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Abstract

This paper proposes a hybrid current profile based fault location algorithm for double-line-
to-ground (DLG) faults in a distribution system. The method uses both short-circuit fault
current profile (average of fault currents recorded for the faulted phases) and during-fault load
current profile (corresponding to the un-faulted phase) to estimate an accurate fault location.
The method is extended to include the effects of fault resistance in determining the fault
location. Both fault current profiles and load current profiles are simulated for different values
of fault resistances. The profiles are also extrapolated for those fault resistances corresponding
to which the simulated profiles are not available. Numerical examples on a sample distribution
feeder with multiple laterals and load taps are provided to validate the proposed algorithm
for its robustness.
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Abstract—This paper proposes a hybrid current profile based
fault location algorithm for double-line-to-ground (DLG)
faults in a distribution system. The method uses both short-
circuit fault current profile (average of fault currents
recorded for the faulted phases) and during-fault load current
profile (corresponding to the un-faulted phase) to estimate an
accurate fault location. The method is extended to include the
effects of fault resistance in determining the fault location.
Both fault current profiles and load current profiles are
simulated for different values of fault resistances. The profiles
are also extrapolated for those fault resistances corresponding
to which the simulated profiles are not available. Numerical
examples on a sample distribution feeder with multiple
laterals and load taps are provided to validate the proposed
algorithm for its robustness.

Index Terms-- Distribution system; fault location analysis;
short-circuit fault

1. INTRODUCTION

Self-healing is one of the important characteristics of
the smart grid. When a fault occurs, the system is required
to automatically restore service to as many customers as
possible, and as quickly as possible. Automatic fault
location analysis plays an important role for implementing
self-healing in distribution systems.

Fault location analysis in distribution systems has been
extensively studied by both electric power engineers and
researchers. The fault location methods deployed in a radial
distribution system so far are broadly categorized as
impedance-based methods [1-2], traveling waves based
methods [3-4], knowledge-based methods [5-6], and model
based methods [7-8]. Although, impedance-based methods
are most commonly implemented [1, 2], the simplified
circuit models used by impedance-based algorithms may
lead to significant errors in fault locations.

Nowadays, using advanced simulation software an
accurate model of the actual distribution circuit can be
simulated. Model-based methods use simulated circuit
models to determine the fault location. Such approaches are
very simple to implement and are relatively more accurate
than impedance-based methods. This kind of method takes
the exact distribution circuit model into consideration, then
the errors caused due to heterogeneous lines, load taps and
laterals can be avoided. In [7-8], a model-based approach
using short-circuit current profile is proposed. The fault
currents are pre-calculated at each section of the feeder
using the simulated circuit and are compared against the
measured fault current. Short-circuit current profile based
approach is easy to implement and more accurate if
simulated sufficiently, but it does have certain limitations.
One of its limitations is that the algorithm may result in
multiple possible fault locations, since the distribution
circuits are mainly radial with many power flow paths
along the feeders. In [8], an impedance based algorithm is
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also implemented along the short circuit profile algorithm
to narrow down the possible locations. But just as pointed
by the authors of [8], determining one fault location might
not be possible in all cases even when both algorithms are
used. Another problem that is inherent with short-circuit
current profile approach is the effect of fault resistance.
Since, fault resistance is not included in calculating short-
circuit current profile, the errors due to fault resistance are
inevitable.

In this paper, a novel hybrid current-profile approach is
proposed to determine fault location in an event of DLG
fault. The fault location is determined based on the fault
conditions recorded at a switch upstream from the actual
fault location. The proposed approach uses both short-
circuit fault current profile for the faulted phases, and
during-fault load current profile for the un-faulted phase to
determine the actual fault location. The measured load
current on the un-faulted phase during the fault is used to
identify the correct fault location amongst multiple possible
locations that determined using fault current profiles. To
predict the location of a fault with fault resistance, both
fault and load current profiles are developed with varied
values of fault resistances and stored into database, and
exact fault distance and location are determined by using
stored current profiles corresponding to each simulated
fault resistance. For a fault with a fault resistance that not
stored in the database, a linear extrapolation of available
profiles is used to produce correct current profiles for
determining the fault location. The testing results on a
sample distribution circuit are given to demonstrate the
capability of the proposed approach to determine fault
location with multiple power flow paths and fault
resistances.

II. PROPOSED HYBRID CURRENT PROFILE APPROACH

This paper proposes a hybrid load and fault current
profile approach to determine the location of a DLG fault.
The proposed approach is illustrated using the distribution
circuit shown in Fig. 1.
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Figure 1. Simulated single-feeder test distribution circuit



The test system is an ungrounded single-feeder system.
It includes 24 three-phase buses, and each bus has a three-
phase DELTA-connected constant PQ load. Each line
segment is a 1.25-mile long three-wire underground cable,
and the maximum length of the feeder is 15 miles.
Measurements corresponding to the fault are available at
the switch present upstream from the feeder (i.e. bus 715).
As shown in Fig. 1, the switch at bus 715 sees four power-
flow paths.

A. Building Short-circuit Fault Current Profile and
During-Fault Load Current Profile for Bolted DLG
Faults

In order to estimate fault location more accurately and
uniquely, both short circuit fault current profiles and
during-fault load current profiles are developed for the
feeder for a predetermined fault type, for example, a bolted
DLG fault.

Given a distribution circuit model, the short-circuit fault
current profile is developed by placing the DLG faults at
successive incremental distances from the relay, and
plotting the corresponding short-circuit fault currents
against the distance to the fault. For the system in Fig. 1,
the fault current profile is developed along each of the four
paths by plotting an average of the fault currents recorded
for the faulted phases. Fig. 2 gives the fault current profile
for bolted DLG faults on the circuit of Fig. 1. Since the
same type of cables are used for all line segments, the fault
current profiles overlap for different power flow paths.
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Figure 2.  Short-circuit fault current profile for zero fault resistance

Similarly, a during-fault load current profile for the
distribution circuit is developed by simulating a DLG fault
at successive incremental distances along the distribution
feeder, and plotting the during-fault load current
corresponding to the un-faulted phase against the distance
to fault. Similar to fault current profiles, load current
profiles are also developed along each power flow path.
Fig. 3 shows the load current profiles developed for the
system shown in Fig. 1. It can be seen that the during-fault
load currents corresponding to the un-faulted phase are
significantly different along different power flow paths.
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Figure 3. During-fault load current profile for zero fault resistance

On occurrence of a fault, the average fault current and
during-fault load current are recorded. Both average fault

current and during-fault load current are extrapolated on
fault current profile and load current profile, respectively.
Actual fault location is the common fault location identified
by both current profiles.

B.  Considering of the Effects of Fault Resistance

The magnitudes of fault currents are significantly
affected by the fault resistance. In order to address the
impacts of fault resistance, the current profiles are
developed for different values of fault resistances.

Fig. 4 lists the fault current profiles for different values
of fault resistances. In Fig. 4, fault resistance is varied to
0.5Q, 1Q, 2Q, 4Q, 6Q, 8Q, 10Q, and fault current profiles
are developed for each value of fault resistance. A DLG
fault is simulated at successive incremental distances along
the distribution circuit, and for each wvalue of fault
resistance average fault current is recorded. A plot is
obtained for average fault current vs. distance to fault from
the switch. Similar to the previous discussion,
corresponding to a particular value of fault resistance,
multiple subplots corresponding to multiple power-flow
paths are obtained. Essentially the fault current profile
consists of multiple exponentially decaying plots
corresponding to each value of fault resistance, and each
containing multiple subplots corresponding to multiple
power-flow paths. Therefore if the effect of fault resistance
is included in the fault current profile approach, for each
value of fault resistance there could be a valid fault
location.
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Figure 4. Short-circuit fault current profiles for varied fault resistances

To narrow down the fault location estimates, during-
fault load current profiles are also developed. Similar to
fault current profile, load current profiles are developed for
each value of fault resistance. The current corresponding to
un-faulted phase is recorded for each value of fault
resistance, and a plot is obtained for during-fault load
current vs. distance to fault from the switch. Clearly, for
each fault resistance, load current profile consists of
multiple subplots corresponding to multiple power-flow
paths. Fig. 5 shows the load current profiles generated for
different values of fault resistances.
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Figure 5. During-fault load current profiles for varied fault resistances

When a fault occurs, the average fault current and



during-fault load current are recorded, and plotted on fault
current and load current profiles. Corresponding to each
fault resistance, location estimates are obtained using both
fault current and load current profiles. Actual fault location
is a common estimated location obtained from both current
profiles for a particular value of fault resistance.

C. Extrapolating the Current Profiles for Intermediate
Values of Fault Resistances

The method discussed in previous section might fail if
the current profiles are not available in the database for the
actual fault resistance corresponding to the test case. An
approximate fault current and load current profiles are
needed for an intermediate value of fault resistance.

Suppose that the test case corresponds to a 1.5 Q fault
resistance. Since the current profiles are not simulated for a
fault resistance of 1.5 Q, a match among location estimates
obtained using fault and load current profiles will not be
found within a reasonable tolerance. In that case,
approximate current profiles are developed using a linear
approximation of the current profiles corresponding to 1Q
and 2Q fault resistances. To obtain a location estimate, the
average fault current and during-fault load current are
recorded and extrapolated on the approximate fault current
profile and load current profile, respectively. Actual fault
location is the fault location common to the results obtained
from both current profiles for a particular value of fault
resistance. The current profiles are approximated again if a
location estimate is not obtained. The process is repeated
till the location estimates obtained from both current
profiles are within acceptable tolerance.

III. DETERMINING FAULT LOCATION USING HYBRID-
CURRENT PROFILE APPROACH

Both fault current profile and during-fault load current
profile consists of multiple sub-profiles. Number of graphs
further increases when the effect of fault resistance is
included in the approach. Hence, when fault current
magnitude is extrapolated, multiple location estimates
would be obtained and hence it is essential to understand
how the results should be interpreted. In this discussion the
graphical interpretation of the results is presented. The
proposed method is demonstrated using the distribution
circuit shown in Fig. 1.

A. Case for Determing Location of a Bolted Fault

A bolted fault is simulated at bus 754 and the average
fault current and during-fault load current is recorded. The
average fault current is 572.5 A, and the during-fault load
current recorded in un-faulted phase is 137.8 A. Fault
location using fault current profile is obtained as shown in
Fig. 6, and the fault is either 10 miles along path 1 or 10
miles along path 3. The fault location is confirmed to be 10
miles along path 3 when extrapolating the load current on
load current profile, as illustrated in Fig. 7.

B.  Case for Determining Location of a Fault with Fault
Resistance for which Current Profiles are available in
the Database

To illustrate this case, a DLG fault is simulated at bus
754, with fault resistance equal to 2 Q. The average fault
current recorded is 494 A.

The fault current is extrapolated on the fault current
profiles corresponding to different fault resistances as
shown in Fig. 8. The location estimates using the fault

current profiles for each value of fault resistance are listed
in Table I. The empty cells imply no intersection along that
path for the corresponding value of fault resistance. Since
the fault resistance is unknown, using only fault current
profiles, estimated fault location can vary from 2.6 to 12.84
miles, and that covers almost entire feeder length.
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Figure 6. Estimating fault location of a bolted DLG fault using fault
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Figure 7. Estimating fault location of a bolted DLG fault using during-
fault load current profile
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Figure 8. Location estimates using fault current profile when actual fault
resistance is in the current database
TABLE L LOCATION ESTIMATES USING FAULT CURRENT PROFILE
Fault Distance to fault along (miles)
Resistance(Q) Path 1 Path 2 Path 3 Path 4
0 12.84 12.84
0.5 12.16
1 11.42
2 9.82 10
4 6.3
6 2.64 2.64
8 and 10 No intersection

To narrow down the location estimate to fewer possible
values, load current profiles are used. The during-fault load
current recorded for the test case is extrapolated on the load
current profiles as shown in Fig. 9, and location estimates
corresponding to each value of fault resistance are obtained
and shown in Table II. The only location where estimated
fault location calculated using both current profiles is
approximately same is 10 miles along Path 3 for fault
resistance equal to 2 Q. Clearly, the estimated fault location
matches to actual fault location.
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Figure 9. Location estimates using during-fault load current profile when
actual fault resistance is in the current database

TABLE II. LOCATION ESTIMATES USING LOAD CURRENT PROFILE
Fault Distance to fault along (miles)
Resistance Path 1 Path 2 Path 3 Path 4

0Q 0.29

05Q 0.45
1Q 1.82 2.51
2Q 8.21 10
40 15 15

6 Q onwards No intersection

C. Case for Determining Location of a Fault with Fault
Resistance for which Current Profiles are not
available in the Database

In this case, the fault resistance is set as 1.5 Q, and a

DLG fault is simulated at bus 754. Again the actual fault
location is 10 miles along path 3. The measured average
fault current and during-fault load current are plotted on
respective current profiles. Fig. 10-11 and Tables HI-IV
show the fault location estimates along various paths for
different values of fault resistances.
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Figure 10. Location estimates using fault current profile when actual fault
resistance is not in the current database
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Figure 11. Location estimates using load current profile when actual fault
resistance is not in the current database

TABLE III. LOCATION ESTIMATES USING FAULT CURRENT PROFILE
Fault Distance to fault along (miles)
Resistance(Q)) Path 1 Path 2 Path 3 Path 4

0 12.06

0.5 11.38
1 10.64
2 9.03 9.14
4 5.51
6 1.85

8 onwards No intersection

TABLE IV. LOCATION ESTIMATES USING LOAD CURRENT PROFILE

Fault Distance to fault along (miles)
Resistance(Q) Path 1 Path 2 Path 3 Path 4
0 0.37
0.5 0.71 4.5
1 3.11 3.11
2 11.74 12.51
4 Q onwards No intersection

As shown in Tables III and IV, the estimated fault
locations calculated by both current profiles do not match
for any value of fault resistance. This means that the test
fault case corresponds to a fault resistance for which
current profiles are not available in the database.

The next step is to estimate the range within which the
actual resistance might lie. To do so, the fault location
estimates along path 1 are considered using both current
profiles. Note that the estimated fault location using fault
current profiles decreases with the increase in resistance.
However, using load current profile it increases with the
increase in fault resistance. Using this observation, the only
possible resistance value that can result in a common
location for both current profiles is in between 1Q and 2Q.
Hence, the current profiles corresponding to fault resistance
equal to 1Q and 2Q are used to obtain approximate current
profiles. Fig. 12-13 shows the approximated current
profiles correspond to fault resistance equal to 1.5 Q. The
fault location estimates using both approximate load and
fault current profiles for 1.5 Q fault resistance matches
approximately at 10 miles along path 3 which is also the
actual fault location.
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Figure 12. Estimating fault location using approximate fault current
profiles for 1.5 Q fault resistance
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VI. NUMERICAL EXAMPLES

The proposed hybrid current profile method is validated
using the test system shown in Fig. 1. The test cases are
summarized in Table V.

Due to the presence of multiple laterals and load taps,
there are multiple power flow paths in the test system.
Accordingly, the fault current profiles and load current
profiles are developed for the circuit along each power-
flow path. The effects of fault resistance are tested by using
multiple cases with varied fault resistance. The test cases
include both actual fault resistances for which current



profiles are available, and not available in the database. The
current profiles stored in the database are corresponding to
a fault resistance equal to 0 Q,0.5Q,1Q,20Q,4Q,6 Q, 8
Q, and 10 Q. The fault location is varied along each power
flow path, and for each case, the estimation error is
calculated.

average error recorded in the fault location is still low and
is less than 0.25 miles for each value of fault resistance
under evaluation.

TABLE VIIL EFFECT OF FAULT RESISTANCE ON FAULT
LOCATION WHEN CURRENT PROFILES ARE NOT AVAILABLE IN DATABASE

TABLE V. SIMULATED FAULT CONDITIONS Fault Maximum Average Location of the
Resistance(Q) | Error(miles) | Error(miles) maximum error
Test Cases Double-Line to Ground fault 0.75 0.92 0.23 Along Path 1 at Bus 785
Fault Distance Simulated along each power flow 15 0.79 0.23 Along path 2
paths in step of 0.5 miles 2.5 0.97 0.23 Along path 2 at Bus 728
. 3 0.59 0.25 Along path 1 at Bus 725
Fault resistance (Q) (current profiles | 0,2,4,6
are available in the database)
VII. CONCLUSIONS
Fault resistance (Q) (current profiles | 0.75,1.5,2.5,3

are not available in the database)

A. Effect of Fault Resistance when Current Profiles are
Available in the Database

In this section the effect of fault resistance on the
accuracy of estimating the fault location using the proposed
algorithm is evaluated. For the test cases, the current
profiles corresponding to the actual fault resistance are
available in the current profile database. The distribution
circuit is evaluated for fault resistance equal to 0 Q, 2 Q, 4
Q and 6 Q. The fault location is varied in a step of 0.5 miles
along each power-flow path and fault location is estimated
for each fault scenario using the proposed algorithm.

Table VI lists the maximum and average estimation
errors of proposed algorithm for all the test cases. It also
gives the location or the path observing maximum error in
fault location estimate. Note that, since the current profiles
corresponding to actual fault resistance are available in the
database, the error in the estimated fault location is not very
significant. As shown in Table VI, the maximum error is
reported along path 2 for all cases.

TABLE VI EFFECT OF FAULT RESISTANCE ON FAULT
LOCATION WHEN CURRENT PROFILES ARE AVAILABLE IN DATABASE

Fault Maximum Average Location of the
Resistance(QY) | Error(miles) | Error(miles) maximum error
0 0.03 0.002 Along Path 2 at Bus 728
2 0.09 0.008 Along Path 2 at Bus 728
4 0.18 0.02 Along Path 2 at Bus 728
6 0.33 0.03 Along Path 2 at Bus 728

B. Effect of Fault Resistance when Current Profiles are
not Available in the Database

This section evaluates the effects of fault resistance on
fault location estimate when the current profiles for the
actual fault resistance are not available in the database. The
distribution circuit is evaluated for the simulated fault
resistance equal to 0.75 Q, 1.5 Q, 2.5 Q and 3 Q. This case
study is conducted to evaluate the effectiveness and
accuracy of the proposed extrapolation algorithm for un-
simulated fault resistance values.

The fault location is varied in a step of 0.5 miles along
each power-flow path and fault location is estimated using
the proposed algorithm. The test results are given in Table
VII, including the maximum and average errors of fault
location estimates, and the location where the maximum
error in fault location is recorded. Compared Table VII
with Table VI, it should be noted that the maximum error in
the estimated fault location is comparatively bigger when
the actual fault resistance is different from the values
available in database. A maximum error of 0.97 miles is
reported when the fault resistance is 2.5 Q. However, the

This paper proposes a hybrid-current profile approach
for estimation of fault location in an event of a double-line-
to-ground fault (DLG). The proposed method uses both
fault current profile for faulted phases and during-fault load
current profile for un-faulted phase to determine the fault
location. The effects of fault resistances are also
successfully included in the fault location algorithm.

The algorithm is tested using a distribution feeder 15
miles long, with multiple laterals and load taps. Simulation
results are provided to validate the proposed algorithm for
its robustness in event of DLG fault. The algorithm is tested
its accuracy in the presence fault resistance. The proposed
algorithm reports a maximum error of less than 0.33 miles,
when current profiles for the actual fault resistance are
available in the database, and 0.97 miles when current
profiles for the actual fault resistance are not available and
are obtained by using linear extrapolation. The average
errors recorded are comparatively less, reporting 0.03 miles
error in fault location when the current profiles
corresponding to the actual fault resistance are available
and 0.25 miles error when current profiles are obtained by
approximation. Thus on an average, the proposed algorithm
is successful in identifying the fault location within an
acceptable accuracy.
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