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Q.1 (a) What is per unit system? How are the base quantities selected? What are the advantages of per unit system?
In the power systems analysis field of electrical engineering, a per-unit system is the expression of system quantities as fractions of a defined base unit quantity. Calculations are simplified because quantities expressed as per-unit do not change when they are referred from one side of a transformer to the other. This can be a pronounced advantage in power system analysis where large numbers of transformers may be encountered. Moreover, similar types of apparatus will have the impedances lying within a narrow numerical range when expressed as a per-unit fraction of the equipment rating, even if the unit size varies widely. Conversion of per-unit quantities to volts, ohms, or amperes requires a knowledge of the base that the per-unit quantities were referenced to. The per-unit system is used in power flow, short circuit evaluation, motor starting studies etc.
The main idea of a per unit system is to absorb large differences in absolute values into base relationships. Thus, representations of elements in the system with per unit values become more uniform.
A per-unit system provides units for power, voltage, current, impedance, and admittance. With the exception of impedance and admittance, any two units are independent and can be selected as base values; power and voltage are typically chosen. All quantities are specified as multiples of selected base values. For example, the base power might be the rated power of a transformer, or perhaps an arbitrarily selected power which makes power quantities in the system more convenient. The base voltage might be the nominal voltage of a bus. Different types of quantities are labeled with the same symbol (pu); it should be clear whether the quantity is a voltage, current, or other unit of measurement.



Advantages of Per Unit System
There are mainly two advantages of using the Per Unit System.
· The parameters of the rotating electrical machines and the transformer lies roughly in the same range of numerical values irrespective of their ratings if expressed in per unit system of their ratings.
· It relieves the analyst of the need to refer circuit quantities to one or other side of the transformer, making the calculations easy.



Or
Q.1 (a) A 90 MVA, 11KV 3 phase generator has a leakage reactance of 25%. The Generator supplies two motors through transformers and transmission lines as shown in fig 1. The transformer T1 is a 3 phase transformer, 100MVA, 10/132KV, 6% reactance. The transformer T2 is composed of 3 single phase unit rated at 100MVA 132/10KV, with 5% reactance. The motors are rated 50MVA and 40 MVA with 20% reactance. Taking the generator rating as base, draw per unit reactance diagram. The reactance of the line is 100Ω.
[image: ]
FIG:1
Q.2 Fig 2 shows a 4 bus system. The shunt faults at the buses are negligible. The line impedances are as below.
	Line (Bus to Bus)
	1-2
	2-3
	3-4
	1-4

	R(pu)
	0.025
	0.02
	0.05
	0.04

	X(pu)
	0.10
	0.08
	0.20
	0.16



[image: ]
FIG:2



I. Assume that the line from bus 1 to bus 3 is not present. Formulate YBUS Matrix.
II. Which Element of the YBUS obtained above are affected when the line from bus 1 to bus 3 (shown dotted in fig) is added? If the p.u. Impedance of the line is 0.1+j0.4. Find new YBUS
[image: ]
[image: ][image: ]

Or
Q.2 Explain the short circuit study of a transmission also explain the Doubling Effect.
[image: ]
[image: ]
[image: ]
[image: ]
Q.3 Draw equivalent circuits of a synchronous machine under sub transient, transient and steady state conditions.
[image: ][image: ][image: ][image: ]
Or
Q.3 Generator G1 & G2 are identical and rated 11KV, 20MVA and have a transient reactance of 0.25p.u. at own MVA base. The transformer T1 & T2 are also identical and are rated 11/66 KV, 5MVA and have a reactance of 0.06 p.u. to their own base MVA. The tie line is 50Km long, each conductor has a reactance of 0.848 Ω/Km.  The 3 phase fault is assumed at F=20 Km from generator G1 as shown in fig 3. Find the short circuit current.
[image: ]
Fig:3
[image: ][image: ]
Q.4 Explain & Formulate the value of ZBUS when an impedances ZS connects two old buses (i & j).
[image: ]


[image: ]

Or
Q.4 Explain the procedure for formulation of admittance matrix.
In a power system, power is injected into a bus from generators, while the loads are tapped from it. There may be some buses with only generators and there may be other only with loads. Some buses have generators and loads while some other may have static capacitors for reactive power compensation. The surplus power at some of the buses is transported through transmission lines to the bus deficient in power.
Single line diagram of a simple 4-bus system with generators and load at an each bus is shown in the figure. Let SGi denote the 3-phase complex generator power flowing into the ith bus and SDi denotes the 3-phase complex power demand at the ith bus. Let SGi and SDi may be represented as
[image: https://circuitglobe.com/wp-content/uploads/2016/07/bus-admmitance-matrix-equation-1-compressor.jpg]
Net complex power injected into the bus is given as
[image: ]
[image: https://circuitglobe.com/wp-content/uploads/2016/07/one-line-diagram-of-bus-admitance-matrix-2-compressor.jpg]
A network model of the given power system worked out on the above line is shown below in the figure. S1, S2, S3, S4 denote the net 3-phase complex power flowing into the buses and I1, I2, I3, I4 denotes the current flowing into the buses. Each transmission line is represented by a π-circuit.
The equivalent circuit of 4-bus system is shown in the figure below. All the sources of the bus system connected to the common reference at ground potential and the shunt admittance at the busses have been lumped. Besides the ground node, it has four other nodes or buses at which the current from the source is injected into the network. The line admittance between nodes i and k is represented by yik =  yki. Further, the mutual admittance between lines is assumed to be zero.
[image: https://circuitglobe.com/wp-content/uploads/2016/07/equivalent-circuit-of-bus-admitance-matrix-compressor.jpg]
[image: ]
[image: ]
Yii is known as self-admittance ( or driving point admittance ) of the ith node and is equal to the sum of the admittance connected to the ith node. Each off-diagonal term Yik is known as mutual admittance (or transfer admittance ) between ith and kth node and is equal to the negative of the sum of all the admittances connected directly between ith and kth node
The equation can be written in compact form as
[image: ]
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Q.1 With the help of single line diagram, explain the basic components of a power system.	
[bookmark: _GoBack][image: Image result for single line diagram]
Or
Q.1 what do you mean by per unit and percentage quantities? Explain the per unit impedances in transformer circuit.
In a large interconnected power system with various voltage levels and various capacity equipments it has been found quite convenient to work with per unit (p.u.) system of quantities for analysis purposes rather than in absolute values of quantities. Sometimes per cent values are used instead of p.u. but it is always convenient to use p.u. values. The p.u. value of any quantity is defined as The actual value of the quantity (in any unit) The base or reference value in the same unit In electrical engineering the three basic quantities are voltage, current and impedance. If we choose any two of them as the base or reference quantity, the third one automatically will have a base or reference value depending upon the other two e.g., if V and I are the base voltage and current in a system, the base impedance of the system is fixed and is given by Z = V/ I . The ratings of the equipments in a power system are given in terms of operating voltage and the capacity in kVA. Therefore, it is found convenient and useful to select voltage and kVA as the base quantities. Let Vb be the base voltage and kVAb be the base kilovoltamperes, then 
[image: ]




Q.2 Explain the procedure for formulation of admittance matrix.
In a power system, power is injected into a bus from generators, while the loads are tapped from it. There may be some buses with only generators and there may be other only with loads. Some buses have generators and loads while some other may have static capacitors for reactive power compensation. The surplus power at some of the buses is transported through transmission lines to the bus deficient in power.
Single line diagram of a simple 4-bus system with generators and load at an each bus is shown in the figure. Let SGi denote the 3-phase complex generator power flowing into the ith bus and SDi denotes the 3-phase complex power demand at the ith bus. Let SGi and SDi may be represented as
[image: https://circuitglobe.com/wp-content/uploads/2016/07/bus-admmitance-matrix-equation-1-compressor.jpg]
Net complex power injected into the bus is given as
[image: ]
[image: https://circuitglobe.com/wp-content/uploads/2016/07/one-line-diagram-of-bus-admitance-matrix-2-compressor.jpg]
A network model of the given power system worked out on the above line is shown below in the figure. S1, S2, S3, S4 denote the net 3-phase complex power flowing into the buses and I1, I2, I3, I4 denotes the current flowing into the buses. Each transmission line is represented by a π-circuit.
The equivalent circuit of 4-bus system is shown in the figure below. All the sources of the bus system connected to the common reference at ground potential and the shunt admittance at the busses have been lumped. Besides the ground node, it has four other nodes or buses at which the current from the source is injected into the network. The line admittance between nodes i and k is represented by yik =  yki. Further, the mutual admittance between lines is assumed to be zero.
[image: https://circuitglobe.com/wp-content/uploads/2016/07/equivalent-circuit-of-bus-admitance-matrix-compressor.jpg]
[image: ]
[image: ]
Yii is known as self-admittance ( or driving point admittance ) of the ith node and is equal to the sum of the admittance connected to the ith node. Each off-diagonal term Yik is known as mutual admittance (or transfer admittance ) between ith and kth node and is equal to the negative of the sum of all the admittances connected directly between ith and kth node
The equation can be written in compact form as
[image: ]

Or
Q.2 The parameters of a 4 bus system are as follows:
	Bus Code
	Line Impedances (p.u)
	Charging admittance YPq/2 (p.u)

	1-2
	0.2+j0.8
	j0,02

	2-3
	0.3+j0.9
	j0,03

	2-4
	0.25+j1.0
	j0.04

	3-4
	0.2+j0.8
	j0.02

	1-3
	0.1+j0.4
	j0.01



Draw the network and find bus admittance matrix.

Q.3 A synchronous generator and asynchronous motor each rated 25 MVA, 11KV having 15% sub transient reactance are connected through transformer and a line as shown in fig 1. The transformer are rated 25 MVA, 11/66 KV and 66/11 KV with leakage reactance of 10% each. The line has a reactance of 10% on a base of 25MVA, 66 KV. The motor is drawing 15 MW at 0.8 power factor leading and a terminal voltage of 10.6 KV when a symmetrical three phase fault occurs at motor terminals. Find the sub transient current in the generator, motor and fault.
[image: ]
Fig:1
[image: ][image: ]
Or
Q.3 Discuss the analysis of short circuit on a loaded synchronous machine and draw models for computing sub transient current, transient current etc. 
[image: ][image: ][image: ][image: ]




Q.4 Explain the short circuit study of a transmission also explain the Doubling Effect.
[image: ]
[image: ]
[image: ]
[image: ]

Or
Q.4 Explain & Formulate the value of ZBUS when an impedances ZS connects an old bus (j) to the reference bus (r).
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So, the bus admittance matrix can be given as

3.82—j1529 —2.35+9.41 0’ -1.47 + j5.88
235+ 041 529-j21.17 294+ )11 76 0

Yol = -0 294+ j11.76 4.116—-j16.466 —1.176+ j4.706
—1.47 + j5.88 0 ~1.176+ j4.706  2.646— j10.58 | |

() If line from bus 1 and bus 3 is connected then the elements affected be ¥, ) S
Y, while the other elements remain same.
; Y, [new] = Yy, [old] + ¥y
' =3.82 - 1529 + 0.588 — j 2.352
= 4.408 — j 17.642
Yy[new] = Y3s[old] + i3 .
=4.116 —j 16.466 + 0.588 — j 2.352
=4.407 —j 18.818
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During the steady state short circuit conditions, the arma}ture' r_eactlon of a synchronoyg
generator gives a demagnetizing flux. While modelling the circuit Fhls is shown as a reactance X,
in series with the induced emf. This reactance when combined with the lea'kage: reactance X, of
the machine is called synchronous reactance X, (in case of salient pole machines it is called direct
axis synchronous reactance). The armature resistance is small so it is neglected. Thus, the steady
state short circuit model of a synchronous machine can be given as in fig. 4.3(a).

X, Xa

~ Synchronous reactance
Fig. 4.3 (a) Steady state short circuit model of a synchronous machine

Consider a three phase generator on the load, running at synchronous speed. Suddenly, the
three phases are short circuited as shown in fig. ‘

3-¢ .
synchronous Short circuit
generator

Fig. 4.4 (b) Three phase generator (short circuited)

~ The machine will undergo a transient in all three phases and finally end up with steady state
conditions. The circuit breaker must interrupt the current before reaching steady state conditions.

Immediately after short circuit occurs, the transient or DC off set currents appear in three
phases with a different magnitude. It is because the point on voltage wave at which short circuit
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is different fo .

0cclrS lsthther the ;;::th Phas‘e, (Since the voltages of the three phases are 120° out of phase

. j?ct 1 aﬁt;r short ci Cl.rcu‘t occurs at different on the voltage wave of each phase). Thus,

;mmediately : .lecult, the symmetrical short circuit current is limited only by the leakage

reactance of the machine.

a»@&.’the. air gap flux cannot change suddenly, so to counter demagnetization of the armature,
short circuit current currents appear in field winding as well as in the damper winding in a
direction to he]? the main flux. These currents dééay 0 accordance with the winding time
constants. The time constant of the damper winding which has low leakage inductance is much
jess than that of the field winding, which has high leakage inductance.

Thus, during just after short circuit, the damper and field windings have transformer currents
induc_ed in them 50 that in the circuit model their reactances X of field winding and X, of damper
winding appear in parallel with X as shown in fig. 4.3 ().

Direct axis
subtransient reactance

Fig. 4.3 (c) Approximate circuit model during subtransient period of short circuit

Firstly, the damper winding currents die out, X, becomes open circuited and at a later stage
X, also becomes open circuited. The machine reactance thus changes from parallel combination
of X, Xfand X, during the initial period of short circuit to X, and X, in parallel (as shown in
fig. 4.3 (d) in the middle period of short circuit, and finally to X, in steady state (as shown in figure

43 @)
e Xar K

Direct axis
transient reactance

| Fig. 4.3 (d) Approximate circuit model during transient period of short circuit
" (- The reactance presented by the machine in the initial period of the short circuit, ie.

7

(4T
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after the damper winding currents have died out can be given as
| ...(4.8)
ctance of the machine. The reactance under steady state

Xd' is called the transient rea i
machine.

condition (X)) is the synchronous reactance of the
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. Fig. 4.4 (a) Symm?rical short circuit armature current in synchronous machine
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Fig. 4.4 (b) Envelope of synchronous machine symmetrical short circuit current

The current wave shape after DC off set current have been removed is shown in fig. 4.3()

" and the envelope of the current wave is plotted in fig. 4.4(b).

The short circuit current can be divided into three parts as follows:

; (,1),. Subtransient current I

Current during subtransient period which is large in magnitude as the machine offers

~ subtransient reactance.
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where  |Eg| = per phase no load voltage (rms)
X7 = direct axis subtransient reactance.

7)) Transient current

The current during middle transient period where the machine offers transient reactance

i) = f > | Xg,\

where IEgI = per phase no load voltage (rms)

= direct axis transient reactance.
~ (3) Steady state current

The current offered during the steady state period with synchronous reactance in exister

a _|F
= \/_ X4
where |E,| = per phase no load voltage (rms)

X 4= direct axis synchronous reactance
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Solution : Base MVA =20

Base voltage is 11kV for LT side.of transformer T, and 66kV for HT side.

x 66
20

Reactance of line = 50 x 0.848 = 42.4Q)

Base impedance for HT side of transformer = = 217.8Q2




image16.jpg
42.4
. : = — " =0.195 p-u.
p.u. reactance of line 217.8

p.u. reactance for 20km line = 0.078 p.u.

20
p.u. reactance of transformer = 0. 06><—5— =0.24

j0.25 j0.24 JO 78 1017 j0.24
000 I ! RN

The circuit can be reduced as

j0. 25 j0. 24 10 78

j0.24

jO 17

j0.25

1
= ——=2304
| Fault MV. 0434 p.u.

iy 1 :
Faul = ——=2.304 p.u.
ault current 0.434 p.u |

20 x10° '
xoox1s " 114954,

"'“Fmﬂtcunent-—23o4><17495 403.084

AT U e SR S, 1 [+ w2 il e R . SRR T

Base current =




image17.png
Let us assume that we add an impedance Z; between two existing buses & and j as shown in
Fig. 3s. Therefore the current injected into the network from the bus & side will be Ix- I
instead of ;. Similarly the current injected into the network from the bus; side will
be I; + I, instead of J;. Consequently the voltage of the i bus will be

(@]
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Fig. 3 An impedance is added between fwo existing buses.

We shallnow have to liminate I from the above equations. To do that we note from Fig. 3

=2, 0
Substinting (8) and 9 n (10) we get
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Where
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Sei = Pei +JQa:

Spi = Ppi +JjQa:
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P +jQi = (Pai — Ppi) +(Qai — Qpi)

The real and reactive power injected into the ith bus are then.

Py = Pgi—Pp;

Qi = Q1 — Qn:

where

1,2,3,4,
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One Line Diagram of a 4-Bus System
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Applications of Kirchhoff's current law to the four nodes gives the following
equation.

L=Viyio+ (y

Vo)yiz + (V= V2)yna

L= Voyao+ (2 = Vi)yia + (o= Va)yas + (V2 = Va)yze

2= Vyso+ (Vs = Va)yus + (Vs = Va)yas + (Va = Va)yss
1a=VaYao + (Ve = Va)yaa + (Vi = Va)yss

The above equation can be rearranged and written in matrix form as below.

h] [rotyztys Y2 iz W
| _ -y Yoo+ Vit Y3 +Vas -¥zs v
| ’)’13 ¥z Y30+ i3+ Va3 +yss Vs
A ~Yae s Yao + Y24 +y3al Ve

The self-admittance terms of the matrix are given as
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Y11 =Y10o+ Y12+ 13

Y22 = Y20+ Y12+ Va3 +Y2a

Y33 =Ya0+ Y3+ Vas+Vas

Yaa = Yao+Yas +¥3s

The mutual admittances of the matrix are given as

V125920 T V12

Va3 =Y31 =<Va3

Ve =Yar = —Y1a =0

Y23 = Y32 =~V
Y24 = Yaz = —Yas

Y34 = Va3 = —Vas

Matrix is written in terms of self-bus admittance Y; and mutual bus admittance

Yik as follows.

L] [ Y12
L|_ [y v22
I~ |ysr ¥a2

Ll e ve

Y13
Va3
Yaz
Va3

Yaa
Yaa
Yaa
Yaa
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[Tous] = [Yous] (V]

Where I is the current node matrix, V is the node voltage matrix and [ Yous ] is
the bus admittance matrix. General equation for n-bus network based on
Kirchoff's" current law and admittance form is

[Tous] = [Yous] * [V]

where [ 1] is the n-bus matrix, [ V ] is the n-bus voltage matrix and, [ Ybus ] is
called bus admittance matrix and is written as

1 =YV

Yy Y - Y
| B2~ i

Vo Yoz = Yun

and is called the bus admittance matrix and V and I are the n-element node
voltage matrix and current node matrix respectively.
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Solution : The pre fault equivalent circuit be

0.1

All reactances are given on a base of 25MVA and appropriate voltages.

10.6
Pre fault voltage V), = —]—1-=0.963640°p.u.

((KV)I)H - (KV)AClual) ’
(KIV)basc
Load = 15MW, 0.8 p.f leading

= .’]2—5= 0.6 p.u., 0.8 p.f (leading)
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, 0.7536+ j0.2800

g j0.45

= 0.6226 — j1.6746 p.u.

L 1.0336 —0.0933
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=""015
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