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A B S T R A C T  
 

 

Z-Source converter or impedance-source converter is a kind of power converters, which has the 

responsibility to convert the direct current to alternative current. This converter with respect to its 
circuit diagram acts as a buck-boost converter except it doesn’t use from DC-DC converter bridge. Γ-

source inverters are one of the conventional converters based on impedance-sources; which have been 

under considerations of professionals at power industries due to enhanced features. These features are 
contained boost of output voltage level, low number of active and passive elements and low 

requirement to achieve the high turn's ratio of coupling transformer. This paper dealt with the survey 

and modeling of gamma power source systems. In this regard, the first dynamic model of converter can 
be extracted by writing power balance equations. In addition, with the help of dynamic equations 

converter performance, analysis functionality will be available in various working conditions. Finally, 

the strategy of proper functioning will be provided for improving the performance of the converter. 

doi: 10.5829/ije.2018.31.05b.09 

 

 
1. INTRODUCTION1 
 

The Z - source converter has the capability to connect 

and couple with all kinds of Ac-DC, DC-AC, DC-DC 

and AC-AC converters. In facts, this circuit is the 

connection of two capacitors and two inductors by a 

symmetrical and transverse form, between dc source 

and the converter. Increasing utilization of this circuit is 

because of its voltage boost capability up to a desired 

value, (considering the hardware restrictions) and timely 

boosting of the voltage. So, in the case of existing 

voltage sag, flicker and the other kinds of voltage noises 

from the source or emerging voltage drops due to the 

high current in the line, this circuit can be used. These 

types of converters were introduced in 2002; they were 

growing rapidly. In order to enhance the efficiency of 

these devices as well as increasing the voltage boost 

capability, up to now, different topologies have been 

proposed for these devices. Classical voltage source 

converters (converters based on voltage source) have 
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poorly performed in this regard. So it is with these 

devices by increasing the chopper DC-DC converters 

used to increase the cost. It was suggested that the 

source impedance converters essentially have the effect 

of boosting the input voltage. Consider that to boost 

topology converters that were suggested source 

impedance source impedance Middle-like structure 

similar to impedance converter and the only difference 

in the position of the DC supply voltage in the converter 

circuit. In general, it can be said that different topology 

for inverters source impedance is provided, linear and 

nonlinear circuit only number of components that have 

been used for boosting the output voltage varies. 

However, the increased cost of components becomes, 

therefore, necessary to overcome this deficiency 

converters source impedance. In this regard, use of 

transformer coupling with capacitors by some 

researchers proposed to boost voltage total cost of the 

converter. However, increasing the number of turns 

transformer itself will be the limit for this converter. A 

gamma source converter topology will be considered in 

this paper; in addition the source impedance converters 

are used to the components of the electronic circuit for 
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other network topologies. However, the voltage 

boosting does not need to increase the number of rounds 

[1-3]. 

 

 

2. GENERAL EVALUATION OF THE IMPEDANCE-
SOURCE INVERTERS 
 

Power converters control the power flow between the 

two systems by changing the electrical energy 

characteristic, namely from DC current to AC current 

and from one voltage level to another one. The most 

common way is to classify the power converters 

according to input and output signal waveforms. 

Another kind of classifying the power converters is 

done according to the dimensions of the output signal; 

provided from the input signal. If the output voltage of 

the converter is less than the input one, it’s called a buck 

converter and when the output voltage of the converter 

is greater than its input voltage, it’s called boost 

converter [1, 3] Impedance-source networks, which are 

the newest type of power converters, provide an 

effective tool to convert the power of source or load and 

various applications (rectifying, inverting…). Since the 

idea of impedance-source inverters, various topologies 

and strictures have been proposed for these devices. 

Overall, one can conclude that all topologies of power 

conversion for impedance-source converters achieved 

by reconfiguration of inductor-capacitor components [4, 

5]. 

 

2. 1. A Review of the Performance of Impedance 
Source Converters        Traditional inverters are 

divided into two voltage source and current source. 

Traditional voltage source inverters and impedance 

source inverters were investigated. In traditional voltage 

source inverter, a voltage source of DC is supported by 

a relatively large capacitor is feeding circuit inverter. 

Figure 1 shows an inverter with three-phase voltage 

source. Voltage source of DC can be a battery, a fuel 

cell, rectifier diodes and or capacitor. There are six 

switches  in the circuit which each one of them has a 

power transistor and an anti-parallel diode 

(freewheeling) has been made from, to provide a 

bidirectional flow path and the ability of the dam of 

one-way voltage. The voltage source converter is widely 

used in places. However, this converter has the 

following disadvantages and limitations [4, 6]. 
Output AC voltage is limited to the bus DC voltage 

and it can be bigger than that (in rectifier output DC 

voltage is bigger than AC entrance voltage). Thus, 

voltage source converter is a buck inverter for 

converting DC to AC and one boost rectifier to convert 

AC to DC.  In applications which is desirable and DC 

voltage is available a boosted DC-DC to reach a 

favorable AC voltage is needed; which this added power 

converter will increase the price of the system and 

decrease the output (Figure 2) [4, 6-8]. 

Up and down switches on each base of the converter 

must not be closed simultaneously since it causes shoot-

through and thus damaging the switches. Turning on the 

switches by fault is because of the electromagnetic 

interference noise, is an important reason in decreasing 

reliability of converters. A dead time need to be 

considered when we are working on up and down 

switches (which in this time both switches are off). A 

dead time cause a distortion of the output waveform. 

The output filter is required to create a sinusoidal 

voltage that causes additional losses and the complexity 

of control. An open circuit problem caused by turning 

on of the switches by mistakes because of EMI will 

result in reduction of reliability in the converter [9-11]. 

 

2. 2. Impedance Source Inverter           As previously 

mentioned, as in a conventional voltage source inverter, 

if the output voltage is greater than DC bus voltage 

there will be use of a DC-DC boost converter. Here we 

use DC/DC converter source of impedance as boost 

converter (Figure 3). But we have problem using it 

because the output is not constant. To solve this 

problem, we will investigate the way of working of the 

inverter [1, 12-14]. 
In one three-phase inverter there is six switches 

which considering the condition of the up and down 

switches which are  opposite  of  each  other.  There  are  

 

 

 
Figure 1. Traditional voltage source of inverter 

 

 

 
Figure 2. Traditional voltage source of inverter with DC-DC 

boost converter 
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Figure 3. Use of impedance source converter type of voltage 

as a boost converter in the voltage source inverter 
 

 

eight combinations from the condition of the switches. 

Table 1 shows these combinations. From these eight 

combinations, six of them are famous as active vectors. 

In these conditions at least one of the switches on the 

top and one of the switches on the button is on and bus 

DC voltage in been injected to the charge.  The other 

two combinations are called zero vectors. In these two 

conditions only three of the above switches are on or 

only three down switches are on. Figure 4 shows the 

condition of circuit in these two conditions. As we see 

in the figure in zero condition there is no injection of 

DC bus voltage to the charge. Thus when we use zero 

combinations the DC bus voltage is not important and it 

can be zero [14-16]. 

Figure 5 shows an order of a PWM switching for a 

three-phase inverter. As we see in each cycle of 

switching there are two zero vectors. 

 

2. 3. Different Structure of Impedance Source 
Converters        Overall classification (Figure 6), the 

structure of impedance source networks based on 

performance of conversion and structure of the switches 

is as following and shape of these switches are in the 

Figure 7 [8, 10, 14, 17]. 

 

 
TABLE 1. Switching compounds of voltage source inverter 

Type of the vector Switches Vector Name No 

Active S1,S6,S2 1V 1 

Active S1,S3,S2 2V 2 

Active S4,S3,S2 3V 3 

Active S4,S3,S5 4V 4 

Active S4,S6,S5 5V 5 

Active S1,S6,S5 6V 6 

Zero S4,S6,S2 0V 7 

Zero S1,S3,S5 7V 8 

 
Figure 4. The condition of the voltage source inverter in zero 

vectors 
 

 

 
Figure 5. PWM switching for voltage source inverter 

 

 
Figure 6. Classification of impedance source of convertors 

based on conversion performance [7, 14] 
 

 

2. 4. Classification of Different Structures of 
Impedance Source Networks From Magnetic 
Point of View          Generally, all of the converters 

with impedance source network, by improvement in 

impedance source network or by changing of position 

and the location of inductance and capacitance, were 

extracted from z-source network. 
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(C) (B) (A) 

   
(F) (E) (D) 

  
(H) (G) 

 
(I) 

Figure 7. Possible structure of switches  for DC/DC converter 

(A-G), diodes and switches for DC/DC, DC/AC/AC/DC, 

AC/AC(D-I) [13-40] 

 

 

Any of presented structure for impedance source 

network has special feature for special functionality 

because of these four reasons:  1) reduce the number of 

elements; 2) the development of voltage increase; 3) 

achieve higher power density and 4) the development of 

specific goals in different applications. Also, new 

structure for z-source network is introduced. Impedance 

source networks based on electromagnetic is divided 

into two groups: 1) no transformer and 2) with 

transformer. Which each one of them has special 

features. This classification is shown in Figure 8. 

Converters of this article for use in DVR structure are 

impedance sources converters with coupled inductors 

which will be discussed in simulation section to 

introduce them [3, 7, 14, 18]. 

 

2. 4. 1. Modeling of Converters Based on Coupling 
Transformer        Short circuit in the converter 

coupling properly controlled for the possibility of 

boosting the output voltage. In this case, the output 

voltage in modes of non-shorting, can be written as 

follows [18, 19]: 

𝑉𝐶 =
1−𝑑𝑆𝑇

1−2𝑑𝑆𝑇
𝑉𝑑𝑐;  (1) 

𝑣𝑖̂ =
1

1−2𝑑𝑆𝑇
𝑉𝑑𝑐;  (2) 

𝑣𝑎𝑐̂ = 𝑀
𝑣𝑖̂

2
=

1

1−2𝑑𝑆𝑇
(0.5𝑀𝑉𝑑𝑐)  (3) 

In these formula VDC , M and dst are respectively input 

DC voltage, modulation coefficient and short circuit 

time. Voltage gain coefficient in the relations is equal to  

1/(1-2DST). Greater than zero by setting the 

denominator to the conclusion that 0.5> DST > 0 [1, 2]. 

The relationship between M and DST can be wrote: 

M≤1.15(1-DST). M to produce high voltage should be 

adjusted slightly [2, 19]. 

 

2. 5. Operational Fundamentals of the Impedance 
Source Converters        The impedance source can be 

utilized for any power conversion system (DC to AC 

and vise versa). Z source is an example of showing the 

operational and control fundamentals of the impedance 

source network. Output terminals in shoot-through state 

will be short circuit by closing the switches and cause 

the diode D to be inverse bias [5, 20]. 
Figure 9 shows the z source converter and its 

equivalent circuit in both active and shoot-through 

states. In active mode, diode D conducts and in the 

shoot-through state the energy that has been stored in 

passive elements (inductor and capacitor) is transmitted 

to the load. The switching circuit that has been seen 

from DC side is like a current source.  

 

 

 
Figure 8. Impedance source networks [8] 

 

 
Figure 9: (a) Z source converter which its operation has been 

depicted in (b) active state, (c) shoot-through state 
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By meaning from two switching states it is possible to 

calculate the voltage peak (namely) across terminals   

and  according to input voltage [6, 7, 20]. 

𝑣̂𝐴′𝐵′ =
1

1−𝛽𝐷𝑠𝑡
𝑉𝑖𝑛 = 𝐵𝑉𝑖𝑛  (4) 

𝑣𝑎𝑐̂ =
𝑀𝐵

2
𝑉𝑖𝑛 = 𝑀[1 − 2𝐷𝑠𝑡]−1 𝑉𝑖𝑛

2
  (5)  

𝑉𝐶 =
(1−𝑑𝑆𝑇)𝑉𝑑𝑐

(1−(1+
1

ΥΓ𝑍−1
)𝑑𝑆𝑇)

  (6) 

 

 

3. MODULATION TECHNIQUES 
 
The best techniques to maximize the voltage increment 

coefficient, minimization of the harmonic distortions, 

reduce the pressure on the switches and decrease the 

number of commutation breakings in a switching period 

using a combination of regular switching algorithms in 

addition to arbitrary short circuit state are accessible [4]. 

In Figure 10 classification of the impedance source 

network by different structures and according to the 

electrical power conversion system has been done. The 

combination of different switching strategies with 

impedance source network will result in various 

converters for performing in low voltage to high voltage 

applications [15, 19]. 

 

 

4. ASYMMETRICAL Γ-SOURCE CONVERTERS 
 
Inverter with an asymmetric Γ-Source is shown in the 

Figure 11. This structure has been determined 

something different states in Figure 12.  

 

 

 
Figure 10. Various modulation techniques of impedance 

source network 

 
Figure 11. Structure of asymmetrical Γ-Source converter [40] 
 

 

 
Figure 12. Operating different modes of  Γ-Source 

asymmetrical inverter A) in mode Shoot- through B) in mode 

non-shoot- through 

 

 

This type of inverter, contains: transformer coupled, two 

capacitors, and inductor. Performance of This structure 

is similar to traditional Z-Source converters and Trans-

Z- Source converters [14, 21, 22]. 

This means that it can be assumed that there is the 

eight non-shoot- through active and neutral state and 

shoot-though mode the unit is to increase the voltage. 

So it can be controlled with same parameters of 

modulation and the same method with z-source [15]. 

Short circuit state in the Figure 11 happens by 

turning on two switches one leg. This work causes diode 

reverse bias and capacitors discharge into inductor and 

transformer. If one of the non-shorting modes, then 

diode  D conducts and two capacitors will be charged. 

At this time the energy of the inductor and transformer 

discharges towards the load. According to Figure 12B, 

we can write mode non-shoot- through equations [9, 14, 

21]. 

Vdc = vL + VC1, VC2 + vW2 + Vdc = vL + vî  (7) 

𝑣𝑊1 + 𝑉𝐶2 = 0, 𝑉𝐶1 + 𝑣𝑊2 = 𝑣𝑊1 + 𝑣𝑖̂  (8) 

𝑖𝐶2 = 𝑖𝑊1 − 𝑖𝑊2,     𝑖𝐶1 = 𝐼𝑑𝑐 + 𝑖𝐶2 − 𝑖𝑊1  (9) 
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Therfore, for the voltages placed on the transformers, 

we will have [14, 21]: 

vW1(ST) =
nΓ(1−dΓ)/(nΓ−1)

1−(2+
1

nΓ−1
)dΓ

Vdc  (10) 

vW1(NST) =
−nΓ(dΓ)(nΓ−1)

1−(2+
1

nΓ−1
)dΓ

Vdc  (11) 

vW2(ST) =
(1−dΓ)/(nΓ−1)

1−(2+
1

nΓ−1
)dΓ

Vdc  (12) 

vW2(NST) =
−(dΓ)(nΓ−1)

1−(2+
1

nΓ−1
)dΓ

Vdc  (13) 

vL(ST) =
nΓ(1−dΓ)/(nΓ−1)

1−(2+
1

nΓ−1
)dΓ

Vdc  (14) 

vL(NST) =
−nΓ(dΓ)(nΓ−1)

1−(2+
1

nΓ−1
)dΓ

Vdc  (15) 

VC1(ST) =
(1−dΓ)

1−(2+
1

nΓ−1
)dΓ

Vdc  (16) 

VC2(ST) =
nΓ(dΓ)/(nΓ−1)

1−(2+
1

nΓ−1
)dΓ

Vdc  (17) 

vC1̂(ST) =
1

1−(2+
1

nΓ−1
)dΓ

Vdc  (18) 

vC1̂(ST) =
0.5

1−(2+
1

nΓ−1
)dΓ

MΓVdc  (19) 

In these equations, ST: mode shoot- through and NST: 

mode non-shoot- through. For currents [4, 14, 21]: 

Im =
nΓ−1

nΓ
Idc  (20) 

iST̂ = iW2̂ =
2nΓ−1

nΓ−1
Idc  (21) 

iW1̂ =
nΓ

nΓ−1
Idc  (22) 

Calculate the capacitor voltage by considering the 

steady state for winding transformer [14, 21, 23]: 

𝑉𝐶 =
(1−𝑑𝑆𝑇)𝑉𝑑𝑐

(1−(1+
1

ΥΓ𝑍−1
)𝑑𝑆𝑇)

    (23)   

𝑉𝐶 =

𝑑𝑆𝑇
ΥΓ𝑍−1

𝑉𝑑𝑐

(1−(1+
1

ΥΓ𝑍−1
)𝑑𝑆𝑇)

                                              (24) 

Using the equations (18) and (19) of the voltage peak of 

dc link 𝑣𝑖̂ , during the time interval, the mode non-

shoot- through and ac voltage peak 𝑣𝑎𝑐̂  can be 

calculated using the following equations [14, 24, 25]: 

vî =
Vdc

(1−(1+
1

ΥΓZ−1
)dST)

          (25) 

vaĉ =
0.5MVdc

(1−(1+
1

ΥΓZ−1
)dST)

         (26) 

 
4. 1. Simulation of  Asymmetrical  Γ-source 
Converters        As it was mentioned, Γ- converters are 

types of impedance source converters which contain 

less passive components as well as transformers with 

the number of less turns ratio. The low cost of these 

converters and their similar control to that of other 

impedance converters, make them a suitable selection to 

apply in industrial applications like drives and so on. 

Simulation in this section is based on the convertor 

shown in Figure 13. Of course to amplify the converter's 

output voltage level, it is recommended to use multi-

level converter instead of two-level converter. It should 

be noted that to increase the voltage output gain, the 

turns ratio must be increased. This is the biggest and the 

most important difference with the structure shown in 

Figure 11 [7, 14, 21, 22]. 

The Γ-shaped network can be shorted without damages, 

whose corresponding equivalent circuit and shoot-

through expressions can be found in Figure 14 and the 

following equation, respectively [2, 4, 21]: 

In mode shoot- through: 

𝑣𝑊1 = 𝑣𝑊2 + 𝑉𝐶1    𝑣𝑊1 = 𝑛Γ𝑣𝑊2  (27) 

𝑉𝐶2 + 𝑉𝑑𝑐 = 𝑣𝐿  (28) 

𝑛Γ =
𝑊1

𝑊2
  (29) 

𝑖𝐶2 = −𝐼𝑑𝑐 = 𝑖𝑊1 − 𝑖𝑊2  (30) 

𝑖𝐶1 = −𝑖𝑊1, 𝑖𝑊1 =
𝑖𝑊2

𝑛Γ
+ 𝐼𝑚  (31) 

When returned to its non-shoot-through state, its 

equivalent circuit and governing expressions would 

change to those shown in Figure 15 and the following 

equation, respectively [21, 26, 27]: 

In mode non-shoot- through: 

 (32) 

 
(33) 

 (34) 

 (35) 

By comparing the equations VL in two structures, the 

structure 2 will have an input current of smoother; 

because the derivative of the its current is smaller. 

 

(36) 
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Figure 13. Another structure of asymmetric Γ-Source 

converter 

 

 

 
Figure 14. In mode Shoot- through (the structure of 

Figure.13) 

 
Figure 15. In mode non-shoot- through (the structure of 
Figure.13) 

 

 

 

(37) 

Magnetizing currents and windings are obtained as 

follows: 

 
(38) 

 
(39) 

 
(40) 

Modelling of the impedance source converter and its 

related switching patterns are done by 

MATLAB/Simulink. PWM modulation technique is 

considered to switching the converter. To amplify the 

voltage levels, It is recommended to use  Γ- source 

impedance multilevel converter [37-38]. Beside 

amplifying voltage, this causes amount of the output 

current and voltage harmonics to reduce. In this way, 

the formation of switching pulses for a Γ- source 

impedance three-level converter is shown in Figure 16 

by software of SIMULINK. As seen, to produce 

necessary switching pulses, first the reference sinusoidal 

waveform is formed, then by comparing it to that of a 

triangular waveform , the switching pulses are generate. 

In switching strategy, short-circuit times must be 

determined. Comparison between reference sinusoidal 

waveform and triangular waveform to generate switching 

pulses is shown in Figure 17 and generated pulses from 

comparison of reference and sinusoidal signals is shown in 

Figure 18. 

The voltage of capacitor C-2 is shown in Figure 19. 
The actual current of the load is shown in Figure 20. 
The load voltage waveform is also depicted in Figure 

21. It should be noted that, without using the output and 

input filters in the impedance source converter, and 

using the multi-level converter method, the voltage and 

output waveforms are close to the ideal sinusoidal state. 

The harvested current of DC source is shown in 

Figure 22. As time passes through the transient state of 

the system, the average amount of injected current is 

stabilized by a direct power source in a certain amount. 

 

 

 
Figure 16. Creating modulation pulses for Γ- source 

impedance multilevel converter 
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Figure 17. Comparison between reference sinusoidal 

waveform and triangular waveform to generate switching 

pulses 
 

 
Figure 18. Generated pulses from comparison of reference 

and sinusoidal signals 

 

 
Figure 19. Stored voltage in capacitor c-2 

 

 
Figure 20. Load current waveform (output current of Γ- 

impedance source converter) 

 
Figure 21. Load voltage waveform (output voltage of Γ- 

impedance source converter) 

 

 
Figure 22. The harvested current of DC source 

 

Note that injection current by the source is the same 

with inductor current.  

The capacitor current ( ic1) is shown in Figure 23. 

The capacitor current is the same as the current of the 

transformer's primary winding. It should be noted that, 
capacitor average current will be about zero. 

 

 
Figure 23. The current flowing in the primary winding of 

transformers (iw1) and or capacitor current ( ic1) 
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The secondary winding of the transformer is shown in 

Figure 24. Magnification of the load voltage waveform 

is shown in Figure 25. 

Fourier analysis of the output voltage waveform and 

the calculation of the system's THD are shown in Figure 

26. Accordingly, THD for this converter while any filter 

is not installed at the input or output , is about 22/75 

percent which is quite acceptable. Parameter values of the 

proposed impedance converter are shown in Table 2. 
 

 

5. CONCLUSION 
 
The impedance source converters are applicable to all 

forms of power transmission like dc to ac, ac to dc, ac to 

ac and dc-to-dc. The impedance source converter uses 

an impedance network between a source and the load in 

order to reach some unique features; which the other 

converters do not have them. In the impedance source 

converters, most restrictions and obstacles of 

conventional current-source and voltage-source 

converters do not exist and a new concept of power 

conversion is presented. 

 

 

 
Figure 24. The current flowing in the secondary winding of 

transformers (iw2) 

 

 

 
Figure 25. Magnification of load voltage waveform (Output 

voltage of the Γ- impedance source converter) 

 
Figure 26. Fourier analysis and calculate THD 

 

 
TABLE 2. Parameter Values of the Proposed Impedance 

Converter 

System Parameter Value 

DC Source 100V 

AC Frequency 50 HZ 

Switching Frequency 8kHZ 

Capacitors 470µF 

Inductor 6 mH 

W1 102 turns 

W2 69  turns 

Transformer Turns Ratio 1.5 

Transformer Coupling 0.9 

Transformer Leakege 

Inductance 
4µH 

Effective voltage of three-phase 

network (V) 
380V 

Voltage- Boost Mode 0.122 

Voltage-Buck Mode 0.0 

Load 20Ω 

Modulation Index 0.89 

 

 
The most important disadvantages of impedance source 

converters are low modulation ratios, especially at high 

input-output gains. This low modulation ratio causes 

high voltage pressures on the orbital components as well 
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as the spectral performance of the converters. In 

between,high-gain asymmetric converters, gamma 

power converter have been proposed to solve the 

problems associated with impedance source converters. 

Γ-source inverters are one of the conventional 

converters based on impedance-sources, which have 

been under considerations of professionals at power 

industries due to enhanced features. These features are 

contained boost of output voltage level, low number of 

active and passive elements and low requirement to 

achieve the high turn's ratio of coupling transformer. In 

this paper, the gamma-source converter has been 

simulated.  Here, some proposals are presented as future 

researches guidelines: Application of simulated 

converter to integrate the renewable energy sources like 

photovoltaic. Enhance the switching strategy, according 

to space vectors to decrease total harmonic distortion. 
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چكيده
 

 

 را متناوب جریان به مستقیم جریان تبدیل وظیفه که باشد می توان های مبدل از نوعی امپدانسی منبع مبدل یا Z منبع مبدل

 پل از اینکه بدون ندک می عمل  کاهنده-افزاینده مبدل بعنوان، دارد که مداری شکل به توجه با مبدل این.  دارند عهده بر

 نظیر هایی ویژگی علت به که است امپدانسی منبع بر مبتنی های مبدل از یکی گاما توان مبدل. کند استفاده DC-DC مبدل

 مورد کوپلینگ ورترانسفورمات بالای دور نسبت به نیاز عدم و کم پسیو و اکتیو عناصر تعداد، خروجی ولتاژ سطح تقویت

 می پرداخته گاما توان منبع های سیستم مدلسازی و بررسی این مقاله به در. است گرفته قرار توان صنایع متخصصین توجه

 معادلات داشتن دست رد با. شود می استخراج توان تعادلی معادلات نوشتم با مبدل دینامیکی مدل ابتدا راستا این در. شود

 عملکردی اتژیاستر این بر علاوه. شود می مهیا مختلف کاری شرایط در مبدل عملکرد تحلیل و تجزیه امکان دینامیکی

 .شد خواهد ارائه مبدل این عملکرد بهبود برای مناسب

doi: 10.5829/ije.2018.31.05b.09 
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