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Current—=Source Converter On-Line Pattern
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Abstract—On-line pulsewidth modulation (PWM) pattern gen- the cycle frequency, sequence of space vectors (SV’s), and
erators for current—source rectifiers and inverters offer a number  selection of the zero SV in SV-based implementations [6], [7].
of control advantages over off-line optimized patterns. However, This paper develops a systematic approach to the selec-

when implemented using the principles which apply to voltage- . , .
source inverter PWM pattern generators, the switching frequency tion of the sequence of SV's and zero SV in SV-based

is equal to: 1) the carrier frequency in standard carrier-based im- technigues. It then shows that the switching frequency can

plementations and 2) a function of the cycle frequency, sequencebe reduced to one-half of the cycle frequency. The same

of space vectors, and selection of the zero space vector in spacgeduction is obtained for carrier-based techniques. Thus, two
vector implementations. This paper shows that this frequency can types of pattern generators are presented: 1) for carrier-based
be reduced to one-half of the respective frequencies. Two pattern o . .

generators are investigated: 1) an analog on-line carrier-based schemes, a modified dead-band technique is proposed [8],
technique, namely, the modified dead-band technique and 2) a Suitable for analog schemes and 2) for SV-based schemes,
digital on-line space vector-based technique, where advantage specific sequences of SV's with optimum zero-SV selection

is taken of the extra zero state available in current-source are proposed, suitable for digital schemes.

converters. It is shown that the switching frequency reduction is The principles of operation of the proposed pattern gen-

achieved with no penalty in the line current harmonic distortion. t lained (Section I d imol tation detail
Moreover, a significant reduction of ac line current distortion is erators are explained (Section Il) and implementation details

obtained with the modified dead-band technique for modulation are given (Sections Il and IV). Results on 5-kVA prototype
indexes greater than 0.4. The principles of operation of the units confirm the feasibility and advantages of the proposed

proposed schemes are explained. Experimental results on a 5-pattern generators and illustrate the line current and dc voltage
kVA current—source rectifier and a 5-kVA current—source inverter frequency spectra and the corresponding harmonic distortion
confirm the feasibility and features of the proposed pattern factors (Sections V and VI). These are obtained in: 1) the
generators. . a , :

rectifier mode for the carrier-based technique and 2) the

Index Terms—Current—source converter, minimum switching inverter mode for the SV-based technique.

frequency, on-line control, PWM.
Il. DESCRIPTION AND OPERATION

| INTRODUCTION OF THE PATTERN GENERATORS

The main purpose of a pattern generator is to produce
ating signals, which applied to a CSC generate line currents

or programmed patterns are often used [1]-[3]. This meth B]abc]? that t_rre;]cka%iven set of normalizeﬁ referen(:[e’,s]gbcg
also simplifies the compliance of the gating signals with t . 1(a)]. | F re ertlanceds are normally gdgnerate y an
special requirements of force-commutated switches in cs@yter control loop (closed or open) according to a given

(rectifiers and inverters), since these requirements can eaSifglic or (_jynam_|c objective. If the purpose of the pattern
be included in the algorithm generating the gating pattern enerator is attained, the converter becomes a current amplifier
'O%]aracterized by:

line PWM pattern generators nevertheless offer a number
control advantages over off-line optimized patterns: 1) faster [{abe = Glin]abelde (1)
dynamic response; 2) elimination of dc offsets under transienf1

NN X . where
conditions; and 3) continuous and precise control of the ac ] ] )
line current amplitude and phase. However, the switchinglilere ~ actual line currents inabc frame, [iore =

O OPTIMIZE switching patterns for pulsewidth modula-
tion (PWM) current—source converters (CSC’s), off-lin

frequency is usually higher than that of optimized patterns. [ta i_C]T; ) ‘

If implemented by adapting standard voltage-source convertefin]asc  normalized T“”e currents referencefn]os. =
(VSC) pattern generation principles, the switching frequency ['Lan ibn ten] ) _
obtained is equal to: 1) the carrier frequency in standard PWM& gain that depends upon the PWM technique;
carrier-based implementations [4], [5] and 2) a function of %de dc bus current.

Note that the line currents are actually PWM waveforms;
however, the fundamental tracks the reference up to frequen-
Manuscript received April 24, 1996; revised July 15, 1996. This Worf?Ies of abOL_Jt one-half the carrier (f_or a_nal(_)g_ Ca_mer'based
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Concordia University, Montreal, P.Q., Canada H3G 1M8. the line currentg[i]q;.) always add up to 0; therefore, the nor-
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Fig. 1. Generalized CSC and gating pattern alternatives. (a) Power topology. (b) Analog gating pattern implementation. (c) Digital gating pattern
implementation.
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Fig. 2. Gating pattern generator for analog on-line carrier-based PWM current source converters.

In order to properly gate the power switches of a CSC, Ill. ANALOG ON-LINE CARRIER-BASED
two main constraints must be met at any time: 1) the ac side PWM PATTERN GENERATOR

draws PWM line currents and, thereforg, th_e ac CII.’CU.I'[ m.UStSince these techniques are carrier-based, they are best suited
be capacitive and must not be short-circuited; this |mpl|<?8

that, at most, one top [L, 3, or 5, Fig. 1(a)] and one bottora" analog implementationg. T_he circuit _realiz_ation of th(_a
switch (4, 6, or 2) should be closed at any time, and 2) t é';\ttern gener_atorproposeq |nth|§ pa_|oer(F|g._2)_|s an extension
dc bus is of the current-source type and, thereby, cannot Yel®l- The circuit, as depicted in Fig. 1(b), is implemented
opened: therefore, there must be at least one top (1, 3, of5)Nree stages: the gating signal generator, the modulating
and one bottom switch (4, 6, or 2) closed at all times. Not¥@veform generator, and the decoupling block.

that both constraints can be summarized by stating that, at
time, only one top and one bottom switch must be clos
In this paper, two on-line pattern generators (for analog andThe gating signal generator produces the gating signals
digital implementations, respectively) that satisfy the aboV@S] = [S; ---Se]?) according to a carrietv. = ve(fe, Ve))
constraints are investigated. and three line-to-neutral modulating waveforrf{sn],;,c =

eaé;yThe Gating Signal Generator Stage
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TABLE | which unlike the regular dead-band technique proposed for
TRUTH TABLE FOR THE SWITCHING PULSE GENERATOR STAGE (Fic. 2) VSI's [8], uses a sawtooth carrier instead of the standard tri-
angular carrier. Fig. 2 shows one alternative to the generation
of the dead-band modulating signals. Note that only this stage
Set Sex Ses Ses  Ses  Sex should be modified according to the alternative modulating
waveforms. For instance, for sinusoidal modulating wave-

Top Switches Bottom Switches

o0 0 o0 0 o0 0 forms, this stage could be replaced by voltage followers. Also,

0 0 1 0 0 1 0 1 0 the modulating waveforms are instantaneously equivalent in

0 1 0 0 1 0 ) 0 0 amplitude and phase to the voltage sign@dig.:.), a basic

o | | 0 0 ! ! 0 0 requirement for on-line implementations.

| o o o o o o 1 Theory shows that the line currer{{g]...) generated by j[he
CSC and the waveformdu],;.) are related by the following

o 1 10 0 o 0 expression:

1 1 0 0 10 0 0 1 o

IS T 0o 0 0 0 0 0 [iabe = ——— T[] abetc (3)

V3V,

where,. is the ac gain of the PWM technique (e.Gls. =
[mi mo ms]') [9]. Therefore, any set of signals which,0.866 for SPWM [5]), V. is the amplitude of the carrier
when combined, results in a sinusoidal line-to-line set efaveform (Fig. 2), and
signals will satisfy the requirement for a sinusoidal line current

pattern. Examples of such modulating signals are the standard -1 0
sinusoidal, sinusoidal with third-harmonic injection [5], and [Ml=]0 1 -1
dead-band-type [8] of waveforms. -1 0 1

The first component of this stage (Fig. 2) is the switch-
ing pulse generator, where the signdlg;(i = 1,2,3) are
generated according to

Since[T] in (3) is not diagonal, the line currents are coupled
with respect to[u]..; this comes from the fact that each
line current is generated from line-to-neutral signals. This
HIGH =1, if m; > . ] feature is particularly undesirable when it comes to designing
Sai = {LOW =0, otherwise =123 (2 an external loop to generate the line current references [10],

[11]. Therefore, a decoupling block is used to overcome this
The outputs of the switching pulse generator are the signgiswback.

Sei(i =1,---,6), which are basically the gating signals of the
CSC without the shorti_ng pulses. _Ta_ble I shows the truth tat&e_ The Decoupling Block Stage
of S.; for all combinations of their input$S,;,i = 1,2,3). ] )

It can be clearly seen that at most one top and one bottom! N€ decoupling block can be modeled as a linear trans-
switch ison. This satisfies the first constraint of CSC gatindPrmation given by[ulese = [D] - [in]ase (Where[D] is the
signals as stated before (Section Il). In order to satisfy tf€coupling matrix to be found, Fig. 1(b)). Therefore,
second constraint, the shorting puls&; = 1) is generated . e . .

(shorting pulse generator, Fig. 2) when none of top switches [ilabe = W[T][D][Zn]abcldc- 4)

(S¢1 = Ses = Se; = 0) or none of the bottom switches ¢

(Sea = Seg = Se2 = 0) are gated. Then, this pulse isif [D] is chosen to be equal t’]¥ and noting thati,, +
added (usingor gates) to only one leg of the CSC (eithef, "4+ ;. = 0, (4) yields
to the switches 1 and 4, 3 and 6, or 5 and 2) by means
of the switching and shorting pulse combinator (Fig. 2). The 2 Gacp, ;

. . [L]abc = [Ln]abchC- (5)
signals S;(¢ = 1,2,3) ensure that: 1) only one leg of the Ve
CSC is shorted, since only one of the signals is HIGH at any

: S . .~ 7 Equation (5) shows that the line currents can track the
time and 2) an even distribution of the shorting pulse, SN rmalized references in a linear and decoupled fashion, as
S.i(i = 1,2,3) is high for 120 in each period. This ensures P '

that the rms current is equal in all legs. Finally, overla stated in Section Il. An alternative to implement the decoupling

. . "aB10ck is given in Fig. 2. Additional features of the overall
(<5 ps) are added as a final stage (falling edge ur“ts)pp?rcuit over previous realizations are: 1) the decoupling and

ensure proper commutation of the dc bus current among the.. .
; ) . ating signal generator stages are general approaches and,
top and bottom power switches. This overlap also provides,a . : i
. : . hereby, they can be used with any on-line carrier-based PWM
minimum oN time for the switches. A : .
technique; 2) the carrier waveform can be free-running; and 3)
the circuit uses only binary logic to operate, which simplifies
its design. Also, the proposed circuit realization (Fig. 2) can be
The modulating waveform generator generates the modised equally in CS rectifiers (CSR’s) and CS inverters (CSI's).
lating signals([m].;.) out of the voltage signal§u].;.). In  In rectifiers, the current references must be synchronized with

this paper, a modified dead-band PWM technique is propos#te ac mains.

B. The Modulating Waveform Generator Stage
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TABLE I 3
CSC SATES AND SWITCH REALIZATIONS
sector number A
State  ON Switches i, /i, /iy i./iy e 12 =1
reference
1 1,2 1 0 -1 state ~vector
2 2,3 0 1 -1
L=1
3 3,4 -1 1 0
4 4,5 -1 0 1
5 5,6 0 -1 1 ’ ‘ - 0>
6 6,7 1 -1 0 - ' -
7 1,4 0 0 0
8 3,6 0 0 0 I,
9 52 0 0 0

IV. DIGITAL ON-LINE SV-BASED PWM PATTERN GENERATOR
Fig. 3. CSC space vectors and sectors definition.

Since its introduction [6], [12], the most attractive of
digital control methods for VSI's are based on space vectgl The Space Vector Modulation (SVM)

.(SV) techmq_ues [4]. The main advantages m_clude_: 1 OIIreCtThe objective of the SVM technique, which is also the
implementation of enhanced control strategies {in and . o : :

: . - YT main objective of the gating pattern generator (Section II),
«af frames) and 2) straightforward implementation in dlglta|| 0 approximate the current reference $¥,) with the
systems (e.g., DSP’s and microprocessors). The proposed §\} bp "

, nine SV's (I, k = 1,---,9) available in CSC. However, it

schemes used for CSC’s are adapted from the V_SI topolo %5 been reported that by approximating the reference SV
The overall performance of the SV-based techniques depebn only the nearest two nonzetd; and I,,1) and one zero

i 41

upon the use of the three-degrees-of-freedoms available w (I. = Iy, Is, or I, Fig. 3), the gain of the technique is
z — 47,418, 9 . ’

implementing the SVM. These are: 1) sequence applied to the \ ~. L L
selected SV's: 2) selection of the zero SV: and 3) normaliz aximized [13] and the switching frequency minimized. Thus,

cycle frequency. In this paper, three different sequences f';lrtehe reference([,,) is laying between the arbitrary vectafs

studied, the selection of the zero SV is analyzed, and {AQd i1 (Fig. 3), the following expression can be derived:
influence of the normalized cycle frequency is established. Liet “teyele = Li - ti + Lijatipr + L. - t. (7)

_ wheret;, t;+1, andt, for m < 1 are given by
A. The SV Transformation and CSC SV’s

The SV is a complex number that can be associated to any ti =teycle - - S%n(ﬂ/zs -0 (8)
three quantities (not necessarily sinusoidal) which add up to ti+1 = teycle - M - sin(0) ©)
0. For instance, the SV associated with the ac line currents of t- =toycle — ti — tit1. (10)

a three-phase CSC is given by
Overmodulation(m > 1) including six-step operation is
: . not covered in this paper.
I=2(ig+ip e/ +i. e = In + jls (6) pap
C. SV Sequences

where ¢ = 27/3, and i,,%,, and i. are the line current The SVM technique selects the vectors to be used and their
components. respectiveoN times. However, the sequence in which they
Unlike a three-phase VSI, a three-phase CSC has niake used to gate the converter remains undetermined. In this
valid switch combinations that are named “states.” Each stqt@per, three sequences are studifdgf;, Seqp, and Seqc,
produces a specific set of ac line currents and, therebyFig. 4) and their performance evaluated using an harmonic
specific SV can be associated with each one by using (@)stortion factor (Section V). Note that the evaluation can be
Table Il shows the nine possible states with their respectidene regardless of the selection of the zero SV, due to the
ON switches and normalized line currents. fact that the line current waveshape does not depend upon the
Like the nine states of a CSC, the instantaneous ac ligelected zero vectod, Is, or Iy, Table II).
current referencé[i,].;.) can be represented by an equivalent .
SV (I,,). Noting that this vector has a length proportional t&- The Zero SV Selection
the modulation indeXm = ||I,||) and a constant rotating It has been reported in the literature that, once the SV
angular frequency equal to for sinusoidal references. Thesequence is fixed, the selection of the zero SV defines the
CSC SV's(I,k = 1,---,9) and the line current referenceswitching frequency [7]. In steady state, the normalized line
SV (I,,) are represented in a complex plane (Fig. 3). current references are usually sinusoidal signals. Therefore,
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Fig. 4. CSC space vector sequences. fayy4. (b) Segi. (€) Seqc.
TABLE 11l
Possible ZERO SV FOR MINIMUM SWITCHING FREQ. IN CSC
Initial state : Final state
Zero Vector Sector 1, 1. 1,
]//I7={1,4}\\2 © Ig I I,
»>
@ L={L,2} %2> 14={3,6} =— 12 1,={2,3} © h ool
A N /1/ T @ 193 I3 Ig
| e .
/ \:19: {Ss 2}:’ on switches ® 15 1, [,
number of Frmee N ..
tations froTTossons minimum nu.mber @ Iy Is g
commu 2 1,={1, 4} - of commutations
SR "N ® Iy Ig Ig

®) 11={1,2}§\z—*18={3,6}<—2}Il={1,2}

1 1

il o= {5, 2)] »~ from I, to I, (which is possible inSeqc), and Fig. 5(c) from
ST I, to I, (which is possible inSeqgc). For instance, let us
» ={L4 assume that the initial state i3, the final isl,, and a zero
/2/ _________ \2\ SV is required in between. Fig. 5(a) shows that if eitheor
© 1,={2,3} <-1-+:r18: (3,6} w—12 1,={2,3} Ig is used, a total of 3 commutations are required; however,
Wy Lo - 7 if Iy is used, only 2 commutations are required.

Fig. 5 shows that, for the proposed sequendgsis the
“““““““ zero SV in Sector®@ which provides the lowest switching
Fig. 5_._ Possible state transitions in Sect@y invoIvin_g_ a zero SV. (a) frequency, regardless of the initial and final state. As a
rlrar('f)'“?gniitﬁn.'l 2'? 0;'2]2@ - & I (b) Transition: | < 1. < generalization, Table Il shows the zero vectdr) to be used
' ' : ' in each sector in order to minimize the switching frequency.

the line current SV referencd,,) should describe a circular
trajectory with constant angular speed §ig. 3). Thus, tran-
sitions only between adjacent SV's are expected. To illustrateThe normalized carrier frequency in three-phase carrier-
the effect of the zero SV selection, Fig. 5 shows all possiblased PWM techniques is chosen to be an odd integer number
transitions in Sector(®, including the number of switch multiple of 3(f. =3-k,k=1,3,5,---). Thus, it is possible
commutations from one state to another (the number on tteeminimize parasitic or nonintrinsic harmonics in the PWM
branches). Specifically, Fig. 5(a) shows the transition flam waveforms. A similar approach can be used in the SVM
to I, or I, to I; (which is possible in all sequences), Fig. 5(byechnique to minimize uncharacteristic harmonics. Hence, it is

E. Normalized Cycle Frequency Selection



ESPINOZA AND J@DS: CURRENT-SOURCE CONVERTER ON-LINE PATTERN GENERATOR SWITCHING FREQUENCY MINIMIZATION 203

100mA DFy %
80mA Joycle =45 pu 025 +
60mA
4omA 27 .\‘“-"‘--....._.'.._.,.,.
20mA-
0.15 + i
oA a AA_AA FOU NN VU.VUN V.Y WV WV VN Trapezoidal
0Hz 0.4 kHz 0.8 kHz 1.2 kHz 1.6kHz 2.0kHz
(@ 0.10 +
Sinusoidal
100mA
80mA fcycle =42 pu 0.05
Modified Dead-Ban m
60mA
0.00 } + + + 4 4
20mA 0.0 02 04 0.6 08 1.0 12
@
20mA
0A M AA A AN AN A A_A_A DF] %
OHz 0.4kHz 0.8kHz 1.2kHz 1.6kHz 2 0kHz 0.80
(b)
Fig. 6. AC line current spectra for two normalized cycle frequencies 0.70 1
(m = 0.8, fhase = 60 Hz). (@) foycle = 45 pu. (b) feycle = 42 pu
(multiple of 6). 0.60
Seq-
0.50
TABLE IV
ON-LINE PWM TECHNIQUES COMPARISON 0.40 T
Technique Category  Switch. freq. (£,,) Ac gain (G,) [5] 030 1
Seq
Sinusoidal PWM analog A 0.866 020 T
Third Harmonic Injection analog £ 1.000 o0 +
Trapezoidal PWM analog A 1.053 Seqy m
Dead-band PWM [8] analog 23ef,-1 1.000 0.00 ’ t y t t !
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Mod. Dead-band (Fig. 2) analog 12 (f.+1) 1.000
(b)
SVM, Seq, digital 3 Uoyete 1 ©) 1.000 Fig. 7. Harmonic distortion factor for PWM techniques. (a) Analog car-
SVM, Seqp digital 5 (opoie 1 12) - 1 1.000 rier-based techniqueéfswy = 1380 Hz = 23 pu). (b) Digital SV-based
SVM, Seq- digital 3+ (i 6)- 1 1.000 techniques (Fig. 4] fsw = 1260 Hz = 21 pu).

) filtering [5]) as a function of the modulation indejn =
found that for the sequencés:q4 and Scqc, the normalized 17,1y, Two plots are depicted in Fig. 7, since there is not an
cycle frequency(fcycie) should be an integer multiple of 6,equal carrier and cycle frequency that satisfy the constraints

and 12 for the sequencgegp. This is due to the fact that, presented in Section INE. and have a common switching
in order to produce symmetrical line currents, all the sectokgequency. The distortion factor is defined as

a total of 6, should be equally used in one period. As an

example, Fig. 6 shows the line current spectra for two values 100 | S (ho )2

. [ n
of feycle When employing the sequengeq 4. It can be clearly DR % = m > ol (11)
seen that forf.,.. = 45 pu [Fig. 6(a)], additional harmonics n=2

are present (the dark areas on the plot), which are not presibres,

is the rms value of the!* line current harmonic.
when feyqe = 42 pu [multiple of 6, Fig. 6(b)].

The results show that: 1) the proposed modified dead-
band technique presents the lowest switching frequerey
1/2 of the carrier frequency, Table IV); 2) the lowest ac
current distortion for modulation indexes greater than 0.4

Analog carrier-based and digital SV-based PWM techniquésig. 7) when compared with standard analog carrier-based
were investigated through simulation, using the describ@WM techniques; 3) all the digital SV-based PWM techniques
analog and digital pattern generators, respectively. Table pvesent switching frequencies at most one-half of the cycle
shows a comparison of the techniques in terms of switchifiggquency; and 4) sequenSeq 4 presents the lowest distortion
frequency (/) and ac gain(G..), and Fig. 7 shows the factor for modulation indexes greater than 0.8, which is usually
harmonic distortion factotDF; (ac factor for second-orderthe nominal range of values for CSC. Although the distortion

V. COMPUTER SIMULATION OF THE
ON-LINE PATTERN GENERATORS
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Fig. 8. Experimental setups. (a) PWM CS rectifier using an analog carrier-based gating pattern generator. (b) PWM CS inverter using SVM.

factor is given for two fixed switching frequencies, theisignals are on-line physically realizable; 2) the switching
shape and relative position are independent of the switchifigquency of CSC is reduced 192-(f.+ 1) for the proposed
frequency [5]. dead-band carrier-based scheme [Fig. 9(b)], and/#0 fcyqle
for the SV-based scheme [Fig. 10(b)]; and 3) the modified
VI. EXPERIMENTAL RESULTS deadband andbeq, of the SV-based techniques present the
The proposed pattern generators were implemented on tlowest distortion factors for high modulation indexes. Also,
5-kVA prototype units. The results are obtained in: 1) rectifidt is verified that the PWM waveforms present their first set
mode for the carrier-based technique [Fig. 8(a)], where, fof low-frequency harmonics around the carrier frequency for
simplicity, the capacitor voltages are used as the line currdhe analog scheme [Fig. 9(e) and (f)] and around the cycle
templates and 2) inverter mode for the SV-based technicgiequency for the digital scheme [Fig. 10(e) and (f)]. This last
[Fig. 8(b)], where the DSP sets internally the line current refeature verifies the low harmonic distortion factors obtained
erences for a given CSI modulation index and load frequendhrough simulation in Fig. 7.
The Appendix shows the component and parameters values
used in both setups. Fig. 9 shows the experimental waveforms
for the CS rectifier in Fig. 8(a) and modulated with the Two on-line PWM gating pattern generators for three-phase
proposed modified dead-band carrier-based scheme (Fig.@ixrent—source converters have been proposed. These are: 1)
and Fig. 10 shows the experimental waveforms for the GStechnique best suited for analog control schemes, which
inverter in Fig. 8(b) and modulated with the SV-based PWMses three dead-band modulating and a sawtooth carrier signal
scheme(Seqq, Fig. 4). SequenceSeqp and Seqe were also and 2) one best suite@iSeq,) for digital control schemes,
implemented, but experimental waveforms are not includedbased on space vectors. Both approaches reduce the switching
These experiments show that the main claims for the privequency of the power valves of the converter to almost one-
posed gating pattern generators have been substantiated. Thatfeof the carrier frequency, in carrier-based schemes, and
are: 1) CSC can be on-line PWM modulated using any analoge-half of the cycle frequency in space vector-based digital
carrier-based PWM technique, as long as the modulatisghemes. This reduction is achieved with no penalty on the line

VIl. CONCLUSION
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current harmonic distortion. Moreover, the proposed analog]
technique presents the lowest one for modulation indexes
greater than 0.4. Additional features of the schemes are:
they can be used in both current—source rectifiers and inverters
without modification; 2) the analog pattern generator circui}

realization can be used to implement any on-line carrier-basea]
PWM technique (e.g., SPWM, trapezoidal); and 3) the analof!
pattern generator circuit realization can be operated with a
free-running carrier signal. [6]

APPENDIX
COMPONENTSVALUES FOR EXPERIMENTAL TESTS 7]
Parameter Value (8]
Current-Source Rectifier Circuit, Fig. 8(a) (9]
m  nominal CSR modulation index 0.8 pu
fe carrier frequency 2.7 kHz [10]
V. carrier amplitude 10V
gy SUPPlY line voltage 220V
f,  supply frequency 60 Hz (11]
C, input filter capacitor 5Q:F
L, input filter inductor 7 mH [12]
Ly. dc link inductor 30 mH
R load resistance 20 [13]

Current-Source Inverter Circuit, Fig. 8 (b)

m nominal CSI modulation index 0.8 pu
e load line voltage 220V
fi load frequency 60 Hz
feyele Cycle frequency 2.52 kHz
R load resistance 17

L load inductance 35 mH
taerer dC link current reference 9A
Ly. dc link inductor 30 mH
C; load filter capacitor 3%F

* Experimental tests show that with a minimum sample
period of 60us, there is enough time to run the totality of
routines required by the DSP system. Thus, the maximum
cycle frequency is around 16.7 kHz.
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