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Linear load

/ Non-linear load
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Classification of harmonics

Each harmonic has a name, frequency and sequence. The sequence refers
to phasor rotation with respect to the fundamental (F), i.e., in an induction
motor, a positive sequence harmonic would generate a magnetic field that
rotated in the same direction as the fundamental. A negative sequence har-
monic would rotate in the reverse direction. The first nine harmonics along
with their effects are listed below:

Name F 2nd* 3rd 4th* 5th 6th* Tth 8th* 9th
Frequency 50 100 150 200 250 300 350 400 450
Sequence + - 0 + - 0 + & 0

*Even harmonics disappear when waves are symmetrical (typical for elecirical circuits)

Sequence Rotation Effects (from skin effect, eddy currents, etc.)
Positive Forward Heating of conductors, circuit breakers, etc.

Negative Reverse Heating as above plus motor problems

Zero** None Heating, plus add in neutral of 3-phase, 4-wire system

**Zero sequence harmonics (odd multiples of the 3rd) are called "Triplens” (3rd, 9th, 15th, 21st, etc.)
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- overheating of transformers

- transformer humming

- overheating of motors and generators

- increases hysteresis losses decreased kVA rating

- neutral overloading

- unacceptable neutral-to-ground voltages

- distorted voltage and current waveforms

- failed capacitor banks

- breakers and fuse tripping

- interference on phone and communication systems

unreliable operation of electronic equipment that utilize the voltage waveform for
synchronization or timing

- weaken insulation in cables, windings
- erroneous register of electric meters
- wasted electric bills

- Poor power factor

- Failure or malfunction of computers, motor drives, and other sensitive loads
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Construction of Complex Wave
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LOW VOLTAGE SYSTEM CLASSIFICATION AND DISTORTIONLIMITS
IEEE 519-1992 STANDARTS

Special General Dedicated
Applications System System
Notch Depth 10% 20% 50%
THD (Voltage) 3% 5% 10%
Notch Area 16,400 22,800 36,500
(An)*

Source: |EEE Standard 519-1992.
Note: The value A, for another than 450WVolt systems should be
multiplied by V/480 .

The notch depth, the total voltage distortion factor (THD) and
the notch area limits are specified for line to line voltage.

In the above table, special applications include hospitals and
airports. Adedicated systemis exclusively dedicated to converter load.
*In volt-microseconds at rated voltage and current.

LIMITS OF THD%
IEEE 519-1992 STANDARDS3

SYSTEM Special General Dedicated
Nominal Voltage | Application Systems Systems
120-600V 3.0 5.0 8.0

69KV and below - 50 -




IEEE STD 519-1992

Current Distortion Limits for General Distribution Systems
(120 V Through 69 000 V)

Maximum Harmonic Current Distortion in Percent of lL

Individual Harmonic Order (Odd Harmonics)

I /1, <11 11=h<17 17=h<23 23<h<35 35<h TDD
<20* 4.0 20 1.5 06 0.3 5.0
20<50 7.0 35 2.5 10 0.5 B.O
50<100 100 4.5 4.0 15 0.7 12.0
100<1000 120 5.5 5.0 20 1.01 5.0
>1000 150 7.0 6.0 25 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits above

Current distortions that result in a dc offset, e.g., half-wave converters, are not allowed

*All power generation equipment is limited to these values of current distortion,
regardless of actual ISC/IL

where

1SC = maximum short-circuit current at PCC
IL = maximum demand load current (fundamental frequency component) at PCC.
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Power Factor Components in System with Linear Load
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Q=kVAR
(nonwork
producing)

¢ o
P = kW (work producing)

P kW

Where the power factor, cosg= —=——
S kW4

The apparent power, S(kF4)= JF: - Q‘: - Jﬂ' W kVAr®

where
P - active power (1.e., it produces useful work), in kW
5 = apparent power (K174)
8 = reactive power, which produces no useful work, (k14r)
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Power Factor Components in System with Harmonics
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PF = L . cos @
vV 1+ THDP
where:
PF = power factor
THDI =total harmonic distortion current
Real Power

cosg =
Apparent Power

3200053 5305]|de0dse6 Harmonic Current Alde THDI o3 ecaqpqSEqE Total Power Factor
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Over-sizing or de-rating of the installation
Specially connected transformers
Series reactors

Tuned passive filter
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Passive Harmonic Filtering

Active Harmonic Filtering

Hybrid Harmonic Filtering
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