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Abstract -The continually increasing use of harmonic producing loads and 
capacitors throughout industrial power systems has resulted in an in­
creased awareness of the harmonic considerations associated with these 
applications. This paper discusses this topic from a systems point of view 
for low voltage applications, emphasizing the system interaction effects 
and the means that can be used to minimize this interaction. Guidelines are 
included for the proper application of harmonic producing loads and 
capacitors. 

INIRODUCTION 

Over the past decade there has been a significant increase in the use 
of shunt capacitors and harmonic producing loads on low voltage systems 
( up to lOOOvolts ). When used properly, this combination of capacitors and 
harmonic producing devices can result in a significant increase in the 
efficiency of the operation of the electrical system. When they are not used 
properly, harmonic distortion can become excessive and this can nega­
tively affect the operation of the facility.[1 to 5] On low voltage systems, 
the standards have recommended a voltage distortion limit of 5% with a 
3% maximum for sensitive loads such as hospitals and airports.[ 6, 7] When 
these limits are met, problems rarely occur. In this paper guidelines are 
provided for controlling distortion while still using harmonic producing 
loads and capacitors. 

Single Phase Harmonic Producing Loads 

Single phase devices generally exhibit the following harmonics of 
the fundamental in the current waveform: 3, 5, 7, 9, 11, 13, etc. (This 
includes all of the odd harmonics.) Examples of such devices area personal 
computer in an office, a power controlled furnace in an industrial applica­
tion, a single phase welder, fluorescent lighting, electronic ballasts, and a 
myriad of other equipment. 

The harmonic content of such devices is generally highest at the 
third harmonic and continually decreases as the harmonic number in­
creases. Example harmonic currents for such devices are given in Table 1. 
(These values are examples. They do vary even among similar devices.) 
When a high percentage of the load is composed of these types of devices, 
one of the biggest concerns is the high zero sequence current that flows in 
the neutral.[8] Even when the loads are balanced, the neutral current can 
beon the order of two times the phase current. Under these conditions, the 
neutral current is primarily composed of the 3rd harmonic and to a much 
lesser extent the 9th, 15th, etc. 

Generally, a delta-wye grounded transformer is used to supply these 
types of loads and this transformer connection keeps the zero sequence 
harmonic currents from flowing into the high voltage system. On the low 
voltage side this type of problem is generally addressed by over sizing the 
neutral and rating the supplying transformer to handle the harmonic duty. 
The application of filters at these loads is generally expensive and, conse­
quently, is rarely done. 

Three Phase Harmonic Producing Loads 

At lowvoltages most three phase harmonic producing devices are6-
pulse and, therefore, exhibit the following harmonics: 5, 7, 11, 13, 17, 19, 
etc. (This includes all of the odd harmonics, except for multiples of three. 
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Therefore, the zero sequence problems discussed for single phase loads 
above is not a factor here.) Examples of such devices are variable speed 
and variable frequency ac drives, de drives, three phase power controlled 
furnaces, UPS systems, de chemical processes, welders, and many other 
types of equipment. 

Table 1 

Example Harmonic Currents 

for Single Phase Devices 

Arc Personal Flourescent 
Harmonic Welder Comeuter Li!:jhtS 

100.0% 100.0% 100.0% 
3 29.6% 75.0% 12.3% 
5 8.8% 47.3% 13.8% 
7 2.0% 22.9% 3.0% 
9 2.3% 9.0% 1.1% 

11 2.3% 3.3% 0.7% 
13 1.1% 3.0% 0.5% 
15 0.4% 2.1% 
17 0.9% 1.9% 

Table2 

Example Harmonic Currents 

for Three Phase Devices 

Load 
Comm. 

Induction DC DC PWM Inverter 
Harm. Furnace Motor" Furnace Drive** Drive 

1 100.0% 100.0% 100.0% 100.0% 100.0% 
5 20.9% 31.7% 18.9% 25.0% 21.6% 
7 12.7% 1.1% 10.3% 11.0% 12.6% 

11 7.8% 8.6% 5.4% 7.5% 8.7% 
13 7.2% 2.5% 3.9% 5.0% 6.5% 
17 4.3% 4.7% 1.8% 4.4% 5.2% 
19 4.9% 2.3% 1.3% 3.2% 4.2% 
23 2.6% 3.1% 0.6% 2.6% 3.4% 
25 3.6% 2.1% 0.5% 2.0% 2.9% 
29 1.7% 2.2% 0.5% 1.7% 2.4% 
31 2.7% 1.9% 0.5% 1.3% 2.1% 
35 1.2% 1.7% 0.4% 1.0% 1.7% 
37 2.0% 1.8% 0.4% 0.8% 1.3% 
41 0.8% 1.4% 0.3% 0.6% 1.1% 
43 1.4% 1.6% 0.3% 0.5% 0.8% 
47 0.5% 1.1% 0.2% 0.4% 0.7% 
49 1.0% 1.3% 0.2% 0.3% 0.5% 

* De motor was operated phased back and at low power factor. 

**This PWM drive had a de choke. Without the choke the % Current 
at the 5th, 7th, 11th, and 13th would be much higher. 


















