 1004129 j( 300+ 220 )dt
tl tl
3
=10 j[ 1+—j(—3+—tjdt
t1

=10 j( 30 3) ﬁ]dt

1 tl
T PO A
2% 3

14.

Sol:

15.

Sol:

16.

Sol:

=10*[3t, - 3t, +t,]|=10%,
=10*x2x10®
=20 mW
P =Exf
=20x107x50 =1W
Q= [idt

=%><300><6><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: (¢)
P Vcc _VCE(sat)
P (<
RL
= 20022 _ j95a
10
Pon = Veexle xt, xf,
_ 200><19.8><3M><1K
=198 W
Pofr = Vee X1 Xt o5 X%
=0.792 W

Ans: 9.54%

From the given data
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\ 02. Ans: (i) 17.6V, (i) 329V,
L L (iii) 445.3V, (iv) 141.5V, 10.75A
R,= 0.42Q 0.3Q (v) 8.98ms
Sol: (i) Voltage across thyristor
Vr=Vgsina-E
av -4 L,y = 230x+/2 sin25° — 120
=1746V
(i) Now V1 =Vsin B - E
The voltage at node a is — 230%4/2 sin220° — 120
= Yozd3), (Va4 =-329.07V
0.3 0.4 B
(iii)Peak Inverse voltage =V, + E
30 =V, (5.833) — (15+10) 23042 +120
55 =V,(5.833) = 4453V
V.=9.43V (iv)Average output voltage
Al = IZ - Il =-13.575+16.43 =2.858 A V() — ZL[Vm (COSG—COSB)-I—E(ZTC +o— B)]
T
Al 100 =258 100=9.529% |
I 30 = 2—[230><«/5(cos 25" —c0s220°)
s
120027+ 255 —— —220x )]
2. AC-DC Converters 180 180
=141.57V
V,—-E
01. Ans: i Current [, = —°
2 2
Sol: In the absence of SCR P, = Vo _V© _ 141.57-120
R R >
In the presence of SCR —1078 A
P
v Va [(n_ a)+lsin2a} 2 (v) ¢ _2m0-p_2m+(2164-220) =
A2 2 ¢ Q) 180
2.82
Fora=90'= V=~ = =8.98ms
o9 1007
2
= P,= V—
4R 03. Ans: 18A, 1A
LR Sol: R=5Q, L=10mH,
P, 4

E=80Vand V=230V
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Vv
V, =— (1+cosa)
T

2 2
= M (1+cos 50°)
T
=170.08 V
—E 08 —
I - VOR _ 170.08 — 80 _18.01A

If SCR damaged, the circuit will work as

half wave rectifier

Vv
V, =— (1+cosa)
2n

= M(Hcos 50°) =85V
yis
—-E
I, = Vo
R
_ 85 — 80 1A
5
04. Ans: (¢)
Sol: R=2Q

If SCR, gets open circuited then the circuit
behaves like half-wave
The SCR’s are triggered by
constant DC signal means

(1291,[3:92:71?-91

single phase

rectifier.

"1

JANA -
N z
VARV
5 N

Vm sinot=E sin 91 = —
200 .
6, =sin" =37.94
o (230x\/5 J
1 6, =m—a
I, = TR _I(Vm sinmt—E) dot
=ﬁ [Vm (— cos o)t):Oc - E(n — 2(1)]

1
= [2x230%+/2 c0s(33.94°
L (33.94")]

L 200(n —2%39.94° XLJ
180

=11.90A

05. Ans: 120°, 0.54A, 1.016A

A" 2V
Sol: V) =— (I+cosa) &V, = —="
T T
V0:0.25 X V()max
Vv 2xV
—~(+cosa) = 0.25x% "V
T T
a=120°
'V, = M (14+co0s120%)
T
=5401V
V, .
=Yoo S0
R 100

\Y 1 . i
Vi = 7 {(n—oc)jta(stoc)}

NG

2 lnl( o)l )]

Vims = 106.02 V

_106.02 _ 1061 A

rms
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06. Ans: 545.96 V

Sol: £l cos(180°— )
V4

B2l 2 x Vit 30)Lv IO
P s
MCOSISOOZ —E +(2x 60 % 0.3)
s
3
+(2x1.5)+ 2x100mx1.2x00° 9
n
E=54596V
07. Ans:467.82V
Sol: Vo= ﬂcosa
n
_ 3X\/5—X400cos30O
n
=467.8V

2

Output power = —==

1
2
Vims = Vm/ [% + —3\/3 COS 2(1}

41

= 40042 {1 \/_}

=475.562
Output power = 22.61 kW

08. Ans: (i) 67.85", 0.36 lag (ii) 92.36V
Sol: (1) Vo = RIO +E

mC cosa = RI,+E
T

3% 220:/2
7T

cosa =0.2x10+110

o =67.85°

PO = Pin
V3 Vi, cosd =Vl

\/§x220x10\/%xcos=(112).10

= cos ¢ =0.36 lag
(11) Vo=RIp—-E

m cosa = 0.2x10-110=-108

T
V., =130.59V
V, = Y 1309 g5 54y
V22

09. (i) Ans: (b) (ii) Ans: (c)

Sol: (i) The maximum current through battery
will be evaluated based on extreme
condition of operation

400
=—— =40 Amps
0 (max) 10 p
(i) kKVA rating of input transformer
=37, 1,

Where [; = Rms value of line current on

ac side = I \/%

kVA rating = /3 x400x40 \E

=22.6 kVA
10. Ans: (d)
Sol: Power supplied to load = VI,
2V, 242V,
- Iy = I
T n(n)
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VA rating of secondary winding = 2
[voltage rating of each secondary winding x

current rating of each secondary winding]

n 2
_W2v i,

n

Primary VA rating = VS,I—O
n

Average VA rating of transformed

_ VI +42V],
2n
=1.207—+ vl
n
_ Average VArating of transformer 1.207
' Power supplied to load 0.9
=1.341

11. (i) Ans: (b) (ii) Ans: (b)
Sol: (i) Active power will be drawn by converter
only due to fundamental component.

Therefore,
Active power = Vg I, Cos¢,
=100 x10 Cos 60

Active power = 500 watts

(ii) Voltage applied v=100~/2sin (100xt)

Current resulted

i =102 sin(lOOnt—§)+5\/§ sin(300nt+%]
+ 22 sin[SOOnt—gj

The current flowing through converter is
a combination of fundamental, 31
harmonic and 5™ harmonic components.

The through the

converter is non sinusoidal component

current flowing
then p.f will be written as
Input power factor

Vs I, cosd, ISI

V, I I costh
I, =10 A
L= 10+5+2
= 11.35A

105 cos 60 =0.44

12. Ans: 15.47 (Range: 14.5 to 16.5)
Sol: Po = Vo . Io =3000W

- {Wm o - 20L: 10}10 =3000
T T

[2x230\5x\5_2x100nx1.4x103 .
T 2 T

10}10 = 3000
= 179.331, —0.281> —=3000 = 0

=1, =17.19A

cos(oc + u) =cosa— 2oL, I,

_V3_2x100n 1.4
1000

2 23042

= a+n=34.96°=pn=4.96°

x17.19

DPF = cos[oc + ( 2)} 0.843 lag
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Power balance equation
= V,, xIg cos¢, =P,
= 230x 1, x0.843 =3000

Sl =00 15474
230x0.843

13. (i) 42.6°  (ii) 11.141A
Sol: Maximum value occurs at o =0
Vo= 3V cosaL = 3V
TT
Lcosa = 0. 75>< Vi
T 27

o =41.409

a > 30, so we should not use above formula

3V
LU i cos(oc + EJ
2r 6

x~/3

T
Fora>—, V=

3V, 3V,
5 L[1+cos(a+m/6)] =0.75x—=
T

1 + cos(a+m/6) = 1.2990

o +30=72.600

= o =42.600°
Vv, T
[h=— > —
(i1) R o 5

3V
Vo= Zmp (1+cos(otm/6))
Y

3{2\/250}\/5

27

(1+cos(42.600 + 30))

Vo=111.414 and I =

w|<

=11.141 A

14. Ans: 6 (Range: 5.9 to 6.1)

2V
Sol: m
T
2x2007
:> J—
T

= —200=-800+RI, =1 =30

cos120° =-800+20xI A

As switches are lossless, power fed back to
the source =200 V x 30 A = 6 kW

15. Ans: (b)
Sol: The line current in the A side of transformer
is nothing but source current of 3- ¢ full

converter and it is quasi square wave form

of Pulse width 23_75

The phase currents in A side of transformer
is 6 step square wave form and its equivalent

Y side wave form will have magnitude of

2K
steps g and y % Hence Iz wave form

will be as follows

A
Ir

2K/3F--
K/3

> ot

16. Ans: (i) 14642V,
(ii) 732.11 W, 732.11 VAR and with FD:
176.74 V, 883.76 W, 366 VAR

Sol: Given data:
V=230, f=50 Hz, a =45° 1 =5A
Without Free wheeling diode

Itisa 1 - ¢ full converter
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VOZ%COSOL
T

2x230%x+/2
= ———CO

T
Vo =146.4225V
Po=Volp=146.4225 x5
Py=732.1125W
Qo = VoI tana
=146.422%5 x tan45°
=732.1125 VAR
If o= 60°

s45°

V,= 2&cosoc =103.536
T

=5A
Py=VyIp=517.68W
Qo = Vj Ip tana
=517.68 x tan 60
Qo =896 VAR
With free wheeling diode
Single phase full bridge converter with free
wheeling diode will act as a single phase
semi converter

)ﬁxzso(

V0=£(l+cosoc 1+ cos45°)
s T
Vo=176.747V
Po=Vo1lp=176.747 x 5
=883.73 W

Qo=Volp tan%

= 883.73 x tan%

Qo = 366.053 VAR

(iii) If o0 = 60°

\%
v, =?‘“(1 +cos o)

Vo =155.304 V
I=5A
Po=Vo o

Py =776.523

Qo=Volp tan%

=776.523 tan30°
Qo =448.32 VAR
In the two cases 1 - ¢ Full converter
(without F.D) and 1 - ¢ Full converter (with
F.D) if ‘a’ increases, active power decreases

and reactive power increases.

17. Ans: (¢)
SOl: I1 = IloadRMS = I(2) X = I0
Lx60 1
I = I = 0 :—0
2 ( SCR )RMS 360 6

0

60 V2

II:IZ:IS=1:L:L

6 2

L= (IFD )RMS =

[x3x60 1
3

18. Ans: 224.17
Sol: When source inductance is not taken into
account, each diode will conduct for 180°

When source

inductance is taken into

account, each diode will

(180 + 1)

conduct for

Where u is overlap angle and can be
determined as follows:

2oL, I

o

cosp=1-

m
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2x100mx10x107 . (V.. E,

= cosu=1- =0 4 [ di _jL—as1nmtdt—jL—adt
= ) E
0.71727 ip= —2-(-cosot)-—t+K
= u=44.17° oL, L,
.. Conduction angle for D; = 180+44.17 initial condition is ip = 0 at ot = o = 7/2
=224.17° 0= Yo —cosﬁj——ble(
oL, 2 . 20
E T
19. Ans:5.225A K= L_bxz_
Sol: L,=50mH ; a=90°; E, =180 V a2
.. equation for
E E
jp= —= (—Cosc)t)——b‘Hr—bl
\ L, L, 20
Maximum value of iy is at wt = (71—0)
-'-iOmax
L@[—COS(BO—SS&S”)J
100wx50x107
180 x(180_35'35)xi+ 180 =«
50x10° 1007 180  50x10°  2x1007
=5225A
v [[ 3. DC-DC Converters ]]
S v
T P 01. Ans: 5A, 5.104A, 4.896A
i At b | Sol: f=2kHz, Vg =100V, —=6msec
VOAG (1: :Tt: :TH'O‘: : : R
PN N Re = 100
TN N -
N S :i! (_ﬁzﬂ:m
i‘/':\l'\i : ' : R 10
N >ot
a, Vo IB 'nta |‘II+[3 AIL:&D(l—D)T
When T, T, pair is ON at ot = o L
di, ) _ 100 < 0.5(0.5)x 1
LaEJrEb—Vmsmwt 60x10-> ( : ) 21%10°
di, V_sinot—E
diy _V, b =50X0'5X0'5=O.208A
dt L,
%:O at ot = (n1—0) hence iy is maximum I, =1, + Al —54 0.208 —5104A
max 2
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AL

I :IL—T:4.896A

Lmin

02. (i) Ans: (¢) (i) 2.5 A, 37.5 uH
Sol: (i) D = 0.5, f = 100 kHz,
Aic = 1.6A, Iy = 5A

AIC = AIL
Al
ILmax = IL + 2L
=5+ L6_ 5.8A
2
(ii) Average switch current
T T
_ 1 4.2x_8+1x(5.8—4.2)><_s
T, 2 2 2
=2.5A

Al :%D(I—D)T

24 1

=22%0.5(1-0.5)x— =1.6
L 100
L=37.5uH
ol
03. (i) 3
(ii) 333.333 uH
(iii) 312.5 uH
(iv) 8.33mH, 12.5 nF
Sol: AVy=10mV
AlL=0.5 A, T=50ps
(1) Duty cycle ratio
Vo, =DV
po Yo SV _1
Ve, 15 3

(11) filter Inductance

Al = &D(l—D)T
L
5xlxgx50u
:>O.5 = L
L
L =333.33 uH
V.,
iii) AVo= —<_D(1-D
() AVo= o e (1-D)
10x107 = 15 _1(1_1
8x333.33x10°xCx20x10° 3\ 3
C=312.5pF
1-D)R
@iv) L, :—( )
2f
(1-0.33)500
=" =833mH
2x20x10
czi(l—D)T2
16L

1 2 1
= X—X| —
16x8.33x10° 3 (400x10°
=12.5nF

04. (i)Ans: 937.5 W (ii)1041.7 W
Sol: f=20kHz, T=50 us
D = 0.5, Given circuit is boost converter

(i) When switch is ON [0 <¢ < DT]

dl_L —100 = dl_L _ @
dt dt L
When switch is OFF
YL _100-300 = —200
dt
dip _ 200
dt L
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From the given slopes, given condition

1s discontinuous conduction mode.

n__B
Vi B-D
:@=L:>B=O.75
100 B-D
From i waveform, i, = % xDT
=100 95410+
100x10°°
=25A
iL
ipofoo NG e == -
—-100 :
50 4 NL |
L v
25 pTH37.55) L t(us)
14 e
in”\i i i
— 2.5 +— t(us)
I .
~xi,, x(B-D)T
e IDav: 2
T
1 L ;
—x25%12.5%10
=2 =3.125A
50%x107°
P, =V xIp,w=300x3.125
=9375W

.. Power transferred from B; to B, =
937.5 W
(ii) When switch is ON [0 <7 < DT]

dl_L =100 > dl_L — @
dt dt L
When switch is OFF
LdltL =100-250 =150
di, _ 150
dt L

From the given slopes, given condition

1s discontinuous conduction mode.

Kh__ B
Vi B-=D
:@:L:B:é
100 B-D

From i waveform, i, = % xDT

100

=WX25X10_6
X

=25A

b t ?us>

t (us)
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1><25><16.66><10’6 ZLGxOAx;3
=2 - —4.166 A 100x10~ 250x10
>0x10 ~0.192A
Poy=V> xIps =250 x4.166

=1041.667 W
. 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.

Average output voltage

ld;) B % Sl
Average output current
_ Vo _ 20 —
=R "0
Source current

1 1 10 5

= IO =—=—=—=—A
I-D 1-04 06 6 3

I 1A

N

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

\%
Al = Al :%DT

06. Ans: 2 (Range 2 to 2)
Solution:

i 4

6A |- e A mmmmmm e

— (B-DT + ot

In continuous conduction

=te_ 20 __ 4oy
1-D 1-0.5

But given V> 40 V, so it is discontinuous

mode,

mode of operation.

Power balance equation Py = Py,
=V,.I =50x (ﬂj
50

1 =2_25a
20

W__ £ _50_

V., B-D 20

=B =2.5xB—(2.5%0.5)

B=0.833

ILMax =6 A

1

62 (5 1) T2
IDrms: — X7 [X=
’ 3 \6 2) T
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& 2 c - (1-D)I,DT
13 7%% 2Vpe
ID,rms =2 A (1-06)05)(06)(L

07. Ans: (i) 0.6
(i) 0.72 A
(iii) 1.61 A
(iv) 34.09 mA
(v) 72uH, 500nF
Sol: Given
[(=05A,Vy=15V,Vpc=6V
Vi
1- D
= Duty cycle D = 0.6

@ Vo=

(i) AL = \E DT

6 1

= —0.6x
25010 20K
=0.72 A
Al, 20 Al
i), =1 +—Lt= +—=
( ) Lmax L 2 1—D 2
_0.5+272_ 1614
2
0.5%0.6x
av, =220 =Us K
C 440x10
=341 mV
V) L= D(1-D)'RT
2
_0.6(1-0.6) 0%
2 20k
R=Yo_15_3
I, 0.5
L, =72uH

= 20k _ 5 uF
2x6

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

Sol: For continuous inductor current,
v, =L:>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 Vg x I; =
Vo x I, it will give 1. = 4000 =11.11A
360

As the switching frequency is not given in
the question, we cannot proceed further
But by assuming one condition i.e the
current through supply line is constant of
11.11 A then

r.m.s value of switch current

=11.11x ‘/DTT 11.11/D

=11.1140.1 =351 A

09. Ans: (i) 83.3us  (ii) 83.3A
Sol: (i) Buck-boost converter, f= 10 kHz

100
ILmax :TDT ........... (1)
_ 500
T-DT) e 2
= (T-DT) )
From (1) & (2)
mDT—SOO(T DT)
L L

DT = 5OOT _éx ! - = 83.3usec
600 6 10x10
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(ii) Peak current through switch

ILmax = VEC DT
= 190 833410 =833
100x10
10. Ans: (¢
© ! el
Sol: ™ -
Ve (T S L = R=V
<> L §3 20 uH § 0
+
In CCM Buck Boost,
v, =1, 2 |=20x 2030V
1-D 04

But given V, > 30 V, so it is discontinuous

mode of operation.

DT BT T
From i; waveform
20 60
— DT =—(pT-DT
DT =—=(T-DT)

:>4DT=3ﬂT:>ﬂ:§xD:O.8

oA = Vae x DT = 20 x0.6x20u=12A
L 204
l><12><O.8><20,u
I ey =2 n —4.8A
Y7,

11. Ans: (i) 18V
(ii) 0.163V
(iii) 1.152A
(iv) 4.326A
(v) 38.4 pH and 1pF
D

Sol: 1) Vo= ——V
() 0 l—D dc

=_"" %12
1-0.6
=18V
I
ii) AV = DT
(ii) L

1.5 1

= x0.6x =0.144V
250%10 25K

\Y

iii) Al = = DT

(i11) AlL =
= 12 x 0.6 x 1
250x10°° 25k
=1.152 A

() Ty e =Ty + AL 1.5 +1.152

2 1-06 2

=4.326

(I-D)'RT

(v) L, = =38.4uH

_L,T(1-D)
Y

dc

C

1

Xi
25x10°
2%x12

1.5

(1-0.6)

=1 puF

12. Ans: (¢)
Sol: For step down chopper for R,

Load V(t) = Vo = DVs = T%VS
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For RLE load, the output waveform is

Vo

Vs
1
E
P

From above diagram t = t; + t¢+ t,

The terminal voltage exits only for the
periods t; and t,, remaining time zero

Vet +E,
. The average voltage = st Byl

13. Ans: (a)

Sol: In Buck boost converter, V, = %Vdc

When V, =32V,

D B p3 06
1-D 32 5
When V, =72V,
DB p204
1-D 72 5
. 2 3
.. The range of D will be 3 <D< -
or04<D<0.6
14. Ans: 40

Sol: Given circuit is buck boost converter.
Source current is same switch current.

Peak wvalue of switch current means,

i l

sw, peak =

=1L+A]L
2

L,max

Al = Yo pr
L

=$x0.6x0.1x10_3=5A
.OX

()
I L A5 =375A

““1-D 1-06

I :37.5+§=4OA

* % L,max

15. Ans: (d)
Sol: izVo\/Esinwot
L
O |
=V,./—sin t
‘YL JLC

t

i=10sin(10*%) A

16. Ans: (a)

Sol: Given circuit is a current commutation
circuit. When ever both the currents are
equal and opposite then the thyristor will be
turned off.
10sin10* = 5 (Refer previous solution)

t=352usec

17. Ans: 35.1 ps, 1894V
Sol: L
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IL(O) = I()
Ldi 1 =100+200 ;OTM =189.4V
==+ [idt=V, K
C C
L[SI(s) -1, ] ! I I(s) , CV,, _Vde 18. Ans: (i) 1075ps, (i) 427.85A,
€8 S S (iii) 137.5us, (iv) 20V
I(s){SL + —} —LI, + VSCO = VTdC Sol: Given data
; V=220V, R=0.5Q, L =2mH, E =40V
Vde-V,_, 1 .
I(s)= + LI, x Commutation parameters: L = 20uH,
S s SL+ |
s s C = 50pF. Tox = 800psec
V., -V CS CS T =2000usec & Ip = 80A
— de o v + LIO X . ) )
S S*+LC+1 S’LC+1 (i) Effective on period
V, -V C LI, CS . CV
oy +—2x T =T, +2.—=
LC S’+0’° LC S+o’ A 8 h
: V.-V, . B
1(t) = %sm ot + 1, cos ot S (800>< 10_6)+ 2[SOX 1(;; X 220}
Ldi
Vilt)= Vi -~ = 1075 psec

V. — .
=V, - L{“TVCO} cosot — I, sin ot(o)

v, (t) =V, — (Vdc -V, )cos ot + Io\/%sin ot

If Voo = Ve = 1(t) = Iy cosmt

t =~ =TJLC

20 2

t = g\/lox 10°x50x10°°
=35.1 us

IfVeo = Vi = Vc(t) = Vdc + IO\/%SiH ot

At turn OFF ot = g

LV, =V, +10\/%

(ii) Peak currents through T; and Ty

ITlP =IO+VS\/g
=80+220 & =427.85A
\ 20

I, ,=Io=80A
(iii)turn off time for T,

CVs _50x107° x220
80

=137.5usec

C IO
(iv)Capacitor voltage 150usec after Ta, is
triggered

A at

/ A
137.5 112.51
1 .

T

f——150——
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Veatt.=220V

137.5 — 220 V [[ 4. DC-AC Converters ]]

125> 7

01. (i) 26.1V ii) 240W
= 220 x12.5=20V () (. :
¢ 1375 (iii) 48.43%  (iv) 5A
(v) 48V

19. (@) Ans: (b ii) Ans: (b

(.l) ( ). ) @) ) (.) X Sol: i) V,, zﬁVdc =0.45x48=21.6V
Sol: (i) The minimum time is required for T

change the polarity of capacitor form
VS tO - Vs

e t, =—

nx+/LC

TCX\/2><10_3 x1x107¢

=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

VS
Vo = T (TON +2tc)

V. (OAY
=T, +2.—

% T +25%)

-6

_ 25073 L4010 425 X107 x250
1x10 10
=475V

Vdc

(2]
2

iyp, =~ 2/ 2 osw
R 24

iii) THD = 48.43%
iv) Peak current through switch

IP(sw):%zloA

SA

Average current of diode = %

Vv)PIV =48V
With full bridge

22

Vdc ’

VO]

I

7", PIV =48V

I, (diode)=

avg

02. (i) Ans: (b)
Sol:

(ii) Ans: (a)

A C /\ >t
VA
T/4

IO 4

200
L
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200 T
=mx, Ip =——x— [T =20 msec
y PET%y [ |

() Ip :%x5x103 =10A

(i1) Each diode will conduct for %sec

=5 msec
03. Ans: (¢)
Sol: V; — 4y, =4><12
N2 72
48
Vi=——
72
Given V, =240 and N; = 10
NV,
Nl Vl
N, = 240x+/2 x3 <10
4x12
= 1502
04. Ans: (¢)

Sol: Given 2d =150°

Fundamental component peak value

= 4V sind . SinE
T 2
fundamental component r.m.s value
4V, sind . Sin~
2 2
_ 4xV sin(75°)
V2
1.22

=22V =0.862V,

V2

and r.ms. value of output voltage

V)=

2 1/2
S—c
s

1/2
=V, (@x%j =0.912V,
T

Given

2 2
THD: V r.m.s Vl % 100

1

\/[(0.912)2 - (0.862)" |1
= 100
V.0.862 *

_ 0.29728 —34.55%

05. Ans: (i) 200.8V, (ii) 24.75°, (iii) 203.64V
Sol: Given data:
V=220V, P=5, 2d=150

. [2d
(1) Vo = Vi —
T
=220,/120 = 200.83v
180

(i) Now V, =V, +10% of V, =242V

5x2d
T

5X2d 2
=1200.8
o = (2008)

\'A =200.8

(242)° x

2d =24.78

(iii) 200.8 =V, x ‘/% (pulse width 35)

V, =203.64V

06. Ans: (a) (i) 13.2A, (ii) 9.33A,
(iii) 7.84 KW, (iv) 18.67A
(b) (i) 11.43A, (i) 8.08A,

(iii) 5.88 kW  (iv) 14A
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Sol: Given data R = 15Q X=Xy _ 0.013
In 180° mode 3
(i) rms value of load current Xc—12=0.039 = Xc=12.039
N2y, L 12,039
I Vpn 3 de oC
R R C=2.15pF
_N2 420 oA
T3 s T 08. Ans: (a) 115A, 81.3 A
230
)L, =1, |2~ =2 =9.33A Sol: (@) 1o =—==115A
V2 115
(iii) Load Power=3xI;R Lsw.r= o =813 A
=3x(13.2) x15 BR=2Q,X, =80, X, =6Q
(iv) 420 xI, = 7.84x10° v
I, =18.67A
120° Operation:
Ve 420 It 4 i
Vv :
DI, = w6 N6y 30 /‘ !
R R 15 [ | .
T = !
I 4 A '
T LI tu - P )N T4 |
\/5 «/5 \ |
N 5 | ‘
i) By =3xI;R A > >
=3x11.43°x15 =5.88kW (i, Ve =i "2 sin” ot d(ot)
4
(iv) 1, _3880_14a ,
420 I pr1—cos2mt
= [ d(ot)
2nY,
07. Ans: 2.15 HF 12 31 1
Sol: t.=F.S x t, =24 us ‘4_,1{? 5}
ote = (2m) x 24y = 0.75 rad (ir )eoss =1.,(0476)
(J)tc = (1)1 =0.754
X —X, Im:230ﬁ:81.317xﬁ A
tan”' | T g ) =0.754 Va+4
(ir )y = 0-476x/2x81.317
=54.73A
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(iO)RMS =LIZIr2n sin” ot dot 11. Ans: Vs\/§
20 T
=0.151In, Sol: V12 = V]() — V20
~0.15x+/2x81.317=17.328A From Fig. (b)
. s Viok
09. Ans: (i) 500 ps (ii) 750 V
Sol: (i) Circuit turn off time t. = % =500 pus Ve~
. »0
I V| O T 2T
ii) V=—xT L_ - ' '
(i) C V- : :
: : : >0
=30 5004 =750 v R
20u V| | |
10. Ans: 77.15° VH o H
Sol: The given output voltage waveform is 7 :U' - U >0
having quarter wave symmetry -
a,=0 ¢
2z Explanation: At i = Vs
And b, :lJ-f(t)sin (n mt)dcot xplanation: At instant 0, Vo=V
T and V=0
27 = Vi2=Vi0—Vy=V,-0=Vq
- ;{f(t)sm (n ot dot After period of ¢, Vo=V
and Vz() = Vs

For fundamental n = 1

_ o . =V;=0
. _ dc : _ 3 1 o
= b, ——n Dsmmtdmt J. sin wtdmt+ Ismmtdmt} At instant of n, Vip= 0 and V, =V,

= Vi2=Vi90—V=0-V,=-Vj

0 o m—a

2V « \
== ﬂ— cos (ot|0 + |cos 0)t| —|cos (nt| ]

T ¢ R.M.S value of V5.
2V r 0 1/2
— de _ 1
T [2 4COS a] (V12)rAm.s = _J.Vsz de:|
RMS value of fundamental output voltage ] o
can be Vs2
o]
& [2—4cosa]=50V LT
cosa.
TC\/_ (I)
=V |+
= cos o = (0.2223 N

= a=77.15°
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12. Ans: 9.9 to 10.1 (200\/5)2
v =3x— 2 =24kW
Sol: Modulation index, m, = —*
Vtri
- 0_8 —-08 14. Ans: 60 to 64
1 Sol: m,=0.7
Amplitude of the fundamental output Vi, =100V
~ \Y _
voltage, (VAO )1 =m, x—% L=9.55mH
2 C = 63.66 uF
=0.8x250=200V R=50. f= 50 Hy
From the given modulating voltage ol ’ -
= t
equation, it can be understood that R r SIn(2mit)

®, = 2007 means, fundamental component

frequency = 100 Hz
Load impedance at 100 Hz frequency,

Z, =\R*+X?
=+12°+16> =20Q
I, = Vior 290 _ 14 o
Z, 20
13. Ans: 24 (Range: 23 to 25)
Sol: By converting the load into equivalent star,
30
Rph = ? = 10 Q

In 180° conduction mode, rms value of each

phase voltage,

V2
Vph = T Vdc
V2

:Tx600=200\/§V

Power consumed by the load,
2

P0=3><—ph

= (m, x Vjy)sin(100mt)
= (0.7 x 100)sin(1007t) = 70sin(100mt)

Vo= 70£0° x Z,

Z+Z

5% (—=j50)
5-350
i3+ 5% (—:]50)

5-7350

— 250 }

2

= T70£0° x

= T70£0° x| — -
155+150-3250

= 7000|120
150— 235
Vo=62.77V
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15. Ans: (d)

2

V
Sol: For 180° mode, P = 3—13;‘“\45

2
Lokw < 3 [ Va2
R 3

2
&:ISkW
R
V2
For 120° mode, P = — 2225
_i(vdcjz
R V6
Vet
R 6
=3><15><l
6
P =7.5kW
16. Ans: (¢)

Sol: Modulation index M = referance voltage

carrier voltage

Lo
Number of cycles (N)
— fc
_Zfr _
_ 1000 -1=10-1=9
2x50
Order of harmonics = 2N + 1
=18+1
=17, 19

17. Ans: (¢)

Sol: R =40Q and XL ZIOOWX(EJ:3OQ
T

Load impedance, Z=,/R* + X}
=/40>+30° =50Q

P, =1440

— T2, x40 = 1440

=I[,=6A
RMS value of fundamental output voltage,
MxV,
V. = DC
ol \/5
_ 0.6x V.
2
But, I, = Yo
Z1
_0.6xVp.
J2 %50
50% 6x+/2
N 0 o
0.6
=5002 V

18. Ans: 244.8 (Range 244 to 246)
Sol: The line to line voltage at fundamental

frequency can be written as, v, ocm,

. \Y
vV, =m x—&
phl a

V3 Ve

V, =—=xm, X
LL1(rms) \/5 a

=0.612 x myxVyc
VLL 10ms) = 0.612 xmyx Vg
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=0.612 x0.8x500

=244 8V
19. Ans: 30 A
Sol:
Van A
2Vdc/3l J_
0 Va3 o
>
6 Te 6 e |‘—T—Lﬁj T/6 | T/6
\/ ALY \/ :
anBc, 2Ve - BC
3L AC
= BC= A/ ><l = /S
3L 12 18Lf
Is ABDE, V—d = %
3L BE
= DE =£><I:—Vdc
3L 6 18Lf
V
i0(ph) =BC+DE = Vde 4de _ Ve
18Lf 18Lf O9Lf
o 270 ~30A

9% 20x1073 x50

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

Von= —S(l—2c0snoc1 +200$1’1(12)
nmw

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

V. - 4V,
ks

[1-2cos(7x23.62)+2cos(7x33.3)]

07, m

=0.3155 Vs =47325V

4
Vo9 m = VS
. on

=0.5202 Vg =78.03 V
4V

oll,m — 117[

=0.3867Vs=57.85V

[1-2cos(9x23.62)+2cos(9x33.3)]

[1—2cos(11x23.62)+2cos(11x33.3)]

21.
Sol:

Ans: 9.1 t0 9.3

Input power = Output power
= Vims Irms = 5 kW

(220) Iims = 5000

Lrms = PUly_ 2272 A
22
(SOOJ X (27EfL)
IX 22
tand = =—— =
VS VHHS
500

%100t x5%x107°
22

220
=0.1621
= &=tan '(0.1621)=9.2°
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