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Abstract: Information on the application of underfrequency load shedding and restoration to ac 
power systems is compiled in this guide. Various system conditions that may require the use of 
underfrequency load shedding and the application of protective relays to various methods of 
performing underfrequency load shedding are described in this guide. Some practical examples 
of underfrequency load shedding applications are also provided. 
Keywords: protective relaying, relay applications, relaying, underfrequency 
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Introduction 

 

This introduction is not part of IEEE Std C37.117-2007, IEEE Guide for the Application of Protective Relays Used 
for Abnormal Frequency Load Shedding and Restoration. 

This is a new guide that addresses the application of protective relays used for load shedding and 
restoration during electric power system abnormal frequency conditions. It presents background 
information, bibliography, and recommendations. It discusses abnormal frequency power system behavior, 
existing load shedding and restoration practices, the abnormal frequency function of typical protective 
relays, and possible new methods for improved load shedding and restoration. This guide is limited to 
electric power system applications and does not include abnormal frequency protection for power 
generating plants.  

Notice to users 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: http:// 
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for 
errata periodically. 

Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/ 
interp/index.html. 

Patents

Attention is called to the possibility that implementation of this guide may require use of subject matter 
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or 
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying 
patents or patent applications for which a license may be required to implement an IEEE standard or for 
conducting inquiries into the legal validity or scope of those patents that are brought to its attention. 
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IEEE Guide for the Application of 
Protective Relays Used for Abnormal 
Frequency Load Shedding and 
Restoration 

1. Overview 

1.1 Scope 

This document serves as a guide for the application of protective relays used for load shedding and 
restoration during electric power system abnormal frequency conditions. It presents background 
information, a bibliography, and recommendations. It discusses abnormal frequency power system 
behavior, existing load shedding and restoration practices, the abnormal frequency function of typical 
protective relays, and possible new methods for improved load shedding and restoration. This guide is 
limited to electric power system applications and does not include abnormal frequency protection for 
power generating plants. 

1.2 Purpose 

There is currently no IEEE guide for the application of protective relays used for load shedding and 
restoration during electric power system abnormal frequency conditions. This guide complements IEEE 
Std C37.106™-2003 [B35].1 It provides information to assist in the application of load shedding and 
restoration schemes. Methods and examples are provided. 

2. Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments or corrigenda) applies. 

                                                 
1 The numbers in brackets correspond to those of the bibliography in Annex A. 
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Arrilaga, J., and Harker, B. J., Computer Modelling of Electrical Power Systems, 1st ed. New York: John 
Wiley and Sons, 1983, pp. 220–222.  

Bjerg, G. J., “System and load behavior following loss of generation” IEE Proceedings, vol. 119, no. 10, 
Oct. 1972. 

Fink, L. H., et al., “Emergency control practices,” IEEE Transactions on Power Apparatus and Systems, 
vol. PAS-104, no. 9, pp. 2336–2341, Sept. 1985. 

Mandozzi, M., et al., “Recent improvements of emergency control of ENEL power system in 
interconnected and isolated operation,” Proceedings of the CIGRE Conference, Paris, France, 1992, Paper 
39-302. 

Ohura, Y., et al., “Microprocessor based stabilizing control equipment for survival of isolated mid-city 
power system,” IEEE Transactions on Power Delivery, vol. PWRD-1, Oct. 1986, pp. 99–104.2, 3  

Working Group on Methods of System Preservation During Underfrequency Conditions, “A status report 
on methods used for system preservation during underfrequency conditions,” IEEE Transactions on Power 
Apparatus and Systems, vol. PAS-94, no. 2, Mar./Apr. 1975, pp. 360–366. 

3. Description of system conditions addressed in this guide 

The predominant system condition addressed in this guide involves the use of protective relays for 
underfrequency shedding of connected load in the event of insufficient generation or transmission capacity 
within a power system. When load and supply for an isolated portion of the power system are unequal, the 
generators in that area will speed up if there is a surplus of generation or slow down if there is a deficit. 
When the load in a power system significantly exceeds generation, the system can survive only if enough 
load is separated from the system with a shortage in generation to cause generator output to be equal to or 
slightly above the connected load. The generation deficiency most often results from the loss of a major 
transmission line or transformer that is involved in a large transfer of power within the power system or 
between interconnected systems. Unplanned loss of a major generation source may also cause the 
deficiency. Frequency is a reliable indicator that such a deficiency condition exists on the power system.  

Underfrequency load shedding is performed in order to minimize the risk of a further uncontrolled system 
separation, loss of generation, or system shutdown. If sufficient load is shed to preserve interconnections 
and keep generators online, the system can be restored rapidly. If the system collapses, a prolonged outage 
will result.  

Underfrequency load shedding plans are based on studies of a system’s dynamic performance, given the 
greatest probable imbalance between load and generation. Plans should be coordinated between 
interconnected power systems as well as with underfrequency isolation of generating units, tripping of 
shunt capacitors, and other automatic actions that occur in the system under abnormal frequency, voltage, 
or power flow conditions. 

In the case of ties to industrial and commercial customers that have local generation, underfrequency load 
shedding can be used to quickly remove non-essential industrial load in an effort to match essential 
industrial load to the available generation in the event the utility supply is lost.  

Underfrequency relaying can also be utilized to sense disturbances and separate power systems by opening 
system ties. This requires close coordination between interconnected power systems. Similar relaying can 

                                                 
2 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08855-
1331, USA (http://standards.ieee.org/). 
3 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
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be utilized to separate non-utility generation from the utility power system during system disturbances, but 
this must be closely coordinated with the underfrequency load shedding schemes utilized on the host 
system. 

After an underfrequency load shedding event, frequency relays can be utilized to automatically restore or 
supervise the restoration of load to a power system. Sufficient time delay should be employed to assure that 
the power system is stable prior to initiating load restoration.  

In areas where isolation of a large surplus of generation relative to connected load can be anticipated, 
automatic overfrequency tripping of generation may be considered to prevent excessive high frequency and 
resultant uncontrolled generator tripping and equipment damage. 

4. Normal and abnormal frequency operation of electrical power systems 
and its effect on equipment in the system  

4.1 Power system dynamic 

An electric power system behaves like a mechanical system in rotation. Figure 4-1 shows a simplified 
power system. Mechanical power is produced from water or steam and causes mechanical torque Tmech on 
the shaft that joins the turbine to the generator. The generator transforms the mechanical power into 
electrical power. The load connected to the generator causes an electrical torque Telec on the shaft. As 
shown in Figure 4-1, a change in power demand or in production causes a fluctuation of the speed of the 
turbine-generator, resulting in fluctuation of the frequency of the power system. 

 

 

Figure 4-1—Power system model 
 

A difference between the electrical torque and the mechanical torque creates an accelerating torque Ta, 
given in Equation (1) as follows:  

elecmech
TTT

a
−=  (1) 
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The equation of motion shows the relation between the accelerating torque and the resulting angular 
acceleration of the turbine, given in Equation (2) as follows: 

t
JTTT

a ∂
∂

=−=
ω

elecmech
 (2) 

where 

J  is the moment of inertia (kg-m2) 

ω   is the angular velocity (rad/s) 

t∂
∂ω    is the angular acceleration (rad/s2) 

Ta  is the resulting torque (N-m or J/rad) 

 
For small variations: 

mechmech TP ≈
 

and 

elecelec TP ≈
 

Then: 

t
JPP

∂
∂

=−
ω

elecmech  (3) 

where 

Pmech is mechanical power 

Pelec is electrical power 

 
From Equation (3), any variation in Pelec or Pmech affects the frequency of the power system. 

4.2 Abnormal frequency operation of power systems 

Subclause 4.1 described how the frequency fluctuates when there is a change in the production of, or in the 
demand for, energy. If a generator trips, the frequency will decline. Depending on the prime mover and 
spinning reserve, the frequency will eventually go back to its desired value (Figure 4-2). However, if 
frequency drops too low, underfrequency relays may initiate load shedding to stop frequency decline and 
begin frequency recovery. 

If the loss of generation is greater than the spinning reserve, the frequency could eventually stabilize at a 
new value lower than the desired one (Figure 4-3). However, in practice, underfrequency relaying is used 
to reestablish the balance between power demand and the available production. Underfrequency load 
shedding will prevent frequency from staying too low for too long. If the frequency decline is excessive, 
generating units can be automatically tripped off causing an additional decline of frequency, and possible 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:12:20 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.117-2007

http://www.avadocuments.com/doc/ieee-c37-117-2007
http://www.avadocuments.com/doc/ieee-c37-117-2007


IEEE Std C37.117-2007 
IEEE Guide for the Application of Protective Relays Used for Abnormal Frequency Load Shedding and Restoration 

collapse of the system. It is very important to coordinate system underfrequency load shedding with 
underfrequency protection of the generator. Premature generator tripping, before system load shedding is 
complete, can lead to unnecessary system collapse.  

 

 

Figure 4-2—Frequency changes with sufficient spinning reserve 

 

 

Figure 4-3—Frequency oscillation with insufficient spinning reserve 
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Looking again at the relation developed in Equation (3), Equation (4) follows: 

t
JP
∂
∂

=∆
ω

  (4) 

The rate of change of frequency is proportional to the power imbalance, P∆ .  

Figure 4-4 illustrates the theoretical relationship between percentage of loss of generation and the resulting 
rate of change of frequency. The rate of change of frequency is an instantaneous indicator of power 
deficiency. In actual power systems, rate of change of frequency has an oscillatory nature due to the 
oscillatory nature of the change in machine speed. The frequency oscillations vary with the response of the 
generators and interaction between the generators, and will differ by location and the power system 
condition that has prompted the response. The instantaneous system frequency, and the rate of frequency 
change will differ between the center of inertia of the power system, and individual buses on the power 
system.  

 

 

Figure 4-4—Rate-of-change of frequency versus loss of generation 

5. Underfrequency load shedding and restoration philosophy 

An automatic underfrequency load shedding program is applied to restore the system frequency to an 
acceptable level following a major system emergency that can cause a generation deficiency. In addition, 
automatic underfrequency load shedding can prevent a total system collapse and can help achieve fast 
restoration of all affected loads. The North American Electric Reliability Council (NERC) following the 
1965 northeast blackout recommended the implementation of underfrequency load shedding in the U.S. 
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