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Power Electronics

1. Basics & Power Semiconductor
Devices

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

v-L &
dt
th:LIL
0.2 x 100x 107
» = . . =100 psec
200

200V T L=0.2H

b R=200Q, L=02H
R=20Q

V=200V—_—"

L=0.2H

.V Tt
1L=E{l—e L}

Att=t,, i =100 mA
20
100x10~ = 2001 _ g 02t
20

10x107 = [1—e "]
e = 0.99
t, = 100.5 psec

(©R=200Q, L=2H

Y =
1L:E|:1_GL:|
20
100x10~ = 200 | g2
20

10x107 = [1—¢ "]

10t

e " =099
t, = 1005 psec
(d) If load inductance increases, SCR

requires pulse width for longer duration.

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

Velg=5W %Z

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

Rs=6.95Q
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(b) Py = Pgmax x D
=5x02=1W

03. Ans: (¢)
Sol: I, max = 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+ [max R+ 1+1+1=0

150 x 10° R =7
R =0.0467 x 10°Q
=46.7Q

04. Ans: (a)

Sol: 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,

Ixt
iﬂ{l_e }I
1

It
:200{1—6 0“5} =0.25

t =187 usec

Minimum volt second rating of transformer

= voltage rating x Time for which signal
should be applied

=10%x187 = 1870 nV-S

Hence next higher rating of transformer is to

be selected

.. volt-sec rating = 2000u V-S

05. Ans: (88°C)

T. = 100°
Tj = 125°C
GCA =0.5 OC/W
Ty=?
T, =40°C
p_Tc=T, _100-40 .
Oca 0.5
120= 15" Ta
0.4

TS —TA 5 482Ts: 48+40=88°C

06. Ans: (a) 229.17W, (b) 8.71%
Sol: Tj=125°C ; 0ic=0.16°C/'W
0cs = 0.08°C/W ; Ts=70°C
T, =T
0.

s

(a) P, =

where 0j= 0jc + O
=0.16 +0.08 = 0.24°C/W
~125-70

=229.16 W
0.24
(b) Now T = 60°C
_T-T
av eJS
_125-60 _ 270.8 W
0.24

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

root of power.

V2708 — /229.16 .

229.16

% increase= 100
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=8.71% =222kQ

07. Ans: (b) ' nV,, -V,

Sol: Tox=75 psec, IL =50 mA, Iy=40 mA

R
From circuit i=£ l-e L +L
R R

20
_ 100 l—e 05 +&
5000

= S[I—e"4°t]+%

50%x107° = 5(1—e’4°t)+L
50

=t=150 pusec

08. Ans: (a) 7,5, (b) 22.22 kQ, (c) 0.094 uF
Sol: (a) V=11kV,I=4kA, n=90%

For series

string voltage

" x voltagerating of SCR
11000
0.9 x 1800

For parallel

string current rating

* nxcurrent rating of SCR

4000
0.9 x 1000

Vin — VY,
(b) R n bm
(n—1)Al,

AIb = Ibmax - Ibmin

_7(1800) — 11x10°
(7-1)x12x107°

=12mA-0=12mA

_ (7-1)x 25x10°°
7x1800—11 x10°

=0.0937 pF

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

T, = LT‘v.idt = 600><J?z'dt
= 600 x area under current curve
:600><%><150><1><10—6
=45m]

Energy loss during T, = J.OTZ v.idt

TZ
=100 [ "V dt
0
= 100 x area under voltage curve
= IOOx%x 600x1x107°

=30mJ
Total energy loss =45 +30=75mJ

10.
Sol: Switching scheme — I
(1) Energy loss during ON condition:

(i Jon = [ Vidt

j (400—@t] ?tdt

T

- {400(2O)ti - —402(220) s }dt

T T

loss JON
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t2
=(400)20)| ———
(400X ){Ztr 3tf}

_ (400)20)
6
(E o Jon =133.330J
VI
(Eloss )OFF = ?toff
= 400.20) x200ns
=266.66u1]
Erota = Eon tEoFF
= 133.334+266.66 =400p)
(i1) E = Pxt
P =Exf
= (400x10°) x100x10°
P=40W
Switching scheme-11

Energy loss during ON condition
(1) (Eloss )ON = J‘Or vidt

j (400 _A0g t]20 dt

= 400(20)[" (1 —tijdt

t2
=8000(tr— ]
2t

_ 8000
2
~ 8000

x100x107

= 400]

VI
(E loss )OFF = TtOFF

_ 40020 50051067

=800 wJ
Etotat = Eon TEoFr
=1200 WJ
(i) P = Exf
= (1200%x10%)x100x10°
P=120W

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

]
/iy
% |
SW
IR
VaT EE P Vdc—[ Ry
At the time of switch closed:
SCR is forward blocking condition
i R L
> 21321%
Vdc_——_ §§ RL
) di
KVL Vdc:(R+RL)1+La
i= Ve [1 - e_”r]
R+R,
Where t=
R+R,
d_i:O_ Vdc _le*t/‘r
dt R+R; \ 1
g—&e_t/r
dt L
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1. )
—is maximum att =0
dt

[é} _ Ve
dt .., L

_ Ve
(di/dt),,,,
L=240m _, uH

60
L=4puH

Given damping ratio { = 0.5

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

Vt: IaR
dv, _p dl,
dt dt
R= 300 _ 5Q
60

Ans: R=50Q, C=0.2puF

GiVeIl d_V = SOX 5 Idischarge = 2A
dt us

When circuit is power up:

SCR is forward blocking condition

RL: 10Q

P l BD
V=100V |

1
—e
—]

0

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

| l

+
— V=100V
~ = Source voltage
= VS

— 100 + Ijiscn R=0

100 _100
Idisch 2
R=50Q.
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13. Ans: 1W, 900uC
Sol: 4

(Eloss )OFF :J-Ot Vi dt
=jt(—v+ltj(—i+ltJdt
0 t1 t1
_Jt,( 100, 100 j{ 3004 300
t1 t1
=10 j (

j{ 3+thdt
=10 f(

3 3( ) 3¢’ jdt
1 t1
=104[3t1—itf+%.i}
2t, 1 t273
=10*[3t, - 3t, +t,]=10%,
=10*"x2x10°
=20 mW
P =Exf
=20x107x50=1W
Q:J-i.dt

=%><300><6><10-6

Q = 900uC

it

14. Ans: (¢)

Sol: 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.

15. Ans: (¢)

V.. -V _
Sol; [o= —& Eta) _ 200-2 19.8 A
RL

Pon: %Xtonx.fs

= 200193 5k =198 W

Ve <1, w
6 off

Posr =

x f. =0.792 W

2. AC-DC Converters

01. Ans: l
4

2
Sol: In the absence of SCR P, = v

In the presence of SCR

bé!
%[(n —a)+ %sin 20(}

Fora=90"= V, =

= V,=

v
2

02. Ans: (a) 17.6V, (b) 329V,
(c) 445.3V, (d) 141.5V,10.75A
(e) 8.98ms
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Sol: (a) Voltage across thyristor
Vr=Vpsina-E
= 230%+/2 sin25° — 120
=17.46 V
(b) Now V1 =V,sinB-E
= 230x+/2 §in220° — 120

=-329.07V
(c) Peak Inverse voltage = Vi, + E

=230x4/2 + 120

=4453V
(d) Average output voltage

V, = ;_n[vm (cosa—cosB)+EQRn+a—p)]

= 2i[2soxﬁ(cos 25" —0s220")
'

12027+ 25X —— — 220 % —)]
180

180
=141.57V
-E
Current I, = Yo
14157120
2
=10.78 A
() 1 = 2"+O=B _ 2n+(21.64-220) m
® ® 180
_ 282 =8.98ms
1007

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

\Y%
V, =—= (1+cosa)
T

= M (1+cos 50°)
T
=170.08 V
I, = VOR—E _ 170.08 — 80 _1301A

If SCR damaged, the circuit will work as

half wave rectifier

A"
V, =— (1+cosa)
2n

= M(Hcos 50°) =85V
T
I, = V,-E
R
_ 85 - 80 1A
5
04. Ans: (¢)
Sol: r=20Q

If SCR, gets open circuited then the circuit

behaves like single phase half-wave
The SCR’s are triggered by
constant DC signal means

(1291,[3:92:713-61

rectifier.

I

/i
101

/\ /

N

~

v

Vo T

/)

0, 0,
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Vm Sin (Dt:E Sin@l = —
200 .
0, =sin" =37.94
' (230x\/§J
1 6, =m—a
I =—— [(V_ sinot—E)dot
° 2mR J( " )

o

=ﬁ [Vm (~cosot)"® —E(n— 2(1)]

L 12230x+2 cos(33.94%)
2R

—200(7r—2x%39.94° x 7 /180)]
=11.90A

05. Ans: 120°, 0.54A, 1.016A
2V

m

Sol: V, = Vo (I+cosa) &V, =
T

T
Vo =0.25 x VOmax

2xV,_
T

V—m(l+cos a) =0.25x
T

o =120°

~240x+2
T

.V, (1+c0s120°) = 54.01 V

\Y% .
[, = ~o 340100

R 100

1/2
V. =Y {(n—a)+%(sin20c)}

V2

2lnl( )l )]

Vims = 106.02 V
10602

rms

=1.061 A

06. Ans: 54596 V
Sol: £l cos(180°— )
Vd

3oL,

=—E+2lprs+2 x Vi + 1y
P s
MCOSISOOZ —E +(2x 60 x 0.3)
Vs
3
+(2x1.5)+ 2x100mx1.2x00° 69
n
E=54596V
07. Ans:467.82V
Sol: Vo= A CON%
T
= 3x\/§—><400cos30O
n
=4678 V

08. Ans: (a) 67.85", 0.36 lag (b) 92.36V
Sol: (a) Vo=RIp+E

3V—““cosoc =RI,+E

T
@ cosa = 0.2x10+110
o =67.85°
P, =P,
V3 Vi, cosd =Vl
ﬁxZZOxlO\/gxcos=(ll2).10
= cos ¢ =0.36 lag
(b) Vo=RIo — E
3\;‘“‘ cosa = 0.2x10-110=-108
V,, =130.59 V
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V, = Vo = 130.59 = 9234V
V242
09. Ans: (b)
Sol: The maximum current through battery will

be evaluated based on extreme condition of
operation
400

0 (max) = =40 Amps
10. Ans: (¢)
Sol: kVA rating of input transformer =+/3 v, 1,

Where I; = Rms value of line current on ac

side = I \/g

kVA rating = /3 x400x40 \E

=22.6 kVA

11. Ans: (b)

Sol: Active power will be drawn by converter

only due to fundamental component.

Therefore,
Active power = V; I, Cos¢,
=100 x10 Cos 60

Active power = 500 watts

12. Ans: (b)
Sol: Voltage applied v= 100~/2sin (100mtt)

Current resulted

i =102 sin(lOOnt—§)+5\/§ sin(300nt+§j
+ 22 sin(SOOm—gj

13.

Sol:

The current flowing through converter is a
combination of fundamental, 3™ harmonic
and 5™ harmonic components.

The current flowing through the converter is
non sinusoidal component then p.f will be
written as

Vs Ig cosg, 1

Input power factor = i = Iis‘ cos ¢,
I, =10 A
Iy = 10> +5° +2* =11.35A
pf= 10 cos 60 =0.44
11.35

()42.6° (ii) 11.141A

Maximum value occurs at o. = 0

3V 3V
Vo= —2L cosa. = —2L cos(0)
T 27
3V 3V
mlcoso = (.75x —m!
21 2n

o =41.409

o > 30, so we should not use above formula

3V
Foroc>£, Vo= —L|1+cos o+l
6 21 6

3V 3V 3
" [1+cos(o+7/6)] = 0.75x%><\/_
T T

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

.. V i
i) [p= =2~ o> =
(i) To= :
3V
Vo= 2'“” (1+cos(at+m/6))
Y

{zpe

(1+ cos(42.600 + 30))
2

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata|




[ L]

‘}\I
w
W
e

ACE
Engineering Publications

€T
y‘g"@

=

:11:

Postal Coaching Solutions

<

0

Vo=111.414and I, =

~|

=11.141 A

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

2Lcosoz =E+RI,
V2
2x200m
:—
T

= —200 =—800+RI, = 1_=30

Sol:

cos120" =-800+20x1 A

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

15. Ans: 61.53 (61 to 62)
Sol:

VSA
M
- /—\ .
X T ! : Y > ot
Vol ! i B |
M /\i
a i L > ot
T,,D,™ DsDs 2m :27'C+ T,,D,

During positive half cycle T, and D, are

forward biases

V, UﬂVm sin ot dot + jiﬂ (- V_ sin (ot)doot}

_ 1
2m e
V T, V 2n

:—mj sinot dot——=] sinotdot

27 Jo 2 on

m

v
1 —[1+1
( +cosoc)+2n[ +1]

—2[1+2+cosa]

a

Vo= EB +cosa|
27

V= lzﬂ[3+cos30°] = 61.53V
T

16.

Ans: (a) 14642V,
(b) 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, oo =45°,

Iy=5A

Without Free wheeling diode
Itisal - ¢ full converter

oL 2x230x42

T

m

i
Vo=146.4225V
Po=Vylp=146.4225 x5
Py=732.1125 W
Qo =V Ip tana
=146.422%5 x tan45°
=732.1125 VAR
If a = 60°

s45°

V0=2
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Qo=Volp tan%

= 883.73x tan%

Qo = 366.053 VAR

(c) If o = 60°

\%
v, =?‘“(1 +cos )

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

Py =776.523

Q() = V() I() tan%

=776.523 tan30°
Qo =448.32 VAR
In the two cases 1 - ¢ Full converter

(without F.D) and 1 - ¢ Full converter (with

P, ACE =
‘:,a ‘:Englneenng Publications :12: Power Electronics
v, = 2V, cosa = 103.536 F.D) if ‘a’ increases, active power decreases
T and reactive power increases.
=5A
Po=VoIp=517.68W 17. Ans: (¢)
Qo = Vy Iy tana LT 2o
— 517.68 x tan 60 Sol: 1= s =13 x =1
Qo =896 VAR I, = (ISCR )RMS = Ié <0 = I_O
With free wheeling diode 360 6
Single phase full bridge converter with free L= (I ) [(2) x 3% 60 _ I_O
wheeling diode will act as a single phase ’ R RMS 360 V2
semi converter 1 1
L:L:L=]li—F=:—
V=2 (1 +cosa) —*/EX230(1+ cos45°) 6 2
T T
Vo=176.747V 18. Ans: 224.17
Po=VoIp=176.747 x5 Sol: When source inductance is not taken into
=883.73 W

account, each diode will conduct for 180°

When source inductance is taken into

account,
(180 + )

each diode will conduct for

Where x4 is overlap angle and can be
determined as follows:

2oL
cosp=1- 2 =1,
| W :1_2><10075><10><1073X14
I 22042
=0.71727
= u=44.17°

.. Conduction angle for D, is 180+44.17

=224.17°
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- =—x0.51-05)x— =1.6
3. DC-DC Converters L ( ) 100
L=37.5uH
01. Ans: 5A,5.104A, 4.896A
1
Sol: f=2kHz, Vg4 =100V, §= 6msec 03. () 3
R, = 100 (b) 333.333 uH
V, 50 (c) 312.5 uH
0= =1 oA d) 8.33mH, 12.5 nF
R 10 ( ) Domi, 1201
v Sol: AVy=10mV
Al, ==~ D(1-D)T
L AlL =0.5A, T=50ps
_ 100 —x 0.5(0.5)>< 1 . (a) Duty cycle ratio
60x10 2x10 V,=DVy.
_30x05x0.5_5 08 A EVE QY
60 V., 15 3
I, =1+ A;L =54+ 20 5.104 A (b) filter Inductance
Al Al = Y& Dy(1 - D)T
_ L_ L
I .=, ——==4896A
2 1 2
S5x—x=x50u
—~05=_3 3
02. (a) Ans: (¢) (b) 2.5 A,37.5 uH
Sol: (a) D=0.5, f=100 kHz, L =333.33 uH
Ai. = 1.6A, Iy =5A
' 0 (©) AVo— % _D(1-D)
Alc = AlL 8LCf
10x107° =
ILmax = IL + AIL g
: 15 =
-6 3°
=5+E:5.8A 8x333.33x107” xCx20x10" 3 3
2 C=312.5F
(b) Average switch current d) L = (1 —D)R
cr Zf
1 { T, 1 T
= 4.2x—s+—x(5.8—4.2)x—5}
1-0.33)500
T, 2 2 2 =—(2 . )1 — =833mH
~2.5A x20x10
1
_ Ve C=—-I(1-D)T?
a1, =Y p(1-p)T ——(1-DJ
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16x8.33x10~ 3 1400x10
=12.5nF

04. Ans: 2480 to 2520

Sol: Given [, is just continuous

IL A

ILmax-——————— i e Nt
/\ /\ N

Al
I:_L
o2
Given D=0.6, f=100 kHz, L = 5mH
R - 2L _ oL o
(1-D)T (1-D)
R ~ 2x5x107 x100x10°
« (1-0.6)
R, =2500Q

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

0= Vo 12 oy
1I-D 1-04
Average output current
Iy = Yo = 20 =1A
R 20
Source current
I
L _ 1 _1_10_5,
I-0 1-04 06 6
05.(ii) Ans: (¢)
Sol: Peak to peak source current ripple.
V,
Al; = Al =% DT
L
12 oax— Lt
100x107° 250x10°
=0.192A
06. Ans: 2 (Range 2 to 2)
Solution:
6A |- === m e mmmmmem o
' - 30 /
20 &
L >t
DTE BT! T
S DT p= >t
In continuous conduction mode,
) = Ve = _20 40V
1-D 1-0.5

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

Power balance equation Py = Py,

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ L]

b ACE
¥ Engineering Publications

3
:5

=

:15:

Postal Coaching Solutions

=V, =50x (@J
‘ 50

1=2_254

20
W__ B _50_,
V. B-D 20
—B=2.5xB—(2.5x0.5)

B =0.833

ID,rrns =2 A

07. Ans: (a) 0.6
(b) 0.72 A
(c) 1.61 A
(d) 34.09 mA
(e) 72uH, 500nF
Sol: Given
[(=05A,Vo=15V,Vpc=6V
Vdc
1-D
= Duty cycle D=0.6

Vdc DT
L

(@) Vo=

(b) Al =

06x—
25010 20K
0.72 A

AL, 20 Al

c) I =1 + = +
( ) Lmax L 2 l—D 2
_0.5+272 1614
2
0.5%0.6x
(d) AV, = I,.DT _ 296XK
C 440x10
=34.1mV
(€) L= M
2
_0.6(1-0.6) 0%
2 20k
R=Yo_15_3
I, 0.5
L, =72uH
C - (1-D)I,DT
2V,
(1=0.6)0.5%0.6x
- 20k — o 5 uF

2%x6

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

Sol: For continuous inductor current,
y e Ly p30 g
1-D 00

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 L =M: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
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r.m.s value of switch current "
=11.11x E:11.11\/5 R e ."'"""""/"'
V T N\
e L
=11.1140.1 =351 A DT; T >t
09. Ans: (a)83.3us  (b) 83.3A . )
Sol: (a) Buck-boost converter, f= 10 kHz From i, waveform
20 60
ILmax:%DT .............. (1) TDT‘T(ﬂT_DT)
4
=390 D)., @ = APT=3fT = f=-xD=08
v, 20
From (1) & (2) 4. S L” ><DT:20 x0.6x20u=12A
)7
190 pr=2% (- pr) |
L L 5><12x0.8x20,u
1 = =4.8A
pr=>%1 _3 - = 83.3usec b@e) 20u
600 6 10x10
(b) Peak current through switch 11. Ans: (a) 18V
b) 0.163V
ILmax = Vdc DT ( )
(c) 1.152A
=109 833x10° =833A (d) 4.326A
100>10 (€)38.4 uH and 1uF
Sol: Vo= lV
10. Ans: (c) > of: (a) Vo= 1-D “
Sol: ™~ -
§ = | 0.56 x12
Ve (* S L = R=V e
<> - § 20 uH ' =18V
+
— IO
(b) AV, = 2DT
L
In CCM Buck Boost, 1.5 1
X
Vo=V,| ——=|=20x—=30V
1-D 0.4 \Y/
(c) Al = ~% DT
But given V, > 30 V, so it is discontinuous L
mode of operation. - 12 hext
250%107° 25k

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ L]

:3 EEngné%nncgElz’ubhcanons 117 Postal Coaching Solutions
=1.152 A
AL 15 1152 1DD:g:D:%:O'6
(d) IL max :IL + == ; + ;
2 1-0.6 2 When V,, =72V,
D 48 2
_ ——=—=D===04
=4.326 1-D 72 5
1-D)’RT
(e) L,= % =38.4uH .. The range of D will be % <D <%
1 or0.4<D<0.6
1.5x—(1-0.6
c _LT0-D)_ raxig %)
“ 2V, 2x12
t o 14. Ans: 40
=L pF Sol: Given circuit is buck boost converter.
Source current is same switch current.
12.  Ans: () Peak value of switch current means,
Sol: For step down chopper for R, Al
T, isw,peak = IL,max = IL + s
Load V(1) = Vo = DVs = 2 Vs 2
V C
For RLE load, the output waveform is Al = TdDT
4 =L_3x0.6x0.1x10‘3=5A
o :\ /\ 0.6x10
Y 5
Vo Lo ! I 5
b ' =—2=—"2=375A
Vs | ““1-D 1-06
: VJE - 5
6 b S, =375+==40A
— ’ 2
From above diagram t = t; + tr+ t, 15. Ans: (d)
The terminal voltage exits only for the C
periods t, and t,, remaining time zero Sol: 1= Vo\/; sin o, t
.. The average voltage = Vst 4Bty 1
t =V,,/—sin t
JLC
13. Ans: (a) 100 10x107° “in 1
D 1x107 10107 x107
Sol: In Buck boost converter, V, =——V, . V10 *
1-D 1=10sin(10") A
When V, =32V,
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Sol:

17.
Sol:
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Ans: (a)

Given circuit is a current commutation
circuit. When ever both the currents are
equal and opposite then the thyristor will be
turned off.

10sin10%t = 5 (Refer previous solution)

t=52usec

Ans: 35.1 ps, 1894 V

T v\

IL(O) = I()

Ldi —J.ldt— .

1L pll), OV,
L[SI(s) 10]+Cj e

I(s){SL+L}— Yo Vde
Cs S

i(s)=Yd Ve 1 1 +LIO><;1
S SL+—— SL+——
Cs Cs

CS

vV, -V, Cs

= X — + —
S S’ +LC+1 S’LC+1

V.-V, C LI, CS

+ X
S+’ LC S+’

LI, x

< sin ot + 1, cosmt

Ldi
Vc (t) = Vdc - d_tl

18.

Sol:

— Vdc _ L|: Vdc - Vco
L

v (t)=V, —(V, -V, )cosot + IO\/%sin ot

If VCO -

}cos ot -1, sinot(o)

Vi =1(t) = Ip cosmt

n/
on

20)2

=§¢10><10-6><50><10—6
=35.1 us

IfVeo=Vg=Vc=V, + IO\/% sin ot

|2

at turn OFF ot =

arEl o

SV, =V, +],
100+ 200 |10
50n

=189.4V

Ans: (a) 1075ps, (b) 427.85A, (c) 137.5us,
(d) 20V

Given data

V=220V, R =0.5Q, L =2mH, E =40V

Commutation parameters: L = 20uH,

C =50uF. Ton = 800usec

T =2000psec & Ip = 80A

(a) Effective on period

T =T, +2.5Y8
0
-6
:(8OO><10’6)+2 50x10™ %220
80
= 1075 usec
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(b) Peak currents through T; and Ty = 140 p sec.
\/6 This time is turn ON time of thyristor i.e.
Ly =1+ V,|—
L Ton = 140 p sec
50
=80+220,/— =427.85A
20 (i) Ans: (b)
I, = lo=80A Sol: In a voltage commutated chopper, average
(¢) turn off time for T, value of output voltage is given by
S V, V, CV,
t, = CVs _ 3010 " x220 137.5usec V, = (TON +2tc) = (TON +2. j
I, 80 T T L
(d) C.apacitor voltage 150usec after T, is _ 25073 140510 + 2 1x107° %250
triggered 1x10 10
=475V

A at

/137_5512.5§

Tl &

f——150—]
V.att, =220V
137.5 5220V
125 > ?

=220 s—20v
7.5

19.(i) Ans: (b)

Sol: The minimum time is required for change
the polarity of capacitor form
Vs to— Vi

le. t, = —

o

nix+/LC

x4[2x107 x1x10°°

01.

Sol:

[[ 4. DC-AC Converters ]]

(a) 26.1V (b) 240W

(c)48.43%  (d) 5A

(e) 48V

)V, = ﬂvdc = 0.45x 48 =21.6V
T

v, Y
(2) 247
R 24
¢) THD = 48.43%

d)Peak current through switch

b)P, = = 240W

IP(SW)=% =10A

Average current of diode = % =5A

e)PIV =48V
With full bridge
_Va

Py
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I,,,(diode)= ?" PIV =48V

02. Ans: (i). (b) & (ii). (a)

Sol: 1,4
A C //A\\ .t
\/
T/4

200 T
=mx, [p =——x— [T =20 msec
Yy P L 2 [ ]

200
L

(i) Ip =%x5x10_3 =10A

(i1) Each diode will conduct for %sec

=5 msec
03. Ans: (¢)
Sol: V; — 4y, :4><12
w2 2
48
Vi=——
2
Given V, =240 and N; =10
N_V,
Nl Vl
N, = 240%+/2 x3 < 10
4x12
= 15042
04. Ans: (¢)

Sol: Given 2d =150°

Fundamental component peak value

4 . T
AR sind. Sin—
T 2

fundamental component r.m.s value
4 :
V) = Y Gind . sin ™
V2n 2
_ AxVsin(757)

V2

L2y 60w

V2

and r.ms. value of output voltage

1/2
SRR
I

1/2
— (@XL
L 180
=0.912V,

Given

V2 _ 2
THD= —JﬂL—XLXIOO

1

\/[(0.912)2 - (0.862)" |1’

V.0.862

x100

_ 02978
0.862

=34.55%

05. Ans: (a) 200.8V, (b) 24.75", (c) 203.64V
Sol: Given data:
Vac=220V,P=5, 2d=150

[2d
@ V, =V, —
i
= 220‘/@ = 200.83V
180

(b) Now V, =V, +10% of V,, =242V
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5x2d
T

(242) x 5x2d
180

v, =200.8

=(200.8)*

2d =24.78

(€)200.8 =V, x /% (pulse width 35)

V, =203.64V

06. Ans: (a) (i) 13.2A, (ii) 9.33A, (iii) 7.84 kKW,
(iv) 18.67A
(b) (i) 11.43A, (ii) 8.08A, (iii) 5.88 kW
(iv) 14A
Given data R = 15Q
In 180° mode

(1) rms value of load current

Sol:

a,

| :Vpn _ 3 de

or R R
V2 420

=—x——=13.2A
3 1

5
()L =1, -~ = Jo _933A
T N\ n \/5 :
(iii) Load Power=3xI;R

=3x(13.2)’ x15

=7.84 kW
(iv) 420 xI = 7.84x10°
I,=18.67A
120° Operation:
Ve 420
v
i1, == Jo _ 6 =11.43A
R R
I, 11.43
i) [, ==L =——"=6.6A
V3

iii) P, =3x I R
=3x11.43*x15 =5.88kW
5880

v) [ =——=14A
W) 1, 420

07. Ans: 2.15 pF

Sol: t.=F.S xt;=24 pus
ot. = (2n) x 24u=0.75 rad
ot. =¢; =0.754

Xc - XL
tan! R =0.754

XC—"XL =0.013

Xc—12=0.039 = Xc-=12.039
L =12.039
QD¢

C=12.15 pF

08. Ans: (a) 115A,81.3 A
230

Sol: (a) Ip; = o =115A
Lsw,r= E =813 A
V2

bB)R=2Q, X, =8Q, X, =60
7, =R +(X, -X()’ =242 Q

AV
I 4
A
R '
Ip4 Z i
N\ |
/4 21 I >
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(i Vo =~ o 12 sin” ot d(wt)
my
I ¢x1—cos2mt
— m [FITCOSZOL 4
27‘CJ‘: (@)
I {311 l}
=— —4+—
4| 44 2
(iT )RMS = Im(0'476)
I 230*5:81.317><\/EA

m Jara
(ir)gyys = 0-476x2x81.317
=54.73A

(iO)RMS =
=0.151,
=0.15x+2x81.317=17.328A

1 ¢, .
—J“‘ I sin’ ot dot
TC 0

09. Ans: (a) 500 pus (b) 750 V

Sol: (a) Circuit turn off time t, = Z =500 ps

I
b) V=—xT
(b) V==

_ 30
20u

%5004 =750 V

10. Ans: 77.15°
Sol: The given output voltage waveform is
having quarter wave symmetry
a,=0

2n
And b, 1 J.f(t)sin (n oot )dot
T

= 2J.f(t)sin (n ot )dot
T 0

For fundamental n = 1

11.

Sol:

b, :ZV“CDsinmtdmt— J. sinotdot+ Isinmtdmt}
n

0 o m—a

- |cos (ot|:7a]

_ 2V ﬂ— cos (ot|: + |cos (Dt[a
T

= 2V., [2—4cos a]

T
RMS value of fundamental output voltage
can be
2
T 2
= cos a =0.2223
= a=77.15"

& [2—4cosa]=50V

v, [®

T
Vi2=Vio— Vo
From Fig. (b)

Ans:

Vioh
v, |-
Vol O T 4T -
A
Ll -
el ©od
T
y ! >0
I
<>
o

Explanation: At instant 0, Vo= V;
and Vo =0

= Vi=Vi0—Vy=V,-0=V;
After period of ¢, Vio=V;

and V=V
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= V=0

Atinstant of t, Vi9=0and V=V,
= Vi=Vi0—V=0-V,=—-Vj
R.M.S value of V.

—1 o 1/2
(V12)r.m.s = _vazde:|
T 0

12. Ans: 9.9 to 10.1

S
Sol: Modulation index, M, = —"
Vtri
08y
1
Amplitude of the fundamental output
) _ Vdc
voltage, (VAO )1 =m, XT
=0.8x250=200V
From the given modulating voltage
equation, it can be understood that

®, = 2007 means, fundamental component

frequency = 100 Hz
Load impedance at 100 Hz frequency,

Z,=VR*+X’
=V12° +16” =20Q
o, =Y J290 408
Z, 20

13. Ans: 24 (Range: 23 to 25)

Sol: By converting the load into equivalent star,

R =£=IOQ
3

ph

In 180° conduction mode, rms value of each

phase voltage,

NG

:Tx600=200\/§V

Power consumed by the load,
2

P0=3><—ph

(2002 )2

10

=3 =24kW

14. Ans: 60 to 64

15. Ans: (d)
2

V
Sol: For 180°mode, P = 3%

2
Lokw < 3 Va2
R 3

2
Vée _ 1510w
R

3V:
For 120° mode, P = %

R (6
Vet
R 6

=3><15><l
6

P =7.5kW
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referance voltage

Sol: Modulation index M = -
carrier voltage

= é =0.2
Number of cycles (N)
— fc
= % _
_ 1000 -1=10-1=9
2x50
Order of harmonics = 2N + 1
=18+1
=17, 19
17. Ans: (¢)
Sol: R=40Qand X, = lOOnx(O—Tfj ~300

Load impedance, Z=/R* +X;

P, =1440
= 2, x40 = 1440

=1,=6A
RMS value of fundamental output voltage,
vV = Mx V.
ol \/5
_0.6xVy,
V2
But, I = Yy
1
= 0.6xV,
V2 %50
Ly _50x6xy2
o 0.6
=500v2 v

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




	Power Electronics
	Power-Electronics-Drives - Copy

