
UNIT – VI

• System modeling: Representation of
transmission lines-circuit representation of
synchronous machine-two winding and three
winding transformers-Per unit representation
and advantages - single line diagram
representation-impedance and reactance
diagrams-changing the base of per unit
quantities.



Per Unit System

• For the analysis of electrical machines or
electrical machine system, different values are
required, thus, per unit system provides the
value for voltage, current, power,
impendence, and admittance.

• The Per Unit System also makes the
calculation easier as all the values are taken in
the same unit. The per-unit system is mainly
used in the circuit where variation in voltage
occurs.



• Definition: The per-unit value of any quantity
is defined as the ratio of actual value in any
unit to the base or reference value in the
same unit.

• Any quantity is converted into per unit
quantity by dividing the numeral value by the
chosen base value of the same dimension. The
per-unit value is dimensionless.





Advantages of  Per Unit system(PU )

• 1.Manufacturers usually specify the impedance

value of equipment in pu of the equipment rating.

• 2.The PU impedance of m/c’s of the same type

and widely different rating usually lie within

narrow range

• 3.PU data representation yields important

information about relative magnitudes

• 4.In a transformer if the base values are selected

properly, the pu impedance is same on both sides

of Transformer.



Dis advantages of PU systems

1.For transmission lines, its value of impedance
and admittances in physical units (eg:
ohms/km) that are of same magnitude
regardless of voltage level or MVA rating

2.Equivalent circuits of the components are
modified, making them somewhat more
abstract. Sometimes phase shifts that are
clearly presented in the unscaled circuits
varnish in per-unit system



Selection bases
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CHANGE OF BASE VALUE





PER UNIT IMPEDANCE OF TRANSFORMERS









































Three Winding Transformer:
Three Winding Transformer may be built with a third
winding, called the tertiary, in addition to the primary and
secondary. Various purposes the use of a tertiary winding
are given below:

1.To supply the substation auxiliaries at a voltage different
from those of the primary and secondary windings.

2.Static capacitors or synchronous condensers may be
connected to the tertiary winding for reactive power

injection into the system for voltage control.



3.It limits voltage imbalance when the load is
unbalanced. It also permits the third harmonic current
to flow thereby reducing third-harmonic voltages.

4.Three windings may be used for interconnecting
three transmission lines at different voltages.

5.Tertiary can serve the purpose of measuring voltage of
an HV testing transformer.

https://www.eeeguide.com/introduction-to-power-transmission-lines/


Equivalent Circuit:

• The equivalent circuit of a Three Winding Transformers
can be represented by the single-phase equivalent
circuit of Fig.

• wherein each winding is represented by its equivalent
resistance and reactance.

• All the values are reduced to a common rating base
and respective voltage bases.

• The subscripts 1, 2 and 3 indicate the primary,
secondary and tertiary respectively.



Equivalent Circuit of 3winding transformer

3winding transformer



• The impedance of above Fig. can be readily obtained from
three simple short-circuit tests. If Z12 indicates the SC
impedance of windings 1 and 2 with winding 3 open, then
from the equivalent circuit,

https://www.eeeguide.com/sequence-impedances-and-networks-of-synchronous-machine/


• All the impedances are referred to a common 
base. 

• Solving Eq. (1) to Eq. (3) yields



To express these impedances in p.u , the base 
values are selected as under

• 1.kVA base is the same for all the three
windings.

• 2.The related line to line kV is same for each of
the 3 windings, is selected as base kV for the
winding









REPRESENTATION OF POWER SYSTEM NETWORK



Single Line Diagram of Power System

• Single line diagram is the representation of a
power system using the simple symbol for each
component.

• The single line diagram of a power system is the
network which shows the main connections and
arrangement of the system components along
with their data (such as output rating, voltage,
resistance and reactance, etc.).



• Generator and transformer connections, star,
delta and neutral earthing are indicated by
symbols drawn by the side of the
representation of these elements.



Figure 1 – Common power symbols used in single line diagrams





Impedance or reactance  Diagram for the Power System:

• In impedance or reactance diagram, each
component is represented by its equivalent circuit.

• This equivalent circuit of power system is used to
analyse the performance of a system under load
or to analyse the condition of the system under
fault.



• The diagram shown below is the balanced 3-
phase diagram.

• The impedance diagram on single phase basis
for use under balanced operating conditions
can be easily drawn from the single line
diagram.

• The generators are represented as voltage
source with series impedance .



• single phase transformer equivalent are
shown as ideal transformer with transformer
impedances indicated on appropriate side.

• A short transmission line is represented by
series impedance, medium and long lines by
nominal pie circuit.

• A very long lines represented by equivalent
pie circuit



• The static load is represented by a resistive
and inductive reactance in series.

• Motors are represented by equivalent circuits.

• Neutral earthing impedance do not appear in
the diagram as the balanced condition is
assumed.





• The impedance diagram can further be
simplified by making certain assumptions and
reduced to simplified reactance.

• Reactance diagram is drawn by neglecting the
effective resistance of generator armature,
transformer winding resistance, transmission
line resistance line charging and the
magnetising circuit of transformers.

• Reactance diagram of the power system is
shown below.



Reactance Diagram for the Power System

• The reactance diagram gives an accurate result
for many power system studies, such as short-
circuit studies, etc.

• The winding resistance, including the line
resistance, are quite small in comparison with
leakage reactance and shunt path which
includes line charging and transformer
magnetising circuit provide a very high parallel
impedance with fault.





• It is considered that if the resistance is less
than one-third of the reactance, and
resistance is ignored, then the error
introduced will be not more than 5 %.

• If the resistance and reactance ignored errors
up to 12% may be introduced. The errors
mean their calculation gives a higher value
than the actual value.



PROCEDURE TO FORM REACTANCE DIAGRAM FROM 
SINGLE LINE DIAGRAM

• 1.Select a base power kVAb or MVAb

• 2. Select a base voltage kVb. Consider the system to be
divided into no.of sections by the transformers. calculate
the kV bases of other sections in the ratio of
transformation.

• i.e The voltage conversion is achieved by means of 
transformer kVb on LT side= kVb on HT side x LT voltage 
rating/HT voltage rating 

• 3. calculate the p.u values of reactance in each section 
and connect them up as per the topology of single line 
diagram 

• The result is the single phase p.u reactance diagram



















• Ex2: A 25MVA,11kV Three phase generator has a sub
transient reactance of 20%. The generator supplies two
motors over a transmission line with transformers at
both ends as shown in one line diagram of figure. The
motors have rated inputs of 15 and 7.5 MVA, both 10kV
with 25% sub transient reactance. The three phase
transformers are both rated 30MVA, 10.8/121kV,
connection delta-star with leakage reactance of 10%
each. The series reactance of the line is 100 ohms.









• Ex3: A 30MVA,11kV Three phase generator
has a sub transient reactance of 15%. The
generator supplies one motor over a
transmission line with transformers at both
ends The motors have rated inputs of 15 MVA,
10kV with 20% sub transient reactance. The
three phase transformers are both rated
25MVA, 11/120kV, connection star-delta with
leakage reactance of 5% each. The series
reactance of the line is 50 ohms.































• Ex. A 90MVA ,11kV,three phase generator has a reactance
of 25%. The generator supplies two motors through
transmission line. The transformer T1 is three phase
transformer, 100MVA, 10kV/132kV, 6% reactance. The
transformer T2 is composed of 3 single phase units each
rated at 30MVA, 66/10kV with 5% reactance. The motors
are rated at 50MVA & 40MVA both 10kV ,20% reactance.
Taking generator ratings as base, draw reactance diagram
and indicate reactance in p.u.













Solution:



Example:
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