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1. OVERVIEW

The power absorbed by a motor connected to an inverter depends both on the load torque and the motor
speed. Power is delivered through the conversion of the electric energy made from the inverter by transforming
the AC voltage available from the mains—with fixed frequency— into DC voltage, then into variable-frequency
AC voltage. These transformations of energy require that the power be continuously delivered to the motor. As
a result, apart from the performance of the system, an equivalent power level is absorbed by the mains with
constant voltage. Therefore, the current coming from the mains and absorbed by an inverter operating in
PWM mode is not sinusoidal and its harmonic contents are high. The active power is transferred from the 1st
harmonic only, so the current harmonics larger than the first one will be responsible only for the Joule effect
losses in the mains conductors. Knowing the harmonic contents of the current absorbed by an inverter allows
arranging the corrective actions for reducing the harmonics. The “Easy Harmonics” software is a tool for
calculating the current distortion and the voltage distortion localized in the current delivery point in a grid,
when loads are controlled by inverters. The possible corrective actions for reducing the harmonic currents are
also considered.

.,

P000946-0

Figure 1: Logo of the Easy Harmonics software.
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Figure 2: Main window of the Easy Harmonics software.
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2. INPUT PARAMETERS

The calculation results are processed by the Easy Harmonics software based on the parameters of the
application to be checked.

2.1. Grid Data

The grid data varies from plant to plant. It is known by the end user but not by the manufacturer of the
equipment, and it dramatically affects the calculation results. If the input parameters are not perfectly known,
you can enter approximate values to get estimated results. The values to be entered are the following:

Nominal voltage on low voltage side

Nominal voltage on low a:;—-—-—
valtage side g 400 [V]

The no-load voltage value of the LOW VOLTAGE SIDE in the mains transformer. It is expressed in Volts.

Nominal power of the transformer

Nominal power of the N i |
transformer Eji! LiE [kVA]

The nominal power of the grid transformer. It is expressed in kVA.
Transformer short circuit Vsc

Transformer short circuit Vsc Eji G [%40]

The short-circuit voltage value of the grid transformer, expressed as a percentage of the rated voltage. Starting
from that value, you can calculate the transformer short-circuit current.

Power of linear loads

Power of linear loads _:;H 0,0 - [kVA]

The overall power of non-linear and non-distorting loads (if any) supplied through the same grid transformer.

MV side value

MV side value frf' 5,00 .[k'u']

The nominal value of the MEDIUM VOLTAGE side expressed in kV.
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Short circuit current on MV side

Short circuit current on

A —
MV side # 3,00 [[kA]
The value of the expected short-circuit current on MV side. It is expressed in kA.

Frequency

Frequency :,Jl 50 [Hz]

The operating frequency of the system.

2.2. Distorting Loads (Inverters) Data

Size of the inverter

505 —1

The button for selecting the size of the inverter. When you click the button, a list appears showing all the sizes
of Elettronica Santerno’s inverters.

Selection of the inverter model

SINUS PENTA 0005 —.l

The button for selecting the inverter model. When you click the button, the list of the inverter codes
corresponding to the size of the inverter you have just selected appears, based on the standard application
table. The inverter power is given in the field below.

Total installed power of motor driven inverters

Total installed power of I g |
motor driven inverters I 4,0 [kW]

After selecting the size and model of the connected inverters, the total installed power is displayed.
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3. DESIGN TOOLS

The Easy Harmonics provides a parameter set for the design of your plant.

Pulse

61 ¥ [12]

The switch linked to this function allows changing the configuration of the connection of the inverter to the
grid:

e  “6" indicates that the inverter is supplied from the 3-phase mains with a single-winding transformer;

e “12" indicates that the inverter is supplied from the 3-phase mains with a dual secondary transformer
with a vector group “Dyn11+ Dd0”. The calculation of the total current distortion THDI is based on the
current flowing in the transformer current, where the vector sum of the currents flowing in the two
secondaries is done. A double-fed inverter is required.

AC reactor

AL Reactor J 3 [%]

The button linked to this function allows changing the value of the grid reactor. The default value is 3%,
corresponding to the voltage drop occurring when the rated inverter current flows in the reactor. If you change
the default value, the current distortion and the voltage distortion in the delivery point is recalculated in real
time. Therefore, you can see how the grid reactor value affects the harmonic currents. The maximum
programmable value is 20%.

N. of filtered harmonics
N2 of Fitered Harmonic _‘J,. 5

If a resonant filter is installed, you can select the harmonic current component to be filtered. The software
automatically calculates the new harmonic contents and the value of the current distortion and the voltage
distortion. The modification of the harmonic order is independent of the ratings of the AC reactor.

Efficiency

Efficiency ;,:' 0,91

The ratio between the mechanical power of the motors and the electrical power absorbed by the mains.
The default value is 0.91; it can be changed with the arrows.
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DC reactor

DC Reactor Suggested Yalue

LA | 66,0632 |[mH]

0,00 5,00 10,00

The numeric value is the min. value of the inductance to be installed on the DC-side of the inverter so that the
measured distortion value is the same as the calculated value. If the inductive value of Ly is lower than the
displayed value, the DC-side current takes a waveform composed of two pulses in /3 and 2 7/3, whose width
increases when increasing the value of Ly, and whose amplitude increases when Ly, decresaes.

The suggested value for L, is the value for which, when the current is 80% of the rated current, the minimum
current drops to zero in the central value (in ©/2 and in 3n/2). When the current flowing is 100%, the
waveform is continuous in the range between n/6 and 51/6. Any inductance value Ly exceeding the minimum
suggested value makes the waveform continuous for current flowing values lower than 80% of the rated
current.

Use the cursor to change the value of Ly.. The distortion value is recalculated in real time.
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Load percentage

Load Percentage

G | 100,00 | [%a]

0 20 40 60 80 100

The cursor allows changing the value of the load power in respect to its maximum value. When the load
current varies, the current flowing varies as well, thus affecting the calculated harmonic content.

Harmonic current content
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Figure 3: Readout of the harmonic current content.

The current(voltage) spectrum is graphically represented in Figure 3 up to the 50th current harmonic. The
harmonic amplitude is given as a percentage of the amplitude of the fundamental harmonic component.
When changing the input values, the harmonic spectrum is recalculated in real time.
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4. RESULTS
4.1. Circuit Configuration

The “View Circuit” button allows displaying the overall circuit diagram (Figure 4) including the position of the
components used to reduce the harmonic contents.

If a resonant filter is installed, calculation is based on the grid current and considers the contribution of the
resonant filter (Figure 4).

If o mains reactor is installed, calculation is made without considering the contribution of the resonant filter
(Figure 5).

Ldc
other linear load
T S 1
\ |
. ‘ N I Motor
MV LV L ac | | L
| | | = 7
MAIN
%{ZZ{IZ — ; —=—")
[ e s s o | o - é{jﬁ |
1resonorw“c |\ |
1File—_’r' I I | L |
1 l
! s F 9
1 |
b — s s = _ P000950-B

Figure 4: Circuit diagram including a mains reactor and a resonant filter.

other lineor [ clc
load |—‘

1 L= \

Mo tor

—

Al

P000951-B

Figure 5: Circuit diagram including a mains reactor only.
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AC reactor

This button allows choosing the circuit configuration in Figure 5 as a calculation model. The harmonic content
is calculated in respect to the value of L, and L.

Resonant filter

This button allows choosing the circuit configuration in Figure 4 as a calculation model. The harmonic content
is calculated in respect to the value of L. and Ly. and to the resonant filter as well.
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4.2. Calculation Results

Low voltage side

This window shows the calculation results of the transformer low-voltage side:

Current distortion;

Voltage distortion;

Total RMS distorted current absorbed from the grid and including all the current harmonics;
Grid-side power factor: the ratio between the active power and the apparent power.

Medium voltage side

The calculation results of the transformer medium-voltage side:

Current distortion;

Voltage distortion;

Total RMS distorted current absorbed from the grid and including all the current harmonics;
Grid-side power factor: the ratio between the active power and the apparent power.

12/23



EASY HARMONICS % SANTERNO

GRUPPO CARRARO

USER MANUAL

4.3. Calculated Plant Data

RESULTS
LOW VOLTAGE

Calculated short circuit ’7

power on LY side 15,750000 [MVA]
12 harmonic current 253,78 [A]
Rsce (IEC 61000-3-12) 98,44

MEDIUM VOLTAGE |
Calculated short circuit ’m [MVA]

power on MY side

1° harmonic load ’&T [A]

current on MY side

Transformer ratio 50,00

The plant data based on the input data:

e Grid short-circuit power (both LOW VOLTAGE and MEDIUM VOLTAGE side);

e RMS value of the first harmonic current caused by the distorting load only (both LOW VOLTAGE and
MEDIUM VOLTAGE SIDE). The current values of non-distorting linear loads are not considered;

e R
compliance with IEC 61000-3-12;
e Transformer ratio.

«e: the ratio between the grid short-circuit power and the overall power of the distorting loads in
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5. MENU BAR

The Easy Harmonics software includes two menus: the File menu and the Help menu.

"~ Easy Harmonics

File Help

¢, SANTERNO

GRUPE) CARRARD

5.1. File Menu

The File menu includes 5 submenus, one for each of the following functions.

"= Easy Harmonics

Qpen Projeck Chrl+0

Save Projeck Chrl4+5 g
Report Chrl+R, |
SV Table CheleT P

Chl+Q

e “Open project”: opens a saved project.
e “Save project”: saves a project.
e “Report”: creates a report of a project as HTML.

e “CSV Table”: creates a file with CSV extension. The CSV file contains the data related to the
current/voltage spectrum harmonic content.

e “Exit": quits the Easy Harmonics application.
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5.2. Help Menu

The Help menu includes 3 submenus, one for each of the following functions.

~* Easy Harmonics

File:

Ttalian Help
Enalish Help

e “ltalian Help”: views the help manual of the Easy Harmonics in Italian.

e “English Help”: views the help manual of the Easy Harmonics in English.

e “About...": displays program information and version number.

"~ About Easy Harmonics...

SANTERNO

GRUPPO CARRARO

b Easy Harmonics

Varsion 1.0 SOA0E2008 ELETTROMNICA SAMNTERMND 5.p. A,
Strada Statale Selice, 47
40026 Irmola (Bad, Tkaly
Tel, +39 0542 489711

AUTHCRS: Fawx +39 0542 439722
Computations development by Domenico Di Cesare -
Suftware development by Luca Ferraresi bt www.alettrunlcaSantemD.cu:umfi

Figure 6: About window.
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6. THEORETICAL NOTIONS
6.1. System Model

The input stage of an inverter is usually formed by a three-phase diode bridge rectifier whose load is a
capacitor bank and the inverting stage, which is the same as a real R resistance.
Because of this, the current line has not a sinusoidal shape but, for each half-cycle, it is formed by two pulses

that are symmetrically positioned at angle ©/3 and 27/3, whose width is established by R and C values (Figure
7).

LA

\ N \ 7
S N4 AN A4 \
4 )4 >\/ )< )\ \
e 2 e w e S o /

P000952-B
Figure 7: Line current and voltage pattern.

The FOURIER relation establishes the harmonic content of this waveform as follows:
f(t) =D 2A(n)-cos(net) - 2 jB(n)sin(nwt)
n=0 n=0 (6])

A(n) and B(n) coefficients are calculated by means of the following equation

A(n)+ jB(n)=F(n) = Tij' f (t).e—jnrutdt
O (6.2)

If equation (6.2) is applied to the waveform in Figure 7, it will give the following result:

Aln) = 0

B(n) = Ilsinn(;a;rl) { 5nz }

|n( )+S|n( ) sm( ) sm(—)

16/23



EASY HARMONICS % SANTERNO USER MANUAL

GRUPPO CARRARO

where "1 ... duration of the current pulse

) I current amplitude

In order to reduce the harmonic values, it is necessary to increase the conduction angle; the solution offered

T, =—

3.

by Elettronica Santerno allows reaching a maximum value of this conduction time equalling

In that case, the current waveform changes and becomes as in Figure 8. It is composed of a single pulse

_2r

0
having an lo amplitude, and its duration increases up to 3.
I

P0O00953-B

Figure 8: Line current and voltage with increased conduction angle.

In that case, FOURIER coefficients are the following:

Aln) = 0

I, sin(n@z,) { 3anzx }
nrz

B(n) = |n(—) sm(—)

Using a resonant filter for the 5th harmonic can further decrease the harmonic contents.

When a 12-pulse configuration is used (Figure 9), the only harmonics to be found are, for instance, n = 12k +
1, wherek=1,2,....... m.
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IA

el LY S 7
\f\ //)(\\V// . /\\ ”

P000954-B

Figure 9: Line current/voltage when using a 12-pulse configuration.
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6.2. Voltage Distortion

The voltage distortion on a grid occurs when a non-sinusoidal load is applied (Figure 10). The current flowing
from the voltage generator to the non-sinusoidal load cause—in the delivery point—a voltage contribution
proportional to the product of each current harmonic amplitude multiplied by the grid impedance, calculated
at the frequency of the corresponding current harmonic.

An ideal grid has a null output impedance (Z =0); this means that in case of a short-circuit in the delivery
point, the current flowing assumes a theoretically infinite value. As this is not possible, the grid impedance in
the delivery point is not null.

The current absorbed from the grid by non-disrtorting loads can be considered as the addition of several
components, each of them is characterized by frequency and amplitude that can be calculated with the
relation in (6.1).

/

— . ®

@E VN> 6 [¢nd

Figure 10: Basic diagram in the delivery point.

a) In no-load conditions (I(n) = 0), the available voltage V(n) in the delivery point equals the no-load

voltage of the generator:
V(n) =E

b) when the connected load is operating (I(n) # 0), the voltage in the delivery point is as follows:
V(n)=E-Z(n)el(n) where Z(n)is the total line impedance.

The voltage distortion factor THDV in the delivery point is defined as follows:
Z(n)-1(n
THDV =100e % calculated for n>1

Note that the voltage distortion depends on the value of Z(n), i.e. it depends on the geographical location of
the delivery point.

Example. Figure 11 shows a grid with different delivery points (PCC1 or PCC2) based on the user whose
THDV value is to be checked:
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T Ts
2OMVA 1000k VA
150 KV 20 KV
o m < ( > >/// m I
m—® i1 @ i
T3

2000k VA

:@: 400 Vv

PCCI PCC3 PCCe

Figure 11: Diagram showing 3 delivery points (PCC1 to PCC3).

The main power delivery is 150kV high voltage. The first common delivery point (PCC1) is downstream of the
20MVA transformer (T1) on the 20kV MEDIUM VOLTAGE grid. The other two delivery points are called PCC2
and PCC3.

The distorted current absorbed from the user connected to PCC3 will cause a voltage distortion in PCC3 and a
voltage distortion in PCC1. The voltage distortion in PCC1 could be large and cause troubles to the user
connected to PCC2. For that reason, you should calculate the contribution to the voltage distortion in PCC1—
due to the distorted current absorbed from the user connected to PCC2—separately from the contribution to
the voltage distortion due to the current distortion absorbed by the user connected to PCC3.

The total distortion in PCCT1 is the sum of the two contributions.

When calculating the voltage distortion, you must know the characteristic data of the grid (power of the
transformers, short-circuit voltage, voltage level, etc.).
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6.3. Power Factor

The input power factor, considered from the grid side, of a system composed of a motor and an inverter is
different when the motor is supplied from the grid.

The current absorbed from the grid can have a harmonic content (more or less large depending on the
harmonic-suppressing measures being used) which “increases” the RMS value of that current and contributes
alterating the measure of the power factor.

The measure systems generally used for the cosg are obtained in order to measure the offset angle ¢ between
the grid voltage and the current flowing. However, because the current is strongly distorted due to the
harmonics, the measure readout is often distorted as well, and the angle measurement is incorrect. As a result,
the readout of the cosg is much lower than the actual cose.

It can happen that the power factor does not match with the cose: as a matter of fact, the power factor and
the cosp match only when both voltage and current are true sinusoids.

The “Total power factor” is the ratio between the active power and the apparent power;

the “cose “ is the cosine of the offset angle between the voltage and the first current harmonic.

When a motor is operated by an inverter, the total power factor is strongly dependent on the harmonic
current, i.e. on the current distortion factor.

Normally, the power factor of a distorted waveform is defined as the ratio between the active power (P) and
the apparent power (Vl), also considering the contributions of all the harmonic contents:

P =
Total fact Vi Zw: i
o1a pOWeI’ actor = V2 |2
k k
k=1 k=1

where: Vk: RMS value of the voltage harmonic "k"
Ik: RMS value of the voltage harmonic "k"
¢: offset between the voltage harmonic "k" and the corresponding current harmonic.

In case of sinusoidal voltage and distorted current, the total power factor is calculated with the following
expression:

Vl, -cosg +V, > I, -cosg,
k=2

Vl‘\/ilkz
k=1

Total power factor =

When introducing the power factor distortion p, that matches with the total harmonic current distortion THDI,

Il
,u:THDI:kzl—Z,

1
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the total power factor becomes ————-C0S¢
1+ ,u2

So the rectifier factor of the cosg is given from k =Errore. Non si possono creare oggetti dalla modifica di codici di
campo..

Example: Suppose that an inverter connected to the grid by means of AC reactor only be used;
the typical current distortion value that is measured in that case is 50%, i.e.

So k=+/1+05% =1.118

If a real unity cos is used, the total power factor is worth 0.8944 (the opposite of 1.118). On the other hand,
if you have an instrument measuring the apparent power, it is not correct to get the value of the cos¢ as the
ratio between the active power and the apparent power, because the latter is higher due to the harmonic
contribution—THDI—of the current, which is not sinusoidal.
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7. REFERENCE STANDARDS

The Easy Harmonics software has been developed using the calculation method and formulas prescribed by
EN 61000-3-12.
The following relations are used for calculation:

40 (] 2
Total current harmonic distortion: THD =,/ > I—n
n=2\"1

e Common connection point (PCC): the point in the grid the closest to the disturbing user, where other
disturbed users can be connected to;

e Short circuit power (Ssc): the value of the three-phase short-circuit power calculated considering the
rated phase voltage “U” and impedance “Z" of the system up to the PCC:

e Rated apparent power of the equipment (S, ): value computed based on the rated line current (l,,,) of
the equipment and on phase voltage U,

Sequ :\/§'Ui ) Iequ
e Active power Sa: power from the first current harmonic only:
Sa = \/§'Ui I
e Short-circuit ratio R,: ratio between the short-circuit power and the apparent power of the equipment.

S
Rsce = S =
equ

e Fundamental current of reference |;: the first harmonic current, defined as follows:

Iequ

1+(THD)?

I1 =

e Partial weighed harmonic distortion PWHD: the ratio between the RMS value of a selected group of
harmonics starting from the 14th weighed according to harmonic order n, and the RMS value of
fundamental current |;:

40 (] 2
PWHD=,| ¥ |-1]| -n

n=14\ I1
e Power factor PF: ratio between the active power and the apparent power:

8 .. PF= !

Sequ 1+(THD)2
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