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Harmonic Solutions

6 Pulse Drive + Built In Solutions
Line Reactor / DC Choke 12 Pulse

Passive Filter 18 Pulse

Active Filter Active Front End
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AC Line Reactors

« Dual Purpose: harmonic mitigation, transient blocker to protect Harmonic Reduction

110% -
105%

diode front ends from surges 100 6 Pulse Drive iTHD

90% - with line reactor
80% -

* Impedance — slows the rate of change in AC waveform
* Impedance Choices — 3%, 5%, 10%

70% -
60% -

50% -

* Prolongs the life of drive components

% Current Harmonics (%iTHD)

40% -

30% -

* Series Passive device

20%
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Line Reactors and DC Link Chokes

+

Very similar, but location is everything.

L
AVAYA

L1 c
L2 . AT ] <@
L3

A DC Choke smooths the DC bus

ripple, reduces harmonics but does
not protect the diode bridge! About
half the impedance value of an AC

reactor unless located on the “ - ¢ ¢

+ & - of the DC bus. T | S ﬁ %

Many drive manufacturers Input Converter DC Bus - Output In:urerter
recommend installing line reactors on ) /\ Piodetridgey (e ot %
the drive. M VAT

T
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Passive Harmonic Filters

* Harmonic reduction to 5% ITHD. (System Busf Panay  LINE REACTOR

Source Translormer)
LINE

f'i'FU}

* Broadband filter with a 5" harmonic trap
* Use when need to meet IEEE-519 specification

* Use built in contactor to protect against leading CONTACTORIS)
[Dpunnal:l
power factor

* Built in series inductor to protect from resonance
ISSues

e Can be used with Standard Six Pulse VFD. 7T CARGS)

* Filter Caps may need to be managed....
PF / Generator.

TUNING REACTOR
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18 Pulse Drive

. 150 +
. 100 -
+20° { * T 50 - /\
0 1 ™ Y 1 1 ™ Y 1
%% * 5% Solution out of the box. 50 200 400W0 120 140Wo
No calculations. 10
0° I 15
,@ L verrer * Phase shifting transformer
L‘_* and more diodes limit
i — harmonics. 1
E * Series Passive device 7\ VAN
-*- -*_ * 0.0 T x\ — / T x\ —
STANDARD AC DRIVE - 9 200400&)0800/ \ /
-1
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18 Pulse Drive

30 HP, 480 V, 18-Pulse Drive
100

]
— -

* Line unbalance reduces performance )

* Large Physical Size

ks
I
%
80 - '.:-_
t
v

70 3% Line Unbalance

* Custom - Long Lead time for
Manufacture & Repair

* Cost
* Limited HP Range

* Less efficient than 6 pulse

60 2% Line Unbalance

50 1% Line Unbalance

40 Balanced Line
30

20

Total Harmonic Current Distortion THID. %

10

0 10 20 30 40 50 60 70 80 90 100 110
Load, %
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Active Front End Drives

* 505 Solution out of the box. No calculations.

* No major issues with loading or unbalance. rece , ivarte
* Ideal for regenerative loads N K}i G f P iﬂ} G\S .
* Elevators % vy 3 g0 R I 2
% LR %ol :‘: & FO
* Cranes S il § P : — )\
1 ] 1 AC et
£3 43 £3 iﬁ K5 k3

* High components count - equivalent to 2
VFDs and a passive filter e

Central Cantrol

* Larger and more expensive than 6 pulse. e

* Devices in series — lower efficiency

* Series active device — in critical path
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Improve Reliability and Serviceability

Harmonic correction component in parallel vs series

Phase shift Rectifier Filtes
transformer A
OOOOOOOO
Invert output
A filter
Line Side CT Placement o\ lae=! 1 ~il *ng—
Phase A L1 HlaCTl L‘ LL.: g o -ﬁ' {1 R
Phase B L2 c Luﬁ‘
Phase C L3 e 3 (See Note 9) —
Y. HIYCT3 B
L_| Loads
|_ 1T _l (See Note 9)
GRD[ay HS

-OR--

ALC with 6 pulse load

AFE vfd
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Active Harmonic Filters

» System applied on standard 6 pulse VFDs
* Very cost effective for multiple or redundant drives

* Harmonic reduction — 5% TDD

* Monitors bus, injects counter current to cancel out
harmonic currents

* Provides Power Factor Correction
* Corrective Current ratings — 50 to 500 (Can be paralled)

e HMI — Modbus / Ethernet / BACnhet

» Shunt active device — not critical path
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Need new HGA Active Harmonic Filter

“without” image

g 8 & 85
Eoa & &
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CTs mounted upstream or .
downstream of the active filter -

5 '
sty b Bl

sense harmonic distortion from o - T ” =
the load o i e

I i D | il
PR gl it Fioio e | pem g -— fr—

The CTs monitor the harmonic distortion on the Bus. The s e el
active filter injects the appropriate correction based on - = — e e v ot

loading at the time to eliminate the distortion. - =T

Typical MCC

7C!
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1 Line Plant Drawing Sample
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Active Filter Case Study

* 480V/60Hz

* 600 HP total vfd load (3 x 200HP)

* 50 HP of linear load

* MCC Type 1 enclosure

* Meet IEEE519 (one way or another)
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6-pulse vid’'s w/DC link choke and
3% AC Input line reactor

480V/60Hz/200 HP 480V/60Hz/200 HP 480V/60Hz/200 HP
30 - 39% iTHD at input of each vfd
Total Sections: 3
Depth: 20”
vfd with DC Link choke | vfd with DC Link choke | vfd with DC Link choke Welght: 1500 IbS
and 3% input line and 3% input line and 3% input line Losses: 10 296 waitts
reactor (1) | reactor (2) | reactor 3) ] ! .
Footprint: 1800 In?
Price factor: 100%
< 30 > <mmmme- 30" ------- > <mmmmme- 30" ------- >
< (2] 0 S —— >
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passive harmonic filter

6-pulse vid’'s w/DC link choke and

5-8% iTHD
at input of each vfd

Total Sections: 6
Depth: 20"
Weight: 3,000 Ibs
Losses: 11,346 watts
Footprint: 3,000 in?

Price factor: 158%

Advancing Power Quality

480V/60Hz/200 HP passive filter 480V/60Hz/200 HP passive filter  480V/60Hz/200 HP passive filter
200 HP
d with DG Link Sl 1% 52020;:5% iTHD 200 HP
v W(':thOEeC = ITgal?sis/%Ut’ vfd with DC Link input, passive, | vfd with DC Link 5% or 7% iTHD
- choke (2) harmonic filter choke (3) input, passive,
(1) NEATIE Illlt)er (2) harmonic filter (3)
S 30" ------- > < 20" > <o 30" ------- > <ee- 20" > <o 30" ------- > <--- 20" ---->
< - — 150 " --- S— >




18-pulse vid’'s w/ phase shifting transformer

Advancing Power Quality

480V/60Hz/200 HP 480V/60Hz/200 HP 480V/60Hz/200 HP
Phase shifting Phase shifting Phase shifting
Auto-Transformer 18p vid 1) Auto-Transformer 18p vid ) Auto-Transformer 18p vid 3)
(2) (2 (3)
G 35" e >|<ammmmem 30" ------- S 35 >|< 30 >|<ammmmem 35" e >|<ammmmmm 30" -------
< 195"

<5% iTHD
at input of each vfd

Total Sections: 6
Depth: 25"
Weight: 4,175 Ibs
Losses: 18,015 watts
Footprint: 4,875 in?

Price factor:
386%




6-pulse vid’s w/DC link choke and 3% AC input line reactor &
bus applied Active Harmonic Filter

<5% iTHD
at input of the MCC

Total Sections: 4
Depth: 20"
Weight: 2105 Ibs
Losses: 17,296 watts
Footprint: 2480 in?

Price factor: 232%

Advancing Power Quality

480V/60Hz/ 480V/60Hz/ 480V/60Hz/
Active Filter 200 HP 200 HP 200 HP

vfd with DC Link | vfd with DC Link | vfd with DC Link
ALC200AWO00H4000 -| choke and 3% choke and 3% choke and 3%
CM200A00 input line reactor |input line reactor |input line reactor

1) 2) 3)

G 34" S 30" <--me--- 30" <--oeee- 30"
---------- > ——— > ———>
< - 124"
>




Redundancy Scenerio
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480V/60Hz/ 480V/60Hz/ 480V/60Hz/
Active Filter 200 HP 200 HP 200 HP
vfd with DC Link | vfd with DC Link | vfd with DC Link
ALC150AW00H40 | choke and 3% choke and 3% choke and 3%
00 — CM100AQ0 |input line reactor |input line reactor |input line reactor
(1) (2) (R)
<emee- 20"
------ > < 30" > <--eem 30" --e-> <eeee-- 30" >
<
110" >

<5% iTHD
at input of the MCC

Total Sections: 4
Depth: 20"
Weight: 2105 Ibs
Losses: 15,546 watts*
Footprint: 2200 in?

Price factor: 214%




18P Drive AFE Drive 6P Drive + 6P Drive + Active
Passive Filter Filter

Single Drive
<7/00HP

Single Drive
=>700HP

Multiple Drives
High Reliability App

Rendundant
DriveS

Regen App

7C!
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Solution Summary

losses weight  footprint
performance (kWatts) (Ibs) (in?) Price Lead
6 pulse w/ active | <5% active response to load Quick
harmonic filter changes 17.3 2105 2480 232% | Ship
Active Front End <5% active response to load
(estimate) changes 21.3 4500 4800 292% ETO
18 pulse

<5% (balanced system) 18.0 4175 4875 386% | ETO
Quick

6 pulse w/ passive | 5% - 8% down to 50% load 11.3 3000 3000 158% | Ship
Quick

6 pulse w/ line reactor 30% - 35% at full load 10.3 1500 1800 100% | Ship
6 pulse only Quick
35% - 40% at full load 10.0 1350 1800 97% Ship

Advancing Power Quality




Conclusion

* There are multiple solutions to reducing harmonics
* Bid specs need to include a “system approach”

* Specifying 18 pulse or Active rectifiers locks out potential lower cost, higher
reliability, higher efficiency solutions.

* Line reactors make a big difference for all solutions but reduce total cost when used
with active filters.

* If your system includes multiple or redundant VFD’s, active filters make a great
solution.
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Avallable current ratings

*50 Amp
* 100 Amp
* 150 Amp

U Voltage ratings: 208V-600V, 3 ph, 60 Hz, three wire systems
U Operating Frequency: 55 Hz to 65 Hz
O 50Hz available Q3 ‘19
U Efficiency: > 98%
Dzd)-@)gmﬂ{)]ic Reduction: < 5% ITHD (Full Load)

5 @7. ®cycles

AgengyiryppreraisilL and cUL Listed to UL508

Active Harmonic Filter Specifications

rgia



* Where To Find It
* How To Log In
e Sections Of The Tool

* Using The Tool

* Basic Principles To
Keep in Mind

B\ G A
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> HA

RMONICGUARD
SOLUTION CENTER

Version 1.00.00
Default Values Required Values
Enter Power System Information Calculated Solution
System Data Correction Target Corrective Current Required
System Voltage 480 VAC [/ Harmeonic Correction Select Active Filter Cusrent Rating
System Frequency Hz Desired {TDD[ 0% Custom Active Filter Current Rating
Transformer 500 kVA [] IEEE-519 oL
,— o, [JPower Factor Correction sC’ L.
Transformer 2| 575 % {TDD with Selected Filter: 40% Desired {TDD: 5.0%
6 Pulse VFD Data
Internal VED A_drlarl External With System with
Qty VFDHP DC Choke % AC Reactor %| Line Reactor % % Load Svstem Without 1004 7804
Active Filter Active Filter Corrective Current

Lol Lol Total RMS Current [ 43438] [ 4274] [ 4278]
I LY Fundamental Current [ 4271.0] | 4270] [ 4210]
Lol 9 Lo Harmonic Current [ 8138 [ 171] [ 214]

L9 [ 2] iTDD 4 [0 2
Lo [ o] Reactive Current [ 1680] [ 188.0] [ 1680]
VFD wy Passive Filter Linear Loads kW [ 3264 [ 3264] [ 3264]
Qty  HP Motor Load HP KVAR [ 155.4] [ 1404 [ 1408
s% [ o [0 Linear Loads| 0| kVA VA [ 3615 [ 3553] [ 3565
% ljl ljl Linear Load PF[ 1.00 Displac;ment Power o9 [ o9 [ osg

actor

Distortion Power Factor [ o0ss] [ 100 [ 100]
Total Power Factor [ 090] [ 092 [ 09|




http://www.transcoil.com/solutioncenter.htm

Where to FIn

o7 1-800-824-8282 [ solution Center  BE = Q searchTcl...
A Home ¥ Products v @ Applications v € Ssupport v ‘& About v ¥ Contact v Q, catalog

HGP with PQconnect

THE FIRST INTELLIGENT
PASSIVE FILTER

LEARN MORE!

P Who We Are

atér “Share TCI manufactures active (electronic) and passive (magnetic) products to resolve power
quality and harmonic issues associated with industrial power conversion. TCI’s
experienced staff specializes in developing optimal solutions to achieve IEEE-519

v

compliance and enhanced motor protection.
TCI partners with electrical and machinery OEMs worldwide, to offer both stand alone and

~ i I I i itigation | lutions. Wi T I Xperi
GRANT DR == integrated harmonics mitigation and power quality solutions. With over 50 years of experience
in solvina comnlex nower aualitv brablems TCI has the expertise to desian the riaht solution for

Wi132 N10611
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http://www.transcoil.com/solutioncenter.htm

Where to Find It

@A catalog ~ Solution Center

Solution Center

HARMONICGUARD
SOLUTION CENTER

armonicGuard® Solution Center [
The Solution Center features a dynamic analysis tool that uses your basic system data to generate accurate harmonic and power quality analysis for your unique application. Model an

application from utility medium voltage distribution down to individual low voltage linear and non-linear loads within a facility. You're able to set performance targets for harmonics and power
factor. Work on your own or in coordination with a TCI representative to determine an optimal solution.

Technical Support
TCl technical support is available to assist with any questions related to this tool:

« Direct Dial: oJ 414-357-4541
+ Email: 4 tech-support@transcoil.com

TCl has built its reputation on consistently delivering clean power with a full range of harmonic mitigation solutions and expertise. We have been delivering improved power quality, reduced
energy costs and extended motor life to our customers for more than 40 years.

TClI's expertise enables us to overcome the most difficult power problems by designing high performing harmonic filtering products and using problem-solving skills and tools to develop
solutions for tough applications in a variety of markets. Our practical knowledge of electrical power and experience in industries dependent upon clean power enables us to provide high-
performance product design and application support.

The HarmonicGuard® Solution Center is an analysis tool that enables users to size filtering solutions to meet harmonic and power factor requirements.

-800-824-8282 Linkedin Copyright © 2019 TCI, LLC | All Rights Reserved

Web Design & Development by SimDex LLC [
teMap /¥ Terms and Conditions @ Privacy Policy = B v
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How To Log In

1st time user:

* Click on Request Access

* Complete the Request Access rﬂ”“‘HARMONICGUARD’
Form with your contact info. M SOLUTION CENTER

* Create Password: you pick __

* Accept Terms and Conditions

Request Access.
Forgat Passmord?

Return user:

* Enter Username
* Enter Password
* Accept Terms and Conditions
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Sections Of The Tool

Enter Power System Information

1 Transformer Primary 2 Transformer Secondary 3 Secondary Correction Target

Enter Data (optional) Voltage 480 Vrms ||Harmonic Correction v

Voltage 38.00 kVrms ||Frequency 60 Hz Desired iTDD 5 %

Short Circuit Current  50.00 kArms || Transformer 1000 kVvA IEEE-519

\ Transformer Z 5.75 % Power Factor Correction
- / \

System Voltage Harmonic vs. Power Factor Correction
Transformer Data Level of Harmonic Compliance

T
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Sections Of The Tool

System Load detall

Qty Rectifier Type

I 0 | 6 Pulse Diode

/

4 Non-Linear Loads (20 max)

Drive Internal KDR Line
HarmonicGuard
VED Impedance Reactor
Drive Applied
. . P % DC % AC Line % AC Line
Passive Filter
Choke Reactor Reactor
None v 0 4 0 v

Add Non-Linear Load

N\

% Load

100 & | —0

External Added Impedance

/

/

VED Detail

- Motor Load total HP
Drive Type

™~

- Input Line Reactor in terms of percent Z

Non — Linear Load Characteristics
- 1-100%

\

VED BOM
- Total Summary

7

- Individually Recognized

Non-Linear Load HP with passive filters installed

Internal Magnetics Detall

5% passive filters
8% passive filters

B\ G A
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Sections Of The Tool

Calculation and Results

Request Quote
Calculated Solution

358.9 Corrective Current Required \ C I I t I
200 v Select Active Filter Current Rating a’ Cu a IO n CO n
v\,“tm@Active Filter Current Rating

Secendary Correction Data

Isc/Ir: 28.8

Desired ITDD: 5.0% System results with
< software calculated
Power System Electrical Quantities .

corrective current

Baseline System  With Active Filterat ~ With Cori

Without Active Filter 200A Current at 358. 1
Total RMS Current 757.6 751.3 728.4
Fundamental Current 727.5 727.5 7275 4
Harmonic Current 211.6 187.7 36.4
iTDD% 29.1 25.8 5.0 .
Reactive Current 227.6 2076 2276 Choose size of HGA
VTHD% 6.1 5.4 1.0 H H
‘ available for correction
kw 574.4 574.4 574.4
kVAR 258.4 245.3 191.7
KVA 629.9 624.6 605.5
Displacement Power 0.95 0.95 0.95
Factor
Distortion Power 0.96 0.97 1.00
Factor
Total Power Factor 0.91 0.92 0.95

Warning Messages

None

SR

Advancing Power Quality



Using Of The Tool
What do you need?

“*Know how IEEE519 is being referred to in the Specification by the
Consultant Specification.

*“*One line diagram of the electrical system.

“*Knowledge of the Drive Load as it relates to:
»  operational load of vfd’s
»  redundancy of vfd’s
> future expansion of load
»  any space limitations to installation location.
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Basic Princi|c_)les to Keep In Mind

* Inductance decreases the amount of corrective current required to meet
IEEE5109.

* At the same impedance, the inductance of a Line Reactor is more effective
than a DC Link Choke (4%Z DC Link has the same results as a 2%Z line

reactor

4% impedance 2% impedance
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Basic Princi|c_)les to Keep In Mind

* Inductance is summative. DC Link + Input Line Reactor is strongly
suggested. It reduces the amount of corrective current required to mee the
IEEE519 requirement.
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http://www.transcoil.com/solutioncenter.ntm
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http://www.transcoil.com/solutioncenter.htm

Thank you!

www.transcoil.com

800-824-8282
414-357-4480

N132 W10611 Grant Drive
Germantown, WI 53022
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