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Abstract
[bookmark: PointTmp]A fast-load injection through a resistive dynamic brake with appropriate power dissipation capacity can absorb the excess transient energy caused by a large and sudden disturbance and thus improve the transient stability margin of a power system. However, fast assessment of the transient stability and the effective insertion/removal instants of the brake are longstanding challenges. This paper proposes a new criterion based on the rate of change of kinetic energy to rapidly evaluate system transient stability and identify conditions of effective insertion/removal instants of a dynamic brake.  Unlike reported studies where the superiority of this criterion was only demonstrated through off-line simulation, both the theoretical modeling and practical implementation of this criterion is presented here using the one machine infinite bus system. A microprocessor controller based on a single-variable measurement, i.e. generator deviation speed, is proposed and implemented to control the dynamic brake during the disturbance periods. The observed behavior of the power system under sudden disturbances and the effect of timely insertion/removal of the dynamic brake on the transient stability of the power system under study are presented and evaluated. The proposed method has been successfully validated, demonstrating its suitability for practical and rapid assessment of transient stability. 
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 Introduction
The increased dependence of modern society on electric energy has led to the need for effective methods of assessing and improving power system reliability when subjected to large and sudden disturbances. In order to achieve this, power system designers, planners, and scientists have directed their effort towards achieving the maximum possible system reliability at an affordable cost [1]. Various events can cause interconnected electric power system to move from a normal operating state into a transient emergency state [2]- [4]. Depending upon the nature and order of magnitude of the disturbance, stability studies are broadly classified into steady state, dynamic and transient stability. The transient stability, which is of particular interest in this paper, is associated with the operation of synchronous machines in parallel, and becomes important with long distance heavy power transmissions. 
Unlike the step-by-step methods that are explicitly based on solving the system of differential equations, direct methods determine the transient stability based on the energy balance in the system. Among these are the classical equal-area method that is widely accepted in transient stability studies of one machine infinite bus and two-machine power systems [5]. However, as the systems became larger, and the complexity of the systems grew, this method became far too simplistic for use in multi-machine applications and one important drawback of the equal area approach is that where the critical clearing angle may be calculated the critical clearing time remains unknown [6]. Therefore, it is not applicable for online application and instantaneous actions to maintain stability [7].
Fast online stability assessment has been of interest to many researchers. Most of the methods reported in the literature focus on the stability criterion based on the system dynamic response that can decide the transient stability without the need for results obtained from the time-domain simulation. These methods include energy function analysis [8], phase-plane trajectories [9], [10], time-domain equal-area criterion [7], [11] and Lyapunov’s method [12]. However, in multi-machine power systems, the generator groups must be identified before the online stability assessment. 
Recently, a method for the online transient instability detection that is based on a concept called adjoint power system was reported in [13].  This method virtualizes the original system and represents all generators as a unit mass ball rolling on a concave is claimed to be sufficiently rapid and the identification of the coherent generator groups is not a requirement. However, validation of this method was only based on computer simulation. In [14], a real-time assessment method of power system transient stability using rate of change of kinetic energy (RACKE) criterion was reported. Effectiveness of this method in transient stability assessment has also been previously investigated in [15] – [18], using computer simulation. When compared to other equivalent direct methods, RACKE requires less computation time since it does not need to evaluate the equilibrium point. 
This paper continues the works of [14], [15] by presenting new theoretical modeling and experimental verification for the RACKE criterion to enable rapid assessment and control of the power system transient stability. The proposed criterion does not impose limitations on the system modeling and network structure, and equally applicable for power systems incorporating a single or group of machines. More importantly, it allows for rapid transient stability assessment using a single-variable measurement, i.e., deviation speed of the generator under disturbance. A power system of one machine connected to the infinite bus is used in this study. A microprocessor controller, which is capable of timely inserting and removing a dynamic brake, is designed and utilized to clear the disturbance and thus improving the transient stability margin of the power system. 
The remainder of this paper is organized as follows. Section II provides a mathematical model for the proposed RACKE criterion, and selection of the dynamic brake size and its insertion/removal strategy. Section III describes the power system under study and hardware aspects of the proposed controller. Design aspects of the proposed controller software are described in Section IV. The obtained simulation and experimental results are presented and discussed in Section V. Finally; the work is concluded in Section VI.
 Mathematical Modeling 
This section presents the mathematical modeling of RACKE, the selection of dynamic brake size and optimum time of brake insertion and removal for a single machine connected to the infinite bus.
2.1 RACKE criterion
Any difference that takes place between the input mechanical power (to a generator and the electrical power (  it delivers must cause acceleration or deceleration of the machine, according to what is known as the swing equation, under the following assumptions; (i) constant voltage behind the transient reactance, (ii) no damping, (iii) constant mechanical power input, and (iv) losses neglected. The dynamic equation of a single machine connected to an infinite bus can be modeled in this form [18]:
																																						(1)
where  is the accelerating power that represents the difference between inputs and outputs power that cause system to accelerate. The kinetic energy of the rotating masses of a turbine generator can be written as 
																																											(2)
where I is the moment of inertia (pu.s) and ω is the angular velocity (rad/s). At steady state, the kinetic energy () is given by
		         																																				(3)
where H is the inertia constant. Rearranging (3) yields		
					      																																						(4)
By analogy to the definition of momentum as M'=mv, i.e., mass times velocity, the angular momentum (M) is be given by
				             																																							(5)
The angular momentum M is not strictly constant because ω varies somewhat during the swing that follows a disturbance. However, the change in speed at steady state is considered small compared to the synchronous speed ωs. Hence, M can be approximated by 
								       																																	(6)
Now, RACKE is given by the derivative of (2), as follows:
																												(7)
where PK is the amount of kinetic power transmitted by the generator rotor during a disturbance for a single machine connected to an infinite bus [14]. Simplifying (7) yields 
																																							(8)
Rearranging (6) for I and substituting in (8) yields
							     											                                      							(9)
At any instant of time, the instantaneous value of RACKE (IRACKE) can be obtained from
                        																												(10)
where is the instantaneous angular velocity of the rotor.
Since solving the swing equation that corresponds to the value of M, at synchronous speed may introduce only a negligible error, M can be assumed constant in (10). As a result, RACKE is solely dependent on the measurement of the deviation speed. This simplifies practical implementation of RACKE criterion and significantly reduces the associated computation time. 
2.2 Selection of brake size
A resistive dynamic brake with appropriate power dissipation capacity for short time periods is an effective means of improving the stability of a power system under large and sudden disturbances [19]. It acts as a fast load injection to absorb the excess transient energy caused by a disturbance. During the transient period, the brake is shunted between the terminals of the disturbed generator and earth to dissipate the excess energy gained by the generator [17]. As , the dynamic equation (1) can be rewritten, after inclusion of the dynamic brake, as follows:
				     																												(11) 
where  is the power absorbed by the braking resistor. It is clear from (11) that dynamic braking increases the transient stability limit. Appropriate selection of the dynamic brake resistor provides efficient dissipation of energy. 
The maximum power transfer theorem is used to find the best brake size that gives maximum power transfer which helps in increasing the stability margin of the system. Therefore, any system is reduced to its equivalent Thevenin impedance, looking at the system from the point where the brake is to be placed. The brake value () that gives maximum power transfer is therefore, obtained from [20]:
				      																																			     (12)
where Rb is the value of the barking resistance that helps improving stability margin of the system.
2.3 Brake insertion/removal strategy 
As the RACKE method is used to decide system stability, the RACKE criterion is also used to decide the time of insertion and removal of the brake. According to the theoretical studies [2], [16] – [18] and experimental findings [14],  [15], the optimum moment of break insertion is achieved at the moment when RACKE just exceeds its maximum negative value. This instant represents the critical clearing time (tcc) at which the break should be inserted. This time of insertion is found to be effective, since there will be no need to insert the brake if the disturbance is cleared before the critical clearing time, i.e., the system is able to remain stable without the brake. 
Removal of the brake also depends on the rate of change of kinetic energy of the machine, and its disturbance angular velocity. Fig.1 shows RACKE against time for stable operation. The brake should be inserted at point Bi1 and removed when RACKE passes through zero, point Br1 in the figure. At this point (Br1) the disturbance angular velocity is zero and changes sign from positive to negative, i.e., it starts to decrease. If the brake had been removed before this point, then the instantaneous angular velocity would still be greater than the normal synchronous speed, and the main purpose of brake is to decrease this abnormal velocity up to a synchronous speed, at which the disturbance angular velocity is zero. If the brake had been left after this point, the angular velocity would have been decreased to a value which may have lead to poor damping of oscillations. Thus, the brake is most effective when removed at this point [17]. In mathematical from, the most effective brake removal conditions are given by 
		         																						       									(13)
where 0means that the variable is zero changing sign from positive to negative, and  is the angular velocity during disturbance period. After the last switching of the resistor, it becomes necessary to decide system stability, and this is done by comparing the positive area under curve A1, representing stored energy in the machine rotor during acceleration, and the negative area under curve A2, representing the energy given by the machine rotor to the system during deceleration. If these two areas are equal, then the system is stable otherwise the system is unstable. In this case, the system should be brought into the stable trajectory through multiple insertions of the brake. 
	A single insertion of the brake may not be enough to maintain the stability of a system due to long fault duration. In such cases, subsequent brake insertion(s) become necessary to maintain the system stability through damping out the amplitude of oscillations. As reported in [6], the optimum instant for reinsertion of the braking resistor is when RACKE equals zero and the disturbance angular velocity passes through zero, changing sign from negative to positive, i.e, at point Bi2 in Fig.1. At this point, the machine starts gaining excess energy. In mathematical from, the most effective brake insertion conditions are given by 
				       																								 						(14)
where 0means that the variable is changing sign from negative to positive. Reinsertion of the brake at this point would limit the increase in the disturbance in angular velocity of the machine. In this case, the brake should be removed at point Br2, which is a similar condition to that of the single insertion, given in (13). Using the single machine connected to infinite bus model given in (1), the optimum brake insertion/removal conditions can be proved mathematically as detailed below.
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Fig.  1. RACKE versus time, with brake for a stable case
As the power output of a single machine connected to the infinite bus at any instant of time is given by [1]:
																																						(15)
where E1  is the voltage behind the transient reactance of the machine, E2  is the voltage of the infinite bus, and Y12  is the admittance between the internal node of the machine and the infinite bus. Replacing E1 E2 Y12 by  (i.e. the maximum power fed by the machine to the infinite bus) in (15), yields
 																																							(16) 
Applying a three-phase disturbance at the generator terminals causes the power output (Pe) to be zero during the period of the disturbance. Thus, (1) becomes
																																				 					(17)
Integrating (17) for  as a function of time yields
		     																																						(18)
and
		         																																	(19)
At the clearing time, when t = tc then  will be 
																																						(20)

Substituting (16) in (1) and rearranging for  gives
		         																														(21)
Now, as , the value of RACKE in (9), can be rewritten as 
																																					(22)
The instantaneous value of RACKE (IRACKE) can therefore be obtained by substituting (18) and (21) in (22) that gives 
 												     		                								(23)
As is defined for the post-fault state, the value of IRACKE in (23) varies depending on the instantaneous value of. It will be negative as long as the electro-magnetic power  is greater than the input mechanical power. 
Also at the critical clearing time, when t = tcc, substituting (18) in (23) yields
																								(24)
			          	           		(25)
At critical fault clearance,  [16] and [14], however the system continues its acceleration as long as the angular velocity is greater than the synchronous speed. Thus the value of dRACKE/dt  0. 

Power System Under Study
In order to examine the above conclusions and results of the RACKE method practically, a laboratory power system simulator (PSS) is used in this study as shown in Fig. 2. The resistive dynamic brake is connected at the sending end of the transmission line that is represented by an autotransformer. Parameters of the synchronous machine were measured experimentally and compared with that of a specially designed micromachine and of a typical large machine. Per unit values of these machine parameters are given in Table 1. It can be noticed that the parameters values of the machine used in this study are close to that of the large machine (Northfleet), with high armature and field resistance values. The higher resistance of the present machine will cause the transient to die out rapidly.
A digital controller based on the Intel 8086 microprocessor and its associated digital hardware circuitry is also designed and implemented to perform various tasks, including; data acquisition, computation, and dynamic brake control when the system is subjected to sudden disturbances. 

[image: ]
Fig.  2. Power system scheme
Table 1. Per unit value of different machine parameters [14]
	Parameter
	Micromachine 
	Northfleet 
	Present Machine

	Base Voltage
	220 V
	13.8KV
	380 V

	Power Factor
	0.8
	0.8
	0.8

	Base OHM
	16.13
	1.27
	413

	Base VA
	3k
	150M
	350

	Xd(p.u.)
	2.159
	1.85
	1.07

	Xd' (p.u.)
	0.223
	0.245
	0.118

	Xd" (p.u.)
	0.16
	0.17
	0.08



3.1 Brake insertion/removal unit
A resistive braking bank with thyristor control is connected at the sending end of the transmission link, as illustrated in Fig. 2. Control of the power supplied to the braking resistors is achieved by switching the current ON and OFF, using three thyristors (a thyristor per phase). The thyristor can be used to switch power to the brake in two firing modes; the ON/OFF firing mode and the phase-angle firing mode. In the ON/OFF mode, the thyristor is energized well into half cycle. This triggers the thyristor and causes a large sudden change to happen in the load current. In the phase angle mode, allowing the thyristor to conduct for only a specified period of the AC supply cycle controls the power.  Dynamic braking requires the combination of both mentioned modes in order to control the braking power as well as the braking instants. Three diodes that act as freewheeling diodes are used to provide return paths for the current.
3.2 Disturbance simulation unit
Opening and re-closing the transmission line is considered adequate to simulate a disturbance in the power system under study. This is achieved by changing the value of the series reactance of the autotransformer from low to high. Such a simulation is considered equivalent to the loss of part of the transmission circuit between the generator and the infinite bus. An electromechanical switch is used to initiate the application of a sudden disturbance through a hardware interrupt to the microprocessor controller, as shown in Fig. 3. The controller will then decide the disturbance period based on a pre-programmed setting. 

[image: ]
Fig.  3. Disturbance simulation unit
3.3 Speed measurement unit
As shown earlier in (10), RACKE method is solely dependent on the measurement of the deviation speed of the generator. A fast and precise speed measurement is therefore a key requirement in this study. A principle of the speed measurement unit adopted in this study was first reported in [14]. It consists of a magnetic pick-up sensor that is fixed close to a toothed wheel mounted on the shaft of the generator, as shown in Fig. 4(a). When the shaft rotates, the wheel’s tooth cut the magnetic field of the probe and generates a signal on the output of the magnetic sensor. The generated signal is then converted to a square waveform using appropriate zero-crossing detector and signal conditioning logic circuit, as illustrated. 
Speed measurement can be explained with the aid of the timing diagram of Fig. 4(b), as follows. The generated stream of square pulses is fed to a programmable interval timer (PIT) that comprises three 8-bit counters.  This timer is periodically triggered by the microcomputer to count the required tacho-pulses (m) and clock pulses (N), using counters 1 and 0, respectively. At the end of each sampling period (Ts), Counter-2 generates a pulse that terminates the counting process and interrupts the microprocessor to read the content of Counter-1 (i.e. the number of tacho pulses during the sampling period) and Counter-0 (i.e. the number of clock pulses during a time interval (∆T). Mathematically, the following relations can be derived [14]: 
																																			 							(26)
																																	(27)
where  is the clock frequency in Hz, and  is the number of clock pulses during the interval 
[image: ]
(a) Hardware circuit
[image: ]
(b) Timing diagram 
Fig.  4. Speed measurement unit

																																		(28)
where P is the number of tacho-pulses generated in each revolution. Rearranging (28) yields		
 																													 (29)
where K is a constant dependent on the number gear-tooth and the clock frequency. In the current implementation, the measurement accuracy is found to be around 0.013%, however, better accuracy can be obtained using a programmable interval timer with higher resolution. 
Controller Software
Software implementation is required to make the hardware part performs its tasks successfully. To control the system during the transient condition, it is required to implement fast programs to satisfy the online control requirements of the brake insertion and removal. The developed controller software is designed to perform the following functions:
· Collection of the generator speed.
· When a disturbance exists, the controller (i) calculates RACKE, and (ii) controls the dynamic brake. 
· Recording the data during the transient condition to monitor the events that occur during this short time frame.
The controller software that is developed using assembly- language can be described briefly as follows. 
4.1 Main program
The main program is dedicated to performing software and hardware initialization tasks such as specifying the content of the PIT and default values of the program counter, stack pointer, interrupt vector addresses, and memory buffers.  It also executes some background tasks such as prioritizing system response to user commands and hardware interrupts. 
4.2 Interrupt service routine
The interrupt service routine (ISR) is called at each sampling period. It performs three main tasks: (i) collection and processing of the measured speed values, (ii) computation of RACKE areas under RACKE curve, and (iii) brake control. These tasks that are executed by calling three corresponding subroutines that are described briefly as follows:
1) Speed measurement subroutine: Once the ISR starts, it calls a subroutine that collects the contents of PIT counters 0 and 1 as described earlier in Section III-C. The speed value is then calculated using (27) and (29), and stored in a memory buffer for further use. The subroutine then returns to the main line of the ISR which in turn compares the current speed value with the previously collected one to assess whether a deviation from the synchronous speed exists (i.e. a disturbance exists) or not. If not, the ISR terminates and returns control to the main program. Otherwise, it proceeds to the RACKE subroutine. 
2) RACKE subroutine: When a speed deviation exists, this subroutine is called to perform the following tasks in a sequential order; (i) compute RACKE, using new speed value in (10), (ii) evaluates areas under RACKE curve A1 and A2 (Fig. 1), simply by multiplying the computed RACKE value by the sampling period, and (iii) compare the critical clearing time (tcc) with the instantaneous instants of time (Ti). If Ti > tcc, and the disturbance remains in the system, the ISR proceeds to the brake control subroutine. Otherwise, the ISR terminates and returns to the background tasks of the main program.
3) Brake control subroutine: The transient stability is assessed by comparing the areas A1 and A2; if A2 ≥ A1, (with an allowable tolerance up to 3%), the system is considered stable. Otherwise the system is unstable and the brake must be inserted and removed according the conditions described in section 2.3 in order to clear the disturbance and return the system to its stable state. 
 Results and Discussion
5.1 Simulation results
Effectiveness of the proposed RACKE method is initially assessed by computer simulation that is carried out as follows:
· The initial conditions are estimated using an existing load-flow program. 
· The data obtained from the load-flow program is then used as an input to the developed transient stability package. A step-by-step simulation, which demonstrates the relationship between generator-rotor angle and different disturbance clearing times, is shown in Fig. 5. In case 1, the rotor angle increases to a maximum, then decreases and oscillates with decreasing amplitude until it reaches a steady state. This case is considered transient stable. In case 2, the rotor angle continues to increase steadily until synchronism is lost. This case is considered transient unstable. Simulation results of RACKE versus time demonstrate that the critical clearing time (tcc) is found to be around 230ms, when the RACKE is maximum negative, as shown in Fig. 6.
· Off-line calculation of rotor speed for disturbance clearing times of 220 ms (stable case) and 360 ms (unstable case) are shown in Fig. 7. 
· Calculation of best brake size is found based on the generator rating, and according to (12), the braking resistor is found to be 0.13pu.
5.2 Experimental results
To study the behavior of RACKE practically, two experiments with different disturbance clearing times are considered. These clearing times were chosen carefully to demonstrate RACKE when the system is critically stable (tc = 230 ms) and unstable (tc = 250 ms). For each test, the values of RACKE and the generator speed are recorded during and after disturbance clearance. 
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	Fig.  5. Rotor angle versus different disturbance clearing times
	Fig.  6. RACKE against time for the PSS
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	Fig.  7. Rotor speed for different disturbance clearing times


Fig. 8 shows a critically stable case, the part of the curve above the zero level represents kinetic energy gained by the machine during the disturbance period, while the part below the axis represents kinetic energy given up by the machine to the system. One can see that, for this case, the amount of kinetic energy given up is, in general, equal to the amount of energy gained with a certain tolerance. i.e., A1 = A2. Thus the oscillation is decreasing and will finally be damped to zero after a certain period due to damping forces inherent to synchronous machine operation. 
Fig. 9 demonstrates RACKE behavior for the unstable case. At the instant of disturbance clearance, it can be noticed that RACKE is less negative than that of the critically stable case. The generator is therefore giving up its kinetic energy, taking longer time to change from the lower part to upper part in the first swing. When the curve reaches the zero line, the generator gains too much kinetic energy (i.e. A1 > A2.) that makes it move faster and its excess energy will therefore increase further. Table 2 shows a comparison for the areas under RACKE curve for critically stable and unstable cases.
It can be shown practically that RACKE at disturbance clearing time has a maximum negative value if it corresponds to the critical clearing time. As the kinetic energy increases, its rate of change with respect to time will increase negatively. The rate of change of kinetic energy with respect to time is increasing with the increase of disturbance clearance time up to the critical clearing time. However, its value at the instant following disturbance clearance is negative as long as the electromagnetic power Pe is greater than the input power Pm.
Table 2. Calculated Positive and Negative Areas of RACKE
	Disturbance-clearing time (ms)
	A1 (J)
	A2 (J)

	230
	76.5
	74.4

	250
	85.5
	64.7
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	Fig. 8. RACKE versus time, tc = 230 ms, stable case
	Fig. 9. RACKE versus time, tc = 250ms, unstable case


In Fig. 10 RACKE is calculated practically for a range of disturbance-clearing times, then the critical value is found from this curve. When the clearing time is at or close to the critical time, RACKE will have a negative maximum value, as illustrated. The RACKE value can therefore form an online stability index, where there is a practical requirement to find the limiting value of disturbance clearing time that maintains system stability.  Fig. 11 shows a relationship of rotor speed versus time for different disturbance-clearing times. It can be noticed that the critical clearing time obtained in this experimental test matches well with that obtained by simulation (Fig. 7). 
	[image: ]
	[image: ]

	Fig.  10. RACKE versus time for different disturbance clearing times
	Fig.  11. Rotor speed versus different disturbance clearing times



A new relationship between the summation of RACKE and the speed is shown in Fig. 12. From Fig. 12(a), It can be noticed that originally the generator is operating at the synchronous speed and the input mechanical power is equal to the output electrical power, represented by Point a on the curve. When the disturbance occurs, the electrical power output is suddenly reduced while the input mechanical power is unaltered. The difference in power must be accounted for by an increase in stored kinetic energy in the rotor masses. This can be accomplished only by an increase in speed, which results from the accelerating power. When the disturbance is cleared at Point b, the electrical power output abruptly increases and exceeds the input mechanical power. The accelerating power therefore becomes negative and the generator starts to give up kinetic energy gained during transient condition. At Point c the rotor speed is again the synchronous speed. The accelerating power at c is still negative (retarding), and so cannot remain at synchronous speed but must continue to slow down, until it reaches Point d at which the rotor speed is less than synchronous speed. From d to e the mechanical power is higher than the electrical power. The rotor speed therefore increases again until it reaches synchronism at e. In the absence of damping, the rotor would continue to oscillate in the sequence b-c-d-e, until it dies out at Point e. 
In Fig. 12 (a), the distance a-b is the amount of kinetic energy gained by the generator during transient condition, while b-c, represents the amount of kinetic energy delivered by the generator to the system. The distance a-c represents the difference between these two areas. Therefore every point on this curve represents the instantaneous values of kinetic energy in the generator. It can also be observed that if the amount of energy gained by the generator during transient condition a-b is less than the capability of the generator to maintain this energy during normal condition c-d, then the system is stable. Otherwise from Fig. 12 (b), if the energy gained by the generator during transient state a-b is greater than the capability of the generator to maintain this energy during the normal condition c-d then the system is unstable. Therefore, from this relationship the brake should be inserted at Point b to absorb the energy gained during transient state, and removed at Point c. In Fig.12 (c), it can be noticed clearly how the instant and timely brake insertion/removal will die the system oscillation and maintain system stability.  
	[image: ]
	[image: ]

	(a) Stable case
	(b) Unstable case
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	(c) Stable case with brake


Fig.  12. Summation of RACKE against speed
 Conclusions
A fast method for transient stability assessment based on the rate of change of kinetic energy (RACKE) criterion was proposed in this paper. The effectiveness of the proposed method on the transient stability was tested on a one-machine infinite bus system. Unlike previous studies, which were mostly based on off-line computer simulation, this study was presented practical implementation of the RACKE criterion. An experimental setup based on a single-variable measurement, i.e., deviation speed, was designed and implemented successfully to decide system stability, and to clear the effect of sudden disturbance on the system stability through an effective insertion/removal strategy of a dynamic brake. The obtained simulation results and experimental verification demonstrate clearly the effectiveness of the proposed method and provide an intuitive measure of the influence of optimum insertion/removal instants of the dynamic brake on the transient stability of the power system under study.  It is therefore expected to be widely accepted for online assessment of transient stability since it is sufficiently rapid and does not rely on system model/parameters, and equally applicable for power systems incorporating a single or group of machines. More importantly, it is a cost-effective method since its practical implementation is only based on a single-variable measurement. Future efforts will be devoted to the implementation of the proposed method on multi-machine power systems that is not yet investigated experimentally. However, computer simulation reported in [18] showed that RACKE criterion is also applicable to multi-machine power systems. In this case, the machine (or a group of machines) with the largest faulted acceleration/deceleration is considered critical and its behavior will depend on the properties of the machines in the group as well as the rate at which the energy conversion takes place. It is therefore very pertinent to use this rate of change of kinetic energy as a criterion for online stability assessment. 
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