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Power Electronics & Drives

Solutions for Volume-1 Class Room Practice Questions

1. Basics & Power Semiconductor
Devices

01. Ans: a) 100us 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

bMR=20Q, L=02H
R=20Q

V=200V——_—"

L=0.2H

R
iLZ%{l—e Lt:|

Att=t,, i =100 mA
20
100x10~ = 209 |1 _ g 02"
20

10x107 = [1—e "]

o100t

= 0.99

t, = 100.5 psec
(©)R=20Q, L=2H

R
Vv 1- e_Lt}

20
100x10° = 290 [} _ o2
20

10x107 = [1—e "]

-10t,

Iy

= 0.99
t, = 1005 psec
(d) If load inductance increases, SCR

requires pulse width for longer duration.

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

Velg=5W €Z

From KVL
Ves=Ig Rg+ Vg .o (1)
VeI =5
(15+8Iy) ;=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. (i) Ans: (¢) (i) (a)

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

and gate

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

SCR  started

the formula for anode

current. Whenever
conduction,

current can be obtained as,

Rt
i:X{l—e L}
R

Ixt
izﬂ{l_e_o,ls} =1,
1

1t

= 200[1 —e'w} =0.25

t=187usec

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

Hence next higher rating of transformer
is to be selected

.. volt-sec rating = 2000 V-s

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

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

05. Ans: (88°C)

Sol: T.=100°; Tj=125°C
OCA =0.5 °C/W Ts =9
T, =40°C
P s TC _TA
eCA
- 100-40 _120W
0.5
120=1s=1a
0.4
Ts—Ta =48
= Tg= 48+40=88°C

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

js
where 0js= 0jc + Ocs
=0.16 +0.08 = 0.24°C/W

@M P, =
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_ 125-70 _ 22916 W For parallel
0.24 string current rating
(ii) Now Ts = 60°C nxcurrent rating of SCR
b T a0 _
" 0, 0.9 x 1000
_ 125760 5908w iy R="Yom Vs
0.24 (n—1)AI,

Device rating means current rating and

current rating is proportional to square
root of power.

J270.8 - 4/229.16 .
J229.16

=8.71%

% increase=

100

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

R
From circuit i:& ]-elL +£
R R

_ 1001, 5|, 100
20 5000
1
=51-e |+ —
i-e e

50x107° = 5(1—e"“”)+L
50

=t=150 pusec

08. Ans: (i) 7, 5, (i) 22.22 kQ,, (iii) 0.094 pF
Sol: (i) V=11kV,1=4KkA,n="90%
For series
B string voltage
" n x voltagerating of SCR

11000
0.9 x 1800

" Alp = Ipmax — Ibmin
R_7(1800) - 11x10°
(7-1)x12x107°
=12mA-0=12mA
=22.2kQ

_ (7-1)x 25%10°°
7x1800-11 x10°

=0.0937 pF

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

Ty = ['v.ide = 600x[ " idr
= 600 x area under current curve
=600><%><150><1><10-6
=45m]

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

T,
=100 [ *V dt
0
= 100 x area under voltage curve
=100><%><600><1><10-6 =30 mJ

Total energy loss =45 +30=75mJ
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10.
Sol: Switching scheme — I
(1) Energy loss during ON condition:

ton .
(Eloss ON :J.O Vidt
I (400—ﬂtJ?tdt
:.rr {400(20)i—&(220).t2}dt
0 t t
t2
=(400)20)] /— ——-
(400 )[ o 3&
6 =
(Bpoe ) =133.33u]
VI
(E loss )OFF = ?toff
=wx200ns =266.66)

Erota = Eon +EoFF
=133.33+266.66 = 400uJ)
(i1) E = Pxt
P =Exf
= (400x10°) x100x10°
P=40W
Switching scheme-II

Energy loss during ON condition
(1) (Eloss )ON = J.Or v 1 dt

- j (400 _400 tj20 dt

= 400(20)[" (1 —tijdt

T

t2
=8000 (tr . J
2t

8000
2
:@ 100x 107" = 400pJ
VI
(Eloss )OFF = TtOFF
_ 40020 00x10°
=800 pJ
Etotat = Eon tEorr = 1200 puJ
(ii) P = Exf
= (1200x10°)x100x10°
P =120W

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

Sol: C

Le

i
/N
1

SW
Vi T ;E Py Vdc—[

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

Ry

—|{
R L

\ =Y

Vdc_——_ RL

KVL  V, :(R+RL)i+L%
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i — Vdc [1 _e—t/t]
R+R,
Where t=
R+R,
gzo_ Vdc _left/‘r
dt R+R; 7t
é:&eft/r
dt L

di. )
als maximum att =0

3.
dt |ye L

_ Vdc
(di/dt),,,
L= ﬂ =4 uH
60
L=4puH

Given damping ratio { = 0.5

2\L

— C=0.16 uF

As SCR is in forward blocking mode

voltage across SCR = [,R

Vi=LR
dv, _ . di,
dt dt
rR=32_5q
60

12. Ans: R=50Q, C=0.2pF

v

Sol: Given C(li_\t/ =50— , Idischarge =2A

us
When circuit is power up:
SCR is forward blocking condition

R;=10Q

i l BD
V=100V

1
—e
-

fe)

dt R,C

100
10xC

= 50x10°=

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

source voltage, so starts discharging
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| i

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

— 100+ Ijisch R=0

_ 100 _100
Idisch 2
R =50 Q.

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

(Eloss )OFF :J-O Vi dt
=jt(—v+ltj(—i+itJdt
0 t1 tl

—j( 100+ 100 j( 300+ 220 )dt
t] t1

3
=10 j[ 1+—j(—3+—tjdt

t1

(s %0, ),

1 tl
1043, -2
2% T E3

14.

Sol:

15.

Sol:

16.

Sol:

=10*[3t, = 3t, +t,]|=10%,
=10*x2x107®
=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,
_ 200X19'8x3ux1K
=198 W
Pofr = Vee X1 Xt o5 X%
=0.792 W

Ans: 9.54%

From the given data
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AT 02. Ans: (i) 17.6V, (ii) 329V,
I 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
=17.46V
(i) Now V1 =Vsin B - E
The voltage at node a is — 230%4/2 sin220° — 120
1= Yaz43) (Vo4 =-329.07V
0.3 0.4 _
(iii)Peak Inverse voltage = Vi, + E
30 =V, (5.833) - (15+10) — 230x4/2 +120
55=V,(5.833) =4453V
V.=9.43V (iv)Average output voltage
Al=T, -1, =-13.575+16.43 =2.858 A v, = %[Vm (coso—cosB)+E(2m + o —B)]
T
Al 100 =238 100 =9.52% |
I 30 = 2—[230xJ5(cos 25" —c0s220°)
T
T T
2. AC-DC Converters +120(2n+25x@—220x@)]
=141.57V
1 V,-E
01. Ans: 1 Current [, = —°
h f V2 VZ
Sol: In the absence of SCR P; = = _ 141.57-120 _ 1078 A
In the presence of SCR
2n+0-B 2n+(21.64-220) n
V 1 % V)t= - » X@
= Vo= —m[(n — o)+ —sin 20L:|
N21 2 2.82
v = 100 =8.98ms
Fora=90"= V= — :
2 03. Ans: 18A,1A
~p= Y Sol: R=5Q, L =10mH,
w E=80Vand V=230V
h_1
P, 4

V, = Vi (1+cosa)
i
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230X\/_ —— (I4+cos 50%)

=170.08 V
V. —-E
I, =—
R
:M =18.01A

If SCR damaged, the circuit will work as

half wave rectifier

Vv
V, =— (1+cosa)
2n

2302“/_(1 +c0s 50°) =85V
P
R
=85—80=lA
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
o= 91, B = 62:713-91

rectifier.

Vm sinot=E sin 91 = —
200 .
0, =sin” =37.94
o (230><\/5 J

1 6, =m—a

I,=—— [(V,sinot-E)dot
2R Y
=ﬁ [Vm (— cos o)t):Oc — E(n — 2(1)]

1
= [2x230%+/2 cos(33.94°
L (33.94")]

L 200(7: —2x39.94° xij
180

=11.90A

05. Ans: 120°, 0.54A, 1.016A

Vv 2V,
Sol: Vj =— (I+coso) &V, = —=
T T
V() =0.25 x Vomax
Vv 2xV,
—=(1+cosa) = 0.25x "V
T T
=120°
LV, = 240“/_ ZHENL (1 4c0s120°)
=54.01V
V, :
R IR
R 100

s \7;_11 {(n -a) +%(sin Za)}

2 lnl( o)l )]

Vims = 106.02 V

106.02 _ L061 A

ms
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06. Ans: 545.96 V

Sol: £l cos(180°— )
Vd

B 210r5+ 2% Vt—}— 30)Lv IO
pis
MCOSISOO: —E +(2x 60 x 0.3)
pa
3
+(2x1.5)+ 2x100mx1.2x10 60
T
E =545.96 V
07. Ans:467.82V
Sol: V= ﬂcosa
T
_ M—X40000830°
n
=467.8V

2

Output power = —==

1
2
Vims = Vm/ {% + —3\/5 cos 2(1}

4n

= 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% 22042
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 coso = 0.2x10-110=-108

T
V., =130.59 V
V, NV 13059 _ o554y

22

09. (i) Ans: (b) (ii) Ans: (¢)

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

400

IO e 1 W =40 Amps

(ii) kVA rating of input transformer
=37, 1,

Where [; = Rms value of line current on

ac side = I \/g

kVA rating = /3 x400x40 \E

=22.6 kVA
10. Ans: (d)
Sol: Power supplied to load = VI,
V. 242V,
- I, = I
T n(n)

VA rating of secondary winding = 2
[voltage rating of each secondary winding x

current rating of each secondary winding]
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=

EATMA
n 2

n

Primary VA rating = VS.I—0
n

Average VA rating of transformer

_ VI + V2V,
2n
VSIO

=1.207——
n

. Average VArating of transformer  1.207
B 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 = V, I, Cos¢,
=100 x10 Cos 60

Active power = 500 watts
(i1) Voltage applied v=100 J2sin (100mtt)

Current resulted

i =102 sin(lOOnt—§j+5«/§ sin(300nt+%)
+ 22 sin(SOOnt—%)

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

then p.f will be written as

Input power factor
Vs I, cos §, Iy

Vo, :Icosq)1
I, =10 A
I, = {10* +5* +2°
= 11.35A
pf= 10 cos 60 =0.44
11.35

12. Ans: 15.47 (Range: 14.5 to 16.5)

Sol: Po = V() . I() =3000W

{2\/“1
= cosa —
T T

20L

10}10 =3000

[2><230\/§X£_2><100n><1.4><10'3 §

T 2

T

= 179.331, — 0.281; —3000 =0

=1,=17.19A

cos(o+ )= coso—

L
oL,

m

W3 2x100n 1.4

2 23042

= o+ =34.96° = 1 = 4.96°

X X
1000

17.19

DPF = cos{a + (%ﬂ = 0.843 lag

Power balance equation

= Vg, xIg cosd, =P,

= 230x I, x0.843 =3000

[ ___ 3000
S 230%0.843

=15.47A

10}10 =3000
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13. (i) 42.6°  (ii) 11.141A 15. Ans: (b)
Sol: Maximum value occurs at o = 0 Sol: The line current in the A side of transformer
Vo= 3V, cOS0L = 3V, cos(0) is nothing but source current of 3- ¢ full
T 2m converter and it is quasi square wave form
ml — 3le
L oosa = 0.75x—"% of Pulse width 23—“
o =41.409 The phase currents in A side of transformer
o > 30, so we should not use above formula is 6 step square wave form and its equivalent
Fora> L, Vy= 3Vimp (1 +Cos(a +ED Y side wave form will have magnitude of
6’ 2n 6
K 2K
steps — and —. Hence Izx wave form
; 3V, x+/3 3 3
E[1+cos(o+7/6)] =0.75x —=2—— _
T 2r will be as follows
1 + cos(a+m/6) = 1.2990 It
= o =42.600° K/3
3 \Y .
(i) Ip = EO o> 4 T 21 ot
Vo= —= (1+cos(a+n/6))
T
= 16. Ans: (i) 14642V,
220 (i) 732.11 W, 732.11 VAR and with FD:
3% (\Ej xV2 176.74 V, 883.76 W, 366 VAR
1 (1+ cos(42.600+30)) Sol: Given data:
\V/ V=230, f=50 Hz, a =45°, I, = 5A
Vo=111414and Ip= -2 . . .
R Without Free wheeling diode
=11.141 A Itisa 1 - ¢ full converter
2V,
V,= cosa
14. Ans: 6 (Range: 5.9 to 6.1) b
2V
Sol: —cosa=E+RI, - Mcos%"
T T
_, 2X200T 120" = —800+20x1, A Vo= 1464225V
n Py=Volp=146.4225 x 5
= -200=-800+RI, =1 =30 Po=732.1125 W
As switches are lossless, power fed back to Qo = Vo Ip tana
the source =200 V x 30 A =6 kW = 146.422%5 x tan45°
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=732.1125 VAR
If o = 60°

V,= 2V, coso. =103.536
T

=5A
Po=VoIp=517.68W
Qo = Vj I 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

v, =£(1 +cosa) M(l +c0s45°)
s T
Vo=176.747TV
Po=Vo1p=176.747 x 5
=883.73 W

Qo=Vo 1y tan%

= 883.73x tan%

Qo =366.053 VAR

(iii) If o0 = 60°

v, :h(l +cos o)

T
Vo =155.304 V
[=5A
Po=Vy I
Py =776.523

Qo=Vy 1y tan%

=776.523 tan30°
Qo =448.32 VAR

17.

Sol:

18.

Sol:

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.

Ans: (¢)
I =1 =,x=

1 load RMS 0 0

L, =g )RMS
1

A I2 x60 1L
V 360 6

Ans: 224.17

When source inductance is not taken into
account, each diode will conduct for 180°

is taken into

When source inductance

account, each diode will conduct for

(180+ u)

Where u is overlap angle and can be

determined as follows:

2oL,
cosp=1- v I,
s cosp=1— 2x100mx10x107 <14
22042
=0.71727
= u=44.17°
.. Conduction angle for D; = 180+44.17

=224.17°
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19. Ans:5.225 A Initial condition is ip = 0 at ot = o = /2
Sol: L,=50mH ; a=90°; E,=180V
° 0=—= ( coszj——b T iK
oL, 2 . 20
S k=Ep, T
L, 20
. equation for
. E E
jp= —= (—cosa)t)——b‘Hr—bl
oL, L, L, 2o
Maximum value of iy is at ot = (1—0)
-.-iOmaX
AZJ[—COS(ISO—SSBS”)J
100x50x10
180 x(180_35'35)xi+ 180 T
50x107 1007 180 50x107° 2x100m
VS“
TN . =5225A
NS TSN L
s \/ S 3. DC-DC Converters
I :V/BIGI; m:G,z; :
CEEEY ura i
f\\_h\\i_ N 01. Ans: 5A, 5.104A, 4.896A
/\\ S Sol: f=2kHz, Vg = 100V, %:6msec
AN >t
ay B nta TP RLZIOQ
. V,
When T, T, pair is ON at ot = a. I, :ﬁz%:SA
L %+Eb =V, sinot V,
*dt " Al =—~D(1-D)T
diy _ Vysinot=E, 1006 (05
dt L, 60x10° 7 2x10°
%o _0 at ot = (m—0) hence iy is maximum = 30x0.5%0.5 _ 0.208 A
dt 60
S E Al 2
[ dig = [esinotdt - [—-dt oo oA 5, 0208 s 04a
a a 2
. E
ip= L(—cosc)t)——bt+K [ =1 - Al =4.896 A
oL, L, 2
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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 +E =5.8A
2

(ii) Average switch current

= i{4.2x£+lx (5.8—4.2)><L}
2 2 2

S

=2.5A

AL, :%D(I—D)T

=§x0.5(1—0.5)xi =1.6
L 100
L=37.5uH
1
03. (i) -~
()3

(ii) 333.333 uH
(iii) 312.5 pH
(iv) 8.33mH, 12.5 nF
Sol: AVy=10mV
AlL=0.5 A, T=50us
(i) Duty cycle ratio
Vo =DV
V. 5V

D: =—=l
vV, 15 3

(11) filter Inductance

Vdc

Al = ¢ D(1-D)T

5xlxgx50u
—~05=_3 3
L =333.33 uH

Vdc
LCf?

10x10° = 15 ,1(1_1)
8x333.33x10°xCx20x10° 30 3

D(1-D)

iii) AVy =
(ii1) AV 2

C=3125pF
(I-D)R
2f

(1—0.33)500
=-————— =833mH
2x20x10

1
C=——(1-D)T°
16L( )

(v) L, =

1 2 1
C=———— X=X ————
16x8.33x10 3 1400x10
=12.5nF

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

(i) When switch is ON [0 <¢ < DT]

dl_L -100 dl_L _100
dt d L
When switch is OFF
dip _ 100 — 300 = —200
dt
dip __200
dt L

From the given slopes, given condition

1s discontinuous conduction mode.
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B L9 _100-250=—150
v, B-D t
:Q=L:>B=O.7S di, _ 150
100 B-D dt L
) . 100 ) . ..
From i waveform, i,, =——xDT From the given slopes, given condition
100 is discontinuous conduction mode.
=——x25%x10°
100x10°° h__ B
V -D
iL = 25 A d B
o 250 B _ 5
e N T N 100 B-D
P\ —100 I
i L i From iy waveform, i, = %xDT
25 BTE=37.5 5 5 t:(MS)
in 4 R : =10 osxi0
_ I : ! ! 100x10
1Lp | ! :
. : ! ! R =25A
— 12,5 — t (us) iL
115 S @ BE § AUEEEEEEEEES 7 CELEL
-D)T -100
L pXiwxBoD) 4 A
Dav T L i .
1 2'5 BT1:741.665 t (us)
—x25x12.5%107° i 4 ~ &
=2 =3.125A . !
50)(10_6 Iip :
Pout: Vg X]Dav:300><3-125 : E . >
—16.66 *+— t (us)
=9375W
.. Power transferred from B; to B, =
x1, x(p-D)T
937.5 W Ip 27 F-D
(if) When switch is ON [0 < 7 < DT] T
. . 1 »
ch_L:mO:dcll_L:% _5x25x16.66x10 i leoa
t 50x10°° '
When switch is OFF Pous = V2 xIpsy = 250 x 4.166
=1041.667 W
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. Power transferred from B; to B, = 06. Ans: 2 (Range 2 to 2)
1041.667 W Sol:
ip A
05. (i) Ans: (b) P
Sol: Given circuit is Boost converter circuit. In 30
. . . 20 L
this circuit source current and inductor L .

current are same.

N N

T' Ve — (B-D)T « ~t
1s
In continuous conduction mode,
V 20
Vy=—4 =_"" =40V

" 1-D 1-05

But given V, > 40 V, so it is discontinuous

Average output voltage i o e N

0= Ve Power balance equation Py = Pj,
1-D 50
12 =>V,.1, ZSOX(—j
== 20V 50
1-0.4 =
Average output current I = - =2.5A
V,
Ij=—2= B 1A v, B 50
R 20 P25
V. p-D 20
Source current
I ! =B =2.5xpB—(2.5x0.5)
— 0 _
"1-D 1-04 T
=L=E=§A lXILMaxXﬂT’
06 6 3 [ =2 =5
T
ILmMax =6 A
05. (i) Ans: (c) oM 1
Sol: Peak to peak source current ripple. 6> (5 1\ T
v o= 5672 T
Al; = Al =% DT
L 1
2 2
= —12 ><O.4><—1 :{ixg}
100x107° 250%10° 3.6
=0.192A Ipyms =2 A
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07. Ans: (i) 0.6 08. Ans: 3.51 A (Range: 3.0 to 4.0)
(i) 0.72 A Sol: For continuous inductor current,
iii) 1.61 A
(i 1.6 v,=te —1-p=29_ p_gi
(iv) 34.09 mA 1-D 400
(v) 72uH, 500nF As output power is 4 kW at 400 V, I, =10 A
Sol: Given From power balance, P, = Py or Vg x I; =
=054, Vo=15V, Voc =6V V, x I, it will give T =200 _ 11 114
@) Vo= Vi 360
" 1-D As the switching frequency is not given in

= Duty cycle D =0.6

(ii) AL = \E DT

S Y -
25010 20K
=0.72 A
Al, 20 Al
il =1 +—L= +—=k
( ) Lmax L 2 I—D 2
—0.5+272 1 614
2
0.5%0.6x
av, =2l 20xK
C 440 x10
=34.1 mV
) Lo — D(1-D)RT
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
1-0.6)0.5x0.6x——
(1-0.6005x06x 5

2x6

=0.5 uF

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

=11.11x,/%:11.11\/ﬁ

=11.1140.1 =3.51 A

current

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

p o o 00nhy
L

Lmax

=E(T—DT)

From (1) & (2)
100 500

—pr=22(T-DT
- - )

DTZS—OOT :gx ! ;
600 6 10x10

(ii) Peak current through switch

Vv
I =—%DT
L

= 83.3usec

L max

= 100 g33x10 =83.3A
100x10
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10. Ans: (¢)
Sol:
/ k1
[N —
Ve (F S L == RZ=V
<> - § 20 uH L
+
In CCM Buck Boost,
vo=v, |- |220x 20 _30v
1-D 0.4

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

mode of operation.

From i; waveform

20 60
— DT =—\pT -DT
0 pr = (pr- 1)
4
:>4DT=3ﬂT:>ﬂ:§><D=O.8
\Y
S L max = = XDT
L
:£x0.6x20u:12A
20u
1
—x12x0.8x20u
I ey =2 —48A
20u
11. Ans: (i) 18V (i) 0.163V
(iii) 1.152A (iv) 4.326A
(v) 38.4 pH and 1pF
. D
Sol: (1) Vo= ——V
( ) 0 1_ D de

12.

Sol:

0.6

=18V

(i) AV, = DT
L

1.5

= ————x0.6x ! =0.144V
250x10 25K
V
iii) Al = —<DT
(i) Al L
N 12 —x0.6x !
250x10 25k
=1.152 A
(IV) It max =1+ AIL
1.5 1.152
:—+—
1-0.6 2
=4.326
2
(v) Lcr=%=38.4uH
& _L,T(1-D)
¢ 2\/dc
1
1.5x———(1-0.6)
2 4 25x10 =1uF
= [
2x12
Ans: (¢)

For step down chopper for Ry
Load V(t) = Vo = DVs = T%Vs
For RLE load, the output waveform is

TA A

Vo
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From above diagram t = t; + t¢+ t,
The terminal voltage exits only for the
periods t; and t,, remaining time zero

. The average voltage = Vst, + B,

13. Ans: (a)

c

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

When V, =32V,
D 48 3
= =

——=—=D=-=0.6
1-D 32 5
When V, =72V,
b _48 D:g:O.4
1-D 72 5
. 2 3
. The range of D will be = <D< =
or04<D<0.6
14. Ans: 40

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

Peak value of switch current means,

i =1

sw, peak

Lmax ~— *L

Al = e pT
L

=0 06x0.1x107 =5A
0.6x10

)
I_o:L:37,5A

1D 1-06

o :37.5+§=40A

L,max

15. Ans: (d)

Sol: 1=V, \/Esin 0,t
L

=V, gs1n !
‘YL \/LC
-6
100 10><103 . ] t
1x10 J10x10 %107

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=52usec

17. Ans: 35.1 ps, 1894V
Sol:

L
i I POORN
Vo —— 2 +
T —— V.,
IL(O) = Io
Ld1

jdt— A

1.I(s) CV, Vdc
L[SI(s)—10]+Ej + =

s s S
I(S)[SL+L}—LIO+&:V—(1C
Cs S S
i(s)=Yde Ve 1 1 +LIO><;1
S SL+— SL+—
Cs Cs
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VvV, -V CS CS (i) Effective on period
— c co X 5 + LIO X 2—
S ST+LC+1 S'LC+1 T! CV,
V.-V, C LI, CS S
T lC Sre’ IC S+
P 50x107° x 220
V.-V, = (800x107)+2
i(t)= "< sin ot + 1, cos ot 80
oL
Ldi = 1075 usec
V. (t) = Ve E (i) Peak currents through T; and Ty

Vi — .
=V, - L{“TV“’} cosot—I, sinot(o)

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

If Voo = Ve = i(t) = Iy cosmt
Tc —_— A
Lo 2(9 2

- gx/IOx 10° x50x10°
=351 s

If Vo= Vi = ve(t) = V. + Io\/%sin ot

At turn OFF ot =§
L
SV, =V, +10\E
~100+200 1O _ 1894y
50u
18. Ans: (i) 1075ps, (i) 427.85A,

(iii) 137.5ps, (iv) 20V
Given data
V=220V, R=0.5Q, L =2mH, E =40V
Commutation parameters: L = 20uH,
C = 50pF. Ton = 800psec
T =2000usec & Ip = 80A

Sol:

L, =1, +VS\/§
=80+ 220, /ﬂ =427.85A
20

I, ,=Ilo=80A

T,P
(iii)turn off time for T,

CVs 50x 107 x 220
¢ I, &0

=137.5usec

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

A at

/ -
137.5 12.5!
t 1

Tx o

fb——150——f

Vsatt. =220V
137.5 5220V
125 57

V., = 220 x12.5=20V
137.5

C

19. (i) Ans: (b) (i) Ans: (b)
Sol: (i) The minimum time is required for

change the polarity of capacitor form
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Vs tO - VS

nix+/LC

7r><\/2><IO’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

Vo = VS (TON +2tc)

Ton +2. CIVSJ

[}

vV

S

—
—

—6
_ 25073 140x10‘6+2><1><10 x250
1x10 10
=475V

4. DC-AC Converters

01. (i) 26.1V (i) 240W

(i) 48.43%  (iv) 5A

(v) 48V
Sol: i) V,, = ﬁvdc =0.45x48 =21.6V

I
2
)
2
ii) P, :ZT _2Y osow

iii) THD = 48.43%

iv) Peak current through switch

IP(sw)z%zloA

Average current of diode = % =5A

Vv)PIV =48V
With full bridge

V2
Vol :¥de Po =&

v

[=5

C

IP(SW):

=

I

?P’ PIV = 48V

I, (diode)=

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

Sol:
IOA
AL_.:} C A st
i v
200 T
=mx, [p =——x— [T =20 msec
y Yay <, [ I
() Tp _ 290 sx107 = 10A
0.1
.. . . T
(i1) Each diode will conduct for 1 sec
=5 msec
03. Ans: (¢)
Sol: V|, = afh :—4X12
w2 72
48
Vi=—F—
a2

Given V, =240 and N; = 10
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N,_V, 05. Ans: (i) 200.8V, (ii) 24.75", (iii) 203.64V
N, | Sol: Given data:
Ve =220V, P=5, 2d=150
N, = 240xﬁx3x10 d
4x12 74
i)V, =V, =S
=150+2 @ Vo = Ve m
flSO

Sol: Given 2d =150°
Fundamental component peak value

4 . T
= 4V, sind. Sin—
T 2

Fundamental component r.m.s value
V= Y Gind. sin®
V2 2
_ 4xV,sin (75")
V2
:EVS =0.862V,

V2

and r.ms. value of output voltage

2 1/2
e
s

1/2
—v (@xij

Un 180
=0.912 V,

Given

Vi VP
THD: r.m.s 1 x 100
V,

1

\/[(0.912)2 - (0.862)" |1’

V. 0.862

x100

_ 02978
0.862

=34.55%

06. Ans: (a) (i) 13.2A,

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

5x2d
T

(242) @2
180

V, =200.8

=(200.8)°

2d =24.78

(iii) 200.8 = V,_ x /SIXS':’) > (pulse width 35)

V, =203.64V

(ii) 9.33A,
(iii) 7.84 KW, (iv) 18.67A

(b) (i) 11.43A, (i) 8.08A,
(iii) 5.88 KW  (iv) 14A

Sol: Given data R =15Q

In 180° mode
(1) rms value of load current

a,

Ir Vpn = 3 -
R R
:Qx@:mzA

3 1

5
Gi)1, = IO\/E =1 _9334
2m \/5
(iii) Load Power=3xI;R
=3x(13.2)° x15
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=7.84 kW I 22813A
(iv) 420 xI, = 7.84x10° NG '

I, =18.67A bB)R=20Q, X =80, X.=6Q
120° Operation: 7, = \/R2+(X _X,)?
L C
A/
dc :2\/5 Q
. ph 6
)1, = =—
R VA
420
=£=11.43A
15 IT] A
I 11.43
L =—L = _66A /‘
N N N

T
iii) B, = 3x I2R QG

—3x11.43°x15 =5.88kW \\

7 >
(v) 1. =380 _j4n & 2n
420

(i, P = i "2 sin® ot d(ot)

07. Ans: 2.15 pF 3
Sol: t.=F.S x t, =24 us _i =1 —cos2mt d(oh)
ote = (21) x 2411 =0.75 rad 2n, 2
ot. =¢; =0.754 _i 3_n+l
L X=X An| 4 2
tan R =0.754 '
(lT )RMS =1, (0'476)
X=X _ 0,013 | 23042
" J4+4
Xc - 12 =0.039 5
s Xe = 12.039 =81.317x+/2 A
i =0.476x~/2x81.317
L 12039 (i )
oC =54.73A
C=2.15puF T
(iO)RMS :ZLJ'O“ I} sin’ ot dot
T
08. Ans: (a) 115A,81.3 A =0.15 1,
Sol: (a)To1 = 22 =115 A —0.15x+/2 x81.317
2 ~17.328A
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09. Ans: (i) 500 ps (ii) 750 V
Viod
Sol: (i) Circuit turn off time t. = % =500 ps
Vs -
iy Ve ot , >0
(ll) - E X Vao (): TC: 2713:
" Vit
= 22 %5001 =750 V - : -0
20u oL
vl i
10. Ans: 77.15° A
Vil - o
Sol: The given output voltage waveform is ﬁ Co
having quarter wave symmetry 0 U 2 U >0
a, =0 i
2n (I)
1 .
And b, = T J. £(t)sin(n ot)dot Explanation: At instant 0, Vo=V
2 T and Vzo =0
=;If(t)sin(nmt)dmt = Vi2=Vig— Vo=V;—-0=V;
1]
After period of ¢, Vo=V
For fundamental n =1
" - . and Vzo = VS
~.b, :zvd‘:{[sinwtdwt— J. sin otdmt + J-sinmtdoot} =Vip=0
T
vV ’ 7 Atinstant of 1, Vp=0and V,y=V;
= - <||—cos (ot|0 - |cos O)tL —|cos wt|H] —~Vip=Vi—Vy=0-V,=-V,
R.M.S value of V.
= 2V [2—4cosoc] - 172
T 1 4 2
RMS value of fundamental output voltage Vi)ems = ;.([ Vv, do }
can be :V ) s
2 _| Vs 0
Z%2—4cosa]=50V | on (6)0}
) I
= cos o =0.2223 _v ()
= 0=77.15° N
) 12. Ans: 9.9 to 10.1
11. Ans: V|- ~
s . . Vm
: Modulation index, m, = —
Sol: V12 = V]() — V20 Vtri

From Fig. (b)
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_ 038 _ 0.8 14. Ans: 60 to 64
1 ' Sol: m,=0.7
Amplitude of the fundamental output Vin=100V
~ \Y =0.
Voltage, (VAO) =m, x de L=9.55mH
! 2 C =63.66 uF
=0.8x250=200V R=5Q,f=50Hz
From the given modulating voltage Vg = \A/R sin(2xft)
equation, it can be understood that .
= (m, x Vj,)sin(1007mt)
o, = 2007 means, fundamental component .
= (0.7 x 100)sin(100mt)
frequency = 100 Hz )
) = 70sin(100mt)
Load impedance at 100 Hz frequency,
Z, =VR* +X° PP .
L / \
2118 +1
=+12°+16° =20Q 7, | T
- Vi lc@= R3 |V
: Ve 70./0° O P
vz, — &
Z
20 :
- K
Vo= 70£0° x
Z +7Z,
13. Ans: 24 (Range: 23 to 25)
Sol: By converting the load into equivalent star, 5x(=150)
5-350
30 =70£0° x ————————
R,=—=10Q —i
In 180° conduction mode, rms value of each .
phase voltage, — 70./0° —J250
NG 15j+150—-3250
Vph = _Vdc
3 _ { — j250 }
150— 3235
V2, 600220042V !
3 Vo=6277V
Power consumed by the load,
2
P - 3Xﬁ 15. Ans: (d)
R V2
2 Sol: For 180° mode, P = 3_PhRMS
(2002) R
=3x— 2 =24kW
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40° +30> =50Q
10kW = V“C\/_
R P =1440
Vie _ 15w = 12, x40 =1440
R =1,=6A
2
For 120° mode, P = Wl"‘ﬂ RMS value of fundamental output voltage,
R
M x VDC
3 V 2 VO] -
—_ = dc
R (\/E j 0.6x Ve
Ve 1
R 6
But, I, =
1
=3x15x— !
6 _0:6xVie _
P =7.5kW S J2%50
50x6x~/2
16. Ans: (¢) = V. =T
Sol: Modulation index M = refere?nce voltage = 50042 V
carrier voltage
= T =02 18. Ans: 244.8 (Range 244 to 246)
5
Sol: The line to line voltage at fundamental
Number of cycles (N) _ )
frequency can be written as, v, ocm,
35
: Aphl = ma X .
= 1000 -1=10-1=9 NG
2x50 _N3 Vas
LLI(rms) — ﬁ xm, x BY
Order of harmonics = 2N * 1
=18+1 20.612XmaXVdc
:17, 19 VLL 1(rms) — =0.612 XmaXVdC
=0.612 x0.8x500
17. Ans: (¢) = 2448V
Sol: R=40Qand X, =100mx [EJ =30Q
T

Load impedance, Z =R’ + X}
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19. Ans:30 A 4
9. Ans: 30 V, =2Vl c0s(9x23.62)+ 2c0s(9x33.3)]
Sol: ’ o
Vaxn h =0.5202 Vs =78.03V
\% =ﬂ[1—2cos(11x23.62)+2cos(11x33.3)]
Im, J_ oll,m
0 Va3 - =0.3867Vs =57.85V
R - 21. Ans: 9.1t09.3
, Sol: Input power = Output power
"""""""" = Vims Lims = 5 kW
0 - >
\/A C |F \/ t (220) I;ms = 5000
Tins = —5000 =22.72 A
22
500
AABC, 2V, _BC > [j X (2nfL)
3L AC tans = sios = \ 22
VS VHI]S
~Be- SR .
522><1007'c><5><103
V, DE _
Is ABDE, — =—— -
3L BE 220
3L 6 18Lf = §=tan (0.1621)=9.2°
: _pcapp Ve , Vo - Vae Conventional Solutions
0(ph) = B F e = rer e T e r
I18Lf 18Lf O9Lf 01
0 = 2703 _30A Sol: Vg: =230 V; R=6Q, L =20mH; C =100
9%20x1077 x50 uE;
=100 Hz; ® = 2007 = 628
20. Ans: 47.325V,78.03V,58 V Y
Sol: The Fourier series of function given in Vo(t) = n:123 Sn—;Csin not
above figure is 2 2
4V (i) THD = Vrms 2V01
— S
Von= (1—2cosn0L1 +2cosna2) ol
nm
V2 n’
Given Vs =150V, a; = 23.62°, o, = 33.3° = & ——1= \/——1
W2, 8
4Vs ==V
Vim == [1-2cos(7x23.62)+2cos(7x33.3)] N
T
=0.3155 Vs =47.325V - THD = 48.43%
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=

() i) = 3 ﬂsin(ncot—q)n)

n=135 N7,

2
Zn=\/R2+(nmL— 1 j ;
noC

b = tan_l(nmL—l/noaCj

R
Z,=68714 Q; o1 =—29.1696°
73 =32.9449 Q; 3 = 79.50°
Zs=59.9498 Q; s = 84.256°
Z7=185.90 Q; 7 = 85.994°
- AV _292.845_ . o,
(n)z, 6.8714
4
. _PVee _ 99629 A
3nZ,
4V,
[ =—9%=09769 A
Sz
4
= Ve _ 0487 A
TnZ,

i(t) = 42.617 sin(ot + 29.169°) + 2.9629
sin(3mt — 79.5%) + 0.9769 sin(5ot — 84.256°)
+0.487 sin(7ot — 85.994°)

2

I
(iii) THD of load current = |- —1

2
01

Ifms = I(2)1 +133 + Iés + I(2)7
S S S N
2
= Iims = 30.21737; 1o =30.1347;
1,=42.734

2
- THD = 30.217 1
30.1347
=7.409%

(iv) Load power = V1 lo1 cosd,

= [ﬁJVdC X ( 22V, ]cos o,
nZ,

T

=207.07 x 30.134 x cos (~29.169)
= 5448.72 W

Input power = output power
= Vi I = load power = 5448.72 W

5448.72
V

N

= Source current (I5) =

| 544872
230

=23.69 A
(V) The current leads the fundamental
voltage component by 29.169°. This means
diode conducts for 29.169° and thyristor
conducts for 150.831°.

5

o

Conduction time of diode = 29.169° x "

=0.9025 ms
Conduction time of thyristor = 4.18975 ms
(Vi) Peak thyristor current I, = Iy % \/E
=42.734 A
42.734

RMS value of thyristor =

=21.367 A
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() V2 = L% V2 sin? otdt
5. AC-AC Converters ms T m
! J V2 sin” ot dt
01. 2000ms 0

Sol: RL.=5Q,V=230V, 50 Hz; Py=5kW
V2 =P,xR =25000

V2 1.
=—" t—0o+—sin2o
27 2

— 25000 = (ij(moﬁ f {n “o+

(i) Vi

sin 2al

14846 = o+ S

sin2o

|

=1.6569
= o =92.45°
.. Duty cycle = (n — OLJ
i
_ 180-9245 _ 0.486
180
o 1/2
(i1) Power factor = L{n g+ 20‘}
Jn
=0.687 lag
02.
Sol: R =20Q; V=220V, 50 Hz,
Ton = 30cycles = 600 ms
Tosr = 70cycles = 1400 ms
Vio(t)4
) 30 cycles B 70 cycles ]

_ Gj(v; J60)fsin” ot dt
=30V (%)[lfo(l —Cos 2(nt)dt}

. 10
_ lsvi{[_(sm%otj :l
@ 0

. _3 _
r lsvi{(loxlo3)_{sm2x100n><10><10 oﬂ

(O]

V2 =0.15V]

rms

= Vims = 120.5V

0 Vrms, output

(ii) Input power factor = =

sTs rms, input
| 1205 _ 0.5477 lag
220
(111) Lsms = Vi = 120.5 =6.024 A
R 20
I = L =426 A
T, rms \/5 .
IT A
) 30 cycles R 70 cycles ]
Ton
It avg = 1% I_sinotdt; 1 _Ya 112
T o R
1 600ms
= [I, sinotdt
2000ms o
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- Gj (1, )(30)15 sin ot dt

—cosmt 10
. 151{ j
Y 0

_ -3
:1511{1 cos(100mx10x10 )}

0
=151, (2/m)
Tavg — iXIm = O3Im =1.48552 A
1007 T
03.
Sol:
Vi(t)
/\\//\ > ot
R-load
Vo(H)4
AN AN
+—>
4
L-load
V()4
Y
b A
- \J V
2y

So, the conduction angle of each SCR from

above figure is 2y.

04.

2 .
Sol: (i) V2. =%{n—a+ sza}
n

2

!230\/5 ) sin120°
= n—7/3+——
27 2

=42557.99

2

P= h=4255.8 \%
R

(i1)) As D; gets open circuited, the positive
half of waveform becomes zero. So, the
new rms voltage is reduced by V2
times and power is reduced to half of

original value.
4255.8

s P= =21279 W

6. Fundamentals of Drives

01. Ans: (i) 62.84A, (ii) 118.46Nm
Sol: Given Data, 15 Hp, 220V, 1000rpm

R, +R,; =0.20
V, =V—m(1+cosoc)
T
:M(l+cos30°):210V
E, =K,I,o,

= 0.03x1, xzn—N =3.14]1,
60

Vf :(Ra +Rf)Ia +Eb
210=0.21, +3.141,
= I =62.87A
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Torque T =K, I’
03. Ans: (i) 45.12A, 45.12Nm, (ii) 0.92lag
2
=0. 2. =118. .
0.03x (6 87) 8.5Nm Sol: Given Data,
- . Ir=2A,R,=0.80Q, K, =0.5 Vs/rad
02. A?S. (i) 1254 rpm, (ii) 8.54Nm V.= 230,N = 1500 rpm ,a. = 30
Sol: Given 220 V, 1500 r.p.m, 10 A motor. v
(i) Motor constant K,, can be evaluated V, = —m(l + cos Ot)
T
from the rating of motor as follows:
- 230%x+/2 0
Vi=E, + LR, = 22V (14 00s30° ) = 193.2V
220 = Ky + LRy "
V,=V,=E, +I,R,
Knon =-10(1) + 220 = 210
1932=K, Lo, +ILR,
- 22101X56(?0 = 1337 V=s/rad o
X
193.2 =o.5(2)(wj +1,(0.8)
o; =30° Te =5 Nm 60
For the torque of 5 Nm, armature current I, =45.12A
Ia = % = 374A
' Torque: T, =K,I,I,
The equation for the operation of
. =0.5x2x45.12
converter motor 1s
Vo=V,=E, + L, =45.12N-m
P f: 4 ¥V Vi,
mcoso=K_ o +1 1, ower factor: P, = VI
T ssr
193.2x45.12
2x1/2x230 c0s30° =1.337x &_ +(3.74)1 = 18030
T 230x45.12
om = 131.31 rad/sec 180
N=1253.92r.p.m =092 lag
(i) a=45", N=1000rp.m, T.=?
2230 s 337, 2ER1000 04. Ans: 0.608
m ' ) Sol: Given data: R, =2.5Q,1, =20A

146.4 =140.01 + 1, x 1

[,=639A

Te=Knla
=1.337 x6.39
=8543 N-m

Chopper frequency = 1 kHz, V4. =250 V
Duty cycle (D) =?

At rated conditions (i.e, at 1000 rpm), back
emf, Ey; =220 -20x2.5=170 V

At 600 rpm, the back emf (E,;) can be

determined as,
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E,, =2 xE, 200 = KX2XA30 (109 0,04
1
600 K:129V—sec
=——x170 =102V .
1000 rad
DV, =102+ (20)(2.5) (a) %(1 +c0s0)= 200V
D=2 0 608 )
250 3><\/E—XZZO(IJM:OSOL):2OOV
2n
05. Ans: a =39.2° and p=8.3° o =69.79°
Sol: V,=E, + LR, (b) Fundamental power factor = DPF
L _ a
m cosoa—360 51, =E, +L,R, — Cos—
T T
3x 40072 3x100m 0.5 s 272
————cosa— X x175 2
T T 1000

=(0.25 x 1500) + 175 x 0.1
540.18cosa. — 26.25 = 375+17.5
o =39.17°

2oL
cos(ot+ ) =cosa — ® S,

m/

co0s(39.17°+u) =

3
005(39.15%) 25 21X30x0 X107 75

4002

=8.14°

06. Ans: (i) 69.7°
Sol: Given
V=200V
N = 1450 rpm
I[h=100 A
R,=0.04 Q
3 — ¢ half controlled converter
3-¢$220V,50Hz
Vo=E+ 1R,

(ii) 0.82 (iii) 70.5%

Is = rms value of source current
= rms value of fundamental source

current

I, =100A 180-69.79
180

=7825A

J6 [69.79)

I =——x100xcos
oom 2

2
THD — [ 78.25 } ~

63.935
=70.56 %
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07. Ans: (a) 1.559: 1 (b) (i) 34.65° (ii) 104.2°
Sol
R

£121%

(a) Given data motor rated terminal voltage
equals the rated voltage when converter

firing angle is zero.

Vo o500 =220 V (00 = 0)
s

3V—"‘”cos 0°=220V
T

220xm
m/ = 3

v =230.383
;230383

L.L \/5
In A connection

Voh = Vi =162.905V
Given

Vi =440V

In Star connection

v, _M0 540341 v

NE)

Transformer phase turns ratio from primary

to secondary = 2540341 _ 1.559: 1

162.905V

=162.905V

(b) At rated conditions
(1) Vo=E+ LR,
Vo=Ko + LR,

iy

220=KXW+50><0.5

K = 124147 ~5€¢

rad
‘E” at 120 rpm

E = 10414 2X7®x1200

E=156V

&cosa =156+ 50 x 0.5
T

V., =230.383 [from (a)]
Cos o= 0.8277
o = 34.64°

(i1) Find E at rated condition

Vo=E + LR,
220=E+50x0.5
E=195V

¢ = constant

E N

ET
El Nl
(—800)

Ny 19542809
N, 1500

E,=-104V

3xV,,
T

E2: E1

=E+ LR,

Given torque is twice the rated torque

I T
Lz:?z =1[p=50x2

Ial 1

lo =100 A

3x230383 osi=— 104+ (100 x 0.5)
T

cosao=—-0.245 = a=104.21°.
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08. (i) 120.05 A, 0.5145 lag, 81.862 A,
0.8112 lag
At normal: 134.1 A, 0.28573lag,
90.486A, 0.7631ag
(ii) 220.2 Nm, 404.702 Nm
At normal: 137.38 Nm, 475.662 Nm

Sol: 3—¢, 15 kW, 4 pole, 50 Hz, 420 V
rn=0.5Q,,rn=04Q, X;=X,=1.5Q2
At rated conditions:

Understarting:
I, = Y
(rl + rzj +j(x, +X,)
S
420

(0.5 + 014] +j(1.5+1.5)

=134.1 £-73.3°A

Pf=0.287lag
T =2k
o, ~ S
:ix(134.1)2 04
50m 1
=137.38N-m
Under maximum Torque condition:
SmT = r2
\/r12 +(x, + X2)2
0.4
SmT =
J(0.50* +(1.5+1.5)
= 0.1315
I = 420

04 )
0.5+ +1(1.5+1.5
( 0.1315j K )

=90.478 /—40.265 A

P.f=0.763 lag
0.4
0.1315

T, = i(90.478)2 X
50T

=475.6 Nm
At reduced voltage condition
Under starting:
I = 210

(O.5+Oi4+j(l.5+1.5)><;

=120 £-59° A
Pf=0.515 lag
T, :ix(lzo)2 «| 04

25n 1

=220 Nm

Under max torque conditions:
R
Sm'l' = by : b3
\/ 5+ (X, +X,)

0.4

, (3Y
\/(0.5) +(2)

=0.253

210

04 ) .
0.5 1.5
( i 0.253)+ i)

p.f=0.81 lag
T.=404.78 Nm

Due to the reduced voltage and reduced

I, =

frequency

(1) current gets reduced where as power
factor get improved under maximum
torque conditions.

(1) the maximum torque gets reduced

(ii1) maximum torque occurs at higher value

of slip.
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