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ABSTRACT:This paper presents the design of DC-DC converter operating from -500V to +1500V DC for the 
actuation of Macro Fiber Composites (MFC) used onMicro Aerial Vehicles (MAV). The MFCrequires high voltage for 
ample displacement. The main focus is to design a suitable power electronic circuit for powering the MFC. For 
successful and effective flight of modern MAV, MFC is used for control surface deflection. As the control actuator, 
servo mechanism are still and brittle and are not suitable for morphing applications that involves large deformations, 
hence MFC’s are used. Therefore a DC-DC converteris designed such that it has less weight and gives high voltage 
output i.e. -500V to +1500V using a modified flyback converter,drawing power from low voltage sources, such as on 
board batteries.Compact size and a high conversion ratio are needed in low-voltage input and high voltage output 
applications. PWM signals are used for proper control of the switches to obtain the desired output voltage.The designed 
DC-DC converter circuit is simulated in MATLAB/SIMULINK. 
 
KEYWORDS:Micro Aerial Vehicles (MAV), Macro Fiber Composites (MFC), DC-DC Converter, PWM, 
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I.INTRODUCTION 
 
The power converter plays an important role in the industrial and consumer products in their suitable applications. The 
circuit efficiency, least profile, safety, duty ratio, power level and preference of the active and passive components 
strengthen the competency for the degree of different applications. The topology selection [1] criteria of the power 
converter are based on the application regions of electrical isolation, operating mode and duty cycle as technical 
aspects.The design of DC–DC converters with high efficiency especially in the range of 75–90% is a challenging task 
[2, 3]. The DC–DC converters designed for MFC applications should have high-voltage gain and should operate at high 
efficiency. 
For sensing and actuation of Macro Fiber Composite (MFC) power electronics circuits that generate the high voltages 
are designed for the operation of piezoelectric actuators with proper control circuits. MFC is type of piezoelectric 
material with softness and big displacement, developed by NASA recently [4]. It is used for actuating, sensing and 
power generating. It offers structural flexibility and high actuation authority. A challenge with piezoelectric actuators is 
that they require high voltage input; however the low power consumption and ease of integration [5] allows for 
relatively lightweight electronic components. They are highly compact yet very powerful. MFC achieves high 
efficiency and power density in very small geometries, which is efficient for micro robotic applications. It is mainly 
applied in industrial applications that require precise position control. However, disadvantages include high voltage 
requirements for ample force or displacement. On the other hand the main advantage is that large weight penalties are 
overcome to a greater extent by employing Piezo composites instead of traditional Piezo ceramics. Due to low weight 
budget, the selection and design of the actuation mechanism is to be considered in parallel with the design of the power 
electronics required to drive it. 
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II. DESIGN OF HIGH VOLTAGEDC-DC CONVERTERS 
 

The DC–DC converter design is optimised to satisfy the contradictory constraints such as low production cost and 
high reliability. Also, in many DC power applications, electrical isolation is required between input and output sides 
of the DC-DC converter, so that the loading device is protected from input transients and the ground loops resulting 
from the common return paths between different parts of the electronic circuitries are eliminated. 
 
The flyback and forward DC–DC converters are the most popular choices for low-power DC applications that require 
such electrical isolation. In both flyback and forward converters, the input to output electrical isolation is provided by 
a high-frequency (HF) transformer. The forward converter requires an additional winding so that the residual 
magnetic flux in the HF transformer core is reset. Therefore, flyback converters are generally preferred over forward 
converters for low-voltage DC applications since the former is simpler, easier to design, less expensive and has lesser 
magnetic components than the latter. Flyback converters also operate over a wide range of input voltages and use a 
single switch to provide multiple regulated output voltages [6-8]. Fly-back converter is the most commonly used in 
SMPS circuit for low output power applications where the output voltage needs to be isolated from the input main 
supply. The output power of fly-back type may vary from few watts to less than 100watts. The commonly used 
flyback converter requires a single controllable switch like, MOSFET and the usual switching frequency is in the 
range of 100 kHz. 

 
Figure.1: Basic DC-DC Converter Circuit 

 
The topology of basic DC-DC converter is shown in figure.1 which consists of an isolation transformer, diode D, 
switch S and filter capacitor C.When the switch S is closed the primary of the transformer is directly connected to the 
input voltage source. The primary current and magnetic flux in the transformer increases, thereby energy is stored in 
the transformer. The voltage induced in the secondary winding is negative therefore the diode is reverse-biased (i.e., 
blocked). The output capacitor supplies energy to the output load.When the switch S is opened the primary current 
and magnetic flux drops. The secondary voltage is positive and the diode is forward biased allowing current to flow 
from the transformer. The energy from the transformer core recharges the capacitor and supplies to the load. 
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Design Parameters 
The design parameters of DC-DC converter for the operation of MFC application are shown in Table 1 
 

TABLE 1: Design Parameters 

Input Voltage 12V DC 

Output Voltage 1.Fixed Output Voltage: -500V DC 
2.Variable Output Voltage range: 0V to 1500V 

Control Signal PWM Signal range: 20% to 80% 

III. SIMULINK IMPLEMENTATION 
 
Simulink is a software package for modelling, simulating and analysing dynamical systems. The simulation of the 
modified flyback converter for the given parameters is implemented in MATLAB/SIMULINK. The circuit design 
implementation of modified flyback converter which is simulated is shown infigure 2.  

 
Figure.2: Modified Flyback Converter 

 
The design contains two flyback converters with one input source, voltage measurement, display, scope. The 
commonly used flyback converter requires a single controllable switch like MOSFET and the operating switching 
frequency is in the range of 10 kHz.The input to designed circuit is powered from a 12V DC source, which is usually 
from on board battery or a solar photovoltaic source. The two converters are connected in parallel to the same input 
and operate simultaneously as follows: 

 
Mode 1: Fixed Output Voltage 
When proper gate signal of fixed 75% duty cycle is applied to the MOSFET of first converter, it is turned ON and the 
transformer is connected to the input supply. Due to the dot convention the diode is reverse biased and the capacitor 
discharges to the load. When the switch is turned OFF, the diode is forward biased and the output capacitor gets 
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charged. A negative voltage is achieved by reversing the diode. Thus a fixed output voltage of -500V DC is obtained at 
the channel 1. 

 
Mode 2: Variable Output Voltage 
In order to obtain a variable positive output voltage, the second converter operates in a similar manner to that of first 
converter with the only difference that the diode is not reversed. When the duty cycle is varied from 20% to 80% a 
variable output voltage in the range of 0V to +1500V DC is obtained respectively. 
 

IV. RESULTS 
The simulation results for the Mode 1 and Mode 2 operations are shown below: 
 
Mode1: Fixed output voltage 
For an input voltage of 12V DC a fixed output voltage of -506V DC is obtained as shown in the figure.3. 
 

 
Figure.3: Simulation output of -500V DC fixed output voltage 

 
Mode 2:Variable Output Voltage 
Case 1:An output voltage of 311V DC is obtained for 20% PWM with 12V DC inputand the simulation output is 
shown in figure.4. 
 

 
Figure.4: Simulation output for 20% PWM Input 

 
Case 2:An output voltage of 618V DC is obtained for 40% PWM with 12V DC input and the simulation output is 
shown infigure.5. 
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Figure.5: Simulation output for 40% PWM Input 
 

Case 3:An output voltage of 786.4V DC is obtained for 60% PWM with 12V DC inputand the simulation output is 
shown infigure.6. 
 

 
 

Figure.6: Simulation output for 60% PWM Input 
 

Case 4:An output voltage of 1353V DC is obtained for 80% PWM with 12V DC input and the simulation output is 
shown infigure.7. 
 

 
 

Figure.7: Simulation output for 80% PWM Input 

V.CONCLUSION 
 

Power electronics circuit that generate the high voltages is designed for the control operation of MFC using modified 
flyback DC-DC converter. The developed converter gives a fixed DC voltage of -500V and a variable output voltage 
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from 0V to +1500V DC to control the operation of MFCs. The entire circuit is simulated using SIMULINK. A fixed 
output voltage of -506V DC is obtained as shown in the figure 8. and a variable output voltage of +311V DC to 
+1353V DC for 10% to 80% PWM input respectively is shown in the figure9. The obtained output voltage is sufficient 
to drive the MFC.  

 
 

Figure.8: Fixed output voltage 
 

 
 

Figure.9: Variable output voltage 
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