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Section A : Electrical Machines

A 500V, 10 hp, shunt motor has a full load efficiency of 85%, with the same field and
armature currents it is desired to reduce the speed by 30% by insertion of resistance in
the armature circuit. Assuming that all losses except copper losses vary directly as the
speed, calculate the value of the inserted resistance and the efficiency of the motor when
running at the reduced speed. The resistance of the field and the armature are 400 Qand |
0.25 Q respectively. (1 hp = 746 W)
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A 3-9, 460V, 250 hp, 50 Hz, 8-pole wound rotor induction motor controls the speed of a
fan. The torque required for the fan varies as the square of the speed. At full load the
motor slip is 0.03 with the slip rings short circuited. The slip-torque relationship of the
motor can be assumed to be linear from no load to full load. The resistance of each rotor
phase is 0.02 Q. Determine the value of resistance to be added to each rotor phase so
that the fan runs at 600 rpm.
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Q.1 (c)| A single-phase 120 V, 50 Hz series motor gave the following standstill impedance,
Z,=(5+725)Q

The motor is connected to a 120 V, 50 Hz supply at 1800 rpm when loaded to draw a
current of 1.6 A. The rotational loss is 30 W. Determine the efficiency and the starting

torque. (Assume magnetic linearity)
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Two series motors are connected to the same supply system and coupled to the same
load. The one when running at 600 rpm normally takes a current of 60 A; the other
when taking 60 A, runs at 1200 rpm; in each case the supply being same 600 V. Neglect
the effect of saturation, at what speed will the motor run when the load current is 120 A?
Each motor has total resistance of 0.5 Q. Also calculate the value of current in each
motor under these conditions.
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A 4-pole, 3-phase, 50 Hz, star-connected alternator has 60 slots, with 2 conductors per
slot and having armature winding of the two-layer type. Coils are short-pitched in
such a way that if one coil side lies in slot number 1, the other lies in slot number 13.
Determine the useful flux per pole required to generate a line voltage of 6000 V.
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Q2 (a)

Two single phase furnaces 1 and 2 are supplied at 220 V by means of two Scott-connected
transformers with input voltage of 3-phase, 11 kV, 50 Hz. The Voltage_of furnace 1 is
leadmg Compute the currents on the 3-phase side if furnace 1 takes 500 kW at 0.866 pf
laggmg and furnace 2 takes 600 kW at 0.8 pf lagging. Also draw the phasor diagram.
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Q.2 (b)

A 400V, 1450 rpm, 4-pole, 50 Hz wound-rotor induction motor has the following circuit
model parameters.
R, =03, Ry=025Q
X, =X'=06Q X, =35Q
Rotational loss = 1500 W ‘
(i) Calculate the starting torque and current when the motor is started directly on full
voltage. .
(ii) Calculate the full-load current, power factor and net torque. Also find internal
efficiency and overall efficiency.
(iii) Find the slip for maximum torque and the value of maximum torque.
[20 marks]
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2 (c)| Asalient pole synchronous machine delivers rated power to a load of unity power factor.
The d-axis and g-axis reactances are:
Xé_= 0.95p.y, Xq =045 p.u.
The power angle & = 25°
The stator winding resistance is negligible.
Calculate:
(i) the excitation voltage (Ef) and the terminal voltage (V).
(ii) the current I, I, and I, and draw the phasor diagram.
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3(a)

Two separately excited dc generator operating in parallel, supply a total output current
of 100 A. The terminal voltage of first machine falls from 270 V at no load to 250 V at an
output current of 60 A. The terminal voltage of second machine falls from 280 V at
no-load to 250 V at an output current of 80 A. Their external characteristics are linear.
Calculate:
(i) the output current of each machine.
(ii) the line voltage and total load in kW when first generator is floating.

[20 marks]
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3 (b)

A three phase source of variable frequency is required for an experiment. The frequency
changer system is shown in figure. The induction machine is 3-¢, 6 pole wound rotor
type whose stator terminals are connected to a three phase, 460 V, 50 Hz supply. The
variable frequency output is obtained from the rotor terminals. The frequency is to be
controlled over the range 10 - 100 Hz.

3-¢ - +

ML e ]

Induction 3 DC
P l% % ? machine /.,  |machine
2

3-¢ variable
frequency source

(i) Determine the speed in rpm of the system to give 10 Hz and 100 Hz.

(ii) If the open-circuit rotor voltage is 240 V when the rotor is at stand still, determine
the rotor voltage available on open circuit with 10 Hz and 100 Hz.

(iii} If all the losses in the machine are neglected, what fraction of the output power is
supplied by the ac supply and what fraction is supplied by the dc machine at 10 Hz
and 100 Hz?

[20 marks]
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3 (c)

A 3-9, 230 V, 27 kVA, 0.9 power factor (lagging) load is supplied by three 10 kVA,
1330/230 V, 50 Hz transformers connected in Y-A by means of a common 3-¢ feeder
whose impedance is (0.003 + j0.015)Q2 per phase. The transformers are supplied from a
3-phase source through a three phase feeder whose impedance is (0.8 + j5.0)€2 per phase.
The equivalent impedance of one transformer referred to the low-voltage side is
(0.12 +;0.25)Q2. Determine the required supply voltage if the load voltage is 230 V. (Draw
the relevant circuits wherever required)

[20 marks]
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4 (a)

A 6-pole, 240 V dc series motor has a flux per pole of 2 mWb/Amp over the working
range of magnetizing curve which is assumed to be linear. The load torque is
proportional to the speed squared and its value is 26 Nm at 1000 rpm. There are
440 wave connected conductors and total resistance of motor is 1 . Determine the
motor speed and current when this motor is connected to the rated supply voltage.

[20 marks]
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4 (b)| For the electromagnetic device shown in figure, the cross-sectional area normal to the
flux is A and the reluctance is offered by air gap alone. Compute the average force on
the movable member in terms of N, x, A, L etc.

When,

(i) 1=1, cos wt

(ij)v="V, cos wt

X
Movable member

| |
Negligible
airgap N

LT A

[20 marks]
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4 ()

A 3-¢ cylindrical rotor synchronous machine and a shunt dc machine are mechanically
coupled to transfer power from a dc source to an ac source and vice versa. The rating of
the machines are

Synchronous machine: 12 kW, 208 V

X =30Q

DC machine: 12kW, 220V

Neglect all losses

The de machine is connected to a 220 V de bus, and the synchronous machine is connected

to a 3-¢, 208 V, 60 Hz bus. The excitation of the synchronous machine is made 1.25 p-u.

(i) For zero power transfer, determine the armature current in the dc machine and the
current and power factor of the synchronous machine.

(if) 8 kW is transferred from the dc bus to the ac bus through the two machines. What
adjustment is necessary? Determine the armature current in the dc machine and the
stator current and power factor of the synchronous machine.

(iii) Repeat part (ii), if 8 kW is transferred from the ac bus to the dc bus.

[20 marks]
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Section B : Power Systems - 1 + Electrical Circuits - 2 + Microprocessors - 2
.5 (a)| A3-phase,5 MVA, 6.6 kV alternator with a reactance of 8% is connected to a feeder through
transformer. The transformer is rated at 3MVA, 6.6 kV /33 kV and has a reactance of 5% and
feeder has a series impedance of (0.12 + j0.48)Q3/ph/km. If a 3-phase symmetrical fault
occurs at a point 15 km along the feeder, then determine the fault current supplied by the
generator operating under no load with a voltage of 6.9 kV.
j:;rmrﬁlg.g;t‘v/??lr‘f [12 marks]
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Q.5 (b)

1;‘”:;;”: 53194 Z_‘&?’%PU

;TF n Qmpeies {Or*- él.mﬁ':':n,fm ticks (on .{o,w;im
.
Top -5X10° = 437:28¢ 4 L., = 5X1e
J8 K@ Jox 32
- Q70477 A
If(g?: 437 286X 0-2199 Tt qamtads)
- 93'?€*§.%Amp - 87 479X¢: 2139
= 465326 Amp

A 20 MVA transformer, which may be called upon to operate at 25% overload, feeds
11 kV bus bars through a circuit breaker; other circuit breakers supply outgoing feeders.
The transformer circuit breaker is equipped with 1000/5 A CT’s and the feeder circuit
breakers with 500/5 A CT's and all sets of CT’s feed induction type over-current relays.
The relays on the feeder circuit breakers have a 125% plug setting and a 0.4 time setting.
If a three phase fault current of 7500 A flows from the transformer to one of the feeders,
find the operating time of the feeder relay, the minimum plug setting of the transformer
relay and its time setting assuming a discriminative time margin of 0.5 second.

PSM 2 4 5 8 12 20 |
o T - For TMS = 1 second
perating time
(inseconds) | 10| 5 |47 | 328 24
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The switch in the circuit shown has been in position-a for long time, At ¢ = 0, the switch
is thrown to position-b. Find the time-domain expression for the current 7.

10 kG 2 b
att=0 i
v L
100V 0-2MFI_ " Eske
’ O.SLLF_I;_FV2
{osc <0 12 marke]
AW
i T
0.2 uF v, V.= loo x0:8 = Qovy
o Ir b 8402
. +
QJr- 0'8 402

V,(07) = Vi (0)=80Y V,[07) < V (0] =20
y +>0 Utamefmmd ckd e

v, {of]1wtet) | (To i Q¥ th‘!l 4 Sooolte)
- 0-2¢ o8¢

I -1 S

TrE] = r in*? ‘{%M-]‘ ['T{}?f 1‘;_‘;? 45005@]
3
0" Y O Eff QB/ Q'Gl
8 10% to‘h ) %+1250
oY ux:n‘* ’

e

bl e
oKy faple = v g1t = 00020 ot

..-—.'__"—_'_,_,_,_—'_—”
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5(d)

The hybrid parameters of a two-port network shown in figure are i, =1000 Q, 1, = 0.003,
h,, =100 and h,, = 50 u8. Find V..

I + X

1
10£0° x 107 V v, v, 2000 Q

+ I

, >
D{ h p&ﬂwhu
looo T, + 0:003 v, —

1

'befem aqu ahon n toame [12 marks]

v[ E !\Tf I[ 'T I’]”VI =
Tye bl dhav, = (005 So X o 6V, —(

. N uae
\irf}m "'PU ?_J voh Cfr C'L-!_-Lr*'-

Qubstituhing  Valuw o‘ v n a9 i)
1,: lesI + SoXxle’* (-2000 7, )

| rC -
I, 4 Sox2ecoxie _'L = oo L

T, (1 0+1) =lool

k I. = !'f'jl ———@

il 2
oo

T, ard Vv, Value th ﬂ?m

\ QubH feting
(F:}ODDJ b )

v, s moﬂmtrgi 6003 X
oo,
Vy = loso—x 1| I, — 3x2 In
=
n1,-6r, =5l — @

V, = :
. IDX_T__F?--T---E"[UE"; 500 %

i
‘],m""’“ e cBE OV,
mﬁwwnﬂzﬁa

|

loxe - 500
tox o3 —~ Boo XI'l ¢, = 51, {

=55 loxle
loXle
:] Ii = =7 r;'g

3

o L+ Tosg"
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Vg z "’JDDOX‘FJ_’..
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1

Q.5 (e)

Calculate the delay produced by the following subroutine program of an
8085 microprocessor, which is operating with a clock frequency of 2 MHz.

DELAY : MVIB,2H — 7 T°
LOOP2: MVIC,FFH —— 1T
LOOP1:BCRC 4T
JNZLOOP1 ____ 10 MT
DCR B — 4~
JNZLOOP2 o /7 7T
RET — 10T
' [12 marks]
| T letaks
loepr (P PrRE— 3&?54
T TNo Loop = (4""[%
Bef=p + (41to]
- 8570 T
Totatu

Total toop® ey = (TT 4 35707 + 4T 4T
4+ (77 4 35%71 44T4TT)
s AT

o
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Q.6(a)

A 3-phase transmission line 50 km long consists of three hard drawn copper conductors
in a 1.2 m delta. Load conditions at receiving end are: 10000 kVA at 0.8 pf lagging
33000 volts, 50 Hz. Line is designed so that transmission loss is approximately 10%.
Calculate:

(1) The sending end voltage and power factor,
(1i) Efficiency and
(iii) Voltage regulation.
(Assume p = 1.73 x 107 Q—m)
[20 marks]
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Q.6 (b)| Find the expression of V,, V and V, for t > 0 in the circuit shown in figure.

+ Vi _
2H |,
50u- V() 1mFTV
+ Ve .
2u(-#) A 80Q

[20 marks]
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Q.6(c)| (i) Give detailed description of the bits of the control word of intel 8255.
(if) Find control word for the following configuration of the ports of intel 8255 for mode-2
operation;
Port A - bidirectional
Mode of port A - Mode-2
Port B - input
Mode of port B - Mode 0.
The remaining pins of PORT C
Py Py Py - output,

lower” e,

[15 + 5 marks]
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’(a)

E Q, ) QLI}
= [1920m= 096 ey /.x
—1 3 "ﬁ'tﬂfll‘-_a. +hae K neyt an R=2 ._535,1’/
c% {Jjﬁi’? draloene wWhch e ‘melde (‘E_'| )
2(‘1{,'*1’) = .92 -1 _‘;;EI 9
7 - 0 ,q,? A Qﬂafg\l’

A single core lead sheathed cable has a conductor of 1 cm diameter and a sheath of 5 cm
inside diameter. Two dielectric materials having permittivity of 4 and 2.5 and permissible
potential gradients of 60 kV/cm and 50 kV/cm respectively are used. Determine the
thickness of the dielectric materials and the maximum safe working voltage.

q,6 = Gox 4 =210 [20marks]

.{3&& Capautone {?}G@
glﬁ = G &Y E»Cr@% *xinmg fc

G, DA il
_§O}(4Xi: SoxX2 k% [ 3‘ 'l

qa h@om 1258 (fuksid

t—_—

A —
—_—

ﬁ s G ¥ E=ln

fank

|1 ]

L el e S»E Coecond djqi;rrzﬂq'c Thae fe uted
. o( k-] above
- 9R ~ 2Y
— 5« 1«92

,-"'
: 2 'DSI {:M /,"/

—

.

—> QQ%,Q Hnjf.k’.m‘ja wer Yollag?

1 — Lo G,?Llﬂ(:{fJfCﬁE?[f

- (o x = ,ﬂn( 0*%) +5oX+764n 2
05 0 'E;,f’

«lﬂff%)

C?GJ

_  §5.5] RV (Fax]
€SSl = 46 22KV (Me]

vmarf”""i] = T o
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7 (b)

e 4 s . dve(0 di, (0%
(i) Find i,(0%), V0", f}t ) and Lét )

ave(t)

to denote dt ]
t=

closed for a long time and steady state condition prevails at ¢ = 0~.

: t=0
10 Switch-1 10
qhﬁﬂ /\} AARA
yyy
t=0
1
10V() Ve 5F gin

dv-(07)

for the circuit shown below, Use ——~

dt

, - Assume that switch-1 has been opened and switch-2 has been

[12 marks]
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L?““J a CCLI""_C(&{): 8
I ————
D dvotle 8 - 16 Ve
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_Qii’ - T\P >_[L_[E}q_)
K VL tn th boos 2h bvom [‘ " YW T
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7{b)| (ii) A linear graph has five nodes and seven branches. The reduced incidence matrix for
this graph is given below:
Nodes Branches ——
l 12 3 4 5 6 7
a1 1 0 0 0 0o 1
4= b|-1 -1 0 0 0 0
cfo 0 -1 1 0 0 O
410 0 0 -1 -1 -1 0

It is claimed that the set of branches il, _3, _4, 5} constitutes a tree. Without drawing
the graph, verify the truth of this claim.
[8 marks]

Tnerdenee  matiu X
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(c)

)

g\,

(i) Compare the memory mapped I/O and peripheral 1/O.

f/ﬂ "\C'PPQ" [10 marks]
2

1¢ bt addoess {m d e

65526 dorce and

emovy Wom con

ho ody{wd

Dsed Jov smald memor

g-\a,g't{m

Fret sunchong waed o7
DA 2L okc» .

MOV M, R

Conhved O gmale
RD f0 (MEMR)
we =0 (memw)

Come Dpﬂuﬁc:m ton he

done duStedly on Ifo
deomeee

More has 4D 0

S8bet 0ddlem fov Jautcas

56 ¥/o o an'eee Can b
.,.o-'-"'f'-'-’_-

sed Ber [G.ﬂg,ﬂ MU
gy/gfam ’
gt suichon uged e

TN 8bu— OLT Bhd
pr L/o opasation and
tbA L CTR MO VI, K ek

{m mummg DF&%&J\'M
To/fm }.(.._
fta=o ( Fow )

Opa&qﬁwﬁ QM'%B-: &W

-

on Ifo dqw‘m/

t\ﬂ'?:{ P\{lﬁ d} I,-\M'Eg ¥




Do n¢

@ MADE ERASY Question Cum Answer Booklet | Page 4gof 58 |1

Q.7 (c) | (ii) Write the different types of 8085 hardware vectored interrupts and mention the type
of triggering, vectored address and dependency on El and DL

Hasd Intessupte [10 marks]
9 Walo QAN ' .
" TJU'?‘?,udﬁ"g Vechoy addaau '
V[ TRAP Edg,n T Lol 0624 H
) ReT 7+9 Ed g2 O0 3¢ H
, o
) | ROTES vl 00 24
g RCT B - J_Ilut,}\" 00°2C H
J’ INTR Nevad Non Vaotored »
S | _
f QHCLLL& -
—5-{ Toap Con 't be ditobled Eyj £1 /DI he eomt !
~ LI
\}')”‘ mag Hable / TN | m
\ , ko, anahlsd [iDiwcab
— > [“Rer 1.5, ReTer¢, RETS5, W /

| hy €1/ pI-
cimud cmmui%f ﬁ tj/icem ” "m»[uh.{n e ﬂwf

: ‘fe;.' nothr P ﬂ | -
ml:’dT E] /D_[‘ dn fmr !{'hd,:Vud;UﬂL! hﬂqft.f
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Two generators rated 15 MVA, 11 kV, having 15% subtransient reactance are
interconnected through transformers and a 120 km long line as shown in figure. The
reactance of the line is 0.12 ohms/km. The transformer near the generators are rated

" 30 MVA, 11/66 kV with leakage reactance of 10% each. A three-phase symmetrical fault

occurs at a distance of 30 km from one end of the line when the system is on no load but
at rated voltage. Determine the fault current and the fault MVA.

120 km—-J
30 k.
T, fe—i
@ | g {'_L ¥ 66KV gg ‘ @
15MVA  30MVA | 30MVA  15MVA
11kV  11/66kV 66/11kV  11kV
X/ =15% 10% 0% X/ =15%

o syetem bag Y¢ RV, SomVA O gmﬁ&h/v [20 marks]

ciche
qu”: orgX o _ o Epu
Ie
Xd, = oOeX80 G2 pu
c
Xg = X7, = O'lpv

) . 20 v 02479 pu
Xun () = 30X O 12 x 30 _ O p

_ (€e)” |
Ko tln) = [0 611250 g g frp

)
Roactante  diogham ' N /. |
- . o@iﬂ?‘U os@/‘}.fg\l"?J 0 21
05 p- Grp——C— oy
o] :

— —_
—y

oA |

j{' [po) = (ﬁqm-h@ﬁ?q?gjj (C:%Tﬂ{;;_" qu;jf
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four MvA = 'I,(N“’J X (M Ao, (a2 Ve Tpy)
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=8 (b)

(i) Obtain the dotted equivalent circuit for the coupled circuit and hence find the voltage
across the capacitor.

1020° v (~) @510490° \%

Ki—t—LoeptD
=== ‘?%'}j@ .

L

Conduchve by coupled cﬂf%
J2—

|67 90
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loso” = . (549s) 5 + (=8 )(54Y,)
tozo’ = (5 “?})II/X{;]H —O
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Vo= -1 (oumc /foerss ¢ 69789 /167 @?j

V- (4628 £78 688 voik

—3 (b)| (ii) A sinusoidal voltage source is applied to the parallel RC network as shown in figure
below. Find the energy stored in the capacitor and energy dissipated by the resistor
over the interval (0 <t <{.5 sec.

ch I
10sin 27t V(=) T”ﬂ: 1kQ

C uyownt n a0 edor f,f
). toseear” | _booo ot
\ looo |00

[8 marks]
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0 5
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(i) Draw a schematic arrangement of Hydroelectric plant and explain its working in
brief.

k
Hgdﬂnﬂbah{t plant [10 marks]
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(ii} A 1000 MW control area (1) is interconnected with a 5000 MW control area (2). The

1000 MW area has the system parameters given below,

R = 2Hz/p.u. MW

B =0.01p.u MW/Hz
and increase in load,

AP, = 0.05 pu. MW

Area 2 has the same parameters R and B but in terms of the 5000 MW base. Calculate
the static frequency drop. )

Actual valus of Rand & [10 marks]
. 0 o5
‘ - L = 9x10"° K&
RI = __‘%mlrlflg /P'UMW = IE'DD - -MWF

. . * 01 X 1000
R, = o0l puMw 2., o0 o< X |oo

= |0 MWAu,
R, = ox L = 4% {b=* R gy
£ fﬂn & ,_‘

.-'--
-

0'01 X Sooo = E;D-%W/Mz

Vv
1

R [ f -—r = lo + * £ quO«’M}/_' f'{}lr

ﬁr‘ | Ky ox|lo*3 L~
\ S, = E'j £ ¥ “o ¢ .‘I—— = 2E5o M“(H}‘,,
; Ra 4xle 4
P

Now Qp = _Ef = SF & lboO = gl

-

P.z {2 gb@o P .
f AP s 0:08% (000 © oMW Alp,-




Do

MADE EASY Question Cum Answer Booklet | Page 58 of 58 [ %™

‘e p Qm
dif: — %P%P
Ei + OH\B\]

&.Y x -—-@;Q'K
9550 4 02X 5l

O 0!§§C 2

Q000




Space for Rough Work




Space for Rough Work










