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Design of Multilevel Variable Output Voltage AC-DC Converter
for Power Amplifier of Underwater Acoustic Sensor
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Abstract - The paper proposes a new multilevel variable output voltage AC/DC Converter for power supply
of power amplifiers used in underwater acoustic sensors. The proposed multilevel variable output voltage
AC/DC Converter is composed of two parts. One as the input section is the high efficiency phase-shifted
PWM full bridge DC-DC converter to get multiport power sources. The other as the output section is
composed of two flying—capacitor 3-level DC-DC converters and a diode bridge circuit to get fast-response
and multilevel variable output voltage for an envelope amplifier. Also the paper suggests the detailed circuit
topology and design guideline of multilevel variable output voltage AC/DC converter. It also proposes the
power balanced control method between 3-level converters and the voltage balanced algorithm for flying
capacitors. Its characteristics should be verified by the detailed simulation results. It is anticipated that the
proposed converter will be used very well for power amplifiers used in underwater acoustic sensors.
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Table 1 Switching states and output voltage levels of
flying capacitor 3-level converter (FV : Full

voltage, HV: Half voltage)

SWitehing |, |5, |54/ 50 |wiage | FE,
FV ON | ON |OFF | OFF | Vge./2 No
HV-Charging | ON |OFF | ON |OFF 0 Charging
HV-Discharging |OFF | ON |OFF | ON 0 |Discharging
Zero OFF |OFF | ON | ON | ~V4e./2 No
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Table 2 Design spec of proposed multilevel AC-DC converter

AC 220V, 3¢, 60 [Hz]

Output power Py o =24W, Py =12[kW]
Output voltage V, = 160[Vpk]7 V,= 150[Vpd
Output current | [, =14, =15 [Apk]

Bandwidth BW=40kHz]

Phase shift PWM Control
Power balancing control
Voltage balancing control
Full bridge switching freq.

Source voltage
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Table 3 Decoded signals of output levels of 5-level
converter according to the magnitude of
envelope voltage(Viett> Viets> Vier> Vier)

C ‘ Output voltage levels
%Iﬁfsruﬁsor Level | Level | Level |Level | Level | Comments
1 2 3 4 5
Statel
0 1 1 1 1
a
Ve >V | O | O | D] D] Level
State3 0 0 0 1 1 else
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(Veny >Viets) 010100 !
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Table 4 Simulation conditions of proposed multilevel
AC-DC converter

Source voltage | AC 220[V], 3¢, 60[Hz]

Output power Py o =240, Py =12[kW]

Output voltage | V,, =160[V,,], V,=150[V,]

Output current | £, =1, =15[4,]

Signal freq. f7="20[kHz] (Full-rectified wave)

fow = 50[kHz]

switching freq.
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Fig. 18 Converter output voltage wavforms of
proposed power balanced control method
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Fig. 21 Output voltage Vyp(blue) of the multilevel
AC-DC converter and Vi(red) of the
envelope amplifier during the output
voltage command change
80 [1]—150 [ V]—80 [ V] of envelope
amplifier
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envelope amplifier during the output voltage
command change 80 [1]—150 [1]—80 [V] of the
envelope amplifier, (b) output voltage Vo of
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command change  80[V]—150[1]of the
envelope amplifier, (b) output voltage Vo of
the 3-level converterl ,(c) flying capacitor
current Iy, (d) flying capacitor voltage Vi
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