Limits of harmonic distortion for fluctuating loads
Proposed new text for G5
9 LIMITS FOR NON-CONTINUOUS HARMONIC DISTORTION 

9.1 Effects of short term harmonic distortion

The duration of harmonic distortion affects the way in which it needs to be assessed because of the difference between short-term and long-term effects, as set out in IEC 61000-2-2 and IEC 61000-2-12:
· The long-term effects relate mainly to thermal effects on cables, transformers, motors, capacitors, etc. They arise from harmonic levels that are sustained for 10 min or more.

· Very short-term effects relate mainly to disturbing effects on electronic devices that may be susceptible to harmonic levels sustained for 3 s or less.
Because of these differences the assessment of harmonic distortion needs to take account of the extent to which harmonic distortion varies over time.

For harmonic distortion that does not vary markedly with time the assessment needs to ensure that thermal effects are managed; basing the assessment on the 95th percentile of 10 minute average values ensures that for the majority of the time the harmonic distortion will be below the specified levels, while allowing shorter periods when the heating effect will be higher. For such loads it is reasonable to assume that the highest short term distortion will not be significantly greater than the average values measured over 10 minutes.

However when harmonic distortion is produced over much shorter periods of time the maximum value may be several times higher than the average measured over 10 minutes. In these cases the critical issue will be the possibility of interference with electronic devices; such interference may cause mal-functioning of the device, and a single short-term burst of distortion may be sufficient. Examples of situations where the short-term distortion may be significantly greater than the 10 minute average levels are:

· Supplies to traction loads
· Motor drives operating for short periods of time

· Motor drives producing high levels of harmonic distortion during starting

IEC 61000-2-2 and IEC 61000-2-12 specify higher compatibility levels for short-term distortion as compared with long-term distortion; the ratio between long-term and short-term compatibility levels varies between 1.25 and 2, depending on the harmonic order. Planning levels for short-term distortion are specified in this document using the same ratios to long-term planning levels as those set for compatibility levels.
9.2 Measuring instruments

Instruments for measuring harmonic distortion produce results based on the average values measured over 3 s. For assessment of long-term harmonic distortion the instruments log the average of these 3 s values over a longer period, typically 1 or 10 minutes.

Instruments may also log the maximum and minimum 3 s values during each 1 or 10 minute period. Some instruments also have the capability of logging every 3s average value: however this facility requires large amounts of data storage and is generally only available in fixed instruments with the facility to download data on a frequent basis.
9.3 Assessment of loads producing short-term distortion

9.3.1 Motor drives operating between 2 and 10 minutes
For motor drives which do not produce high levels of harmonic distortion during starting, and where the running currents are constant for periods between 2 and 10 minutes, the basis of the assessment may be taken as the 95th percentile of 1 minute average harmonic distortion, rather than of 10 minute average values. Predicted distortion should be assessed against the Planning Levels in Tables 2 to 5.
9.3.2 Loads producing rapid changes in distortion
Since short-term distortion may have an immediate effect on susceptible equipment percentile values higher than 95% should be used for the assessment. IEC 61000‑3‑6 and IEC 61000‑3-14 (draft) specify that the 99% percentile value of 3 s measurements should be used assessment against the short-term planning levels.  However, as discussed in 9.2, portable instruments do not generally have the facility for logging every 3 s value. It is therefore recommended that assessments of harmonic distortion with rapid changes should be based on the maximum measured 3 s value during each 1 minute period; the 99% percentile value of these values should be assessed against the short-term planning levels.
It should be noted that a load producing distortion meeting this requirement may exceed the short-term planning levels during 100 minutes in each week (the assessment method proposed means that it is not possible to determine how may times the level is exceeded during each of these 1 minute periods). Measurements at a site supplying a traction load have shown that there can be large increases in the values for higher percentile levels. An additional criteria is therefore set that the 99.99% percentile values (corresponding to 1 minute in a week) should not exceed the short-term compatibility levels.
In many cases, where a fluctuating load produces short-term harmonic distortion, this short-term distortion does not affect all the harmonic voltages which are present at the PCC. However the connection of such a load may affect the levels of other pre-existing harmonics, for instance by changing resonances; for these harmonics the standard long-term assessment should be applied.
Table 1 summarises the application of short and long term planning and compatibility levels.

Table 1 Assessment criteria for short-term and long-term harmonic distortion
	
	Planning level
	Short-term planning level
	Short-term compatibility level

	Continuous loads
	95th percentile of 10 minute average values
	N/A
	N/A

	Intermittent loads operating from between 2 and 15 minutes
	95th percentile of 1 minute average values
	N/A
	N/A

	Loads producing short-term distortion
	N/A
	N/A
	N/A

	- all harmonics
	95th percentile of 1 minute average values
	
	

	- short term harmonics
	
	99th percentile of 1 minute maximum values
	99.99th percentile of 1 minute maximum values


Present text of G5/4-1 – to be superseded
8.3.3 Special Considerations for Fluctuating Non-linear Loads 
The harmonic assessment for a fluctuating non-linear load should be assessed taking account of its particular time-duration characteristic. Engineering Recommendation P24 for AC Traction Supplies indicates that account for such fluctuations should be similar to that for unbalance considerations with single-phase supply points where the peak one-minute average value is used. 

If more than one traction supply point is involved it is likely that different phase pairs will be used for unbalance mitigation. Before summation of the harmonics with the relatively stable background level, the assessed contribution from each should be made taking into account both the degree of co-ordination between the respective traction load currents and the phase differences between the harmonic components. 

Where there is an existing fluctuating harmonic source, separation of the fluctuating component from the relatively stable component from the continuous load, for example due to a traction supply, will require a suitable short interval between measurements. 

10 LIMITS FOR NON-CONTINUOUS HARMONIC DISTORTION 

10.1 Bursts of Short-Duration Harmonic Distortion 

The thyristor drives of motors which are subjected to random and sudden shock loads (including starting) generate bursts of harmonic distortion which frequently last less than 3 seconds and are therefore classed as being of very short-duration or time. 

IEC 61000-2-2 and 61000-2-12 give compatibility levels for very short-term harmonic voltage distortion. The change in the fundamental load current associated with a shock load will produce a change in the RMS voltage, and where this is frequent, the effect of the relative change in harmonic content will be less significant than the change in voltage. Therefore, for a load producing frequent bursts of harmonic, provided that the voltage change characteristics comply with the voltage change and flicker limits in Engineering Recommendation P28, it is unlikely that the additional contribution from such bursts of harmonic distortion needs to be considered at the time of connection. 

Very infrequent bursts of harmonic distortion from motor starting, including those which incorporate a soft start facility, will have a negligible effect on system harmonic performance assessed using the 95% cumulative value as described in ETR122 and so may be effectively discounted. Very large bursts may interfere with other equipment and this issue of interference is discussed in ETR122. Such interference may well be connection point specific, and not as readily identified at the connection assessment stage. 

Connections where as a result of such bursts the compatibility levels may be exceeded should be accepted on a conditional basis as discussed in Section 10 below as long as the very short-term compatibility levels quoted in the IEC Standards mentioned above are not exceeded.
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