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Abstract—Soft Robotics is one of the emerging and topnotched researched fields in Robotics which collaborate and
Interact with Human Machine Interface (HMI). Several power
electronics and electrical devices are used for the proper operation
of these robots, among them high voltage power supply plays a
vital role. Several approaches are used for the design of the high
voltage power supply but still there is a deficiency in the design
of the power supply which fulfill our desires level (highly efficient
and less complex). This paper presents the efficient power supply
for the control of bio-mimetic lens. The proposed power supply
is designed by the use of boost converter, single phase inverter
and the cock-croft Walton Voltage Multiplier. The work employs
the use of power electronics for the achievement of the efficient
high voltage power supply and boost the level of voltage up to 5
kV. Numerical simulations are performed for the comprehensive
testing of the proposed model. Simulink is used for designing
of the high voltage supply for simulation work. More-over the
results are verified with the designing of laboratory setup. The
experimental results are close to the simulation results with an
error less than 3%. This proof the validity of proposed high
voltage power supply.
Keywords—Cock croft walton multiplier; EOG; elastomers; bio
mimetic lens; template

I.

I NTRODUCTION

High voltage plays an important role in the field of energy
optimization, power electronics and plays a promising role
in field of robotics. Robots have penetrated every corner of
our daily life and legitimizing every aspect of it. The field
of robotics have reinforced our will to achieve targets which
were previously hard to achieve. Several kinds of robots are
present like work assisting robots, Social robots, floor cleaning
robot and window cleaning robot [1]. A new generation of
robots is taking place over rigid robots termed as Soft Robots.
Soft robots have been materialized by a hefty margin in last
years. These robots encouraged by the essence of human bones
and tissues are exceptionally manipulative and offer high rate
of mobility as compared to anticipated hard robots which are
made up of rigid materials [2],[3].

The kind of soft robot unto which this research is based
upon is soft lens or robotic lens. Soft lens provides human
to machine interface and falls under the category of tunable optical component [4]. The actuation in the soft lens is
manipulated by the use of EOG signals. Since EOG signals
are in order of milli-volts. The dielectric elastomers (DE-As)
are used in the soft robotics for the conversion of the electrical
energy into mechanical energy by producing the large strains
[5]. High voltage is required for the proper operation of the
DE-As [23]. The robots using elastomers require the use of the
DC to DC converter for of the high potential requirements. The
direction of the research is on the design of the efficient power
supply for the proper operation of soft robots [6].
In the previous studies the high voltage power supply
has been designed by using different power electronic techniques[24],[25]. The design of efficient high voltage power
supply requires enough time and money. In one research the
use of transformer is made for the achievement of the high
voltage [7]. The transformer used in this case is step up
transformer. The use of transformers is not suitable for the field
of robotics and in case of advanced research in electrical and
electronics engineering. Moreover, the losses in transformer
increases its limitations for the use in power supply. Saturation
of the transformer leads to the distortions in the secondary
side during short circuit. Moreover with this saturation the
failure of the protection system occur and this leads to the
system failure in severe cases. One of the major limitation
of the use of transformer is its poor response during high
frequency cases [8],[9],[10]. As the use of transformer makes
circuit bulky, increase distortion in input current and increases
power dissipation, therefore its use is limited to conventional
linear power supply. In order to mitigate the limitations in
the conventional linear power supply the use of the of the
high frequency switching technique has been used by one
group. They proposed by minimized circuit containing the
boost converters. The boost circuit step up the level of the
DC voltage with the use of the inductor, capacitor and the
transistor [11]. In another the research the use of the two
boost PFC (power factor corrector) converters are used for the
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achievement of the high voltage with higher efficiency. The use
of the adaptive technique is made for maintaining the output
voltage at desired level [12]. The limitation with this approach
is the switching noise and the losses due to use of transistor at
high voltage level. In order to overcome the limitations with
boost converters, cock croft multiplier technique is proposed
by one group. This circuit used the number of the capacitors
for the achievement of high voltage. Voltage multiplier circuits
are used primarily to develop high voltages where low current
is required. The Voltage multiplier circuit which has the ratio
of output voltage to input voltage depending on number of
stages [13],[14].
This paper presents a precious approach for designing of
efficient power supply to control the operations of bio mimetic
soft lens. The proposed power supply consist of three main
parts for achieving the high voltage and goal behind this
division is to mitigate the limitations of previous approaches.
Among the three parts (boost circuit, inverter circuit and the
cock-croft) cock-croft Walton voltage multiplier circuit plays
a vital role. This method works by taking the small input
voltage and boost them to higher level with higher efficiency
in order to control the lens. The model has been designed on
MATLAB software and the verification of the methodology
has been carried out in the laboratory environment.
The proposed work is categorized into following sections.
In Section II mathematical modeling of the proposed system
has been carried out. Section III shows the methodology of
the presented power supply and the numerical simulations are
presented in Section IV. Further the laboratory setup and the
conclusion are explained in Sections V and VI.

towards zero and results in demagnetization of inductor. The
inductor now acts as voltage source to provide the sufficient
voltage to the circuit by the reverse in its polarity. The voltage
across the inductor and the applied voltage together charge the
output capacitor placed across the load with a voltage higher
than the input voltage and results in the boost of the voltage.
Due to operation in CCM (continuous conduction mode) the
current never drops to zero [15].
The boost converter follows two state operation, open or
closed. When switch is closed, the current flow across the
inductor and rise the clock pulse and in open state the reverse
operation exist. When the controlled switch is in on state [16]:
!
di
Vin
ri
=
−
∗I
(1)
dt
L
L
d vc
Vc
=
∗ (R + rc )
dt
C

(2)

During the off state the mathematical equations becomes
!
!
!
rl + Rrc
di
Vin
R
(3)
= L−I ∗
− vc ∗ ∗ (R + rc )
dt
R + rc
L
L
dvc
1
= (R + rc ) ∗ (Ri − rc )
dt
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(4)

A. Mathematical Modeling
The proposed method is based on the mathematical modeling of the booster circuit, inverter circuit and the cock-croft
walton multiplier.

Fig. 2. Inverter Model

Fig. 1. Boost Converter System

1) Boost converter: In boost converter usually the output
voltage are greater than the applied voltage. Turning on the
controlled switch, the current flow through the inductor and it
stores the energy as shown in Fig. 1. The storage of current
charge results in the magnetization of inductor and when the
switch is turned off, the current flow across the inductor shifts
www.ijacsa.thesai.org
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2) Inverter: Inverter is the device used for the conversion
of the DC voltage into AC, its circuit diagram is shown if Fig.
2. The switching frequency of the inverter can be written as
[17].
1
F requency = fo = ∗ π ∗ R ∗ C
(5)
2
3) Cock croft Walton Voltage Multiplier: The peak surge
current rating of the mostly rectifier diode has to be assigned
with respect to the input voltage rating, shown in Fig. 3. In this
work the peak surge current is one of the main factor to in dose
the persistence would be the selection of diode. It might be
the rectifier diode combination are more important is to control
the forward surge current corresponding to the large capacitive
loading effect. The surge current might have not damage the
appearance of capacitor at the load. The load current are the
limiting factor to maintain the overall consistency of diode
working [18]. For the n-stage of the rectifier diode circuit
is associated to develop the load due to the large rating of
capacitor and the capacitive loading effect are the main reason
is to establish them selves the diode set up in the cascade
system of component. Here number of stages has to be increase
the forward surge current are developed at the load greater the
number of capacitor larger will be the total capacitance which
should be obtained during the experimental setup and can be
expressed as [19],[20].
C 0 = nC1
n=
C=

Vpea

k

N2
N1

=

Rs

(6)

II.

The proposed method is based on the design of the efficient
power supply for the generation of high voltage. The power
supply working methodology is discussed in the three parts.
The method starts with the working of boost converter, working of inverter comes after the boost converter. The method
presented in this work ends with the use of the cock-croft
walton multiplier. The boost converter is used for the increase
in the level of the voltage up to desired state. In this work the
major focus is on the states occurred during switching mode.
One is the continuous conduction mode (CCM) and the other is
the Discontinuous conduction mode and in this case conditions
are made to operate our sytem in (CCM) and to avoid the
operation in (DCM). The feedback mechanism has been used
to maintain the output DC Voltage at specific frequency level
(2.4 kHz) obtained by considering the design parameters of
converter. Boost converter has two states with respect to the
time and flow of current across the conductor changes with
the change in the polarity. Charging and discharging of the
inductor increase the voltage level and it is made possible by
controlling the switch (MOSFET). The control of switching
frequency is made possible through the driver circuits operates
on the pulses (PWM) from Arduino. The booster in this work
takes 5 V at the input terminal boost them to 12 V and control
them at desired level (12 V). An opto-coupler (4N28) has been
used to control the feedback loop. The Single phase pure sine

(7)
TABLE I. B OOST C ONVERTER M ODEL PARAMETERS

√ V R MS
2
Rs

(8)

Forward voltage drop is given as
Vfd =

Iloa

d

6f C

(n3 + 2n)

(9)

Whenever high voltage generating circuit is loaded, a fluctuation in the output DC voltage δV appears, which depends on
the supply and frequency is known as ripple.
δV = If (1Cn + 2Cn−1 + . . . .. + nC1 )

(10)

From above equation it is shows, in multiplier circuit a low
voltage rating capacitors are responsible for most ripple. Therefore, capacitors of different values are calculate in practical
circuits and the ripple for circuit is given as
δV = If Cn(n + 1)2

(11)

This quantity is to be evaluated is the voltage drop Vd across
each stage and also calculated the overall voltage in regular
manner. That make feel a difference of practical approach over
the theoretical way no load voltage 2nVmax and the on load
voltage
!
I
2 3 1 2 1
Vd =
n + n − n
(12)
fC 3
2
6
V oltageregulation =

M ETHOD FOR THE D ESIGN OF E FFICIENT H IGH
VOLTAGE P OWER S UPPLY

V
2nEm

(13)

Equipment

Values

Capacitor

33 uF

Inductor

9 mH

MOSFET

2.4KHz (switching)

Load Resistance

60 ohm

wave DC-AC inverter is the second part of an efficient power
supply. It consists of H-bridge and a step-up transformer. Hbridge is the main operating part of the inverter which converts
the DC input into AC output. The conversion takes place
through proper switching with the use of MOSFET. The HBridge contains a series of four controllable switches in which
there are two sets of two switches. One set of switches when
closed allows electricity to flow in one direction and the other
set allows electricity to flow in the opposite direction. The LC
Filter is used to remove the extra spikes and results in pure
sinusoidal AC output. Two types of losses occurs in the inverter
used in this work, one is electromagnetic interference which
exists due to the fast change in the polarity. This loss results in
the damage of inverter. The second loss occur when the spike
of voltage is more than the system can tolerate. Significant or
sometimes catastrophic damage to the device itself caused by
this loss. In case of protection from these losses snubbers are
used to limitize the level of losses and rescue the device from
the internal damage. Moreover it reduces the voltage transients
in the electric system. RC snubbers are typically used before
the H- Bridge to control the sudden voltage spikes occur and
diode snubbers are used to control the output current flow to
protect electronics components placed inside the inverter. The
inverter converts the 12 V DC to 12 V AC and with the use of
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Fig. 4. Proposed Methodology (a) Boost Converter (b) Inverter (c) Cock croft Multiplier

transformer the 12 V AC is converted into 320 V AC. These
voltages are moved towards the last stage of power supply.
Cock-croft walton voltage multiplier is the third stage and
main part of our high voltage power supply. It consists of a
cascade or multiplier circuit and the devices are arranged in
the ladder form. The increase in voltage has been made stage
by stage with the use of the rectifier circuit. In rectifier circuit
the diodes and capacitors are placed parallel to each other. The
main objective behind the use of multiplier circuit is to increase
the level of input voltage by adding the stages of rectifier
circuit. As the capacitor store the charge to some extent and
increase the voltages stage by stage to several kV, with the
constant voltage drop across each stage. The main focus is to
maintain the load impedance with a constant voltage drop at
each stage. The output current rating is in milli-ampere to avoid
any damage to the electronics component or complete device.
The voltage multiplier is easy to design but the selection of
components is very difficult. To understand that the selection
of capacitors and diodes are based on different parameters. The
input frequency is the main reason for the selection of these
electronics components. With the use of the cock croft walton

voltage multiplier, we are able to obtain the desired level of
voltage (5 kV) by increasing the level from 320 V AC to 5
KV DC. The whole methodology is shown in Fig. 4.
TABLE II. I NVERTER M ODEL PARAMETERS
Equipment

Values

Snubber Resistance (Rs)

660 ohm

Snubber Capacitance (Cs)

1 nF

MOSFET

50 Hz (switching)

Load Resistance

150 ohm

Low Pass filter

L= 0.5 H, C= 33 uF

III.

N UMERICAL S IMULATIONS

This paper presents the efficient high voltage power supply
for the tun-able soft lens. The High voltage power supply
consist of various power electronics applications that utilize
to build a high voltage power supply. Simulink is used for
the modeling of power supply and the model starts with the
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output load are the main part of boost converter as it decide
the switching modes whether it can be in CCM or DCM. The
load impedance could match according to the capacitor placed
parallel to the output load. Moreover the output voltage ripple
is 5% and the inductor current ripple is 20%. The second
part of the high voltage power supply is the pure sine wave
single phase inverter. In Simulink, this block of single-phase
inverter produced AC output from the Continuous DC input.
The inverter can convert the DC input of 12v into 12v AC by
proper switching of high voltage MOSFET using the H-bridge
arrangement. The parameters of inverter are shown in Table
II.
Inverter consist of Two pairs of two fast switching MOSFET which can convert DC into Square wave output as shown
in Fig. 8. Te use of low pass filter has been made for obtaining
the sinusoidal wave from the square wave as shown in Fig. 9.
The transformer is used with the inverter for increasing the
voltage level to 320 V. The parameters of transformers are
shown in Table III. The output obtained after amplification
from transformer is shown in Fig. 10. Cock-croft Walton

Fig. 5. Boost Converter Operation in CCM and DCM

TABLE III. S TEP UP T RANSFORMER PARAMETERS
Equipment

Values

Power

250 kV

Frequency

50 Hz

Input

12 V

Output

320 V

voltage multiplier circuit consist of ladder arrangement of the
capacitor and diodes. Capacitors and diodes are chosen based
on the input voltage and the suitable parameters of previous
blocks of the boost converter and the single-phase inverter with
step-up Transformer. For the selection of the capacitor and
diode depends upon the frequency of the input voltage. The
range of capacitor is 0.2mF to 0.4mF the output voltage ripple
would be the 5% of the output voltage. The parameters of
Cock-croft Walton is shown in Table IV. The CWM increases
TABLE IV. CWM PARAMETERS
Fig. 6. Boost Converter Operation

Equipment

Values

Capacitor

470 uF

Load resistor

1 Mega ohm

designing of boost converter. The parameters used for the
designing of boost converter are shown in Table I.
Fig. 5 show boost converter operation in continuous conduction mode (CCM) and discontinuous conduction mode
(DCM). The output voltage rises constantly for time and the
load current shall remain the same during CCM. In DCM the
output voltage changes its position and variate from different
point to point connection. In this method the boost converter
operates in CCM and plays an important role for step up the
low input DC voltage to desired continuous DC output Voltage.
In real time scenario the inductor current never falls to zero
and stay modulated in the positive side. Boost converter can
step up the 5v input to 12v output with operation in CCM as
shown in Fig. 6. A feedback mechanism maintain the output
voltage in the CCM and perform the stepping action. The

Input

320 V

Output

5000 V

Output voltage ripple

5%

the voltage level to near about 5 kV, as per requirement for
the operation of control of lens. The step wise increase in the
level of the voltage with each stage is shown in Fig. 11 and
whole circuitry designed in Simulink is shown in Fig. 7.
IV.

E XPERIMENTAL S ETUP

Experimental set up has divided into three main stages,
boost converter inverter and cock-croft Walton voltage multiplier. Boost converter is designed with the used of the bread
board and the wires by connecting the electronics devices and
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Fig. 7. Complete Circuitry of Power Supply (A) Boost Converter and Inverter (B) Cock croft Multiplier

Fig. 9. Pure Sine Wave Results

Fig. 8. Square Wave

the controller with low voltage power supply. Pulse Width
Modulation(PWM) is used with the help of controller to
run the gate of N-channel power MOSFET (IRF-540), low
voltage inductor of 10 mH, power diode (2N2222), Ceramic
capacitor of 33uF with low ESR and an opto coupler for
reference voltage in close loop is used for increasing the
voltage level from 5 A to 12 V DC. Moreover a digital multimeter and oscilloscope for data acquisition. All these electronic
component placed and connect on breadboard and observe the
output result. The experimental setup for the design of boost

converter is shown in Fig. 12.
Inverter is used for the conversion of DC to AC and
transformer boosts the level of the voltage from the 12 V AC
to the 320 V AC. Cock-Croft Walton Multiplier circuit works
after the generation of 320 V AC and is a cascade system with
ladder arrangement of capacitor and diode which can be placed
on breadboard in parallel arrangement. A multiplier circuit
consist of two types of capacitors through which increase
in the voltage level stage by stage obtained with different
intensity of spark at the output. The intensity of spark is
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capacitor charging and discharging rate are very slow and
it takes a while to store the charge and boost up the input
voltage stage by stage. Its Equivalent series resistance is very
low and the voltage drop across each side is different with
respect to the rate of charging and discharging. While air space
would be the very good insulator which can either stop the
spark. The voltage rating of ceramic capacitor depends upon
the nature of load and the value of capacitor depends upon
the input switching frequency of applied voltage. The voltage
rating of capacitor is 470uF and 6000v threshold voltage [22].
High voltage diode which allow or block the voltage. It is
very important to maintain the polarity of capacitor when
source reverses its polarity. The forward voltage drop is 0.7v
and the output voltage ripple is 5%. The experimental setup
using ceramic capacitor is shown in Fig. 14. The spark of
film capacitor is greater than the ceramic capacitor to achieve
desired level of voltage. The use of CWM allow us to generate
nearly about 5 kV and the results are closely related to the
simulation work results.

Fig. 10. Step up Transformer Result

V.

Fig. 11. CWM Results

directly proportional to the distance for which the spark has
generated and the distance of spark would be the 10 mm of 5
kV high voltage. Two types of capacitor has been used in this
experiment for increasing the level of voltage, one is polyester
sheet capacitor (2.2 nF) and the other is ceramic capacitor (470
uF).

C ONCLUSION

This work employs design of an efficient power supply for
the proper operation of bio mimetic soft lens. The proposed
high voltage power supply plays a vital role inn the field
of power electronics and soft robotics .Designing of Boost
converter and Cock-Croft Walton Multiplier are the main parts
of efficient power supply. Boost converter has been designed
under the continuous conduction mode and step up voltage
5v to 12v with the promising output conditions. The linear
behavior of boost converter is to maintain the DC level at
the output. Cock-croft Walton Voltage multiplier circuit is
used to attain a high output voltage with low output current.
The Cock-croft Walton Voltage multiplier circuit plays an
Important role in the emerging field of power electronics and
it works by taking a very low AC input voltage boost up stage
by stage to the higher level with greater efficiency. In order
to control the basic operation of soft lens 5kV output DC
voltage has been required which would be obtained by this
multiplier circuit. This model has been designed in MATLAB
(Simulink) for the simulation and numerical analysis and the
practical verification of this model has been carried out in the
laboratory environment. The result of numerical simulation and
the laboratory model are closely related to each other with the
error less than 3%.
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