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Space-Vector Analysis and Modulation Issues of
Passively Clamped Quasi-Resonant Inverters

Braz J. Cardoso Filho and Thomas A. Lipeellow, IEEE

Abstract—The passively clamped quasi-resonant dc-link L i e
(PCQRL) inverter basic topology and other quasi-resonant

inverters have been shown to be only partially compatible with ~ o
pulsewidth modulation (PWM), due to a minimum dwell time Le D Sni
created by the clamping mode in the inverter operation. This ) PaY ~|K ‘[ ‘| ‘I
paper addresses this kind of modulation nonlinearity, employing o Ln Ce
the space-vector approach as a modeling tool. Closed-form vy, ] = DcA L A “‘::IVCS
expressions are obtained, defining the inverter linear modulation Sp Ds
range in terms of the dwell time and other inverter and load <|K A <| ~| <|
parameters and characteristics. An alternative implementation
of the resonant snubber that eliminates the low-order harmonics
in the output voltages is presented. Experimental and simulation
results are presented to support the theoretical analysis. Fig. 1. PCQRL inverter basic topology.
Index Terms—Quasi-resonant inverters, soft-switching invert-
ers, space-vector pulsewidth modulation. cannot be changed (under zero-voltage conditions) during this
interval and volts-second errors are introduced in the inverter
|. INTRODUCTION output voltage with respect to the reference voltage.

. . Constant dwell time is obtained if the inverter input dc cur-
.ULSEWIDTH modulatlon (PWM) has been widely usecjrent is constant. However, the inverter input current changes,
in the synthesis of the output voltage of three-pha:

inverters in ac drive svstems. alond with manv other apoh. e to the modulation of the output voltage. As a consequence,
. . ystems, gwr y ot PPy nificant changes in the dwell time take place, increasing its
cations in power electronics. The basic reason is that t

: - -détrimental effects on the linearity of the inverter command

PWM te_chnlques lead t_o negI|g|bI_e energy at frequencl?/%Itage/output voltage transfer function.
substantially below the inverter switching frequency. How- In this paper, the modulation nonlinearity introduced by
ever, nonlinearities due to practical constraints on the inver?ﬁ% minimum d\;vell time, as described above, is investigated
operation can lead to significant volts-second errors and Iom— the passively clampéd quasi-resonant dc’:—link (PCORL)
order harmonics in the c_)utput voltage .[1]_.[3]' .inverter [8], [9], employing the space-vector approach [10]
In recent years, quasi-resonant dc-link inverter topolog%s% a modeling tool. Closed-form expressions are obtained
= )

have been presented as an a_lternatlve to hard-switching INVEHd the inverter nonlinear modulation range is defined in
ers. However, these topologies are not fully capable of tr¥

PWM operation. due 1o the existence of a minimum dwe ‘grms of the dwell time and other inverter parameters. This
P ' nalysis introduces valuable information on converter design

TS e cPeraln o e duastesonent de¥16na modulston i applcton were PYM compttiy i
: ’ PIOYER, issue. Further aspects regarding the compatibility of the

to decogple the resonant cap_acﬂor from the main dc supPPcic PCQRL topology with PWM are also pointed out.
there will always be a clamping mode to balance the series

inductance volts-second with the bus voltage notch interv IA new realization of the PCQRL inverter with distributed
. . . . 9 Qhubber capacitor is presented. This realization, along with a
During this clamping mode, additional voltage notches cann

be introduced. As a consequence, the inverter switching st gper modulation strategy, is shown to lead to significant
' q k 9 eprovement in the linearity of the inverter command to
Paper IPCSD 98-03, presented at the 1996 Industry Applications Soci@dtput transfer function. Experimental and simulation results
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Fig. 2. PCQRL inverter waveforms. Vs Va

Fig. 3. Space-vector diagram.
TABLE |
PCQRL NVERTER PARAMETERS

operation scheme implies a dwell time given essentially by

Transformer: . . . .
the bus clamping mode interval. There is also a delay in the

turns ratio (N1:N2) 1:5 i X N X

primary inductance Lg 30uH switching corresponding to the dc-bus voltage fall time plus
Notching circuit inductance L, l4pH the main inverter devices switching time. The dwell time is
DC Bus snubber capacitor Cs 60nF much larger than the switching delay, and its effects on the
Main DC supply 400V inverter operation are significantly more important.
Switching frequency fy 10kHz

Ill. QUASI-RESONANT INVERTER

notching circuit(S,12, Dn12, Ly,) allows operation with dc- MODULATION NONLINEARITIES

bus voltage clamping levels in the range from 1.1 to 1.3
Ve A. Characterization of the Minimum Dwell-Time Effects

In the PCQRL inverter, the function of the dc-link induc- In order to characterize the PWM capabilities of the inverter,
tance Ls is to decouple the main dc supply from the busubject to a minimum dwell time, consider the basic situation
capacitorCs. The inductancd.« (tightly coupled toLs) and presented in Fig. 3, whene' is the target output voltage vector
the diode D form the clamping circuit. The extra energy(reference) assumed located in the sector between veetors
trapped inLg is pumped through this circuit back to theand vs.
main dc supply, thus providing a reset mechanism to theFrom Fig. 3, the reference vectei* can be expressed, in

quasi-resonant dc-link circuit. average terms, as
The relevant inverter waveforms are shown in Fig. 2. It m m
is seen that, in this topology, a clamping mode takes place v = Tivl + TLVQ (1)
s s

after the dc-bus voltage notch. During this interval, it is
not possible to obtain soft-switching conditions for the maifyheret]* andt3 are the calculated intervals for application of
inverter. An attempt to activate the notching circuit would leaghe voltage vectors; andv, obtained from the space-vector
to abnormally high currents through this circuit. modulation method.

The PCQRL parameters used in the simulations presentedVithout loss of generality, assume that the modulator output
in this paper are listed in Table I. The notching circuit switchds such thatd < #3* < At,, and the inverter operates in the
are driven by a fixed command pulse #8- width). The nonlinear modulation range. This situation is depicted in the
minimum width of this pulse is given by the dc-bus voltage faBwitching diagram shown in Fig. 4, whetkt, is the dwell
time plus the switching times of the main inverter switchestime. The switching commanded at the end of the interval

The operation of the PCQRL inverter requires only th&® only takes place after the dwell time. Hence, the inverter
measurement of the dc-bus voltage amplitude. A bus votittput voltage vector is given by (2):
age notch is introduced whenever a mismatch between the

L t 2
modulator output and the present state of the main inverter Vout = T—1v1 + T—QvQ (2)
switches is detected. Further commands to the notching circuit o o
are disabled at this point. When the bus voltage ramps dowhere t; = 7 and t, = Aty are the actual intervals

to zero, the main inverter switches are commanded accordisgresponding to the application of voltage vectersandvs,

to the modulator output. The notching circuit operation igespectively. A condition implicit in this switching diagram
enabled again when the dc-bus voltage crosses the mainid¢hat the intervalt, of application of the null vector is
voltage level with a negative derivative. This condition is usddrger than2At,. Further discussion on this latter condition
to define the point where the clamping mode finishes. This presented later in this paper.
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Fig. 4. Basic three-phase switching pattern.
. . . Fig. 5. Vector representation of the linear/nonlinear modulation regions due
Equation (2) can be rewritten in the form to the dwell time.
Vout = Moy, By Afam B 3) , . .
Ts Ts Ts other words, the angler defines the nonlinear modulation

. . range.
Equation (3) shows the existence of an error voltage vectorIn Fig. 5, it is pointed out that the nonlinear range about

that mpdelg thg nonlinear operation of the inverter under tn?e vectory, is also given in terms of the angte defined in
conditions in Fig. 4

(6). In fact, following the procedure described above for all
Aty — 13! the other active voltage vectors of the inverter, it is seen that

_ = & < m < . . d -1 >
Verror Ts 2 0=ty < Ay ) the nonlinear modulation range can be described in terms of

Equations (3) and (4) can be generalized for an arbitr the angley of the reference voltage vector with respect to the

ar .
reference voltage vectar*. From (4), it is seen that the errorrgal axis as

voltage vector has variable amplitude and is always aligne¢h — 1)I —a<y<(n— 1)I +a, n=12,---,6. (7)

with one of the inverter active vectors. The vectqt,.. has 3 3

nonzero amplitude only when the reference voltage vector isAs already pointed out, the nonlinear modulation range leads

close to any of the six active voltage vectors of the three-phd8eVolts-second errors in the output voltage with respect to

inverter. the reference. These errors are modeled in the form of the
Comparing (1) and (3), it is seen that the boundary betwe@Hor voltage vector in (4). Equation (6) shows the effect of

the linear and nonlinear modulation regions is reached wheglevant parameters of the inverter on the size of the nonlinear

7" = Aty, where it can be assumed that,, = v*. modulation range. o
Applying (1) at the boundary between linear and nonlinear The dwell time also affects the dc-bus voltage utilization,
modulation leads to limiting the maximum amplitude of the output voltage that can

be synthesized. For constant switching frequency operation
. [COS 2 1 2 1/2 ; . . . L .
Ts|v |[ ) } =7 = ) Vae + Atyl = ) Ve in the inverter linear modulation range, it is required that
st 3 0 3 V'3/2 to > Aty, as the dwell time also imposes a minimum interval
(5) for the null vector. In the nonlinear modulation range, a
where vectors/*, vy, andv, are represented in terms of theitsui'c';zt co_Pg_mon tc(;.tlfeep gonst?nt smtc?mg{ frequenr(]:y IS
components in the complex plane. fo v ”t‘é IS condl 't%n _artlses Irofm I? '?“ C?Se w fetrﬁ
Solving (5) for the position of the reference voltage vectc;Pe Well time exceeds the nterval of application of one ot the

corresponding to the boundary between linear and nonlin%}ive voltage vectors involved in the modulation process by
modulation ranges tq. If this “extra” time is taken from the zero-voltage vector

interval, volts-second errors are introduced, but the switching
o = sin-1 <i Ve %) (6) freduency remains constant.
V3 |v*| Ts The dc-bus voltage utilization of the PCQRL inverter is
lower than that observed for a hard-switching inverter with

A geometrical interpretation of the above results is shown : .
. . . . . space-vector modulation. However, it can be shown that the
in Fig. 5. It is seen that the angle in (6) defines a region

. . . dc-bus utilization of a hard-switching inverter with sine-
around the inverter active voltage vectors in the complex pla

) : . pneangle PWM(m < 1.0) is matched under the condition
where a nonlinear relationship between the reference voltage

vector and the inverter output voltage vector take place. In Aty < 0.1375s. (8)
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14c(0) is the previous inverter input current. In (¢, > 0.
Kevge [-emmmemeenmes \ The inverter input currenty. can be obtained at any instant
from the scalar product

Bus volt e = fload -
1Bus voltage Vg tdc = lload -

- (10)

Vil
where iy, IS the load current space vector awmg is the
present output voltage vector, with = 0,1,2,---,7. From

t the assumption that the load current amplitude is constant

Current in Lg during any switching interval and from (10), it is seen that the
N load power factor plays an important role on determining the
tnotch inverter dwell time. It is also clear that the currémnt changes

discontinuously as a result of the output voltage modulation.
Notice also that, ifi4.(0) — {4c € Adnoten, the dwell time is

: . approximately constant.

t noteh Aty t From (9), it is seen that maximum dwell time is obtained
when 4. (0) — fac = %ioad,peak, TOr @ certain load. It can be
shown that this worst case scenario happens when the position
) , , of the load current vector with respect to the real axis in the

A last point that can be ot_)served from Fig. 5 S th omplex plane is an integer multiple of/3 (ij..q is aligned
the output voltage vector ampll_tude cannot be continuou fth one of the inverter voltage vectors, vs,- -, vg). Its
reduced down to zero. T_h_e minimum nonr:zero output VOlta%%currence depends on the load power factor and on the
cprre§poqu t.o the condition whef = #3* = Aty, for the switching pattern adopted in the modulation process. An
situation in Fig. 3. important observation is that the dwell time increases when
the instantaneous power transferred to the load decreases
(2ac(0) — dac > 0) as result of the commanded switching

In the analysis above, the dwell time was included as gattern. Under this condition, the excess energy trapped in the
independent parameter. In this section, its dependency on thelink transformer is transferred back to the main dc supply
inverter operating conditions is discussed. and a longer clamping mode takes place.

As mentioned earlier in this paper, the dwell time is es- A reduction in the dwell time (compared to the one associ-
sentially due to the intervals where the dc-bus voltage #&ed with the no-load case wheig.(0) — i4c € Ainoten) IS
clamped and soft-switching conditions for the main invertesbserved if the main inverter switching leads to an increase of
cannot be introduced. This is true for the PCQRL topology anble instantaneous power transferred to the load. In this case,
similar ones that employ a series inductor in the dc link. Othée energy trapped in the dc-link transformer is transferred
quasi-resonant link inverter topologies have similar dwell-tim@ the load, and the duration of the clamping mode (or reset
problems due to the time required to build up the necessanpde) is minimized.
energy levels to complete the notching cycle and, also, the
relaxation time of the notching circuit [6], [7]. IV. SIMULATION RESULTS

The PCQRL, as well as other quasi-resonant mvertertopolo—The analysis developed in the previous section has impor-

gies, exhibit a “standard” dwell time under no-load condition§ant implications on both design and control of the PCQRL

In this case, the dwell time is constant and itis paS!CaIIy due 3y other quasi-resonant inverter topologies if compatibility
the volts-second balance dry (no_tch and clamping mterva_ls)_with PWM is an issue. In this section, some of the aspects
and can be calculated from the inverter parameters. A S|m|Frr

L . oo eviously discussed are demonstrated by means of simulation
situation is observed if the peak load current is significant Ysults
lower than the peak resonant current through since small '

h i th | d ired foi « Fig. 7 illustrates the condition where the inverter supplies
changes in the volts-second i3 are required foty, to trac a load with lagging displacement power factor (DPF). This

tde- ON the_ other_hand, significant changes on the duratio_né?{uation is considered here as the PCORL topology is most
the dwell time will take place as a result of the modulatmn ely to be used in ac drive systems

process if the peak load current is comparable to the pea or the condition illustrated in Fig. 7, two possible switch-

resqnant current t_hroqghs. ) ing patterns are considered here to obtaih in the first
Fig. 6 shows simplified waveforms for the dc-link bu extant

voltage ., and the current throughs. From Fig. 6, the dwell S 1
time can be calculated in a first-order approximation as (9) equence vy — vz = vr.
Sequence 2yv; — v — Vq.

L[idc(O)—idc]—i—LAinotch 9) Although these two patterns are the inverse of each other,
(ke = 1)Vac (ke = 1)Vac they essentially differ in the placement of the null vector in
where Aiyoter, (the current increase ihs during the notch the switching sequence.

interval) is approximately constariic is the clamping factor, Consider operation with a high load power factor, such that
ide IS the inverter dc input current after the switching, andos¢ > 0.87. A careful analysis of the switching sequences 1

i o (0)

lde

Fig. 6. Simplified PCQRL waveforms.

B. Load Current Effects on the Dwell Time

Aty =
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Fig. 7. Space-vector diagram with lagging power factor load.
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0.02

and 2 under this condition shows that the inverter input current
igcdecreases from one inverter state to the next with switching oo
sequence 1. The opposite behavior is obtained with switchin@
sequence 2, wherg,. increases from one state to the other e
within one switching period.

Figs. 811 illustrate the issues pointed out in the analysis,,, |
developed in this paper. The results were obtained for a load
currentIpoap = 30 A (peak),cos ¢ = 0.87, and f = 60 Hz. 006 . : : :

Figs. 8 and 9 show switching states and dc-bus voltage 0 ows oot ot = ooz oks oD
(ves) waveforms for the vector sequences 1 and 2, respec- ®)
tively. In these figures;md; o3 are the space vector modulator_ _ o _

L ig. 10. \Volts-second error plots with switching pattern 1. (a) Modulation
output andg;23 are the actual states of the main invertgfgey — 0.90. (b) Modulation index= 0.45.
switches. These plots correspond+te= 0 and the reference
voltage vectorv* is as indicated in Fig. 7, but very close to )
v1. Notice that, with switching pattern 1, the dwell-time ef“fect(s:()mpOnent of the volts-second error veckk.,, defined as
are much more pronounced than with switching sequence 2, as Aerror = /(Vout — V) dt. (11)

expected. The significant reduction of the dwell time observed

on switching pattern 2 indicates a corresponding reduction of|t can be observed that the vecta,,., differs from the

the size of the nonlinear modulation range. ripple current vector introduced in [11] by a constant factor
The effect of the modulation index on the volts-second errgfiat models the inverse of the load inductance.

between the PCQRL inverter output voltage and reference isThe volts-second error plots in Figs. 10 and 11 show spikes

illustrated by means of Figs. 10 and 11 for switching patteriag regular intervals ofr/3 rad, corresponding to the nonlinear

1 and 2, respectively. These plots correspond to the phaserodulation regions around the voltage vectorsvs, - - -, vg,
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Fig. 12. PCQRL topology with distributed snubber capacitor.
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switching pattern of the inverter. These errors are difficult to

@) anticipate and compensate for in a feedforward manner. This
. wseqe  Characteristic suggests that superior performance is obtained
emor in applications involving closed-loop operation.

V. THE DISTRIBUTED SNUBBER CAPACITOR TOPOLOGY

Fig. 12 shows a variation of the PCQRL topology, where
the resonant capacitor is distributed across the main inverter
switches. This arrangement allows zero-voltage turnoff of
the inverter switches, without the introduction of a dc-bus
voltage notch. This topology features improvement in the

{V*sec)

R e oo j j preseasneeos — PWM linearity and reduction of the notching circuit switching
i | | frequency (s in contrast with3fs or higher in the basic
005 ‘; i 5 PCQRL topology). The distributed snubber capacitor structure
00 e g, o om0 has been proposed for resonant and quasi-resonant dc-link
(b) inverter topologies in previous papers [12], [13].

Fig. 11. \Volts-second error plots with switching pattern 2. (a) Modulation The_coerI of the d'_smbu,ted SHUbb.er topology implies a
index = 0.90. (b) Modulation index= 0.45. switching pattern that is uniquely defined by the reference
voltage vector and load current vector. In order to take
maximum advantage of the zero-voltage turnoff without dc-
as discussed in the analysis of the effects of dwell timbus voltage notching, three of the inverter switches are always
These plots also illustrate the fact that a reductiomiteads conducting at the beginning of the switching interval. The
to a reduction of the linear modulation region, as showdesired switching pattern is obtained by turning off these
by (6). A comparison between Figs. 9 and 10 shows thswitches under zero-voltage conditions, without notching the
the detrimental effects of the dwell time are significantigc-bus voltage. For the situation illustrated in Fig. 7, a suit-
reduced with switching pattern 2. It is important to mentioable switching pattern for the distributed snubber capacitor
the similarity between the results in Figs. 9 and 10 and thepology is given by the vector sequence (switching pattern 1)
current spikes present in the results shown in [4], for a classisal — vo — v~. A dc-bus voltage notch is introduced to reach
space-vector modulator. the required inverter state at the beginning of each switching
The volts-second error plots in Figs. 10 and 11 reveal othgeriod.
important facts about the PCQRL modulation characteristics,Proper operation of the PCQRL topology with distributed
besides the influence of the dwell time. Shown, for instancenubber capacitor leads to a minimization of the effects of
is the presence of a fundamental frequency component thie clamping mode on the commanded switching pattern
the volts-second error, indicating the existence of a nonzestnen compared to the basic topology. The distributed snubber
error between the reference voltage and the fundamertapacitor guarantees ZVS conditions for switeh diode
component of the output voltage. One source of error is tkemmutations, without the need to introduce a dc-bus voltage
oscillatory characteristic of the dc-bus voltage, due to theotch. Introduction of a bus voltage notch is required only to
resonance betweehs and Cs. Since these oscillations andperform the transition fronv; — v;, where all the diode-
the main inverter switching commands are not synchronizeslyitch commutations take place. As a result, the switching
volts-second errors might take place during the interval cbmmands are not blocked during the clamping interval, since
application of any active voltage vecter, (n = 1,2,...,6). the output voltage vector can be switched, even during a dc-
Another source of error is the mismatch between the voltsus clamping interval. Another consequence of this switching
second accumulated during the dc-bus voltage notch astdategy is the reduction of the notching circuit switching
during the clamping interval. This mismatch happens becausequency to that of the main inverter (one dc-bus notch per
the currentiq. is not constant, but changes according to thewitching period).
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Fig. 13. Low-frequency harmonics amplitudes associated with the proposed 0 STOPPED

switching pattern (DPF= 0.9 lagging).
gp ( gging) Fig. 14. PCQRL with distributed snubber capacitor. Upper trace: inverter

input voltage (50 V/div). Lower trace: output line voltage (50 V/div).

TABLE I Figs. 14-16 show plots of the relevant variables associated
PCQRL NVERTER PARAMETERS. with the inverter operation. These plots were obtained for
Transformer: open-loop operation with a passive load set at approximately
turns ratio (N1:N2) 1:5 10 A, with a displacement power factor equal to 0.88
primary inductance Lg 30uH lagging ( = 3.9 2, L = 5.6 mH). The inverter was operated
Notching circuit inductance L, 14uH at reduced dc-bus voltage (130 V). The modulation index was
DC Bus snubber capacitor Cg 22nF (x6) set at 0.9. The fundamental output voltage frequency was fixed
Switching frequency fy 10kHz at 60 Hz.

Fig. 14 shows the inverter input voltage and the inverter
output line voltagev,,. Notice the absence of a clamping

i | following th - I h, since th -link
Although the volts-second errors due to the dc-bus voItamé[erVa ollowing the dc-bus voltage notch, since the dc

| . inimized in thi the introduction of low drrent is stepped up at this point. The following switching
]E:ampmg a:f ;nlr; N . tsdcas%] tt? O't uh(? 0 fo (t)' events cause the dc-link current to reduce and clamping modes
requency distortion associated wi € switching Tunctio sult, so thati;; tracksiy., as explained in the previous

described above still has to be investigated. Notice that t ctions
proposed switching pattern implies single-edge PWM, as wel Fig. 15 shows a detail of the voltages across the switches in

as c_hanges in DUIS? positi_o_n w_ithin the switching period_ﬂ{e inverter leg associated with phasélhe two commutation
w/3 intervals, potentially originating low-frequency halrr‘non'(fzonditions present in this topology are shown in this figure.

distortion of the output voltages. The commutation from the upper switch to the lower one is

Fig. 13 shows the variation in the amplitude of characteristgerformed during a dc-bus notch (notice the delay between the

low-frequency harmonics present in the inverter switching,|age waveforms). The second commutation is performed
function as a function of the inverter switching frequencyﬁsing only the snubber capacitors.

These plots were obtained from numerical simulation re- Fig. 16 shows plots of the output current on phasand
sults for a 60-Hz command voltage and DPF equal to Oe voltagew,, for operation under the conditions specified
lagging. Notice the fast decay of the harmonics amplitud@gove. Results from the spectral analysis of the output line
as the switching frequency increases. Negligible harmoniggitage are summarized in Table Ill, measured using an
amplitudes are anticipated for switching frequencies aboygp3561A spectrum analyzer. The total harmonic distortion
10 kHz. This high switching frequency requirement does nptHD) of the output line voltage shown in this figure is THD
constitutes a limitation, considering that quasi-resonant dg-19% (measurements include up to the 20th harmonic of the
link inverters are intended for operation at high switchinfindamental).
frequencies (reduced switching losses from ZVS operation). The line voltage harmonic components are the same seen
A prototype of the PCQRL inverter with distributed snubbesn the line current [10], but with amplitudes scaled down by
capacitor was implemented for the experimental evaluation tfe filtering effect of the inductive load. The measurements in
the performance of this new PCQRL topology and proposdable Iil confirm the expectations in terms of a significant re-
switching strategy from the perspective of modulation lineaduction of the effects of the clamping mode on the linearity of
ity. The inverter parameters are given in Table Il. Modulatiothe inverter transfer function. Hence, volts-second errors on the
and control functions were implemented on a Motorola 56 O@utput voltages and the associated low-frequency harmonics
fixed-point digital signal processor (DSP) system. are minimized.
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topology, the methodology employed is general and can be
applied to other quasi-resonant inverter topologies.

The equations defining the nonlinear modulation range can
be used in the characterization and comparison of quasi-
resonant converter topologies. Alternatively, they can be used
along with circuit dynamics and losses considerations in the
design of quasi-resonant inverters in applications where PWM
compatibility is an issue.

The analysis presented on the basic PCQRL inverter topol-
ogy indicates a decrease in performance as the switching
frequency is increased. The distortions in the inverter switch-
ing function as a result of the dc-bus voltage clamping mode
were shown to be reduced by proper switching schemes
leading to the reduction of the total clamping time within a
switching period. This latter statement also implies that the
clamping mode effects are naturally minimized if the switching
frequency is made sufficiently loWZ’s > Aty).

A variation of the PCQRL inverter with distributed snubber

Fig. 15. PCQRL with distributed snubber capacitor. Upper trace: voltageapacitor was introduced in this paper, along with suitable
acrossS,+ (50 V/div). Lower trace: voltage across,— (50 V/div).
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Fig. 16. PCQRL with distributed snubber capacitor. Upper trace: inverteps]

589 kS/s
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line current (5 A/div). Lower trace: output line voltage (50 V/div).

TABLE 11
OuTpPUT LINE VOLTAGE HARMONICS

Order fund 5 7 o3t
Amplitude [V] 784 038 032 026 005
Amplitude [%] 100 0.48 040 033 006

THD = 1.19% (including up to 20™ harmonic).

VI. CONCLUSION

modulation and control techniques. This new realization of
the PCQRL inverter is aimed at applications involving high
switching frequency operation. Simulation and experimental
results presented in the paper have shown that modulation lin-
earity problems are essentially eliminated in this case, provided
that sufficiently high switching frequencies are employed (10
kHz and higher). Another advantage over the basic PCQRL
inverter topology is the operation of the notching circuit at the
main inverter switching frequency.
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