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Harmonic Mitigating Transformers
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7. Why do 3rd harmonic currents overload neutral conductors? 

 
Figure 7-1 shows how the sinusoidal currents on the 
phases of a 3-phase, 4-wire system with linear loads 
sum to return on the neutral conductor.  The 120° 
phase shift between the sinusoidal load currents 
causes their vector sum to be quite small.  In fact it 
will be zero if the linear loads are perfectly 
balanced. 
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Figure 7-1:  How non-linear load currents add in the neutral 

 
Examining the dashed vertical lines in Figure 7-1 
clearly demonstrates that the instantaneous sum of 
the currents in the three phases taken at any 
moment will also be zero if the linear loads are 
perfectly balanced.  If they are not, then there will 
be a small residual neutral current as shown. 

 
With linear loads, the neutral conductor can be the 
same size as the phase conductors because the 
neutral current will not be larger than the highest 
phase current.  Unfortunately, this is definitely not 
true for non-linear phase-to-neutral loads.  

 
120VAC non-linear loads like the SMPS used in 
computers and in monitors draw current in two 
distinct pulses per cycle.  Because each pulse is 
narrow (less than 60 degrees), the currents in the 
second and third phases are zero when the current 
pulse is occurring in the first phase.  Hence no 
cancellation can occur in the neutral conductor and 
each pulse of current on a phase becomes a pulse of 
current on the neutral.   

 
Even if the phase currents of the SMPS loads are perfectly balanced in RMS amperes, the RMS value of the neutral current 
can be as much as √3 times the RMS value of the phase current because there are 3 times as many pulses of current in the 
neutral than in any one phase.  If the phase current pulses do overlap because they exceed 60 degrees in width, then there 
will be some cancellation so that the neutral current will be less than √3 times the phase current.  Overlapped or not, because 
there are 3 times as many pulses in the neutral than in a phase, the predominant component of the neutral current will be the 
3rd harmonic (180Hz for a 60Hz system).  This is evident in the waveforms of Figure 7-1 since the linear current completes 
only 2 cycles in the same time period that the non-linear neutral current completes 6 cycles or 3 times the fundamental. 
 
Often, in new construction this situation is addressed by simply doubling the neutral conductor ampacity.  In existing 
facilities however, it is most often very difficult and too costly to implement this solution, therefore an alternate method is 
usually necessary.  Question 11 describes how Zero Sequence Harmonic Filters can be used very effectively to reduce 3rd 
harmonic currents in the neutral conductor. 
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