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A AELTA THD, Harmonics

What is THD (Total Harmonic Distortion)?

* Inan electric power system, a harmonic is a voltage or current with a multiple of
the fundamental frequency of the system.

* Harmonic currents are caused by non-linear loads.
 When a linear load is excited by a sinusoidal voltage, the current is also
sinusoidal.
 When a non-linear load is excited by a sinusoidal voltage, the current is
not sinusoidal and contains harmonics.
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Ansl.m THD, Harmonics

» Linear loads (voltage and current sinusoidal)
- Resistors N
- Capacitors

- Inductors
=g t
- Motors 9 \//

- Transformers

* Non linear loads (sinusoidal voltage gives non-sinusoidal current)
- Semiconductors & tubes

- PTC, NTC 100%
m
(as used in e.qg. [ — 0%
o . t
power electronics like
AC motor drives, 0%
1357 9 11 13 15 17 19

soft starters,
servo drives, etc)
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A AELTA THD, Harmonics

e Acc. to theory (Fourier analysis) a non-sinusoidal signal can be built from sine

waves.
12 Harmonics square
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The black square wave can be “deconstructed” into sine waves (fundamental and harmonics).
Similarly any non-sinusoidal signal can be “ constructed” by adding sine waves (fundamental
and harmonics). The more harmonics are taken into account, the better the non-linear signal is
approximated (red vs black).

The more the signal deviates from a sine wave, the more harmonics it will contain.
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Example for input of a single phase
AC drive

THD, Harmonics

Example for input of a 3-phase

2,
13,

—C| IR

U=DC-bus voltage
. M

*
*
*
*
-

V=Supply voltage
/~\
\/

i=DC bus capacitor current

O"
*
.0
.0
*
*

»
>

\
/~\
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Example for single phase AC drive without DC choke
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Total

Fundamental |

50 Hz

Hamnoniec
3 (150 Hz)

Harmonic
5 (250 Hz)

Harmonic
7 (350 Hz)

Hammonic
9 {450 Hz)

THD, Harmonics

= L = | peak
(Ie)
L e S [N RS _.,_,,.._...._..._.,..Irrrls{IG]
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N [N
A T
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example of a current confaining harmonics and expansion of the overall current into
its harmonic orders 1 (fundamental), 3, 5, 7 and 9
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Example for inputs of single and three phase AC motor drive

Lir voitaps
Lo a

- . e
L] 0.02 0.04
currenil drawn and phase vollage of the Bne current drawn and phase voltage of the fne
supply (single-phase power supply), supply (3-phase supply).

100 mu“

80 - a0

B8O 80

TO 70 -

&0 60

50 50-

40 - 40 -

30 n

20 20 -

10 10- - .

0 0 I_. B = .
13 57 9 11131617 192123 25 135?511 13151?19212325

Harmonic order
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Power factor and THD

* The Power Factor cosg is the ratio between Real Power P in kW
and Apparent Power in kVA.

e  Harmonics reduce the Power Factor

/122 +I24-+I2
THDi =

Power Facter =

THD, Harmonics

kW (real power)

kva (apparent power)

7 Q=kVAR

2
6/’?::# % (nonwork
QF@@?’ 2 producing)

PF = CosO

I
where I, is n'" harmonic current, 1, is fundamental current.

kw (real power)

P= kW (work producing)

Cosp

D =
V1 + THDi?

In a 3-phase system:

P="Ux*Izys*V3%D
- If THDi = 0 (no harmonics) D=cos .
- More harmonics (higher THDi) give lower D and thus lower Power.
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Calculation of I, and THDi in % at 3-phase AC Motor Drive input

IRMS = \/112 +122 + “.+IT2L

Inms = V482 + 12.42 + 5.332 + 3.442 + 2.442 + 1.632 + 1.332 Motor

IRMS = 51A

J@+@+m+ﬁ

THDi% = ; * 100%
1
V12.42 + 5332 4+ 3.442 + 2442 + 1.632 + 1.332
THDi% = /48’2/ * 100%

THDi% = 30%
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Power [KW] 30
Current [A] 60
Frequency [HZ] 50
Voltage [V] 400
Current [A] 51
THD [% of 1] 30
Harmonics Ih Ih/I1
[A] [%]
11 48.0 100.0
15 124 2538
17 5.33 111
111 344 1.2
113 244 5.1
117 1.63 34
119 133 2.8
123 0.989 2.1
125 0.817 1.7
129 0.627 1.3
131 0.542 14
137 0.351 0.7
141 0.310 0.6

Measured values
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Voltage Total Harmonic Distortion THDU

* Harmonic currents distort the voltage.
* Harmonic current and voltage are proportional.
* High impedance gives high THDU values.

Uhn =7 hn 1 hn Other loads
Voltage source

—
Dt
Harmonics
generator
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Things to remember

e The RMS current with THDi overloads the transformer, cables and other components on

the supply side.
* Voltage harmonics THDU can disturb sensitive equipment.
* The frequency of the harmonics can cause resonance in capacitor banks.
* Harmonic currents cause extra losses in cables and the mains transformer.

 The IEEE 519 standard mentions the total harmonic distortion at full load on the PCC (Point

of Common Coupling).
In most cases the PCC is at the input of the mains transformer.
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Standards THD, Harmonics

There are two standards regarding AC drives and THD
 |EC/EN 61800-3

International standard for Power drives system

Reference to IEC61000-3-2, IEC61000-3-4 and IEC61000-3-12

Residential Industrial
directly connected onto the public network MV/LV transformer
Professional equipment Non professional
1 line Drive | Standard THDI Standard THDI
<=16A IEC 61000-3-12 |<=48%|IEC 61000-3-2 <5% | Norequirement

16A <1 <=75A [IEC 61000-3-12 |<=48%]IEC 61000-3-12 |<=48%]| No requirement

>=75A IEC 61000-3-4 [<=48%|IEC 61000-3-4 |<=48%| No requirement

* |EEE519
Recommended and required THD control in Electrical Power Systems

Low-Voltage System Classification and Distortion Limits

Special General Dedicated
Applications' System System?2
THD (voltage) 3% 5% 10%

1 Special applications include hospitals and airports
2 A dedicated system is exclusively dedicated to the converter load
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Effects of harmonic distortion. .
— -
e Overload of the neutral. "-_*%
=

Example: My

Many switched mode power supplies (lighting) on a 3
phase mains net with neutral. The 3rd harmonic is
large.

The sum of the fundamental currents in neutral are 0 at
any moment, provided the phase currents are equal.
The sum of the 3" harmonic is not zero and much larger
than expected.

Example:

The fundamental current in each phase is 10A.

The 3" harmonic current in each phase is 60% (= 6A).
That means in the neutral a current of 18A!

This applies also to multiple of the 3" harmonic (9, 15,

21 etc.)
Confidential 14
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Effects of harmonic distortion.

* Unexpected tripping of safety devices.

Devices are calculated on the actual power.
Harmonics cause distortion of the reactive power (heats up bimetals in safety devices.)

* Overloading cables.
- Extra reactive power = extra heat losses in the cable.
- Skin effect: High frequency currents become distributed to the surface of the wire,

reducing the available wire section and increasing the effective resistance.
This results in higher heat losses .

Lower current density

50Hz 350Hz 2kHz
Fundamental 7t harmonic 40t harmonic - Higher current density
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Effects of harmonic distortion.

e Overloading transformers
- More copper and Eddy current losses = more heat
- Also skin effect in the windings.
- De-rating transformers, can be used till 85% of the rated power, so bigger
transformers needed.

* Overloading capacitors (in capacitor banks)
Lower impedance at higher frequencies ( Z, = 1 /2n fc) causing higher currents.

e Extra heating up of DOL motors

- Higher Eddy currents
- Higher harmonics voltage = different speed (or direction)
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Solutions to reduce harmonics in drives:

AC or DC reactors

Multi pulse rectifiers

Passive filtering

Active filtering
Active Front End (AFE)
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DC or AC reactor

An AC drive, fitted with a 6-diode full wave rectifier, feeding an uncontrolled DC link capacitor,
will generate no even or triple harmonics, only odd harmonics from the 5t upwards.

The magnitude depends on the internal impedance of the system. By adding AC or DC reactors
with higher impedance at higher (harmonics!) frequencies, the magnitude of the harmonics is

reduced. /\
T

- DC Link & o
AC Line % * W J[: .:_IE: .:_IL/::
| + - Fn . [~ ac
e e SN, 0L e ) /Q
A A A - [ F “ (% m [l
Rectifier Section  Filter Section Inverter Section
3T N
[ UIJE= l.!l -:JEE
— (T + _ — e B &
—wam ~Capsator  “F ] . ‘}7@
ACLi 4 L 4 - » |3 < " || 2
Aclie I X & J_E‘: ﬁ T

e Without DC and AC reactors, THDi=80% approximately.
~_* With DC or AC reactor, THDi= 30-40%, depending on the reactor impedance
Confidential . . 18
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Multi pulse rectifiers

Harmonic migration by phase
shifting between bridges.

Phase shifting is done in the
secondary windings of the
transformer (more expensive!).

The phase shift angle between
each secondary winding is
360 /number of rectifier pulses.

Multi-pulse rectifiers generate
only odd harmonics from (n-1)
upwards

(n= pulse number)

Confidential

THD, Harmonics

6-pulse rectifier

—)

Current waveform

12-pulse rectifier

o

e s
A&l

Current waveform

N

\W/

24-pulse rectifier

Current waveform

VA

Supply Current Voltage Voltage | Current waveform
type TDH (%) TDH (%) TDH (%)
RSC=20 | RSC=100
6-pulse 30 10 2
rectifier
12-pulse 10 6 1.2
rectifier
IGBT supply 4 8 1.8
unit
Distortion is in% of RMS values

19
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12 pulse rectifier

* The transformer must have a phase shift angle =
of 30 " between the two secondary X 12 | =
transformer windings. : roctfir | T~ @
* This topology creates a phase shift between zlg z|§ *R. ,\/

the 5t and 7t" harmonic, and they level each
other out
 THDi value approx. 12%

+R2 | R2

_ Zli }i T Inverter

6 pulses
rectifier

Delta drives: t5e.
12 pulse rectifier only possible in C/CP2000 Frame

G & H, because these drives have standard double

diode bridges at the input.

Confidential 20
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Example:12 pulse supply, THDi value approx. 12 %

THD 1 Wye (%): 33.26

T THD | Star 33.26%

THD | Delta 34.50%
THD | total 11.52%

lrms Star 509A (red)

Irms Delta 505A (yellow)
" lgws, toral 926A (White)

THD I Total (%): 11.52

rms I Wye: 508.7

rms 1 Delta: 504.8

rms I Total: 926.2

input Power

1.501M -

Confidential 21
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Passive filtering

* Calculated acc. to drive power and current.

» These kind of filters are designed for frequency drives to significantly lower the
5th and the 7" harmonic.

* Thereis a little distortion at the input and a significant amount of current and
voltage distortion at the output stage of this filter.

* Can only be used with non-linear loads.

* Voltage boosting will occur under no load conditions due the presence of shunt
capacitors and reactors.

NEetWOrk wp Polluting
load(s)
* THDi value approx. 5-16 % at full load Passive
(THDi filtering depending on load) filter(s)
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Active filtering

THD, Harmonics

An active filter monitors the load currents of a system, filters out the fundamental frequency,

analyzes the harmonic frequencies and their magnitude and injects the appropriate inverse
currents to cancel the individual harmonics.

Active filters will normally cancel harmonics up to the 50" harmonic.

THDi value approx. 5 % or less RIS

gl B

Current waveforms
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Active Front End

Has IGBTs at the input, with a passive filter against higher harmonics in the current
and voltage.

The input current waveform will be monitored and re-shaped to a sinusoidal form by
active control of the input IGBTSs.

THDi value <5 %

_________________________________________________
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Summary

Confidential

THD, Harmonics

. Passive Active Active

Solutions Reactor 4% . 12 pulse .
filter front end filter

Current distortion THDI <30%-35% <5%-16% <5%-10% <5% <5%
Meet IEEE519 gen. app. to be evaluated yes yes (18p) yes yes
Meet IEC 61000 3-12 yes yes yes yes yes
Meet IEC 61000 3-2 no no no yes yes
Drop voltage yes yes no yes no
Power factor no/full load 0.75-0.95 0.75-1 0.90-0.99 0.8-1 0.90-0.99
Load influence on THDI yes yes no no no
Efficiency 97% 98% 96% 96% 96%
Reliabilty High Good High Medium Medium
EMC Good Good Good Poor Medium
Influence on VSD perf. weak no no no no
Resonance risk weak yes no no no
Cost effectiveness good <100kW >400kW If regen needed | for installation
Price ratio /drive cost 100% 150%-200% 200%-250% 250% 250%
Foot print ration/drive 100% 200% 200% 200%-250% 200%
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THD, Harmonics

Delta Power Quality Solutions
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Harmonic
filtering
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A AELTA

Power Regenerative unit (REG2000)

Replaces traditional brake resistors and provides power regeneration functions.

THD, Harmonics

 Compact design, easy to install. (Reactor included)

* Replaces traditional brake resistors, energy savings

* Improves motor braking capability.

* Modbus RS485 communication monitors kWh and
cost in real-time

e Compatible with DC-bus of inverters and servo
drives

* Parallel (max 4 units) connection possible for larger
powers.

« Communication option cards available: Modbus
TCP, CANopen, Profibus, Devicenet, Ethernet IP

Reguiar soiution Deita solution
inverter (SSkW / 400V) + Brake Unit + Brake Resisior Inverter (SSKWI400V) + Delta REG2000

" Space saving

e——— - .
Confidential 28
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Power Regenerative unit
(REG2000)

~ Power Grid

]

w

-

| Regenerative Energy is sent back to the Power Grid

DCBUS

i | Built-in Reactor

THD, Harmonics

General Field Oriented
Control Drive
C2000
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Power Regenerative unit

(REG2000)

Model Name

REG 075 A 4

{Model name )
Pawer Regenerative Unit

NN —

[ Power range ]

3

O757.5kW  185:1B.5kW  370-37kW
110.11kW  220:22kW 450 45kW
150:15kW  300:30kW 550 SSKW
[ Series )
A Series

Confidential

A

-21
T

30

THD, Harmonics

[ Protection level )
21: IP20 NEMA1

[ Installation )
A Wall mount

[Input voltage ]
23, 200~240Vac  43; 380~480Vac
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Active Front End

THD, Harmonics

* Controlled rectifier with IGBTs

* Power exchange between AC and DC
and regenerating re-usable energy to
the mains.

* Power factor is corrected up to 1

* AFE eliminates high order harmonics,
THDI < 5%

* Output connectable to multiple

frequency drives.

Option input reactor mandatory.
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Active Front End (AFE2000)

AFE with one Frequency drive

AC/DC
AFE2000

-{nD

Reactor

c2000

Solutions with additional LC filter

AC Reactor

LC Filter (Standard) Delta AFE 2000
» o °M QRILI oc
R JMMe G vl
we Tw ] I -
Us1 Va1 Wsi @ @

rn i

sl

433

ws

—d e’

Confidential

THD, Harmonics

AFE with multiple Frequency drives

AC/DC

- 0

c2000

ASDAsA2
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Active Front End (AFE2000)

Model Name

AFE2000 (FAN )
“ A Standard
Phase
Senes

- 3 phase
Input Voltage

230V

Model Name Rated Compensating Capacity ool
Active FrontEnd  [[EE] 7.5xw  [KEEN 1escw [ 45w

110 JREDY) 2xw 2R 75xw
Kl sxw  [EXY 3oxw

LC Filters and Energy Storage Accessories

i Input Voltage
i 230V
Series ﬂm v

Model Name A Series
m AFE Standard Reactor power Range
LC Filter [ 0.75 [RATUVMN 185 [REXTUNEN 450 LIV
B vw  [EX 2xw 75kW
| 150 RETVURNN 300 I
33
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Passive Power Filter (PPF)

PPF with one Frequency drive.

PPF VFD

Also possible to combine one filter
with more drives.

b h; fla-(/, d} Rl ﬂﬂ,

- v/ s
General Marine Oil & Gas Water Data Buildings
Industry Treatment Center
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Passive Power Filter (PPF)

PPF-Y a0 - X0 XX - XX
1

L Prodsotion aategory

Fraquarsy

Conmeotion voitage s.g.- 400 (3 x DDV &)

Hooninal poser of tee fter meduls

E=THDI < % [of THD L < 2%}
F=THD! < 5% {at THD L < 2%}

PPF=DELTA Nier meoduis

The PPF reduces the distortion of the mains current to a THDi significantly below 5%
(PPF-P) or <8% (PPF-S) for a drive with DC reactor.
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Active Power Filter
(APF2000)

ey —

/\ / ' ' ™ ‘ “1 Verfled derating ratio for different unbaanced loacs.

Features

Piease contact t=chnical engineers of Delta or distribuiorns In your ragion.

Connection possibilities

Close Loop Wiring Open Loop Wiring

= - - ] | CT
Grid Current Compensating Current Load Current
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Active Power Filter
(APF2000)

THD, Harmonics

* For cleaning the grid at connection point

* Reduces voltage and current distortion, harmonic
compensation till the 50" harmonic.

* Unbalanced loads and reactive power
compensation

* Fast response time

* Parallel connection possible for larger powers up till
6 units.

« Communication option cards available: Modbus
TCP, CANopen, Profibus, Devicenet,
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Active Power Filter
(APF2000)

THD, Harmonics

Model Name
APF 300 A 43 A -31

[ Model name ] [ [ Protection level )

Aclive Power Filler 31 1P31 NEMA1
52: IP54 NEMA12

[ Rated compensating capacity ] —— e [ Input protection device ]
050: 50Amp  100: 100Amp A Non-fuse breaker
200: 200Amp  300: 300Amp 8: Insulated switch fuse

[Series ) [ Input voltage ]
A Series 43: 220~480Vac
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Static Var Generator
(SVG2000)

THD, Harmonics

Compensation to Current, Harmonics and Power Factor

i | e | o
Y fanY Full
© A | | —
Under al operason modes, the
Harmonlo “Unbalanced Compensation™
Compencation _ functions compensate
Reaotive Power ioaas”
Compencation _
Compensation priority: I > =N ; No Compensation:
*1 Vrtiec Jewting ‘w0 for Sfece Sdenrced omds
Iy Mease contec! Sechnicsl engneen of Dels or detrbutons 1= your region

Close Loop Wiring Open Loop Wiring

§ g § -é % CT CT
Grid Current Compensating Current Load Curren t

Confidential
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Static Var Generator
(SVG2000)

THD, Harmonics

For compensating reactive powers on the grid
Replaces traditional capacitor bank and LC filters
Reduces current distortion, harmonic compensation till
the 13" harmonic. (Only have 30% capacity to deal with
the harmonic current)

Unbalanced loads compensation

Fast response time

Modular design

Parallel connections possible for larger powers up till 6
pcs.

Communication option cards available: Modbus,
Modbus TCP, CANopen, Profibus, Devicenet,

Loads
Free Loads Ui-Us Capacitive Loads U, >Us Inductive Loads Ui <Us
- Ul
s u 1
A\ us LON 1wty e !—‘h
P \/ Us f.‘:l'..'.":w | = f':"-"':.,,:,'.""‘ W hu, por
- . voltage oy the wo
Confidential
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Static Var Generator
(SVG2000)

THD, Harmonics

Model Name

SVG 300 A 43 A

A -1
{Model name] [ [ Protection level )

Static Var Generalor 11: IP21 NEMA1

[ Rated compensating capacity ] — [ Input protection device ]
300: 300KVAR  500: S00KVAR A Non-fuse breaker

[ Series) [ Input voltage ]
A Series 43: 220-480Vac 63 525~690Vac
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Power Quality Improvement

Power Quality

Improvement
Hier mis ik , omdat het
over harmonischen
gaat, DC-AC reactors,
APF2000 12p brug, etc. S PPF

Reactive Power
mpensation

|
Load Balancing

Harmonics ‘
Suppression AFE2000
Power Factor ¢ <
mmCoroclion )
Energy {
_ Regeneration | REG2000
SVG2000

REG2000
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Thank you

To learn more about Delta, A hE l
please visit www.deltaww.com




