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Origen y problema
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PULSE# CHARACTERISTIC HARMONICS
2 3rd, Sth, 7th, 9th, 11th, 13th, 15th, 17th, 15th, ...
B Ath, Tth, 11th, 13th, 17th, 19th, 23rd, 26th, ...
12 11th, 13th, #3rd, 25th, 35th, 37, ...
18 17th, 19th, 35th, 37h, 53rd, 55th, ...
h=kq+1

e (Cargas no lineales

e Mayor valor eficaz de corriente RMS

e Calentamiento en transformadores, generadores y cables
e Tensiones armaonicas

e Capacidad de potencia de red reducida

e Mediciones incorrectas (instrumento no RMS)
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Solucion 1: Inductancia AC o DC en los
convertidores

e Las AC dimensiones mayores, L ac ;)&J: @% D& ©F
pérdidas (2-3%). Motor s 1 v
- AC protegen v. transitorios red | WM—x % é}l o @*f”
e Las induct. DC THDi 32% versus
THDi 37% 5° sobretodo y 7°

Coc U

Figure 1-1. Main circuit topology with AC chokes

ligeramente. Las AC el

componentes armoénicos de Hﬁ‘ q%)zk 05 @5

mayor orden N - .
- DPF DC 0.99 versus 0.97 l Zgzlst l ok S
e THDv parecida 2-3% (+0,02% f; | ¥T @

AC) Figure 1-2. Main circuit topology with DC chokes

- |EC 61000-3-12

24.10.2012




vaecon

DRIVEN BY DRIVES

Solucién 1: Induct. AC o DC IEC61000-3-12
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Harmonic order

% of Fundamental

Electromagnetic compatibility (EMC) - Part 3-12: Limites para
las corrientes armonicas producidas por equipos conectados en
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IEEE 519:1992
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e Es un standard de sistema— no es aplicable a producto

e Establece los niveles de distorsion en tension permitidos,

alrededor de un 5 % THD. Referido en el punto de acople
PCC.

Maximum Harmonic Current Distortion in % of 1|

Individual Harmonic Order (Odd Harmonics)

Isc/IL <11 11<h<17  17<h<23  23<h<35  35<h TDD
<20" 4.0 2.0 15 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 25 14 20.0

Even harmonics are limited to 25% of the odd harmonic limits. TDD refers to Total Demand

Distortion and is hased on the average maximum demand current at the fundamental

frequency, taken at the PCC.

of Igg 1.

* All power generation equipment is limited to these values of current distortion regardless

I'sc

Harmanic number

Maximum short circuit current at the PCC
Maximum demand load current (fundamental) at the PCC
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IEEE 519:1992 sample Calculations:
Data
TH-1: 20 mV A, (20,000kVA) B.5% impedance GOk 10 13,800 V
mimhes TR-2: 1,000 kVA, 6.7% impedance, 13,800 V to 480 V
BN ¥
] Measured I : 1,000 amps
— PGt Measurad Distortion: 90 amps 5th, 44 amps Tth
T2 L0 Rk 675 TDD And %% Distortion
— PG of Each Harmonic
480 VOLTS
TDD = -
) 1000 AP D o 1."Ir ¥ II:: x |Ch
n=l
BUS 1 [ Fundamenial, Maeimum Damand
= an’s a4”
2O @O OBED g e TR
S 00 ki aih = 80 amps
oz 7 Harmanic = 4 ppoamps * 100
® 21h = %
208120 AC 150
VOLTS O Tih i 44 A
- Harmonic 1,000 amps '
Tih = 44%
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IEEE 519:1992

| g PCC-1
loc = Full Load Curent, TH-1
Impetance, TR-1
Full Load Gurrant
20000 K&
" Tasvag
= 335 amps
lee = &30 amps
0025
[sc (PLG-1)
_ 2858 amps
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| g PEG-2

Full Logd Dwerent, TR-2
Impagance, TE-2

Full Load Gurrant

1,000 EVA
= _L-.E_ X 1000
480N X

= 1204 amps
| _ 1204 amps
= DOET
lsc (PLG-2)
17,870 amps

r-;.:-




IEEE 519:1992

Igms of The Load

I gy of The kaad 5 The koad oument canried by
THR-2 and ¥ wirmg, Tha highar he barmand
CLETRMS, T Morn Tl Sesiom Cosaniiy is usad
L S ) TR fmenile

o M0 24 Wb 44 2
1,005 amps
s = JLl0Gamps
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Ige | 1L at PCC-1

IL 3800 =L o 480

13,800
- 480
[:1.I}I}I}an'1:=sH VA8
= 4.8 amps
lse _ S858amps  _ 283
[L  34.8 amps T
Iﬂ:: ) |LHT PCC-2
lee  17970amps 175

L 1,000 amps
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PCC-2 o)

oD = /T
v 12 % 100
n=l
[ Fundamenial, Mesimum Demand

= Jap’s a4”

1.000

£ 1 = 105
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IEEE 519:1992

Maximum Harmonic Gurrent Distortion in % of I

Individual Harmonic Order (Odd Harmonics)

Isc/IL <11 11<h <17 17<h<23 23<h<35 35<h TDD
<20" 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits. TDD refers to Total Demand
Distortion and is based on the average maximum demand current at the fundamental
frequency, taken at the PGC.

* All power generation equipment is limited to these values of current distortion regardless

of lge 1.
Ise = Maximum short circuit current at the PCC
I = Maximum demand load current (fundamental) at the PCC
h = Harmonic number
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Solucion 2. Rectificadores 12,18, 24 pulsos

e El tipico 6 pulsos (numero de
diodos rectificando) es de un
THDi de 35 -40 % con un A Y
30% 5° y un 15% en el 7°

e Un 12 pulsos THDi 10-12% Ag = 30°
con un 18° 7% . .

e Necesitan transformadores .
especiales con multiples L—
devanados secundarios.Coste |
elevado.
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Solucion 3. Filtros pasivos +

e Estan compuestos por componentes pasivos bobinas y
condensadores que se absorven los armonicos hasta su limite.
Tipicamente se puede conseguir 10 y 5%

e Buena relacion calidad-precio y niveles de reduccion parecidos
a la solucion 12 pulsos.

= No generan interferencias en el rango por encima de 2 kHz, son
iInmunes a las interferencias y a la tensidn mecanica

FILTRO SPF
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Solucion 3. Filtros pasivos -

e Son grandes y pesados. 4 KW (21 kg).

e Efectivos en rango de carga 80 y 100% pero la potencia
reactiva capacitiva aumenta y se recomiendan
desconectar sin carga

Ejemplo de filtrado para un motor de 75 kW

Sin SPF TORYTRANS Can SPF TORYTRANS
A

~400. 00

Irms = 186 Arms Irme = 128 A

THDI = 81,4 % THDI = 4,9 %

Armonicos individuales: 5% = 69,0 % Armanicos individuales: 59 = 0,3 %
70 = 45,8 % 0= 3,1%
119 = 9,0 % 119 = 2.9 8
132 = 5,3 % 139 = 1,9 %

V'IFM = 400 .l'-'rrn': 1""lli'nw = 400 IIIIIIﬂ'!:

THDY = 2,7 % THDV = 0,3 %
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Solucion 4: Filtros activos +

e Mayor reduccidn de
armaonicos que los filtros
activos

e Filtros electronicos
paralelos compensan la
corriente armonica
activamente THD<4%

e Libertad de conexion en
cualquier punto de la red
compensando redes,
grupos de convertidores
O un convertidor.

24.10.2012
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Solucion 4: Filtros activos -

e Coste de inversion
relativamente
elevado.

< No son efectivos por
encima del 25° nivel
armaonico.

e Estos filtros
funcionan con
frecuencias de reloj
y producen
Interferencias de la
red en el rango de 4
a 18 KHz.

Model 1" A0FP300-100 | ADFP300-200 | ADFP300-30
Rated power * 70 kVA 140 kVA 210 kVA
Compensation current capacity 100 Arms 200 Arms 300 Arms
System voltage ™ 480 V (208 - 480 V), 690 V (480-620 V)

Mominal frequency ** 50/60 Hz + 2%

Number of phases 3 wire type

Connection type 3 phase without neutral (TN, TT, IT)

Harmonic current compensated global compensation up to 50" order

Rate of harmonic reduction better than 98%

Current compensation of cos ¢ up to 1.0

Expandability up to 8 ADF units in parallel

Respaonse time <1ms

Power dissipation <1900 W < 3800 W < 5700 W
Maximum air flow requirement 800 m*/h 1200 m*h 1800 m*h
Noise level <60 dB

Environment 0 to 95% RH non-condensing, max altitude 1000 m
0 to 40 °C continous, <25 °C recommended

800 x 2200 x 610 mm (W x H x D)

Operating temperature
Dimensions

Weight 319 kg 445 kg 571 kg
Cabinet color cabinet RAL 7035 (gray), base RAL 7022 (dark gray)

Protection class IP 20 according to IEC 529

Environmental conditions chemical 3C3, mechanical 353

Electromagnetic compability EN 61000-6-2, EN 61000-6-4

Certificates CE

Artno 208 - 480 V (480 - 690 V) 400 043 (400 048) 400 044 (400 049) 400 045 (400 050)

* Compensation power at 400V nominal voltage
** Please state your system voltage and line frequency when ordering
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Solucion 5: Variador AFE (active front end)

e Es la estrella de la reduccidon de armodnicos a nivel de
convertidores

e Variador de atenuacion activa (regenerativa) como pasiva
(bajos armonicos)

e Se sustituye el rectificador convencional por un
conmuntadores de IGBT. Conmutacion rapida consumo de |
senoidal

e THDiI<4% (IEE519)
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VVacon NXC Low Harmonic

Active front end unit

Pre-charging circuit

Inverter unit

External
AC/DC converter
(230VAC/24VDC)

Motor cable terminals

LCL-filter with DC-DC fan
supply

Supply cable terminals

Load switch and
MCCB as input devices

Aux. transformer and
basic control terminals

24.10.2012
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Solucion 5: AFE: Adios armonicos y ademas....

e Potencia de frenado se puede ‘
devolver a red

 Menores dimensiones de los
trafos, de los cables..

e Mayor tension en los motores
500V (menores corriente,
menos péerdidas).

e 0Ojo Aislamiento motor.

e Debilitamiento a 62 Hz (25%
incremento potencia) Menor
motor y reductores

e Control del factor de potencia
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Resumen 1. Calculo

[~ ¥acon Harmonics Simulation ¥3.3

vaecon

DRIVEN BY DRIVES

File Settings Help

Transformer T G ernerator

T Serial Tranzformers

T Generator+T ranzsformer ] -

Tranzformer parameters
Frequency 5l ~| Hz
Secondary voltage [40n0 - |
Paweer BO00 KM
Tatal Impedance I_E; 4

Hes%«ve Impedance 11 %
Shortcircuit power bW,

'vacon

T 12-pulze

T Regenerative

T 18-pulze T Linear Load

#in paralle! I_'l Wacon M |3 -
# in parallel |_1 Wacon Nx [ -
# in parallel I_-] Wacon Mx [ 4 -
# in parallel I_-| Wacon M [ 4 -

[~ Results in percentages

[ Liguid cooled
[ Liguid cooled
[ Liguid cooled
[ Liguid cooled

24.10.2012

Motor [ KW
Mator [ KW
katar I_ K
Motar [ KW/

Extra Choke %

B[ | o Femaove
A ] Femove
B[ | o Femaove
Eff.’_ ’_D Add
Simulate
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Resumen 2. Calculo

Results of the simulation Page 1/2
Circuit

® THDY - 400V PCC

1 W, M3 1030 | reg | alr mictar KW in llel
Current=2,77 % ) 3# Vacan | reg | alr cocled | motor 500 kW in paralle

Valtage = 341 % Results of the simulation - 400V PCC Page 212
Harmonics at 400V PCC Cupient | A after Geneiatoi Voltage 'V after Generator
calculated at this point. 2368 400
1776 300
1184 200
592 100
1 10 20 an 40 50 1 10 m 0 4 50
Hamonics THD Currant 2,77 % Harmanics THD Voltage 3,41 %

Values after Generator
Hermonic  FreguancylHzl  Curmani{%:)  Volage(%)

1 50 2368,0 00,5V

3 150 oy 0.4

5 250 24 24

- 7 350 08 11
Frequency = 50 Hz a A0 a0 0.0
Generator Vollage = 400 VW 1 550 03 o7
Generator Power = 2600 KVA i bt ad 00
=179 17 850 0.4 15
Generator X'd = 17 % 19 950 0z 07
21 1050 0.0 oo

23 1150 0.1 0.3

25 1 250 0.1 0.3

Fo 1350 apn 0.0

29 1450 0,1 0,3

3 1850 0.0 0.2

33 1650 00 o0

35 1750 an 0.3

7 1850 0,0 0.2

39 1950 0.0 0.0

a1 2050 0.0 0.2

43 2150 0.0 0.0

45 2250 an 0.0

47 2350 ao 0.0

49 2450 0.0 0.0
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Resumen 2. Filtros.

Coste

{Trafo 24 pulsos

(Filtro activo\ . TEEESIS
THDV<5%6

- v

( N\

AFE

S v

[ Filtro pasivo }

_ IEC61000-3-12

[Bobinas J

—

Reduccidon armonicos
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