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Effects of Passive Components on the Input Current
Interharmonics of Adjustable-Speed Drives

Hamid Soltani, Student Member, IEEE, Frede Blaabjerg, Fellow, IEEE, Firuz Zare, Senior Member, IEEE,
and Poh Chiang Loh, Senior Member, IEEE

Abstract—Current and voltage source Adjustable Speed Drives
(ASDs) exert distortion current into the grid, which may produce
some interharmonic components other than the characteristic
harmonic components. This paper studies the effects of passive
components on the input current interharmonics of adjustable
speed drives with and/or without motor current imbalance. The
investigation is done at different motor operating frequencies
and load torque values. It shows that selecting the small filter
components (AC choke, DC choke and DC-link capacitor) results
in different performances in respect to those interharmincs
issued by motor current imbalance and other non-characteristic
interharmonics. The results are helpful for engineers investigating
the effects of drive filters on the input current interharmonic
components.

Index Terms—Adjustable speed drive, passive compo-
nent effects, interharmonics, harmonics, balanced and
unbalanced load.

I. INTRODUCTION

NTERHARMONICS are spectral components of voltages

or currents which are not multiple integer of the funda-
mental supply frequency [1]. Although interharmonics extents
are usually smaller than those of characteristic harmonics,
their still increasing effects on the power supply have recently
drawn more concerns and there are on-going global discus-
sions to define some limits for these components. Severe volt-
age flicker, interference with control and protection signals in
power supply lines, overheating of transformers, dormant res-
onance excitation are among some of the most common direct
effects of interharmonics [2]-[4]. Double-stage variable speed
drives either voltage source or current source are presently
among the main sources of interharmonics injected into the
power supplies in addition to typical harmonics [5]-[11],
where a variable speed motor is fed through an AC/DC/AC
converter with normally a diode-bridge rectifier and a PWM
inverter connected back-to-back sharing a common DC link.

If the DC link is not well buffered by a sufficiently large
capacitor or inductor, the inverter output current frequency
components will pass through the DC link and the rectifier and
will then interact with the input current frequency components,
consequently give rise to unsteady current distortions. In this
regard, increasing the DC-link capacitor or the inductor may
be an attractive solution, but it has its own limitations such as
higher cost and volume and maybe also a shorter compromised
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lifetime of the converters. In addition, the advanced achieve-
ments in the design of the capacitors with longer lifetime and
more voltage fluctuation tolerance made them promising to be
used in power converter applications.

Till now, several investigations have been initiated focus-
ing more on the interharmonics sources and their negative
effects on the power supply [12]-[17]. In [18], the interhar-
monics generation process is addressed in high power ASD
based on double-stage conversion systems implementing line
commutated or pulse width modulated inverters. In [19], an
analytical method has been proposed for the assessment of
the harmonic and interharmonic currents initiated by ASD
under unbalanced supply conditions. Moreover, the effect
of motor current imbalance on the input current interhar-
monics in the voltage source inverter fed ASD has been
comprehensively discussed in [20]. The authors in [21], [22]
proposed some active compensation methods to reduce the
ASD input current interharmonics caused by motor current
imbalance. In addition to the above-mentioned studies, some
other investigations are initiated for accurate identification of
interharmonic components. Encountering with the fact that
small errors in synchronizing the time window and ten cycles
of the estimated system fundamental frequency may cause
significant spectral leakage phenomenon, the authors in [23]
have suggested the utilization of the Hanning window instead
of the Rectangular window recommended by IEC [24]. The
authors in [25] have also proposed a self-tuning algorithm to
synchronize the analyzed window width to an integer multiple
of the actual fundamental frequency prior to interharmonic
evaluation. In [26], a frequency-domain interpolation approach
has been used to find the system fundamental frequency, and
the interpolatory polynomial method has been implemented
for reconstructing the sampled time-domain signal.Then by
applying the FFT and the frequency-domain interpolation,
the actual harmonic and interharmonic components have been
calculated respectively.

Besides many investigations done related to the interhar-
monic sources and identifications, with a global movements
toward using smaller passive filters (AC choke, DC choke and
DC-link capacitor) for ASD, it is needed to consider the effects
of these passive components on the interharmonic issues.
Although, the authors in [14] discussed the relative effects of
DC-link inductance and source inductance on interharmonic
propagation, there is still a special need to consider the
direct effects of the filter components on the input current
interharmonics at different working points of ASD. This
paper first investigates the disturbance (initiated by motor
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Fig. 1. Equivalent circuit of an adjustable-speed drive for system analysis

with an Induction Motor (IM).

unbalanced currents) propagation from the inverter output
side to the rectifier input side of the ASD. Then, the effects
of ASD passive filter components on the grid-side current
interharmonics will be analyzed in five different cases, while
the motor currents are unbalanced. Finally, the filter effects on
the input current total interharmonic distortions, in the case of
the balanced load, at different motor operating frequencies and
load torque values are investigated.

II. UNBALANCED LOAD CONDITIONS
A. Interharmonics initiated by load current imbalance

Fig. 1 shows a schematic diagram of the VSI-fed adjustable
speed drive for analyzing the input current interharmonic
components. The Space Vector Modulation (SVM) method
is chosen for the modulation because of its superior per-
formance characteristics especially in adjustable speed drive
applications. In this case, the existence of a current distortion
at the inverter output gives rise to the grid side current
interharmonics. Scaling and offset errors in the adjustable
speed drives current transducers, unbalanced loads and also
overmodulation operating mode of the inverters are typically
the main sources of the inverter output current imbalance. The
following analysis explains how the inverter current distortions
may lead to input current interharmonic components.

In accordance with the symmetrical component theory, the
three-phase unbalanced motor currents {i,,%,,%,} can be
separated into three sets of balanced and uncoupled compo-
nents: the positive sequence current components ({if, P}
with magnitude 7, frequency woy: and phase 6% ;) and the
negative-sequence components ({4} i} with magnitude

u’ v7w

17, frequency w,,+ and phase 67,,),which can be written as
M
by =18 +i% = IP L sin (Woutt + 08,,1)
—l—Ioutsm (woutt +60..)
v =10+ =10 ,sin (wout + 05,; — &) )
—|—I” SN (Wourt + 00 + 2”)
b = 18, 447, = Ib,, st (wourt + 00, + 2”)

+17,.stn (woutt +00. — 2;)

The inverter-side DC-bus average current can be obtained
by the sum of the DC-link inverter-side current %;,, over one
output fundamental period. Fig. 2 shows the three-phase output
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Fig. 2. Three-phase output reference signals.
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Fig. 3. PWM and DC-link inverter-side current waveforms in interval A.

reference signals {v,,, vy, Uy, } and the related six intervals used
in space vector modulation. The PWM signals and the cor-
responding DC-link inverter-side current over one switching
period T in interval A are also illustrated in Fig. 3, where 51,
Ss and S5 are the gating signals of the inverter upper switches
associated with the three-phase output reference signals v, v,
and v,, respectively. Based on this figure and the three-phase
unbalanced motor currents in (1), the average DC-link current
Liny, 4 over one switching period in interval A can simply be
obtained as

2T 2T
Iinv,A T, fO Zznv dt = Tl Zu + =2 (Zu + Zw)
3 s

=zm outcos (eout) 4mIoutCOS (2w0wft + eout)

2)
where m is the modulation index and 77 and 75 are time
durations specified in Fig. 3 and they can be calculated as

T = m4T (sin(woutt) — sm(woutt +2 %))
T2 = m4T (sm(woutt + ) — szn(woutt

2 (3)
)
with the same calculations, the inverter-side DC-bus average
current in all other five intervals will be similar as in (2), which
finally results in the DC-link inverter-side average current I,
for one fundamental cycle of the inverter output current

Iznv - Idc + INinUCOS (2woutt + eznv)
Ioutcos (egut) 4mIoutCOS (2w0Utt + eout)

4)

where Idc and I.;,, are the desired DC current and the
oscillation components of the inverter-side DC-bus current
respectively. From (4) it can be seen that the output current
unbalance causes a harmonic component, which is twice the
output frequency in addition to the DC quantity. The DC
component in (4) is associated with the fundamental positive-
sequence current and the AC component is related to the
presence of the motor current imbalance. According to the
circuit law, the inverter-side DC-bus current is divided as

Liny = brect — 1Cdes Where i,.¢¢ and i¢qg. are the DC currents
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TABLE I
SIMULATION PARAMETER VALUES FOR STUDY OF INTERHARMONICS IN ASD.
Parameter Case 1 Case 2 Case 3 Case 4 Case 5
Rated Input Power 2.2 kW 2.2 kW 2.2 kW 22 kW 2.2 kW
Rated Input Voltage 400 V 400 V 400 V 400 V 400 V
Inverter Carrier Frequency 5 kHz 5 kHz 5 kHz 5 kHz 5 kHz

DC-link Capacitor & Resistor, Cy.& R, 125 pF & 500 m$2
Inductor & Resistor, Ly, & Rg. —

125 pF & 500 m$2
8 mH & 360 m(2

125 pF & 500 m©2 | 15 puF & 100 mS2
2 mH & 90 mQ2 -

15 pF & 100 m$2
900 pH & 40 m$2

Input Inductor & Resistor, Lqc& Rac 6 mH & 270 mS2

4.5 mH & 200 mQ2 | 900 pH & 40 mQ2

Motor Nominal Input Voltage 380 V

380 V

380 V 380 V 380 V

rect Req eq

T

Fig. 4. DC-link equivalent circuit for motor drive harmonic analysis.

flowing out of the rectifier DC terminals and through the
DC-link capacitor. Therefore the rectifier-side DC-bus average
current I,..; will have oscillation at twice the inverter output
operating frequency and it can be expressed as (5)

Irect = Idc + I~'rectCOS (2woutt + grect) (5)

The second term in (5) is a ripple component with magnitude,
frequency and phase notated as I ect, 2Woyut and @.cq¢. The
DC-link equivalent circuit depicted in Fig. 4 represents the
current transfer from the inverter DC side to the rectifier
DC side. Considering a Continuous Conduction Mode (CCM)
operation of the front-end diode rectifier, the equivalent DC-
link inductance L., and damping resistance I2., are [20]

Leq = Lgc +2L4c (6)

3
Req = Rg. + 2(Rac + Td) + ;winLac @)

where the last term in (7) accounts for the voltage drop
caused by diode commutations, w;, is the grid voltage angular
frequency and r; denotes the diode dynamic resistance. In
order to assess the effects of passive components on the DC-
link disturbance current excitations, five different cases (Case
1 to Case 5) whose parameter values are listed in Table I are
taken into account in this study. The DC-link resonance factors
RF, defined in (8), are drawn in Fig. 5.

INTect _ ZC

RF = =
Iwin'u ZC + ZL

®)

Based on Fig. 5, from one point of view, there is almost no
DC-link resonance excitation associated with the last two cases
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L6
S
5 /
: /
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Fig. 5. DC-link resonance factor associated with Case 1 to Case 5.

in which the drive filter components (AC choke, DC choke
and DC-link capacitor) values are much smaller than those of
the first three cases, within the motor frequency range (0 to
50 Hz). Obviously, the higher resonance frequencies (about
970 Hz and 1370 Hz for Case 4 and Case 5 respectively)
associated with the last two cases may excite the dormant
current oscillations located at those regions. In another point of
view, adopting the larger values for the filter components may
not necessarily lead to lower current oscillations transferring
from the inverter DC side to the rectifier DC side. Actually,
by selecting the larger DC-link filters, the corresponding DC-
link resonance frequency will decrease and consequently it
may even worsen the current oscillations located at lower
frequencies. Thus depending on the motor operating condition,
the drive filter design needs specific attention concerning the
DC-link disturbance excitations.

After leaking through the DC-link stage, the second order
oscillation of the DC-link rectifier-side current will be multi-
plied by the rectifier switching functions {S,, Sp, S.}. Using
Fourier series analysis, the rectifier switching function .S, ob-
served in Fig. 1 can be obtained as given in (9). Thereafter, the
rectifier switching functions in (9), when multiplied with the
rectifier-side DC-bus current presented at (5), gives rise to the
three-phase input current expressions as given in (10). From
(10), it is evident that the distortion currents initiated by the

S, (t) = 2v/3/7 [cos(wint) — 1/5cos (5wint) + 1/Tcos (Twint) — 1/11cos(11wi,t) + .. ]

e(t)

Sp(t) = S, (t —T/3) 9
S.(t) =S, (t+T/3)
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1a(t) = Salrect = (2\/§Idc/7r) [cos(wint) — 1/5cos (bw;nt) + 1/Tcos (Twint) + .. ]

+ (\/glrvrect/ﬂ—) {[COS((win + 2wout) t+ erect) + COS((win - 2wout) t—
—1/5[cos((5win + 2Wout) t + Orect) + cos((BWin — 2Woyt) t —
+1/7 [cos((Twin + 2Wout) t + Orect) + coS((TWin, — 2Wout) t — Orect)] + - - -}

erect)]

erect)] (10)

iv(t) = i (t — T/3)
io(t) = iq (t +T/3)

i, waveform (A)
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Fig. 6. Drive input current ¢, waveforms and frequency spectrum at load torque TL value of 12 Nm, and an output frequency fo.: of 45 Hz with cases from
Table I. (a) Input current waveform in Case 1. (b) Input current spectra in Case 1. (c) Input current waveform in Case 5. (d) Input current spectra in Case 5.

motor current imbalance pass through the double-stage ASD
and then generate interharmonic currents in the power system.
These exclusive interharmonic components are accommodated
symmetrically around the input side fundamental frequency
and the characteristic harmonics. According to (10), although
higher order interharmonics may have much lower magnitudes,
they are potentially able to excite parallel resonances in the
grid. Fig. 6 depicts the drive input current waveforms with the
corresponding frequency spectra at the load torque 77, value of
12 Nm and the output frequency fo,: of 45 Hz for Case 1 and
Case 5 respectively. As it can be seen from Figs. 6(b) and (d),
the input current contains interharmonic components located
at the frequencies of |90 + 50| Hz, |90 £ 250| Hz, |90 + 350|
Hz, and etc. However, some interharmonic components, other
than those generated by the motor current imbalance, can also
be recognized in the input current spectra, Figs. 6(b) and (d).

5 T T T T T T T T T
Calculation
TL=12 Nm-Sim([]

® TL=9 Nm-Sim||
¢ TL=6 Nm-Sim

Resonance Factor (RF)

30 40 50 60 70 80 90 100 110 120 130
Frequency (Hz)

Fig. 7. DC-link resonance factor associated with Case 1 (see Table I) at
different output frequencies and load torque values.
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B. Effect of passive components

In this section, the effects of adjustable speed drive filters
(as defined in Table I) on the input current interharmonic
components are studied. A series of simulations have been
carried out in MATLAB using the simulation model shown in
Fig. 1. A 2.2 kW induction motor is considered with the output
frequency range of f,,;=24 Hz to 48 Hz, at three different
constant load torque values of T7,=12 Nm, 9 Nm and 6 Nm.
The motor is controlled by using a simple constant voltage-
to-frequency method and an inductor of 4 mH was also added
to emulate the motor-winding imbalance. As a consequence,
a motor current imbalance of about five to six percent was
provided at different output speeds at each constant load torque
value.

Fig. 7 illustrates the DC-link resonance factor associated
with Case 1, at different output frequencies and load torque
values. As it can be observed, less current disturbance amplifi-
cations occur at the DC link for the lower load torque value of
6 Nm in which the front-end diode rectifier operates almost in
Discontinuous Conduction Mode (DCM). It can also be noted
that the calculation results (blue solid line) and simulations
(green square points) have a good agreement at the load torque
value of 12 Nm, where the front-end diode rectifier works in
CCM mode. The same convergence can also be viewed for
the load torque value of 9 Nm (blue dots), above the DC-link
oscillation frequency of 70 Hz.

In accordance with (10), the grid current interharmonic

—4—TL=12 Nm
~#—=TL=9 Nm
TL=6 Nm

sy
Lo ,Jt::iﬁiz:!
£

S04 4 —
003 -

24 28 32 36 40 44 48
Output Frequency (Hz)

(a)

0.1

=4—TL=12 Nm

009 | g Tl Nm

0.08 -

TL=6 Nm

0.07

& 0.06

b

', 005
7 004 —

0.03

0.02 —?W
0.01 n

—

24 28 32 36 40 44 48
Output Frequency (Hz)

(©)

components initiated by the motor current imbalance mainly
appear around the fundamental frequency and its harmonics.
Nonetheless, only those interhamonics around the grid current
fundamental and fifth order frequencies, which normally have
larger amplitudes are plotted in Fig. 8. It should be noted that
all interharmonic values, I;, illustrated in Fig. 8, Fig. 10, and
Fig. 11 are calculated in accordance with (11)

Ii _ Iipeak
preak

(In

where Iipeqr and Ifpeqr are the peak values of the related grid
current interharmonic and the fundamental frequency respec-
tively. The index i also represents the related interharmonic
frequency.

At a constant load torque, the input current interharmonic
components will increase when the motor output speed in-
creases, especially for the first sets of interharmonics around
the fundamental frequency, as seen in Fig. 8. Based on Fig. §,
it is also obvious that the DC-link resonance factors, as
already shown in Fig. 7, are in good harmony with those
interharmonic components accommodated around the sup-
ply current fundamental frequency (I, —2y, ., and Iy, 4oy .,
depicted in Fig. 8(a) and Fig. 8(b) respectively). However,
the interharmonics located around the fifth order harmonic
Usf;n—2f0u: and Isy, 4oy . shown in Fig. 8(c) and Fig. 8(d))
may not follow the associated DC-link current disturbance
amplifications. It is worth to mention that for the interharmonic
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Fig. 8. Normalized input current interharmonic components in Case 1 (see Table I) versus output frequencies of the ASD at different load torque values.
(a) Interharmonics coupled with and below the fundamental frequency I¢, oy ... (b) Interharmonics coupled with and above the fundamental frequency
Ig, 1+2f,,,- (¢) Interharmonics coupled with and below the fifth order frequency Isy, —27,,,- (d) Interharmonics coupled with and above the fifth order

frequency Isf, 12f,,:-
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components surrounding the fifth order harmonic, the lower
load torque values are almost associated with the higher
relative interharmonic entities, Fig. 8(c) and Fig. 8(d).

Fig. 9 compares the DC-link resonance factor values related
to Case 1 to Case 5 at the output frequency range of 24
Hz to 48 Hz in three constant load torque values (equal to
12 Nm, 9 Nm and 6 Nm). As expected, the last two cases
(Case 4 and Case 5) show lower DC-link current disturbance
amplification from the inverter DC side to the rectifier DC side.
Moreover, considering the equal output current imbalance and
modulation index for the first three cases, the Case 2 shows
less harmonic amplification in the DC link, at the load torque
value of 12 Nm (which is close to the full load operating mode
of ASD), Fig. 9(a). However, Fig. 9(c) depicts that for the
load torque of 6 Nm (which is close to the half load operating
mode of ASD), the Case 2 is associated with a higher DC-link
resonance factor.

A comprehensive comparison of the input current inter-
harmonics related to the the five investigated cases at the
output frequency range of 24 Hz to 48 Hz and the load
torques of 12 Nm and 6 Nm are plotted in Fig. 10 and
Fig. 11. Based on Fig. 10(a) and Fig. 10(b), among the
first three cases, the Case 2 represents smaller interharmonic
values at the lower motor output speeds (below 36 Hz) for
those interharmonics accommodated around the grid current
fundamental frequency. This is while for the higher output
speed ranges, these interharmonics take higher values in the
Case 2. At the load torque equal to 12 Nm, it can also be
seen that the last two investigated cases show almost better
performance in all operating conditions, as shown in Fig. 10.
At lower load torque value of 6 Nm, the Case 2 is steadily
corresponded with the higher values of the input current
interharmonic components, Fig. 11. In addition, the superior
performance of the last two cases in respect to the current
interharmonic components located around the fifth order grid
current frequency are observed in Fig. 11(c) and Fig. 11(d).

The results presented so far clearly show that with the
presence of any possible output current imbalance, a suitable
design of the equivalent DC-link filters may lead to a better
performance of the ASD handling the input current interhar-
monics. It also shows that Case 2 (i.e. putting the filters in
the DC side of the front end diode rectifier) is usually related
to higher values of the interharmonics, especially when the
motor is operating near the nominal speed at full load torque
operating mode and/or it functions at the low load torque
conditions.

Following the global trends toward implementing smaller
DC-link filter components in ASD applications, the last two
cases were devoted to analyze their effects on the ASD input
current interharmonics. The results demonstrate the superior
performances of the last two cases compared with the first
three cases in terms of input current interharmonics caused
by motor unbalanced currents. However, considering very
high resonance frequencies related to the last two cases, it is
needed to study their performances at the higher disturbance
frequencies of the DC-link current.
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Fig. 9. DC-link resonance factors associated with Case 1 to Case 5 versus
different output frequencies of the ASD. (a) load torque equal to 12 Nm. (b)
load torque equal to 9 Nm. (c) load torque equal to 6 Nm.

III. BALANCED LOAD CONDITIONS

In this section the possible effects of the equivalent DC-
link passive filters on the input current interharmonics are
studied considering a balanced operating mode for ASD. Like
the unbalanced load condition, the investigated parameters are
used as given in Table I. In order to assess the drive input
current quality in the five above-mentioned cases, three of the
indices are taken into account:

o the Total Harmonic current Distortion (THD)

« the Total Interharmonic current Distortion up to 2 kHz
(TTHD 2% 5 -)

« the total interharmonic current distortions between 2 kHz
to 9 kHz (TIHDs g 5)
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These indices are considered as (12)-(14)

| ¥ I
heH
THD=Y"""_ §

L 12)

= set of harmonics

NIDINE Y
TIHDopp, = Y22 A = set of interharmonics

T )
up to 2kHz
(13)
NI
TIHDy gpyg. = mleij, ~ = set of interharmonics
between 2 to 9 kHz
(14)

The importance of the defined indices can be considered
for the compatibility problem and the tough regulations for
interharmonic components. In the case of linear modulation
and balanced loading, the input current interharmonics in ASD
usually accommodate around the switching frequency and its
integer multiple components other than those appearing at the
lower frequencies. This was the reason of choosing two differ-
ent indices (TIHDyg g, and TIHDs g pg.) for interharmonic
assessment. It should also be noted that the obtained results
are based on 1-Hz resolution spectral analysis.

The input current total harmonic distortion THD traces at
the motor output frequency range of 24 Hz to 48 Hz and three
load torque values of 12 Nm, 9 Nm and 6 Nm are plotted in
Fig. 12. It can be observed that the results associated with
Case 5 demonstrate its significant performances specially at
high load torque values, even though it benefits from small
filter components. From this standpoint and with taking the
input current THD values into consideration, choosing small
components as ASD filters will make them even competitive
compared with selecting larger filters for ASD. Moreover,
between the first three investigated cases (Case 1 to Case 3),
the traces show the priority of the Case 1 at different operating
modes. Fig. 13 illustrates the input current total interharmonic
distortions (TIHDy g, and TIHDs gxg.) of the ASD in the
Case 1 to Case 5 at two load torque values of 12 Nm and 6 Nm.
Unlike the promising results of Case 5 in respect to the THD
values especially at higher load torque condition, as shown
in Fig. 12, this case represents the worst condition regarding
interharmonic components. This phenomenon is more evident
at the total current interharmonic distortions between 2 kHz
to 9 kHz, Fig. 13(b) and Fig. 13(d), where TIHDs gz,
increases significantly at the higher output frequencies of the
motor. With comparing the results related to the load torque
values of 12 Nm and 6 Nm, it can also be seen that the lower
torque value gives higher current interharmonic distortions.
Meanwhile, among the first three investigated cases, the Case
2 presents the worst condition in respect to interharmonic
distortions. Moreover, due to the fact that the DC-link res-
onances in the first three cases are accommodated at low
frequencies, their effects on interharmonic magnification are
less than the last two cases in which the DC-link resonances
are located at higher frequencies (during balanced operating
mode of ASD, the interharmonics components usually appear
at higher frequencies). With the on-going interests towards
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Fig. 12. ASD input current THD values associated with Case 1 to Case 5
(see Table I) at different output frequencies. (a) load torque equal to 12 Nm.
(b) load torque equal to 9 Nm. (c) load torque equal to 6 Nm.

using a small DC-link filters for ASD, the depicted results here
necessitate to consider interharmonic distortions specially for
those interharmonics accommodated above 2 kHz.

IV. CONCLUSION

In this paper, the effects of ASD passive filters on the
grid current interharmonics are investigated at separate drive
output frequencies and also different load torque values. Par-
ticular attention is given to both cases of the unbalanced and
balanced operating modes of ASD. The results show that in
discontinuous conduction mode of the front-end diode rectifier,
the DC-link resonance amplification decreases, however it
does not necessarily mean a lower input current interharmonic
distortion.

In the unbalanced operating condition, using small filter
components for ASD results in a competitive performance
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Fig. 13. Input current total interharmonic distortions in Case 1 to Case 5 (see Table I) versus output frequencies of the ASD. (a) TIHDgg 7, at the load
torque of 12 Nm. (b) TIHDs_gg 7 at the load torque of 12 Nm. (¢) TIHDgg 7, at the load torque of 6 Nm. (d) TIHD2_gx g7, at the load torque of 6 Nm.

in comparison with the larger filter components. However,

for

the balanced operating mode the results depicted a weak

performance for the smaller filters in respect to interharmonic
distortions. Moreover, almost in all operating conditions (at the
same operating speed), it is shown that the drive input current
distortions are higher at the lower load torque values. The
comparative results of the five investigated filter cases should

be

useful for engineers concerning the drive input current

distortions at low and high frequency ranges.
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