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Abstract—A novel superimposed phase selector aiming at 
improving the performance of phase selector in the event of a 
wide range change of power system operation mode is presented. 
In this new scheme, the fault component of phase-phase voltage 
difference is polarized with the fault component of the third 
phase current. With this arrangement, this element not only 
adapts to various operating modes of power systems, but is 
superior to the traditional superimposed phase selectors. For 
instance, the superimposed phase-phase current difference based 
phase selector or the superimposed phase-phase voltage 
difference based phase selector, in terms of selectivity and 
sensitivity. The advantages of this phase selector can be 
highlighted especially in the case of the positive-sequence 
impedance not being equal to the negative-sequence impedance. 
In addition, this phase selector can reliably identify the single-
phase-earth fault and the phase-to-phase fault. The results of 
electro-magnetic transient in DC system (EMTDC) simulation 
show that the outstanding phase selection performance can be 
achieved even when the negative-sequence system impedance is 
extremely unequal to the positive-sequence system impedance. 
Besides, this phase selector has higher reliability compared to the 
traditional superimposed based schemes 
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I.  INTRODUCTION  
 Single-phase reclosures are widely utilized in high 

voltage systems in China[1-2]. Because of the necessity of 
phase-selection for trip, phase-selection element becomes an 
important element of high voltage protection devices. 
Superimposed value and stable value integrated phase-
selection methods are mainly used by microprocessor based 
protections in China. Stable value phase-selection mainly 
includes current phase-selection, voltage phase-selection, 
impedance phase-selection and sequence components phase-
selection. Current phase-selection may have low sensitivity 
when the operation mode changes and in the situation of 
single-phase high transition resistance grounded fault. The 
worst condition occurs in the electricity-receiving side, 
because fault current there is less than load current. Voltage 
phase-selection element will have high  sensitivity when the 
ratio of power source impedance divided by line impedance is 

large; but it will have low sensitivity in the strong power 
source side. The phasic relationship of zero-sequence current 
and negative-sequence current are generally used by current 
sequence components based phase-selection element to realize 
phase-selection[3-4]. Under the condition of single-phase fault, 
this phase-selection element will not be affected by transition 
resistance, which has high sensitivity and good phase-selection 
characteristics. However, sequence components based phase-
selection element has low sensitivity on weak power source 
side; impedance phase-selection is affected less by system 
operation modes[5], but it may have low sensitivity in high 
resistance single-phase grounded fault condition. 
Superimposed phase-selection element has advantages of high 
speed, not reflecting load component, being immune to 
transition resistance and being adaptive to system. It has high 
phase-selection precision[6-10]. Superimposed phase selector 
mainly includes superimposed phase-phase current difference 
and superimposed phase-phase voltage difference.  Current 
superimposed phase selector may also has low sensitivity on 
weak power source side; voltage superimposed phase selector 
has higher sensitivity on weak power source side, but has high 
sensitivity on weak power source side. In order to solve this 
problem, a novel superimposed phase-selection method will be 
discussed. This criterion can adapt to the system operation 
mode automatically, and can identify single-phase short circuit 
and phase to phase (two phases to ground) short circuit faults. 
Additionally, this method has higher sensitivity than 
traditional voltage superimposed phase selector and current 
superimposed phase selector.  

II. THE EXISTENT SUPERIMPOSED PHASE-SELECTION 
ELEMENTS AND THE ANALYSIS OF THEIR SHORTCOMINGS 

A. Superimposed current phase-selection elementΔIφφ 
For convenience of analysis, take a two-side power 

supply system for example. The system model is shown in 
Fig.1.In Fig.1, Z1S is the positive system impedance of side M; 
Z1L is the positive impedance of line; Z1N is the positive 
impedance between faulty point and side N; F is the faulty 
point. The protection is installed on side M. 3 relays are used 
by two superimposed phase-phase current difference based 
phase-selection elements. Take phase A for example, the 
following derivation can be acquired:  The paper supported by“the Fundamental Research Funds for the Central 
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Fig. 1  Model of a dual-source power system 

 
In those equations, BCIΔ is the difference of superimposed 

currents of phases B and C; ABIΔ is the difference of 

superimposed currents of phases A and B; CAIΔ is the 
difference of superimposed currents of phases C and A; C1 is 
the distributing coefficient of positive sequence current; 

1FIΔ is the superimposed value of positive sequence current of 
faulty branch.  .In the upwards derivation, Z1S=Z2S is supposed. 
If Z1S≠Z2S,.  The difference of superimposed currents of sound 
phases is    not always 0. It is proportional to the difference of 
distributing coefficients of positive sequence current and 
negative sequence current. When the positive impedance of 
system is equal to negative impedance, BCIΔ has high 
sensitivity. However, as the positive reactance and negative 
reactance of salient-pole generator are quite different, in some 
conditions, C1 and C2 are quite different, which leads to 
increase of settings and decrease of sensitivity 

Therefore, for the sake of reliability of this criterion, 
reliable coefficient is introduced for braking. Take phase A 
being short circuit for example, the criterion is 

BC AB BC CA( | | | |) ( | | | |)m I I m I IΔ ≤ Δ Δ ≤ Δ     (3) 
 In which, the braking coefficient m can be set in the range 

of 4-6. 
When the criterion representing by (3) is used, the 

reliability of the phase-selection criterion is highly improved. 
However, although the sensitivity of strong power source side 
is high, the sensitivity of weak power source side may be low, 
especially for the condition of power receiving side in single-
side power source system. As the current distributed coefficient 
of the protection side C1 is equal to Z1N/(Z1S+Z1N+Z1L), when 
the protection locates on the weak infeed side, as Z1S/Z1N is very 
large, leading to C1 being close to 0, then 3 ΔIφφ measured by 
protection are all 0, and the phase-selection can not be realized. 

B.  Superimposed voltage phase-selection elementΔUφφ 

In order to improve the sensitivity of superimposed phase-
selection criterion locating on the weak infeed side, 
superimposed phase-phase voltage difference based phase-
selection element is introduced. 

Also take phase A for example, if the condition of positive 
parameters not being equal to negative parameters is not 
considered, the following derivation can be acquired: 

BC 0UΔ =                        (4) 

AB CA 1 1F 1s3    U U C I ZΔ = Δ = Δ         (5) 

In which, BCUΔ  is the difference of superimposed 

voltages of phase B,C; ABUΔ  is the difference of 

superimposed voltages of phase A,B; CAUΔ is the difference 
of superimposed voltages of phase C,A. 

According to ΔUBC=0, and the other 2 ΔUφφ are generally 
not 0. Therefore, the special phase A corresponding to ΔUBC 
can be distinguished as the faulty phase of the single-phase 
short circuit. 

In the same way, when the positive impedance of the 
system is not equal to the negative impedance, the difference 
of the superimposed voltages of the sound phases is not 
always 0.  

For the sake of reliability, referring to the current 
superimposed phase-selection criterion, a reliable braking 
coefficient is also introduced. Take phase A for example, the 
criterion is: 

BC AB BC CA( | | | |) ( | | | |)m U U m U UΔ ≤ Δ Δ ≤ Δ       
(6) 

From the above analysis, current phase-selection element 
ΔIφφ has higher sensitivity on strong power source side and low 
sensitivity on weak power source side; voltage phase-selection 
element ΔUφφ has higher sensitivity on weak power source 
side and low sensitivity on strong power source side. 

 

C.  Superimposed current and voltage compositive phase-
selection element t KΔIφφ+ΔUφφ 

In order to solve the existent problems of ΔIφφ and ΔUφφ, 
superimposed voltage is introduced in the superimposed 
current phase-selection element, a phase-selection criterion 
KΔIφφ+ΔUφφ is formed. Although this element integrates 
advantages of superimposed current and superimposed 
voltage, and it has some adaptive characteristics, there is no 
standard for the setting of model impedance K. If it is set to a 
fixed value, when the system operation mode changes largely, 
neither the weight of ΔIφφ nor the weight of ΔUφ  being 
highlighted is suitable. If an average weight is used, it means 
to average the phase-selection effect of those two criteria. In 
most conditions, a good effect will be acquired. However, 
when the positive impedance of the system is not equal to the 
negative impedance and the system and fault parameters 
satisfy to some conditions, which leads to failures of ΔUφφ and 
ΔIφφ criteria, then the KΔIφφ+ΔUφφ  criterion will also fail. 
Because ΔUφφ and ΔIφφ reflect the same characteristic quantity 
essentially, this will be verified by the following simulation 
test. 

To sum up, the existent superimposed phase-phase current 
(voltage) difference based phase-selection elements all have 
the disadvantage of not being adaptive to the variation of the 
system operation mode automatically. In order to improve the 
adaptive ability, a superimposed phase-selection element 
based on generalized impedance is presented in the following. 
In order to illuminate the superiority of this criterion, after the 



theoretical analysis, comprehensive simulation tests are 
carried out to compare this criterion with the above 3 criteria. 

III. ΔUφ2φ3/ΔIφ1 ADAPTIVE PHASE-SELECTION CRITERION. 
 Generally, the faulty characteristic of the strong power 

source side is more obvious, so the design of phase-selection 
criterion is relatively easy. As the faulty characteristic is not 
obvious, the phase-selection problem of weak infeed 
protection continues to be a widely discussed question. If a 
weak power source identifying logic is included, different 
phase-selection schemes can be chosen for different systems. 
However, the identification of weak power source system 
needs settings, for example, differentiating the values of zero-
sequence current and negative-sequence current. Sometimes 
the setting can not be easily set. It can be seen that voltage 
phase-selection element has high sensitivity on weak infeed 
side; it may lack sensitivity only on strong power source side. 
Hence, beginning with the voltage phase-selection element 

Uφφ, a novel adaptive phase-selection criterion is proposed. 
No matter how the system parameters change, this element 
should have high sensitivity. The basic theory can be 
described as follows. 

Define the generalized impedance: 

1 2 3 1
/Z U Iφ φ φ φ= Δ Δ           (7) 

In which, 
1

Zφ is defined as the generalized impedance with 

φ1 being the reference phase; 
2 3

Uφ φΔ  is the difference of 

superimposed phase-phase voltage; 
1

IφΔ is the single phase 
superimposed current. 

Similar to
1

Zφ , taking φ2 and φ3 as reference phases, the 

other two generalized impedances 
2

Zφ and 
3

Zφ are calculated. 
Sort according to their mode values, then there is 
Zmax>Zmid>Zmin. Referring to the design method of 
ΔIφφ criterion, the new criterion can be preliminary designed 
as:  

min maxmZ Z<               (8) 
Similar to m, the proportional coefficient can be set to 4-6. 

In the following of this paper, it will be set to 4. If the criterion 
is satisfied, the reference phase of generalized impedance 
corresponding to Zmin is the faulty phase of the single-phase 
fault. Take phase A grounded fault as an example, generally, 
there is ΔUBC<(4~6)×max(ΔUAB, ΔUCA). Meanwhile, there are 
ΔIA>ΔIB and ΔIA>ΔIC. Therefore, the conditions ZB>m ZA or 
ZC>m ZA is satisfied; phase A must be the faulty phase. It can 
also be seen that because of the introduction of 

1
IφΔ , the 

sensitivity of this criterion must be higher than the individual 
ΔUφφ or ΔIφφ criterion.  

However, when the criterion representing by equation (8) is 
used, phase-to-phase short circuit or two phases grounded 
faults may be mis-distinguished as single phase to ground 
faults. The analysis is as follows: 

When a phase-to-phase short circuit or two phases grounded 
fault occurs, if traditional current or voltage superimposed 

phase selection criterion is used, as the maximal difference of 
superimposed phase-phase voltage divided by the minimal 
difference of superimposed phase-phase voltage is between 1 
and 2; the cross phases fault will not be distinguished as single 
phase fault. When ΔIφ1 is introduced in ΔUφ2φ3/ΔIφ1 criterion, in 
the condition of cross phases (grounded) fault, the 
superimposed current of the sound phase may be much smaller 
than that of the faulty phase, then the criterion representing by 
(8) may be satisfied. Take BC cross phases short circuit for 
example, ZA>mZB or ZA>mZC may appear. That is, according 
to the criterion represented by (8), it will be mistakenly give 
the result of phase B or phase C single phase to ground fault. 
In order to avoid the wrong result, the construction of this 
criterion should be modified. On the basis of the analysis, 
when a single phase to ground fault occurs, Zmid is close to 
Zmax. Because their numerators are both affected by the faulty 
phase and their denominators are both the parameters of the 
faulty phase; when a phase-phase (grounded) fault occurs, Zmin 
is close to Zmid. Because their numerators are both affected by 
one of the sound phase and their denominators are both the 
parameters of the faulty phase.  Therefore, Zmid becomes the 
key of distinguishing cross phases fault and single phase fault. 
According to the above analysis, the phase selection criterion 
can be modified as follows: 

min midmZ Z<               (9) 
When (9) is satisfied, the phase corresponding to the 

denominator of Zmin is the faulty phase. Otherwise, the two 
phases corresponding to the numerator of Zmax are the faulty 
phases of cross phases fault. 

In theory, no matter how the system operating parameters 
change, the criterion proposed in this paper can be well 
adaptive. The qualitative analysis is as follows: on the strong 
power source side, ΔUφ2φ3 criterion may have low sensitivity, 
but the characteristic of ΔIφ1 is very obvious, hence 
ΔUφ2φ3/ΔIφ1criterion will highly improve the selectivity of 
ΔUφφ  criterion. On the weak power source side, even though 
the characteristic of ΔIφ1 is weakened, but the characteristic of 
ΔUφ2φ3 is very obvious, the overall effect remains the same. In 
conditions of other system parameters, when the characteristic 
of one of ΔUφ2φ3and ΔIφ1 tends to be weak, the other one will 
tend to be enhanced. The characteristics of ΔUφ2φ3 and ΔIφ1are 
not consistent but complementary, which makes this criterion 
be superior to the integrated criterion KΔIφ1+ΔUφφ in nature. 

IV. SIMULATION VALIDATION 
A. phase-selection analysis of protection installing on weak 
power source side in single phase to ground condition 

The wiring diagram of the simulation system is shown in 
Fig.1. This system is a 500kV two power sources system. The 
line parameters are the actual Pingwu line parameters in 
Huazhong network. In order to simulate the condition of 
different positive and negative system impedances, side M 
with the protection installed is represented by a generator and 
transformer unit, terminal N of the line is represented by an 
equivalent potential source.  



The generator parameters of side M are: Xd=4.14

dX ′ =0.314 dX ′′ =0.18 Xq=2.7 qX ′′ =0.2.  The transformer 
parameters are: the rated capacity is 100MVA; the variable 
ratio is 13.8/500kV; the total length of transmission line is 
340km; the faulty point locates at 200km. The line parameters 
are: X1=0.2783Ω/km R1=0.027Ω/km C1=0.0127μF/km
X0=0.6494Ω/km R0=0.1948Ω/km C0=0.009μF/km. The 
capacity of side N power source is 1000MVA. In the 
simulation, the system operating mode variation is simulated 
by virtue of the modification of the generator capacity, which 
is represented by the rated current IN. The system positive and 
negative impedances are changed by virtue of the modification 
of dX ′′  and  qX ′′ . 

The specific calculating results of this criterion are shown 
in table 1. 

 

TABLE I.    RESULTS OF PHASE SELECTORS AT THE WEEK INFEED 
TERMINAL IN THE CONDITION OF A-PHASE EARTH FAULT WHERE IN�2.72KA 

Phase-selection element Calculation result 

ΔIφφ 

ΔIAB/kA 0.0379 
ΔIBC/kA 0.034 
ΔICA/kA 0.0363 

ΔImax/ΔImin 1.1 

ΔUφφ 

ΔUAB/kA 59.9 
ΔUBC/kA 13.91 
ΔUCA/kA 51.52 

ΔUmax/ΔUmin 4.3 

Zφ 

ZC/Ω 1986.1 
ZA/Ω 213.4 
ZB/Ω 1805.6 

Zmid/Zmin 8.6 
 

From table 1, it can be seen that when phase A single phase 
to ground fault occurs, 3 values of the difference of 
superimposed phase currents measured by the protection on the 
weak power source side are nearly the same. The phase-
selection failed. The superimposed voltage ΔUAB/ΔUBC=4.3, 
which can barely give a correct phase-selection result. But for 
the new phase-selection element, Zmid/Zmin=8.6>4.3. Not only a 
correct result can be given, but also the sensitivity is twice of 
the ΔUφφ element. 

B. phase-selection analysis of protection installing on 
strong power source side in single phase to ground 
condition  

The simulation results are shown in table 2. From table 2 it 
can be seen that when phase A single phase to ground fault 
occurs, 3 values of the difference of superimposed phase 
currents measured by the protection on the weak power source 
side are quite different, ΔIAB/ΔIBC=9.6, a correct phase-
selection result can be given. But 3 values of the difference of 

superimposed phase voltages are tiny, ΔUCA/ΔUBC=1.9<4, the 
phase-selection fails. 

TABLE II.   RESULTS OF PHASE SELECTORS AT THE STRONG INFEED 
TERMINAL IN THE CONDITION OF A-PHASE EARTHFAULT WHERE IN�50.2KA 

Phase-selection element Calculation result 

ΔIφφ 

ΔIAB/kA 0.991 
ΔIBC/kA 0.1029 
ΔICA/kA 0.8911 

ΔImax/ΔImin 9.6 

ΔUφφ 

ΔUAB/kA 75.55 
ΔUBC/kA 42.63 
ΔUCA/kA 82.73 

ΔUmax/ΔUmin 1.9 

Zφ 

ZC/Ω 985.4 
ZA/Ω 46.7 
ZB/Ω 3411.1 

Zmid/Zmin 21.1 
 

For the new phase-selection element, there is 
Zmid/Zmin=21.1>9.6, which indicates that the new criterion can 
not only select phase correctly, but also has high sensitivity 
comparing with superimposed phase-phase current difference 
based phase-selection. 

C. SIMULATION RESULTS UNDER CERTAIN SYSTEM AND 
FAULT PARAMETERS WHEN ΔIφφ AND ΔUφφ FAIL BUT 

Zφ OPERATES CORRECTLY  
When system and fault parameters satisfy a certain 

condition, ΔIφφ and ΔUφφ criteria may both fail, the simulation 
results is shown in table 3. It can be seen from table 3 that 
when phase A single phase to ground fault 
occurs, ΔIAB/ΔIBC=2.7<4. Phase-selection fails. 
ΔUCA/ΔUBC=3.6<4, phase-selection fails. But for the new 
phase-selection element, the correct phase is selected. 

TABLE III.    RESULTS OF PHASE SELECTORS AT A MEDIUM CAPACITY 
INFEED TERMINAL IN THE CONDITION OF A-PHASE EARTH FAULT WHERE 

IN�5.6KA 

Phase-selection element Calculation result 

ΔIφφ 

ΔIAB/kA 0.1331 
ΔIBC/kA 0.0641 
ΔICA/kA 0.1377 

ΔImax/ΔImin 2.7 

ΔUφφ 

ΔUAB/kA 93.73 
ΔUBC/kA 25.99 
ΔUCA/kA 76.64 

ΔUmax/ΔUmin 3.6 

Zφ 

ZC/Ω 2356.6 
ZA/Ω 148.5 
ZB/Ω 1061.0 

Zmid/Zmin 7.1 
 

In order to validate whether the new criterion will mis-
distinguish two phases short circuit and two phases grounded 
faults to single phase to ground fault, two phases short circuit 
and two phases grounded faults under the condition of strong 
power source and weak power source are simulated. 



D  3.4 simulation results of the criterion under the 
condition of two phases grounded fault  

When phases B and C grounded fault occurs, the 
calculation result of the criterion is shown in table 4. It can be 
seen from table 4 that when phases B and C grounded fault 
occurs, under the condition of weak power source, 3 values are 
close to each other, it will not be mis-distinguished as single 
phase to ground fault; under the condition of strong power 
source, although Zmax=ZA is much large than the other two 
generalized impedances, the new criterion uses Zmid>mZmin to 
give a result, it will not be mis-distinguished as a single phase 
to ground fault. 

TABLE IV.  COMPARATIVE RESULTS OF Z� AT A WEAKINFEED AND A 
STRONG INFEEDER TERMINAL IN THE CONDITIONOF BC GROUNDED FAULT 

Power source condition 
Zφcriterion 

ZC/Ω ZA/Ω ZB/Ω 
Weak power source system 

IN=0.502kA 
1460 1586 1400 

Strong power source system 
IN=50.2kA 

94.6 2150.6 111.1 

 
Varying structures of system and generators, operating 

parameters and faulty parameters, 1000 simulations have been 
carried out. The phase-selection effects of the criterion are all 
satisfactory. Not only the sensitivities of single phase to 
ground faults are higher than traditional criteria, but also for 
cross phases (grounded) faults, its reliability is higher than 
traditional magnitude queuing method. 

V. CONCLUSIONS 
Traditional superimposed currents difference phase-

selection element has higher sensitivity in strong power source 
system but is in short of sensitivity on weak power source 
side.  

Superimposed voltage phase-selection element has higher 
sensitivity on weak power source side but is in short of 
sensitivity on strong power source side. Moreover, the above 
results are acquired when the system positive impedance is 
supposed to be equal to the negative impedance.  When the 
system positive impedance is not equal to the negative 
impedance, the two superimposed phase-selection elements 

may both fail. On the basis of superimposed voltage, single 
phase superimposed current is introduced in this paper to 
make a cross polarization, and a new phase-selection element 
is formed. This method can not only be adaptive to the system 
operating parameter variation[10], but also has higher 
sensitivity than traditional superimposed voltage and current 
phase-selection elements. Especially when the positive 
impedance of the system is not equal to the negative 
impedance, and the traditional phase-selection elements fail; it 
shows more superiority. Theoretical analysis and a large 
number of EMTDC simulation tests demonstrate the 
validation of the method. 
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