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ABSTRACT The three-level (TL) AC/AC converter needs to control the output voltage as well as the voltage
of flying capacitor, which makes the control circuit relatively complicated. At the same time, the ranges of
the output voltage and load are limited because of the influence of the flying capacitor voltage correction
on the duty cycle of the output voltage. For the applications of high-voltage and high-power conversion,
a full-duty-cycle-regulated TL AC/AC converter with a self-following flying capacitor was proposed and
studied, which adopts a small volume auxiliary transformer. The flying capacitor is directly supplied from
the auxiliary transformer, can self-follow half of the input voltage, and does not need to be controlled by
other control circuit. The proposed converter only needs to control its output voltage, which makes control
strategy simple and easy to be realized. The output voltage can be regulated within the range of full-duty
cycle. The capacity of an auxiliary transformer is very small, under ideal condition which only needs to
supply the reactive load of the flying capacitor. The circuit operational principle was analyzed in detail,
and a prototype was designed. With a simple control circuit, the experimental results were given and the
full-duty-cycle regulation of the TL AC/AC converter was realized.

INDEX TERMS AC/AC converter, three-level, self-following flying capacitor, auxiliary transformer, full-

duty-cycle regulation.

I. INTRODUCTION

AC/AC conversion technology is widely used in power elec-
tronics, power systems, energy transportation, industrial con-
trol, mechanical electronics, and renewable energy power
generation. In high voltage and high power transmission and
distribution and industrial applications, under the existing
technology level of power electronic devices, one of the effec-
tive means to achieve high voltage and high power conversion
with high frequency and low electromagnetic interference is
to look for breakthroughs of control method and circuit topol-
ogy. The multilevel technology is to achieve high voltage and
high power output by improving the topology of converter.
It does not require buck-boost transformer or voltage equal-
ization circuit, nor does it have the problems of series voltage
equalization and parallel current sharing caused by series and
parallel connection of components. As the number of output
voltage level increases, the harmonics of output voltage of

converter are small, it is easy and convenient to design filter,
and the voltage stress of switch is low [1]-[4]. Therefore,
the multilevel conversion technique is regarded as a represen-
tative and more ideal solution to high voltage and large power
conversion. And it has been widely used in rectifiers [8]-[10],
inverters [5]-[7], and DC/DC converters [11]-[13].

For multilevel AC/AC converters at present, multilevel
matrix converters [14]-[16] and multilevel AC-DC-AC con-
verters [17]-[19] have been studied in more depth, but the
research on multilevel PWM AC/AC converters is rela-
tively rare. According to the multilevel topology proposed
by TAEMYNARD, which uses flying capacitor for voltage
equalization [20], a TL PWM AC chopper (Buck type TL
AC converter) was proposed [21], on the basis of which
a clock-interleaved constant frequency integration control
strategy was proposed that realized the closed-loop control
of the output voltage [22]. By adopting a double-closed-loop
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control strategy of flying capacitor voltage and output volt-
age [23], the voltage of flying capacitor could be controlled,
but its front stage circuit cannot realize full-duty-cycle regu-
lation of the output voltage.

Usually the TL AC/AC converter with flying capacitor
has two control targets: the output voltage and the flying
capacitor voltage, which makes the control circuit relatively
complex and the range of output voltage and load are lim-
ited [23]-[25]. In this paper, a full-duty-cycle regulated TL
AC/AC converter with self-following flying capacitor was
proposed. The voltage of flying capacitor directly supplied
by a small volume auxiliary transformer can self-follows half
of the input voltage, and does not need to be controlled by
other control circuit. Therefore, the converter has only one
control target, and its control strategy is simple and easy
to implement. The output voltage can be regulated within
the range of full-duty-cycle. The capacity of the auxiliary
transformer is small, under ideal condition which only needs
to satisfy the reactive load of flying capacitor.

The paper was arranged as follows. In Section II, the prin-
ciple of the double-target control strategy and the reason why
it can not achieve full-duty-cycle regulation were analyzed.
In Section III, the topology of full-duty-cycle regulated TL
AC/AC converter with self-following flying capacitor was
proposed, its switching modality and operational principle
were analyzed and the capacity of the auxiliary transformer
were calculated. In Section IV the control strategy were
presented. In Section V, a prototype was fabricated and
experimental results were given. Conclusions were obtained
in Section VI.

Il. DOUBLE-TARGET CONTROL STRATEGY AND ITS
LIMITATION

Buck type TL AC/AC converter, as shown in Fig. 1, is mainly
composed of four AC switches (S1, S2, S3, S4), flying capaci-
tor Cy, output filter inductor Ly, and output filter capacitor Cy.
Each AC switch consists of two switches in reverse series.

i ® K-

T

o

FIGURE 1. Buck type TL AC/AC converter.

For the Buck type TL AC/AC converter, the clock-
interleaved constant strategy [22] and the double-closed-loop
control method for output voltage and flying capacitor volt-
age [23], [24] are all double-target control strategy, which
essentially uses one duty cycle to control two targets. On the
premise of ensuring the output voltage control accuracy,
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the error of the flying capacitor voltage will be large. The
voltage of the flying capacitor cannot follow well with half
of the input voltage.

With double-target control strategy, when using one duty
cycle to control the output voltage and the flying capacitor
voltage, the duty cycle of S is (D + d), that of S3 is (D-d),
that of S3 is [(1 — D) + d], and that of Sy is [(1 — D) — d]
(D is the duty cycle of the converter to regulate the output
voltage u,, and d is the duty cycle offset to correct the
flying capacitor voltage ucy). Assuming the input voltage
is u; = Uiy sin wt, the output filter inductor current i =
Itm sin(wt — @), Ui and I, are the amplitudes of u; and
iLt, o = 2xf, f is the fundamental frequency, ¢ is the output
impedance angle.

During one switching period Ty, the electricity difference
in charging and discharging of the flying capacitor is

%) 14
AQ = / iLedt —/ iLedt (1)
1 13

11 to 1y is the charging period of flying capacitor

D+d)-T,
f—t] = ( + ) N (2)
1-D+d)-Ts D=>0.5
13 to t4 is the discharging period of flying capacitor
I3 —1t4 = 3)
1-D—-d)-Ts D=>0.5

Because the switching frequency f; is much larger than
the input voltage frequency f. Therefore, during each
switching period, i;f can be almost considered unchanged.
Substituting (2) and (3) into (1)

AQ =2itTsd “

Ignoring the high frequency current component in the
flying capacitor, it can be considered that the charging and
discharging of the flying capacitor are from the low frequency
current component ic,

T,
AQ:/ icydi 5)
0

In each switching period, icy is also approximately con-
stant. Combining (4) and (5)
icy
d=— 6
i 6)
When controlling the voltage of the flying capacitor to
follow half of the input voltage, the icy should be

icy = Icm sin(wt 4 90°)
= Ummfey sin(wt + 90°) 7
where I is the amplitude of icy.
The output voltage is determined by D. Assuming the total

output impedance is Z, (including the reactance of the output
filter inductor and capacitor, the former is much smaller than
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the latter, which can be ignored under no load condition),
then i 5 is

iLf = Irm sin(wt — @)
_ DUjp, sin(wt — @)

®)
1Zo|
Substituting (7) and (8) into (6)
Cy |Z,] sin(wt + 90°
_ 7fCy |Zo| sin(wt + ) )

2D sin(wt — ¢)
According to (9), d is influenced by some parameters such
as D, Cy, |Zo| and ¢.
‘When the circuit operates under no load condition, (9) can
be simplified as
. wfCy sin(wt + 90°)
~ 4ADnfCysin(wt 4 90°)
1 G
4D ¢
In (10), d > 0, assuming k = Cy/Ct, the range of d is
limited by two parameters, D and k. And the duty cycle

of each switch must satisfy the inequality group as shown
in(11).

(10)

O0<D+d<1
O0<D—-d<1
O0<(0-D)+d<1
0<(1-D)—d<1

(11)

According to different values of k, when the circuit
operates under no load, the feasible value range curves
of D are shown by the solid line in the shaded area
of Fig. 2.

It can be seen from Fig. 2 that the range of D is limited
by the value of k. The smaller the value of k is, the narrower
the limited range of D is. The value of k is affected by Cy.
If the flying capacitor Cy is too small, the voltage ripple on
the flying capacitor will be too large, and the voltage stress
of the switch will become large.

When the circuit is operating under load, the limited range
of D also exists. When D < 0.5, —D < d < D. Assuming
wfCy|Zo|/2 = &, From (9) we can get

8 sin(wt + 90°)

sin(wt — @) (12)

D>M= ‘

Combined with (12), after the values of Cy, Lf, and Cr are
determined, the curves of M with different resistive loads R,
are shown in Fig.3. Here, Cy = 3.3uF, Ct = 4.4uF, and
k = 3/4, curve 1 in Fig. 3 is an M curve in the case when the
circuit with no load, corresponding to the point G in Fig. 2.
Curves 2, 3, and 4 in Fig. 3 are M curves when R, is 5k€2,
300€2, and 50%2, respectively. As R, increases, the corre-
sponding M curve becomes closer to curve 1 in Fig. 3. When
D = 0.3, R, = 3002, during one input voltage period,
(12) holds true during 61 — 6, and 03 — 64, the flying capacitor
voltage can be regulated normally. During 6, — 63 and 64 — 65,
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FIGURE 2. Feasible curves of D at different k under no load.
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FIGURE 3. Curves of M with different Ro.

the situation is just the opposite. As D decreases, the range
that satisfies (12) becomes smaller, and the range during
which (12) does not hold true becomes larger.

Similarly, When D > 0.5, —1+D < d < 1 — D. From (9)
we get

Ry
D <N = (13)
2
Combined with (13), the curves of N with different R, are
shown in Fig.4. Curve 5 in Fig. 4 is an N curve in the case
when the circuit with no load, corresponding to the point H
in Fig. 2. Curves 6, 7, and 8 in Fig. 4 are N curves when
R, 1s 5k€2, 300€2, and 50%2, respectively. As R, increases, the
corresponding N curve becomes closer to curve 5 in Fig. 4.
When D = 0.8, R, = 300€2, during 6 — 67 and 63 — 6o,
(13) holds true, and the flying capacitor voltage can be reg-
ulated normally. During 6; — g and 69 — 019, the situation
is just the opposite. As D increases, the range that satisfies
(13) becomes smaller, and the range that does not satisfy (13)
becomes larger.
From the analysis above, under the double-target control
strategy, the range of D is limited, and the converter cannot
be full-duty-cycle regulated.
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FIGURE 4. Curves of N with different R,.

lll. CIRCUIT TOPOLOGY AND OPERATIONAL PRINCIPLE
A. CIRCUIT TOPOLOGY

If we do not change the basic topology of Buck type TL
AC/AC converter but only improve the control strategy
by using D and its offset d to control the output voltage
and the flying capacitor voltage, it is difficult to achieve
full-duty-cycle regulation of the output voltage. To achieve
full-duty-cycle regulation of the output voltage, based on the
circuit topology of original Buck type TL AC/AC converter,
a full-duty-cycle regulated TL AC/AC converter with self-
following flying capacitor is proposed, as shown in Fig.5.

Sla Slb

]uo

Q\\

\&J

—
=

S.
4b1 @i

FIGURE 5. Full-duty-cycle regulated TL AC/AC converter with
self-following flying capacitor.

A small volume auxiliary transformer 7, with a 2:1 turn
ratio is used to directly supply voltage to the flying capacitor
so that it can self-follow half of the input voltage. In order to
prevent the high frequency current generated by the high fre-
quency charging and discharging of the flying capacitor from
flowing into the secondary side of the auxiliary transformer,
a small inductor Lg; should be added between the flying
capacitor and the secondary side of the transformer. The
leakage inductance of the secondary side of the transformer
may also be used for filtering.

When the converter works under different load, according
to the polarity of u; and i ¢ in one input voltage period,
it can be divided into four different working stages, which are
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A(u; > 0,irr < 0), Bwj > 0,if > 0), C(wy < 0, i > 0),
and D(i; < 0, ipf < 0).

B. SWITCHING MODE

When u; > 0, group-a switches (Sia, S2a, S3a, S4q) are
on or off at a high frequency, group-b switches (Sip, Sab,
S3b, S4p) are on constantly; when the input voltage u; < 0,
group-a switches are on constantly, group-b switches are
on or off at a high frequency. When the switch is turned on
and off at high frequency, the converter has four switching
modes. For the convenience of analysis, the working stage B
is taken as an example. The four equivalent switching mode
circuits are shown in Fig.6. (At this time, group-b switches
are on constantly, which are represented by short lines).

When D < 0.5, the control signals of switches in each
switching mode are shown in Fig.7. During one switching
period Ty, the operating mode sequence of the converter is
switching mode 1 (5 — #g), switching mode 3 (t5 — t7),
switching mode 2 (t; — tg), and switching mode 3 (tg — 19).
The waveform of front end voltage uap of the filter inductor
and its current if r are also shown in Fig. 7.

When D > 0.5, the control signals of switches in each
switching mode are shown in Fig.8. During one Ty, the oper-
ating mode sequence of the converter is switching mode 4
(t10 — t11), switching mode 1 (t;; — #12), switching mode 4
(t12 — t13) and switching mode 2 (¢13 — t14). The waveform
of uap and irr at D > 0.5 are also shown in Fig. 8.

Especially, when D = 0.5, the operating mode of converter
only changes between switching mode 1 and 2.

C. OUTPUT FILTER

When D < 0.5, as shown in Fig. 7, when the circuit operates
in switching mode 1 and 2, uap = u; — ucy = u;/2, and the
increment of iy ¢ is

(3ui — uo)DT
Ly

When the circuit operates in switching mode 3, uap = 0,
the reduction of if  is

Aiqfy) = (14)

. uo (1
Aigry=—=(-—D)T 15
L(Lf-) Lf<2 >s (15)

When the converter is operating in steady state, the incre-
ment of /¢ is almost equal to its reduction during one T, ie
Al f+) = Al ). So we can get the input-output relationship
of the converter when D < 0.5

uo = Duj (16)

Substituting (16) into (14) and (15)

(1 —2D)D u;Ty
2 L

Ai) = 17

For D < 0.5, when the input voltage u; takes the ampli-
tude Uiy, and D takes 0.25, the output filter inductor current
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=R

Ui S =Rol ] Uo

Ui _=R0“ Uo

(d)

FIGURE 6. Equivalent circuit of four switching modes. (a) switching
mode 1, (b) switching mode 2, (c) switching mode 3, (d) switching
mode 4.

ripple Ail ¢ obtains the maximum value Ay f.max, Which needs
to be smaller than the allowed maximum current ripple Al ¢

Uist
< Al 18
6L = Lf (18)

The output filter inductance calculation formula can be
obtained

AiLf—max =

L > UinTs

19
— 16A6L¢ a9
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FIGURE 7. Control signals of switches, upg, and i ¢ when D < 0.5.
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FIGURE 8. Control signals of switches, upg and ij when D > 0.5.

When D > 0.5, as shown in Fig. 8, when the circuit
operates in switching mode 4, uap = u;, and the increment
of iLfis

. (Ui — uo) 1
A =——-7"I|D—=< )T 20
I(Lf+) I 7)Ts (20)

When the circuit operates in switching mode 1 and 2,
UAB = Uj — ucy = u;/2, and the reduction of it f is

=
L¢
Similarly, Aiqfy) = Aiqf.). The input-output relationship
of converter when D > 0.5 is obtained as same as (16).
Substituting (16) into (20) and (21)

(1 =D) (2D — 1) uiT;
2 L¢

For D > 0.5, when u; takes the amplitude Uiy, and D
takes 0.75, Airf obtains the maximum value Aif f.max, Which
is the same as (18). Therefore, when D > 0.5, the output filter
inductance calculation formula is the same as equation (19).

The output filter capacitor Ct is used to filter out the har-
monic components in the output voltage. Generally, the larger
the Cr is, the smaller the THD (total harmonic distortion)
of the output voltage is, but the reactive current component
and the volume and weight of the converter will correspond-
ingly increase. The output filter capacitor current i. is the

Aif—y = (I -D) Ty (2D

AiLfy) = (22)
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tosZ

FIGURE 9. Schematic waveform of is.

difference between the i ¢ and the output load current i,.
The i, is approximately constant during one 7. When
D < 0.5, the voltage ripple Auct on Ct is

1 [3DT+3Ts

Aucf = — (iLt — io)dt
Ct Jipr,
— % (23)
32C¢Ls

When u; takes the amplitude Uiy, and D takes 0.25, the out-
put filter capacitor voltage ripple obtains the maximum value,
which needs to be smaller than the maximum output filter
capacitor voltage ripple AU, allowed, the Cy calculation
formula can be obtained

Uim TS2

Cr> ——ms 24
'= 256AUCLs @4

When D > 0.5, similarly the formula for calculating the
Ct is the same as (24).

D. AUXILIARY TRANSFORMER

During one Ts, the flying capacitor has charging and
discharging processes. The schematic waveform of the
current ig flowing through the switches to the flying capacitor
is shown in Fig. 9. (Specify that the direction of is in switching
mode 1 is positive). The is is a high-frequency chopping
current with an envelope of %ijt. fog1 is the time when the
switches are in switching mode 1, and f,, is the time when
the switches are in switching mode 2.

In an ideal state, 751 and 7,5 are exactly equal, then the
flying capacitor is charged and discharged in balance during
one switching period.

In the actual circuit operation, #,s; and f,s» cannot be
completely equal due to the characteristics of the switches
and the difference between the control circuits and the drive
circuits. The fundamental current i; in is flowing into the
flying capacitor is very small, which is

. (tosl - t0s2)
1= ——

It sin(wt — @) (25)
T

The secondary side of the auxiliary transformer is con-
nected in parallel across the flying capacitor, the fundamental
current i, flowing through the flying capacitor is as shown
in (7).
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According to (7) and (25), the auxiliary transformer sec-
ondary current it can be obtained

IT = icy — i1
= Iy sin(wt 4+ 90°)

Tos1 — los
_ lost ~o2) . 02 in(wr — ) (26)
N

From the above analysis, when the voltage of the flying
capacitor deviates from half of the input voltage, the auxiliary
transformer can absorb or provide energy so that the flying
capacitor voltage can self-follow the half of the input voltage
steadily.

In an ideal state, when the converter is working stably, the
auxiliary transformer only needs to provide the reactive load
Q of the flying capacitor, which is

U @Cy

0=—%

27

In the actual circuit design, in order to facilitate the cal-
culation, combined with (26), a margin coefficient 2 which
is slightly larger than 1.0 is added to (27). The auxiliary
transformer capacity S is estimated

hU2 wC,y

m

g (28)

S=hQ=
The selection of the capacitance value of the flying capaci-
tor should consider that the voltage ripple on the flying capac-
itor formed by the high-frequency pulse current is should not
be excessively large, otherwise the voltage stress across the
switches will become large. However, if the capacitance of
the flying capacitor is too large, the capacity of the auxiliary
transformer will increase. When D < 0.5, the flying capacitor
charging time f,5; = DTg; when D > 0.5, tos1 = (1 — D)Ts.
In order to make the converter work in any state to
meet the flying capacitor voltage ripple requirements, take
tos1 = 0.5T5. The capacitance of the flying capacitor can be
calculated as follow

Y - I T
~ 2AUcgy

(29)

where AUcy is the maximum ripple pulse allowed on the
flying capacitor voltage.

The filter inductor Lg; of auxiliary transformer secondary
side is mainly used to prevent the high-frequency current
component caused by the flying capacitor voltage ripple from
entering the secondary side of the transformer. The induc-
tance of L can be calculated as follow

AUcyT;
2AIt

(1= (30)

where AlT is the maximum ripple current allowed of the
secondary side of the auxiliary transformer.
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i RESREs

Zero-crossing
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wave 1 Comparatorl

Up ¢
)
wave 2 Comparator2
Uo ref | Output voltage
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Uo_e [Output voltage gt Uo £ Output voltage
PI regulator sampling signal

FIGURE 10. Block diagram of control strategy.

TABLE 1. Experimental parameters.

Parameter Value Unit
amplitude of input voltage Uy, 30042 \Y
fundamental frequency f' 50 Hz
switching frequency f; 23 kHz
power switch IRFP460A(500V/20A)
T filter inductor Lg 0.2 mH
output filter inductor Ly 0.6 mH
flying capacitor C, 33 UF
output filter capacitor Cy 4.4 UF
rated input voltage of T; 300 A"
input/output turn ratio of T 2:1 /
capacity of T 50 VA
maximum output capacity 1200 VA

IV. CONTROL STRATEGYIV

Since the presence of the auxiliary transformer ensures that
the voltage of the flying capacitor can self-follow half of the
input voltage steadily without any control. We just need to
control the output voltage, which is simple and easy to be
implemented. As shown in Fig. 10, the control block diagram
only contains four parts: input voltage polarity detector, out-
put voltage error adjustment, carrier modulation, and logic
modulation.

The positive signal up; of the input sampling voltage u; ris
generate by use of a zero-crossing detector. After the output
voltage feedback signal u, ¢ is compared with the output
voltage reference signal u,_ref, the error amplified signal u, ¢
is obtained by the output voltage PI regulator; and then the
high frequency PWM signal upy and ups are obtained after
being modulated by the carrier wave u._1 and the carrier wave
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FIGURE 11. Experimental waveforms of uj, ucy, and uo at different D.
(@) D=0.1,(b) D=0.4, (c) D= 0.6, (d) D = 0.9.

uc > (with a phase difference of 180° from u,_1), respectively.
Reverse upy, upy, and up3, and get their negative signals uni,
uN2, and un3. Signals up; and un; are modulated with ups
and upnp in logical OR mode, and control signals Kia, Kip,
K4, and Kup are obtained for controlling switches Sia, Sib,
S41a, and Sap, respectively. Signals up; and un; are modulated
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FIGURE 12. Experimental waveforms of ups g1, and upg g7,-
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FIGURE 13. The control signal of S1a-S4a. (a) D < 0.5, (b) D > 0.5.

with up3 and un3 in logical OR mode, and control signals K7,,
Kop, K34, and K3y, are obtained for controlling switches S»,,
S2b, S3a, and S3p, respectively.

V. EXPERIMENTAL RESULTS

In order to verify the analysis above, a prototype of full-duty-
cycle regulated TL AC/AC converter with self-following
flying capacitor was fabricated and tested in the lab. The
specifications of the prototype are as follows in TABLE 1:

Fig. 11 shows the experimental waveforms of input
voltage u;, the flying capacitor voltage ucy, and output
voltage u, when D is 0.1, 0.4, 0.6, 0.9, respectively.

As can be seen from Fig. 11, the output voltage u, is
stable at different duty cycles, and the voltage of the flying
capacitor ucy self-follows half of the input voltage (u;/2)
steadily; The output voltage u, depends on the duty cycle D,
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FIGURE 14. Experimental waveforms of uyg and u; when D < 0.5.
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FIGURE 15. Experimental waveforms of upg and u; when D > 0.5.
(a) waveforms at low frequency, (b) waveforms at high frequency.

and the output voltage phase is the same as the input voltage

phase.
Fig. 12 is the experimental waveform of the voltage stress

of the switch S, and Sip,.
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FIGURE 16. Efficiency curves at different output voltages.

As can be seen from Fig. 12, when the circuit is stable,
the maximum voltage stress of the switches is u;/2 due to the
presence of the flying capacitor, which is half of the voltage
stress of Buck type two-level AC converter.

Fig. 13 is the experimental waveform of the control signal
of the switch Sia, S2a, S3a and Sa,. The control signals of S,
and S», have phase difference of 180°, the S1, and S4, control
signals are complementary, so are the control signals of S,
and S3,.

Fig. 14 shows the experimental waveform of the uap and
its expansion experimental waveform when D < 0.5, while
Fig. 15 does these when D > 0.5.

As we can see from Fig. 14 and Fig. 15, when D < 0.5,
uap changes between 0 and u;/2. When D > 0.5, uap changes
between u; and /2. When D = 0.5, it can be analyzed that
uap 1s in a critical state between Fig. 14(a) and Fig. 15(a),
namely, uap = u;/2 constantly.

Fig. 16 shows the efficiency curves for four different output
voltages. Curves 9, 10, 11 and 12 are efficiency curves when
the output voltage is 30V, 120V, 180V, and 270V, respectively.
It can be clearly seen from Fig. 16, higher the output voltage
is (or larger the duty cycle is), higher the efficiency will be.

VI. CONCLUSION

1) For Buck type TL AC/AC converter with flying capacitor,
the limitation of the double-target control strategy is that
the output voltage can not be full-duty-cycle regulated. The
proposed full-duty-cycle regulated TL AC/AC converter with
self-following flying capacitor adopts a small volume auxil-
iary transformer, then its flying capacitor voltage is directly
supplied from the auxiliary transformer and can self-follow
half of the input voltage, which greatly simplifies the control
circuit and its output voltage can be regulated within the range
of full-duty-cycle.

2) The parameters of auxiliary transformer and output filter
are deduced theoretically, and the corresponding formulas
are given, and it is concluded that the auxiliary transformer
capacity only needs to be slightly larger than the reactive load
of the flying capacitor.

3) Experiments verify the correctness and feasibility of this
circuit topology and control strategy. Experimental results
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show that by using this kind of circuit topology and control
strategy of TL AC/AC converter, the voltage stress of the
switch is halved, the output voltage can be adjusted within
full duty cycle, and the structure is simple. The control strat-
egy is easy to implement, which only needs to control the
output voltage, and the output waveform is of good quality.
In addition to the buck type circuits, the strategy of using
auxiliary transformers can be equally applicable to other
types of multilevel circuits.
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