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4.1 - Introduction

This chapter will explore the basic definitions of harmonics (Fourier / Spectral Analysis) of periodic and non-periodic functions, that is, discrete and continuous range of frequencies.  Definitions of typical harmonics and transients phenomena are be proposed.

The Comprehensive Dictionary of Electrical Engineering [1] includes the following definition:

Transient:  

a)
The behavior exhibited by a linear system that is operating in steady state, in moving from one steady state to another.

b)
Any signal or condition that exists only for a short time

c)
An electrical disturbance, usually on a power line

d)
Refers to momentary overvoltages or voltage reductions in an electric power system due to lightning, line switching, motor starting, and other temporary phenomena.

There is no definition of time varying harmonics, but it can be expected that the voltage and current waveforms will vary from cycle to cycle to some extent.

Transient definitions (a) and (b) are limited, in that the power system has no true steady state point, in the presence of time varying loads and harmonics.  The system does, however, exhibit movement from one steady state point to another if these small changes are ignored.  Definition (c) refers to an electrical disturbance.  This definition avoids some of the issues with the previous two definitions, by not referring to the steady state.  The term “disturbance” is defined as

A sudden change or a sequence of changes in the components or the formation of a power system.  Also called a fault.

This definition seems reasonable, apart from the final sentence—certainly, the normal switching of system components cause transients.  

Definition (d) also refers particularly to power systems, but includes one important qualifier—that the event causes either momentary overvoltages or voltage reductions.   On the other hand, the terms “overvoltage” and “voltage reduction” are typically taken to describe multiple cycle events, and certainly the (typically subcycle) fast electrical transients qualify as transients.

4.2 - A Proposed New Definition

Transient event: A power system event that has significant short term impacts on voltages and currents in the system. 

Transient: The short term voltages and currents resulting from a transient event, which are superimposed on the longer term system voltages and currents.

There are certain events that clearly qualify as transient events:

•
system faults 

•
capacitor, transformer, generator, and line switchings

•
switching of large loads, including large motors

On the other hand, there are certain events that do not cause transients—

•
switching on and off of small loads

•
load and generation operating point variations

•
normal operating point variations of system devices including HVDC terminals, SVC’s and other static compensators and converters, and mechanical tap changers


Note that certain loads may challenge the notion that load variations do not cause transients—these loads could include arc furnaces and welders, traction loads, and large impact loads.

Those events that do not cause transients will result in time-varying harmonic levels on the power system.  Transient events will typically cause significant transients, most particularly, at and near the site of the event.  

Harmonics measurements are taken at a specific site on the power system.  A given set of measurements will provide a set of harmonic levels that vary with time.  These measurements will include both time varying harmonics and harmonic levels which include the effect of transients.  It can be expected that some nearby transient events will result in harmonic levels significantly above the normal time varying harmonic levels, while remote transient events will have little effect on the harmonic levels. 

One solution to this issue would be to examine the time varying nature of harmonics at a given site.  Clearly, the transient events would be relatively rare, so that the majority of harmonics measurements will consist only of the time varying harmonics.  One definition of a “remote” event would be an event that does not cause harmonic levels above the level of the normal variation of harmonics.  This level could be defined as a certain number of standard deviations above the measurement—three standard deviations would typically limit the occurrence of transients to less than 1% of the measurements.  Then, “nearby” events would be defined as events which cause harmonic levels which are higher than the short term harmonic mean, by at least three standard deviations.   

The final caveat is that the measured harmonic levels are very much a function of the measurement process, for both transients and time varying harmonic levels.  While this is a separate topic, it must be pointed out here that the measurement process must be considered in defining the difference between a transient harmonic level and a time varying harmonic.  
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