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Abstract: This article proposes a variable permanent magnet drive 

system with DC link voltage based on an improved impedance 

quasi-source inverter. The proposed inverter for the permanent 

magnet drive system has improved compared to the prior inverters 

used in such a system regarding output voltage gain and input 

current. In addition to functional analysis and dynamic equations, 

controller design and realization of an improved bilateral 

impedance quasi-source inverter for use in electric vehicles are also 

presented. The circuit analysis shows that with a two-way switch in 

the impedance pseudo-source network, the performance of the 

inverter under small inductance and low power factor can be 

improved. In the flux control method, when there is a disturbance 

in the input voltage of the circuit, the DC link tends to fluctuate, 

which is considered a defect. To overcome this problem, a 

dedicated voltage controller is used to remove the disturbance and 

stabilize the DC link voltage. A non-connection mode is designed. 

The simulation results are presented to prove the performance of 

the circuit and the effectiveness of the proposed control method. 
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1. Introduction 
The development of internal combustion engine vehicles, 

especially automobiles, is a remarkable achievement of 

modern technology. Vehicles have played a crucial role 

in meeting people's transportation needs and have 

contributed to the progress of society. Unlike other 

industries, the automobile industry has advanced rapidly, 

evolving from basic to industrial vehicles. It can be 

argued that the automotive industry and related sectors 

are the backbone of the global economy and employ a 

large portion of the workforce. Besides, electric cars offer 

numerous advantages over traditional internal 

combustion engine vehicles such as zero greenhouse gas 

emissions, high efficiency, reduced dependence on oil 

and fossil fuels, and quiet smooth operation. The article 

aims to promote the transition towards clean energy, to 

decrease fossil energy consumption, and to encourage the 

use of renewable energy. The engine and control system 

are crucial components of electric cars. Permanent 

magnet motors, with their high efficiency and power 

density, can operate over a wide range of constant torque 

and achieve superior vehicle performance, especially at 

high speeds [1]. Voltage source inverters in permanent 

magnet synchronous motors serve as an interface for 

electric machines. In this type of inverter, the DC link 

voltage is supplied by the power source, typically a 

battery or a large capacitor. When power supply is 

discharged with a high current, the DC link voltage drops 

significantly. Conversely, when the power source is 

charged with a high current, the voltage increases 

sharply, leading to a decrease in the output power of the 

motor. These voltage fluctuations impact the control of 

electric cars. To address this issue, a compromise plan is 

usually implemented in the motor design to keep the 

control method from becoming too complex. Achieving 

this compromise involves adjustments between the 

number of converter elements and the converter control 

method to maintain optimal motor performance. 

However, such changes can increase the motor's size and 

weight, which is a drawback. To address this, to ensure 

the stability of the DC link voltage, and to resolve the 

inconsistency between the power supply voltage and the 

DC link in permanent magnet synchronous motors, a 

two-way DC-DC converter is employed. This converter 

enhances motor torque and widens the motor's operating 

speed range. 
Traditional inverters, such as voltage source inverters, 

have some issues that affect permanent magnet 

synchronous motors. To address these problems, 

researchers have introduced full-bridge and half-bridge 

impedance source inverters [2, 3]. These inverters can 

both increase and decrease voltage. They utilize an X-

shaped impedance network consisting of two capacitors 

and two inductors as the interface between the inverter 

bridge and the DC voltage source. In this type of inverter, 

the DC link voltage increases when there's a short circuit 

in the inverter bases, increasing the effective AC load 

voltage. When the input voltage is high, the converter 

exits the short-circuit mode, and acts like a buck voltage 

source inverter. To address the issues with full-bridge and 

half-bridge impedance source inverters, researchers have 

developed quasi-impedance source inverters. These 

inverters directly connect the DC input voltage source 

and the inductor to produce a continuous input current 

and suppress the inrush current on the input side. 

However, the output voltage gain of quasi-impedance 

source inverters is not improved and remains equal to the 

traditional impedance source inverter [4]. One of the 

goals of this research is to enhance the output voltage 

gain. 
Control methods of impedance source inverters have 

been reviewed in [5, 6]. In addition, modeling, controller 

design [7-9], and its fields of application [10, 11] have 

been reviewed in the articles. In [12], an adaptive space 

vector modulation (SVM) method is presented for a 

conventional three-level T-NPC inverter to increase the 

inverter performance over a wide range of speeds in 

electric vehicles. In a normal impedance source inverter, 

the voltage stress on the capacitors is very high. Besides, 

the input current of the source is discontinuous, which is 

one of the disadvantages of these inverters. To overcome 

the disadvantages of impedance source inverters, a new 

impedance source inverter, called embedded impedance 

source inverter, is presented in [13]. Among the 

disadvantages of this category of inverters is the lack of a 

common field between the inverter and the input voltage 

source; the second disadvantage is the use of two 

symmetrical sources embedded in the impedance source. 

In [14], to reduce the nominal value of passive elements 

in conventional impedance source inverters and to 

maintain source current continuity, a quasi-impedance 

source inverter is presented. This structure has many 

applications in electronic power converters. One of the 

advantages of this structure is the operation of the 

converter in short-circuit mode, which happens by 

adjusting the DC link voltage. The mentioned advantage 

improves the reliability of the inverter, and this reliability 

allows the adjustment of the motor speed. Therefore, the 

design and operation of the pseudo current feed 

impedance source inverter are proposed in [15]. The DC 

link voltage of the inverter is adjustable, and the energy 

consumed when braking the motor is returned to the DC 

power supply for storage. In [16], the voltage-fed 

impedance quasi-source inverter is used in the electric 

drive of the electric vehicle. This paper has analyzed the 

benefits of the design through simulation. A two-way 

impedance energy source current converter control 

system is proposed in [17, 18]. Electrical analysis is also 

the analysis of electric vehicle motor drive braking 

systems in this article. The conventional predictive flow 

control (MPCC) model has the advantages of a simple 

control structure, fast dynamic response time and easy 

implementation. However, the MPCC applied to the 

permanent magnet synchronous motor is very sensitive to 

the motor parameters, and incorrect model parameters 

will affect the control performance. Aiming to reduce the 

sensitivity of the MPCC parameter, a motor parameter-

free MPCC method (MPF-MPCC) was proposed in [19]. 

In [20], the impedance source inverter research was done. 

Also, in this article, the analysis of the performance and 
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application of electric cars was stated. The control 

performance problem of model predictive current control 

(MPCC) was affected by the accuracy of model 

parameters, in [21] MPCC permanent magnet 

synchronous motors (PMSM), based on nonparametric 

predictive model (NPM-MPCC), were proposed to solve 

this problem. A quasi-impedance source inverter was 

used for photovoltaic power generation systems and 

motor speed control systems [22]. The use of a three-

phase impedance source inverter in battery charge and 

discharge control was proposed in [23]. According to 

[24], impedance source converters and DC-DC buck-

boost converters could adjust the DC link voltage of the 

inverter. Also, in source-impedance conversion, they 

should use less active equations, which are considered an 

advantage. This advantage makes the converter operation 

in short-circuit mode, and the reliability of the system is 

also improved [24]. 
As shown in Fig.1. the pseudo-impedance source 

converter has the advantages of continuous current and 

low voltage stress compared to the conventional 

impedance source converter. A DC link voltage regulator 

permanent magnet synchronous motor drive system 

driven by the proposed bidirectional improved inverter. 

This system is used for traction motor drive systems in 

electric vehicles to expand the operation range of torque 

and the speed of permanent magnet synchronous motor 

and to improve the motor efficiency in high-speed 

operation areas. In [25], a design method considering 

overall efficiency optimization for permanent magnet 

synchronous motor systems for use in electric/hybrid 

vehicles was proposed. A changeable flux attenuation 

angle was used in the armature current control method, 

and the optimal charge attenuation angle for any specific 

operating condition could be obtained through pre-

selection, which improves system efficiency. Then, the 

optimal LUT (Look Up Table) for the armature current 

control commands is obtained. By using this optimized. 

inV
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Fig. 1: Impedance quasi-source inverters fed with 

bidirectional voltage 

 

LUT in the drive system, system efficiency can be 

significantly improved for the entire operating range. A 

new control method to transfer the power of a permanent 

magnet synchronous electric motor with a low safe 

current limit that discharges the DC link and dissipates 

the system energy without increasing the DC link voltage 

is proposed in [26]. A detailed model of the phasor 

diagram of the permanent magnet synchronous motor as 

a generator is developed based on the analysis of the 

different stages of the discharge process. Based on this 

model, the maximum power discharge method is given 

the d-axis current, and the q-axis current is received by 

tracking the location of the current in the paths of voltage 

limit, current limit, and power limit which have not yet 

been used in the discharge process. Since this method 

considers the friction and maximum safe current of the 

system, the propulsion system discharges the remaining 

energy at maximum power and reduces the DC link 

voltage and rotor speed as quickly as possible. According 

to the load characteristics and special requirements of 

wind and mooring winches, the design problems, the key 

points of the permanent magnet motor, and the drive 

system with low speed and high efficiency are presented 

in [27]. In this reference, a method for adapting 

parameters to design a permanent magnet motor with low 

speed and high efficiency is proposed based on the 

coupling finite element method. In [28], the permanent 

magnet synchronous motor is digitally controlled using 

the classic direct torque control scheme. The use of a 

permanent magnet synchronous motor drive with direct 

torque control provides several advantages such as fast 

and strong torque response, high-performance control 

speed, and increased efficiency. A systematic method of 

fault detection and isolation based on structural analysis 

is presented in [29]. For control purposes in an electric 

drive system and in an electric car usually different types 

of sensors are used, including current sensors, voltage 

sensors, speed sensors, position sensors, and so on in 

order to be sampled at any moment. The vector felt the 

changes. In [18], a control method for reducing the 

energy buffer capacity for a single-phase inverter with an 

impedance source and pseudo-impedance source is 

proposed. Also, in [18, 30], the proposed control method 

is significantly improved without using additional 

hardware components. It has reduced the need for 

capacitors. In [31], an experimental implementation of 

V/f scalar control for a three-phase squirrel cage 

induction motor is presented. The main purpose of this is 

to control the speed of rotation set by a reference and 

maintain it despite the presence of disturbances. To 

implement the proposed design, two methods have been 

used, which are: the open loop design, which is usually 

used in the industry, and the closed loop design which is 

less used but offers higher performance features. Three-

speed control methods for induction motors are shown in 

[32], one of which is scalar control. In scalar control, the 

goal is to control the speed by changing the voltage, 

altering the frequency, and keeping their ratio constant. 

The second method is the indirect field-oriented control 

and the last is the direct torque control method. In all 

these speed control methods, the space vector pulse width 

modulation method is used for the three-level inverter. 

Three-level inverters are preferred to reduce voltage 

stress on switches in medium-voltage drive applications. 

According to the mentioned points, the control and 

proper design of the impedance source converter can 

have a better effect on the performance of PMSM motors 

for electric vehicle applications. It can be stated that 

when operating at base speed, the permanent magnet 
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synchronous motor is usually controlled by flux 

weakening methods, which reduces system efficiency. In 

this paper, a variable PMSM drive system with DC link 

voltage based on an improved impedance pseudo-source 

is proposed, and it has improved the system performance. 

The structure of the article is as follows: in the second 

part, the analysis of the permanent magnet synchronous 

motor is discussed. In the third part, the system control 

design, the introduction of the proposed improved 

inverter structure, the analysis, and the review followed 

by the design of the circuit elements are discussed. The 

fourth section deals with the sensitivity analysis of the 

proposed improved inverter for different duty cycles. The 

performance comparison of the proposed structure with 

other high-gain inverters is described in the fifth section. 

The sixth section presents the simulation results. Finally, 

the seventh section concludes this article. 

 

2. Modeling of permanent magnet 

synchronous motor  
In steady state, the equations of d-q axis permanent 

magnet synchronous motor are as follows: 

(1) d d q q

q q d d f

U Ri L i

U Ri L i



 

 


  

 

In relation (1), Ud, Uq is the d-q axis voltage, Ld, Lq is 

the d-q axis inductance, R is the stator resistance, ω is the 

electrical angular velocity of the motor, and Ψf is the 

permanent magnetic flux link. Considering the limit of 

inverter voltage and motor winding current, the limit 

equation of voltage and current can be written as follows: 

(2) 
2 2 2

lim

2 2 2

lim

d q

d q

U U U

i i i

  


 

 

(3) 2 2 2

lim( ) ( ) ( / )d d f q qL i L i U     
In equation (3), it is evident that using the impedance 

quasi-source inverter can increase Ulim. By expanding the 

radius of the circle, both the voltage limit and the motor 

rotation speed are heightened, leading to an increase in 

the motor's torque and speed range. In comparison to the 

traditional voltage source inverter, it becomes feasible to 

broaden the speed by weakening the direct axis current 

flux to enhance the system's efficiency. This is because 

when the permanent magnet synchronous motor is not 

operating at high speeds, the loss of the permanent 

magnet rotor can be disregarded. Additionally, 

mechanical losses and uncontrollable vortex losses have 

minimal impacts on the ultimate winding losses of the 

stator and can, thus, be overlooked. Hence, only the 

copper and iron losses in the stator winding are factored 

into the equations. The copper loss due to the motor 

current in the stator winding resistance can be calculated 

using the following equation: 

(4) 2 23
(i +i ) 

2
CU S d qP R  

Based on the iron loss method, the iron loss can be 

categorized into two types: hysteresis reduction and the 

eddy current loss. When using a general silicon steel 

sheet, the hysteresis loss is much higher than eddy 

current loss at speeds lower than the base speed. At these 

speeds, the eddy current losses can be disregarded. 

Therefore, assuming that the total iron loss is almost 

equal to the hysteresis loss, the permanent magnet 

synchronous motor's iron loss is obtained as follows: 

(5) Bfe h stP K P m   
In equation (5), kh represents the hysteresis reduction 

coefficient, B stands for the magnetic flux density, mst 

denotes the quality of the stator core, and β is a constant 

parameter typically falling within the range of 0.2 to 1.8. 

From the motor's perspective, when utilizing the 

impedance source inverter, there is no requirement for 

additional demagnetization current, and copper losses are 

reduced. Although the basic magnetic flux density 

decreases due to the implementation of flux reduction, the 

iron loss remains constant. However, the harmonic iron 

loss resulting from the armature reaction significantly 

increases after the adoption of flux reduction, leading to a 

slight change in the overall iron loss. Compared to flux 

reduction, the adoption of boost criteria is more 

advantageous in enhancing motor efficiency. The 

efficiency of a permanent magnet synchronous motor 

driven by a boost converter and PWM inverter surpasses 

the efficiency achieved with flux reduction. Given the 

above, it is anticipated that the use of an impedance source 

inverter to boost the DC link voltage and to control all 

winding current into torque current for improved 

efficiency is superior to the traditional flux reduction 

approach. Therefore, this article employs an improved 

impedance source to boost the DC link voltage. 

 

3. Control System Design 
3.1. Introduction of the Proposed Inverter 
The proposed inverter configuration is illustrated in Fig. 

2. The structure includes two diodes (D1, D2), two 

capacitors (C1, C2), seven switches  (S, TC
-
, TC

+
, TB

-
, TB

+
, 

TA
-
, TA

+
), three capacitors (L1, L2, L3), and a voltage 

source Vin. To achieve the ideal gain of the converter, all 

elements are considered to be lossless. The diode cut-off 

voltage and the switch and diode losses are disregarded. 

The capacities are large enough to maintain constant 

voltage in one cycle, allowing the converter to operate in 

the D cycle.  

 

3.2. Steady-state Analysis and Voltage Gain 
In the first operating mode (0-DT), the inverter bridge is 

on, and the switches are conducting. In this mode, diodes 

D1 and D2 are on, and the capacitor C2 is in the circuit. The 

inverter bridge is driven for an interval of DT when the 

proposed circuit is in short-circuit mode. D represents the 

duty cycle, and T is the period of the switching signal. The 

voltage between two ends of the inductors during the first 

operating state can be obtained by applying Kirchhoff's 

voltage law (KVL). In this case, the current of the inductor 

is increasing, and energy is stored by inductors. Capacitor 

C1 is charged through D1, L2, L3, D2, and capacitor C2 

through D1, L2. The governing equations for the first mode 

of operation are in the form of equation (6): 
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(6) 
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In the second mode of operation, the S switch is 

conducting while the diodes D1 and D2 are reverse-

biased. During this functional state, the energy stored in 

the second and third inductors is discharged into the load 

and the first capacitor. This action causes the load to start 

and charge the capacitor. The capacitor C1 is charged by 

the input source and the first inductor. The relationships 

related to this functional state can be expressed in the 

form of equation (7): 

(7) 

1 1
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Fig. 2: Configuration of the proposed inverter 

 

By applying the principle of volt-second balance on 

L1 inductors and using KVL, the voltage of the two ends 

of the first capacitor is obtained as follows: 

(8) 
1 2

2

  
1

  
2

  
(1 )

in
C C

in
S

V
V V

D

V
V

D


  


 
 

 

By applying the volt-second balance principle in 

inductor L2 and substituting the value of VC1 from 

equation (8), the converter gain value is obtained as: 

(9) 2

2
  

(1 )

in
O

V
V

D



 

3.3. Active Switch Control (S) 
To prevent abnormal operation conditions and to ensure 

that the proposed inverter can handle a wide range of 

load changes, an anti-parallel switch S is used on the 

input side of the converter. During one cycle of the 

switching method, the S switch complements the short-

circuit pattern of the three-phase bridge. When the three-

phase bridge is in the short-circuit state, the S switch 

conducts, and the diode connected to S is off. This 

operation of the switch increases the circuit voltage 

because when the three-phase bridge is in the short-

circuit state, the switch S is closed, and the reverse 

current passes through the switch, causing energy to 

return to the DC source (braking mode). To avoid circuit 

damage and ensure the safety of the proposed converter, 

a suitable dead time should be included between the 

control signals in the short-circuit mode and the 

conduction of the S switch. Otherwise, the capacitor and 

diode in the converter may be short-circuited through the 

S switch, causing damage to the circuit. 

The proposed method for generating switching pulses 

which uses a converter is illustrated in Fig. 3. To create 

the switch pulse, three triangular waveforms with a phase 

difference and two carrier signals are employed to 

achieve the short circuit mode. As depicted in Fig. 3. both 

VP and VN signals serve as short-circuit references for the 

proposed structure. When the carrier signal surpasses VP, 

it results in a high reference and high coverage, whereas 

it leads to a low reference and low coverage if it 

surpasses VN. When the three-phase reference signals 

(Va, Vb, Vc) meet one of the short-circuit conditions, the 

gate signals for the active mode and zero mode are 

identical to those of the traditional SPWM method. The 

only difference is that there is only one short-circuited 

state for the zero state. The short-circuit control is a 

straight line that is equal to or higher than the upper 

envelope of the modulation waves or equal to or less than 

the lower envelope of the modulation waves. 

Consequently, the maximum short-circuit ratio can be 

calculated as (1-M). It is apparent that as the modulation 

index increases, the parameter M decreases, resulting in 

the short-circuit ratio approaching zero. Conversely, as 

the parameter M equals one, the inverter functions as a 

traditional voltage source inverter. 

 

3.4. Switching method Design  
In this article, Fig. 3, demonstrates the use of the PWM 

switching method to control the S1-S6 switches to 

enhance the performance of the converter. The aim is to 

simplify the control structure, to increase the efficiency 

of the voltage generated by the DC link, and to reduce the 

induced current. The upper bridge and lower bridge 

switches are distinguished by the "+" and "-" subscripts. 

The symbols TA
+
, TB

+
, TC

+
, TA

-
, TB

-
, and TC

-
 are used to 

indicate the switching time and the moment of turning off 

and turning on the switches in the proposed inverter 

bridge structure. Additionally, incorporating dead time in 

the control of the switches is necessary to improve the 

reliability of the converter. 
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3.5. Developing a General Control Method 
In the control method described for the proposed 

structure, Fig. 4, shows that the inductor current L1 is 

utilized as the inner loop and the capacitor voltage C1 is 
utilized as the outer loop. Controlling the capacitor 

voltage is essential to regulate the DC link voltage, which 

in turn increases the current. To prevent this, the inductor 

current, serving as the inner loop, is utilized to counteract 

the current increase, thus improving the system's dynamic 

response. 

 
Fig. 3: Switching method and how to guide the keys to 

generate pulses 

 

When the DC link voltage is set using real-time 

methods, the DC link voltage command is defined as 

follows: 

(10) * 2 23*( ) ( )  dc d d f q qV L i L i     
 

3.6. Design of the Proposed Inverter Elements 
According to the analysis of the stability state of the 

proposed inverter in the previous section, by integrating 

equations (6) and (8), we can obtain the current ripple 

(iL1, iL2, iL3) and voltage waves (C1 and C2). 
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Fig. 4: Control of the proposed structure of the permanent 

magnet synchronous motor system 

 

Based on equation (10), a safety margin should be 

considered in the control implementation of the proposed 

structure. Detailed calculations and controller design are 

described in reference [1]. 

 

4. Sensitivity Analysis (Simulation Results 

and Mathematical Analysis for Different 

Operational Cycles) 
In this section, the results of simulation and mathematical 

analysis for different cycles are provided. The parameters 

of the simulation results are listed in Table 2. 

 

4.1. Proposed Converter Modeling for 0.3 

Duty Cycle 
Fig. 5 displays the output voltage waveform of phase A 

with a peak value of approximately 892 volts. According 

to equation (9), the output voltage value is 897 volts at a 

0.3 duty cycle, which aligns with the simulation results. 

In Fig. 6, the peak voltage for the first capacitor is 310 

volts. As per equation (8), the first capacitor's voltage at 

0.3 cycles is 314 volts, further supported by the 

simulation results. Figure (7) depicts the voltage 

waveform of the second capacitor with a peak voltage of 

about 310 volts, which matches the calculated 314 volts 

at the 0.3 duty cycle according to equation (8) and the 

confirming simulation results. 

 

 
Fig. 5: First phase output voltage waveform 
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Fig. (6): Voltage waveform of the first capacitor 

 

 
Fig. 7: Voltage waveform of the second capacitor 

 

5. Comparison of the Proposed Converter 

with the Introduced Converters 
In Fig. 8, the gain of the proposed structure is compared 

with the voltage gain of the impedance source inverter 

and the prior pseudo-impedance source inverter. The 

figure shows that the efficiency of the proposed structure 

is higher than prior inverters such as impedance source 

inverters, impedance quasi-source inverters, voltage 

source inverters, and current source inverters. Another 

advantage of the proposed structure is its wide sensitivity 

range, which exceeds similar structures prior and makes 

it suitable for various applications. This converter also 

offers advantages such as reduced input current ripple 

and lower voltage stress on the elements compared to 

prior designs. In Fig. 9, the comparison of the voltage 

stress on the proposed inverter capacitor is shown about 

prior similar structures. However, a disadvantage of the 

proposed structure is the high number of inactive 

elements. This is due to the better gain factor of the 

proposed structure, which results in higher voltage at 

both ends of the switches. Additional notes and 

comparisons are detailed in Table 1. 

 
Fig. 8: Comparison of the proposed inverter gain with prior 

inverters in terms of duty cycle 
 

 
Fig. 9: Comparing the voltage stress of the first capacitor 

Table 1: Comparison of the proposed structure in terms of 

voltage stress of the switch, capacitor, and gain with the 

prior structures 

 qZSI qSBI [35] Suggested 
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6.  Simulation Results 
In this section, simulation results are presented to validate 

the bidirectional power flow and evaluate the 

effectiveness of the proposed control approach for the 

specified inverter. The simulation was conducted in the 

Simulink MATLAB environment. 

The elements' sizes used in the proposed converter are 

listed in Table 2. The DC input power supply of the 220V 

inverter is chosen to provide the required voltage for the 

traction drive, and the drive can generate the energy 

needed to operate an induction motor. The PWM carrier 

frequency is set at 10 kHz. Because the short circuit 

mode is divided equally into two parts in one switching 

period, the switching frequency for the S switch is 20 

kHz. Simulations were carried out to demonstrate the 

superiority of the inverter structure in terms of gain and 

element stress compared to prior structures to match the 

analysis results with the simulation results and to prove 

the necessity and effectiveness of the control loop; 

thereby, they confirm the effectiveness of this control 

method to validate the proposed structure. Fig. 10 depicts 

the input current of the proposed converter, which is 

continuous due to the presence of the inductor, resulting 

in fewer ripples. Fig. 11 shows the waveform of the DC 

link voltage with a duty cycle of 0.28 at the input voltage 

of 220 volts. According to the mathematical analytical 

relation (9), the DC link voltage should be 848 volts, 

confirming the simulation results of the mathematical 

analysis. The slight difference is due to the ideal 

consideration of all elements in the analysis: 

(11) 
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Table 2: The size of the elements used and the parameters of 

the motor in the structure 
500 µH Inductor (L1 , L2, L3) 

840 µF Capacitors (C1, C2) 

50HZ Frequency 

IGBT Switch 

3 Number Phase PMSM 

Round Rotor Type 

Torque Tm Mechanical Input 

02:1.7Nm 300Vdc 3750 RPM_1.7 Nm Preset Model 

4.765 ohm Stator Phase Resistance Rs 

0.014 H Armature Inductance 

0.1848 Flux Linkage 
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Fig. 10: Input current waveform 

 

 
Fig. 11: DC link voltage waveform 

 

Fig. 12 shows the waveform of the first capacitor for 

the proposed converter. According to equation (12), 

according to the mathematical analysis, the voltage value 

of the first capacitor is equal to 306 volts, which proves 

the simulation results of the mathematical analysis. 
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In Fig. 12, the capacitor voltage ripple shows less 

fluctuation in the stable state. Fig. 13 displays the 

waveform of the second capacitor for the proposed 

converter. Based on equation (13) and mathematical 

analysis, the voltage value of the second capacitor is 

determined to be 306 volts, which aligns with the 

simulation results. 
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Fig. 12: Voltage waveform of the first capacitor 

 

 
Fig. 13: Voltage waveform of the second capacitor 

In Fig. 14, the waveform of the first inductor for the 

proposed converter is shown. Based on the mathematical 

analysis in equation (14), it is determined that the voltage 

across the first inductor is 220 volts, confirming the 

simulation results. 

(14) 1

1 220
220

L in

L

in

V V
V V

V V


 


 

The voltage waveform of the inverter bridge switches, 

illustrated in Fig. 15, appears as a square pulse. The 

maximum voltage applied to the switches is uniform, 

ensuring equal lifespan and power distribution. As per 

equation (15) and mathematical analysis, the voltage 

across the switches measures 848 volts, corroborating the 

simulation results. 
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Fig. 14: Voltage waveform of the first inductor 

 

 
Fig. 15: Voltage waveform of inverter bridge switches 

 

 
Fig. 16: The pulsing waveforms of the first and fourth 

switches 
 

 
Fig. 17: The pulsing waveforms of the second and fifth 

switches 
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Fig. 18: The pulsing waveforms of the third and sixth 

switches 

 

Fig. 16, 17, and 18 illustrate how to pulse the 

Switches of one leg of the inverter bridge. In the event of 

a short circuit, the switches of one leg cannot be turned 

on or off simultaneously. Therefore, in an inverter bridge, 

the upper and lower switches operate in opposite phases.  

Fig. 19 displays the motor stator current waveform, 

showing that the three-phase current has a sinusoidal 

waveform with a low total harmonic distortion (THD) 

value. This results in a sinusoidal output waveform, 

minimizing losses on the stator. 

 

 
Fig. 19: Stator current waveform 

  

Fig. 20 illustrates the voltage waveform of the DC 

link control switch, which takes the form of a square 

pulse. The maximum voltage applied to this switch is the 

same as that of the inverter bridge switches.  

 

 
Fig. 20: S key voltage waveform 

 

Fig. 21 showcases the waveform of the rotor speed 

and electromagnetic torque when receiving energy. 

Additionally, this figure demonstrates the system's 

robustness in terms of dynamics and confirms the 

stability of the proposed converter for permanent 

synchronous motors, which also includes tracking 

capability. 

 

 
Fig. 21: waveform of rotor speed and torque 

 

7. Conclusion 
This article presents the design of a DC link voltage-

regulated permanent magnet synchronous motor drive 

system. The system is based on an improved impedance 

pseudo-source and is fed with a voltage source. The 

control method used for this system is an internal and 

external double loop. In the proposed inverter control, the 

inductor current forms the inner loop, while the capacitor 

voltage on the inverter side is the source of the improved 

impedance, forming the outer loop. The simulation 

results demonstrate that the proposed system exhibits 

good dynamic stability. Additionally, the converter 

shows an acceptable voltage gain value and a continuous 

input current with minimum ripple. The use of the 

improved impedance quasi-source inverter to increase the 

link voltage has been shown to expand the speed range 

and torque of the motor. The control method and the 

nature of the proposed inverter have significantly 

improved the operation range of the motor and the system 

efficiency in comparison to prior methods, including the 

traditional method of flux weakening. 
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