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Abstract – DOCR can be used to efficiently increase the reliability and to protect the bi-directional 
D/L(Distribution Lines). As more DG(Distributed Generation)s attempt to connect the bi-directional 
D/L, there is an increasing need for studies of how to use DOCR installed in the D/L. This paper 
investigates the operating principles of DOCR and presents the results an effect of sequence and fault 
impedance in L-L(Line to Line) fault. An advanced DOCR operating algorithm is proposed to reduce 
the mal-operation of conventional DOCR. The proposed algorithm is applied to the bi-directional 
power flow system and shows that it decreases the mal-operation of DOCR through the computer 
simulation. 
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1. Introduction 
 
The protective relay receives various signals like voltage 

and current as input data from instrument transformer(PT, 
CT), numerically converts them, and is operated by 
comparing calculated values with specified threshold. It 
is essential for the power system to be stably operated, and 
required to have speed, selectivity, sensitivity, reliability, 
and economic feasibility as basic characteristics [1]. 
Also, countermeasures for networking, automation for the 
economic improvement of the system operation, and 
occurrence of the bi-directional power flow caused by 
the adoption of the DG(Distributed Generation) are 
increasingly required. Especially, introduction of DG 
causes protection coordination problems which were not 
shown in conventional radial distribution systems, and 
several researches for this are currently in progress. 

Differential protective relaying, analysis of differences 
between d-q transformation calculated values before and 
after fault, distance protective relaying, DOCR(Directional 
Overcurrent Relaying), and others are being considered 
as technologies to counteract changes about protection 
caused by the adoption of DG. Particularly the DOCR is 
considered and applied as an effective method for the 
protection of the DG [3, 6, 7]. Generally two DOCR 
relays almost installed systems with DG. One is on the 
utility source side, the other is DG side. The setting of 
the relay needs very careful attention, because DOCR 
simultaneously identifies the magnitude and direction of 
fault current based by reference angle. Generally, accidents 

related to the setting of DOCR relay account for 19% of 
the entire relay accident [8]. 

The operation principle of DOCR is systematically 
classified by W. K. Sonnemann in 1950, but contents of the 
related field mainly show only basic operation principle [1], 
[9]. Recent researches for the DOCR mainly focus studies 
about optimal DOCR coordination intending to minimize 
operation time when several DOCRs are operated at the 
same time, and complementation of DOCR operation in 
specific conditions. 

Analysis methods like Trial and Error Approach, GA 
(Genetic Algorithm), PSO(Particle Swarm Optimizer), and 
others are considered [10] as an optimal DOCR coordination. 
But the solution of optimal DOCR coordination problems 
is based on mathematical algorithm, so application in 
actual power system field requires additional researches 
and long-term tests. 

Methods that are proposed to complement problems 
regarding relative shortcoming of DOCR like SLF(Short 
Line Fault), HIF(High Impedance Fault), and others are 
mainly proposed by the manufacturer of the relay, but the 
awareness in the actual field is low [11-14]. 

A. Ukill provides simply structured DOCR only using 
current value [11]. However, there is a disadvantage that 
accurate protection is unable if faults occur in no-load 
status or extremely high current is loaded in a moment of 
fault. Method suggested by L. Susilo is to improve 
operation accuracy of DOCR by applying fuzzy algorithm, 
but generation of fuzzy rule reflecting various layer 
condition is not easy [12]. A. Wixon tries to enhance 
operation accuracy of DOCR with configuration of 
complex protection zone, but it is very narrowly applied 
because the amount of computing load of digital-relay is 
too high [13]. D. Yuan suggests method to combine DOCR 
with communication [14]. This method has high operation 
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reliability but has disadvantage in terms of economic 
feasibility and maintenance of communication facility. 

Thus, in this paper, the DOCR operation algorithm 
considering negative-sequence value occurring in fault is 
suggested in order to complement DOCR’s problem 
(especially, in HIF condition). First, basic operation 
principle of DOCR is explained by using related calculus 
and DOCR relay model, and suggested new DOCR 
operation algorithm is detailedly described. 22.9[kV] bi-
directional distribution system is modeled with PSCAD/ 
EMTDC(Power System Computer Aided Design/Electro-
Magnetic Transient Design and Control), and operation 
characteristics applying suggested DOCR algorithm are 
simulated. 

 
 

2. Basic Operation Principle of DOCR 
 

2.1 Basic principle of DOCR 
 
The DOCR is operated by magnitude and phase of fault 

current. The DOCR detects line-to-line short fault(L-L 
fault), and DOCGR(Directional Overcurrent Ground 
Relaying) detects single line-to-ground fault(SLG fault). 
L-L fault current between phase a·b is able to be calculated 
as Eq. (1), (2) based on the generator model of Fig. 1 
(Appendix 1)[15]. As it is L-L fault, zero-sequence 
component does not exist as shown in the Fig. 2. When 
fault is occurred, the system is balanced system. 
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 ( ) ( )
1 2 1 2,

3 3
f fM R R R N X X X

G M N H N M

= + + = + +

= − = +  

1Z  : Positive Sequence Impedance  
2Z  : Negative Sequence Impedance 
fZ  : Fault Impedance 

 
The phase angle(θ ), main identification factor of DOCR, 

is determined by positive-sequence, negative-sequence and 
X/R ratio of fault impedance through Eq. (1) and (2). 

 
2.2 Fault decision 

 
Difference between calculated phase angle of fault 

current and reference phase angle(polarization quantity) is 
used to decide phase angle(θ ) component of DOCR. In 
this case, current·voltage on normal phase or positive-
sequence·zero-sequence angle are able to be used as 
reference phase angle, but line-to-line voltage on normal 
phase is mostly used on actual system. Table 1 shows 
reference phase angle of each fault type. For examples, 
phase angle of line voltage Vbc is applied to detect L-L 
fault between phase a·b or phase a·c. 

It can be checked via Fig. 3 that Iab, Iac which are case 
1 are in trip region, but Ibc is in non-trip region in 
condition that all impedances are inductive. For example, 
the Iab of Fig. 3 can be obtained by R(=R1+R2+Rf)=0, 
X(=X1+X2+Xf) =1 and Va=1 as p.u base in Eq. (1). 

 
2.3 Description of operation in bi-directional power 

flow condition 
 
In case that DOCR RY1~6 have been installed in Bi-

directional power flow system like Fig. 4, when fault is 
occurred, the flow of protective operation is as follows. 
Time-delay setting of each relay is “RY1>RY3>RY5” and 
“RY6 > RY4 > RY2”, and arrow-mark means protective 
direction. 

 

 
Fig. 1 Diagram of L-L fault 

 
Fig. 2 Sequence diagram 

Table 1. L-L fault type and polarization quantity 

Case L-L fault type Ref. angle (polarization quantity) 
1 Iab or Iac ∠(Vbc)-90 ~∠(Vbc)+90[°] 
2 Iba or Ibc ∠(Vca)-90 ~∠(Vca)+90[°] 
3 Ica or Icb ∠(Vab)-90 ~∠(Vab)+90[°] 

 

 
Fig. 3 ‘a’- phase directional unit response 
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① L-L fault is occurred, 
② RY1·RY3 and RY4·RY6 simultaneously detects fault. 

(RY5 and RY2 are not operated by directional element) 
③ RY3 and RY4 are tripped in advance by Time-delay 

setting. 
④ Fault zone is decoupled, and power supply in normal 

sector is possible. 
 
Thus, it is shown that the DOCR is confirmed to be 

appropriately operated in bi-directional D/L. 
 
 

3. Operation Characteristics of DOCR  
in Bi-directional Power System 

 
3.1 Organization of the system 

 
As shown in the Fig. 5, 22.9[kV] bi-directional distri-

bution system is composed of PSCAD(Appendix 2, 3) 
[3]. PSCAD does not support the DOCR relay model, so 
two types of model(v1, v2) are directly designed and 
implemented(Fig. 6, Table 2) using the programming 
language, and conditions of simulation are as follows. 

 
○ v1 : Conventional DOCR model 
○ v2 : Advanced DOCR model proposed by this paper 
○ RY1·3·5 : Applied to the power A 
○ RY2·4·6 : Applied to the weak power B 
○ All calculated phase angle is based on phase of Va 
 

 
Fig. 5 Single line diagram of target system 

 
Fig. 6 DOCR model v1 and v2 

Table 2. Pin description of DOCR modules(v1, v2) 

AdoptionIn/Output
name Description 

v1 v2
iRefAng Reference Angle(polarization quantity) √ √

iZoneAng Assign the trip region to DOCR √ √

iAngle phase of L-L fault current √ √

iRefImag Reference for Magnitude of fault current √ √

iImag Magnitude of L-L fault current √ √

iRatio Ratio to detect the fault by magnitude √ √

iAngTrim trip region controlling value - √

V0V1 magnitude of V0/V1 - √

iI2I1 magnitude of I2/I1 - √

iV0V1Ref Reference for magnitude of V0/V1 - √

iI2I1Ref Reference for magnitude of I2/I1 - √

oTrip Trip value √ √

oDebug For debugging √ √

oIsmall Flag to show the magnitude of fault current √ √

 
3.1 Simulation result of conventional DOCR model 

(v1) 
 
Operation characteristic of DOCR in L-L fault of point 

F of Fig. 5 is analyzed. The scope of the resistance value 
of fault impedance(Z = R + j0.0377) is 1~10[Ω]. Table 3 
shows operation result of RY1~6, and Table 4 shows the 
magnitude·phase angles and reference phase angles of fault 
current Iab of RY1. The initial trip region(θ2 - θ1) is 180[°] 
in the simulation. 

In the given system condition, up to 7[Ω], DOCR 
protection cooperation of the system is perfect, in the Fig. 
7, the phase of fault current is in the trip region. But 
abnormality is occurred from 8[Ω]. As shown in the Table 
3, operational characteristics of installed DOCR is not 
consistent, and in case of RY1, mal-operation is occurred 

 
Fig. 4 Example of Bi-directional power flow system 

Table 3. Summary of DOCR operation 

 1[Ω] 2Ω] 3Ω] 4Ω] 5Ω] 6Ω] 7Ω] 8Ω] 9Ω] 10Ω]
RY1 ○ ○ ○ ○ ○ ○ ○ × × × 
RY3 ○ ○ ○ ○ ○ ○ × × × × 
RY4 □ □ □ □ □ □ □ □ □ □ 
RY2 □ □ □ □ □ □ □ △ △ △ 
RY4 ○ ○ × × × × × × × × 
RY6 ○ ○ × × × × × × × × 

○: correct trip(operation that trips in status that shall be trip) 
□: correct restrain(operation that does not trip in restrainable status) 
×: mal-operation(operation that restrains in status that shall be trip) 
△: mis-operation(operation that trips in status that shall be restrained) 

 
Table 4. Summary of numerical results of Iab of RY1 

 1[Ω] 2Ω] 3Ω] 4Ω] 5Ω] 6Ω] 7Ω] 8Ω] 9Ω] 10Ω]
Op ○ ○ ○ ○ ○ ○ ○ × × × 
kA 5.5 4.9 4.3 3.7 3.3 2.9 2.6 2.4 2.2 2.0
θ[°] 9.1 13.4 15.9 17.4 18.3 19.0 19.4 19.7 19.8 19.9
θ1[°] 72.2 57.7 44.9 35.3 27.4 23.5 22.9 22.2 20.1 18.5
θ2[°] 252.2 237.7 224.9 215.3 208.4 203.5 199.9 192.2 195.1 193.5

θ : phase of fault current(Iab) 
θ1 : Starting angle of non-trip region in Fig. 7, 8 
θ2 : Ending angle of non-trip region in Fig. 7, 8 
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from the high resistance value, and in case of RY4·RY6, 
mal-operation is occurred from the low resistance value. 
The main reason that operational characteristics are not 
consistent is that positive-sequence, negative-sequence 
impedance from the view of fault location are different. 
Also, the range between the phase angles of fault current 
shown from the relay operated on the weak power system, 
and trip region is relatively small. As a result, the more 
fault resistance value increases, the more phase of fault 
current deviates the protection zone. As shown in the Fig. 8, 
the phase of fault current of high impedance condition 
(10[Ω]) fell into the non-trip region. 

In Eq. (1) and (2), when L-L fault occurs, magnitude·phase 
of fault current are determined by only with sequence 
impedance and fault impedance, so followings are able to 
be checked. 

○  Contact with trees, trespass of small animal, input of 
single phase heavy load are basically not able to be 
classified with L-L fault. 

○  For more accurate operation of DOCR relay, 
reflection of sequence impedance of installed position 
is required. 

 
 

4. Mal-operation Reduction Algorithm 
 

4.1 Mal-operation reduction algorithm 
 
The Algorithm reducing mal-operation of DOCR is to 

add ratio of positive-sequence voltage·current, and negative-
sequence voltage·current to the identification factor of 

DOCR, and if the ratio value reaches specific magnitude, it 
shall extend the trip region. In field application, initial trip 
region is 170~180[°]. The Fig. 9 shows the magnitude of 
each component of voltage·current value calculated from 
RY1(fault at 1[s]). Positive-sequence and negative-sequence 
are changed before and after the fault, but zero-sequence 
always shows 0, so it is confirmed that to use it as an 
identification factor of DOCR is proper. 

Fig. 10 is an operation algorithm flow chart of the 
proposed DOCR. As shown in the Fig. 9, V0/V1, I2 /I1 are 
selected as a ratio of each component of voltage·current. In 
case of L-L fault, when V0/V1 is less than reference value, 
and I2 /I1 is more than reference value, these are identified 
as L-L fault(If the fault type is SLG, zero sequence V, I are 
the dominant component). And a certain part of non-trip 
region is reduced to avoid mal-operation as much as 
possible. Also, a conventional method that identifies by the 
magnitude and phase angles of fault current and the 
proposed algorithm is applied in parallel in order to assure 
operation stability of protective relay. As the digital relay 
that is recently and mainly applied to the system calculates 
voltage·current values via numerical calculation from 
internal DSP(Digital Signal Processor) or CPU (Central 

 
Fig. 7 Locus of Iab of DOCR RY1, correct trip 

 
Fig. 8 Locus of Iab of DOCR RY1, mal-operation 

Fig. 9. Profile of sequence component of V·I at RY1. 

 
Fig. 10 Flowchart of advanced DOCR Algorithm 
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Processing Unit), new proposed DOCR relay model can be 
easily implemented. Users can naturally disable the new 
proposed algorithm. 

 
4.1 Simulation Result of advanced DOCR model(v2) 

 
The result of DOCR relay of RY1 using proposed 

algorithm is as Fig. 11, and Table 5. As a result of using 
proposed algorithm, occurrence of mal-operation is reduced, 
and reliability of protective relay is confirmed to increase. 
Fig. 11 shows phase angles of fault current and reference 
phase angles in conventional DOCR model. As described 
above, the more fault resistance value increases, the more it 
is approached to non-trip region, and consequently mal-
operation is able to be confirmed Fig. 8. 

 
 

5. Conclusion 
 
In this paper, the DOCR operation characteristic in bi-

directional power flow system is explained via theory and 
PSCAD simulation. For the simulation, because PSCAD 
don’t support the DOCR model, two types of DOCR relay 
model are newly developed. Through this paper, the causes 
of mal-operation of DOCR is analyzed and to complement, 
the new DOCR operation algorithm using the positive· 
negative sequence value and controlling the trip region is 
proposed. As a result of simulation, it is confirmed that the 
proposed algorithm decreases possibility of mal-operation 
of protective relay, and contributes to stable operation of 
the system including DG. Generally, mal-operation is more 

severe situation than mis-operation, because mal-operation 
of relay causes a great deal of damage to the utilities itself 
and economical loss to the operator. Also, using proposed 
relay model, the protection coordination of bi-directional 
or DG system can be analyzed in more detail. 

To reduce the mal-operation, this paper decreases the 
non-trip region by 5.5%. Future work would investigate the 
optimal decreasing value and the protection coordination 
of DG. 
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Appendix 2. 
 

A2.1) Tr. 1 specification 

Item Specification 
Voltage, primary 154[kV] 

Voltage, secondary 22.9[kV] 
Voltage, tertiary  6.6[kV] 

 
A2.2) Tr. 2 specification 

Item Specification 
Voltage, primary 154[kV] 

Voltage, secondary 22.9[kV] 
Leakage reactance 0.09[pu]  

A2.3) Load specification 

Item Specification 
Load 1 9.0[MW] 
Load 2 1.0[MW] 

 
 

A2.4) Line specification 

 Type Length [m] R [pu/km] X [pu/km] 
Line 1 CNCV325 1000 0.0000165 0.0000181 
Line 2 ACSR160 700 0.0008705 0.0023858 
Line 3 " 300 " " 
Line 4 " 3000 " "  

 
 

Appendix 3. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX3:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


