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Abstract— the paper displays a review on the dynamic 

reaction of energy framework recurrence control gadgets 

considering diverse ways to deal with gauge transport 

frequencies in power framework test systems. The recurrence 

signals considered in this paper are gotten in view of the focal 

point of inactivity, a normally utilized washout channel that 

approximates the subordinate of the transport voltage stage 

edge, and a recurrence divider equation created by the 

creators. The dynamic conduct of recurrence control gadgets, 

for example, thermostatically managed burdens is thought 

about considering the three flags above. Distinctive situations 

are talked about in view of the IEEE 14-transport. 
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I. INTRODUCTION 

As of late, the direction of the recurrence in light of non-

synchronous gadgets has turned out to be increasingly 

imperative. The entrance of dispersed era associated with the 

framework through power electronic converters, for example, 

VSC gadgets has prompted the need to characterize 

appropriate essential recurrence direction for such gadgets 

[1]–[4]. Microgrids, adaptable burdens furthermore, vitality 

stockpiling gadgets are likewise anticipated that would take 

an interest to the recurrence direction of the framework 

sooner rather than later [5]–[8].  

From the reproduction perspective, these gadgets 

represent the issue of appropriately characterizing the 

recurrence flag to be utilized as contribution of the 

controllers. Actually, traditional electromechanical models 

for transient dependability examination fundamentally 

disregard recurrence varieties in transmission lines and loads. 

On the other hand, completely fledged electro-

magnetical models, which would effortlessly permit deciding 

the recurrence anytime of the framework, are excessively 

computational requesting as the time scales of intrigue when 

managing recurrence controls are in the request of minutes, 

not milliseconds. This paper talks about the affect on power 

framework transient security examination of various ways to 

deal with gauge the recurrence at load transports, in particular 

the Focus of Inertia (COI), the washout channel and the 

recurrence divider recipe. 

The assessment of the COI is presumably the most 

broadly connected way to deal with gauge the recurrence in a 

power framework, due for the most part to the effortlessness 

of its calculation, which is the weighted number juggling 

mean of all synchronous machine rotor paces of a power 

framework. A few reviews on recurrence and transient 

dependability examination of energy frameworks utilizing 

the COI have been introduced in the writing. Among these, 

we refer to [9], [10]. 

The second recurrence estimation procedure 

considered in this paper comprises in processing the 

numerical subordinate of the transport voltage stage points 

through a washout channel [1]. Both explanatory expressions 

and numerical strategies have been proposed in the writing to 

characterize the numerical subsidiary of the voltage point of 

a specific transport, e.g., in [2] and [3], individually. 

The last recurrence estimator is a novel approach 

proposed by the creators in [4]. This novel estimator depends 

on the voltage divider idea, which brings about a recurrence 

divider equation in view of synchronous machine rotor 

speeds and the organize permission framework. Such an 

equation imitates the nearby conduct of the recurrence at 

system transports by taking into account the electric 

separation to synchronous machines.  

It is outstanding that any control gadget is delicate 

to its input flag. Be that as it may, there is an absence of 

studies in the writing that look at the execution of recurrence 

control gadgets contingent upon the recurrence motion in 

power framework test systems.  

This paper fills this hole, and gives a point by point 

correlation of the effect on transient dependability 

investigation of the three recurrence estimation approaches in 

light of the COI, the washout channel, also, the recurrence 

divider equation proposed by the creators. The rest of the 

paper is sorted out as takes after. In Segment II three 

procedures to appraise the recurrence in electromechanical 

power framework models are exhibited. 

These are the recurrence of the COI, a standard 

washout channel utilized in most normal business 

programming devices to evaluate the recurrence in light of 

the transport voltage stage points; and the recurrence divider 

proposed in [4]. Segment III presents two contextual analyses 

in view of the IEEE 14-transport framework and the New 

Britain 39-transport, 10-machine frameworks. At long last 

Section IV appropriately reaches determinations. 

II. BUS FREQUENCY ESTIMATION APPROACHES 

This section presents the bus frequency estimation techniques 

considered in this paper, namely Center of Inertia (COI), 

Washout Filter (WF) and Frequency Divider (FD). 

A. Center of Inertia 

The most common technique to estimate the frequency of an 

interconnected ac transmission system is the COI, which is 

computed based on the rotor speeds and inertia constants of 

the synchronous generators connected to the system. 

Assuming a set G of synchronous generators, the expression 

to compute the COI is: 

 The inertia-weighted nature of the COI makes this 

quantity particularly suited to study inter-area 

oscillations among machine clusters. However, local 

variations of the machines, especially those 

characterized by a small inertia, are lost. One can thus 

expect that the COI is not fully adequate to simulate local 
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frequency controllers, as we duly discuss in the case 

study of this paper.  

 Moreover, from the modeling point of view, it is 

unrealistic to assume that distributed generators, 

microgrids and consumers will receive the instantaneous 

signal of the COI frequency from the system operator. 

The frequency is actually very likely measured locally, 

using well-assessed techniques based on the sampling of 

ac quantities (see, for example, [5]). Thus, it is important 

to capture local variations of the frequency to properly 

model the response of such devices. 

 The numerical derivative of the bus voltage phase angles 

is another well-known approach to estimate the 

frequency of ac transmission systems [6], [7]. As 

opposed to the COI, this technique can properly capture 

local oscillation modes but is prone to numerical issues. 

Figure 1 shows a typical implementation of the the 

numerical derivative, i.e., a washout filter and a low pass 

filter. 

 
Fig. 1: Numerical derivative of the bus voltage phase angle 

composed of a washout and a low pass filters. _0 is the 

initial value of the bus voltage phase angle in radians and 0 

is the synchronous frequency in pu. 

III. CASE STUDY 

This section compares the performance of frequency control 

devices in a power system when their input signal is provided 

by the WF and the FD, as well as when the signal is the 

frequency of the COI. Thermostatically Controlled Loads 

(TCLs) are considered for the comparison, and their model is 

described in Appendix A. With this aim, two benchmark 

networks are used in this study: the IEEE 14-bus system. 

A. IEEE 14-Bus Test System 

This subsection considers the IEEE 14-bus test system (see 

Fig. 2). This benchmark network consists of 2 synchronous 

machines and 3 synchronous compensators, 2 two-winding 

and 1 three-winding transformers, 15 transmission lines and 

11 loads. The system also includes primary voltage regulators 

(AVRs). All dynamic data of the IEEE 14-bus system as well 

as a detailed discussion of its transient behaviour can be 

found in [7]. 

 
Fig. 2: IEEE 14-bus test system 

For this scenario, primary and secondary frequency 

regulation are not included in order to study the effect of the 

frequency regulation of the TCLs solely. The contingency is 

the outage of the line connecting buses 2 and 4 in base loading 

conditions, as well as with 20% of overload. The amount of 

TCLs is 30% of the total load. 

 
Fig. 3: Frequency of bus 2 with 20% of system overload and 

when TCLs are not included. 

 
Fig. 4: Control input signals of the TCLs at bus 14 using 

WF, FD and the COI 

 
Fig. 5: Frequency of bus 2 when TCLs are not included. 

IV. CONCLUSION 

This paper compares different techniques to estimate the 

frequency for electromechanical models of power systems. 

These are the frequency of the center of inertia, the commonly 

used washout filter of bus voltage phase angles, and a voltage 

divider-based formula, proposed by the authors in [8]. 
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The following remarks are based on the simulation 

results presented in the paper. 

 The numerical derivative of the bus voltage phase angle 

of the WF can lead to non-physical oscillations and, 

possibly to numerical instabilities. The reliable output 

can be achieved to meet consumer demand.  

 The average rotor speed provided by the COI filters local 

frequency variations. This fact may cause poorly-

damped frequency oscillations, especially if coupled to 

devices with a slow response, such as TCLs. 

 Controllers using signals obtained with the frequency 

divider are less prone to introduce undamped 

oscillations.  From the results above, it is clear that a 

proper modelling of the control signals can make a 

significant difference in the transient stability analysis of 

a power system with inclusion of frequency controllers 

other than primary frequency regulators of synchronous 

machines. 
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