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Abstract:

All renewable energy conversion requires DC to DC Converter for shaping of the voltage
generated. The intermittent nature of renewable energy resources concerns the converter for its
control. Most of the renewable energy applications involve a but converter or a buck boost
converter for regulating the voltage. These converters have drawback of low efficiency and
high ripple contents in the output. A recently developed KY converter is capable of stepping
up the DC voltage and is characterised with its high efficiency, lower ripple content and high
voltage gain. The KY converter operates in continuous conduction mode and is capable of
driving all types of loads. However, the input output voltage relationships of KY converter are
nonlinear. This paper is organised to identify the controller needs for voltage regulation of KY
converter for PV applications. The effects of variations in frequency, duty cycle and input

voltage on the output are discussed.
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I. Introduction

The KY converter is named after the initials of K. I. Hwu and Y. T. Yao [1]. The detailed
operation of KY converter is presented in [2]. The KY converter has been identified as low
ripple content converter. Various configurations of KY converter [3] have been reported for
reducing the output voltage ripple contents. It is combined with boost converter, SR converter
and control with advanced controllers for the same purpose. Its efficiency is reported to be
around 97% [4]. The basic configuration of KY converter is modified by combining it with SR
converter for enhancing the voltage gain [5]. This converter configuration has no floating
output and possesses one output inductor so the output current is non-pulsating because of

synchronous rectification. And hence, such a converter is suitable for low-ripple applications.
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When compared with SEPIC converter the KY converter has higher voltage gain, lower voltage
ripple and lower ripple current [6]. These characteristics makes it ideal choice for renewable
energy applications. The modified Inductor coupled topology [7] of KY converter is deployed
for speed control of electric bike. KY converter has shown a high level of stability during the
transients, as the output remained within the limits during the switch over. With the proposed
modification of integrating an OLTC with KY Converter, multiple output voltage levels are

attained as per the design which enables variable speed operation.

The comparative study of boost converter and KY converter for speed control of PMDC motor
[8] demonstrates the suitability of K'Y converter in step up converter, with high voltage ratio,
and can be used in the PMDC motor drives for compact electric vehicles. The KY converter
can be operated in buck as well as boost mode [9]. This functionality can be fine-tuned with

conventional PI controller [10, 11].

An improved KY converter based on coupling inductor and one central-tap coupling inductor
is presented by [12] to improve the voltage conversion ratio of the KY converter. It has a
passive clamping snubber is used to decrease the voltage spike on the switch so as to increase
the efficiency of this converter above half load. A variety of KY converter configurations are
explored by various designers, engineers and researchers [13 — 17]. Among these
configurations, a basic configuration is selected for the study to identify the controller

requirements for voltage regulation.

II.  Operation of KY Converter
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Figure 1: Circuit Scheme of KY Converter
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Figure 1 shows the KY boost converter. It is constructed with two semiconducting

switching devices S1 and Sz, a diode D, energy transferring capacitor Cs, output inductor

L, and the output capacitor Co. The working of KY converter can be explained in two

modes [6] as follows:

Mode 1: S1=0N, Sz = OFF
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Figure 2: circuit path in mode 1 operation

In this mode, the inductor L is magnetized as the voltage across inductor L is,

Neglecting voltage drop across diode D,

Ve =V
S VL= Wi — Vo
Here the capacitor Cb is discharged.
Mode 2: S1 = OFF, Sz = ON
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Figure 3: circuit path in mode 2 operation

In this mode, the inductor L is demagnetized as the voltage across inductor is,
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~ VL =Vin=Vo
Here the capacitor Cb is quickly charged to the input voltage level in very short interval.

The voltage gain is thus given as

20 =1+D

mn

From the equation of voltage gain it is seen that the output voltage of KY converter is a function
of duty cycle. However, the design parameters of KY converter as mentioned in table 1 attracts
the researchers to further investigate the effect of variation in input voltage, switching
frequency and load on the output voltage of KY converter. This would be helpful for

researchers to particularly develop a voltage controller for the converter.
Calculation of KY Converter Components:

For identifying the controller requirements for voltage regulation, a KY converter is designed
first as per the specifications of input voltage, output voltage, switching frequency and load as
mentioned in table 1. The calculations are done for finding values of the duty cycle, inductor

and capacitor.

Table 1: KY converter rating

Particulars Specification
Input Voltage (Vin) 12V

Output Voltage (Vo) 20V
Frequency 10Khz
Power 100w

The output current of KY converter is,

|- Py 100 -
°"V, 20
The input current of KY converter is,
Iy =on 109 _ g3,
"V 12
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The voltage gain is

Vo 20
Vi 12

= 1.66
Therefore, the duty cycle of converter is calculated as,
A=1+4+D -~ D =0.66
For calculating inductor value, the voltage across inductor is considered.
By KVL, the voltage across inductor is,

V, =2V, —V, =4V

The basic equation of inductor is,

V, Ldi
L= "at
L=y dt
IRET
Here, the interval dt is,
dt = D
f

The current di is ripple current of the inductor. It is assumed that the inductor ripple

current is 30%
The inductor current is,
I, =21, =2%833=16.664
~di =0.40 % 16.66 = 6.66A
Substituting these values in the equation of inductance,

L—th—V D _, 066
 hdi T Ef.di T 10000 x 6.66

= 39uH

The current through capacitor Cs is,
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, CdV
T

C Idt—l b

b= av ~ " fqay

Assuming dV, the ripple voltage across capacitor to be 2% of the source voltage,

dV =0.01 x 12 = 0.24

C, =1 b = 8.33 0.66 = 2199uF
b= inTay T 9210000 x 0.24 <M
For output capacitor,
= av
% dt

Assuming dV, the ripple voltage across capacitor to be 1% of the output voltage,
dV =0.01 x 20 =0.2

D : 0.66
Ut £ dy "~ 10000 % 0.2

C,=1 = 1650 uF

Table 2 summarizes the component specifications of the KY converter

Table 2: KY Converter Components Specifications

Duty cycle 66%
Inductance (L) 39uH
Capacitor (Cb) 2200pF

Capacitor (C) 1650pF
MOSFET IRF 250

I11. Simulation and results

In the simulation part, for analysing the effect of variations in switching frequency, duty cycle,

input voltage and duty cycle the simulation is run and output voltage is measured (plotted) by

Volume 10 Issue 9 2026 Page No: 961



Social Science Forum Journal - ISSN:0352-3608/E-ISSN:1581-968X

varying one of the above parameters and maintaining others constant. Thus, the simulation

results are noted in four parts.

In first part the switching frequency (10KHz), input voltage (12V) and duty cycle (33%) are
held constant and the effect of variations in load values is noted. The corresponding response
of the KY converter is plotted in figure 4. It is seen that the increase in load causes a decrease
in output voltage. The graph of output voltage vs load is shown in figure 5. A voltage controller
shall cater the requirements of varying loads wherein, it shall adjust the duty cycle accordingly

to regulate the output voltage to a constant level.
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Figure 4: output voltage for various values of loads Figure 5: output voltage vs Load

In the second part, the input voltage (12V), duty cycle (33%) and load (100W) are held constant
and the effect of variations in switching frequency on output voltage is noted. The
corresponding response is plotted in figure 6. It is seen that the output voltage of the KY
converter drops sharply with decrease in the value of switching frequency as compared to the
desired (rated / selected) switching frequency. However, a minor change is observed if
switching frequency exceeds the selected value. A graph of output voltage vs. switching

frequency is shown in figure 7.
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Figure 6: output voltage for various values of Figure 7: output voltage vs switching frequency

switching frequency

In the third part of the simulation, the input voltage (12V), switching frequency (10KHz) and
load (100W) are held constant and the effect of variations in duty cycle on output voltage is
noted. It is seen that the increase in duty cycle causes a fall in output voltage. the corresponding

response is shown in figure 8. A graph of output voltage vs. duty cycle is shown in figure 9.
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Figure 8: output voltage for various values of duty cycle Figure 9: output voltage vs duty cycle

In the fourth part of the simulation, the duty cycle (33%), switching frequency (10KHz) and
load (100W) are held constant and the effect of variations in input voltage on output voltage is
noted. It is seen that the increase in input voltage causes an increase in output voltage. the
corresponding response is shown in figure 10. A graph of output voltage vs. input voltage is

shown in figure 11.
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Figure 10: output voltage for various values of input voltage Figure 11: output voltage vs input voltage

IV. Conclusion

In this paper, the operation of KY converter is discussed in detail with operating modes and
voltage gain equation. From the equation of voltage gain, it is seen that the output voltage is
dependant on duty cycle and input voltage only. However, the simulation investigations shows
that the switching frequency and load on the converter also forces the output voltage to change
from the designed values. Hence, it can be concluded that the designers, engineers and
researchers shall take into account these parameters as well while developing the voltage
controller. An ideal voltage controller for KY converter shall be operating at fixed switching
frequency and shall regulate the output voltage with the help of duty cycle control for any
variations in load or input voltage. In PV applications, the input and load are often varying in
nature. Hence, appropriate measures shall be included in the controller to regulate the output

voltage.
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