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ABSTRACT 
Upon the occurrence of out-of-step (OOS) phenomena due to severe fault in the system, it is advisable to initiate 

force generator tripping as soon as possible within a few cycles while maintaining system stability. Due to this 

requirement, a fast OOS detection method is the most critical criterion. This paper analyses system behavior at 

selected study area in 790 Bus Test System Network using PSSE software to justify that TSI COI Speed can serve 

as an indicator to detect OOS at early stage in order to initiate Force Generator Tripping Scheme (FGTS). In this 

paper, TSI COI Speed and Accelerating Power are used as a new technique to be implemented in FGTS; a complete 

algorithm is developed that can detect OOS, initiate FGTS, calculate the amount of MW quantum to force trip 

generator, determine which generator and the most suitable location to force trip generator, evaluate on the 

effectiveness of FGTS, and initiate contingency action to take if OOS still exists in the system. 

 

KEYWORDS: Out-of-Step detection, Force Generator Tripping Scheme, System Integration Protection 

Schemes, Area-Based Transient Stability Indexes: COI Angle and COI Speed, Accelerating Power. 

 

I. INTRODUCTION 
The existence of dynamic loads in the system will affect rotor angle and speed of generators during steady state 

and abnormal conditions [1]-[3].  It is important to look into various possible ways to preserve system stability by 

taking early precaution before the system plunges out of its limiting condition and runs out of synchronism.  

Anticipating the correct amount of mechanical power when the system is at steady state and when it is subjected 

to disturbances would minimize supply interruption and hence maintain system stability [4]. Generator can be 

transiently unstable when there is a large variation of input power either due to sudden increase in the input power 

to generator or system fault, especially when the system is subjected to severe system fault [5]-[9]. The response 

of a power system to a disturbance depends on the initial operating state of the system, the severity of the 

disturbance, the actions of protective relays and other power system controls. Severe fault on power system 

followed by its isolation from the system will cause variations in its critical parameters such as large separation of 

generator rotor angles, large swings of power flows, large fluctuations of voltages and currents, and finally loss of 

synchronism between groups of generators or between connected neighboring utility systems [10].  This unstable 

power swing can be classified based on the three characteristics of the separation interface tie-lines [11]: first, the  

active power on these lines crosses zero and oscillates periodically; second, the existence of out-of-step center 

point on the separation interface, whose voltage fluctuation amplitude is significantly larger than that of other 

points; last, the reactive power flows into the interior from both sides of the separation interface. 

 

. 
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II. MATERIAL AND METHODS 
Power System Stability Analysis  

Some of the methods used for power swing detection are measuring critical parameters using the synchrophasor 

measurement technique [7]; estimating the swing center voltage and its rate of change [8]; using probabilistic 

system index of transient stability [12]; measuring the rate change of resistance or impedance [13]; monitoring the 

unbalance power [14]; applying system integrity protection schemes (SIPS) [15], and monitoring Area-Based COI-

Referred Transient Stability Index [16]. Power swing tripping must be set using data obtained from general stability 

studies by varying the system condition, creating the boundary equivalents, and determining the suitable place to 

apply the scheme and separating the system [17].  Reference [18] detects OOS based on direct correlation of power 

angle and modelable voltage in the point of minimal voltage (PMV), which is the projection voltage vector at the 

point of OOS protection.  When a generator pole slips, it is desirable to disconnect it from the utility supply as 

quickly as possible, thus preventing possible damage to the generator, disturbance to the local power system, and 

system instability. 

 

Force Generator Tripping Scheme 

Reference [5] introduced transient stability emergency control based power switching using energy balance 

concept with respect to rotor angle and speed but not using synchrophasor measurement. A new multi-agent power 

system stability enhancement scheme is proposed by [12] based on the on-line measurements of generators’ rotor 

angles and electrical powers of a multi-machine power system. The unstable units are predicted using the prediction 

agent applying the control agent to the most disturbed unit, which is identified by the power mismatch technique 

to establish the stability of the system. The prediction agent requires no prior knowledge of the system parameters 

except for the on line generators’ rotor angles measurements. The stability behavior of the system is studied before, 

during and after initiation of the control agent. However, this method is not fully matured yet since more research 

work is needed to develop a multi-agent technique that will operate fast enough to maintain synchronism of all 

generators in the system. Reference [14] compares the original and controlled system as emergency control based 

on power switching using synchrophasor measurement.  This transient stability emergency control based power 

switching uses energy balance concept with respect to rotor angle and speed. Referring to its findings, certain fault 

has delayed generator tripping due to the time consumed by the iteration of the algorithm.  In some cases the 

tripping times in reference [14] are higher than the recommended time given by reference [15].  

Force generator tripping scheme is introduced in reference [15] using SIPS; however, since the scheme is 

implemented on 2 area  system with only 2 generators so there is no issue of which generator to force trip. Another 

method is proposed by [19] to prepare for a look-up table for generator trip arming using off-line time domain 

analysis through tracking and screening simulated rotor angles and electric power. Rotor angles are monitored to 

determine system stability condition; electric power of each generator before and after disturbance is compared to 

determine the most appropriate generator to trip. Out-of-step tripping schemes are designed to protect the power 

system during unstable conditions, isolating unstable generators or larger power system areas from each other with 

the formation of system islands, in order to maintain stability within each island by balancing the generation 

resources with the area load. OOS tripping systems must be applied at preselected network locations, typically near 

the network electrical center, and network separation must take place at such points to preserve a close balance 

between load and generation [9].   

This research work analyzes OOS detection based on PSSE simulation results on 790 Bus Test System Network 

and its simplified equivalent network on selected area as a test system. The objective of the analysis is to find the 

most sensitive technique to detect OOS phenomena that can be incorporated with synchrophasor technology and 

force trip the most suitable and effective generator to bring the system back to steady state condition. This paper 

introduces a new algorithm for FGTS that continuously monitors the health of the selected area of a system, detects 

OOS and force trips generator, determines the most suitable generator and location to force trip, and verifies the 

effectiveness of the FGTS using TSI COI Speed, Accelerating Power and SIPS methods.  
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System Integrity Protection Scheme (SIPS) 

Reference [15] introduces an improvement to SIPS using synchrophasor measurements. This method is good for 

two-area power systems to allocate the electrical center, which is equivalent to half of the total impedance between 

two sources. The electrical center of the system can be at a transmission line or at any other part of the system that 

corresponds to half of the total impedance. SIPS requires that the location of system electrical center must be 

between the relays that acquire the synchrophasor measurements. The out of step protection scheme uses the 

positive sequence voltage synchrophasors that relays acquired at two power system busbars to calculate the angle 

difference between these voltages. In assessing power system stability using SIPS, the angle difference 𝛿𝑘, slip 

frequency 𝑆𝑓𝑘, and slip frequency acceleration 𝐴𝑓𝑘 are calculated; thus, predicting power angle of unstable 

conditions. A modal analysis based SIPS is then used to identify the undamped oscillations and take action before 

the system collapses [15]. 

 𝛿𝑘 = 𝑉1_𝐴𝑛𝑔𝑘

𝑅𝑒𝑙𝑎𝑦 1
− 𝑉1_𝐴𝑛𝑔𝑘

𝑅𝑒𝑙𝑎𝑦 2
                                                              (1) 

𝑆𝑓𝑘 =
(𝛿𝑘−𝛿𝑘−1)

360
𝑀𝑅𝐴𝑇𝐸                                                (2) 

𝐴𝑓𝑘 = (𝑆𝑓𝑘 − 𝑆𝑓𝑘−1) ∗  𝑀𝑅𝐴𝑇𝐸                                                         (3) 

Where 

𝑉1_𝐴𝑛𝑔𝑘

𝑅𝑒𝑙𝑎𝑦 1
   is the positive-sequence voltage angle of Relay 1 at the k processing interval 

𝑉1_𝐴𝑛𝑔𝑘

𝑅𝑒𝑙𝑎𝑦 2
   is the positive-sequence voltage angle of Relay 2 at the k processing interval 

𝑆𝑓𝑘          is the slip frequency at the k processing interval 

𝐴𝑓𝑘          is the acceleration at the k processing interval  

 

Area-Based TSI: COI Angle and COI Speed 

When power system is subjected to disturbances, the synchronism assessment among generators can be made by 

analyzing the angular velocity in addition to checking the variation of rotor angle [2], [7], [14], [19]. The system 

is not stable if the rotor angle of a generator increases with respect to the rest of the system. Similarly, the angular 

velocity can be translated to system frequency. For a multi-machine system, Area-Based COI is a common 

transformation used in transient stability analysis [1], [2], [7], [14], [16]. The Area-based TSI: COI Angle and COI 

Speed are derived based on the swing equation [6].  

𝑀
𝑑2𝛿

𝑑𝑡2 = 𝑃𝑚 − 𝑃𝑒 = 𝑃𝑎𝑐𝑐                                                                          (4) 

Where M is the moment of inertia of the machine, δ is the electrical power angle, Pm is the mechanical power, Pe 

is the electrical power, and 𝑃𝑎𝑐𝑐  is the Accelerating Power. The indexes shown in equation (5) and equation (9) 

relate to the rotor angle and angular speed of a particular area in a power grid and are based on an equivalent inertia 

representing the total inertia of the generators located in that area.  The indexes are derived from the classical 

machine model by assuming that the dynamic behavior of generators in the system [7], [8], [14], [16]. If the indexes 

calculated show an out of step condition after the fault is cleared, the system is considered to be in an unstable 

condition. In addition, if the referred multi-machine system is in synchronism with all the machines turning at a 

constant speed [2], [7], [14], the system frequency is equal to the dynamic frequency (possibly above or below the 

steady state speed, s). The COI reference transformation defines the COI Angle and COI Speed instead of 

referring to the angle of a specific machine [7]. The COI reference transformation defines the COI Angle as: 

𝛿𝑗
𝑐𝑜𝑖 = 𝛿𝑗̅ − 𝛿𝐶̅𝑂𝐼                                                                                      (5) 

𝛿𝑗̅ =
1

𝑁
∑ 𝛿𝑖

𝑁
𝑖=1                                                                                          (6) 

𝛿𝐶̅𝑂𝐼(𝑡) =
1

𝑀𝑇
∑ 𝑀𝑗𝛿𝑗̅

𝑟
𝑗=1                                                                          (7) 

𝑀𝑇 = ∑ 𝑀𝑖
𝑟
𝑖=1                                                                               (8) 

Where 𝛿𝑗
𝑐𝑜𝑖 is the TSI COI Angle, N is the number of generator, MT is the total system inertia, i is the individual 

rotor angle, 𝛿𝑗̅ is the area equivalent rotor angle of each area, 𝛿𝐶̅𝑂𝐼  is the COI Angle of the system, while r is total 

number of areas in a power system. The COI reference transformation defines the COI Speed as: 
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 𝜔𝑗
𝑐𝑜𝑖 = 𝜔̅𝐽 − 𝜔̅𝐶𝑂𝐼                                                                                  (9) 

𝜔̅𝐽 =
1

𝑁
∑ 𝜔𝑖

𝑁
𝑖=1                                                                                      (10)     

 𝜔̅𝐶𝑂𝐼(𝑡) =  
1

𝑀𝑇
  ∑ 𝑀𝑗𝜔̅𝑗

𝑟
𝑗=1                                                                   (11)       

Where 𝜔𝑗
𝑐𝑜𝑖  is the TSI COI Speed, i is the individual rotor speed, 𝜔̅𝐽 is the area equivalent rotor speed and 𝜔̅𝐶𝑂𝐼  

is the COI Speed of the system. 

Test System 

In this research work, the analysis on the behavior of power system during abnormal condition is carried out on 

790 Bus Test System Network but focusing on a selected area; its equivalent network is shown in Figure 1. The 

analysis is focusing on the system behavior for faults that may occur on the Six Circuit that comprises of 4 lines 

between Bus1001 – Bus1007 and 2 lines between Bus1001 – Bus1006. Severe fault in these lines such as 6 Line 

Fault (6LF) may lead to unstable power swing to the two transmission lines between Bus1004 – Bus1005.  

Referring to Figure 1, Bus 1001, Bus1002 and Bus1003 are connected to thermal power power plants and supplying 

power to meet power demand in this area and also to support the demand to the rest of the grid system while 

Bus1004 is connected to a hydro power plant. Majority of the generated power from this area is exported to the 

load center of the grid system through previously mentioned Six Circuit; conversely, another two lines from Bus 

1001 and Bus 1004 are leading to mostly domestic customers. The Six Circuit is considered as the main arteries 

connecting from the generation center to the load centers in the network, which are mostly commercials and 

industrials while the area beyond Bus 1004, the lines are normally carrying light load.  

 
 

Figure 1: 790 Bus Test System Simplified Equivalent Network 

Generators that are connected to Bus1001, Bus1002 and Bus1003 consist of either gas turbine (GT) or steam 

turbine (ST). The input power to steam turbine of each block at Bus1001 and Bus1002 very much depends on the 

flue gas from the other two gas turbines. Hence, reducing power generation from gas turbine will affect power 

generated by the steam turbine of the respective block. However, at Bus1003 due to the design of the connected 

plant, generator that powered by the steam turbine of each block has to shutdown if any of the gas turbine is down 

on outage. Bus1004 is a hydro power plant that consists of 4 generators with each generator has a maximum power 

generation of 100MW. Scheduling of power from these generators depends on the nature and construction of each 

plant. Taking into consideration on the constraint and limitation of each type of power plant, different combinations 
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of generation scheduling were simulated to create different scenarios in order to justify the selected method of 

OOS detection.  

 

III. RESULTS AND DISCUSSION 
Numerous simulations were carried out on 790 Bus Test System Network for different network topologies at 

steady state and fault(s) conditions including different locations of fault within these significant buses: 1LF - Single 

line trip (Bus1001 – Bus1007); 1LF - Single line trip (Bus1001 – Bus1006); 2LF - Two parallel lines trip (Bus1001 

– Bus1007); 3LF - Three parallel lines trip (Bus1001 – Bus1007); 4LF - Four parallel lines trip (Bus1001 – 

Bus1007); 5LF - Five lines trip (4 lines Bus1001 – Bus1007and 1 line Bus1001 – Bus1006); and 6LF - Six lines 

trip (4 parallel lines Bus1001 – Bus1007and 2 parallel lines Bus1001 – Bus1006) respectively. The system 

behaviors and response to bus fault were monitored in order to find the boundaries and segregate between stable 

and unstable conditions. Figure 2 shows the time line events of these faults: applying bus fault at Bus1001 at 1.0s 

and followed by tripping line(s) at a time delay of 100ms.  

 

 

 

Figure 2: Time Line Event for Bus Fault Followed by 6 Lines Tri 

The objective of this system behavior study is to determine the most suitable boundaries to detect OOS using 

SIPS concept and the most suitable value of TSI COI Speed to serve as an OOS indicator that will distinguish 

between OOS and non OOS conditions. Out of all these seven scenarios, only 6LF will end up with an OOS 

condition while 5LF is declared as the boundary for the system stability.  

 

Development of Out-of-Step Detection Algorithm Using SIPS 

SIPS method is selected as a comparison to detect OOS condition when the system is subjected to fault. Based 

on reference [15], boundaries in the form of two straight line equations of Slip Frequency Acceleration versus Slip 

Frequency characteristics are set up to categorize between stable and unstable power swing as shown in Figure 3a. 

Referring to the simulation results for different network topologies on 790 Bus Test System Network, the most 

suitable boundaries to detect OOS are found to be:  

 The upper boundary: Afk1 = 3.125Sfk + 15   

 The lower boundary: Afk2 = 3.125Sfk – 15 

Using the algorithm in Figure 3b, a MatLab program was developed to detect OOS with respect to the 

determined boundaries using SIPS concepts.  

 
3a)                                                                                   3b) 

Figure 3: OOS boundaries [15] and the flow chart of OOS detection using SIPS based on the determined 

boundaries. 

     0s 

Starts 

1.1s 1s 15s 
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Stable conditions - Analysis using SIPS 

Figure 4 shows the slip frequency acceleration versus slip frequency graphs for a fault that the system can still 

maintain its stability. The graphs oscillate with small radius and within the boundaries at all monitored locations.  

 

         
a) Between Bus1004 – Bus1005         b)  Between Bus1001 – Bus1006       c)  Between Bus1001 – Bus1007 

b)  

       
d) Between Bus1001 – Bus1002        e)  Between Bus1001 – Bus1004        f)  Between Bus1001 – Bus1003 

Figure 4: Slip Frequency Acceleration versus Slip Frequency Characteristics at Monitored Locations for a 

Scenario without OOS 

 

Stable conditions: Analysis using TSI COI Angle, TSI COI Speed, and Accelerating Power 

The oscillations in TSI COI Angle, TSI COI Speed and Accelerating Power are low and approaching stability 

for 5LF at all the monitored buses as shown in Figure 5. Among the 4 monitored buses, Bus1001 has the least 

oscillation followed by Bus 1003 and Bus1002 while Bus 1004 oscillates the most. When fault occurs, the faulted 

lines will be completely isolated from the system, which is as good as removal of load from the generator; as a 

result, there will be an unbalance between power generated and demand that will yield to accelerating power. If 

the fault is not severe, the generators manage to continue operating in synchronism though some of them may not 

settle at their respective initial operating angle during the post fault condition. It is found that the magnitude of TSI 

COI Angle, TSI COI Speed and Accelerating Power (Pm – Pe) depend on the severity of the fault.   
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a) TSI COI Angle                                   

 
b) TSI COI Speed 

 
c) Accelerating Power (Pm – Pe) 

 

Figure 5: System Behavior at Monitored Buses due to 5 Line Fault (5LF); trip line(s) at 0.1s       
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Unstable Condition – Analysis using PSSE simulation results 

When 6LF occurs in the system, all the six lines connecting from Bus1001 to Bus1007 and Bus 1006 

respectively are completely isolated from the system. Generated power from this area will swing to Bus1004 and 

force to flow through the two remainder 275kV transmission lines that feeding the light load area. Another 

lternative route would be to Bus1011, which leads to Bus1010 connecting to moderate loads but important 

customers and other 132kV loads within that area as shown in Figure 1 and Figure 6 respectively.  

 

 
Figure 6: Power Flow to Bus1002 

PSSE simulation report in Table 1 shows that the 132kV lines will sense the OOS phenomena first followed by the 

275kV lines with a time lag of about 75ms as displayed in the table.  If no action is taken to limit the disturbances 

at early stage, these phenomena will grow and spread to other weak buses and lead to cascading tripping and 

eventually would result to wide area interruption of power supply. 

 

Table 1: PSSE Simulation Report  

 

OUT OF STEP CONDITION AT TIME = 1.700s: 

X------- F R O M -------X   X--------- T O ---------X 

  BUS# X-- NAME --X BASKV     BUS# X-- NAME --X BASKV    CKT     MW     MVAR  VOLTAGE 

 1010 132      132.00     1012 132      132.00         1         121.0    134.6       0.3350 

 1012 132      132.00     1010 132      132.00            1         -73.4      69.7        0.1874 

 

 OUT OF STEP CONDITION AT TIME = 1.775s: 

X------- F R O M -------X   X--------- T O ---------X 

  BUS# X-- NAME --X BASKV BUS# X-- NAME --X BASKV     CKT    MW     MVAR  VOLTAGE 

 1010 132 132.00              1013  132                132.00             1         26.0      153.2        0.2810 

 1013     132 132.00              1010  132                132.00             1           8.7        35.2        0.0722 

 1010 132 132.00              1012  132                132.00                1        23.8       147.4        0.2810 

 1012 132 132.00              1010  132                132.00                1        22.2         47.5        0.0987 

 1005     275 275.00              1004  275                275.00                1     -277.1       201.2        0.2902 
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Unstable Condition - Analysis using SIPS 

Comparing 6LF to 5LF as shown in the previous scenarios, the differences in system behavior are so obvious. 

The graphical illustrations in Figure 7 have proven that 6LF forces the system to run in out-of-step phenomena; 

the characteristics exceed beyond the boundaries. The fault is so severe that causes most of the generators in that 

area to run out of synchronism.  

     
a) Between Bus1004 – Bus1005      b)  Between Bus1001 – Bus1006     c)  Between Bus1001 – Bus1007 

     
d) Between Bus1001 – Bus1002     e)  Between Bus1001 – Bus1004      f)  Between Bus1001 – Bus1003 

Figure 7: Slip Frequency Acceleration versus Slip Frequency at Monitored Locations with OOS 

Unstable conditions - Analysis using TSI COI Angle, TSI COI Speed, and Accelerating Power 

Figure 8 shows system behavior based on TSI COI Angle, TSI COI Speed and Accelerating Power when 6LF 

occurs in the system. All the three graphical illustrations complement each other showing that the system is 

experiencing OOS condition: TSI COI Angle oscillates vigorously with TSI COI Speed and Accelerating Power 

infinitely increases at all the monitored locations. Results of all the methods used: SIPS, TSI COI Angle, TSI COI 

Speed and Accelerating Power have agreed that 6LF contributes OOS in the system. 

       
a) TSI COI Angle                   b) TSI COI Speed         c) Accelerating Power (Pm – Pe)   

Figure 8: System Behavior at Monitored Buses due to 6LF; trip lines at 0.1s – Based on TSI COI Angle, TSI COI 

Speed and (Pm – Pe) 
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SIPS Sensitivity 

Figure 9 illustrates the behavior of the Slip Frequency Acceleration versus Slip Frequency characteristic based on 

SIPS using the developed program to detect OOS. The figures show the time that the characteristic at each 

monitored location hits the stability boundary either at the lower or upper boundary. 

 
a) Between Bus1004 – Bus1005          b)  Between Bus1001 – Bus1006       c)  Between Bus1001 – Bus1007 

 
d) Between Bus1001 – Bus1002         e)  Between Bus1001 – Bus1004          f)  Between Bus1001 – Bus1003 

Figure 9: Graphical Illustration on OOS Detection using SIPS for GSN7_100MW                                                                                            

Table 2 summarizes the time that the slip frequency hits the boundary and moves out from the stable region for 

different generation scheduling. To elaborate the table in detail; as an example, at GSN7_100MW: for Bus1004-

Bus1005 the upper boundary is hit after 2.46s while the lower boundary is hit after 2.15s; for Bus1001-Bus1006 

the hit time are after 3.39s and 2.18s; for Bus1001-Bus1007 after 3.00s and 2.13s; for Bus1001-Bus1002 after 

2.87s and 2.50s; for Bus1001-Bus1004 after 2.43s and 2.57s and; for Bus1001-Bus1003 after 12.93s and 12.73s 

respectively. As a summary, it takes more than 1s after the 6LF is cleared for the OOS phenomena to be detected 

if SIPs were to be used, which is more than 50 cycles. Hence, it would delay the process of eliminating the OOS 

phenomena from the system and lead to wide area interruption. 

Table 2: SIPS Results for Random Generation Scheduling GSN7_70MW – GSN7_100MW  
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TSI COI Speed Sensitivity 

The magnitude of TSI COIS Speed and Pm – Pe are monitored for scenarios with and without OOS conditions. Table 3 and Table 4 are referred; there is 

consistency in the behavior of TSI COI Speed magnitude especially at Bus1002: it increases as the fault gets severe. There is a significant difference between 

5LF and 6LF; and it defers considerably for 6LF fault with and without OOS phenomena. 

Table 3: TSI COI Speed and Accelerating Power for GSN7_70MW, Bus Fault - without OOS 

a) Monitoring at Bus1001 and Bus1002    b)     Monitoring at Bus1003 and Bus1004 

  
Table 4: TSI COI Speed and Accelerating Power for GSN7_82.3MW, Bus Fault - with OOS 

a) Monitoring at Bus1001 and Bus1002    b)     Monitoring at Bus1003 and Bus1004 
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Considering 5LF as the boundary for the system to remain stable, TSI COI Speed is set to a suitable value that 

will differentiate between stable and unstable condition. Referring to Table 5, |0.2400|rad/s is chosen as an OOS 

indicator; the analysis shows that the TSI COI Speed specifies that no OOS phenomenon is found for 1LF until 

5LF faults indicated by ‘0’ readings for TSI COI Speed and Time at all the monitored locations. OOS occurs only 

at 6LF, which is being identified as early as 1.2050s at Bus1002 with TSI COI Speed of |0.4335| rad/s and at 

Bus1004 with TSI COI Speed of |0.2412| rad/s at 1.5399s. Bus1002 seems to be the most sensitive and effective 

location to detect an OOS condition. 

Table 5: Using TSI COI Speed=0.2400rad/s for OOS Detection 

 
Table 6 shows that OOS is detected using TSI COI Speed at 1.205s consistently for all 33 different generation 

scheduling scenarios with Bus1002 being the most sensitive location to detect an OOS condition.  

 

Table 6: Using TSI COI Speed = 0.2500rad/s as an indicator for OOS Detection 

 
 

Proposed Force Generator Tripping Scheme 

Figure 10 shows the algorithm used for FGTS that continuously monitors the health of the selected area of a system 

using System Integration Protection Schemes [6] that detects OOS and force trips generator using TSI COI Speed, 

determines the most suitable generator and location to force trip using Accelerating Power, and verifies the 

effectiveness of the FGTS using TSI COI Speed. The effectiveness of the FGTS is tested on Scenario GSN7_2MW 

– GSN7_100MW of Case Study 6 and another 20 different topologies by scheduling steam turbine and generator 

turbine. 
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Figure 10: A New Algorithm for Monitoring the Health of Power System and Force Generator Tripping Scheme 

Using Wide Area Protection  

 

Table 7 displays samples of the results of SIPS analysis on OOS status upon the occurrence of 6LF but before force 

generator tripping to verify that all possible scenarios experience OOS due to the impact of severe fault in the 

system. Using TSI COI Speed to detect OOS with an indicator of |0.35502|rad/s, it can be seen that Bus 1002 is 

the most sensitive location for every scenario with a detection time of 1.195s as shown in Table 8. Other 

information that can be extracted from these tables is that as generation increases TSI COI Speed increases 

accordingly at the detection time. Based on the flow of the algorithm, FGTS is initiated to eliminate the OOS 

phenomenon from the system. 
 
Table 9 shows samples of the results of force tripping action. Bus1004 has the lowest Accelerating Power; hence, 

its contribution towards eliminating OOS from the system is minimal. Therefore, it is advisable to exclude Bus1004 

from the list of force tripping. The tables indicate that the effective contribution of FGTS would come from 

Bus1001 and Bus1003. The MW quantum tripped to bring the system back to stable condition is also displayed in 

these tables.  As expected based on the concept of swing equation, the more generation the more will be the 

unbalanced power; thus, more MW quantum to force trip is required. When effective FGTS is applied to the system 

accordingly, OOS is being eliminated from the system as proven in Error! Reference source not found. and Error! 

Reference source not found. through SIPS analysis labeled as ‘0’ for OOS Status.



   ISSN: 2277-9655 

[Surname* et al., Vol.(Iss.): Month, Year]   Impact Factor: 4.116 

IC™ Value: 3.00   CODEN: IJESS7 

[635] 
 

Table 7: OOS Detection using SIPS for Scenarios GSN7_48MW to GSN7_100MW 
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Table 8: OOS detection using TSI COI Speed for generator 2MW to 46MW 
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Table 9: FGTS: TSI COI SPEED & Accelerating Power (Indicator |0.35502|rad/s; Monitoring Window between 1.190s to 1.200s) -1 
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IV. CONCLUSION 
Research work has proven that SIPS and TSI COI Speed can be used to detect OOS condition. For SIPS method, 

the upper and lower boundaries are the most significant; they have to anticipate the behavior of the system in 

terms of Slip Frequency Acceleration versus Slip Frequency when the system is subjected to severe fault. These 

boundaries are meant to discriminate between the OOS and non OOS conditions. The width of the stable region 

must be carefully set to maintain the dependability and security of the system. Despite of noise may fall outside 

the boundaries for most of the events, the boundaries should be very accurate and able discriminate between the 

useful and deception data. Hence, it takes a longer time to sense an OOS condition.   

TSI COI Speed is reliable to act as an indicator in detecting OOS phenomena at early stage. It is proven that 

whenever OOS occurs, the behavior of this indicator shows a drastic change in terms of amplitude and/or 

oscillation depending on the severity of fault and generator scheduling. TSI COI Speed and Accelerating Power 

have demonstrated consistent results for all case studies in this research work. It is proven that TSI COI Speed 

can single out the OOS event at an early stage. Monitoring at a single location does not reflect the behavior of a 

system as a whole with respect to OOS condition. Strategic location of installing synchrophasor to monitor the 

system behavior needs to be determined in order to obtain an accurate health condition of the system.  

FGTS could help to eliminate OOS phenomenon from the system provided the OOS is detected at early stage and 

force generator tripping is implemented without delay with the correct MW quantum and at effective location(s). 

It is proven that the novel algorithm developed in this research works using: TSI COI Speed as an indicator to 

detect OOS; decrement of TSI COI Speed from its reference value to calculate the MW quantum to force trip 

generator; and the combination of TSI COI Speed and Accelerating power to determine the location to force trip, 

is applicable and effective in eliminating OOS condition from the system. 
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