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Short Circuits
1.
Introduction

Voltage sags are due mostly to faults on either transmission systems or distribution feeders.  Transmission faults affect customers over a wide area, possibly dozens of miles, but distribution faults usually affect only the customers on the faulted feeder or on adjacent feeders served by the same substation transformer.

Single-phase faults (i.e., line-to-ground) are the most common type of faults, followed by line-to-line, and three-phase.  Since single-phase and line-to-line faults are unbalanced, their resulting sag voltages are computed using symmetrical components.  Transformer connections affect the propagation of positive, negative, and zero sequence components differently.  Thus, the characteristics of a voltage sag changes as it propagates through a network.

Typically, a transmission voltage sag passes through two levels of transformers before reaching a 480V load (e.g., 138kV:12.47kV at the entrance to the facility, and 12.47kV:480V at the load).  120V loads likely have a third transformer (e.g., 480V:120V).  It is not intuitively obvious how the sag changes, but the changes can be computed using symmetrical components and are illustrated in this report.

2.
Symmetrical Components

An unbalanced set of N related phasors can be resolved into N systems of phasors called the symmetrical components of the original phasors.  For a three-phase system (i.e. N = 3), the three sets are:

1.
Positive Sequence - three phasors, equal in magnitude, 120o apart, with the same sequence (a-b-c) as the original phasors.

2.
Negative Sequence - three phasors, equal in magnitude, 120o apart, with the opposite sequence (a-c-b) of the original phasors.

3.
Zero Sequence - three identical phasors (i.e. equal in magnitude, with no relative phase displacement).

The original set of phasors is written in terms of the symmetrical components as follows:
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where 0 indicates zero sequence, 1 indicates positive sequence, and 2 indicates negative sequence.

The relationships among the sequence components for a-b-c are

Positive Sequence

Negative Sequence

Zero Sequence
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The symmetrical components of all a-b-c voltages are usually written in terms of the symmetrical components of  phase a by defining
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Substituting into the previous equations for 
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In matrix form, the above equations become
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(1)

or in matrix form
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where transformation matrix T is
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If 
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), then substituting into 
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Hence, balanced voltages or currents have only positive sequence components, and the positive sequence components equal the corresponding phase a voltages or currents.

However, balanced voltages are rare during voltage sags.  Most often, one phase is affected significantly, and the other two less significantly.  Thus, all three sequence voltages 
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 exist during most sags, and these sequence voltages are shifted differently by transformers when propagating through a system.  When recombined to yield phase voltages 
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, it is clear that the form of phase voltages must also change as transformers are encountered.

3.
 Transformer Phase Shift

The conventional positive-sequence and negative-sequence model for a three-phase transformer is shown below.  Admittance y is a series equivalent for resistance and leakage reactance, tap t is the tap (in per unit), and angle θ is the phase shift.


[image: image29.wmf]y

Ii --->

Ik --->

Bus i

Bus k

q

t /

:1

Bus k'


Figure 1.  Positive- and Negative-Sequence Model of Three-Phase Transformer

For grounded-wye:grounded-wye and delta:delta transformers, θ is 0˚, and thus positive- and negative-sequence voltages and currents pass through unaltered (in per unit).  However, for wye-delta and delta-wye transformers, θ is sequence-dependent and is defined as follows:

· For positive sequence, θ is +30˚ if bus i is the high-voltage side, or –30˚ if bus i is the low-voltage side

and oppositely

· For negative sequence, θ is –30˚ if bus i is the high-voltage side, or +30˚ if bus i is the low-voltage side

In other words, positive sequence voltages and currents on the high-voltage side lead those on the low-voltage side by 30˚.  Negative sequence voltages and currents on the high-voltage side lag those on the low-voltage side by 30˚.

For zero-sequence voltages and currents, transformers do not introduce a phase shift, but they may block zero-sequence propagation as shown in Figure 2.
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Figure 2.  Zero-Sequence Models of a Three-Phase Transformer

It can be seen in the above figure that only the grounded-wye:grounded-wye transformer connection permits the flow of zero-sequence from one side of a transformer to the other.

Thus, due to phase shift and the possible blocking of zero-sequence, transformers obviously play an important role in unbalanced voltage sag propagation.

4.
System Impedance Matrices
Fault currents and voltage sags computations require elements of the impedance matrix Z for the study system.  While each of the three sequences has its own impedance matrix, positive- and negative-sequence matrices are usually identical.  Impedance elements are usually found by

· building the system admittance matrix Y, and then inverting it to obtain the entire Z,

or by

· using Gaussian elimination and backward substitution to obtain selected columns of Z.

The admittance matrix Y is easily built according to the following rules:

· The diagonal terms of Y contain the sum of all branch admittances connected directly to the corresponding bus.

· The off-diagonal elements of Y contain the negative sum of all branch admittances connected directly between the corresponding busses.

The procedure is illustrated by the three-bus example in Figure 3.
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Figure 3.  Three-Bus Admittance Matrix Example

Applying KCL at the three independent nodes yields the following equations for the bus voltages (with respect to ground):


At bus 1, 
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At bus 2, 
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At bus 3, 
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Collecting terms and writing the equations in matrix form yields
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or in matrix form,
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Besides being the key for fault calculations, the impedance matrix, 
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, is also physically significant.  Consider Figure 4.
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Figure 4.  Physical Significance of the Impedance Matrix

(the impedance matrix includes Norton equivalent impedances for the current sources)

Impedance matrix element 
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where 
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 is a current source attached to bus k, 
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 is the resulting voltage at bus j, and all busses except k are open-circuited.  The depth of a voltage sag at bus k is determined directly by multiplying the phase sequence components of the fault current at bus k by the matrix elements 
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 for the corresponding phase sequences.

5.
 Short Circuit Calculations

Short circuit calculations require positive, negative, and zero sequence impedance information, depending on whether or the fault is balanced or not.  For example, the commonly-studied, but relatively rare, three-phase fault is balanced.  Therefore, only positive sequence impedances are required for its study.

Consider the balanced three-phase fault represented by the one-line diagram in Figure 5, where 
[image: image44.wmf]TH

V

 and 
[image: image45.wmf]TH

Z

 are the Thevenin equivalent circuit parameters for bus k.  Fault impedance 
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Figure 5.  Three-Phase Fault at Bus k 

(Thevenin equivalent 
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The fault current and voltage are clearly 
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In a large power system, the Thevenin equivalent impedance for a bus is the corresponding diagonal impedance matrix element, and the Thevenin equivalent voltage is usually assumed to be 1.0 /0 pu.

The type of machine models used when building impedance matrices affects the Thevenin equivalent impedances and fault calculations.  Rotating machines actually have time-varying impedances when subjected to disturbances.  However, for simplification purposes, their impedances are usually divided into three zones - subtransient (first few cycles), transient (6 cycles - 60 cycles), and steady-state (longer than 60 cycles).  When performing fault studies, the time period of interest is usually a few cycles, so that machines are represented by their subtransient impedances when forming the impedance matrices.

Developing the equations for fault studies requires adept use of both a-b-c and 0-1-2 forms of the circuit equations.  The use of sequence components implies that the system impedances (but not the system voltages and currents) are symmetric.  In general, there are six equations and six unknowns to be solved, regardless of the type of fault studied.  In every case, it is necessary to first obtain a key fault equation.  Having the key fault equation, then the resulting bus voltages and branch currents throughout the network during the fault can be determined.  
It is common in fault studies to assume that the power system is initially unloaded and that all voltages are 1.0 per unit.  When there are multiple sources, this assumption requires that there are no shunt elements connected, such as loads, capacitors, etc., except for rotating machines (whose Thevenin equivalent voltages are 1.0 pu.).  The Thevenin voltages (and Norton injection currents) of rotating machines are assumed to be constant during faults.  Terminal voltages of machines are not constant during faults because of Thevenin machine impedances exist between the internal machine voltage and the machine terminals. 
Since wye-delta transformers shift positive, negative, and zero sequence components differently, it is important to model transformers according to the rules given earlier.  This means that the pre-fault voltages all have magnitude 1.0 pu., but that the pre-fault voltage angles can be 
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Balanced Three-Phase Fault
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Consider the three-phase fault at bus k, as shown in Figure 6.  Bus k can be at an existing bus in the Z matrix, or at some fault point along a transmission line (e.g., a lightning strike).  For the latter, the Z matrix must be modified to include the new bus k.
Figure 6:  Balanced Three-Phase Fault at Bus k
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 is not included in the impedance matrix or Thevenin equation.  The 012 Thevenin equation, assuming that all other current injections in the system are unchanged, is
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Note - the minus sign is needed because the fault current has been drawn as positive outward.  
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Equations related to the faulted element, which is external to the Z matrix, are
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The relationship between 012 fault currents and abc fault currents is
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(3P_3)

Substituting (3P_3) into 012 Thevenin equation (3P_1) yields
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Adding the three rows yields
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Substituting 
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Solving for 
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 yields the key fault equation for three-phase balanced faults 
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Having the key fault equation, then the resulting bus voltages and branch currents throughout the network during the fault can be determined.  Recall from (3P_3) that the 012 fault current components are
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All zero sequence and negative sequence currents in the network are zero, so all zero sequence and negative sequence voltages in the network remain zero.  Positive sequence network voltages can be found from the Thevenin equivalent circuit equation
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Then, positive sequence currents in branches can be found using Ohm’s Law with positive sequence branch impedances.  

Single-Phase to Ground Fault

Consider the single-phase fault at bus k, as shown in Figure 7.  
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Figure 7:  Single-Phase Fault at Bus k, Phase a
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Equations related to the faulted element, which is external to the Z matrix, are 
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The relationship between 012 fault currents and abc fault currents is
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Substituting (1P_3) into the 012 Thevenin equation (1P_1) yields
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Adding the three rows yields
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Substituting 
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Multiplying both sides by 3 and solving for 
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 yields the key fault equation for single-phase to ground faults 
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(1P_4)

Having the key fault equation, then the resulting bus voltages and branch currents throughout the network during the fault can be determined.  Recall from (1P_3) that the 012 fault current components are
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All 012 network voltages can then be found from the 012 Thevenin equation (1P_1)


[image: image88.wmf]F

k

k

j

e

j

F

j

I

Z

V

V

012

012

,

012

Pr

012

012

-

=

 .


Then, 012 fault currents in branches can be found using Ohm’s Law and the corresponding positive, negative, and zero sequence branch impedances.  Afterward, 012 voltages and currents can be converted to abc.  See later sections on how to include transformer phase shifts when converting 012 to abc.
Note that if 
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 , a single-phase fault will have a higher value than does a three-phase fault.

Line-to-Line Fault
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Consider the line-to-line fault at bus k, as shown in Figure 8.

Figure 8.  Line-to-Line Fault Between Phases b and c at Bus k
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 is not included in the impedance matrix or Thevenin equation.  The 012 Thevenin equation, assuming that all other current injections in the system are unchanged, is
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Equations related to the faulted element, which is external to the Z matrix, are
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The relationship between 012 fault currents and abc fault currents is
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Since a = 1/120° and a2 1/120°, then (a − a2) = 
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Substituting (LL_6) into 012 Thevenin equation (LL_1) yields
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Simplifying yields 
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(LL_7)
From the top row it is clear that there will be no zero sequence voltages, and thus no zero sequence currents.  Note - this is physically true because there is no ground current.

Referring back to (LL_3),
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(LL_8)
Substituting the voltages from (LL_7) into (LL_8) yields
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and, after combining terms, the key fault equation for line-to-line faults (LL_9) is obtained.
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(LL_9)

Having the key fault equation, then the resulting bus voltages and branch currents throughout the network during the fault can be determined.  Recall from (LL_6) that there is no zero-sequence fault current.  Therefore, there are no zero-sequence voltages in the network.  By using the sequence fault currents from (LL_9) and (LL_6), the positive and negative sequence components of all network voltages can then be found from the 012 Thevenin equation (LL_1).
Then, positive and negative sequence fault currents in branches can be found using Ohm’s Law and the corresponding positive and negative sequence branch impedances.  Afterward, positive and negative sequence voltages and currents can be converted to abc.

Note in (LL_9) that for zero fault impedance cases, line-to-line fault current magnitudes are slightly smaller (i.e., 
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 ) than those of three-phase faults.

Line-to-Line-to-Ground Fault

Consider the line-to-line fault at bus k, as shown in Figure 9.  
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Figure 9.  Line-to-Line-to-Ground Fault
The 012 Thevenin equivalent circuit equation, assuming that all other current injections in the system are unchanged, is
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(LLG_1)
Specifics for the fault, which are not included in the system Z matrix or Thevenin equation, follow.  Since phases b and c are tied together,
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From Ohms’s law,
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Because phase a is not faulted, then
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At this point, the objective is to find the key fault equation.  Finding it requires manipulating the above equations until at least one of the 012 components of 
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Begin by examining 
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 from (LLG_3) in terms of sequence components,
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Substituting (LLG_6) into (LLG_3) yields
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(LLG_7)
Examining 
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yields
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Substituting (LLG_8) into (LLG_7) yields
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(LLG_9)

From Thevenin equation (LLG_1),
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According to (LLG_8), equations (LLG_11) and (LLG_12) are equal, so
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(LLG_13)
Substituting (LLG_10) and (LLG_11) into (LLG_9) yields
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which in turn yields
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(LLG_14)

Substituting (LLG_14) and (LLG_13) into (LLG_5) yields


[image: image135.wmf](

)

0

3

2

,

2

1

1

,

1

1

0

,

0

1

1

,

1

=

-

+

+

+

+

-

k

k

pre

ka

F

k

k

k

F

k

F

k

k

F

k

k

k

pre

ka

z

V

I

z

I

Z

z

I

z

V

,


[image: image136.wmf](

)

(

)

0

3

3

2

,

2

2

,

2

1

1

,

1

1

0

,

0

1

1

,

1

0

,

0

=

-

+

+

+

+

+

+

-

k

k

pre

ka

k

k

F

k

k

k

F

k

F

k

k

F

k

k

k

F

k

k

pre

ka

z

V

z

I

z

I

Z

z

I

z

Z

z

V



[image: image137.wmf](

)

(

)

ú

ú

û

ù

ê

ê

ë

é

+

+

=

ú

ú

û

ù

ê

ê

ë

é

+

+

+

2

,

2

0

,

0

2

,

2

1

,

1

0

,

0

1

,

1

1

1

3

1

1

3

k

k

F

k

k

pre

ka

k

k

k

k

F

k

k

k

k

F

k

z

Z

z

V

z

z

Z

z

z

I



[image: image138.wmf](

)

(

)

ú

ú

û

ù

ê

ê

ë

é

+

+

=

ú

ú

û

ù

ê

ê

ë

é

+

+

+

2

,

2

0

,

0

1

,

1

2

,

2

1

,

1

0

,

0

1

1

3

1

1

1

3

1

k

k

F

k

k

k

k

pre

ka

k

k

k

k

F

k

k

F

k

z

Z

z

z

V

z

z

Z

z

I


(LLG_15)
Define 
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so that (LLG_15) becomes
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(LLG_17)
Substituting (LLG_16) into (LLG_17) yields the following key fault equation for line-to-line-to-ground faults
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(LLG_18)
Once the key fault equation is evaluated, then 
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 can be found using (29) and (28), and checked with (20).  Afterward, the 012 bus voltages and branch currents at the fault bus and all other busses throughout the network can be determined.
More on Transformer Phase Shifts

Transformer phase shifts due to wye-delta connections have been ignored in Z matrices and fault calculations up until this point.  They can be handled after 012 fault calculations are made.  Once the sequence components of all voltages and currents have been computed in 012, the phase shifts are introduced according to the following section on “Calculation Procedure.”  This must be done before converting 012 voltages and currents to abc.
6.
Calculation Procedure

Step 1.  Pick a system MVA base and a VLL base at one point in the network.  The system MVA base will be the same everywhere.  As you pass through transformers, vary the system VLL base according to the line-to-line transformer turns ratio.  
Step 2.  The system base phase angle changes by 30º each time you pass through a Y∆ (or ∆Y) transformer.  ANSI rules state that transformers must be labeled so that high-side positive sequence voltages and currents lead low-side positive sequence voltages and currents by 30º.  Negative sequence does the opposite (i.e., -30º shift).  Zero sequence gets no shift.  The “Net 30º ” phase shift between a faulted bus k and a remote bus j is ignored until the last step in this procedure.
Step 3.  Begin with the positive sequence network and balanced three-phase case.  Assume that the system is “at rest” with no currents flowing.  This assumption requires that the only shunt ties are machines which are represented as Thevenin equivalents with 1.0 pu voltage in series with subtransient impedances.  Loads (except large machines), line capacitance, shunt capacitors, and shunt inductors are ignored.  Convert all line/transformer/source impedances to the system base using
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 is three-phase MVA.  
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 is line-to-line.  If a transformer is comprised of three identical single-phase units, 
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 is the impedance of any one transformer on its own base, and 
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 is three times the rated power of one transformer.  For a delta connection, 
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 line-to-line is the rated coil voltage of one transformer.  For a wye connection, 
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 line-to-line is the rated coil voltage multiplied by 
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Step 4.  For small networks, you can find the fault current at any bus k “by hand” by turning off all voltage sources and computing the positive-sequence Thevenin equivalent impedance at the faulted bus, 
[image: image157.wmf]1

,

kk

Z

.  Ignore the Net 30º during this step because actual impedances are not shifted when reflected from one side to the other side of Y∆ transformers.  Once the Thevenin impedance is known, then use
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Step 5.  The key to finding 012 currents in a branch during the fault is to know the voltage on each end of the branch.  For a branch with positive sequence impedance 
[image: image160.wmf]1

z

 between busses j and k, first find 
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.  
Positive-sequence current flow through the branch during the fault is 
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Note that 
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 is the physical positive sequence impedance of the branch - it is not an element of the Z matrix.  An accuracy check should be made by making sure that the sum of all the branch currents into the faulted bus equals 
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Step 6.  While continuing to ignore the Net 30º, voltage sag propagation at all other buses j can be computed with 
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Step 7.  For larger networks, “hand” methods are not practical, and the Z matrix should be built.  Form the admittance matrix Y, and invert Y to obtain Z.  Ignore the “Net 30º ” when forming Y.  Matrix inversion can be avoided if Gaussian elimination is used to find only the kth column of Z.
Step 8.  Unbalanced faults require positive and negative sequence impedances.  Negative sequence impedances are usually the same as positive.  Faults with ground currents require positive, negative, and zero sequence impedances.  Zero sequence impedances can be larger or smaller and are dramatically affected by grounding.  Y∆ transformers introduce broken zero sequence paths.  Prefault negative sequence and zero sequence voltages are always zero.

Step 9.  After the 012 fault currents are determined, continue to ignore the “Net 30º ” and use
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for each sequence to find 012 bus voltages.
Step 10.  Next, compute branch currents (ignoring the Net 30º) between buses j and k for each sequence using 
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Step 11.  As the last step, include the Net 30º between bus j and faulted bus k.  Do this by adding the Net 30º to 
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 calculations.  This must be done before converting 012 voltages and currents to abc.  Then, use 
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to find the abc bus voltages and branch currents. 

Short Circuit Problem #1
The positive-sequence one-line diagram for a network is shown below.  Prefault voltages are all 1.0pu.
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a.  Use the definition 
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to fill in column 1 of the Z matrix.

Now, a solidly-grounded three-phase fault occurs at bus 1.  

b.  Compute the fault current
c.  Use the fault current and Z matrix terms to compute the voltages at busses 2 and 3.
d.  Find the magnitude of the current flowing in the line connecting busses 2 and 3.
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Short Circuit Problem #2.
A 30MVA, 12kV generator is connected to a delta - grounded wye transformer.  The generator and transformer are isolated and not connected to a “power grid.”  Impedances are given on equipment bases.

A single-phase to ground fault, with zero impedance, suddenly appears on phase a of the 69kV transformer terminal.  Find the resulting a-b-c generator currents (magnitude in amperes and phase).  Regarding reference angle, assume that the pre-fault phase a voltage on the transformer’s 69kV bus has angle = 0.
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Short Circuit Problem #3

A one-line diagram for a two-machine system is shown below.  
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The transmission line between busses 2 and 3 has X1 = X2 = 0.12pu, X0 = 0.40pu on a 100MVA, 345kV base.

Using a base of 100MVA, 345kV in the transmission line, draw one line diagrams in per unit for positive, negative, and zero-sequences.  

Then, 

a.  Compute the phase a fault current (in pu) for a three-phase bolted fault at bus 2.
b.  Compute the phase a fault current (in pu) for a line-to-ground fault at bus 2, phase a.
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[image: image197.png]A single-line diagram of a four-bus system is shown in Figure 9.24. Equipment ratings
and per-unit reactances are given as follows.

Machines 1 and 2: 100 MVA 20 kV Xi=X,=02
Xo = 0.04 Xn = 0.05

Transformers T; and T;: 100 MVA 20A/345Y kV
X =X =Xp=0.08




[image: image198.png]6.15 The one-line diagram of an unloaded power system is shown in Fig, 6.31. Reactances of the two
sections of transmission line are shown on the diagram. The generators and transformers are rated as
follows:

Generator 1: 20 MVA, 138 kV, X" = 0.20 per unit
Generator 2: 30 MVA, 18 kV, X = 0.20 per unit
Generator 3: 30 MVA, 20 kV, X" = 0.20 per unit

Transformer T;: 25 MVA, 220Y/13.8A kV, X = 10%,

Transformer 7,: Single-phase units each rated 10 MVA, 127/18 kV, X = 10%,

Transformer T;: 35 MVA, 220Y/22Y kV, X = 109,

Draw the impedance diagram with all reactances marked in per unit and with letters to indicate
points corresponding to the one-line diagram. Choose a base of 50 MVA, 13.8 kV in the circuit of
generator 1.

6.16 Draw the impedance diagram for the power system shown in Fig. 6.32. Mark impedances in per
unit. Neglect resistance, and use a base of 50 kVA, 138 kV in the 40-Q line. The ratings of the
generators, motors, and transformers are:

Generator 1: 20 MVA, 18 kV, X" =209,
Generator 2: 20 MVA, 18 kV, X" =20%,
Synchronous motor 3: 30 MVA, 138 kV, X" = 20%

Three-phase Y-Y transformers: 20 MVA, 138Y/20Y kV, X = 10%
Three-phase Y-A transformers: 15 MVA, 138Y/13.8A kV, X =10%,
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Figure 6.31 One-line diagram for Prob. 6.15.
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Figure 6.32 One-line diagram for Prob. 6.16.



[image: image200.png]11.11 Draw the negative- and zero-sequence impedance networks for the power system of Prob. 6.15.
Mark the values of all reactances in per unit on a base of 50 MVA, 13.8 kV in the circuit of generator
1. Letter the networks to correspond to the one-line diagram. The neutrals of generators 1 and 3 are
connected to ground through current-limiting reactors having a reactance of 5%, each on the base of
the machine to which it is connected. Each generator has negative- and zero-sequence reactances of
20 and 5%, respectively, on its own rating as base. The zero-sequence reactance of the transmission
line is 210 Q from B to C and 250 Q from C to E.

11.12 Draw the negative- and zero-sequence impedance networks for the power system of Prob. 6.16.
Choose a base of SO0 MVA, 138 kV in the 40-Q transmission line, and mark all reactances in per unit.
The negative-sequence reactance of each synchronous machine is equal to its subtransient reactance.
The zero-sequence reactance of each. machine is 8% based on its own rating. The neutrals of the
machines are connected to ground through current-limiting reactors having a reactance of 57, each
on the base of the machine to which it is connected. Assume that the zero-sequence reactances of the
transmission lines are 300%, of their positive-sequence reactances.




[image: image201.png]11.11 Draw the negative- and zero-sequence impedance networks for the power system of Prob. 6.15.
Mark the values of all reactances in per unit on a base of 50 MVA, 13.8 kV in the circuit of generator
1. Letter the networks to correspond to the one-line diagram. The neutrals of generators 1 and 3 are
connected to ground through current-limiting reactors having a reactance of 5%, each on the base of
the machine to which it is connected. Each generator has negative- and zero-sequence reactances of
20 and 5%, respectively, on its own rating as base. The zero-sequence reactance of the transmission
line is 210 Q from B to C and 250 Q from C to E.

11.12 Draw the negative- and zero-sequence impedance networks for the power system of Prob. 6.16.
Choose a base of SO0 MVA, 138 kV in the 40-Q transmission line, and mark all reactances in per unit.
The negative-sequence reactance of each synchronous machine is equal to its subtransient reactance.
The zero-sequence reactance of each. machine is 8% based on its own rating. The neutrals of the
machines are connected to ground through current-limiting reactors having a reactance of 57, each
on the base of the machine to which it is connected. Assume that the zero-sequence reactances of the
transmission lines are 300%, of their positive-sequence reactances.




[image: image202.png]6.15 The one-line diagram of an unloaded power system is shown in Fig, 6.31. Reactances of the two
sections of transmission line are shown on the diagram. The generators and transformers are rated as
follows:

Generator 1: 20 MVA, 138 kV, X" = 0.20 per unit
Generator 2: 30 MVA, 18 kV, X = 0.20 per unit
Generator 3: 30 MVA, 20 kV, X" = 0.20 per unit

Transformer T;: 25 MVA, 220Y/13.8A kV, X = 10%,

Transformer 7,: Single-phase units each rated 10 MVA, 127/18 kV, X = 10%,

Transformer T;: 35 MVA, 220Y/22Y kV, X = 109,

Draw the impedance diagram with all reactances marked in per unit and with letters to indicate
points corresponding to the one-line diagram. Choose a base of 50 MVA, 13.8 kV in the circuit of
generator 1.

6.16 Draw the impedance diagram for the power system shown in Fig. 6.32. Mark impedances in per
unit. Neglect resistance, and use a base of 50 kVA, 138 kV in the 40-Q line. The ratings of the
generators, motors, and transformers are:

Generator 1: 20 MVA, 18 kV, X" =209,
Generator 2: 20 MVA, 18 kV, X" =20%,
Synchronous motor 3: 30 MVA, 138 kV, X" = 20%

Three-phase Y-Y transformers: 20 MVA, 138Y/20Y kV, X = 10%
Three-phase Y-A transformers: 15 MVA, 138Y/13.8A kV, X =10%,
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Figure 6.31 One-line diagram for Prob. 6.15.
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Short Circuit Calculations
Short Circuit Problem #4.  
Balanced Three-Phase Fault, Stevenson Prob. 6.15.  A three-phase balanced fault, with ZF = 0, occurs at Bus 4.  Determine

a. 
[image: image177.wmf]F
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 (in per unit and in amps)

b. Phasor abc line-to-neutral voltages at the terminals of Gen 1

c. Phasor abc currents flowing out of Gen 1 (in per unit and in amps)

Short Circuit Problem #5.  
Line to Ground Fault, Stevenson Prob. 6.15.  Repeat #4 for phase a-to-ground fault at Bus 4, again with ZF = 0.

Short Circuit Problem #6.  
Repeat #4, Using Stevenson Prob. 6.16.  

Short Circuit Problem #7.  
Repeat #5, Using Stevenson Prob. 6.16.  

Stevenson Problem 6.15, Phase A to Ground Fault at Bus #4
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Enter Polar Form 012 Currents at Gen #1, Compute the ABC Currents

___________________________________________________________________________

Enter Polar Form 012 Voltages at Gen #1, Compute the ABC Voltages
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