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1. (a)1. (a)1. (a)1. (a)1. (a) Determine the values of slope Determine the values of slope Determine the values of slope Determine the values of slope Determine the values of slope KKKKK11111, , , , , KKKKK22222, , , , , KKKKK33333 and the voltages  and the voltages  and the voltages  and the voltages  and the voltages LLLLL+++++ and  and  and  and  and LLLLL––––– for the amplifier for the amplifier for the amplifier for the amplifier for the amplifier
and its transfer characteristics shown in the figure given below:and its transfer characteristics shown in the figure given below:and its transfer characteristics shown in the figure given below:and its transfer characteristics shown in the figure given below:and its transfer characteristics shown in the figure given below:
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Slope = K3
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L–

Slope = K1

Slope = K2

V0

(((((RRRRR11111 = 30 k = 30 k = 30 k = 30 k = 30 kΩΩΩΩΩ, , , , , RRRRR22222 =  =  =  =  = RRRRR55555 = 9 k = 9 k = 9 k = 9 k = 9 kΩΩΩΩΩ, , , , , RRRRR33333 =  =  =  =  = RRRRR44444 = 3 k = 3 k = 3 k = 3 k = 3 kΩΩΩΩΩ, , , , , RRRRRfffff = 60 k = 60 k = 60 k = 60 k = 60 kΩΩΩΩΩ).).).).).
The diodes may be assumed to be ideal.The diodes may be assumed to be ideal.The diodes may be assumed to be ideal.The diodes may be assumed to be ideal.The diodes may be assumed to be ideal.

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]

Solution:Solution:Solution:Solution:Solution:
Assume D1 and D2 off

–
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Op-amp A, is inverting amplifier,

V0 =
1
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− = −i i  = –2 Vi

Case-1:Case-1:Case-1:Case-1:Case-1:

Ix =
− − − +
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Vx ===== − + i
3

15 (15 2 )
4

V

When, Vx < 0 D1 ON
Keep, Vx = 0 (boundary) for slope change

0 = − + i
3

15 (15 2 )
4

V

15 = + i
3

(15 2 )
4

V

60
3

= (15 + 2Vi)

2Vi = 5
Vi = 2.5 then L = –2Vi = –5 V

Similarly, Iy =
− − − −

=i i2 ( 15) 15 2
12 12

V V
k k

Vy = Iy × 9k – 15

=
−

× −i(15 2 )
9 15

12
V

k
k

When, Vy > 0, D2 ON
Keep, Vy = 0 (Boundary) for slope change

0 = − −i
3

(15 2 ) 15
4

V

15 = − i
3

(15 2 )
4

V

60
3

= (15 – 2Vi)

–2Vi = 5
Vi = –2.5 then Lt = –2Vi = +5 V

when D1 on
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Similarly, when D2 on V0(L+) = 
60 || 3 2

30 21
k k

V V
k

+ =i i

k3(slope) =
2
21

L+ = 5 V

2.5 V

–5 VL–

–2.5 V
Vi

V V0 = –2 i

k3

k2

V0

MADE EASY Source __________________________________________________________
• ESE 2019 Mains Test Series:  Q.6(b) (ii) of Test-13

End of Solution

1. (b)1. (b)1. (b)1. (b)1. (b) Determine the total energy and average power of the following signal:Determine the total energy and average power of the following signal:Determine the total energy and average power of the following signal:Determine the total energy and average power of the following signal:Determine the total energy and average power of the following signal:

t
t t t

otherwise

2 3 3
( ) 5 3 5

0

− ≤ ≤⎧
⎪= − ≤ ≤⎨
⎪⎩

x

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]

Solution:Solution:Solution:Solution:Solution:
The given signal is energy signal, so energy is finite and power should be zero.

–3 –2 –1 0 1 2 3 4 5
t

2

x( )t

Energy =
∞

−∞ −

= + −∫ ∫ ∫x
3 5

2 2 2

3 3

( ) (2) (5 )t dt dt t dt

= − + + −∫
5

3 2
3

3

4( ) (25 10 )t t t dt

= 26.67 units

End of Solution
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1. (c)1. (c)1. (c)1. (c)1. (c) Show the permissible area for the poles of a second order system which mustShow the permissible area for the poles of a second order system which mustShow the permissible area for the poles of a second order system which mustShow the permissible area for the poles of a second order system which mustShow the permissible area for the poles of a second order system which must
simultaneously meet the following criteria:simultaneously meet the following criteria:simultaneously meet the following criteria:simultaneously meet the following criteria:simultaneously meet the following criteria:
(i)(i)(i)(i)(i) Maximum percent overshoot Maximum percent overshoot Maximum percent overshoot Maximum percent overshoot Maximum percent overshoot ≤≤≤≤≤ 5% 5% 5% 5% 5%
(ii)(ii)(ii)(ii)(ii) Settling time for 2% criterion Settling time for 2% criterion Settling time for 2% criterion Settling time for 2% criterion Settling time for 2% criterion ≤≤≤≤≤ 500 ms 500 ms 500 ms 500 ms 500 ms

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]

Solution:Solution:Solution:Solution:Solution:
MP ≤ 0.05

−ξπ

−ξ21e
= 0.05

−ξπ

− ξ21
= ln 0.05

46.37°
ξωn = 8

jω

σ

ξ = 0.69
⇒ θ = cos–1(0.69) = 46.37°
∴ ξ ≥ 0.69

ts ≤ 500 ms

ξω
4

n
≤ 500 ms

ξ ωn ≥ 8

End of Solution

1. (d)1. (d)1. (d)1. (d)1. (d) A 1000 VA 1000 VA 1000 VA 1000 VA 1000 VA, 440/220 V single-phase two-winding transforA, 440/220 V single-phase two-winding transforA, 440/220 V single-phase two-winding transforA, 440/220 V single-phase two-winding transforA, 440/220 V single-phase two-winding transformer is connected asmer is connected asmer is connected asmer is connected asmer is connected as
autotransformer to supply a load at 440 V from a supply voltage of 660 V ac mains.autotransformer to supply a load at 440 V from a supply voltage of 660 V ac mains.autotransformer to supply a load at 440 V from a supply voltage of 660 V ac mains.autotransformer to supply a load at 440 V from a supply voltage of 660 V ac mains.autotransformer to supply a load at 440 V from a supply voltage of 660 V ac mains.
Draw the schematic diagram of the autotransformer with proper labelling. If the fullDraw the schematic diagram of the autotransformer with proper labelling. If the fullDraw the schematic diagram of the autotransformer with proper labelling. If the fullDraw the schematic diagram of the autotransformer with proper labelling. If the fullDraw the schematic diagram of the autotransformer with proper labelling. If the full
load unity power factor (pf) efficiency of the two-winding transformer is 96.2%, whatload unity power factor (pf) efficiency of the two-winding transformer is 96.2%, whatload unity power factor (pf) efficiency of the two-winding transformer is 96.2%, whatload unity power factor (pf) efficiency of the two-winding transformer is 96.2%, whatload unity power factor (pf) efficiency of the two-winding transformer is 96.2%, what
will be the full load efficiency of the autotransformer at 0.85 pf lagging? Also find thewill be the full load efficiency of the autotransformer at 0.85 pf lagging? Also find thewill be the full load efficiency of the autotransformer at 0.85 pf lagging? Also find thewill be the full load efficiency of the autotransformer at 0.85 pf lagging? Also find thewill be the full load efficiency of the autotransformer at 0.85 pf lagging? Also find the
maximum primarmaximum primarmaximum primarmaximum primarmaximum primary and secondary and secondary and secondary and secondary and secondary cury cury cury cury currrrrrents of the autotransforents of the autotransforents of the autotransforents of the autotransforents of the autotransformermermermermer.....

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]

Solution:Solution:Solution:Solution:Solution:
Given, 1000 VA, 440/220

I1 =
1000
220

 = 4.545 A

⇒ I1 = 4.545 A

1 2
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− +I I
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= 1 2

1

220
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V V
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1
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⇒ 2
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I
I

=
1

1
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⇒ I2 =
3

4.545
2

×  = 6.8175 A

As two winding transformer,

ηTW =
1000

1000 LP+
 = 0.962

⇒ PL =
1000

1000
0.962

−  = 39.50 W

Auto transformer raitng = 3000 VA

ηauto = × =
× +

3000 0.85
0.9847

3000 0.85 39.5
or 98.47%

MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

• Theory Book: Electrical Machines Ex,. 2.19 (Page No. 51)

End of Solution

1. (e)1. (e)1. (e)1. (e)1. (e) The reverse recovery time of a diode is The reverse recovery time of a diode is The reverse recovery time of a diode is The reverse recovery time of a diode is The reverse recovery time of a diode is tttttrrrrrrrrrr = 6  = 6  = 6  = 6  = 6 μμμμμs, and the rate of fall of the diodes, and the rate of fall of the diodes, and the rate of fall of the diodes, and the rate of fall of the diodes, and the rate of fall of the diode
current current current current current dddddi/////dtdtdtdtdt = 10 A/ = 10 A/ = 10 A/ = 10 A/ = 10 A/μμμμμs. If the softness factor SF = 0.5.s. If the softness factor SF = 0.5.s. If the softness factor SF = 0.5.s. If the softness factor SF = 0.5.s. If the softness factor SF = 0.5.
(i)(i)(i)(i)(i) Find the storage charge Find the storage charge Find the storage charge Find the storage charge Find the storage charge QQQQQRRRRRRRRRR,,,,,
(ii)(ii)(ii)(ii)(ii) Find the peak reverse current Find the peak reverse current Find the peak reverse current Find the peak reverse current Find the peak reverse current IRRRRRRRRRR, and, and, and, and, and
(iii)(iii)(iii)(iii)(iii) Draw the labelled reverse recovery characteristics.Draw the labelled reverse recovery characteristics.Draw the labelled reverse recovery characteristics.Draw the labelled reverse recovery characteristics.Draw the labelled reverse recovery characteristics.

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]
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Solution:Solution:Solution:Solution:Solution:

(i)(i)(i)(i)(i) SF = = = 1
0.5

2
b

a

t
t

ta = 2tb
trr = ta + tb = 6

3tb = 6
tb = 2 μs; ta = 4 μs

id
dt

=
IRM

at

IRM = 4 × 10 = 40 A

QRR = × × = × ×I1 1
40 6

2 2RM rrt  = 120 μC

(ii)(ii)(ii)(ii)(ii)
id

dt
=
IRM

at

IRM = 4 × 10 = 40 A
(iii)(iii)(iii)(iii)(iii)

0

i1

If

trr

ta tb

1/4 IRM

t

IRM

MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

• Mains Work Book : Q.8, Page 153

End of Solution
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2. (a)2. (a)2. (a)2. (a)2. (a) Determine the value of Determine the value of Determine the value of Determine the value of Determine the value of vvvvvppppp, , , , , vvvvvnnnnn and  and  and  and  and vvvvvoutoutoutoutout in the circuit given below which uses an ideal in the circuit given below which uses an ideal in the circuit given below which uses an ideal in the circuit given below which uses an ideal in the circuit given below which uses an ideal
operational amplifieroperational amplifieroperational amplifieroperational amplifieroperational amplifier. Find a r. Find a r. Find a r. Find a r. Find a resistance esistance esistance esistance esistance RRRRR that, when connected in parallel with the that, when connected in parallel with the that, when connected in parallel with the that, when connected in parallel with the that, when connected in parallel with the
1 mA1 mA1 mA1 mA1 mA source, will cause  source, will cause  source, will cause  source, will cause  source, will cause vvvvvoutoutoutoutout to drop to half its value when  to drop to half its value when  to drop to half its value when  to drop to half its value when  to drop to half its value when RRRRR is not present. is not present. is not present. is not present. is not present.

–

+

1 mA

3 kΩ 4 kΩ

vout

vin

vp
2 kΩ

1 kΩ

∞

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

−
Ω3 k

X nV V
= I1 (where VP = Vn)

2k
X pV V−

Ω
= I2

I1 × 3 kΩ = I2 × 2 kΩ

–

+1 mA

VX 3 kΩ

4 kΩ

I1

I1

I2 I2

2 kΩ 1 kΩ

Vn

Vp

V00

1

2

I
I

=
2 k 2
3 k 3

Ω =
Ω

I1 + I2 = 1 mA

I1 = 2
mA

5

and I2 =
3

mA
5

VP = I1 × 1 kΩ

=
3

1 k
5

× Ω  = 
3

V
5

Vp = Vn = 
3

V
5

V0 = Vn – 4 k × I1

=
3 2

4k mA
5 5

− ×  = 
3 8
5 5

−  = 
5

5
−

 = –1 V

V0 = –1 V

Vp =
3

V
5

; Vn = 
3

V
5

Similarly, If R is connected in parallel to 1 mA current source where

V0 =
1V
2

−
 = –0.5 V

End of Solution
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2. (b)2. (b)2. (b)2. (b)2. (b) Check the controllability and observability of the system shown in the figure givenCheck the controllability and observability of the system shown in the figure givenCheck the controllability and observability of the system shown in the figure givenCheck the controllability and observability of the system shown in the figure givenCheck the controllability and observability of the system shown in the figure given
belowbelowbelowbelowbelow. . . . . uuuuu is the input and  is the input and  is the input and  is the input and  is the input and yyyyy is the output. is the output. is the output. is the output. is the output.

−
+

1
1

s
s

u
−
1

1s
y

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

T.F. = −
−2
1
1

s
s x2

U s( ) Y s( )

1

x11/s 1/s –1
x1x2State model:State model:State model:State model:State model:

Controllable form, X0 =
⎡ ⎤ ⎡ ⎤

+⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦

0 1 0

1 0 1
X U

Y = [–1 1] X + [0] U

QC =
⎡ ⎤

≠⎢ ⎥
⎣ ⎦

0 1
; 0

1 0 CQ ∴ Controllable

Q0 =
−⎡ ⎤

=⎢ ⎥−⎣ ⎦
0

1 1
; 0

1 1
Q  ∴ Unobservable

Statement:Statement:Statement:Statement:Statement:

Observable form, X 0 =
−⎡ ⎤ ⎡ ⎤+⎢ ⎥ ⎢ ⎥

⎣ ⎦ ⎣ ⎦

0 1 1

1 0 1
X U

Y = [0 1] X + [0]U

QC =
−⎡ ⎤

=⎢ ⎥−⎣ ⎦

1 1
; 0

1 1 CQ ∴ Uncontrollable

Q0 =
⎡ ⎤

≠⎢ ⎥
⎣ ⎦

0
0 1

; 0
1 0

Q ∴ Observable

Conclusion:Conclusion:Conclusion:Conclusion:Conclusion: If pole-zero cancellation occurs then the system cannot be both controllable
and observable.
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MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

End of Solution

2. (c)2. (c)2. (c)2. (c)2. (c) A single-phase thyristor contrA single-phase thyristor contrA single-phase thyristor contrA single-phase thyristor contrA single-phase thyristor controlled bridge rolled bridge rolled bridge rolled bridge rolled bridge rectifier is supplying a dc load of 1 kWectifier is supplying a dc load of 1 kWectifier is supplying a dc load of 1 kWectifier is supplying a dc load of 1 kWectifier is supplying a dc load of 1 kW. A. A. A. A. A
1.5 kV1.5 kV1.5 kV1.5 kV1.5 kVA isolation transforA isolation transforA isolation transforA isolation transforA isolation transformer with a sourmer with a sourmer with a sourmer with a sourmer with a source side voltage rating of 120 V at 50 Hz isce side voltage rating of 120 V at 50 Hz isce side voltage rating of 120 V at 50 Hz isce side voltage rating of 120 V at 50 Hz isce side voltage rating of 120 V at 50 Hz is
used. It has total leakage reactance of 8% based on its rating. The source voltage ofused. It has total leakage reactance of 8% based on its rating. The source voltage ofused. It has total leakage reactance of 8% based on its rating. The source voltage ofused. It has total leakage reactance of 8% based on its rating. The source voltage ofused. It has total leakage reactance of 8% based on its rating. The source voltage of
nominally 115 V is in the range of ±10%. Assuming load current is nearly constant,nominally 115 V is in the range of ±10%. Assuming load current is nearly constant,nominally 115 V is in the range of ±10%. Assuming load current is nearly constant,nominally 115 V is in the range of ±10%. Assuming load current is nearly constant,nominally 115 V is in the range of ±10%. Assuming load current is nearly constant,
find:find:find:find:find:
(i)(i)(i)(i)(i) The minimum turThe minimum turThe minimum turThe minimum turThe minimum turns ratio of the transforns ratio of the transforns ratio of the transforns ratio of the transforns ratio of the transformermermermermer, if the dc load voltage is to be, if the dc load voltage is to be, if the dc load voltage is to be, if the dc load voltage is to be, if the dc load voltage is to be

rrrrregulated at constant value of 100 Vegulated at constant value of 100 Vegulated at constant value of 100 Vegulated at constant value of 100 Vegulated at constant value of 100 V,,,,,
(ii)(ii)(ii)(ii)(ii) The reduction in average load voltage due to commutation, andThe reduction in average load voltage due to commutation, andThe reduction in average load voltage due to commutation, andThe reduction in average load voltage due to commutation, andThe reduction in average load voltage due to commutation, and
(iii)(iii)(iii)(iii)(iii) The value of firing angle The value of firing angle The value of firing angle The value of firing angle The value of firing angle ααααα when the sour when the sour when the sour when the sour when the source voltage is 115 + 10% Vce voltage is 115 + 10% Vce voltage is 115 + 10% Vce voltage is 115 + 10% Vce voltage is 115 + 10% V.....

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:
P0 = 1000 W

Zb = = = Ω
2 2kV 120

9.6
MVA 1500

XLs = 0.08 × 9.6
ωLs = 0.768 Ω

Ls = 2.445 mH
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(i)(i)(i)(i)(i) Let ‘a’ be the turns ratio,

a = P

s

V
V

P0 = 100 × I0 = 1000
I0 = 10 A

For minimum turns ratio α = 0,
and VP = 115 × 0.9 = 103.5 V

V0 = − Δ
π 0

2 2
sV V

V0 = ⎛ ⎞− ⎜ ⎟⎝ ⎠
I0

2

40.9 sP f LV
a a

−× × × × ×−
3

2

0.9 103.5 4 50 2.445 10 10
a a

= 100

− 2
93.15 4.89

a a
= 100

100a2 – 93.15a + 4.89 = 0
a = 0.876, 0.0558

Possible value, a = 0.876

(ii)(ii)(ii)(ii)(ii) ΔVd0 =
I0

2
4 sfL

a

=
−× × × × =
3

2 2

(4 2.445 10 10 50) 4.89

0.876 0.876

ΔVd0 = 6.372 V

(iii)(iii)(iii)(iii)(iii) VP = 115 × 1.1 = 126.5 V

V0 = α − Δ 0
0.9

cosPV V
a

× α −0.9
126.5cos 6.372

0.876
= 100

cosα = 0.8154

α = 35.07°

End of Solution

3. (a)3. (a)3. (a)3. (a)3. (a) A salient-pole synchronous motor (with negligible armature resistance and A salient-pole synchronous motor (with negligible armature resistance and A salient-pole synchronous motor (with negligible armature resistance and A salient-pole synchronous motor (with negligible armature resistance and A salient-pole synchronous motor (with negligible armature resistance and XXXXXddddd = 23.2  = 23.2  = 23.2  = 23.2  = 23.2 ΩΩΩΩΩ
and and and and and XXXXXqqqqq = 14.5  = 14.5  = 14.5  = 14.5  = 14.5 ΩΩΩΩΩ/phase) can support a maximum load of 563 kW without field/phase) can support a maximum load of 563 kW without field/phase) can support a maximum load of 563 kW without field/phase) can support a maximum load of 563 kW without field/phase) can support a maximum load of 563 kW without field
excitation.excitation.excitation.excitation.excitation.
This motor is now excited with nominal field current and the motor is loaded with aThis motor is now excited with nominal field current and the motor is loaded with aThis motor is now excited with nominal field current and the motor is loaded with aThis motor is now excited with nominal field current and the motor is loaded with aThis motor is now excited with nominal field current and the motor is loaded with a
load torque of 3.82 kN-m. If the motor draws armature current at 0.8 power factorload torque of 3.82 kN-m. If the motor draws armature current at 0.8 power factorload torque of 3.82 kN-m. If the motor draws armature current at 0.8 power factorload torque of 3.82 kN-m. If the motor draws armature current at 0.8 power factorload torque of 3.82 kN-m. If the motor draws armature current at 0.8 power factor
(leading), determine excitation emf and corresponding power angle ((leading), determine excitation emf and corresponding power angle ((leading), determine excitation emf and corresponding power angle ((leading), determine excitation emf and corresponding power angle ((leading), determine excitation emf and corresponding power angle (δδδδδ).).).).).

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]
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Solution:Solution:Solution:Solution:Solution:
According to given condition there will be only reluctance power and for it to maximum
δ = 45°.

∴
× 3563 10
3

= −
× ×

2

(23.2 14.5)
2 23.2 14.5

V

On solving, Vph = 3809.57 V
Now, P′ = T × ωs

= π ×× ×3 2 1000
3.82 10

60
Note:Note:Note:Note:Note: Here any data pertaining to speed is not given but it is impossible to solve the
question without speed hence assume Ns = 1000 rpm.
∴ P′ = 400.02 kW

Now, P′ = φI3 cosV

⇒ 400.02 × 103 = × × × ×I3 6.6 1000 0.8a

⇒ Ia = 43.73

tanΨ =
φ +
φ −
I
I

sin

cos
a q

a a

V X

V R

Ψ = 43.77°
∴ δ = Ψ – φ = 43.77 – 36.86 = 6.91°

E = V cosδ – Id Xd

= 3809 cos(6.91°) – 30.25(23.2)
= 3080.25 V

End of Solution

3. (b)3. (b)3. (b)3. (b)3. (b) (i)(i)(i)(i)(i) Fourier transform of a periodic signal is given as,Fourier transform of a periodic signal is given as,Fourier transform of a periodic signal is given as,Fourier transform of a periodic signal is given as,Fourier transform of a periodic signal is given as,

X j j( ) 2
3 7
π π⎛ ⎞ ⎛ ⎞ω = δ ω − + δ ω −⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

Determine the fundamental angular frequency and the Fourier series coefficients.Determine the fundamental angular frequency and the Fourier series coefficients.Determine the fundamental angular frequency and the Fourier series coefficients.Determine the fundamental angular frequency and the Fourier series coefficients.Determine the fundamental angular frequency and the Fourier series coefficients.
Then determine the corresponding time signal.Then determine the corresponding time signal.Then determine the corresponding time signal.Then determine the corresponding time signal.Then determine the corresponding time signal.

(ii)(ii)(ii)(ii)(ii) Determine the Laplace transform and the ROC for the signalDetermine the Laplace transform and the ROC for the signalDetermine the Laplace transform and the ROC for the signalDetermine the Laplace transform and the ROC for the signalDetermine the Laplace transform and the ROC for the signal

x(((((ttttt) = ) = ) = ) = ) = eeeeeatatatatat     uuuuu(((((ttttt –  –  –  –  – kkkkk)))))
[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:
(i)(i)(i)(i)(i) Given Fourier transform of a periodic signal as,

X(jω) =
π π⎛ ⎞ ⎛ ⎞δ ω − + δ ω −⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

2
3 7

j

δ ����⇀↽����
F.T.( ) 1t

π δ ω���⇀↽���1 2 ( )
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According to frequency shifting property,

ω ω − ωx ���⇀↽���0
0( ) ( )j te t X

π⎛ ⎞
⎜ ⎟⎝ ⎠ π⎛ ⎞πδ ω −⎜ ⎟⎝ ⎠

���⇀↽���3 2
3

j t
e

π⎛ ⎞
⎜ ⎟⎝ ⎠ π⎛ ⎞πδ ω −⎜ ⎟⎝ ⎠

���⇀↽���3 2
3

j t
je j

Similarly,
π⎛ ⎞

⎜ ⎟⎝ ⎠ π⎛ ⎞πδ ω −⎜ ⎟⎝ ⎠
���⇀↽���72 4

7

j t
e

ωx ���⇀↽���( ) ( )t X j

x(t) =
π π⎛ ⎞ ⎛ ⎞

⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠+
π π

3 71
2

j t j tj
e e ...(1)

Fundamental angular frequency,

ω0 = π π π⎧ ⎫ =⎨ ⎬
⎩ ⎭

, rad/s
3 7 21

GCD

x(t) can be represented as,

x(t) =
∞

ω

= −∞
∑ 0jn t

n
k

C e ...(2)

By comparing (1) and (2),

x(t) = ω ω+
π π

0 07 31
2

j t j tj
e e

So Fourier series coefficients are,

C3 =
π
1 , =

π7 2
j

C

(ii)(ii)(ii)(ii)(ii) Given signals, x(t) = eat u(t – k)
x(t) = ea(t – k + k) ⋅ u(t – k)

= − ⋅ −( )[ ( )]ak a t ke e u t k

By using time shifting property,

x(t – t0) = −⋅ 0( ) stX s e (No change in ROC)

X(s) = − −⎡ ⎤⋅ ⋅ = ⋅⎢ ⎥− −⎣ ⎦
( )1 1ak ks k a se e e

s a s a
ROC of the signal is Re{s} > a
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Right side of the right most pole.

jω

σa

End of Solution

3. (c)3. (c)3. (c)3. (c)3. (c) A Buck-Boost converter is operating at 20 kHz with Inductor A Buck-Boost converter is operating at 20 kHz with Inductor A Buck-Boost converter is operating at 20 kHz with Inductor A Buck-Boost converter is operating at 20 kHz with Inductor A Buck-Boost converter is operating at 20 kHz with Inductor LLLLL = 50  = 50  = 50  = 50  = 50 μμμμμH. The outputH. The outputH. The outputH. The outputH. The output
capacitor capacitor capacitor capacitor capacitor CCCCC is suf is suf is suf is suf is sufficiently larficiently larficiently larficiently larficiently large and sourge and sourge and sourge and sourge and source voltage ce voltage ce voltage ce voltage ce voltage VVVVVddddd = 15 V = 15 V = 15 V = 15 V = 15 V. The output is to be. The output is to be. The output is to be. The output is to be. The output is to be
rrrrregulated at 10 V and the converegulated at 10 V and the converegulated at 10 V and the converegulated at 10 V and the converegulated at 10 V and the converter is supplying a load of 10 Wter is supplying a load of 10 Wter is supplying a load of 10 Wter is supplying a load of 10 Wter is supplying a load of 10 W. Find:. Find:. Find:. Find:. Find:
(i)(i)(i)(i)(i) The duty ratio D, andThe duty ratio D, andThe duty ratio D, andThe duty ratio D, andThe duty ratio D, and
(ii)(ii)(ii)(ii)(ii) Maximum value of Inductor current.Maximum value of Inductor current.Maximum value of Inductor current.Maximum value of Inductor current.Maximum value of Inductor current. [20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:
(i)(i)(i)(i)(i) Initially the mode of conduction is assume to be continuous,

V0 =
α
− α1 dV

10 =
α⎛ ⎞

⎜ ⎟− α⎝ ⎠
15

1 L
o
a
d

V0

–

+

L

Vd

+ –

C

α⎛ ⎞
⎜ ⎟− α⎝ ⎠1

= 1.5

α = 0.4
At the boundary condition,

vL

iLpeak

t
αTs

(1 – )α Ts

IOB,max = −= =
× × × ×

0
3 6

10
5 A

2 2 20 10 50 10

V
fL

IOB = IOB,max (1 – α)2 = 5(1 – 0.4)2 = 1.8 A
P0 = V0I0
10 = 10 × I0
I0 = 1 A
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Since the output current I0 = 1 A, is less than IOB.
∴ It is discontinuous mode.

α1 =
I

I
0 0

,maxd OB

V
V

 = =10 1
0.298

15 5

(ii)(ii)(ii)(ii)(ii) Maximum inductor current,

ILB,max =
−= =

× × × ×
0

3 6
10 5 A

2 2 20 10 50 10
V
fL

MADE EASY Source __________________________________________________________
• ESE 2019 Mains Test Series:  Q.5(a) of Test-15

End of Solution

4. (a)4. (a)4. (a)4. (a)4. (a) The open-loop transfer function of a unity feedback system is given byThe open-loop transfer function of a unity feedback system is given byThe open-loop transfer function of a unity feedback system is given byThe open-loop transfer function of a unity feedback system is given byThe open-loop transfer function of a unity feedback system is given by

K
G s H s

s s s2
( ) ( )

( 20) ( 2 1)
=

+ − +

Use Nyquist stability criteria to find the range of Use Nyquist stability criteria to find the range of Use Nyquist stability criteria to find the range of Use Nyquist stability criteria to find the range of Use Nyquist stability criteria to find the range of KKKKK for closed-loop stability for closed-loop stability for closed-loop stability for closed-loop stability for closed-loop stability.....
[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

G(s)H(s) =
+ − 2( 20) ( 1)

k
s s

G(jω)H(jω) =
+ ω − + ω 2(20 ) ( 1 )

k
j j

GH =
+ ω ω +2 2400 ( 1)

k

∠GH = –360° + 2 tan–1 ω – − ω1tan
20

ω ∠

− °

∞ − °

0 360
20
0 270

GH GH
k

∠GH = 90°

1 12 tan tan
20

− − ωω − = 450°

1 1
2

2
tan tan

201
− −ω ω⎛ ⎞ −⎜ ⎟⎝ ⎠− ω

= 450°

u

C2

C4

C1

C3

jv

3
1

2 2

40
tan

20 20 2
− ⎛ ⎞ω − ω + ω

⎜ ⎟− ω + ω⎝ ⎠
= 450°

ω + ω
− ω

3

2

39

20 18
= tan90°

20 – ω2 × 18 = 0

ω = 20
1.054 rad/ sec

18
=
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Contour:Contour:Contour:Contour:Contour:

σ

jω

ω = 0

k/20

ω = ∞ 0

C1: s = jω
C3: s = –jω
Inverse polar plot:

σ

jω

ω = 0
k/20

CCCCC22222: : : : : θ
→∞

= lim Rej

R
S , 

2 2
π π⎛ ⎞θ → →⎜ ⎟⎝ ⎠

GH = − θ
θ→∞ →∞

= 3
3 3 3lim lim j

jR R

k k e
R e R

= 0; 
3 3

3
2 2
π − π⎛ ⎞− θ → →⎜ ⎟⎝ ⎠

CCCCC44444::::: θ
→

=
0

lim Rej

R
S , 

π π⎛ ⎞θ → − →⎜ ⎟⎝ ⎠2 2

GH = − π
θ θ→∞

=
+ +

2
2

lim
20( 20) ( 1)

j
j jR

k k
e

Re Re

Nyquist plot:Nyquist plot:Nyquist plot:Nyquist plot:Nyquist plot:

σ

jω

ω = 0

k/20

ω = ∞

N = P – Z
P = 2
N = 2 – Z

For any value of k there is no encirclement of (–1 +j0).
∴ N = 0

Z = 2
∴ For all values of k system in unstable.
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MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

• Mains Work Book : Q. 47, Page No. 70

End of Solution

4. (b)4. (b)4. (b)4. (b)4. (b) Draw and elaborate (with appropriate mathematical justification) the graphical locusDraw and elaborate (with appropriate mathematical justification) the graphical locusDraw and elaborate (with appropriate mathematical justification) the graphical locusDraw and elaborate (with appropriate mathematical justification) the graphical locusDraw and elaborate (with appropriate mathematical justification) the graphical locus
of induction motor (voltage, current and power) for a complete range of slip fromof induction motor (voltage, current and power) for a complete range of slip fromof induction motor (voltage, current and power) for a complete range of slip fromof induction motor (voltage, current and power) for a complete range of slip fromof induction motor (voltage, current and power) for a complete range of slip from
approximate equivalent circuit model. Justify its circular nature for naming it as circleapproximate equivalent circuit model. Justify its circular nature for naming it as circleapproximate equivalent circuit model. Justify its circular nature for naming it as circleapproximate equivalent circuit model. Justify its circular nature for naming it as circleapproximate equivalent circuit model. Justify its circular nature for naming it as circle
diagram of induction motordiagram of induction motordiagram of induction motordiagram of induction motordiagram of induction motor.....
Also, state and explain with the help of the circle diagram, how to obtain rotor/statorAlso, state and explain with the help of the circle diagram, how to obtain rotor/statorAlso, state and explain with the help of the circle diagram, how to obtain rotor/statorAlso, state and explain with the help of the circle diagram, how to obtain rotor/statorAlso, state and explain with the help of the circle diagram, how to obtain rotor/stator
copper losses, torque and slip at any arbitrary point on circle diagram.copper losses, torque and slip at any arbitrary point on circle diagram.copper losses, torque and slip at any arbitrary point on circle diagram.copper losses, torque and slip at any arbitrary point on circle diagram.copper losses, torque and slip at any arbitrary point on circle diagram.

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:
As load varies, the slip changes and hence as seen from the equivalent circuit, the
winding impedance changes, viz. the reactance remaining same, the resistance varies.
It can be shown that the locus of current for different loading conditions is a semicircle,
the diameter of which is given by

2

pV

x
=

2 2

pV

+ ′x x
Knowing the diameter line, the semicircle can be drawn locating two points on the semicircle,
viz, no-load current Iop and blocked rotor current I sc that corresponds to the rated applied
voltage to the stator.

I sc = p p

sc

V

C

I

Figure shows the circle diagram for a 3-phase induction motor. Draw a vertical line from
the origin ‘O’ representing the axis of phase voltage, Vp. Draw vectors OA and OB with
magnitudes Iop and Isc lagging the phase voltage vector Vp an angle φo and φsc, respectively.
Join AB forming chord on the semicircle. Draw the perpendicular bisector of the line AB
and let it cut the horizontal line drawn from A to C. With ‘C’ as centre and CA as radius,
draw a semicircle which forms the locus of the load current.
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K
L

Output Line

Torque Line

ISC B

P

N
C DM

r2′

r1

E

A

Iap

VP

VP

φ

φsc

φ0
θ

O

Predetermination of characteristics from the circle diagram : Draw a perpendicular from ‘B’
to meet the diameter at ‘D’. Divide BD in the following ratio,

BE
ED

= Rotor current loss / phase
Stator current loss / phase

 = 
2

2 2
2

2 1

r

r

′ ′
′
I
I

and join AE.
For a given loading condition, let the input stator current per phase be ‘OP’ at a power
factor angle φ, lagging. Draw a perpendicular from ‘P’ to meet the horizontal line drawn from
origin ‘O’ at ‘N’.
Then, the power input/phase

= VP ×  OP cos φ = VP × NP
As Vp is constant, NP represents the power input to certain scale (which can be calculated
from the current scale).
Accordingly,the power input = NP

the power output = KP
rotor current loss = LK

stator current loss = ML
no-load losses = NM

From the above,

the percentage efficiency = 100%
KP
NP

×

the torque = LP synchronous watts/phase

MADE EASY Source __________________________________________________________
• Theory Book: Electrical Machines (Page No. 241)

End of Solution

4. (c)4. (c)4. (c)4. (c)4. (c) Draw the wiring diagram showing currents for power and relaying circuit used forDraw the wiring diagram showing currents for power and relaying circuit used forDraw the wiring diagram showing currents for power and relaying circuit used forDraw the wiring diagram showing currents for power and relaying circuit used forDraw the wiring diagram showing currents for power and relaying circuit used for
prprprprprotecting a transforotecting a transforotecting a transforotecting a transforotecting a transformer of the rating 25 MVmer of the rating 25 MVmer of the rating 25 MVmer of the rating 25 MVmer of the rating 25 MVA, 220 Y/13.8 A, 220 Y/13.8 A, 220 Y/13.8 A, 220 Y/13.8 A, 220 Y/13.8 Δ Δ Δ Δ Δ kVkVkVkVkV, , , , , XXXXX = 10%. The = 10%. The = 10%. The = 10%. The = 10%. The
transfortransfortransfortransfortransformer has a shormer has a shormer has a shormer has a shormer has a short-tert-tert-tert-tert-term overload capacity of 30 MVm overload capacity of 30 MVm overload capacity of 30 MVm overload capacity of 30 MVm overload capacity of 30 MVA. YA. YA. YA. YA. You arou arou arou arou are re re re re requirequirequirequirequired to useed to useed to useed to useed to use
CTCTCTCTCTs with common turs with common turs with common turs with common turs with common turns ratios such as 50/5 A, 100/5 A, 150/5 A, ..., 1000/5 A, ns ratios such as 50/5 A, 100/5 A, 150/5 A, ..., 1000/5 A, ns ratios such as 50/5 A, 100/5 A, 150/5 A, ..., 1000/5 A, ns ratios such as 50/5 A, 100/5 A, 150/5 A, ..., 1000/5 A, ns ratios such as 50/5 A, 100/5 A, 150/5 A, ..., 1000/5 A, 1200/5 A.1200/5 A.1200/5 A.1200/5 A.1200/5 A.
If needed, auxiliary CT of adequate turns ratio may be used.If needed, auxiliary CT of adequate turns ratio may be used.If needed, auxiliary CT of adequate turns ratio may be used.If needed, auxiliary CT of adequate turns ratio may be used.If needed, auxiliary CT of adequate turns ratio may be used.

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]
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Solution:Solution:Solution:Solution:Solution:
Power transformer (over load of 30 MVA)

S = =I I1 1 2 23 3V V

30 × 106 = × × × I3
13 220 10

= × × × I3
23 13.8 10

I1 = 78.72 A, I2 = 1255.10 A
From the CT ranges given,
For CT2 select: 1400 A/5 A

Pilot wire [Secondary of CT2] ⇒ i2 ⇒ =1255.10 4.4825 A
(1400/5)

i2 = 4.4825i1

4.4825 = i2

RC

RC

OCOC
OC

iR

RC

220 kV 13.8 kV
25 MVA

X = 10%

CT1
I1 = 78.72 A I2 = 1255.10

CT2

OC - Operating coil
RC - Restraining coil

Case-(i):Case-(i):Case-(i):Case-(i):Case-(i):
If, i1 = 4.4825 ⇒ iR = i1 – i2 = 0

CT2 secondary current ⇒ =4.4825 2.5879 A
3

CT1 primary current = I1 = 78.72 A

Required CT ratio is =
⎛ ⎞
⎜ ⎟
⎝ ⎠

78.72 78.72
A

2.5879 4.4825

3
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Case-(ii):Case-(ii):Case-(ii):Case-(ii):Case-(ii):
The above rating is not available. So we have to use 100 A/5 A CT on the primary side
of power transformer.
With CT1 100 A/5 A

CT1 secondary current = =78.72
3.936 A

100 / 5

Pilot wire current, i1 = × =3.936 3 6.81735 A

iR = i1 – i2
⇒ 6.81735 – 4.4825 = 2.3348 A
For avoiding relay maloperation: % difference relay has to be used with slope of

+⎛ ⎞
⎜ ⎟⎝ ⎠
i i1 2

2
k ≥ iR

k ≥
+⎛ ⎞

⎜ ⎟⎝ ⎠

i
i i1 2

2

R

k ≥
+⎛ ⎞

⎜ ⎟⎝ ⎠

2.3348
6.818735 4.4825

2

k ≥ 0.4132
k ≥ 41.32%

Minimum % setting required for % differential relay.

MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

• Theory Book: Electrical Machines (Page No. 305)

End of Solution

5. (a)5. (a)5. (a)5. (a)5. (a) The transfer function of a linear system is given byThe transfer function of a linear system is given byThe transfer function of a linear system is given byThe transfer function of a linear system is given byThe transfer function of a linear system is given by

G s
s s

10( )
( 1) ( 2)

=
+ +

The sinusoidal steady-state response of the system to an input is given byThe sinusoidal steady-state response of the system to an input is given byThe sinusoidal steady-state response of the system to an input is given byThe sinusoidal steady-state response of the system to an input is given byThe sinusoidal steady-state response of the system to an input is given by
1 + sin(1 + sin(1 + sin(1 + sin(1 + sin(ttttt – 60°) + 5 sin(2 – 60°) + 5 sin(2 – 60°) + 5 sin(2 – 60°) + 5 sin(2 – 60°) + 5 sin(2ttttt – 45°) – 45°) – 45°) – 45°) – 45°)

Determine the input.Determine the input.Determine the input.Determine the input.Determine the input.
[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]
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Solution:Solution:Solution:Solution:Solution:
Transfer function of system is,

G(s) =
+ +

10
( 1) ( 2)s s

A sin(ω1t + φinput) → ω ω + φ + φ1 1 in( ) sin( )HA H t

φH = ∠H(ω1)

G(jω) =
+ ω + ω

10
(1 ) (2 )j j

At ω = 0, G(j0) = =10
5

2
G0 = 5∠0°

At ω = 1 rad/s,

G(j1) =
+ +

10
(1 1) (2 1)j j

G1∠φ1 = 3.16∠–71.56°
At ω = 2 rad/s,

G(j2) =
+ +

10
(1 2) (2 2)j j

G2∠φ2 = 1.58∠–108.43°

Input = + − ° − φ + − ° + φ1 2
0 1 2

1 1 5
sin( 60 ) sin(2 45 )t t

G G G

= + − ° + ° + − ° + °1 1 5
sin( 60 71.56 ) sin(2 45 108.43 )

5 3.16 1.58
t t

Input = 0.2 + 0.31sin(t – 11.56°) + 3.16sin(2t + 63.43°)

End of Solution

5. (b)5. (b)5. (b)5. (b)5. (b) Draw phasor diagram of an overDraw phasor diagram of an overDraw phasor diagram of an overDraw phasor diagram of an overDraw phasor diagram of an over-excited salient-pole synchr-excited salient-pole synchr-excited salient-pole synchr-excited salient-pole synchr-excited salient-pole synchronous motor havingonous motor havingonous motor havingonous motor havingonous motor having
arararararmaturmaturmaturmaturmature re re re re resistance esistance esistance esistance esistance RRRRRaaaaa, , , , , ddddd and  and  and  and  and qqqqq-axis r-axis r-axis r-axis r-axis reactances eactances eactances eactances eactances XXXXXddddd and  and  and  and  and XXXXXqqqqq r r r r respectivelyespectivelyespectivelyespectivelyespectively. Also pr. Also pr. Also pr. Also pr. Also prove,ove,ove,ove,ove,
for lagging power factorfor lagging power factorfor lagging power factorfor lagging power factorfor lagging power factor,,,,,

t a q

t a a

V X

V R

sin
tan ( )

cos

φ −
φ − δ =

φ −
I
I

wherwherwherwherwhere e e e e VVVVVttttt is the ter is the ter is the ter is the ter is the terminal voltage applied to motorminal voltage applied to motorminal voltage applied to motorminal voltage applied to motorminal voltage applied to motor, , , , , φφφφφ being the power factor angle,  being the power factor angle,  being the power factor angle,  being the power factor angle,  being the power factor angle, δδδδδ is is is is is
power angle and power angle and power angle and power angle and power angle and Iaaaaa is armature current. is armature current. is armature current. is armature current. is armature current.

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]
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Solution:Solution:Solution:Solution:Solution:
Phasor diagram of over excited salient pole synchronous motor:

Id Ia

IqO

φ
δ

ψ

V j XId d

j XIq q

Id aR

Iq aREf

I a aR

ψ

For lagging power factor:

Ia qX

j XI d d

j XI q q

Iq aR

Ia aR

Ia aR

Ef

Id aR

V

Id

Iaψ
φ

δIq

From above figure:

tan ψ =
sin

cos
t a q

t a a

V X

V R

φ −
φ −
I
I

End of Solution

5. (c)5. (c)5. (c)5. (c)5. (c) A flyback converter has the following circuit parameters:A flyback converter has the following circuit parameters:A flyback converter has the following circuit parameters:A flyback converter has the following circuit parameters:A flyback converter has the following circuit parameters:

VVVVVsssss ===== 24 V24 V24 V24 V24 V,,,,,
N
N

1

2
3=

LLLLLmmmmm ===== 500 500 500 500 500 μμμμμH,H,H,H,H, RRRRR = 5  = 5  = 5  = 5  = 5 ΩΩΩΩΩ
CCCCC ===== 200 200 200 200 200 μμμμμFFFFF,,,,, fffff = 25 kHz = 25 kHz = 25 kHz = 25 kHz = 25 kHz

VVVVV00000 ===== 10 V10 V10 V10 V10 V

Find:Find:Find:Find:Find:
(i)(i)(i)(i)(i) The average magnetizing current andThe average magnetizing current andThe average magnetizing current andThe average magnetizing current andThe average magnetizing current and
(ii)(ii)(ii)(ii)(ii) The critical value of magnetizing inductorThe critical value of magnetizing inductorThe critical value of magnetizing inductorThe critical value of magnetizing inductorThe critical value of magnetizing inductor.....

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]
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Solution:Solution:Solution:Solution:Solution:
(i)(i)(i)(i)(i)

+

–

V1

ILm

Is

Vs

IDN N1 2 : 

IC

C

IR

R V0

+

–

+

–

V2

V0 =
α⎛ ⎞

⎜ ⎟− α⎝ ⎠
2

11s
N

V
N

10 =
α⎛ ⎞

⎜ ⎟− α⎝ ⎠
124

1 3

⎛ ⎞−⎜ ⎟α⎝ ⎠
1 1 = 0.8

α = 0.555
V0I0 = VsIs

I0 = = =0 10
2 A

5
V
R

ILm = ×= × =
α
I 10 2 1

1.501A
24 0.555

s

(ii)(ii)(ii)(ii)(ii) IL,min =
Δ

− =II 0
2
Lm

Lm

α
2

s

mc

V
fL

= 1.501

Lmc = 177.48 μH

MADE EASY Source __________________________________________________________
• ESE 2019 Prelims Test Series:  Q.100 of Test-22

End of Solution

5. (d)5. (d)5. (d)5. (d)5. (d) A 220 kV three-phase transmission line is 90 km long. The resistance is 0.1 A 220 kV three-phase transmission line is 90 km long. The resistance is 0.1 A 220 kV three-phase transmission line is 90 km long. The resistance is 0.1 A 220 kV three-phase transmission line is 90 km long. The resistance is 0.1 A 220 kV three-phase transmission line is 90 km long. The resistance is 0.1 ΩΩΩΩΩ/km/km/km/km/km
and the inductance is 1.0 mH/km. Use the short transmission line model to find:and the inductance is 1.0 mH/km. Use the short transmission line model to find:and the inductance is 1.0 mH/km. Use the short transmission line model to find:and the inductance is 1.0 mH/km. Use the short transmission line model to find:and the inductance is 1.0 mH/km. Use the short transmission line model to find:
(i)(i)(i)(i)(i) VVVVVoltage at the sending end, andoltage at the sending end, andoltage at the sending end, andoltage at the sending end, andoltage at the sending end, and
(ii)(ii)(ii)(ii)(ii) VVVVVoltage roltage roltage roltage roltage regulation at the sending end.egulation at the sending end.egulation at the sending end.egulation at the sending end.egulation at the sending end. [12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]

Solution:Solution:Solution:Solution:Solution:
Note:Note:Note:Note:Note: Data regarding load is not given hence.
Assume: PL = 10 MW at unity power factor
Given, VR = 220 kV

Z = [0.1 + j(2π × 50 × 1 × 10–3)] × 90
= 29.672∠72.34° Ω
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IR = × =
× ×

6

3

10 10
26.24 A

3 220 10

sV = + IR RV Z

= × + × ∠ °3220 10 26.24 29.672 72.34
3

sV = 127.2554∠0.334 kV phase
�
sLV = ×127.255 3  = 220.412 kV line

(ii)(ii)(ii)(ii)(ii) Voltage regulation,

VR =
− −⎛ ⎞= ×⎜ ⎟⎝ ⎠

220.412 220
100

220
s R

R

V V

V
 = 0.187%

MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

• Theory Book: Power Systems (Page No. 23)

End of Solution

5. (e)5. (e)5. (e)5. (e)5. (e) A 12 bit dual-slope ADC utilizes a 1 MHz clock and has A 12 bit dual-slope ADC utilizes a 1 MHz clock and has A 12 bit dual-slope ADC utilizes a 1 MHz clock and has A 12 bit dual-slope ADC utilizes a 1 MHz clock and has A 12 bit dual-slope ADC utilizes a 1 MHz clock and has VVVVVrrrrrefefefefef = 10 V = 10 V = 10 V = 10 V = 10 V. Its analog input. Its analog input. Its analog input. Its analog input. Its analog input
voltage is in the range of 0 to –10 Vvoltage is in the range of 0 to –10 Vvoltage is in the range of 0 to –10 Vvoltage is in the range of 0 to –10 Vvoltage is in the range of 0 to –10 V. Find out the time r. Find out the time r. Find out the time r. Find out the time r. Find out the time requirequirequirequirequired to convered to convered to convered to convered to convert an inputt an inputt an inputt an inputt an input
signal equal to the full scale value. Also find the integrator time constant if the peaksignal equal to the full scale value. Also find the integrator time constant if the peaksignal equal to the full scale value. Also find the integrator time constant if the peaksignal equal to the full scale value. Also find the integrator time constant if the peaksignal equal to the full scale value. Also find the integrator time constant if the peak
voltage rvoltage rvoltage rvoltage rvoltage reached at the output of the integrator is 10 Veached at the output of the integrator is 10 Veached at the output of the integrator is 10 Veached at the output of the integrator is 10 Veached at the output of the integrator is 10 V.....

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]

Solution:Solution:Solution:Solution:Solution:
T1 = 2N + 1 Tc

Here, fc = 1 MHz

Tc = −= 6
6

1 sec 10 sec
10

Here, N = 12
∴ T1 = 213 × 10–6 = 8192 × 10–6

= 0.008192 sec
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Also, 1

τ
aV T

= 10 V

⇒ clk10 2n T× ×
τ

= 10 T1 t

V0

aV t⎛ ⎞−⎜ ⎟τ⎝ ⎠

τ = 212 × 10–6

τ = 4.096 msec

MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

• Mains Work Book: Q. 34, Page 98

End of Solution
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6. (a)6. (a)6. (a)6. (a)6. (a) A 50 Hz, 4-pole turbogenerator rated 500 MVA 50 Hz, 4-pole turbogenerator rated 500 MVA 50 Hz, 4-pole turbogenerator rated 500 MVA 50 Hz, 4-pole turbogenerator rated 500 MVA 50 Hz, 4-pole turbogenerator rated 500 MVA, 22 kV has an inerA, 22 kV has an inerA, 22 kV has an inerA, 22 kV has an inerA, 22 kV has an inertia constant oftia constant oftia constant oftia constant oftia constant of
7.5 MJ/MV7.5 MJ/MV7.5 MJ/MV7.5 MJ/MV7.5 MJ/MVA.A.A.A.A. Find: Find: Find: Find: Find:
(i)(i)(i)(i)(i) Rotor acceleration, if the input to the generator is suddenly raised to 400 MWRotor acceleration, if the input to the generator is suddenly raised to 400 MWRotor acceleration, if the input to the generator is suddenly raised to 400 MWRotor acceleration, if the input to the generator is suddenly raised to 400 MWRotor acceleration, if the input to the generator is suddenly raised to 400 MW

for an electrical load of 350 MWfor an electrical load of 350 MWfor an electrical load of 350 MWfor an electrical load of 350 MWfor an electrical load of 350 MW.....
(ii)(ii)(ii)(ii)(ii) The speed of rotor is rpm, if the rotor acceleration calculated in part (i) isThe speed of rotor is rpm, if the rotor acceleration calculated in part (i) isThe speed of rotor is rpm, if the rotor acceleration calculated in part (i) isThe speed of rotor is rpm, if the rotor acceleration calculated in part (i) isThe speed of rotor is rpm, if the rotor acceleration calculated in part (i) is

constant for a period of 10 cycles.constant for a period of 10 cycles.constant for a period of 10 cycles.constant for a period of 10 cycles.constant for a period of 10 cycles.
(iii)(iii)(iii)(iii)(iii) The change in torque angle The change in torque angle The change in torque angle The change in torque angle The change in torque angle δδδδδ in elect. degrees. in elect. degrees. in elect. degrees. in elect. degrees. in elect. degrees.

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:
Given: P = 4, G = 500 MVA, 22 kV, H = 7.5 MJ/MVA
(i)(i)(i)(i)(i) Paccelerating = 400 – 350 = 50 MW

By using swing equation,

δ2

2

d
M

dt
= Pa

α = aP
M

M =
×= =
×

500 7.5
0.4166 MJ/elec.degree

180 180 50
GH

f

α = = 250
120 elec.degree/s

0.4166

(ii)(ii)(ii)(ii)(ii) α = = 2120
mechanical degree/s

2
= 60 mech. degree/s2

α = × =60 60
10

360

Change in speed = ΔN = αt
= 10 × t

t = 10 × 0.2 = 2 rpm
∴ Speed at the end of 10 cycles

= N + ΔN = 1500 + 2 = 1502 rpm
(iii)(iii)(iii)(iii)(iii) New torque angle, δ = δ0 + Δδ

Change in torque angle,

Δδ = ⋅ α ⋅ = × ×2 21 1
10 (0.2)

2 2
t

= 0.2°
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MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

• Theory Book: Power System (Q. 41, Page No. 199)

End of Solution

6. (b)6. (b)6. (b)6. (b)6. (b) The full bridge inverter is used to produce a 50 Hz voltage across a series RL loadThe full bridge inverter is used to produce a 50 Hz voltage across a series RL loadThe full bridge inverter is used to produce a 50 Hz voltage across a series RL loadThe full bridge inverter is used to produce a 50 Hz voltage across a series RL loadThe full bridge inverter is used to produce a 50 Hz voltage across a series RL load
using Bipolar PWM. The dc input to the bridge is 200 Vusing Bipolar PWM. The dc input to the bridge is 200 Vusing Bipolar PWM. The dc input to the bridge is 200 Vusing Bipolar PWM. The dc input to the bridge is 200 Vusing Bipolar PWM. The dc input to the bridge is 200 V, the fr, the fr, the fr, the fr, the frequency modulation equency modulation equency modulation equency modulation equency modulation mmmmmfffff

is 21 and amplitude modulation is 21 and amplitude modulation is 21 and amplitude modulation is 21 and amplitude modulation is 21 and amplitude modulation mmmmmaaaaa is 0.8. The load has resistance of  is 0.8. The load has resistance of  is 0.8. The load has resistance of  is 0.8. The load has resistance of  is 0.8. The load has resistance of RRRRR = 10  = 10  = 10  = 10  = 10 ΩΩΩΩΩ and and and and and
inductance inductance inductance inductance inductance LLLLL = 20 mH. Find: = 20 mH. Find: = 20 mH. Find: = 20 mH. Find: = 20 mH. Find:
(i)(i)(i)(i)(i) The amplitude of fundamental voltage and current andThe amplitude of fundamental voltage and current andThe amplitude of fundamental voltage and current andThe amplitude of fundamental voltage and current andThe amplitude of fundamental voltage and current and
(ii)(ii)(ii)(ii)(ii) TTTTTotal harotal harotal harotal harotal harmonic distormonic distormonic distormonic distormonic distortion in load curtion in load curtion in load curtion in load curtion in load currrrrrent.ent.ent.ent.ent.
Assume harmonics (> 25Assume harmonics (> 25Assume harmonics (> 25Assume harmonics (> 25Assume harmonics (> 25ththththth order) are insignificant and normalized voltage is order) are insignificant and normalized voltage is order) are insignificant and normalized voltage is order) are insignificant and normalized voltage is order) are insignificant and normalized voltage is

ma = 1 0.9

0.9

0.71

0.27

0.8

0.82

0.22

0.7

0.92

0.17

0.6

1.01

0.13

0.5

1.15

0.09

n = mf

n = 1

n = mf ± 2

0.8 0.7 0.6 0.5

1.0

0.6

0.32

[12 Marks][12 Marks][12 Marks][12 Marks][12 Marks]

Solution:Solution:Solution:Solution:Solution:
(i)(i)(i)(i)(i) V1 = maVdc

V1 = 0.8 × 200 = 160 V
Z1 = l + jωL

= 10 + g100π × 20 × 10–3

= 11.81∠32.142° Ω

I1 = =
∠ °

1

1

160
11.81 32.142

V
Z

= 13.548∠–32.142°
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(ii)(ii)(ii)(ii)(ii) For bipolar PWM,
fn = (jmf ± k) fL ; V21 = 0.82 × 200 = 164 V
fn = (j21 ± k) × 50

f21 = 21 × 50 = 1050 Hz; V23 = 0.22 × 200 = 44 V
f23 = 23 × 50 = 1150 Hz
f19 = 19 × 50 = 950 Hz; V19 = 0.22 × 200 = 44 V
Zn = R + jωnL

= 10 + j2πfn = 0.02
= (10 + 0.04πfn) Ω

fn(Hz) Vn(max)

1

19

21

23

n In(max) AZn( )Ω

50

950

1050

1150

160

44

164

44

11.81 32.14∠

119.79 85.2

132.32 85.66

144.86 86.04

∠

∠

∠

°

°

°

°

13.55 –32.14∠

0.3673 –85.2

1.239 –85.66

0.304 –86.04°

∠

∠

∠

°

°

°

THD =
+ + +=

∑ I

I

2

2 2 2
1 0.3673 1.239 0.304

13.55

n
n

L
 = 0.0979

THD = 9.79%

MADE EASY Source __________________________________________________________
• Main Work Book : Q. 33, Page 144

End of Solution

6. (c)6. (c)6. (c)6. (c)6. (c) Design a circuit that takes as input two 2-bit numbers, Design a circuit that takes as input two 2-bit numbers, Design a circuit that takes as input two 2-bit numbers, Design a circuit that takes as input two 2-bit numbers, Design a circuit that takes as input two 2-bit numbers, NNNNN11111 and  and  and  and  and NNNNN22222 for comparison and for comparison and for comparison and for comparison and for comparison and
generates three outputs:generates three outputs:generates three outputs:generates three outputs:generates three outputs:
NNNNN11111 =  =  =  =  = NNNNN22222, , , , , NNNNN11111 <  <  <  <  < NNNNN22222 and  and  and  and  and NNNNN11111 >  >  >  >  > NNNNN22222. These three binary outputs are represented by . These three binary outputs are represented by . These three binary outputs are represented by . These three binary outputs are represented by . These three binary outputs are represented by FFFFFeqeqeqeqeq, , , , , FFFFFlttttt
and and and and and FFFFFgtgtgtgtgt r r r r respectivelyespectivelyespectivelyespectivelyespectively. Realize the outputs in Sum of Pr. Realize the outputs in Sum of Pr. Realize the outputs in Sum of Pr. Realize the outputs in Sum of Pr. Realize the outputs in Sum of Products (SoP) foroducts (SoP) foroducts (SoP) foroducts (SoP) foroducts (SoP) form.m.m.m.m.

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

F Nlt (  < )2N1

F Neq (  = )2N1

F Ngt (  > )2N1

2-bit
comparator

N1

N2

N1 and N2 are two inputs for which the output of the comparator is specified by three
binary variables. That indicate whether,

N1 > N2, N1 = N2 or N1 < N2

If, N1 > N2

Fgt = 4 8 9 12 13 14( , , , , , )m m m m m m∑
= 1 1 1 1 0 0( )AB A B A B+ �
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If, N1 < N2

Flt = 1 2 3 6 7 11( , , , , , )m m m m m m∑
= 1 1 1 1 0 0( )AB A B A B+ �

If, N1 = N2

Feq = 0 5 10 15( , , , )m m m m∑
= (A1 � B1) (A0 � B0)

A1
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

m0

m
m
m
m
m
m
m
m
m
m
m
m
m
m
m

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Minterm A0
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1

B1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1

B0
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

Fgt
0
0
0
0
1
0
0
0
1
1
0
0
1
1
1
0

Feq
1
0
0
0
0
1
0
0
0
0
1
0
0
0
0
1

Flt
0
1
1
1
0
0
1
1
0
0
0
1
0
0
0
0

Logic circuit:Logic circuit:Logic circuit:Logic circuit:Logic circuit:

A1

B1

A0
B0

A1

B1

A0

B0

A0
B0

A1

B1

L A B <  ( )

E A B =  ( )

G A B >  ( )

End of Solution
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7. (a)7. (a)7. (a)7. (a)7. (a) For a causal system specified by the transfer function,For a causal system specified by the transfer function,For a causal system specified by the transfer function,For a causal system specified by the transfer function,For a causal system specified by the transfer function,

z
H z

z
( )

0.5
=

−
Determine the zero state response to the input,Determine the zero state response to the input,Determine the zero state response to the input,Determine the zero state response to the input,Determine the zero state response to the input,

rrrrr(((((kkkkk) = (0.8)) = (0.8)) = (0.8)) = (0.8)) = (0.8)kkkkk     uuuuu(((((kkkkk) + (2)) + (2)) + (2)) + (2)) + (2)k + 1 k + 1 k + 1 k + 1 k + 1 uuuuu{–({–({–({–({–(kkkkk + 1)} + 1)} + 1)} + 1)} + 1)}
[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

Given, H(z) =
− 0.5
z

z
Input given as, r(k) = (0.8)k u(k) + (2)k + 1 u{–(k + 1)}
As we know, Y(z) = R(z) H(z) ROC of Y(z) : Common ROC of r(k) and h(k)

R(z) = − −−
− −1 1

1 2
1 0.8 1 2z z

H(z) =
−

;
0.5

z
z

ROC: > 0.5z

R(z) ROC: > 0.8z  and < 2z

Common ROC: 0.8 < <2z

Y(z) = H(z) ⋅ X(z)

=
− −

⎡ ⎤ ⎡ ⎤−⎢ ⎥ ⎢ ⎥− − −⎣ ⎦ ⎣ ⎦1 1
1 2

0.5 1 0.8 1 2
z

z z z

= ⎛ ⎞ ⎛ ⎞−⎜ ⎟ ⎜ ⎟− − −⎝ ⎠ ⎝ ⎠
2

0.5 0.8 2
z z z

z z z

Y(z) =
2 22

( 0.5) ( 0.8) ( 0.5) ( 2)
−

− − − −
z z

z z z z

( )Y z
z

=
2

( 0.5) ( 0.8) ( 0.5) ( 2)
−

− − − −
z z

z z z z

After performing partial fraction,

Y(z) =
−

+ + −
− − − −

5 8 2 8
3 3 3 3
0.5 0.8 0.5 2

z z z z

z z z z

= − + −
− − −

8 8
3 3

0.5 0.8 2

z zz
z z z

y(k) = − + + − −8 8
(0.5) ( ) (0.8) ( ) (2) ( 1)

3 3
k k ku k u k u k

End of Solution
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7. (b)7. (b)7. (b)7. (b)7. (b) An unbalanced 2-An unbalanced 2-An unbalanced 2-An unbalanced 2-An unbalanced 2-φφφφφ, 1000 V, 1000 V, 1000 V, 1000 V, 1000 V, 50 Hz induction motor has unequal winding impedances,, 50 Hz induction motor has unequal winding impedances,, 50 Hz induction motor has unequal winding impedances,, 50 Hz induction motor has unequal winding impedances,, 50 Hz induction motor has unequal winding impedances,
ZZZZZaaaaa = 3 +  = 3 +  = 3 +  = 3 +  = 3 + jjjjj 2.7 and 2.7 and 2.7 and 2.7 and 2.7 and ZZZZZbbbbb = 7 +  = 7 +  = 7 +  = 7 +  = 7 + jjjjj 3 3 3 3 3 ΩΩΩΩΩ. This motor is supplied by Scott-connected transfor. This motor is supplied by Scott-connected transfor. This motor is supplied by Scott-connected transfor. This motor is supplied by Scott-connected transfor. This motor is supplied by Scott-connected transformermermermermer
combination from a 3-phase, 11 kV system. Calculate phase currents combination from a 3-phase, 11 kV system. Calculate phase currents combination from a 3-phase, 11 kV system. Calculate phase currents combination from a 3-phase, 11 kV system. Calculate phase currents combination from a 3-phase, 11 kV system. Calculate phase currents Iaaaaa and  and  and  and  and Ibbbbb of the of the of the of the of the
motor and line currents on 3-phase supply side.motor and line currents on 3-phase supply side.motor and line currents on 3-phase supply side.motor and line currents on 3-phase supply side.motor and line currents on 3-phase supply side.

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

1

2

N
N

=
11 1000

1000
×

 = 11

∴ 1

2

3
2

N
N

=
11 3

2
 = 9.526

Motor currents are:

Ia =
1000

3 2.7j+
and Ib = 1000

7 3j+
Ia = 247.76∠–41.98° A
Ib = 131.31∠–23.198° A

Now currents on 3-phase side:

IA =
⎛ ⎞
⎜ ⎟
⎝ ⎠

I
�

2

1

2

3
a

N
N

 = 2 1 247.76 41.98 A
113

× × ∠ − °

IA = 26.008∠–41.98° A

I
�
BC = I

�
2

1
b

N
N

I
�
BC =

131.31
23.198

11
∠ − °  = 11.937∠–23.198° A

I
�
B = −

II
�

�

2
A

BC

I
�
C = − −

II
�

�

2
A

BC

⇒ I
�
B =

26.008
11.937 23.198 41.98

2
∠ − ° − ∠ − °

= 4.203∠71.91°

I
�
C = − −

II
�

�

2
A

BC  = 24.607∠147.005° A
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MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

• ESE 2019 Mains Test Series:  Q.2(a) of Test-4

End of Solution

7. (c)7. (c)7. (c)7. (c)7. (c) A 25 MVA 25 MVA 25 MVA 25 MVA 25 MVA, 13.8 kV generator with A, 13.8 kV generator with A, 13.8 kV generator with A, 13.8 kV generator with A, 13.8 kV generator with dX 15%′′ =  is connected thr is connected thr is connected thr is connected thr is connected through a 25 MVough a 25 MVough a 25 MVough a 25 MVough a 25 MVA,A,A,A,A,

13.8/6.9 kV13.8/6.9 kV13.8/6.9 kV13.8/6.9 kV13.8/6.9 kV transformer with leakage reactance of 10% to a bus which supplies four transformer with leakage reactance of 10% to a bus which supplies four transformer with leakage reactance of 10% to a bus which supplies four transformer with leakage reactance of 10% to a bus which supplies four transformer with leakage reactance of 10% to a bus which supplies four

identical motors as shown in the figure. The sub-transient reactance identical motors as shown in the figure. The sub-transient reactance identical motors as shown in the figure. The sub-transient reactance identical motors as shown in the figure. The sub-transient reactance identical motors as shown in the figure. The sub-transient reactance dX ′′  of each of each of each of each of each

motor is 20% on base of 5 MVmotor is 20% on base of 5 MVmotor is 20% on base of 5 MVmotor is 20% on base of 5 MVmotor is 20% on base of 5 MVA, 6.9 kVA, 6.9 kVA, 6.9 kVA, 6.9 kVA, 6.9 kV. Find:. Find:. Find:. Find:. Find:

Generator Transformer

A

Fault

Motors

(i)(i)(i)(i)(i) The sub-transient current in the fault.The sub-transient current in the fault.The sub-transient current in the fault.The sub-transient current in the fault.The sub-transient current in the fault.
(ii)(ii)(ii)(ii)(ii) The sub-transient current in breaker A.The sub-transient current in breaker A.The sub-transient current in breaker A.The sub-transient current in breaker A.The sub-transient current in breaker A.

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]
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Solution:Solution:Solution:Solution:Solution:
(i)(i)(i)(i)(i) Let, Base MVA = 25 MVA

For generator base voltage = 13.8 kV
For motors base voltage = 6.9 kV

Generator G: ′′ p.u.dgX = j0.15 p.u.

Each motor, ′′ p.u.dmX = × =25
0.2 1.0 p.u.

5
j j

Transformer, XT p.u. = j0.10 p.u.
Reactance diagram:

j0.15 p.u. j0.1 p.u.

Em1
j1.0 p.u.

j1.0 p.u.

j1.0 p.u.

j1.0 p.u.

Em2

Em3

Em4
F

Eg

1 0°∠

Xeq p.u. = ×
=

+

1.0
0.25

4 0.125 p.u.
1.0

0.25
4

j

j
j

j

The p.u. subtransient fault current,

Ifp.u. = = −1.0 8 p.u.
0.125

j
j

Base current,

Ib in 6.9 kV circuit =
×= =

× ×

3 3(MVA)  × 10 25 10
2091.84 A

3 (kV) 3 6.9
b

b

If = Ifp.u. × Ib
= 8 × 2091.84 = 16734.79

(ii)(ii)(ii)(ii)(ii) For subtransient current in breaker A,

′′ICA =
∠ ° × ∠ °+ =1 0 3 1 0 7.0 p.u.
0.25 1.0j j

′′ICA = 7 × 2091.84 = 14642.88 A
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• MADE EASY Classnotes

• ESE 2019 Mains Test Series:  Q.7(b) of Test-11

End of Solution

8. (a)8. (a)8. (a)8. (a)8. (a) Find the transfer function Find the transfer function Find the transfer function Find the transfer function Find the transfer function YYYYY(((((sssss)/)/)/)/)/UUUUU(((((sssss) using Mason’) using Mason’) using Mason’) using Mason’) using Mason’s Gain fors Gain fors Gain fors Gain fors Gain formula. Also find mula. Also find mula. Also find mula. Also find mula. Also find XXXXX55555(((((sssss)/)/)/)/)/UUUUU(((((sssss).).).).).
1

u
x1 x2

x6x5

x3 x4G1

G5

G4

G2

G6

G3

H3H2H1

H5H4

y

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

Y
U

=
− +

− + + + +
4 5 6 2 2 3 3

1 1 2 2 3 3 5 4 6 5

[1 ( )]
1 [ ]

G G G G H G H
G H G H G H G H G H

+ [G1H1 × G3H3 + G1H1 × G5H4 + G1H1 × G6H5 + G2H2 × G5H4

+ G2H2 × G6H5 + G3H3 × G5H4 + G3H3 × G6H5]
– [G1H1 × G3H3 × G5H4 + G1H1 × G3H3 × G6H5]

5X
U

=
− + + + × + ×

− + + + +
4 2 2 3 3 6 5 2 2 6 5 3 3 6 5

1 1 2 2 3 3 5 4 6 5

[1 ( ) ( ) ( )]
1 [ ]

G G H G H G H G H G H G H G H
G H G H G H G H G H

+ [G1H1 × G3H3 + G1H1 × G5H4 + G1H1 × G6H5 + G2H2 × G5H4

+ G2H2 × G6H5 + G3H3 × G5H4 + G3H3 × G6H5]
– [G1H1 × G3H3 × G5H4 + G1H1 × G3H3 × G6H5]

MADE EASY Source __________________________________________________________
• ESE 2019 Mains Test Series:  Q.7(b) (ii) of Test-2

End of Solution
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8. (b)8. (b)8. (b)8. (b)8. (b) A 440 VA 440 VA 440 VA 440 VA 440 V, 50 HZ, 6-pole Y, 50 HZ, 6-pole Y, 50 HZ, 6-pole Y, 50 HZ, 6-pole Y, 50 HZ, 6-pole Y-connected induction motor has following parameters per-connected induction motor has following parameters per-connected induction motor has following parameters per-connected induction motor has following parameters per-connected induction motor has following parameters per
phase referred to the stator:phase referred to the stator:phase referred to the stator:phase referred to the stator:phase referred to the stator:

s r s rR R X X0.3 , 1.0′ ′= = Ω = = Ω  and  and  and  and  and XXXXXmmmmm = 40  = 40  = 40  = 40  = 40 ΩΩΩΩΩ

The nominal full load slip is 0.05.The nominal full load slip is 0.05.The nominal full load slip is 0.05.The nominal full load slip is 0.05.The nominal full load slip is 0.05.
The motor is to be braked by plugging from its initial full load condition. DetermineThe motor is to be braked by plugging from its initial full load condition. DetermineThe motor is to be braked by plugging from its initial full load condition. DetermineThe motor is to be braked by plugging from its initial full load condition. DetermineThe motor is to be braked by plugging from its initial full load condition. Determine
initial braking torque without braking resistor (initial braking torque without braking resistor (initial braking torque without braking resistor (initial braking torque without braking resistor (initial braking torque without braking resistor (RRRRRBBBBB).).).).).
Also find the value of Also find the value of Also find the value of Also find the value of Also find the value of RRRRRBBBBB so that braking current is limited to 1.5 times the full load so that braking current is limited to 1.5 times the full load so that braking current is limited to 1.5 times the full load so that braking current is limited to 1.5 times the full load so that braking current is limited to 1.5 times the full load
current. What will be the corresponding breaking torque as a ratio of full load torque?current. What will be the corresponding breaking torque as a ratio of full load torque?current. What will be the corresponding breaking torque as a ratio of full load torque?current. What will be the corresponding breaking torque as a ratio of full load torque?current. What will be the corresponding breaking torque as a ratio of full load torque?
Note: Assume braking resistor Note: Assume braking resistor Note: Assume braking resistor Note: Assume braking resistor Note: Assume braking resistor RRRRRBBBBB is connected to rotor circuit. is connected to rotor circuit. is connected to rotor circuit. is connected to rotor circuit. is connected to rotor circuit.

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

(i)(i)(i)(i)(i) Given; RS = rR ′  = 0.3 Ω

XS = rX ′  = 1.0 Ω
sfL = 0.05

Full load current,

rf ′I =
⎛ ⎞+ + +⎜ ⎟⎝ ⎠

2
2

440 / 3

0.3
0.3 (1 1)

0.05

 = 38.43 A

Full load torque,

TfL =
23 (38.43) 0.3

0.05 104.72
× ×

×
 = 253.85 Nm

In plugging, slip, sb = 2 – sf = 2 – 0.05 = 1.95
Initial braking current,

r′I =
⎛ ⎞+ + +⎜ ⎟⎝ ⎠

2
2

440 / 3

0.3
0.3 (1 1)

1.95

 = 123.86 A

Initial braking torque,

T =
23 (123.86) 1

104.72 1.95
× ×

×
 = 225.38 Nm

(ii)(ii)(ii)(ii)(ii) With an external resistance Re in rotor,

r′I =
2

2( )
2
r e

s s r

V

R RR X X
s

⎛ ⎞+′ ′⎛ ⎞+ + + ′⎜ ⎟⎜ ⎟⎝ ⎠−⎝ ⎠

or 1.5 × 38.43 =
′⎛ ⎞+⎛ ⎞+ +⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

2

440/ 3

0.30.3 4
1.95

eR
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⇒ 
2

0.3
0.3 4

1.95
eR⎛ ⎞+ ′⎛ ⎞+ +⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

 = 19.42

0.3
1.95

eR+ ′
= 3.6268

eR ′ = 6.772 Ω

As stator to turns ratio is not given hence,

eR ′ = Re = 6.772 Ω

T =
23 (1.5 38.43) 6.772

1.95 104.72
× × ×

×
 = 330.595 Nm

f

T
T

=
330.595
253.85

 = 1.302

MADE EASY Source __________________________________________________________
• MADE EASY Classnotes

End of Solution

8. (c)8. (c)8. (c)8. (c)8. (c) A generator is connected by a double line to an infinite bus, the voltage of which isA generator is connected by a double line to an infinite bus, the voltage of which isA generator is connected by a double line to an infinite bus, the voltage of which isA generator is connected by a double line to an infinite bus, the voltage of which isA generator is connected by a double line to an infinite bus, the voltage of which is
VVVVV = 1 pu as shown in the figure. Per unit values of reactances and voltages are = 1 pu as shown in the figure. Per unit values of reactances and voltages are = 1 pu as shown in the figure. Per unit values of reactances and voltages are = 1 pu as shown in the figure. Per unit values of reactances and voltages are = 1 pu as shown in the figure. Per unit values of reactances and voltages are
indicated in the figurindicated in the figurindicated in the figurindicated in the figurindicated in the figure. A thre. A thre. A thre. A thre. A three-phase shoree-phase shoree-phase shoree-phase shoree-phase short-cirt-cirt-cirt-cirt-circuit occur at the point cuit occur at the point cuit occur at the point cuit occur at the point cuit occur at the point PPPPP. The cir. The cir. The cir. The cir. The circuitcuitcuitcuitcuit
breakers breakers breakers breakers breakers AAAAA and  and  and  and  and BBBBB open simultaneously and remain open. The mechanical power open simultaneously and remain open. The mechanical power open simultaneously and remain open. The mechanical power open simultaneously and remain open. The mechanical power open simultaneously and remain open. The mechanical power
supplied to the generator before the fault is supplied to the generator before the fault is supplied to the generator before the fault is supplied to the generator before the fault is supplied to the generator before the fault is PPPPPmmmmm = 1 pu. = 1 pu. = 1 pu. = 1 pu. = 1 pu.
(i)(i)(i)(i)(i) Determine the electrical powers Determine the electrical powers Determine the electrical powers Determine the electrical powers Determine the electrical powers PPPPPeeeee11111, , , , , PPPPPeeeee22222 and  and  and  and  and PPPPPeeeee33333 before, during and post the before, during and post the before, during and post the before, during and post the before, during and post the

fault.fault.fault.fault.fault.
(ii)(ii)(ii)(ii)(ii) Draw on the same graph, power angle curves for Draw on the same graph, power angle curves for Draw on the same graph, power angle curves for Draw on the same graph, power angle curves for Draw on the same graph, power angle curves for PPPPPeeeee11111, , , , , PPPPPeeeee22222 and  and  and  and  and PPPPPeeeee33333.....
(iii)(iii)(iii)(iii)(iii) Calculate the angles Calculate the angles Calculate the angles Calculate the angles Calculate the angles δδδδδ00000, , , , , δδδδδ11111 and  and  and  and  and δδδδδmaxmaxmaxmaxmax where  where  where  where  where δδδδδ00000 is the initial power angle,  is the initial power angle,  is the initial power angle,  is the initial power angle,  is the initial power angle, δδδδδ11111 is is is is is

the post fault power angle and the post fault power angle and the post fault power angle and the post fault power angle and the post fault power angle and δδδδδmaxmaxmaxmaxmax is the maximum power angle. is the maximum power angle. is the maximum power angle. is the maximum power angle. is the maximum power angle.
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j0.15

j0.15

j0.15

j0.15

j0.3

j0.3

BPA

j0.1

V = 1

E
X j

′
′
g  = 1.3
 = 0.3

[20 Marks][20 Marks][20 Marks][20 Marks][20 Marks]

Solution:Solution:Solution:Solution:Solution:

j0.15

j0.15

j0.15

j0.15

j0.3

j0.3

BPA

j0.1

V = 1 0°∠

E
X j

′
′
g  = 1.3
 = 0.3

Prefault condition:Prefault condition:Prefault condition:Prefault condition:Prefault condition:

X = + +⎛ ⎞+ + =⎜ ⎟⎝ ⎠
0.15 0.3 0.150.3 0.1 0.7p.u.

2
j j jj j j

Hence, Pe1max = × =1.3 1
1.8571p.u.

0.7

During fault:During fault:During fault:During fault:During fault:

E ′g = 1.3

E ′g = 1.3

j0.3

j0.3

j0.15 j0.3 j0.15

j0.15
j0.15 j0.15

j0.15
j0.1

1 0°∠

j0.6

j0.3 j0.3

1 0°∠

Applying Δ to  transformation,

j0.3 j0.15 j0.1j0.15

j0.075
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Again  to Δ,

X =
×+ + =0.45 0.250.45 0.25 2.2 p.u.

0.075
jj j j

j

∴ Pe2max = × =1.3 1
0.59 p.u.

2.2
Post fault:Post fault:Post fault:Post fault:Post fault:
One line should be isolated,

X = j0.3 + j0.1 + j0.15 + j0.3 + j0.15 = j1.0 p.u.

Pe3max =
× =1.3 1

1.3 p.u.
1

δ0 δ1
δ

Pe2

Pe1

Pe3

P

1.8571

1.3

0.59

Pm = 1 pu

For δ0:
Pe1 = Pm

⇒ 1 = 1.8571 sinδ0

⇒ δ0 = − ⎡ ⎤ = °⎢ ⎥⎣ ⎦
1 1sin 32.58

1.8571
For δ1:

1 = 1.3 sinδ2

δ`1 = − ⎛ ⎞ = °⎜ ⎟⎝ ⎠
1 1sin 50.284

1.3
δmax = 180° – 50.284° = 129.715°
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End of Solution


