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Section A : Power Systems

1 (@)| Estimate the corona loss for a three-phase, 110 kV, 50 Hz, 150 km long transmission line
consisting of three conductors each of 10 mm diameter and spaced 2.5 m apart in an
equilateral triangle formation. The temperature of air is 30° C and the atmospheric
pressure is 750 mm of mercury. Take the irregularity factor as 0.85. lonization of air

may be assumed to take place at a maximum voltage gradient of 30 kV/cm.
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Q.1(b)

A power plant has three generators feeding a common bus:
2 generators, 30 MVA, 15% reactance each
1 generator, 10 MVA, 12.5% reactance

A 10 MVA transformer steps up the voltage and feeds a 33 kV circuit. Find the safe
minimum reactance of transformer so that fault level on the secondary bus of the
transformer may not exceed 100 MVA.

! (~) GeX =0t

BV x =0
0”"" gg_,,_fz lo, © X = 0395
tn, (I
M _QB - 30[‘0"’4

= 10
FM[{' fQVLL = B M :{ £
X

[12 marks]
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w
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L (c)

A power plant has 3 units with the input output curves.
Q, =0.002 P>+ 0.86 P, + 20 tons/hour
Q, =0.004 P,* + 1.08 P, + 20 tons/hour
Q, =0.0028 P,? + 0.64 P, + 36 tons/hour
Fuel cost is Rs 500 per ton. Maximum and minimum generation level for each unit is
120 MW and 36 MW. Find optimum scheduling for a total load of 200 MW. ‘
[12 marks]
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L (d)

Two relays R, and R, are connected in two sections of a feeder as shown in figure below.
CT’s are of ratio 1000/5 A. The plug setting of relay R, is 100% and R, is 125%. The
operating time characteristic of the relays is given in table.

The TMS of relay R, is 0.3. The time grading scheme has a discriminative margin of 0.5 s
between the relays. A three phase short circuit at F results in a fault current of 5000 A.
Find the actual operating time instants of R, and R,. What is the TMS of R,?

PSM 2145|812 |20
Operating time (10 |5 |4 |3 | 2.8 | 24

1000/5A

o o F
! | | N 7 |
B g
Lven - 5000 A
[12 marks]
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Q.1 (e)

What is the percentage copper saving in feeder if the line voltage in a two-wire dc system
be raised from 220 V to 500 V for the same power transmitted? State any assumption

made.
[12 marks]
PDUJ.Q)'L,P m dt oo wive A}A*@% 2 P=VI
= Y3 = LL
r & R

R e S
R{ 72—
0 = ﬂ [1)512%?, 4 _ wesishvi |
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Q2(a)

A generating station has four identical generators, G,, G,, G; and G, each of 20 MVA,
11 kV having 20% reactance. They are connected to a bus bar which has a busbar reactor
of 25% reactance on 20 MV A base, inserted between G, and G, as shown below. A 66 kV
feeder is taken off from the bus bars through a 15 MVA, 11/66 kV transformer having
7.5% reactance. A symmetrical 3-phase fault occurs at the high voltage terminals of the
transformers. Calculate the current feed into the fault.

11

959
LV sidfe 25%

HV side BI0 Lo/ 90 KV
9"‘ vom

Feeder [20 marks]

Q,U'll’rﬂ'h%t &OMVAJI]L(\/)X:‘D'?"

X Busbat = 0725 ( 20mVA buse)

vafmymgf c o fsmva, N [berv X = 0. 0F<5
= 0| pu CZO mv i Bm)

,_d_— Sg = 20mVA.
Vo = Nikv (LV) éf:ku(—HV)

'Z‘H\ = (9.1_[[0--2,) i [ v ? + (_D-?_HD-I)J = a-/
= (o p. 35+ D-J)
- J 0137+ pu .
VM - 4 pu
R __V_in = 5625 pu-
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Q.2 (b)

(i) A system consists of two plants connected by a transmission line as shown in figure
below. The load is at plant-2. The transmission line loss calculations reveals that a
transfer of 100 MW from plant-1 to plant-2 incurs a loss of 15 MW. Find the required
generation at each plant for A = 60. Assume that the incremental costs of the two
plants are given by:

2y
ap, =02P; +22Rs/MWh

dc,
p, =015P,+30Rs/MWh
Transmission
@ i line [ @
G e
Load

(ii) Find the savings in Rs per hour by scheduling the generation by considering the
transmission loss rather than neglecting the transmission loss in determining the
outputs of the two generators. Assume a load of 285 MW connected at bus of plant-2.

[20 marks]
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= 0-3%P, = 38

H§f, = [oy MY
AG
oL P, 5 > 0 15P, 30 _ 4
[ — > ¥ 1.
s QWP}—, JDM
(g
PD: PrTPJ_"P[___

= |t 200 — )5
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Q.2 (c)

A 50 Hz, 3 phase transmission line 300 km long has total series impedance of
(40 + j125) ohm and a total shunt admittance of 10> mho. The receiving end load is
50 MW at 220 kV with 0.8 lagging power factor. Calculate the sending end voltage,
current, power and power factor using:

(i) Short line approximation.

(i) Nominal m method.

(iii) Exact transmission line equation of long line.
(iv) Approximation of long line.

g = 220kv [20 marks]

= Lfo-fjfu'\glf
: Ig = by 0|996 [-36:849

\f = .‘0,0"3 1

/
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3(a)

A 275 kV transmission line has following line constants :
A =0.8545°% B =200£75°

(i) Determine the power at unity power factor that can be received if the voltage profile
at each end is to be maintained at 275 kV.

(ii) Calculate the value of compensation required for a load of 150 MW at unity power
factor with the same voltage profile as in part (i).

(iii) With the load as in part (ii), what would be the receiving end voltage if the
compensation equipment is not installed?

[20 marks]
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3 (b)| A 100-MVA, 13.2 kV generator is connected to a 100 MVA, 13.2/132 kV transformer.

The generator’s reactances are X ;” =0.15 p.u., X/ =0.25p.u., X,=1.25 p.u.ona100 MVA

base, while the transformer reactance is 0.1 p.u. on the same base. The system is operating

on no load, at rated voltage when a three phase symmetrical fault occurs at the HT

terminals of the transformer. Determine:

(i) The subtransient, transient and steady state symmetrical fault currents in p.u. and
in amperes.

(ii) The maximum possible dc component.

(iii) Maximum value of instantaneous current.

(iv) Maximum rms value of the asymmetrical fault current.
[20 marks]
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3(c)

Find the critical clearing angle for the system in figure for a three phase fault at the
point P. The generator is delivering 1.0 p.u. power under pre-fault conditions.

j0.15 j0.15

E 70.28 %

014 p j0.14

]
[E]=12pu.
j0.15 j0.15

Infinite
bus

70.17

V| =1.0£0°

[20 marks]
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Q4 (a)

A dc source of 100 V with negligible resistance is connected to a lossless line (Z.= 30 Q),
through a switch S. If the line is terminated in a resistance of 90 Q, on closing the switch
att=0, plof the receiving end voltage (V) w.r.t. time until 5T. Where, T is the time for
voltage wave to travel the length of the line. What will be the steady state voltage at
receiving end? Also find the voltage at t = 3.25T on the mid length of the line.

Ve = [ ¥ 20 %>
'ZCZZD_Q- ,T
VAL 90 52—
g T
R+=Z
8/’5‘[ _ % %’7 —-S’g,__
\/R:L{i + £ l)\/_f_ t"’e )\/
2 3

[20 marks]




MRDE ERSY4Y Question Cum Answer Booklet

Page 23 of 58

Do not
write in
this margin




MRADE ERSY Question Cum Answer Booklet

Page 24 of 58

Do not
write in
this margi




Do not
@ MADE ERSY Question Cum Answer Booklet | Page 25 of 58 |~ "
.4 (b)| Determine the inductance of the double circuit fully transposed line shown in figure, if
the self GMD of each conductor is 0.0069 m.
55m 3
P @
WA N
© ¥m = 3m
4° o 72y
o st
05m—7 /37%}\ 3 05m
™\ ,
CC/ 55m \.)“
A & [20 marks]
9
D [5"!3‘?9 Xt Fog XS5 X 5-5*)(( ?vyx 9-;377} ‘xﬁ
X5308 X c.e
B CLFE wm
2 5 ‘/7
Dsg = [(0 0069 X 134128 ) x 0'00’5‘?)(3'va
= - YLyFe -
— Y. .SIEF™
Day = \V{(z.M)XL-%Sj% -
Dbe = _ L5159 ™
J By xies =
e = oxes s ol
Ve =
_ L_ = \Ja})JJ—/
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2.4 (o)

A single line diagram of a system is shown below:
1 2

@88 | Ow

j0.25 j0.15 |
jo1 3
All the values are in per unit on a common base. The power delivered into bus-2 is
1.0 p.u. at 0.8 p.f. lagging. Obtain the power angle equation and swing equation of the

system. Neglect all losses.

0.1

[20 marks]
P: EV &né o2~
X
D2
g = ) Ain & w = p11 0 IST O 2%
Jigy
:J‘D s
W
S g=—m® 4 = RF4MS
1.
f’:]'m 0L = EM poul =
— = ,
(R A g s j gw??n?w
2T trss — 2 aolding

D«?s’ =

2> F = [+ 442 P -

T
D 1+ aF = ME
k forast M‘Z?’-Q %"7@ /
p = Fub3Xl o a e > f = 2926 Aln .




MARDE ERS4Y Question Cum Answer Booklet

Page 28 of 58

Do not
write in
this margi




MBEDE EBSY Question Cum Answer Booklet | Page 29 of 58

Do not
write in
this margin

1.5 (a)

Section B : Electrical Circuits-1 + Microprocessors-1

+ Digital Electronics-2 + Control Systems-2

Find the current i1, iy 1a and power delivered by the sources of the network shown in

figure.

[12 marks]
D
L3
F
. y J—-
L3
L, = 1= 18 "
! £ L, = -0 _—yp (—w, 'nmlﬁL)

, =
‘.3‘;“*9’:1:4 2
b

sy = ST AR MJCJ @
1 2

= Fhr

J = 9‘/ “3
Powest do bvaseed = 7 X //
ES = C)’Lz = LfT, :34
7
LV’E'Y/_J gxt{ - _:22
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Q.5 (b)

Determine the rms value of the waveform. If the current is passed through a 9 Q resistor.
Find the average power absorbed by the resistor.

i(Amp)

10

0 t(sec)

-10+

T = | 1 )('T{LA'[L, tolgrs T= H'me Pmn'acl [12 marks]
i 0 Mow T=1Y

. = " \
o I > .__.-—] = 3 /L
s [? J g et [ f@]
& 2.
=/ v
J [zggﬁ £ AP S Loy = 8149 4.

Avilujﬂ,_ fpw”f’ abserbed £<‘f ot rosictor
(I"”‘Qak = £99.99 W~

- Fs OS{: { 2
Equakion of  trvent, L= i

—lo ¢t &4
vepeat +for tFT
HU(-P} ")lTMQ P,e'ﬂ‘ac"' T: Lf’iéf-'
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2.5 (c)| A third order system has state space model matrices as follows:

13 1 0
A=|0 1 0|; B=[0; cC=[11 0]
2 -4 6 1

Determine whether the system is state controllable or not. What will be the output
controllability of the system?

tom tro [l b;l”';f I)?_a*n'w_ ; (‘ B AL NP Tl QJ [12 marks]
i

i % 0 ¢ 2 4 .
A: & | D A= 0 I b }{o_ﬂi'n‘—B‘
Z —§ ¥ Iy -1 28
an = | ! v i
- -
D A b
78
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2.5 (d)

() With a neat block diagram, explain the operation of 4-bit weighted-resistor type

~ DAC.

(ii) For the 4-bit weighted-resistor DAC shown in below figure. Determine the weight
of each input bit if the inputs are 0 V and 5 V and also determine the full-scale output,
if Rf= R =1kQ. Also, find the full scale output if Rfis changed to 500 Q.

R
(MSB) D; o—AMWW—— ———MWW—
2x iy

D, o—AMWW——1 | N
4R + —oV,
D, o—MWW———

8R
(LSB) D, o—AWW—— =

! [ . 12 k
(D) tobit aouppted -miche fgpe DA 2o

-
Hoa, e ﬂ;ghl

of e Op~ | .
4 (e bed (?'Yvuv'w!- I,’[ He D\PLJ:’ bit ;

o Switch & ommacted o Tefosane Ve”—o.j).-

mep aasister Alould  be 2" Hpes Hhat
iq;“ﬁfuuh' I,{ Hie Mo vesister i R
L p wmichr Shoald b 27TR, wheme s dhe mmber
D,f, bt in {nimf.

_ Uy R ;"2':[),

e kv ot nede A V, = g »
) wm‘hv‘_g j ;‘nﬂ e L~
X Deuimal

u,f\/d’w-t-
inpul .
(1) vwet = ¢ 4 top
S, C-’—) fer E!f) - oool
N \/D = ,_-—-—-g-"' i
g ?_nPu‘f bu{-)

\ th
2V, = a.fg/twygﬂ% of 22

L - - 5—)&‘
foo futl stabe oufput, [P = (e, =
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Q.5 (e)

. £ el E 4/3;&3— wfﬁ)—
- '7(2‘3 , g/
?’ﬁ Q—{ = m_ﬂ-) ﬂ = ! )
e bu ut =
il Ser i 68—75 Ve (I

L
W = r} g STY  oF g
2 | oD p

P

72

Explain the generation of control signals for memory and I/O devices of
8085 microprocessors?

“The vamous  (onfanl AF(?YUJJ'» of §08¢5 mitscopro cess o [12 marks]
e

(L) Optode fetch

(1) Momery Rend (TEmE) S $o =40

), Memery wrife (Mepw) S, 8p = o L

(1) Inpul—w()ﬁ?u‘fﬁuj ( fo“g) Bude = 0
(V) Tnput - pubput write Ci—,;,_.)) ¢, s, =01

@ " Z
‘ . Mmem 7/1/mowr
— ]

e - L—J-"

IS

SIS o b

f

Qo8 S Ay

M3 ke,

N % —
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Q.6 (a)| (i) Figure below shows the waveform of the current passing through an inductor of
resistance 2 Q and inductance 2 H. Find the energy absorbed by the inductor in the

first four seconds. _ . : 2
£- 3

[12 marks]




MRADE ERSY Question Cum Answer Booklet

Page 37 of 58

Do not
write in
this margin

b 2 <ELY
S
= 4X3s BV y
L{ T
3+ db 26) rdbE
€, = féx + i()
2

= 18 [n-u] i%[”’gj
A

V1

Huy J

£887.




Do not
write in
this margi

Q6 (a)

MBDE ERSY Question Cum Answer Booklet | Page 38 of 58
(ii) Find the current I in the circuit shown below using the superposition theorem.
2Q
6Q | 8Q
8V 2A 6V

U) WM gV sowfte [8 marks]
bn 2721 g T = & = osA
Qv 1 [ l¢
Ui) with 28 Sowlle
jl— 8.4_‘14
— 2
2 2 T, = R
F16t2-
b s
Z 0T H .
2 p
/
(i) with LV Sowrte
—ANAA A
7 St- );E g5 T = — _é_.
L =2 7 Lv 2 &
L == 0.3 A
T = :(7_)., 1;1—1 = p.2FS
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(i) Assuming both the voltage sources are in phase, find the value of R for which

+6 (b)
maximum power is transferred from circuit A to circuit B.

y (wi [12 marks]
A 4251 V, =
’FEY MmaXemum Pﬂlﬁb’t dra '{: ) I Z maxd pow o

90 _ |oV "’TA(MA_{:U{ -ﬂmo*r&ﬂ
. V=V, = r i

= A0 = Fxh
y o= 1124-5 C"W’ﬁ kvi)
I
gsetb 2 K= ez 6)
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Q.6 (b)

(ii) Determine the voltage ratio V_ ./ V, for the circuit shown below:

10Q % 50

< Y e |
Vi 230 6Q Vo
5
_——— -
f-r—
9

Viv = Ivi—r31,”’®

Vout = 5912_ /@

l
L:.('TT_EM,Z‘ abvf:.n‘m} 'I, = ——[—I "@

-’W?ng

[8 marks]
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Obtain the state space model considering current through the two inductors and voltage
across the capacitor as state variables. Consider the output variables as current through
R, and voltage across R, and input variable as ‘¢’ as shown in figure. (Consider initial

conditions to be zero)

T
|

T +— ;
S riUT

[10 marks]

é'f"zl;/'f"—/i.b_’ W, =8 =
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6 (d)

Two impedances Z, =5 Q and Z, = (5 - jX.)Q are connected in parallel and this
combination is connected in series with Z; = (6.25 + j1.25)Q . Determine the value of

capacitance of X . to achieve resonance if the supply is 100 V, 50 Hz.
[10 marks]

5’@;9’3 = (0D V, SDHZ

XL =[5
—w3.9748 MH

217/ _ £ 5= 3%) 4 eETJru

ID-—jxa /

= 5 (53 pawtfel

I""‘}!“Xc,

- 2 — s—;rxc_ o b 1‘LJL,

I St
jo~ X

= kﬂr»c{n CrotdX) | goact @

50 + X _

/ ‘ 212 2c X, — X + WL=0
Eopnbing  imaginasry pert Fo
by Begtd 5 wL = a5

w

g - D c = 2% s

Ex"’/ wc] Yyl T owy e
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Q.7 ()| (i) Clearly differentiate between latches and flip-flops. |

[8 marks]
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7 (a)

(ii) Realize T-flip flop using D-flip flop.

[12 marks]
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Q.7 (b)

(i) For a control system, the input output transfer function is given below:

Y(s) b +bs" T +..4b, 454D,

U(s) s +as™ " +a,s" 7, s+a,
Construct a state diagram by direct decomposition using the first companion form.
Use state diagram to obtain dynamic equations and state space model.

(ii) Obtain the second companion form for the system whose input output transfer

function is given by,

Y(s) _ s +4s+1

U(s) s +35% +4s+8

Draw corresponding state diagram for above form and derive state space model for

above system.
[20 marks]
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7 (c)

(i) Write an assembly language program for an 8085 microprocessor, to find 2’s
complement of a 16-bit number. Write comments for selected instructions.

(ii) Enumerate all internal registers present in 8259 programmable interrupt controller?

Write short notes on their individual functionality?

[12 + 8 marks]
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8 (a)

16
s(s+1.6)

A control system employing proportional and derivative control as shown below, has
damping ratio equal to 0.8. Find the time instant at which the step response of system
attains the peak value. Also find the percent maximum overshoot of system.

R(3) J?‘ 1+Kgs |

C(s)

[20 marks]
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Q.8 (b)

Design a 3-bit gray UP/DOWN synchronous counter using T-flip flops with a control

for UP/DOWN counting.

[20 marks]
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3(c)

A control system is represented by the state equation given below,
x(t) = Ax(t)

& 1 o2t
If the response of the system is x(t) = ( t) when x(0) = (_2) and x(f) = [ L

1
when x(0) = (_1).

Calculate the system matrix A and the state transition matrix for the system.
[20 marks]
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