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8. How do non-linear loads create current and voltage harmonics? 

 
The switch-mode power supply (SMPS), used in most 
digital electronic equipment, is an excellent example of a 
non-linear load.  Because it draws current in non-sinusoidal 
pulses, the SMPS is a significant generator of harmonic 
currents.  When found in high densities multiple SMPS can 
be a major contributor to voltage distortion.  Figure 8-1 
shows how the pulsed current consumed by a single-phase 
SMPS will produce voltage distortion in the form of flat-
topping.  Since current is consumed only at the peak of the 
voltage waveform (to charge the smoothing capacitor), 
voltage drop due to system impedance will also occur only 
at the peak of the voltage waveform.  A flattened voltage 
peak will reduce the DC bus voltage of the SMPS, reduce 
its power disturbance ride-through capability, and increase 
both its current draw and I2R losses. 
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Figure 8-1:  Switch-mode Power Supply and Voltage Flat-topping  

 
Another way to analyze the operation of the system with non-linear loads is to calculate the effect of each individual 
harmonic current as it flows through the various impedances of the distribution system.  Fourier analysis tells us that the 2-
pulse current drawn by the SMPS rectifier has a fundamental frequency component plus all of the odd harmonics (3rd, 5th, 
7th, 9th, 11th, etc.)  When modeling the distribution system, we can think of each SMPS as a generator of harmonic currents.  
Each harmonic current injected into the power system by a non-linear load will flow through the system impedance, 
resulting in a voltage drop at that harmonic frequency.  The amount of voltage drop follows Ohm’s Law (Vh = Ih x Zh) 
where: 
   Vh = voltage at harmonic number h  
   Ih = amplitude of current harmonic h 
   Zh = impedance of the system to harmonic h.  
 
 
Figure 8-2 shows the relationship 
between system impedance and the 
voltage and current distortion 
components at several points in a 
typical power system. 

At the load,      Vh = Ih x (ZCh + ZTh  + ZSh)
At the transf.,   Vh = Ih x (ZTh  + ZSh)
At the source,   Vh = Ih x (ZSh)

Where,
     Vh = hth harmonic voltage
       Ih = hth harmonic current
      Zh = Impedance at hth harmonic
    Vthd = Voltage total harmonic distortion

ZCh

ZTh

ZSh

^̂

Source

Transf.

Cable

Non-linear
load

Ih

Vthd =     V  + V  +....+V
2
2 2 2

3 h

1V

x 100%

hI

Harmonic 
Current 
Source

Non-linear
load

Sinusoidal
Voltage Source
(f1 = 60 Hz)

ZSh

ZCh

~
^̂Vthd

@ Source
Vthd
@ Transf.

Vthd
@ Load

ZTh

  Ohm's Law
V = I  x Z h h h

 
Figure 8-2: Relationship between System Impedance and Voltage Distortion 

 
We can calculate the RMS value of 
the voltage or current distortion if 
we know the RMS values of all of 
the components.  Parseval’s 
Theorem tells us that the RMS 
value of a waveform is equal to the 
square root of the sum of the 
squares of the RMS values of the 
fundamental component and all of 
the harmonic components of the 
waveform.   
 
 
The fundamental is not a distortion component, so the RMS value of the distortion is just the square root of the sum of the 
squares of the harmonic components.  Usually this is expressed as percentage of the value of the fundamental component 
and is called the Total Harmonic Distortion, or THD.   
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Voltage total harmonic distortion (Vthd) is calculated as: 

     V thd  = V 2
2 +V 3

2 +V 4
2 +V 5

2 +....
V 1

 x 100%

                    Similarly, current total harmonic distortion is calculated as: 

     I thd  = I 2
2 +I 3

2 +I 4
2 +I 5

2 +....
I 1

 x 100%

                    
Voltage distortion then is a function of both the system impedance and the amount of harmonic current in the system.  The 
higher the system impedance (ie. long cable runs, high impedance transformers, the use of diesel generators or other weak 
sources) the higher the voltage distortion. 
 
In Figure 8-2, we see that voltage distortion is greatest at the loads themselves, since the harmonic currents are subjected to 
the full system impedance (cables, transformer and source) at that point.  This is a characteristic most often misunderstood.  
It means that even if voltage distortion levels are low at the service entrance, they can be unacceptably high at the loads 
themselves.  It also emphasizes the importance of keeping system impedances relatively low when servicing non-linear 
loads. 
 
Voltage distortion can be minimized by removing the harmonic currents (Ih) and/or lowering the system impedance (Zh) to 
the harmonics.  (For further information on the relationship between voltage drop and voltage distortion and how to 
minimize them, we recommend two MIRUS technical papers titled (1) “Taming the Rogue Wave – Techniques for Reducing 
Harmonic Distortion” and (2) ”How the Harmonic Mitigating Transformer Outperforms the K-Rated Transformer”).   For 
information on how Harmonic Mitigating Transformers reduce voltage distortion see Question 13. 
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