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Abstract - A Sonar Power Amplifier (SPA) is used to excite underwater electroacoustic transducer whose impedance is 
frequency dependent. The Source Level (SL) underwater varies with the frequency if the output voltage of SPA is regulated 
at a constant voltage. To overcome the undesirable SL variation with the frequency, a variable output ac-dc converter which 
feeds SPA is proposed in this paper. The output of the ac-dc converter is controlled in such a way that it follows the 
Transmitting Voltage Response (TVR) of the transducer. By knowing the TVR prior and controlling the output of SPA in 
accordance with TVR, provides a constant source level over the frequency range of interest. A prototype of 500Watts 
converter has been developed and salient results are presented in this paper. 
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I. INTRODUCTION 
 
Sonar is an underwater technology that evolved 
during the time of First World War, since then it is 
used for navigation, tracking and communication. 
Active Sonar transmits acoustic pulses and echoes 
from the target are examined to identify the type, 
range and nature of the target. The active sonar 
transmitter consists of piezo-electric transducer, 
which converts electrical energy into acoustic energy 
and power amplifier which drives the transducer. The 
equivalent circuit of transducer consists of reactive 
components [1-2] as shown in Fig.1, therefore, the 
impedance of these piezo-electric transducers vary 
with frequency within the bandwidth of interest. A 
typical transducer impedance characteristic is shown 
in Fig.2. 
 

 
Fig.1. Electrical equivalent circuit of a transducer with single 

resonance 
 
At resonant frequency (fr), transducer impedance is 
low and at anti-resonant frequency (fan), it offers 
higher impedance. At frequencies slightly different 
from resonant frequency (fr), the acoustic transducers 
are either inductive or capacitive.  [3]. Because of this 
variable impedance effect, the transmitted acoustic 
signals have different power, may be very low power 
based on the characteristics of the transducer.  

 
Fig.2. Impedance characteristic of a typical transducer 

 
II. SONAR POWER AMPLIFIER  
 
The transducer load is powered by SPA which may 
be linear or switch mode type. Switch mode power 
amplifier is advantageous with respect to efficiency at 
active sonar range of frequencies.   KodjoAgbossou 
et al. [3] has proposed a class D type switch mode 
power amplifier for piezo-electric load, which has 
high efficiency. The output of this SPA is square 
wave and hence the output contains harmonics. Sine 
Pulse Width Modulation (SPWM) is used nowadays 
for reducing the harmonic content. Earlier SPAs used 
analog methods to generate the SPWM of sonar 
signal. Nowadays, digitally generated SPWM signals 
are used [4-6]. 
 
The switch mode SPA uses AC-DC converter of 
suitable capacity for drawing the DC power during 
amplification operation. The AC-DC converter 
generally consists of an uncontrolled rectifier, filter 
followed by converter stage. The output of the 
converter is given as DC power supply for SPA. The 
output of SPA is connected across the transducer also 
called as projector.The power delivered at projector 
can be either controlled by modulation index of the 
sonar signal or by the DC power supply [7]. The 
Total Harmonic Distortion (THD) of output voltage 
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and current is more at lower modulation index which 
is drawback of the system. The control using DC 
supply solves the problem. A control method using 
DC source which provides a constant SL with the 
variable frequency sonar signal is explained in this 
paper. 

 
III. AC-DC CONVERTER FOR SONAR POWER 
AMPLIFIER 
 
The function of AC-DC converter is to convert the ac 
supply of ship to a voltage that is required by SPA. 
Typical AC-DC converter consists of a full bridge 
diode rectifier to convert the input ac supply from the 
ship to an uncontrolled dc, a capacitor filter to 
smoothen the dc, and an H-bridge which consists of 
four MOSFET devices to convert the uncontrolled dc 
to high frequency ac. The H-bridge configuration 
with transformer gives advantage of isolation along 
with voltage step up.   

 
Fig.3. Detailed schematic of AC-DC converter 

 
The proposed AC-DC converter is shown in Fig.3. 
The output of the converter is to be fed to a SPA 
whose output is used to excite an underwater 
projector. The projector excited by the SPA is 
expected to deliver a constant SL in water. This 
cannot be achieved if the output of AC-DC converter 
is kept constant due to the variable impedance of the 
load.This can be achieved by supplying DC power 
supply to follow the TVR of the projector. TVR is 
defined as the SL for an input voltage of 1 volt rms, 
i.e. The ratio of far field pressure to input voltage 
typically expressed in dB with respect to 1 uPa at a 
distance of 1 meter [8]. A typical TVR is shown in 
Fig.4. It gives information about the response of a 
transducer to different frequency inputs. Underwater 
sound intensity is usually expressed in terms of SL. 
SL  is the sound intensity of a projector (transducer) 
at a distance of 1 meter from its acoustic center, when 
an electrical signal at sonar frequency is supplied to 
the projector [9]. Therefore, we can calculate the 
voltage that is to be supplied to the transducer in 
order to get our desired SL corresponding to different 
frequencies. The DC power supply which is the 
output of AC-DC converter can be made to follow 
TVR by modulating the gating signals provided to H-

bridge circuit. Different modulation techniques can 
be adopted and here Phase Shift Modulation (PSM) is 
used. One significant advantage of this modulation 
technique is that, the devices of the converter are 
always switched at 50% duty cycle for any phase 
shift. The efficiency of this converter can be 
improved by ensuring Zero Voltage Switching(ZVS). 

 

 
Fig.4. Transmitting Voltage Response of a typical transducer 

 
3.1. Phase Shift Modulation technique 
Recent converters are operated using soft switching 
technique rather than the conventional way of hard 
switching, where a portion of power was wasted as 
switching loss. In full bridge topology, the switching 
is generally done such that, the diagonally opposite 
pair of switches conduct simultaneously. In PSM 
technique, a phase shift is introduced in the switches 
of the two legs, this phase shift determines the output 
voltage of the converter [10]. All switches of the 
bridge are driven by 50% duty cycle switching 
signals, while within a leg the high side and low side 
devices are given with complementary gating signals. 
This results in the discharge of the switch output 
capacitance and forcing the anti-parallel diode of the 
switch into conduction even before the switch itself 
starts to conduct resulting in Zero Voltage Switching. 
This technique does not require any additional active 
devices but utilizes leakage inductance of the 
transformer and the output capacitance of the 
switching devices to achieve ZVS. ZVS reduces 
switching losses and stress, thereby eliminating the 
need for primary snubbers [11].  
The circuits of Fig.5 show the current flow in 
different modes of PSM.  
 
Mode I: From time t1 of Fig. 6, diagonal switches Q1 
and Q2 are conducting and a positive primary current 
flows. During this interval t1 to t2, transformer 
delivers power to the load. 
Mode II: Instantly at time t2, device Q2 is turned off, 
the voltage across the transformer primary decreases 
from Vin to zero. Now the switch capacitance of Q2 
charges   and that of Q3 discharges as its source 
voltage rises from lower to upper rail voltage.  This 
helps the turn on of Q3 with zero drain to source 
voltage enabling lossless ZVS.  
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Mode I 
 

 
Mode II 

 

Mode III 
 

Mode IV 
 

 
Mode V 

 
Fig.5. Modes of operation of Phase Shift Modulation 

 
Mode III: At time t3 the primary current freewheels 
through transistor Q1 and body diode (D3) of switch 
Q3, this current remains constant till next transition. 
At this time switch Q3 is turned on. Although now 
the current is flowing opposite to normal convention, 
the channel of Q3 will also conduct and the current is 
divided between body diode D3 and the device 
Q3.During this interval, voltage across transformer 
primary is zero.  
Mode IV: Now, switch Q3 is on and Q1 is turned off 
at time instant t4. The primary current continues to 
flow through output capacitance of Q1, thus charging 
it (thereby lowering the source voltage of Q1 from 
upper to lower rail voltage) simultaneously 
discharging the output capacitance of device Q4. 

Once the discharging is complete, voltage across Q4 
is zero, enabling ZVS.  
Mode V: The primary current flow is maintained for 
some more time by body diode D4 of Q4. At instant 
t6, when Q4 is turned on, Q3 and Q4 conducts 
causing a negative primary current flow. [12-13]One 
switching cycle completes at turn off of Q3, and the 
output capacitance of Q3 starts discharging, maintain 
the current flow in negative direction. This increases 
the drain source voltage from zero to full supply 
voltage, simultaneously discharging the output 
capacitance of device Q2, causing ZVS for switch 
Q2. 
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Fig.6. Phase Shift Modulated gating signals and the output 

waveforms 
 
Fig. 6, shows the gating signals for the switches of 
the converter, it can be seen that, there is a phase shift 
‘P’ between the gating signals of Q1 and Q3 and also 
between Q2 and Q4. Finally, obtaining the output 
voltage of the bridge (VAB), primary current (Ip) and 
the rectified voltage (Vr). The amplitude of the 
voltage Vin is same as the amplitude of the input 
rectified dc voltage VDC.Due to slight inaccuracies in 
the gating signals, volt second unbalances may occur 
in the high frequency transformer circuit, causing dc 
bias current to flow into the transformer resulting in 
transformer core saturation. In order to prevent this, a 
non-polarized capacitor Cp is connected in series with 
transformer primary winding. The output signal (VP) 
of the H bridge is a function of phase shift provided. 
 VP =VAB = Dps * Vin  (1) 
where, Dpsis the phase shift duty cycle given by, 
 Dps= Tps / Ton   (2) 
where, Tps and Ton are shown in Fig. 6. 

 
The secondary voltage (VS) of the high frequency 
transformer is, 

VS = Ndc (VA – VB)  (3) 
where, 1: Ndc is the turns ratio of the transformer.  
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The secondary voltage of the transformer is then 
rectified using fast acting diode rectifier as the 
frequency of the generated ac will be higher than line 
frequency. A low pass second order LC filter is used 
to filter this dc to give as input to the SPA.  L and C 
values are given by, 

f2
Reff.coL L1

f 


   (4) 

L

2
f fR2

eff.co
C


    (5) 

where, co.eff1=1.414 and co.eff2=0.707 for second 
order filter [14]. 

The output after the filter is controlled DC 
which is fed as DC supply for a SPA.  

In general, the voltage fed to the power 
amplifier by the AC-DC converter is a constant dc. 
The output voltage level supplied to the transducer 
(Vtr) is varied by varying the amplitude modulation 
index (ma) of the SPA.  

Vtr = ma * Vo   (6) 
Keeping Vo constant and varying ma will be 

difficult, in case of variable frequency Sonar wave, 
where ma has to be varied at very high frequencies. 
Also, at lower ma values, THD will be more. 

In the proposed system, the input voltage of 
the power amplifier is varied according to the TVR of 
the transducer to achieve a constant SL, thereby 
solving the problem of non-uniform power transfer.  

Based on the TVR, the gating signals of the 
AC-DC converter switches are controlled by a PIC 
controller and fed to the switches.  

 
IV. SIMULATION RESULTS 
 
A simulation study of the proposed AC-DC converter 
has been carried out using MULTISIM. A 16F series 
PIC controller was programmed to generate gating 
signals for the switches of the converter using PSM 
technique to develop a variable voltage at the output 
of the converter.  
 
Output voltage of the converter corresponding to 
different phase shifts is shown in Fig. 7. Vo is the 
output voltage that is supplied to the SPA after 
filtering, H1 and H2 represents the gating signals for 
the two high side devices. 
 

 
Fig.7. Output voltage and the gating signals of high side devices 

of two legs 
 

V. HARDWARE IMPLEMENTATION AND 
RESULTS 

1.  
A prototype of 500W converter power rating has been 
developed and results were obtained. The control 
signals for the MOSFET switches of the converter are 
generated using microchip controller dsPIC30F2010. 
The gating signals were isolated using opto isolator 
HCPL 2630. Mosfet half bridge driver IR2110 was 
used to drive the full bridge formed using Mosfet 
IXFK80N50P. A PSM waveform of 40 kHz has been 
generated and is shown in Fig. 8 where, channels 1, 3, 
4 and 2 are the gating signals of switches H1, L1, H2 
and L2 of the converter respectively. 
 

 
Fig. 8. Gating signals for the switches of AC-DC converter 

 
TVR characteristics, SPA output voltage and SL 
calculated using hydrophone output is shown in Fig. 
9. It can be observed that the SL has been maintained 
at constant level by varying the output (through DC-
DC converter output) for varying TVR.  

 
Fig. 9. Experimental results showing voltage applied to SPA to 

obtain a constant SL  
 
CONCLUSION 
 
In this paper an AC-DC converter for SPA which 
supplies a variable DC according to the TVR of the 
load is explained. The transducer load has a nonlinear 
impedance characteristic because of which the output 
power delivered by the transducer even on supplying 
a constant input voltage varies. In order to maintain a 
constant SL, the AC-DC converter output is 
controlled by PSM technique using a PIC 
microcontroller. Typical test results are presented and 
validated. 
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