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LINEATOR™ Advanced Universal Harmonic Filter for VFD’s
I Questions and Answers

WE HAVE THE POWER

This document has been written to provide answers to the more frequently asked questions we have received regarding the
application of the LINEATOR™ Advanced Universal Harmonic Filter on Variable Frequency Drives (VFD’s). This
information will be of interest to both those experienced in treatment of harmonics generated by VFD’s and those new to the
problem of harmonics. For additional information visit our Website at http://www.mirusinternational.com.

What are non-linear loads and why are they a concern today?
Do different types of non-linear loads generate different harmonics?
Why do non-linear loads have low power factors and why is it important to have a high power factor?
What is a Variable Frequency Drive and how does it generate harmonics?
What problems do non-linear loads and harmonics create?
How do non-linear loads create current and voltage harmonics?
What ill effects do the harmonics created by VFD’s have on themselves?
What is IEEE Std 519 and how does it apply to VED installations?
What is the LINEATOR™ AUHF and how does it treat VFD harmonics?
. How is the LINEATOR™ different than other forms of passive harmonic filters?
. What other forms of harmonic treatment are available for VFD’s?
. How does the LINEATOR™ compatre to a 12-Pulse or 18-Pulse VFD?
. Isthe LINEATOR™ compatible with all VFD’s?
. Is the LINEATOR™ suitable for generator applications?
. What if my VFD is equipped with a by-pass?
. Can | use asingle LINEATOR to supply multiple VFD’s?
. Can | get a computer simulation to demonstrate compliance with IEEE Std 519 or simply to show the LINEATOR™’s
effectiveness in a specific application?
. What kind of performance quarantee does the LINEATOR™ have?
. What information is required to properly apply the LINEATOR™ AUHF?
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<Back to Questions>

4. What is a Variable Frequency Drive and how does it generate harmonics?

A Variable Frequency Drive (VFD) is a solid
state device that converts utility power to a L
variable voltage and frequency in order to NN

control the speed of a 3-phase induction motor. i * ;% ]2 ?

+

By controlling the motor’s speed, both energy _
savings and better motor control can be ! c
achieved.

{ Motor

N
A1

Figure 4.1 shows a typical VFD schematic 3
diagram. The front-end rectifier and its DC bus ? f % ] Jg Jg

smoothing capacitors make the VFD a non-
linear load since it will draw current in a non-
sinusoidal manner. Input Converter DC Bus Qutput Inverter

+ {Dlode Bridge) {Filter) {IGBTs)
The characteristic harmonics generated by a N/ * m

diode bridge rectifier will follow the Fiqure 4-1: Tvpical Schematic of 2 PWM Variable E Dri
relationship below: igure 4-1: Typical Schematic of a arlable Frequency Drive

h =np +/- 1, where: h =the harmonic number
n = any integer
p = the pulse number of the rectifier

Most VFD’s use a 3-phase, 6-pulse (p = 6) rectifier which results in currents of harmonic number 5, 7, 11, 13, 17, 19, etc.
being generated. When dual rectifiers are used and phase shifted by 30° a 12-pulse scheme is created. 12-pulse VFD’s will
only have residual amounts of 5" and 7"" harmonics since substituting p = 12 in the above equation results in harmonics 11,
13, 23, 25, etc. Other multipulse schemes such as 18 and 24 can be used to reduce harmonics further.
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<Back to Questions>
5.  What problems do non-linear loads and harmonics create?

Most power systems can accommodate a certain level of harmonic currents but will experience problems when they become
a significant component of the overall load. As these higher frequency harmonic currents flow through the power system,
they can create problems such as:

e Overheating of electrical distribution equipment, such as cables, transformers, standby
generators, etc.

Overheating of rotating equipment, such as electric motors

High voltages and circulating currents caused by harmonic resonance

Equipment malfunctions due to excessive voltage distortion

Increased internal losses in connected equipment resulting in component failure and shortened
lifespan

False operation of protection equipment

Metering errors

Lower system power factor preventing effective utilization

Voltage regulator problems on diesel generators

Inability of automatic transfer switches to operate in closed transition

Harmonics overheat equipment by several means. For example, in electric machines and transformers, harmonic currents
cause additional power losses by (i) increasing the eddy currents that flow in their laminated cores, (ii) through increased
leakage currents across insulation and (iii) by producing skin effect in conductors

The fact that harmonic currents create voltage distortion as they flow through the power system’s impedance makes their
impact even more serious. It is voltage distortion, not current distortion, that will affect the connected equipment on the
power system. For more on how non-linear loads create voltage distortion and how this can affect connected equipment, see
Questions 6.

Page 6 of 17

© MIRUS International Inc. [2008-06-04] 1-888-TO MIRUS Www.mirusinternational.com MIRUS-FAQO002-A3



MIRUS International Inc. FREQUENTLY ASKED QUESTIONS

6805 Invader Cres., Unit #12, Mississauga, Ontario, Canada L5T 2K6 Lineator™ (AUHF) Advanced Universal Harmonic Filter

<Back to Questions>
6. How do non-linear loads create current and voltage harmonics?

The front-end rectifier of a VFD is an excellent example of a non-linear load. Because it draws current in non-sinusoidal
pulses, the VFD is a significant generator of harmonic currents. When found in high densities VFD’s can be a major
contributor to voltage distortion. The pulsed current of a 3-phase diode bridge rectifier 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 VFD, reduce its power disturbance ride-through capability, and increase
both its current draw and I°R losses.

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 6-
pulse current drawn by the VFD’s rectifier has a fundamental frequency component plus odd harmonics which include the
5% 7™ 11" and 13™. When modeling the distribution system, we can think of each VFD 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 (V= I
X Zy) where:

V,, = voltage at harmonic number h

I, = amplitude of current harmonic h

Z, = impedance of the system to harmonic h.

Sourceg Z,, I, «<—
Transf. h
gg Non-linear
Zn load
Sinusoidal Vihd Vthd
Cable Voltage Source @ Transf. @ Load Harmonic
Zon (f,=60Hz) o o ° Current
I \41 = Ih X Zh Source
Non-linear| " Ohm's Law
load @
Where Attheload, V=1, X (Zg, +Zy, +Zg)

Atthetransf,, V, =1, X (Zy, +Zg,)

— hth H
Vi, =" harmonic voltage Atthe source, V=1, X (Zg,)

I, = ht" harmonic current
Z, = Impedance at h" harmonic Vg =/ Vs \/32+..,,+\{12 X 100%
V, = Voltage total harmonic distortion ZT
1

Figure 6-1: Relationship between System Impedance and Voltage Distortion

Figure 6-1 shows the relationship between system impedance and the voltage and current distortion components at several
points in a typical power system.

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.

Voltage total harmonic distortion (Vi) is calculated as:

2 12 2 x,2
Vthd = VV2+V3+V4+V5+""X100%
AV

1
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<Back to Questions>

Similarly, current total harmonic distortion is calculated as:

2 2. 2., 2
lthd = VI 2 H S A g x 100%

1

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 6-1, 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 (l,) and/or lowering the system impedance (Zy)
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?).

7. What ill effects do harmonics created by VFD’s have on themselves and the motor they supply?

Typical voltage distortion in the form of a severely flat-topped voltage waveform will translate to a lower DC bus voltage
within the VFD. A lower DC voltage will prevent the inverter section of the VFD from generating a full rms AC voltage to
the motor. When running near full load, a motor starved for voltage will draw more than its rated current, overheat and be
prone to failure.

In addition, commutation notching/overvoltages caused by the operation of thyristor bridge rectifiers (or SCR’s) in DC
Drives or similar loads, have been known to cause AC Drive shutdowns and failures. Figure 7.1 shows voltage distortion on
an off-shore oil platform with DC Drives. The severe voltage notching and overvoltages caused AC Drive failures until
they were protected by LINEATOR™ AUHF’s.

Figure 7.1: Voltage notches/oVérvoItages caused by the
operation of DC Drives on an off-shore oil platform
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8. What is IEEE Std 519 and how does it apply to VFD installations?

IEEE Std 519 was first introduced in 1981 as ‘Recommended Practices and Requirements for Harmonic Control in
Electrical Power Systems’. Most recently revised in 1992, it provides direction on dealing with harmonics introduced by
static power converters and other nonlinear loads so that power quality problems can be averted. It is being applied by
consulting engineers and enforced by Utilities more frequently in recent years as the use of Variable Frequency Drives and
other non-linear loads has grown.

Although IEEE Std 519 can be useful for ensuring that VFD harmonics are controlled for trouble-free operation, it can be a
somewhat difficult standard to apply. Two reasons for this are that it can be difficult to determine an appropriate point of
common coupling (PCC) and to establish a demand current at the design stage. This is because the standard does not
provide a very clear definition for PCC and the recommended definition of demand current is a value that can only be
determined by measurements taken after installation. For one interpretation of how to apply IEEE Std 519 see the reference
paper below.

In most VFD applications, it is difficult to meet the harmonic limits defined in IEEE Std 519 without some form of
harmonic treatment. A minimum requirement is an AC line reactor or DC link choke but usually this simple form of
treatment falls short of compliance. Often engineers will specify multipulse VFD’s (typically 12 or 18-pulse) but these can
be expensive, bulky and less efficient options. Combining a LINEATOR™ Advanced Universal Harmonic Filter with a
standard 6-pulse VFD can be a very effective method of meeting IEEE Std 519 harmonic limits.

Reference:
1. A. Hoevenaars, K. LeDoux, M. Colosino, ‘Interpreting IEEE Std 519 and Meeting Its Harmonic Limits in VFD Applications’,
PCIC-2003-15, PCIC 2003 Conference Proceedings, pp 145-150.

9. What is the LINEATOR™ AUHF and how does it treat VFD harmonics?

The LINEATOR™ a purely passive device consisting of a revolutionary new inductor combined with a relatively small
capacitor bank. Its innovative design achieves cancellation of all the major harmonic currents generated by VFD’s and
other similar 3-phase, 6-pulse rectifier loads. By reducing current harmonic distortion to < 8% and often as low as 5%, the
LINEATOR™ matches 18-Pulse VFD performance in a smaller footprint, at lower cost and with higher efficiency.
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