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Comparisons of PWM and One-Cycle Control for Power X(t) ! Y()
Amplifier With Multilevel Converter > o>
C. C. Chan, Zheng Ming Zhao, C. Qian, and S. Meng
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Abstract—Based on the concepts of cascade multilevel converters and Controller cint
one-cycle technique, comparisons are conducted to characterize the distor- Vref ¢ |F—"" 4
tion of the pulsewidth modulation (PWM) and one-cycle control methods <‘:’ A \l}f
that were applied to converters. Simulation results for the different con- —@:
trol schemes are obtained in PSIM software initially to see the effect of
one-cycle control different from that of PWM control. Through the com- Comparator Inte gr:t or

parisons, the advantages and disadvantages are identified for each method.
The one-cycle scheme is better than PWM control in reducing undesirable
harmonics and tracing dynamic waveforms. Simulation and experimental
results are also provided to verify the conclusions.

Fig. 1. One-cycle circuit.

Index Terms—Multilevel converter, one-cycle control, power amplifier,
pulsewidth modulation (PWM).
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|. INTRODUCTION

With the development of switching circuits and control strategies
it is increasingly possible to introduce power electronic technique
into the field of power amplifiers so that higher power rating anc
better quality can be obtained. In retrospect, multilevel converte
were actively used to improve the performance of motor drives ar
power systems. An evident feature of this topology is to reduc
harmonic components. Pulsewidth modulation (PWM) control ha
been usually used to eliminate harmonics, but there are still mai
unwanted harmonics existing under PWM control. One-cycle contrt
that makes switched amplifiers acceptable has been developed
undesired harmonic rejection and distortion reduction. The nucle
idea of one-cycle control is forcing the switched variable exactly
equal to the reference signal while PWM control makes the switchEgg 2
variable equal to the input signal in a whole period. In order to~ ™
compare the two control methods experimentally, the contribution

of applying t:_em Ito_the lsame main cireut Ibs cor(;ducted.thtus Isttﬂ’ie reference signal. The key components of one-cycle controlling
presents a digita ~Signal-processor (DSP)- ase control boar %ﬂ%uits are an integrator and a comparator, which are shown in Fig. 1.
a nine-level cascade |th_erter as a pOYVEF C'rcu't_ that _supports bOthSince the main circuit has nine levels, there are more choices and
cogtrol me_thods.lAlso, this Idett(:]r descrzlbe_s thle s_lmulat(ljon pro‘_:edLHfFficulties for control implementation. While the power circuit fires,
and experimental setup, and shows the simulation and expermeqil ;o circuit limits the output within two adjacent levels in order

comparisons. to use one-cycle control principles. If the integration does not reach
the reference value, the output is switched to the higher level. Once
the integration reaches the reference, the control circuit switches the
output to the lower level. Thus, the one-cycle control is combined with

One-cycle concept will be used to realize the modulation of tH8€ nine-level topology in this application.
output waveform instead of PWM. The purpose of this concept is to | "€ comparisons between PWM and one-cycle control are set on
reject unwanted harmonics and trace the transient waveforms w@il€W nine-level converter. Fig. 4 shows the nine-level converter with

The kernel is integrating the output until the integration value reachif§ full bridges connected in series. When the nine-level converter is
used for a power amplifier, it can reach high power with high efficiency
and low harmonics distortion.

As seen from Fig. 2, insulated gate bipolar transistors (IGBTs) are

Manuscript received January 23, 2001; revised May 14, 2002. Abstract p@10Sen as switching devices for their high switching frequency. The
lished on the Internet September 13, 2002. lower full-bridge converter can produce three levels-8f;. , 0, Va. ,
C. C. Chan is with the Department of Electrical and Electronic Engineeringnd the upper full-bridge converter can produc®/., 0, 3Vy.. Thus,

Th; L,\J/In"z’ﬁgs(;tycob'?::gaﬁgnsg'J;n”gga'fgr\;ﬁt'h the Department of Electrical En appropriate switch combinations are able to engender nine levels such
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1.net.cn). each switch of the upper full bridge is only switched once per cycle, but
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Novel nine-level three-phase inverter.
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Il. COMBINATION OF NINE-LEVEL INVERTER AND
ONE-CyCLE CONTROL
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Fig. 3. \oltage waveform under SPWM control. (a) Line—

line voltage; ; ;
- ; ) ig. 4. \oltage waveform under one-cycle control. (a) Line-line voltage
waveform. (b) Harmonic spectrum of the line—line voltage. 9 9 4 @ 9

waveform. (b) Harmonic spectrum of the line-line voltage.

reference
‘waveform

[ll. SIMULATION AND EXPERIMENTAL RESULTS

The comparative results are derived from two origins: one is simu- : : : T
lation in PSIM software, and the other is a real experimental set. & - -+ N

A. Simulation Results

The simulation results for different control can be seen in Figs. 3 .
and 4. The waveform under one-cycle control is apparently closer tc
a sinusoidal waveform than the output under PWM control. One-cycle ~— mw =~ . b
control further improves the waveform on the basis of PWM control JJN """ e

that can obviate most unwanted harmonics. This verifies the idea the )
one-cycle control can break the limitation PWM control has.

B. Experimental Results ht s5.00v  [@FE 200V M2.50ms Chl s

The experimental results of the output under PWM control are Shovr!% 5. Output waveform under PWM control

in Fig. 5 and there is a delay of nearly 1 ms for a 110-Hz reference si=" ™ '

nusoidal voltage. The output voltage has nine levels to approximate

sinusoidal signals well while the modulation concentrated on the t&yYM control still has some undesired harmonics such as 450 Hz for
step enforced the performance of multilevel inverters. Fig. 6 shows thdundamental frequency of 113 Hz. In the case of one-cycle control,
experimental result of output under one-cycle control that demonstrat@g FFT result is smoother and has no harmonic contents in the PWM
the fast dynamic response. There is almost no delay between the foftrol.

erence signal and the output. As to the waveform, the output voltage

is better than that of PWM control because it seems smoother and has IV. CONCLUSIONS

modulated steps besides the top step. 1) One-cycle control is better than PWM control in improving
waveform quality. Simulations and experiments show that
one-cycle control can suppress the perturbation yielded by the

The results from FFT analysis for different output waveforms are  dc source and abate the undesired harmonic contents which
shown in Figs. 7 and 8. Itis obvious that the amplitude-frequency char-  exist under PWM control to make output closer to the reference
acteristic of one-cycle control is much better than that of PWM control.  signal.

C. Fast Fourier Transform (FFT) Analysis
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reference : ¥ : : : : grator, either digital or analog, should be used. However, PWM
. Isigmal _ P S R e control does not need any integrators.

REFERENCES
[1

F. Ertl, J. W. Kolar, and F. C. Zach, “Basic considerations and topolo-
gies of switched-mode assisted linear power amplifiersPrioc. IEEE
APEC’96 vol. 1, 1996, pp. 207-213.

K. Nielsen, “PEDEC—A Novel pulse referenced control method for
high quality digital PWM switching power amplification,” iProc. IEEE
PESC'98 vol. 1, 1998, pp. 200-207.

Z. Lai and E. M. Smedley, “A new extension of one-cycle control and
its application to switching power amplifierdEEE Trans. Power Elec-

2

[3

@l 560V ChZ 10,0V MZ.50ms Chi 16 tron., vol. 11, pp. 99-105, Jan. 1996.

[4] G.Carraraand S. Gardella, “A new multilevel PWM method: A theoret-

ical analysis,"|EEE Trans. Power Electronvol. 7, pp. 497-505, May
1992.

V. Agelidis and M. Calais, “Application specific harmonic performance
evaluation of multicarrier PWM techniques,” Rroc. IEEE PESC’'98
1998, pp. 172-178.

Y. F. Liu et al, “A novel three-phase multilevel voltage source con-
verter,” inProc. IPEMG vol. 1, 2000, pp. 231-238.

6. Output waveform under one-cycle control. [5

[6

Loss Minimization in Vector-Controlled Interior

Permanent-Magnet Synchronous Motor Drives
M40.0ms Chl1 S 1
Christos Mademlis and Nikos Margaris

_[FAEE  5.00V 100 Hz

Fig. 7. FFT result of PWM output. Abstract—An efficiency optimization method for vector-controlled
interior permanent-magnet synchronous motor drives is presented. Based
) ) ) ) ) _ ) . on theoretical analysis, a loss minimization condition that determines the
TTmmmmm—————ymmmmm—m————mt optimal d-axis component of the armature current is derived. Selected
: : : : T : : : : experimental results are presented to validate the effectiveness of the
...................................................... proposed control method.
Index Terms—Adjustable-speed drives, efficiency optimization, interior
permanent-magnet (PM) motor, loss minimization.
o R R I. INTRODUCTION
: : . : : § M 100ms Chi.f 16 Improvement of permanent-magnet (PM) motor efficiency is a most
QEA@A 5.00V.  40.0Hz: . . . . important priority, hence, several control methods have been proposed
mamnr D math2 Math3 in order to reduce the loss of PM motor drives and improve their per-
@ inv(Ch2) | inv(Chi) Ref1 Ref2 I formance. This can be realized by an online control ofttaxis com-
ponent of the stator currenfy). In surface PM motor drives, copper
Fig. 8. FFT result of one-cycle output. loss is minimized by keeping thieaxis component of the stator current
equal to zerof; = 0) [1], [2]. Thus, a maximum torque-per-ampere
current control is accomplished. Since thig “= 0 control” prevents
2) One-cycle is better than PWM control in tracing transient wavehe demagnetization of the PM, it is often employed in interior PM
forms. Through the experiments, one-cycle control shows itgotor drives. However, inF; = 0 control” method the reluctance
better performance than PWM control in the dynamic responserque is not produced. Contrarily, reluctance torque can be produced
There exists shorter delay between reference signal and outpytcontrolling thel,; current according to load conditions. Thus, the
than that in the PWM control. I, current that provides maximum torque-per-ampere current ratio in
3) One-cycle is more general than PWM control. One-cycle contrigiterior PM motor drives, is a function of thg current and opposes
can approximate arbitrary waveforms that can be dc, ac, or thage excitation field of the PM [1]—[4].
strange waveforms without any regulation such as transient fault
voltages in power systems. PWM control depends on the mod-
ulation signal requiring specific consideration. The generality Manuscript received February 2, 2001, revised April 16, 2002. Abstract pub-
of one-cycle control is also tightly connected to its high-spedt$hed on the Internet September 13, 2002. . .
response. Th_e auth_ors are w_|th tI'_le Department o_f _EIectncaI and Computer Engi-
. . neering, Aristotle University of Thessaloniki, 54006 Thessaloniki, Greece
4) One-cycle is more complex than PWM control in hardware. T@-mail: mademlis@eng.auth.gr; margaris@eng.auth.gr).

realize the algorithm of one-cycle control, a high-speed inte- Digital Object Identifier 10.1109/TIE.2002.804990
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