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The rectifier can be thought as a harmonic current source 
and produces roughly the same amount of harmonic current 
over a wide range of power system impedances. The 
characteristic of the current harmonics that are produced by a 
rectifier are determined by the pulse number. The following 
equation allows determination of the characteristic harmonics 
for a given pulse number [5]: 

 
 ݄ ൌ ሺ݇ כ ሻݍ േ 1        (2) 

 
where 

 h is the harmonic number 
 k is an integer (1, 2, 3, … ) 
 q is the pulse number of the converter 
 
This means that a 6-pulse(or 3-phase) rectifier will exhibit 

harmonic at the 5th, 7th, 11th, 13th, 17th, 19th, 23rd, 25th, etc. 
multiples of the fundamental. 

C.  Effect of Harmonic 
Harmonics can lead to power system inefficiency. Some of 

the negative ways that harmonics may affect equipment are 
listed below[5]: 

• Conductor Overheat: a function of the square rms 
current per unit volume of the conductor. Harmonic 
currents on undersized conductors or cables can cause a 
“skin effect”, which increases with frequency and is 
similar to a centrifugal force. 

• Fuses and Circuit Breakers: harmonics can cause 
false or spurious operations and trips, damaging or 
blowing components for no apparent reason. 

• Transformers: have increased iron and copper losses 
or eddy currents due to stray flux losses. This causes 
excessive overheating in the transformer windings. 
Typically, the use of appropriate “K factor”  rated units are 
recommended for non-linear loads. 

• Utility Meters: may record measurements incorrectly, 
resulting in higher billings to consumers. 

• Drives/Power Supplies: can be affected by 
misoperation due to multiple zero crossings. Harmonics 
can cause failure of the commutation circuits, found in DC 
drives and AC drives with silicon control WOLED 
rectifiers (SCRs). 

The likelihood of such ill effects occurring is greatly 
increased if a resonant condition occurs. Resonance occurs 
when a harmonic frequency produced by a non-linear load 
closely coincides with a power system natural frequency [5]. 

D.  Harmonic Index 
1) Individual Harmonic Distortion (IHD) 
IHD is the ratio between the rms value of the individual 

harmonics to the rms value of fundamental. 
 

݊ܦܪܫ ൌ  ூ௡
ூଵ

 (3)               %100 ݔ  
    

݊ܦܪܫ ൌ  ௏௡
௏ଵ

 (4)         %100 ݔ  
 
2) Total Harmonic Distortion (THD) 
THD is the percentage of total harmonic voltage distortion 

calculated or measured at PCC(Point of Common Coupling ). 
Some books mention it as THDv(Total Harmonic Distortion 
of Voltage) and here we use THDv. 

 

ܦܪܶ ൌ ݒܦܪܶ ൌ  
ට∑ ௏௛మ~

೓సమ

௏ଵ
         (5) 

 
3) Total Demand Distortion (TDD) 
TDD is the percentage of total harmonic current distortion 

calculated or measured at PCC. Some books mention it as 
THDi(Total Harmonic Distortion of Current) and here we use 
THDi. 

 

ܦܦܶ ൌ ݅ܦܪܶ ൌ  
ට∑ ூ௛మ~

೓సమ

ூଵ
       (6) 

 

E. Standard Harmonics IEEE 519 - 1992 
IEEE 519-1992 titled “IEEE Recommended Practices and 

Requirements for Harmonic Control in Electrical Power 
System” establish recommended guidelines for harmonic 
voltages on the utility distribution system as well as harmonic 
currents within the industrial distribution system. This 
standard give limits for voltage and current harmonic, see 
Table I for voltage harmonics limits and Table II for current 
harmonics limits. 

 
TABLE I 

VOLTAGE DISTORTION LIMITS [7] 
Bus Voltage at PCC Individual Voltage 

Distortion (%) 
Total Harmonic 

Voltage 
Distortion(%)[1] 

69 kV and below 3.0 5.0 
69.0001 kV through 

161 kV 
1.5 2.5 

161.001 kV and 
above 

1.0 1.5 

[1]High voltage systems can have up to 2.0% THD where the cause is an 
HVDC terminal that will attenuate by the time it is tapped for a user. 

 
TABLE II 

MAXIMUM HARMONIC CURRENT DISTORTION IN % OF IL INDIVIDUAL 
HARMONIC ORDER (ODD HARMONICS)[2,3] [7] 

ISC/IL <11 11≤h≤1
7 17≤h≤23 23≤h≤35 35 ≤ h TDD 

< 20[4] 4.0 2.0 1.5 0.6 0.3 5.0 
20 < 50 7.0 3.5 2.5 1.0 0.5 8.0 
50<100 10.0 4.5 4.0 1.5 0.7 12.0 

100<1000 12.0 5.5 5.0 2.0 1.0 15.0 
>1000 15.0 7.0 6.0 2.5 1.4 20.0 

[2] Even harmonics are limited to 25% of the odd harmonic limits above. 
[3] Current distortions that result in a DC offset, e.g., half-wave converters 

are not allowed. 
[4] All power generation equipment is limited to these values of current 

distortion, regardless of actual ISC/IL where ISC = maximum short circuit 
current at PCC and IL = maximum demand load current(fundamental 
frequency component) at PCC. 
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Harmonic current testing results show that both lamps have 
considerable THDi value. THDi percentages chart can be seen 
in Fig. 6. THDi value of fluorescent lamp for each phase is 
83.8%, 89.2%, and 88.7%, respectively, thus the average 
THDi of fluorescent lamp is 87, 23%. On the other hand,  the 
THDi of WOLED for each phase is 28.4%, 29.9%, and 29.0%, 
therefore the average THDi of WOLED lamp is 29.1%. Thus 
we conclude that both lamps have THDi that exceed the IEEE 
519-1992 standard, but these results clearly show that 
WOLED has lower THDi than fluorescent lamp. 

 

 
(a) 

 
(b) 

Fig. 5 Harmonic Voltage Waveform : (a) fluorescent, (b) WOLED 
 

The value of  THDi on both lamps have a large effect on the 
current waveform as seen in Fig. 7. Because THDi value of 
fluorescent lamp is greater than the THDi value of WOLED, 
current waveform distortion of fluorescent is larger. This is 
evident from the results of the experiment according to Fig. 7. 
It appears that the fluorescent lamp current waveform is no 
longer in sinusoidal form, while the WOLED current 
waveform of WOLED has considerably less distortion than 
fluorescent lamp.  

 

 
(a) 

 
(b) 

Fig. 6 Spectrum of current harmonic: (a) fluorescent, (b) WOLED 
 

 
(a) 

 
(b) 

Fig. 7 Harmonic Current Waveform: (a) fluorescent, (b) WOLED 
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V.  CONCLUSION 
This experiment obtains the harmonics produced by 

fluorescent lamp and WOLED and analyzes them. Based on 
the obtained results, we are able to say that the THDv value of 
both lamps is within the limits of IEEE 519-1992 standard. On 
the other hand, both lamps has THDi that exceed this standard 
limits, but WOLED has lower THDi than fluorescent lamp. To 
reduce the harmonics we can use passive filter, active filter, 
isolation transformers, etc. 
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