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DETAILS EXPLANATIONS
[PART : A]

1. Base load plants :
e Hydro electric plant
e Nuclear power palnt
e Coal based thermal power palnt
Peak Load Plants :
e Diesel power palnt
e Pumped storage plant
o Gas power plant
2. Hydro turbines are classified as :
e Kaplan — High specific speed
e Francis — Medium specific speed
e Pelton — Low specific speed
3. In pumped storage plant reversible turbine are used which operate
as turbine for power generation during peak load and operate as
a pump for pumping the water during peak off load.
4. Nuclear fuels are classified as :
e Fertile : It is not self fissionable.
Example : Uranium 238, Thorium 232.
e Fissile : By thermal neutrons fertile can be connected into
fissile material.
Example : Uranium 235, Plutonium 239
5.  Feeders are designed according to current carrying capacity and
distributors are designed according to voltage drop.
6.  Due to Skin effect on solid conductor :
e Conductor resistance increase.
e Effective cross sectional area reduces.
7. Internal flux linkage
A= ul Wb-T/m
in 8m
External flux linkage

U YV
Ao = 5N W-T/m
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8.  For single phase two wire line.

C,, C

A B
Line to neutral capacitance

-5e
i
@

2n e

C, =C,= =
A B In(?)

A B
Line to line capacitance

CAB = CAn/2 = TEE
In()
r
9. e A — unitless
e B — ohm
e C — mho or Siemens
e D — unitless
_ 240 r y
10. P, = T(f + 25) d (V - V,)* x 10° kW/km/phase

where, V = Operating voltage
V = Disruptive critical voltage
Radius of conductor
Distance between conductor
Operating frequency
& = Air density factor
11. To improve string efficiency following methods are used :
e Using longer cross-arm
e Using insulation grading.
e Using guard ring.
12. For solid double line to ground fault, fault impedance z, = 0.

-~ O = O
I

Vy = Vi, =V, ie., all sequential network are connected in
parallel.
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13. In percentage differential relay the ratio of number of turns of

N
restraining coil and operating coil i.e. N—r decide a perticular
(0]

percentage of average current to operate the relay.

14. To prevent arc restriking due to transient recovery voltage (TRV)
cassie theory is given, according to which "If rate of heat dissipation
between circuit breaker contacts is greater than rate of heat
developed by arc then arc will not restrike."

15. Bundled conductor increase the effective radius i.e., geomatrical
mean radius which increase the corona starting voltage i.e.,
disruptive critical voltage so less corona formation and less power
loss.

_ 1L _1/20x10°% _
16. r= 2\@ = 2\0.02x10° - 20 ¢

17. To prevent false tripping due to inrush current in transformer :
e Some intentional time delay provide to relay.

e Harmonic restraint relay used for second harmonic in inrush
current.

18. For open ended line Z = o
Current reflection coefficient

Z | =>-1

47 L(ZL ) _0-1 _

TI - Zo+Z|_ - Z (ZO =
L

19. With increase in temperature increase in length of conductor so
sag will also increase.

20. For resonance

wL:%i)C
TS
- G
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[PART : B]
21. e Superheater dry the steam coming out from boiler and also
increase the temperature using heat from flue gases.

o Economiser heat the feed water with the heat from flue gases
and its way to boiler.

e Airpreheater extract the remaining heat from flue gases and
give it to the air having supplied to furnace for cooling and
combustion.

22. Ferranti effect occurs

e At no load or light load condition.

e Due to shunt capacitance.

e In medium and long transmission line.

® |\/Rlno load > |VS|
e Insulation may damage so shunt reactor used to prevent ferranti
effect.
+ «/W\,—fmym\{—ﬁ cal +
T R jX K%
Vs, =+ C/2 Cl2= (A
W
IC = JW?VR

Ic leads Vi by angle 90°.

XI
i Vs g AR,

V/,C0s 3 V.20’
Apply KVL in loop
Vs = Vg + Rl + jXIc
From phasor diagram
Velno t0as
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23.

i.e., ferranti effect

+ﬁ+\/vw—fmmm}

c IR

> +
I
o) X

- C/I2 Cl25

VYoe—

R iX

i
<

T = Ve

X T XC
Ty legs Vi by angle 90°

i T=T+lk =0
SO’ |VR|no load = |VS|

Surge impedance loading provides ideal power transfer capability
using flat voltage profile.

S

<—Zo—>

Y—

\4 Z,=VI/

Case-l : If Z =12

N v_ [t
I c

= ®oCV? = oLlI?

= Q.= Q

Net VAr = Q - Q.

= Q=0

= AV =0
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= V,-V,=0
= V, =V,
i.e., flat voltage profile.
Case-ll - If Z < Z,
I
I C
= Qe < Q
Net VAr = Q - Q.
= Q>0
= AV >0
= V. >V,
i.e., voltage drop along the line.
Case-lll - If Z > Z,

M>\F
= | C

|
: 757,
I
|
|
|
|
1 7,22,
|
|
|
|
|
: Z.<Z,
|
IV Vel

= Q.> Q.

Net VAr = Q - Q.

= Q<0

= AV <0

= V, <V,

i.e., voltage rise along the line.
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24. Insulation resistance of cable :

—————— Conductor

= Radius of conductor.

Radius of sheath with conductor.
Insulation between conductor and outer metallic sheath at distance
x from centre.

r =

ﬁ
]

_ ol
NS A
dx
So, dR = p27rX|
n
pfl
= R = ZRIF[ XdX
_ Pk
= R=2m In[rl)
25.
mho
relay l,
p.f. = cosO lag oo-Bus
overexcited V. A0°
Impedance
Impedance seen by mho relay
- _ Vv
&R =T T Lz-0

= Z,Z0 i.e., Inductive
= R, + jX, s0 no tripping.
If excitation fails E oc | =0
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On the failure of excitation synchronous generator behaves as
induction generator due to presence of damper bar, so it starts
taking magnetising current from supply. And hence it starts operating
at leading p.f.

mho I,
relay

p.f. = cosO V£0°

lead Z.

- Ve

Zr = 1,£+6
= Z,/-0 i.e., capacitive so tripping
=R,- jX,.

26. -+ P=Vlcos 6
If a perticular power is transmitted at a perticular voltage.
1
Yl Tosot

Following are advantages of power factor improvement :
e | s=VIJ for same output power less KVA required so size

of machines and cost reduces.
e To carry less current the cross-sectional area of conductor
requirement reduces and hence transmission cost reduces.
e Transmission line loss IR reduces so efficiency increase.
e \Dltage drop AV = IZ reduces along the line so voltage
regulation reduces.
27. Symmetrical component are used for unsymmetrical fault analysis.
. Positive Sequence Current :
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The sequence of current corresponding to which armature flux ¢,
or mmf F, rotates in the same direction of rotor, is called positive
sequence current.

ly = 1lo°

Ibl |_1200 = (X,Z Ial
[+120°

. Negative Sequence Current 2

The sequence of current corresponding to which armature flux ¢,
or mmf F_ rotates in the opposite direction of rotor, is called negative
sequence current.

a1

ICl a Ial

L,

1

&

ao
bo

CcO

ljo°
I|l+120° =
|-120° = o?l,,
. Zero Sequence Current :

The sequence of current corresponding to which no rotating field
develop only armature leakage flux is there, called zero sequence
current.

|
R
&

ao 0

bo
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ly, = 10°
Ibo = ||0_0 = Iao
leg = 1]0° = 1y

28. For sudden change in shaft input or mechanical input from Py, to

P
Pof——————————-—= ¢
[
[
P bm
m ) Q@
i ' [
| ' [
P f/v: i l\
mg | i : \
| ' |
| ! | -5
& & 5, 8y T
From §, to 5, due to increase in input there is acceleration in rotor
of alternator and from &, to 5, deacceleration in rotor speed and
finally this swinging of rotor from & to &, will settle down to 5, due
to damper bar presence.

From swing equation

m*

d%s
P.= Mg
% _p,
= a2 - M
d3d®  _ Pa,dd
trmicdse”
d(dsy ., _ 2
fa(a) dt = mjpads
52 5
ds ) 2%
(E) = M.'-pad8
%) 30
ds )\ d5 ) 0 %
()] L&)] = &nas
52 50 8o

At 5, maximum swing angle g—? =0

info@engineersacademy.org <|-91 809 4441777 www.engineersacademy.org>> 10




|P.Code : RPSCEEO05 RPSC-AEn Mains : Test Series ENGINEERS ACADEMY

At 5, minimum swing angle @ _ =0

dt
]
2
0-0= M-[ P, dd
30
]
J-pad8 =0
3
81 82
J-pads+jpad6 =0
) 3l
ol 82
J-(pm_pe)d6 = J-(pe_pm)d8
0 o1

Accelerating area = Deaccelerating Area
i.e., Equal area criterion.
29. With series capacitive compensation Following advantage occur:

© X, X E
V, V.

\VAY/
e Steady state stability limit P = X, YR v X ) increases due to

decrease in series reactance.
e With increase in P__ the operating power angle & also reduces
so transient stability limit also increases.
e In double circuit transmission line by using series capacitor
equal load division can be supplied.
X,

@7
iy

If X, <X,
then X, = (X,—X,)
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30.

31.

32.

e Surge impedance loading i.e., ideal power transfer capability of
line increases.

--fl = 50 x 200 = 10,000 Hz-km
As 4000 < fl < 12000 so it is a medium transmission line.

A = 14 Y2 - g, Ued)(oll)
2 2
[ For lossless line '~ Oj
g=0
— Q)ZIZLC _ 1_@ [..V _ 1 j
= 1-85E = 15 Vo=t
_ 1 1[2n(50)x200T°
N 2 3x10°
(+ V= 8 x 10° kimise
=0.978
Vs| _ 220
|VR|noIoad = K = m = 224.95 kV

For the safety of the person working in neighbourhood of machine the
body of machine is earthed through earth electrode and the value of
resistance of earth electrode should be minimum for safety purpose.

The value of resistance of earth electrode depends upon :
e Shape and size of earth electrode.

e Depth in the soil of earth electrode.

e Material of earth electrode.

¢ Soil condition i.e., ph value.

Following are advantage of SF, circuit breaker:

SF, gas provides higher dielectric strength (up to three times of air) at
normal pressure, so less electrical clearance is required for arc extinction.

Its heat transfer ability is higher. (Upto 2.5 times that of air)
It is highly inert gas so does not form explosive mixture with air.
It is chemically stable so does not get decomposed into gases.

Its dielectric strength builds up at very fast rate So auxillary braking
not required to reduce RRRV.
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33. Electrostatic stress in single core cable :-

—————— Conductor

Sheath

gmin

r = Radius of conductor
R = Radius of sheath with conductor.
At a distance x from centre of conductor of cable electric field intensity.

x T 2M gpE, X

Potential gradient or Dielectric strength

' |l 2 B
g—EX—ZneoerXV/m 17

Potential of conductor with respect to sheath

R

__Q (R

= T 2neg n r
_ 2nege V
= Q= "nRin
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34.

equation (1)

_ 2nege V 1
9= MR/ 2nep x

__ Vv
= 9= XInR /1)
B v vV
= 9rex = X IN(R/T) ~ rIN(R/T)
B v Y
. min = Xy INR/T) ~ RINRT)

In order to keep a fixed overall size of conductor (R) for a perticular
voltage V, radius of conductor for minimum value of g

max”

d _
a{r InRI} =0

i.e., condition for economic size of conductor.
Sequential network of transmission line :

000000 |2
=) S
(o
q’ C Vlg)
o —
.EVa o 500000 =
i) + 7 + o
2wttt s |8
%) o

i M

\oltage drop along the line

= Va_vél = Zsla + Zmlb + Zmlc

= Vb_th) = Zmla + Zslb + Zmlc

info@engineersacademy.org <|-91 809 4441 777 www.engineersacademy.org>> 14




P.Code : RPSCEE05 RPSC-AEn Mains : Test Series ENGINEERS ACADEMY

= VC_V(% = Zmla + Zmlb + Zslc

V,] | Va z. Z. Z. TV,
- Vo =V | - |Zn Zo Zn||Vh
VC Vc1 Zm Zm Zs Vc
R
= Vp—Vp = le
= AV, - AV = Z(Al)
= V.- W = (A1ZA)I,
V, Vi,
al a Z]_ 0 0 a
Ve || Ve | 2|0 2o 0L,
Vao | | Vi 0 0 Zjl,
Zoq = ATZA
1 o a?([z, z, Z,]|1 1 1
:%1oc2(meZSZmoczocl
11 1|Zn Zn L ]la o1
Z,-Z, 0 0 Z, 0 O
_ 0 Z.—Z, 0 0 zZ, O
0 0  Z+2Z,||0 0 Z,
V, Vi,
at 2 Z, 0 0]y
Vi, <[ Ve | [0 Z, 0 [l
Vao | | Vi 0 0 Zo],,
Va]_ _V;]_ = leal (1)
Vaz _Vélz = ZZIaz (2)
Vao _Viillo = ZOIaO (3)
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From equation (1) : Positive sequence network

C)ref’ o
f f
V \Va

From equation (2) : Negative sequence network

Orefr o
f f
V \Va

From equation (3) : Zero sequence network
ref'

Here, Z,=72,=2-172,
Z,=Z +2Z
Where, Z_ = Self impedance of line.

Z = Mutual impedance between line.

35. Distance relay is used for protection of transmission line.

A<f+ >

Vv

ik
Z

i.e., impedance seen from AB

@ R _T.L. _ |

Z F 1

R
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Impedance seen by relay Z; = ¥

F, F, F, F,
S AMA—FEAMAFEAMA—ANSEA
1Q 10 10 10 10

100V=V Y100A Y 50A 25A  Y20A %m

. In the normal condition impedance seen by relay is higher i.e. load
impedance as well as trnasmission line impedance.

. In the fault condition impdance seen by relay reduces and it depends
upon distance of fault.

o Impedance Relay : (Voltage restraint overcurrent relay)
T =Kl = klVP

12| < |2
IR+ jX| < |Z
R2+X2 < |er|2
i.e. equation of circle.

rsl

Block
|Z

TS|

Trip

. The relay operates if fault on either side within a perticular distance
I, (reach of relay) i.e., distance relay. So it is non-directional
realy.
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o Mho Relay or Modified Impedance Relay : (Voltage restraint
directional realy)

T = KJV|lllcos(6 — 1) — K |V]
Relay operates if
K,Vllljcos(® = 1) > K |V[
V] g _
= < 2 2K, cos(0—r)
= |Z| < 2|Z | cos(6 - 1)

F, at a perticular distance detect and F, does not detect. So it
detects fault within a perticular distance in a perticular direction.

. Reactance Relay : (Directional restraint overcurrent relay)
T = KJIF = K |V|ljcos(6 - 1)
Relay operates if

Block

Trip | X

K7 > K, V|llcos(6 — 90°) [--t = 909
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|V
L= Isin 1
= ° 9<K3

= |Z|sinB < Ks

= IX| < |er|
36. For loss less short transmission line

= T = Selo-900 - 2|00

= T = loe-5-YRjee

= P, +]jQ.= VS)\(/R|9_ VR|l0

— VSVR _ _V_FZQ 0
P.= X cos(90° —3) X cos90
2
= P, = V75|n5 (1)

[ IVl = Vel = V]
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— VSVR H (N _V_FZ{ H 0
Qg = -~ sin(90° o) Xsm90

V2 V?
= Q. = 70058—7 ..(2)
s = CVg +DIg
= s = g
= T =T = 3ele0n -5l
S = Vsls

2
= P+ jQ, = le0n- Yol jg00 45

P, = VYSZCOSQOO —%COS(QO0 +38)
= P, = VyzsinS ..(3)
Q= \/YszsinQO0 —%sin(QO"R})
- Q= VYZ—VYZCOSS ..(4)

P..=P,-P. =0

loss

2V2
= Qe = Q- Qg = 7(1—005 d)

37. At lagging power factor voltage regulation is given by

I )
V.R. = V—R(Rcose + Xsino)

1
= Z—(Rcose + Xsino)
B
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_R X .
= Z cosO + Zs sind

R,,cos6 + X sind
For maximum voltage regulation at lag p.f.

diVR) _
g -
= R (=sinb) = X (cosB) = 0
= R,,sinb = X cosb
= tand = o = X1z y
- Rpu - R/ZB - R
2= JR?xX?
p.f. = cosp = ;
X Z

R
At leading power factor voltage regulation is given by

|
VR. é(Rcose — Xsin0)

1
Z (Rcosb — Xsing)

R R
Zs cosO — Zs sind

R,,c0s6 — X sind
For zero voltage regulation at lead p.f.
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R Z
0
X
VR. =0
= R ,c0s0 = X sind
= tand = i = RIz =R
— Xpu - X/ZB - X
_ B2
p.f. = cosH = Z

38. Suspension type line insulators consist of number of porceline discs
connected in series by metal links in the form of a string. Each unit
or disc is designed for low voltage and number of disc depend upon
working voltage.

Potential distribution over suspension insulator string :-

+
|1/\ T

—1c V,
C,

[ — _
] ] e *
1 I,

—_—C Ve
C

(R

i
VO
—c Vs
O le) —
Conductor
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39.

Where, C = Self capacitance of insulator.
C, = Mutual or stray capacitance
Let % =K
=1 +1
= ocV, = acV, + ac,V,
= CV, = CV, + (KC)V,
= V, =V, + K)

Due to presence of stray capacitance unequal current and voltage
distribution along the each disc of string i.e., V, <V, < V..

I3 N IZ i i2
= ocV, = acv, + o(KC)(V,+V,)
= V, =KV, + (1 + K)V,
= V, =KV, + (1 + K) (1 + K)V,
= V,= (1 + 3K+ KV,

This unequal potential distribution represent by storing efficiency

B Voltage across the string
"= Number of disc x \oltage across lowest disc

\Y
T nxV,

Vv :
x100% = 2->x100%  fif n = 3]

To improve string efficiency i.e. for equal distribution of voltage
along the string.

e Using longer cross arm

e Using insulation grading (c, < ¢, < c,)
e Using guard ring

T-model of medium transmission line.

.
6 I L o I
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Apply KVL in loop (1)

Z
V1 = VR + EIR
=YV, =YV, + %lR
=1 +1
YZ
= o =YV, + 1+7 Ir
Compare with
I, = CV, + DI,
cC=Y
YZ
= |
D 4 >

Apply KVL in Loop (2)

Z
V=V+§IS

S 1

v, = (vR +§IR)+§[YVR +[1+¥le}
(1+¥)VR ; z(u%) I

Compare with

\Y

S

V, = AV, + BI,
. YZ
A=1+ >
YZ

- Z|1+—

B (+4)

Q00O
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