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I.    INTRODUCTION 

olar energy and wind energy are most important 

renewable energy sources. As opposed to conventional 

unrenewable resources such as gasoline, coal, etc..., solar and 

wind energy is clean, inexhaustible and free. The main 

applications of photovoltaic (PV) system and wind system 

are in either stand-alone (water pumping, domestic and street 

lighting, electric vehicles, military and space applications) or 

grid-connected configurations (hybrid systems, power 

plants)[2] 

Unfortunately, hybrid connection have problem of 

different power output of PV solar cell and wind system so 

they cannot directly connect in the hybrid connection even 

though the output of wind is DC after rectification. This is 

because; the output of PV is depends of the solar irradiance 

level and also on the temperature while output of wind is 

mainly depends on the wind speed. So these are the weather 

constrains so It cannot be solved by us. But we can control 

the output of both the system individually with the help of 

different DC-DC controllers.  

So, choice of DC-DC converter is very important to be set 

according to our requirement. So, this paper is mainly 

focussed on the different converter comparison to select it 

with our requirement and rating of generation. 

A. Equivalent circuit of Hybrid connection 

Equivalent circuit is developed in order to understand the 

operation of PV and wind hybrid connection. In fig.1[2] 

shows that PV model can be built by making equivalent solar 

cell model and then it is connected to DC-DC converter 

because output of the PV bus is depends on the temperature 

and irradiance level so it is changing all over the day and 

season by season but our aim is to keep output constant and 

maximum efficiency so the output with maximum efficiency 

can be achieved by employing MPPT technique and constant 

output can be achieved by employing DC-DC converter 

which are of many types.  

And wind generator can be modelled in MATLAB with 

different AC generators which   is connected to first rectifier 

because output of generator is of AC nature so it will be 

converted to DC and then it fed to DC-DC converter to make 

equal amount of voltage to both wind and solar and then 

hybrid connection can be made out and it is sent over the 

mini grid with the battery backup to supply grid at the time 

of supply is not available. 

 
 

Fig.1 Hybrid generation system [2] 

B. Different DC-DC converters 

The converters which are generally used for hybrid 

connection of PV and wind are described as below [7]: 

1. Boost converter 

2. Buck-Boost converter 

3. Push-pull converter 

4. Full bridge converter 

 

There are many other DC-DC converters are also available 

but we will only discussed about converters which are listed 

above because they are frequently used converters and also 

most beneficial compare to the other types of converters. 

 

B.1 Boost converter 

The circuit diagram, of boost DC-DC converter is shown 

in Figure B.1.(a)[7]. Its output voltage is always greater than 

the input voltage VI for steady-state operation. 

It „boosts‟ the voltage to a higher level. The converter 

consists of an inductor L, a switch(S), a diode D, a filter 

capacitor C, and a load resistor R. The switch S is turned on 

and off at the switching frequency fs = 1/T with the ON duty 

ratio D = ton/T, where ton is the time interval when the 

switch S is ON [4]. 

The boost converter can operate in either continuous or 

discontinuous conduction mode, depending on the waveform 

of the inductor current. The boost converter in DCM cannot 

operate at R =∞ because the filter capacitor has no path to 

discharge. The CCM will be considered first. Figure B.1.(b) 

[8]shows waveforms of the boost converter for CCM when 

the switch S is ON and the diode is OFF, and when the 

switch is OFF and the diode is ON, respectively.  

S 
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Figure B.1.(a)[8] 

 

 
Figure B.1. (b).[8] 

The boost converter has poor ability to prevent hazardous 

transients and failures. If a high positive voltage surge 

appears at the converter input, the input voltage exceeds the 

output voltage and the diode D1 is ON for many cycles due 

to cycle skip. This generates a large current spike through the 

diode, which may destroy the diode. A similar problem exists 

at the initial turn-on of the converter when the input voltage 

is high and the output voltage is initially zero and while the 

output voltage is lowers than the input voltage until Steady-

state conditions are approached. One way to protect the 

converter is to add a diode whose anode is connected to the 

input source VI and whose cathode is connected to the 

Output filter capacitor C. When the output voltage is lower 

than the input voltage, the additional diode and the filter 

capacitor form a peak rectifier, and the energy flows from the 

input to the output of the converter through the additional 

diode. When the output voltage becomes higher than the 

input voltage, the additional diode is reverse biased and turns 

off, and the boost converter begins normal operation. 

 

B.2. Buck-Boost converter 

The circuit of the PWM buck-boost dc–dc converter is 

shown in Figure B.2. (a)[8].It consists of a power MOSFET 

used as a controllable switch, an inductor L, a diode, afilter 

capacitor C, and a load resistor R. The switch is turned on 

and off at the switching frequency fs= 1/T with the ON duty 

ratio D = ton/T, where ton is the time interval when the 

switch is ON. It is difficult to drive the transistor because 

source is not connected to ground. Therefore, the driver is 

floating as neither end is connected to ground. 

Two modes of operation exist: CCM and DCM. Figure B.2. 

(b)  Shows equivalent circuits of the buck-boost converter for 

CCM when the switch is ON and the diode is OFF. And 

when the switch is OFF and the diode is ON, respectively. 

The principle of operation of the buck-boost converter is 

explained by the idealized waveforms of the current and 

voltages shown in Figure B.2. (b) 

. 
Is OFF, and when the switch is OFF and the diode is ON, 

respectively. The principle of operation 

 
Figure B.2. (a)[8] 

 
Figure B.2. (b)[8] 

 

During the time interval 0<t≤DT, the switch is ON and the 

diode is OFF as indicated in Figure B.2. (b). the voltage 

across the diode is –(Vi+Vo) and maintains the diode in the 

off-state. The voltage across the inductor is Vi and gives rise 

to a linear increase in the inductor current with a slope of 

Vi/L. During the time interval DT<t≤tT, the switch is OFF 

and the diode is ON. The voltage across the inductor is –Vo 

and causes the inductor current to decrease linearly with a 

slope of –Vo/L. The voltage across the switch is Vi+Vo. At 

time t=T, the switch is turned on and next cycle is begins 

again. 

 

B.3. Push-pull converter 

The PWM push-pull converter contains two transistors that 

are driven with respect to ground. This is the main advantage 

of the converter. The voltage stress across the switches is 

high, equal to 2V, which is twice the switch voltage stress in 

the half bridge and full bridge converters. The push-pull 

converter [7] uses a relatively small double-Centre tapped 

transformer that is excited in both directions. However the 

circuit suffers from flux imbalance of the transformer core 

because the dc current flow through the primary and 

therefore the core may saturate. The converter is used in 

medium-power applications, from 150 to 500 W. It belongs 

to the family of buck-derived converters. In this chapter, 

analysis and design principles for the converter are given. 

 
Figure.B.3. (a)[8] shows two circuits of the PWM push-pull 

dc–dc converter with a transformer center-tapped rectifier. 

The converter consists of two power MOSFETs used as 

controllable switches S1 and S2, a transformer, two diodes 

D1 and D2, and a filter capacitor C. The converter employs a 

center-tapped transformer on both the primary and the 

secondary sides. 

The turns ratio of the upper primary winding to the upper 

secondary winding, and of the lower primary winding to the 

lower secondary winding, is n: 1. The number of turns in 

both primaries is the same, and the number of turns in both 

secondaries is also the same .Both windings of the primary 
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are wound in the same direction, and both windings of the 

secondary are also wound in the same direction. Therefore, 

the magnetic flux generated. 

 
Figure B.3. (a)[8] 

 

One of the main advantages of the push-pull converter is 

that the gates of both transistors are referenced to ground. 

Therefore, it is easy to drive both transistors. The isolation 

transformer does not have to store energy. Its magnetizing 

inductances should be large enough to reduce the current 

through and the energy stored in these inductances. Normally, 

the magnetizing current should be less than 10% of the 

primary current. The voltage stresses of the switches are 2VI 

and the voltage stresses of the diodes in the centre-tapped 

rectifier are 2VI /n. The push-pull converter may also have a 

bridge rectifier. Typical output power levels are in the range 

150–500 W. Multiple-output power supplies can be built 

using push-pull converter topology. A bridge rectifier can be 

also used. 

The main disadvantage of the push-pull converter is the 

so-called flux imbalance. Notice that there are no coupling 

capacitors in series with both halves of the primary. 

Therefore, a direct dc path exists through the transformer 

primary. In reality, the two power transistors, the two drive 

gate voltages, and the two halves of the primary winding are 

not perfectly identical. For example, one transistor may have 

a slightly higher on-voltage than the other, the on-duty cycle 

of one transistor may be slightly less than the other, or one 

half of the primary may have a fraction of a turn less than the 

other. Therefore, the transformer core will never operate 

symmetrically about the origin of the B –H curve. When 

switch S1 is ON, the volt-second product is equal to the 

product of the voltage across the upper primary and the on-

time of S1. 

 When switch S2 is ON, the volt-second product is equal 

to the product of the voltage across the lower primary and the 

on-time of S2. Even if these volt-second products differ by 

only a small fraction of a precent, the core does not return to 

its starting point at the beginning of the next cycle. If this 

process continues for many cycles, the operating point of the 

core will drift off the centre of the hysteresis loop to 

saturation. This will cause a high current to flow through the 

transistor connected in series with the half of the transformer 

which entered saturation. The high current normally leads to 

transistor destruction. One way to avoid this situation is to 

add high-speed pulse-by-pulse current sensors to both 

transistors and connect them to the control circuit, which 

should reduce the duty cycle when either switch current 

exceeds a safe value. Current-mode control, which inherently 

has over current protection, should be used in push-pull 

converters. Because of the core imbalance problem, the 

push-pull converter is less attractive than half-bridge and 

full-bridge converters. This is especially true in applications 

with dynamic loads. 

B.4. Full bridge converter 

The full-bridge PWM converter contains two switching legs. 

Therefore, it draws two current pulses from the input voltage 

source per cycle of the transistor switching frequency and is 

capable of delivering more output power than the half-bridge 

converter .The voltage stresses of the switches are low and 

equal to the dc input voltage VI. For this reason, the full-

bridge converter is used in off-line high-power supplies. This 

topology of the converter offers the highest power levels, 

from 500W to 5 kW. The core is excited in both directions 

and is relatively small. Applications of the full-bridge 

converter include telecommunications and aerospace power 

supplies. The converter belongs to the family of buck-

derived converters. This chapter describes, analyses, and 

gives a design example of the full-bridge converter. 

 

 
 

Figure B.4. (a)[8] 

 

A PWM full-bridge dc–dc converter circuit is depicted in 

Figure B.4. (a)[8]. It is composed of a PWM inverter and a 

PWM rectifier. The inverter consists of a transformer and 

four power MOSFETs used as controllable switches S1, S2, 

S3, and S4. The transistors in each switching leg are driven 

by non-overlapping voltages that are out of phase by 180◦. 

The maximum duty cycle of the gate-to-source voltages is 

slightly less than 50 %. The waveforms of the gate to source 

voltages should be non-overlapping to avoid cross-

conduction. The switching part of the converter has a totem 

pole arrangement.  

Therefore, it is not easy to drive the upper transistors 

because their gates are not driven with respect to ground. 

Pulse transformers can be used to drive the upper transistors. 

The lower transistors can also be driven by pulse 

transformers. Pulse transformers driving transistors S1 and 

S3 may be connected to one output of a control circuit. 

Similarly, pulse transformers driving transistors S2 and S4 

may be connected to the second output of a control circuit. 

The two outputs of a control circuit provide non-overlapping 

voltages out of phase by 180◦. The isolation transformer is 

not required to store energy. Its magnetizing inductance Lm 

should be large enough to reduce the current through this 

inductance. On the other hand, if the magnetizing inductance 

is too large, it requires a large number of turns and is 
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physically large. Ideally, the dc component of the current 

through the magnetizing inductance is zero. A coupling 

capacitor may be added in series with the primary winding to 

achieve zero dc component of the current through the 

magnetizing inductance and thus remove an imbalance of the 

magnetic core. 

The full-bridge converter is well suited to high-power 

applications, usually from 0.5kW to several kilowatts. It 

offers the highest power levels among all converters. In very 

high-power applications, insulated gate bipolar transistors 

thyristors, or MOSFET-controlled thyristors are used as 

switching devices. In addition, two or more power switching 

devices maybe connected in parallel to increase current 

capability of every switch and output power levels 

 

Comparison Of Different Dc-Dc Converters For Continuous 

Conudction Mode 

TABLE 

 

MV DC = DC voltage transfer function of converter 

VSM= Peak switch voltage 

ISM =Peak switch current 

IDM= Peak diode current 

VDM= Reverse peak voltage of diode 

CP= conduction period 

n = Transformer turns ratio 

Vi  = AC component of converter input voltage 

Vo =AC component of converter output voltage 

Io = DC output current of converter 

Ii = DC input current of converter 

D = DC component of on-duty cycle of switch 

η = Efficiency of converter 

 

Table shows the comparison of different DC-DC converters 

in different aspects such as efficiency of the converter as 

well as also depends on the isolation between input and 

output .output of the solar system is continuously varying 

with the temperature and irradiance level so converter 

should work well with this constrains. Better output will be 

taken by the boost converter but it will generate more no. of 

harmonics so size of inductor must be higher enough to 

reduce the harmonics and also disadvantage with it is that it 

doesn‟t provide any isolation to the output side. So this 

problem can be solved by using push-pull and full bridge 

converter. There are many different converters are available 

but we are dealing with the four only in this paper. In table 

shows that value of the voltage transfer function should be 

maximum to supply bulk amount of power to the hybrid 

connection. And it also shows different values of VSM,ISM , 

IDM , VDM  which shows that value of all these parameters 

should be as low as possible to prevent damage to the 

switches and efficiency should be higher. 

 

II.   CONCLUSIONS 

The goal of this study is to achieve the highest 

performance of four topologies of DC-DC converters 

connected to a single PV module through hybrid connection 

with wind system for smart grid or standalone system and 

controlled by MPPT. These topologies of converters are 

commonly used in PV systems as well as for wind generation 

system. This goal can be achieved only if each converter is 

properly sized. Thereafter, the effect of changing climatic 

conditions on the choice of filter inductance and capacitance 

of each type of converter is investigated. 

So after this review we can say that boost converter has 

advantage of higher efficiency but has disadvantage of 

isolation. This can be achieved by push-pull and full bridge 

type converters but they are suffering from the less efficiency 

compare to the boost converter due to isolation transformer. 

So choice is depends on the application but our focus is only 

on the hybrid connection therefore boost converter was best 

choice but nowadays push-pull and full bridge converters are 

used by improving its disadvantage of less efficiency. 
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Converter MV 

DC 

VSM ISM VDM IDM CP 

Boost η/1-D Vo Ii Vo Ii 1-D 

Buck-

boost 

-ηD/1-

D 

Vi+ Vo Ii + Io Vi+ Vo Ii + Io D(1-D) 

Push-pull 2ηD/n 2Vi Io/n 2Vi/n Io D 

Full-

bridge 

2ηD/n 2Vi Io/n 2Vi/n Io 2D 


