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Abstract: In this paper several Under Frequency Load Shedding (UFLS) schemes are designed as 
special protection schemes to preserve the integrity of islands, formed following the outage of tie lines 
connecting two areas in a double area power system. For the purpose of analysis, the Iranian 
interconnected grid is simulated in a suitable power system analysis software. The grid is connected to 
the Khorasan province network, the greatest province of the country, through a double circuit tie line. 
Following the outage of tie lines in a double area power system the area with great import of power 
may face large deficiency of energy and consequently blackout may occur in the island. The purpose 
of this research work is to propose a special protection scheme, being capable of preserving the 
balance of generation and consumption in order to prevent major outage. Special types of adaptive 
UFLS scheme are proposed in this work. 
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INTRODUCTION 

 
 Major power system breakdowns have been 
occurring historically in interconnected electric grids. 
In recent years economical restrictions in the 
installation of new power system components 
especially transmission facilities, which may be a 
consequence of power system deregulation, has 
considerably increased the frequency and intensity of 
power system blackouts[1,2]. 
The following factors play important roles in the 
recently occurred blackouts: 

• Incorrect operation of protective systems, 
especially distance relays[3]. 

• Voltage instability[4-8]. 
• Inefficient design or lack of Under Frequency 

Load Shedding system[4-9]. 
• Lack of under voltage load shedding   

system[4-8]. 
• Inefficient vegetation management strategies 

[5,7,10]. 
In this paper the third item, i.e. UFLS system, is 
considered and studied. UFLS scheme could be 
categorized in a class of protective systems known as 
system protection schemes, special protection schemes 
or wide area protection schemes.  
UFLS scheme is one of the most generally used system 
protection schemes in power systems. Preliminary work 
on this issue started in 1950’s. However it was accepted 

by most utilities after the 1965 northeastern blackout[12]. 
UFLS systems are conventionally designed to prevent 
excessive frequency decline, following the outage of 
some generating units, by preserving the balance of 
generation and consumption. Whenever frequency of 
the system falls below a predetermined value, some part 
of system load will be dropped after a time delay.  
In most of the recently occurred power system 
blackouts two or more islands emerge as a consequence 
of the disturbance[4-9]. Any island which is capable of 
preserving the balance of generation and consumption 
may survive, otherwise it will cascade to blackout.  
UFLS scheme, as a type of special protection scheme, 
may help the island preserve balance and prevent 
cascading outage. Conventional UFLS schemes are 
designed to protect the system against normal power 
deficiencies as in the case of one or two generating unit 
outage or sudden increase of load. Conventional UFLS 
scheme reaction is usually insufficient in the case of 
cascading outages, since in this case islands usually 
face excessive power deficiency. Therefore, in the case 
of large imbalances between generation and 
consumption UFLS scheme can not generally perform 
appropriately since it has not been designed specifically 
for these types of events. Adaptive UFLS schemes 
might be able to prevent complete system blackouts in 
the case of large imbalances.  
In conventional under frequency protection design the 
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only measured parameter of the system, involved in 
decision making, is frequency. Whenever frequency of 
the system falls below a predefined threshold, a portion 
of system load is disconnected in a few steps. Although 
this type of under frequency load shedding is simple 
and easy to implement, especially with 
electromechanical relays, it suffers from some 
disadvantages. The most important disadvantage of this 
scheme is its lack of adaptability. In other words, 
regardless of the severity of disturbance, settings of the 
under frequency load shedding schemes are constant. 
This lack of adaptability may result in either 
overshedding or undershedding in different situations.  
Several conventional and adaptive UFLS schemes have 
been proposed in the literature[13-21]. However, most of 
them have not proposed an effective method to prevent 
system blackout in the case of cascading outages.  
From the above discussion it is concluded that a special 
protection scheme is helpful to preserve the integrity of 
islands following large disturbances in power systems. 
The special protection scheme may be a kind of 
adaptive UFLS system, especially designed for this 
purpose.  
In order to detect large imbalances several methods 
may be used by under frequency relays. In this work 
two methods are proposed and analyzed: 
 

• Using rate of change of frequency. 
• Using the state of tie line circuit breakers. 

 
Rate of change of frequency may be a suitable 
parameter to enhance the adaptability of under-
frequency relays[18-21]. This method could be 
implemented in different ways, some of which are 
proposed and tested on an actual network in this paper. 
Using this load shedding method, faster reactions could 
be obtained for major system failures. This way, system 
blackouts could be better controlled. 
In order to verify ability of the proposed methods, 
Iranian interconnected grid is simulated appropriately. 
Khorasan, the greatest province of Iran, is considered to 
be connected to the grid through a double circuit 400kV 
tie line. The Iranian network is an interconnected grid 
with about 500 HV buses and 30000 MW generation. 
Khorasan HV network is a 72 bus system with about 
2500 MW generation.  
The power system under study is modeled as accurately 
as possible in this work. Distributed and dynamic 
model is used in this study. Generators, transmission 
lines, power transformers, Automatic Voltage 
Regulators (AVR), governors, tap changers, loads and 
under frequency relays are accurately modeled. A 

suitable special protection scheme for this double area 
power system is proposed in the paper and its 
performance is evaluated. 
 

SPECIAL PROTECTION SCHEMES 
 
 The following definitions are presented in the 
literature for special protection schemes or system 
protection schemes: 

• System protection schemes are protection 
strategies designed to detect a particular 
system condition that is known to cause 
unusual stress to the power system and to take 
some kind of predetermined action to 
counteract the observed condition in a 
controlled manner[11,23]. 

• A system protection scheme is designed to 
detect abnormal system conditions and take 
predetermined corrective action, other than the 
isolation of faulted element, to preserve 
system integrity and provide acceptable 
system performance[11]. 

The most common types of system protection schemes 
are introduced as follows[23]:  

• Generator rejection 
• Load rejection 
• Under frequency load shedding 
• System separation 
• Turbine valve control 
• Load and generator rejection 
• Stabilizers 
• HVDC controls 
• Out of step relaying 
• Discrete excitation control 
• Dynamic braking 
• Generator runback 
• VAR compensation 

The main objectives of using system protection 
schemes are listed below[11]: 

• Operation of power systems closer to their 
limits. 

• Increase power system security particularly 
during extreme contingencies. 

• Improve power system operation. 
• Compensate for the delays in construction 

programs to extend power system 
infrastructure. 

 
System protection schemes are usually classified in the 
following two categories[24]: 
 
Response based system protection schemes: In this 
type of system protection schemes response of the 
system to disturbances are used in decision making. 
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Input signals of the system in this method may be 
voltage, current, frequency or any other signal of the 
system. Under frequency load shedding and under 
voltage load shedding schemes are popular methods in 
this class.  
Event based system protection schemes: In this 
method decision is based on the state of specific 
elements in the system such as important transmission 
lines or generators. This method usually requires a 
communication link to transmit the state of important 
elements to the under frequency relays.  
In this work UFLS schemes are considered which are 
usually response-based. However, in some situations 
they are combined with event based schemes to achieve 
more effective methods. 
 

CONVENTIONAL UFLS SCHEME 
 
Conventional UFLS schemes are designed to prevent 
hazardous frequency decline following the disturbances 
which may cause considerable mismatches between 
generation and consumption. Excessive frequency 
decline may cause damage to the equipments of power 
system especially turbine blades in power plants. 
Therefore, every power plant is equipped with a type of 
under frequency relay which allows each level of 
frequency decline to exist just for a certain amount of 
time. After that time if the frequency is not recovered to 
the permitted level the generator will be tripped. A 
typical setting for under frequency relays of generators 
in 60 Hz system is listed in Table 1[25]. 
 
Table 1: Generator Under Frequency Relays Setting 
Under frequency 
limit ( Hz ) 

Maximum time 

60-59.5 Continuous operating 
range 

59.4-58.5 3 minutes 
58.4-57.9 30 seconds 
57.8-57.4 7.5 seconds 
57.3-56.9 45 cycles 
56.8-56.5 7.2 cycles 
Less than 56.4 Instantaneous trip 

 
When frequency of the system falls below under 
frequency setting of a generator relay, the related 
generator is tripped. Tripping of this generator 
intensifies the imbalance between generation and 
consumption. Therefore, frequency decline will be 
aggravated and this may cause the under frequency 
relays of other generators to trip. Consequently a 
cascading outage of generators is started and eventually 
the whole system encounters a wide spread blackout.  

A conventional approach to prevent these cascading 
outages is under frequency load shedding. In this 
method whenever frequency of the system falls below a 
predetermined value a portion of system load will be 
dropped.  
Design of conventional UFLS schemes involves four 
stages as explained below.  
 
Determination of the anticipated overload: The 
anticipated overload determines the amount of 
protection that is to be provided. This value is obtained 
from (1). [14] 
 

GenerationTotal
GenerationTotalLoadTotal

L
−=                                  (1) 

 
where L is the anticipated overload.  
According to (1), the loss of 33 percent of total 
generation results in 50 percent overload and the loss of 
50 percent of total generation results in 100 percent 
overload. Selection of L is arbitrary, however values 
greater than 50 percent are not recommended due to 
possible overshedding during small disturbances. 
 
Determination of the number of load shedding 
steps:All of the required load to be disconnected may 
be shed simultaneously, however this approach may 
lead to overshedding for small disturbances. A suitable 
alternative may be to divide the load to be dropped 
among several steps and shed a portion in each step. It 
seems that incorporating more steps results in more 
accurate load shedding. However, this is not necessarily 
true and it must be verified by dynamic studies. 
Furthermore, increasing the number of steps may cause 
problems in coordination between successive steps 
[25]. Typically 3 to 6 steps are recommended [14].  
 
Determination of the amount of load to be shed:The 
first step is to calculate the total amount of load to be 
shed to maintain frequency above minimum permissible 
frequency for the maximum anticipated overload. Total 
amount of load to be shed is calculated using (2) [14]. 
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where, LD = total load that must be shed 
 L = per unit overload  
 f = minimum permissible frequency 
 d = load reduction factor 
 fn = nominal frequency 
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Afterward, the amount of load to be shed must be 
divided among the load shedding steps. Division of 
load among load shedding steps may be implemented in 
various ways. If a great amount of load were dropped in 
the first step, the scheme would be suitable for large 
mismatches between generation and load. However, it 
may result in overshedding for small disturbances. 
Conversely, if a small amount of load is dropped in the 
first step and a large amount is dropped in the last step, 
the scheme will be more suitable for small disturbances. 
However, it may result in large frequency decline for 
large disturbances. A suitable alternative may be to 
shed small amount of load in the first step, large 
amounts in intermediate steps and a small amount in the 
last step. 
 
Calculating relay settings: The last step is to 
determine relay settings. After determining the amount 
of load to be shed in each step, the frequency at which 
load is dropped for step number one is calculated using 
relay characteristics curves. Then, setting of the next 
step is determined using (3).  
Setting = previous clearing frequency – safety margin    (3)                                    
Safety margin is involved to compensate for the 
inaccuracies of relays, breakers and other uncertainties. 
 

ADAPTIVE UFLS SCHEME 
 
Conventional UFLS schemes are normally designed for 
L=0.5 in (1) and (2). Using values greater than 0.5 for 
parameter L in the design will result in overshedding 
for small disturbances. Therefore, in the case of a 
double area power system with large amount of power 
transfer through tie lines if, for any reason, the tie lines 
are disconnected the area which was importing power 
will be at high risk of blackout. In this case a special 
protection scheme is required to prevent blackout. An 
adaptive UFLS scheme could be a good solution. 
Several adaptive UFLS schemes are introduced in this 
section and their performance is analyzed for the 
special case of this work. 
  
f-df/dt characteristics: In this method frequency 
settings of the UFLS relays are a function of df/dt 
variable[18]. For large values of |df/dt| higher frequency 
settings are used, while for small values of |df/dt| lower 
frequency settings are used. This way for large 
imbalances between generation and consumption UFLS 
relays will quickly be initiated. This may result in 
higher minimum frequency of the system after the 
disturbance.  
One type of f-df/dt characteristics are depicted in Fig. 1. 
In this characteristic the region wherein �df/dt� is 

greater than 1.4 is designated large df/dt region; the 
region wherein �df/dt� is between 0.9 and 1.4 is 
designated medium df/dt region and the region with 
�df/dt� smaller than 0.9 is designated small df/dt region. 
 

 
Fig. 1: f-df/dt step characteristic. 

 
TD-df/dt characteristics: The basic idea of this method 
is introduced in[26]. This method is similar to the first 
method; however instead of using f-df/dt characteristics 
TD-df/dt characteristics are used. TD is the intentional 
time delay for load shedding. TD does not include the 
intrinsic delays such as operating time of relays and 
circuit breakers. In this method for large disturbances 
small time delays are used while for small disturbances 
conventional time delays are used. One type of TD-df/dt 
characteristic is depicted in Fig. 2. 
 

 
Fig.2: A typical TD-df/dt characteristic 

  
Fig.3: A typical LD-df/dt characteristic  
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Adaptive LD-df/dt scheme: In this method the amount 
of load to be shed is a function of df/dt variable. For 
large disturbances greater amount of load is shed while 
for small disturbances smaller amount is shed. In this 
method the UFLS scheme must be designed several 
times for different levels of df/dt. The UFLS is 
designed so that for any disturbance, with its related 
df/dt, minimum frequency of the system does not fall 
below a certain value. This way for each value of df/dt 
a suitable value of LD is calculated where LD is the 
amount of load to be shed. In other words in this 
method an LD-df/dt characteristic is used as depicted in 
Fig. 3.  
 
Event based adaptive UFLS scheme: In the previous 
methods introduced in sections 4.1 to 4.3, rate of 
change of frequency is used to estimate the magnitude 
of disturbance. These methods are completely response 
based. In this section an event based method is used to 
assess the magnitude of disturbance. Outage of 
important transmission lines or generators may be a 
good representative of the magnitude of disturbance. 
For example in a double area power system, outage of 
tie lines may declare the severity of disturbance for 
UFLS relays. Sending the state of tie line circuit 
breakers to UFLS relays may help the relays change 
their settings according to the disturbance. In this 
method UFLS relays use a conventional setting by 
default. If a disturbance causes the tie lines to open, this 
situation is transmitted to the UFLS relays in order that 
the relays automatically change their settings to the 
emergency mode of operation. In the emergency mode 
one or some of the following strategies may be used: 
 

• Higher frequency settings may be used. 
• Smaller time delays may be used. 
• Larger amounts of load may be shed. 

 
MODELING A DOUBLE AREA POWER 

SYSTEM 
 

In this section a double area power system is modeled 
for power system analysis. The Iranian network 
connected to the network of Khorasan province, the 
greatest province of the country, is modeled for this 
study. The Iranian network is an interconnected grid 
with about five hundred 230 kV and 400 kV buses. The 
amount of generation in this network exceeds 30000 
MW. The Khorasan province network is a grid with 
seventy two 132 kV and 400 kV buses. The amount of 
generation in this network is about 2300 MW. Two 
networks are connected through a 400 kV tie line. 
An accurate modeling is used in this study. A detailed 
distributed and dynamic model of the system is 

developed. The conventional lump and static system 
model is not able to provide accurate results and does 
not provide access to various system variables at 
different locations. The distributed and dynamic model 
of the network involves generators with governors and 
AVRs, transmission lines, power transformers, tap 
changers, shunt capacitors, shunt reactors, loads and 
under frequency relays. Fig. 4 depicts a schematic 
diagram of the network and Fig. 5 depicts the single 
line diagram of Khorasan network.  

 
Fig. 4: Schematic diagram of the Iranian network 

connected to the Khorasan network. 
 

 
 
Fig.5: Single line diagram of the Khorasan network. 
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In this section modeling of power system components is 
described in detail:  
Generator modeling: The forth order model of the 
generator is used in this study[27, 28]. Since damper 
windings are included in this model oscillations are 
small and realistic. Using the first order model provides 
large generator oscillations after system disturbance 
which are not realistic.  
 
Governor modeling: Governors are modeled 
according to the simplified model of[27]. Since the 
responses of boiler and reheaters are slow they are not 
modeled in load shedding studies.  
 
AVR modeling: The IEEE type DC1 model is used for 
AVR modeling[27, 28].  
 
Load modeling: The EPRI static load model is used in 
this work[29]. 

 
DESIGN OF CONVENTIONAL AND ADAPTIVE 

UFLS SCHEMES 
 

In this section conventional UFLS scheme and the four 
adaptive schemes introduced in section 4 are designed 
for the Khorasan network. The purpose of this study is 
to evaluate performance of the schemes in preventing 
blackout in the Khorasan network after isolation of the 
network from Iranian grid. 
 
Conventional UFLS design: In this subsection 
conventional UFLS scheme is designed for Khorasan 
network according to the method previously described. 
Design is based on the following parameters: 
 

• L = 0.5 
• Total load = 1774 MW 
• d = 1.7 
• f ( minimum permissible frequency ) = 48 Hz 

 
Using the above data and (2), value of 0.285 per unit or 
510 MW is obtained for the parameter LD. The value of 
0.2 second time delay for frequency relays and 
frequency settings according to the Table 2 are used in 
the simulation. These values are in accordance with the 
real amounts used for the Khorasan relays.  

 
Table 2: Frequency settings of conventional UFLS scheme 

Step 
Number 

Frequency 
setting 
 ( Hz ) 

Amount of load to 
be shed in each step 
( percentage of LD ) 

1 49.2 20 % 
2 49 20 % 
3 48.7 30 % 
4 48.4 30 % 

The following factors are considered in choosing the 
loads to be shed.  

• The loads to be shed are chosen among loads 
with low degree of importance. 

• The loads to be shed are chosen in a way that 
they are distributed in the whole system. In 
other words they are not concentrated in any 
specific area. 

 
Adaptive UFLS with f-df/dt characteristic: Design of 
UFLS scheme in this method is described in[2]. A 
summary is presented in this section. The design 
involves 5 stages. 
 
Distributed and dynamic modeling of the system: In 
the first stage, distributed and dynamic model of the 
power system under study is simulated.  
 
Simulation of several outage scenarios: In the second 
stage several generation and tie line outage scenarios, 
with different values of anticipated overload are 
simulated on the system. In this stage under frequency 
relays are disabled.  
 
 f-df/dt loci of the system: f-df/dt loci of the slack 
busbar, for all scenarios of stage 2.2 are obtained from 
the simulation results. For example the locus for a large 
disturbance with 720 MW generation outage is depicted 
in Fig. 6.  

47
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Fig. 6: Locus of f-df/dt for 720 MW generation outage in 

Khorasan network. 
 
 Setting the adaptive UFLS system: Using the loci 
obtained in stage 2.3, the first step of under frequency 
relays, characteristics of which were depicted in Fig. 1, 
are determined. The parameters are determined such 
that: 

• For large disturbances under frequency relays 
operate in large df/dt region of the 
characteristics shown in Fig. 1. 
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• For medium disturbances the relays operate in 
medium df/dt region. 

• For small disturbances the relays operate in 
small df/dt region. 

 
 Testing the design: After setting parameters, the 
design must be tested on the model of power system for 
all scenarios of stage 2.2 in different operating 
conditions. In this stage it may be necessary to modify 
parameters. 
 
Adaptive UFLS with TD-df/dt characteristic: In the 
first stage of design, similar to the previous method, 
distributed and dynamic model of power system under 
study is simulated. In the second stage several 
generation outage scenarios are simulated on the 
systems under study. Initially in this stage under 
frequency relays are disabled. The left side of the curve 
in Fig. 6, e.g. from t=0.7 s to t=1.14 s, is important in 
the design. Values of df/dt setting which should be used 
in Fig. 2 are determined from the values of df/dt in the 
left side of f-df/dt loci. For example if for a large 
disturbances df/dt in the left side of f-df/dt locus is 
around -1.5 Hz/s, the minimum df/dt setting in TD-df/dt 
characteristics is chosen -1.4 Hz/s as depicted in Fig. 1. 
The safety margin of 0.1 Hz/s is included to 
compensate for the following uncertainties: 
 

• Differences between f-df/dt characteristics of 
slack busbar and load busbars where df/dt is 
calculated. 

• Variations of f-df/dt characteristics in different 
operational conditions of power system. 

 
The other df/dt setting point in Fig. 2 belongs to 
medium disturbances and it is calculated similar to the 
previously discussed case. For Khorasan network it is 
equal to -0.9 Hz/s as depicted in Fig. 2. 
 
Adaptive UFLS with LD-df/dt characteristic: In this 
section an adaptive UFLS scheme, using        LD-df/dt 
characteristic, is designed for Khorasan network. In this 
method the amount of load to be shed is a function of 
df/dt. The characteristic used in this work is depicted in 
Fig. 7. The characteristic contains three separate 
regions. The large df/dt region is related to a major 
disturbance, e.g. the islanding condition in which the tie 
line is tripped due to a disturbance. The medium df/dt 
region is related to medium disturbances and the small 
df/dt region is related to the small disturbances. The 
values of DF1 and DF2 in which the transition between 
separate regions occur are obtained from the dynamic 
studies of the system similar to the calculations of 

previous section. This way the values of -1.4 and -0.9 
Hz/s are obtained for DF1 and DF2 respectively. 
The next step is to determine the values of LD1, LD2 
and LD3. LD1 is related to small disturbances. In this 
work small disturbances are those with the percentage 
of generation outage less than 20 %. Therefore 
according to (1) L is equal to 0.25 in this region. Using 
(2) and value of 0.25 for L, the value of 0.14 P.U. or 
250 MW is obtained for LD1. Other parameters of (2) 
are equal to those of conventional method.  
LD2 is related to medium disturbances. In this work 
medium disturbances are those with the percentage of 
generation outage between 20 and 33 %. Therefore 
according to (1) L is equal to 0.5 in this region. Using 
(2) and value of 0.5 for L, the value of 0.285 P.U. or 
510 MW is obtained for LD2. 
LD3 is related to large disturbances including large 
generation outages or tie line outage. In this work large 
disturbances are those with the percentage of generation 
outage greater 33 %. In this region the value of L is 
supposed to be 1.32 which is related to the tie line 
outage which produces the largest mismatch of 
generation and load. In this design it is supposed that 
the amount of power transfer between two areas is 1100 
MW, based on the contract between two companies. 
Obviously the deign may be revised and adapted for 
any other agreement between the companies. Using the 
amounts of 1100 MW power transfer between the areas, 
1774 MW for total load, 764 MW for total generation 
of Khorasan network and 90 MW for losses in 
Khorasan network the value of 1.32 is obtained for L 
according to (1).  Using this value for L and the other 
parameters equal to that of conventional method, the 
amount of 0.537 per unit or 950 MW is obtained for 
LD3. 
It must be considered that the actual amount of power 
transfer through tie line is about 300 MW from 
Khorasan to the Iranian grid. However in this work in 
order to model a small network that is largely 
dependent on another network the power transfer is 
accepted to be about 1100 MW from Iran to Khorasan 
network.  
 

 
 

Fig.7: LD-df/dt characteristic 
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Event based adaptive UFLS scheme: In this section 
an event based adaptive UFLS scheme is designed for 
Khorasan network, connected to the Iranian grid. In this 
method instead of using df/dt to recognize the outage of 
the tie line, a communication link is used. Whenever 
the tie line is tripped due to a disturbance, a signal is 
transmitted to the UFLS relays. Receiving this signal 
causes the UFLS relays to change their settings and 
transfer to the emergency mode of operation. In this 
study outage of tie line causes the UFLS system to shed 
larger amount of load compared with the conventional 
mode. Therefore, in order to implement this method 
some specific relays must exist in the system which will 
be activated only if the outage signal of tie line is 
received. This way in the event of tie line outage a large 
amount of load is shed from the system. In this method, 
two different modes are designed for the UFLS system. 
The normal mode is the conventional one which is 
designed for L=0.5. In this case the value of 510 MW is 
obtained for LD, according to (2). 
The emergency mode is related to the outage of tie line. 
For each value of power transfer between two areas, the 
UFLS scheme may be adapted to that situation. In this 
study the power transfer of 1100 MW is used for the 
design. It may be necessary to revise the design in 
different seasons. Using the amount of 1100 MW 
power transfer, the value of 950 MW is obtained for 
LD, according to (2). In previous section it was 
completely described how to obtain the values of 510 
and 950 MW for LD.  A delay equal to 5 milliseconds 
is also considered for the operation and delays of 
communication facilities. 
 

SIMULATION RESULTS 
 
The UFLS schemes, designed in section 6, are modeled 
appropriately. At the first stage no UFLS relays are 
used. In this case several tie line outages are simulated 
on the system with different values of power transfer 
before the outage. The amount of power transfer is 
increased until the system becomes unstable after the tie 
line outage and cascading outage of generators occurs. 
Maximum possible power transfer through the tie line 
so that the system would stay stable after the outage of 
tie line is 640 MW in the case no load shedding is used. 
System reserve is enough to compensate for such a 
great disturbance.  
The same scenario is performed for the system with 
conventional and adaptive UFLS schemes. In each case 
maximum possible amount of power transfer, so that 
the system would be stable after the tie line outage, is 
obtained. The results are listed in Table 3. Table 3 

implies that without any UFLS scheme maximum 640 
MW power transfer through tie line is permitted so that 
if the tie line is tripped the system will remain stable. 
For the case of conventional UFLS scheme this limit is 
1100 MW i.e. if 1100 MW power or less is transferred 
through tie line and it is tripped the system will remain 
stable. This limit is 1030 MW and 1040 MW for 
adaptive load shedding with TD-df/dt and f-df/dt 
characteristics, respectively. 
In the case of adaptive load shedding with LD-df/dt 
characteristic and event-based adaptive load shedding 
there is no limit for power transfer through tie line from 
frequency stability point of view. It means that for any 
value of power transfer through tie line, the balance of 
generation and consumption may be recovered by these 
methods. In these cases transient stability and dynamic 
stability restrictions limit the amount of power transfer 
through tie line. 
 
Table 3: Maximum permissible amount of power transfer 

Method Maximum permissible amount 
of power transfer (MW) 

Without load 
shedding 640 

Conventional 
UFLS 1010 

Adaptive UFLS 
with TD-df/dt 
characteristic 

1030 

Adaptive UFLS 
with f-df/dt 
characteristic 

1040 

Adaptive UFLS 
with LD-df/dt 
characteristic 

_ 

Event based  
adaptive UFLS _ 

 
Fig. 8 shows the frequency of some busbars in 
Khorasan network for the disturbance of tie line outage 
in the case of using conventional UFLS. The amount of 
power transfer between areas before the tie line outage 
is 1100 MW. In this case, although all four steps of 
conventional UFLS scheme operate and 510 MW load 
is shed, the system does not remain stable and 
frequency does not recover.  
Fig.9 shows the frequency of some busbars in Khorasan 
network for the same disturbance as Fig.8 in the case of 
adaptive UFLS with LD-df/dt characteristic. In this case 
the system remains stable and frequency begins to 
increase after about 1.5 seconds. In this scheme 950 
MW load is shed instead of 510 MW of conventional 
scheme and the system is preserved from instability.  
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Fig.8: Frequency of the system in the unstable case 
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Fig.9: Frequency of the system in the stable case 
 
In order to further illustrate the performance of different 
UFLS schemes, several tie line outages are simulated 
on the system with different values of power transfer 
through tie line before the outage. For each value of 
generation outage, frequency of the slack busbar for 
different UFLS schemes is obtained by simulation. 
Figs. 10 to 12 depict the frequency of slack busbar for 
the tie line outages with 700, 900 and 1100 MW power 
transfer before the outage, respectively. 
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Fig. 10:   Frequency of the slack busbar for the tie line outage  

with 700 MW power transfer 
 
It is concluded from Fig. 10 that if the amount of power 
transfer through tie line is 700 MW and the tie line is 
tripped due to any disturbance, the system without 

UFLS scheme does not stay stable and cascading 
outage of generators due to frequency decline causes 
blackout in the Khorasan network. This simulation 
reveals the necessity of UFLS scheme in a double area 
power system when the amount of power transfer 
between areas is relatively large. Performance of UFLS 
schemes is not so much different in this case. However, 
the adaptive scheme with f-df/dt characteristic results in 
a higher minimum frequency, compared with other load 
shedding methods. In all UFLS schemes designed in 
this work, all four steps of under frequency relays have 
operated for this outage. 
Since the system will remain stable after the tie line 
outage, all UFLS shedding schemes designed in this 
work could be considered acceptable for this outage 
case.  
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Fig. 11: Frequency of the slack busbar for the tie line outage 

with 900 MW power transfer 
 
Fig .11 is related to a greater disturbance, compared 
with Fig. 14. In this case 900 MW power is transferred 
from the Iran grid to the Khorasan network before the 
disturbance. Again the system will become unstable 
without UFLS system. In this case the results of 
conventional UFLS scheme, adaptive scheme with f-
df/dt characteristics and adaptive scheme with TD-df/dt 
characteristic are almost the same while the results of 
adaptive scheme with LD-df/dt characteristic and event-
based adaptive UFLS scheme are more acceptable since 
their minimum frequencies are approximately 0.5 Hz 
greater than other schemes. All four steps of under 
frequency relays operate for this disturbance.  
Fig .12 is related to an extremely large disturbance. In 
this case 1100 MW power is transferred to the 
Khorasan network. 
 After the disturbance, in addition to the system without 
UFLS scheme, the systems with conventional UFLS 
scheme, adaptive scheme with TD-df/dt characteristic 
and adaptive scheme with f-df/dt characteristic will all 
become unstable, while the systems with event based 
adaptive scheme and adaptive scheme with LD-df/dt 
characteristic will remain stable.  
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Fig. 12:  Frequency of the slack busbar for the tie line outage 

with 1100 MW power transfer 
 
In the latter methods for each value of power transfer 
through the tie line, the UFLS scheme is completely 
adapted to that situation. Therefore, if a tie line outage 
is detected by the UFLS system, the system will go the 
emergency mode of operation and the amount of load to 
be shed is increased, compared with ordinary 
generation outage scenarios. The results of Table 3 
confirm this fact. 
The following points are the important conclusions 
obtained through the simulations: 

• Equipping the system with any type of UFLS 
system considerably increases the amount of 
permissible power transfer through the tie line.  

• Performance of the three methods of 
conventional UFLS, adaptive UFLS with      f-
df/dt characteristic and adaptive UFLS with TD-
df/dt characteristic is not so much different in 
this system.  

• Adaptive UFLS with LD-df/dt characteristic 
and event based adaptive UFLS schemes are 
completely acceptable in this case. These two 
schemes may be designed such that for any 
scheduled power transfer through tie line outage 
of tie line would not result in cascading outage 
of generators.  

• Adaptive UFLS with LD-df/dt characteristic has 
the advantage that it does not require 
communication link. While event based 
adaptive UFLS scheme does require a reliable 
communication link. 

• Event based adaptive UFLS scheme has the 
advantage that recognition of tie line outage is 
more precise in this method, compared with 
response based schemes. In response based 
schemes design of the adaptive relays using 
df/dt could become somewhat complicated, 
since df/dt at different buses of the system are 
not completely the same.  

• Event based adaptive UFLS scheme has the 
advantage that using this method it is not 
required to calculate df/dt. Accurate calculation 
of df/dt, especially during disturbances, may be 
difficult and it requires advanced filtering 
techniques. 

 
CONCLUSIONS 

 
In this paper several UFLS schemes were introduced 
and they were used as special protection schemes to 
prevent blackout in a double area power system 
following a disturbance causing the tie line between 
two areas to open. Complete methods to design the 
UFLS schemes were also presented in detail. After 
completing the design it was tested by simulation. 
Several stable and unstable cases were simulated for 
each scheme. Results of simulations confirm the 
necessity of using a UFLS scheme in the case of double 
area power system. Among different UFLS schemes 
analyzed in this paper, conventional UFLS scheme, 
adaptive UFLS scheme with f-df/dt characteristic and 
adaptive UFLS with TD-df/dt characteristic are suitable 
methods; however they have some restrictions in the 
amount of high power transfer through the tie line.  
Adaptive UFLS scheme with LD-df/dt characteristic 
and event based adaptive UFLS scheme are complete 
methods and they protect the special system against 
blackout after tie line outage, almost with no restriction. 
The adaptive UFLS scheme with LD-df/dt 
characteristic has the advantage of protecting the 
system without any communication link. However, it 
suffers from the disadvantage of using df/dt, calculation 
of which might be complicated. The event based 
adaptive UFLS scheme requires communication link 
instead of calculating df/dt. Therefore, the design is 
rather simple and more accurate; however it may be 
more expensive, compared with response based 
schemes. As shown in the paper, for a double area 
power system if the amount of power transfer exceeds a 
certain value, UFLS scheme is necessary. Increasing 
the amount of power transfer above a threshold 
necessitates the use of either adaptive scheme with LD-
df/dt characteristic or event based adaptive scheme. 
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