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Abstract: New Architecture Y-source impedance network is designed for high voltage gain converter implementation. A 

continuous input current characteristic is provided by an enhanced Y-source impedance network proposed in this study. The 

suggested impedance network may be used with renewable energy sources, such as fuel cells and solar systems, because of its 

high voltage gain and constant input current. It has been proposed in this study that the constructed network's analysis and 

operation be explained. As a last check on the network's performance, computer models of a boost dc-dc converter with PMSM 

fixed and variable speed as well as a Quasi Converter with PMSM fixed speed are given. 

 

Index Terms - DC-DC converter, Y-source, Permanent magnet synchronous motor (PMSM). 

I. INTRODUCTION 

Due to a lack of fossil fuels, renewable energy sources like wind and solar have recently come into focus. FC and PV 

systems are preferred because of their quiet and emission-free qualities. The output voltage of these devices is highly reliant on the 

surrounding environment and has a broad range of variation. As a result, a power electronics converter is unavoidable when dealing 

with dc-link voltage needs. An improved Y-source dc-dc boost converter topology to address the issues of input current 

discontinuity and excessive inrush current in traditional Y-source converter is presented in [1]. When the output voltages of both 

the FC and the PV are so low that a converter with a large voltage gain is needed, it is described above [2]. As of this writing, 

researchers have studied many DC-to-DC converters with varied architectures. When working with low voltage sources, a high 

voltage gain converter is needed to fulfil dc link voltage requirements. Conventional dc-dc boost converters cannot achieve 

significant voltage gains owing to efficiency and reliability issues. The higher the turn ratio, the higher the voltage gain may be 

achieved in transformer-based converters. Strong leakage inductances and high voltage spikes on semiconductor devices can result 

from high turn ratios. Due to the high number of components used in these converters, they tend to be larger and more expensive. 

For power conditioning systems, multilevel converters may not be desirable because of their sophisticated control algorithms and 

huge component count [4 17]. 

For the first time, linked inductors have become a common feature of power converters. High voltage gain may be 

achieved with reduced component counts in dc-dc converters by using linked inductors [5-8]. Magnetically connected impedance 

networks are another use for coupled inductors. [10] In 2003, the Z-source inverter sparked a new generation of these networks 

known as impedance sources. Recent years have seen an increase in the number of impedance sources that may be used in either 

dc/ac converters or DC to DC conversion devices. The voltage gain of Zsource and quasi-Zsource networks is too low to be used 

with renewable energy power conditioning systems from the outset. As a result, efforts have been made to improve Z-source 

converter characteristics [11-14]. High voltage gain may be achieved with fewer components in magnetically linked impedance 

networks, which have just come on the market. 

 

 Discontinuous input current is inherent in the described impedance networks because of the existence of an input diode. 

When working with renewable energy sources like FC and PV, a constant input current attribute is critical. Continuous current 

drawing in a fuel cell system results in a decrease in the FC's efficiency [18]. Photovoltaic systems, on the other hand, are better 

served by converters with constant input current [19]. So converters with continuous input current are usually desirable since they 

reduce the DC input source's detrimental effects.  High voltage gains may be achieved with minimal duty cycles using the Y-source 

impedance network. The Y-source, in contrast to the other magnetically linked networks discussed, makes use of three coupled 

inductors, allowing for greater design flexibility. This research proposes an enhanced Y-source network for dc-dc converters with a 

constant input current. In addition to the original Y-source network's advantages, the suggested impedance network also includes a 

continuous input current. Additional magnetically connected impedance sources can benefit from the new approach for producing 

continuous input current on the Y-source. 
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 A two phase AC converter is designed for PMSM motor drive in [15], it has some drawbacks.  To lessen the 

natural torque ripple that emerges when using direct torque control (DTC) to regulate permanent magnet synchronous 

motors, matrix converters (MC) are utilized [16]. As the RN calculation for PMSM motor takes less than one second, it 

was considered in [21] to reduce the sensitivity to load torque fluctuations. PMSM motor has 

higher efficiency than Brushless DC Motors, No torque ripple when motor is commutated and higher torque and better 

performance. 

II. Conventional Y source Circuit: 

Fig. 1 shows an architecture for a Y-source dc-dc converter based on the Y-source converter concept. There are two 

modes of operation for the Y-source converter, one for shooting through and the other for not shooting through, similar to the Z-

source converter. The Y-source converter's capacitor voltage stress is well-documented because to [12]: 

          Vc1=
1−𝐷

1−
𝑀1+𝑀3
𝑀3−𝑀2

𝐷
𝑉𝑑𝑐                                                                                                                          (1)  

  
                            

The duty cycle of the controlled power switch is D, and the winding turns of the connected inductors are M1, M2 and M3. The Y-

source converter's output voltage is then: 

𝑉𝑜𝑢𝑡 =
1

1 − 𝐾1𝐷
𝑉𝑑𝑐  

                                                                                                                                                 (2) 

 
Figure 1.(a) Y-source dc-dc converter, (b) the equivalent circuit in shoot-through state (c) the equivalent circuit in non-shoot-

through state. 

 

Where           𝐾1 =
𝑀3+𝑀1

𝑀3−𝑀2
                                                                                                           (3) 

So when diodes D1 and D2 are reverse biased, the reverse bias voltages of the two diodes are: 

𝑉′𝐷1 = (1 − 𝐾1)𝑉0                                                                                                                                                           (4) 
Although the Y-source converter offers a number of notable advantages, it also has a number of drawbacks. An 

enhanced quasi-Y-source converter (IQY) combining a Y-source and a boost impedance network is proposed in this research for 

sustainable energy generation. Furthermore, the upgraded Y-source boost converter is not only more efficient than the classic 

boost converter because of its greater voltage gain and continuous input current, but it also offers a wide range of shoot-through 

duty ratio and a wide range of inductors' turns ratio to choose from. 

For modern energy generating systems, it's a better fit. 

III. OPERATING STATES AND SUGGESTED METHOD  

A quasi-Y-source dc-dc converter is depicted in Figure 2, which is paired with a boost converter to form the suggested 

dc-dc. When using a solar power generating system, the converter's input voltage is Vin. Z-source converters have two 

operational states: (1) S1 is on and S2 is off, or (2) the other way around: S1 is on and S2 is off. The duty cycle of S1 is D = T0 / 

T if the switching cycle is T and T0 is the turn-on time of S1 and T1 is its turn-off time. Also, in two different working states, the 

corresponding circuits are depicted in Figures 3(a) and 3(b). 
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Figure: 2Pproposed dc-dc converter. 

 

 
Figure. 3 Improved quasi-Y-source converter equivalent circuits of: (a) S1 is on, S2 is off and (b) S2 is on, S1 is off. 

 

The diode D0 is on and the diode D1 is in a reverse bias state during the time when S1 is switched on. The voltage equations in 

this condition can be determined by using Kirchhoff's voltage law (KVL) in this mode. 

      Vin + VL1 = 0 

     -VC0 + VL2 – VC1 = 0 

    VC2 + VM2 – VM3 =0 

    M1:M2:M3 = VM1:VM2:VM3   

    VM2 = 
𝑀2

𝑀3−𝑀2
𝑉𝐶2                                                                                                        (5) 

                                                                                                                                                 

The diode D1 is turned on during the turn-off of S1, whereas the diode D0 is biased in the other direction. According to the 

equivalent circuit diagram shown in Fig. 3(b): 

-Vin + VL1 + VC0 = 0 

-VC0 + VL2 – VC1 – V0 = 0 

-VCO + VL2 + VM1 + VM2 + VC2 = 0 

 VC1 + VM1 + VM3 = 0  

                                                    VC1 + 
𝑀1

𝑀
𝑉𝑀2 +

𝑀3

𝑀2
𝑉𝑀2 = 0                                     (6) 

                                                                                                                           

VM2 = -
𝑀2

𝑀1+𝑀3
𝑉𝐶1                                                                                                                 (7) 

                                                                                                                                         

By applying voltage-second balance principle to the inductors L1 and L2 and windings of transformer, the average voltage over 

the inductor is equal to zero, hence: 
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𝐷𝑉𝐿2 + (1 − 𝐷) 𝑉𝐿2 =0 

𝐷𝑉𝐿2 + (1 − 𝐷) 𝑉′𝐿2 =0 

                                           𝐷𝑉𝐿0 + (1 − 𝐷) 𝑉′𝐿0 =0                                (8) 
By inserting above equations, we will have: 

𝑉𝐶1

𝑉𝐶2
 = (

𝑀1+𝑀3

𝑀2−𝑀3
) ( −𝐷

1−𝐷
)                                                                       (9) 

 

IV. MATLAB/SIMULINK RESULTS 

 
Figure  4 Simulink Diagram of Open loop Boost Converter 

 
Figure  5 Simulation waveform of Open loop Boost Converter Input Voltage 

 

 
Figure 6 Simulation waveform of Open loop Boost Converter Output Voltage 

 
Figure  7 Simulink Diagram of Boost Converter Based PMSM Motor With fixed speed 

 
Figure  8 Simulation waveform of stator Current Boost Converter Based PMSM Motor With fixed speed 
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Figure  9 Simulation waveform of speed Boost Converter Based PMSM Motor With fixed speed 

 
Figure  10 Simulation waveform of Torque Boost Converter Based PMSM Motor With fixed speed 

 

 
Figure 11 Simulink Diagram of Boost Converter Based PMSM Motor with Variable speed 

 
Figure12  Simulation waveform of stator Current Boost Converter Based PMSM Motor With Variable speed 

 
Figure 13 Simulation waveform of speed Boost Converter Based PMSM Motor With Variable speed 

 
Figure 14 Simulation waveform of Torque Boost Converter Based PMSM Motor With Variable speed 

 
Figure 15Simulink Diagram of Quasi Boost Converter 
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Figure 16 Simulation waveform of Quasi Boost Converter Output Voltage 

 
Figure 17 Simulink Diagram of Quasi Boost Converter Based PMSM Motor With fixed speed 

 
Figure 18 Simulation waveform of stator Current Quasi Boost Converter Based PMSM Motor With fixed speed 

 
Figure 19 Simulation waveform of Speed Quasi Boost Converter Based PMSM Motor With fixed speed 

 
Figure 20 Simulation waveform of Torque Quasi Boost Converter Based PMSM Motor With fixed speed 

 

To more clearly demonstrate the boosting performance of the suggested converter, which is shown in the preceding Figures, 

the overall gain can be changed by altering D (the shoot-through duty cycle) and K (turn ratios). It will be demonstrated that by 

raising the turn ratio K, substantial transfer gains may be obtained with a low shoot through (ST) duty cycle. The enhanced 

quasi-Y-source converter has a greater voltage gain than the traditional Y-source converter. Figure 5 to figure 14. Shows the 

outputs of open loop converter for PMSM and performance of PMSM. Figure 17 shows the simulation diagram of Y source 

converter and figure 18 shows the stator current for PMSM. From open loop boost converter shows some disturbances initially 

as shown in figure 12, it was improved by proposed converter as shown in figure 18.  

V. CONCLUSION 

There are several advantages to the quasi-Y source design, such as an exceptionally high boost gain and the ability to build 

winding magnetic, that are not present in the current quasi-Y-source design. This work introduces an upgraded version of the quasi-

Y-source design that retains these advantages. Higher voltage gain, constant input current, and low start-up inrush current are all 

features of the converter is used to operate PMSM , it eliminates ripple in torque wave form. In this paper compared the open loop 

boost converter and Y source Quasi DC-DC converter for distributed generators to fed supply for PMSM for getting good 

performance in Industrial applications.    
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