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Abstract:

The conventional inverters have the shortcomings of straightway conduction in transistors and the difficulty of

realizing soft switching. A novel inverter based on the DC/DC converter topology is presented. The inverter is comprised of

a combined Buck/Boost DC/DC converter and a bridge circuit. The front stage converter is controlled to output variable

DC voltage and the bridge circuit is used to convert the DC voltage to AC output. The energy feedback technology and

one-circle-control scheme are used to improve the dynamic characteristics of the DC converter. The power devices of the

inverter bridge can conduct soft switching. The operation principle and the circuit topology of this inverter are analyzed.

Simulations and experimental results demonstrate that the performance of the inverter is high.

Key words:

Inverters can be categorized into inverter bridge
based topology and DC/DC converter based topology .

Traditional inverters, using bridge circuit, have
the advantages of simplicities in both circuit topology
and control. However, the up and down transistors of
the bridge have the risk of straightway conduction and
the transistors are difficult to accomplish soft swit-
ching. The risk of straightway conduction lessens the
reliability and limits the switching frequency.

Recently, inverters based on DC/DC converter are
researched  diffusely. The DC/DC

converters can also be used as inverters. The

four-quadrant

four-quadrant DC/DC converter is controlled in certain
rules, and the alternate output voltage can be
obtained. Because of the diversity of four-quadrant

DC/DC
enriched. Based on DC/DC topology, the performance

converters, the inverters topologies are
of the inverter can be improved.

A novel inverter based on the DC/DC converter is
presented in this paper. In this inverter, a Buck
converter is cascaded with an inverse Boost converter as
the first-stage while a simple inverter bridge is used as
the second-stage. By this configuration, the risk of

and  high

frequency operation can be achieved. It has good load

straightway  conduction is eliminated

compatibility and it is easy to accomplish.

1 Operation Principle of the Novel Inverter
Based on DC/DC Converter Topology

There are many combination styles of the inverters
based on DC/DC converter topology. Fig.1 shows the
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inverter, DC/DC converter, PWM, one-circle-control, soft switching

circuit topology presented in Ref.[1].
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Fig.1 An inverter based on DC/DC converter

This inverter circuit is combined by a Buck
converter and an invert bridge. The first-stage Buck
converter is operated at high switching frequency, and
the output voltage is in the form of a fully rectified sine
wave by using SPWM control scheme. Through the
invert bridge which is operated at low switching
frequency and is synchronized with the fully rectified
waveform, the output voltage is “unfolded” into a
sinusoidal waveform.

This circuit integrates the characters of the
inverter based on bridge topology and the other based
on DC/DC
advantages. (D The circuit topology is terse and the

converter topology. It has several
control circuit is simple. @ The bridge circuit in the
inverter operates at low frequency, the delay interval
between the upper device and bottom device in each leg
can be long, decreasing the risk of short-circuit. @
The power devices of the bridge are switched when the
output of the front-stage is near zero, so they are

operated under ZVS condition. @ The filter is small
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because the first-stage DC/DC converter is operated at
high switching frequency. But, it also has some
shortcomings. (D The load compatibility is not good
because the first-stage DC/DC converter is a single
quadrant converter which cannot transfer the energy in
bi-direction way. When the load is light or not
resistive, the energy of the filter capacity C; cannot be
released timely and the output is distorted seriously. (@
The SPWM control scheme is a linear style and the
influence of the voltage dropped on the inductor L, is
ignored. In fact, Buck converter is a nonlinear system,
and the influence of the voltage dropped on the
inductor L, cannot be ignored. So the linearity of the
system is not good, and the accuracy of output voltage
is low.

On the basis of the circuit in Fig.1, a novel
inverter is shown in Fig.2. A Buck circuit is selected as
the first-stage converter because its output is directed
ratio to the duty cycle D and it is of better linearity
compared with the other DC converter and is easy to be
controlled. At the same time, a Boost circuit is
inversely parallel with the Buck circuit. When the out-

put of the first-stage cannot run after the reference
signal properly caused by the excessive energy on C,
the Boost circuit operates, feeding back the excessive
energy on C; to the source. In this novel inverter the
first-stage DC/DC converter is a two-quadrant DC/DC
converter and the energy is transferred bi-directionally.
The second-stage circuit mainly consists of a simple
inverter bridge, and alternates the pole of the
first-stage output.
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Fig.2 A novel inverter based on DC/DC converter

The circuit is controlled with negative feedback of
the voltage transient magnitude. The Buck converter is
controlled by one-circle-control scheme and the Boost
converter is controlled by PWM technique. The
architrave of the control circuit is shown in Fig.3.
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Fig.3 The control principle of system

Two switching signals synchronized with the
reference signal are obtained from the cross-zero
comparator. They are used to control the switches of
the inverter bridge. The reference U’ is obtained by
the AC reference signal through an abstract value
circuit. The voltage U, is obtained by amplifying the
error of U’ and the feedback signal U;. If U, > 0,
(U, + Uy) is used to control the one-circle-control
circuit. The PWM signal to control the Buck circuit is
generated and U, is increased to follow U,. If U, < 0,
compared with the triangular wave, the PWM signal
obtained by (- U, ) is used to control the Boost circuit
and U, is decreased to follow U, .

Fig.4 shows the principle of the Buck circuit
adopting one-circle-control scheme. The controller is
comprised of integrator, comparator, and reset switch
S, and R-S trigger. The goal of the output voltage
magnitude running after the reference value in one
circle can be fulfilled by this controller. The operating
principle is explained below. When the R-S trigger is
set by the up-edge of the clock pulse, V| is on, and the

reset switch S, is off, V, equals to V,, the integrator
V.. is increased. While — V
— V., the output of the comparator becomes high, the

R-S trigger is reset, ) = 0, Z) =1, V,is off, the reset

starts to operate, —

it =

switch S, turns to be on, — V,, and V, equal to O until
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the next period. The function of the circuit can be

generalized as
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Fig.4 Principle of the Buck circuit adopting one-circle-

control scheme

The advantages of the one-circle-control Buck
circuit include that the output is linear with the
reference, and is not relative with input voltage; the
dynamic response is fast; anti-disturbance character is
high; the nonlinear control is achieved and the system

is robust.
2 Parameters Design
2.1 Design of the filter inductor L,

The value of L, is affected by input voltage V,, and
output voltage | V,|. The ripple current on L; is
caused by V4. . When the circuit is working at the worst

condition, D = 0.5, the ripple current is maximum.

So

4 V. c .
T 2 = Zﬂfsw Lf ]ln'pmax (4)
4 Vdo

Lf>

=5 ) (5)

2.2 Design of the filter capacitor C;

If the load ripple current is ignored, the ripple

current of the filter inductor is flowed into C; entirely.

The ripple voltage V., of the capacitor is

crip

I cripmax
Vcripm‘d‘( = m ( 6)
1
C; o - rpmax 7

znfi“ V(‘npmdx
2.3 The power of the Boost converter

At the condition of rated capacitive (cos$
- 0.75) load, the energy feedback is the most serious.
The voltage and current on the load at this condition
are shown in Fig.5.
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Fig.5 Voltage and current at lead load

When ¢ = ¢, to ¢,, load energy is fed back, the
Boost circuit operates and extracts the energy from C;.
So

Po=2f (W + Wy) (8)

Wy = %Cl(ﬁU(]Sin<ﬁ - ¢>)2 (9)

ly n/(uo
Wtb = J u, ildt = J Ui -
t (n—¢)/wo

(cos$ — cos(2wyt — $)) dt (10)

where P, is the design power of the Boost converter;

1

W is the storage energy of the capacitor; Wy, is the
feed back energy.

3 Simulation Results and Analysis

As an example, one 3007V DC input and 5007V -
A 1157V/4007Hz AC output inverter is developed using
the presented circuit. The switching frequency of the
DC converter is selected as 100 kHz; the -circuit
parameters are L; = 17mH, C; = 27pF and L, = 0.17
mH. The simulation is achieved by using the PSpice
software.

Fig.6 — Fig.9 are the simulation waveforms of no
load, rated resistive load, reactive and capacitive
load, respectively.

From the simulation results, we can know that the
output voltage waveforms are perfect, and the distortion
of voltage takes place near the zero line. The distortion
is that the result of the excessive energy on C; cannot
be released timely. We also can know from the figures
that the operation time of the Boost converter is largest

when the load is empty. That means the most energy is
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Fig.6 Voltage waveforms at no load condition. (From up to

down, they are the output voltage, the current of L;, the
drive signal of the Buck transistor and the drive signal of the
Boost transistor)
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Fig.8 Waveforms at rated lag load( cos$ = 0.75)

extracted from C; to source. And the operation time of
the Boost converter is longer when the load is inductive
or capacitive and is shorter when the load is resistive.
So when the inverter is at no load condition, the

distortion is most serious.
4 Experimental Results

With the parameters of f.,
mH, C; = 27uF, L,

= 1007kHz, L, = 17

= 0.1?7mH, an inverter based on
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Fig.9 Waveforms at rated lead load (cos$¢ = - 0.75)
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Fig.10 Waveforms at rated resistive load. (a) Output

voltage (THD = 1.45% ) and current; (b) Voltage of C;and

current of L¢;(c¢) Drive signals of switches

DC/DC converter topology with 3007V DC input and
5007V - A 1157V/4007Hz output has been developed.
The experimental results are shown in Fig.10 — Fig.12.

The practical output of the inverter is perfect and
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Fig.11 Waveforms of output voltage (THD = 1.92%)
and current at no load
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Fig.12 Waveforms of output voltage (THD = 1.84%)

and current at rated lag load

the experimental results are accordance with the simu-
lation results. The total harmonic contents (THD) of the
output voltages under all conditions are less than 2% .

5 Conclusion

A novel inverter based on the DC/DC converter is
presented and studied in this paper. The inverter is con-
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sisted of two power stages. The front stage converter
amplify the signal in the absolute value mode. The
converter has no risk of conduction straightway, so high
switching frequency and nonlinear control scheme can
be used. It can achieve fast dynamic response. The
second stage converter is a bridge circuit. Because the
voltage applied to the bridge is zero when the power
devices are switching, the devices have achieved ZVS

and low frequency operation, so the switch losses are

very low. The simulation and experimental results
demonstrate that the novel inverter has high
performance, especially the advantages of fast

response, good output linearity and high reliability and
high efficiency.
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