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Mirus |Is Harmonic Mitigation M‘HL&H&_

MIRUSnternational Inc. designs and develops
world-class power quality improvement products
for mission critical operations. Our solutions
minimize disruption to power supply, improve
reliability and adhere to the strictest regulatory
requirements while saving energy and reducing
operating costs i




Harmonics are a Massive Pain for Oil & Gas, MIRUS

Marine, HVAC, Water/\Wastewater, Data Center International Inc.
and Industrial and Commercial Facilities

A Harmonic disturbances damage expensive
equipment, cause failure, and add expense via
maintenance, replacement, energy
consumption, etc.

A Asolution is neededo mitigate disruptions,
high costs and associated risks.

A A proactive approach helps solve harmonic
Issues and prevent future problems



Our Solution In Action ﬁ:}nl&ymé




Our Solution In Action QQHLEHHE
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6- Pulse Rectifiler and Harmonics MIRUS

International Inc.

For simple diode bridge rectifiers

h=nptl
= |
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h = harmonic number
p = # of pulses in rectification scheme
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Inpct Converer L Bus Dukpast Inverter

n = any integer (1, 2, 3, etc.)
|, = magnitude of harmonic current
(addition of DC bus cap increadgs

When, p=6
h=--5,7--,11,13;-,17,19...

© 2015 Mirus International | All Rights Reserved

AN
. 80 a

% Fund.

T 1 1 T T

60 ‘ W
40

20 I

o M an__ _ -

1 3 5 7 9 11 13 15 17 19 21 23 25
harmonic

Current Waveform and Spectrum



Harmonicsg; Components of a Distorted MIRUS

International Inc.

Waveform

Fundamental - 60 Hz

Resultant Waveform
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Fourier Series
f(t) = A+Asin(wt+q,)+Asin(2wt4g,)+Asin(3wtHg,) ...
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3-Phase Rectifier Operation:Fulse MIRUS

International Inc.
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International Inc.

What Problems can VFD Harmonic% MIRUS

Create?
A Distortion of supply voltage causing premature failurerosoperation
of connectedequipment

A Over heating of distribution equipment such as cables, transformers
and generators

A False operation of circuit breakers and other protection devices
A Over heating of motors and other connected equipment

A Low power factor resulting in electrical bill penalties and requiring
transformer kVA upsizing

A Failure of PF correction capacitors

A Metering errors (not a problem with digital meters)
A Voltage regulation problems on generators

A Power system resonance WhICh can ampllfyp)lrmblem




[ Lb9! ¢hwu ! ROl Y = MIRUS
Universal Harmonic Filter (AUHF) DL e

Input Without Filter Installed Input With Filter Installed
A Input harmonidilter for VSDs A Nearunity power factor
A 18-pulse performance with-pulseVSD A Generator compatibility
A Meets IEEEtd 519 harmonidimits A Extremely high efficiency
A Revolutionary reactodesign A Sizes up t@500HP (2600kW)
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Lineatorinternal Connection Diagram MIRUS

International Inc.

Multiple windings on a common core
Compensating winding L

High impedance lowersthroughimpedance
- - gnimp !

L1 winding ~ T~

—> L1 reducing voltage drop
A1O_*fYY\ *NY\_OAZ
Blok~~ - *rW\_OBZ
/ ot ke
* %k %k
Input tuned bel L3
nput tuhed below Output tuned near'7
5 to prevent A3Q B30 C3 to remove load side
Importation of C 1~ | h :
) tented D ) armonics
upstream harmonics ’I\__’lipa erTeT e

Unigue reactor design allows for
smaller cap bank to reduce voltage
oost and reactive power at no load
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LineatorPerformance on 150 HP (110 kW) MIRUS

PWM VFD International Inc.

Without Harmonic Treatment With LINEATOR
Input Current M . Input Current L/\
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> Harmonic # Harmonic #
Vthd = 5.4% Vthd = 0.6%
Current Harmonics (Amps)
RMS 5th 7th 11th 13th Ithd Itdd K-factor PF

Load | w/o |With| w/o [With| w/o |With| w/o [With| w/o |With| w/o | With | w/o | With | w/o |With| w/o |With
Full | 233|168| 118 9.0| 80 | 06| 12 [ 22| 12 | 15| 79% |6.2%]| 79% [6.2%]| 15 | 1.5 |-.75(1.00
75% | 187|130 96 | 77| 70 [ 06| 15 | 15| 7 | 1.4 | 86% |7.0%|65% |53%| 17 | 1.6 |-.73 |+ .99
50% [ 134| 89| 69 | 69| 54 | 03| 17 | 12| 5 | 1.0 | 95% |9.0%| 48% |4.5%]| 20 | 2.0 |- .69 |+ .95
25% 67 | 46 | 33 [ 42| 29 | 02] 14 | 08| 9 | 1.0 |120%]| 11% | 30% |2.8%| 29 | 25 |- .58 |+ .83
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International Inc.

LineatorProvides Protection Againsﬂ MIRUS

LineSide Transients

LINEATOR

T AUHE VSO MOTOR
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Figure 2: Voltage wavefornat input to harmonic Figure 3: Voltage waveformat outputof
filter harmonic filter supplying AC Drive

Voltage Notching Caused by DC Drives Notches Dramatically reduced
on Offtshore Oil Platform on Output ofLineatorAUHF
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SOLV Computer MIRUS
Simulation Software

International Inc.

A Calculates current and voltage distortion levelssbyulating Variable
Speed Drive (VSBApplications with and without harmonic mitigation
(LineatorAUHF)

A Comparison to IEEE Std3i#rmonic limits
A Performsenergysavings analysis
A Allows for voltage imbalance and background voltage distortion



Case Study -
SkyVenture Free-fall Simulator

Wind tunnel powered by large blowers
provides novice and expert thrill-
seekers the experience of free-fall

Challenge: Solution:

A4 x 350HP VFDOs Aucveplterisi®ulation was used to
achieve required wind speeds demonstrate:

A Local Utility required evidence i Line reactors alone would not
that IEEE Std 519 harmonic meet limits
limits would be met i Passive harmonic filter would

A Energy savings also considered meet limits
to be very important I Significant energy savings when

compared to 18-Pulse
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SkyVenturd-reefall Simulatorg Montreal MIRUS

International Inc.

Computer Simulation with AC Line Reactor

soLy ™ ProjectMame:  Sky Wenture Montreal f\\R
Project Descriptior? x 350HF Blowers on each of 2 sides
Oneline Diagram Report %‘j;'i[:’eed"by: Sky Venture lntematlonEIJIné _,
Date: 10-MARCH-2011 '
Source '|-I’l=_'1Ur‘ItS|!flor’r'l"y;H TlarliJs?E:mer Ve L | Disl:l'lfﬁgm
w\l P.F.Capacitors ,/ Cable P.F.Capacitors 3145 A ITHD.%: 38
oo f— T s
WHD % 1. ‘«f‘l‘HD £ 7.2 VTHD, % 85 -.EP“'*D“"E 00HP (500kW)
ITHD, %= 193 THD, %= 19.5 THD, %= 195 e
Irms, A = 386k lrms. A =156035 Itms, A =1503.4 —Ec?aﬂﬁfgﬁf”ﬁg’lﬂ
lscflloack 1077 Isc/lload= 166 Isc/lloads 14.1
Disp. PF= -0|95 Disp. PF= -0.96 Disp. PF= -0.95
True PF= 0[93 True PF= 094 True PF= 0.94
scikh) = 42 Isc.(kA) = 245 lsc (ki) = 20.8
Actual K'w'1450.2 Actual kw1442.6 Actual kid'1429.2
K= 1504.4 kﬂ: 155233"-5? VA= 1518.9
I Ak 5886 ' kvak 5144
Transformer
R T !
F HL =2185
I_
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