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Abstract: The purpose of this study is to increase 

the voltage gain (𝑈𝑔) for a quasi-Z-source indirect 

matrix converter (IMC) feeding a three-phase 

Permanent Magnet Synchronous machine (PMSM) 

drive system. Due to the low 𝑈𝑔 of the IMC, a quasi-

Z-source development was connected with the 

traditional IMC to boost the motor's supply voltage. 

Space Vector modulation (SVPWM) was used to 

generate the required switching signals (PWM) for 

the proposed converter. The system 𝑈𝑔 increased as 

a result of the shoot-through duty (𝐷) of the rectifier 

side, which increases the output voltage amplitude 

for the quasi-Z-source system. The proposed 

converter can regulate the output voltage of quasi-

Z-source IMC automatically under voltage sag, step 

changes in applied load torque on the motor, and 

changes in the desired speed when the required 𝑈𝑔 

of quasi-Z-source IMC is greater than 0.866. This 

value is achieved by choosing the optimized value of 

𝐷 and the modulation index of the rectifier side 

(𝑚𝑜). Variable speed from zero to the rated value can 

be controlled by using closed-loop field-oriented 

control. The proposed converter was simulated in 

the MATLAB/Simulink environment to verify the 

system's efficiency. 
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نمذجة وتحليل محول مصفوفة غير مباشر ذو مصدر شبهٌ الممانعة يغذي محرك متزامنً  
 دائم المغناطيس 

 4عبدالرحمن فرغلي ،3عزالدين احمد   ، 2وليد م. زبار  ،1احمد كامل حنان  ،  1حسن علي حسن
 . العراق –  بغداد /جامعة بغداد / شؤون المجلس 1
 . العراق – الأنبار /جامعة الأنبار /قسم الخدمة والصيانة 2
 . العراق –  جامعة بغداد /كلية الهندسة /قسم الهندسة الكهربائية 3
 مصر.  /جامعة الإسكندرية /كلية الهندسة /قسم الهندسة الكهربائية 4

 الخلاصة 
يغذي نظام محرك آلة متزامنة مغناطيسية    Z( شبه مصدر  IMC( لمحول مصفوفة غير مباشر )𝑈𝑔الغرض من هذه الدراسة هو زيادة كسب الجهد ) 

التقليدي لتعزيز جهد الإمداد للمحرك.   IMCللتطوير مع  Z، يتم توصيل مصدر شبه IMCلـ  𝑈𝑔(. نظرًا لانخفاض PMSMدائمة ثلاثية الطور )

نتيجة لواجب الإطلاق   𝑈𝑔( للمحول المقترح. يزداد نظام PWM( لتوليد إشارات التبديل المطلوبة )SVPWMيتم استخدام تعديل متجه الفضاء )

(D  لجانب المقوم، مما يزيد من سعة جهد الخرج لنظام المصدر شبه )Z  يمكن للمحول المقترح تنظيم جهد الخرج لـ .IMC    شبه المصدرZ    ًتلقائيا
المطلوبة لـ    𝑈𝑔تحت انخفاض الجهد، والتغيرات التدريجية في عزم الحمل المطبق على المحرك، والتغيرات في السرعة المطلوبة عندما تكون  

IMC   شبه المصدرZ    ويتم تحقيق ذلك عن طريق اختيار القيمة المثلى لـ  0.866أكبر من ،D   ( ومؤشر التعديل لجانب المقوم𝑚𝑜  يمكن التحكم .)
في بيئة    في السرعة المتغيرة من الصفر إلى القيمة المقدرة باستخدام التحكم الموجه نحو المجال في الحلقة المغلقة. يتم محاكاة المحول المقترح

MATLAB / Simulink  .للتحقق من كفاءة النظام 

فضائي    ، متجهZ(، مصدر شبه  PMSMالتحكم الموجه نحو المجال، محول مصفوفة غير مباشر، محرك ذات مغناطيس نافذ )  كلمات الدالة: ال
 ، نسبة واجب الإطلاق، كسب الجهد. PWMمولد 

 

1.INTRODUCTION
The most common use of AC-AC converter 
topologies in industrial applications is a 
conventional DC-bus voltage source converter. 
DC-bus capacitor makes the conventional back-
to-back bulky and reduces its operational 
lifespan [1-3]. Gyugi and Pelly developed the 
AC-AC converter without a DC link capacitor 
component and with a forced commutated 
Cyclo-converter [4, 5]. The matrix converter 
(MC) configurations are categorized into direct 
matrix converter (DMC) and indirect matrix 
converter (IMC). The IMC overcomes the 
commutation challenges associated with the 
DMC [6-8]. Both have been key research areas 
for many years. Compared to the Back to Back 
converter (B2BC), the matrix converter stands 
out because of its most impressive features, 
such as its unity power factor, high power 
density, low harmonics with sinusoidal 
waveforms, bidirectional power flow, 
reliability, and extended lifetime in hostile 
situations, make the matrix converter most 
impressive [9, 10]. The IMC performs two 
stages (AC-DC-AC) conversions without a DC-
bus capacitor filter, while DMC only does a 
single stage (AC-AC) conversion. Both 
converters share the same features; the IMC's 
simple commutation is more akin to the B2BC's 
than the DMC's [11]. Despite several features in 
the development of the MC, its limitations have 
prevented it from becoming widely used in 
industry [12]. Similar to B2BC, MC's voltage 
transfer ratio of 0.866 is relatively low. Many 
studies were conducted to improve the voltage 
ratio, which connects a transformer in series 
with the input supply voltages and the load. 
However, a bulky transformer also affects the 
MC's compactness. Over-modulation region 
operation of the MC is another way [13]. After 
that, a Z-source IMC was proposed to increase 

the DC-bus voltage of the inverter by adding the 
Z-source network between the rectifier side and 
inverter side of the IMC [14]. However, in this 
case, the DC-bus requires sizable capacitors 
and inductors [15, 16]. To improve voltage gain 
with fewer switches and passive components, a 
specific type of Z-source DMC was proposed. 
However, they still have to resolve the DMC's 
difficult commutation. In the present paper, 
quasi-Z-source IMC is used to feed the 
synchronous machine drive system under 
supply voltage sag. Closed-loop field-oriented 
control is used to get accurate speed control 
with a variable load. Space vector modulation 
(SVPWM) is used to generate the required 
switching signals. The present paper is divided 
into the following sections: In Section 2, the 
proposed quasi-Z-Source IMC is introduced 
with SVPWM. Section 3 presents the analysis 
and operation of the quasi-Z-Source IMC. 
Section 4 presents the parameter design of the 
quasi-Z-source and the algorithm of the shoot-
through duty ratio. Section 4 presents the field-
oriented control strategy. Finally, Section 5 
presents the simulation results. 
2.THE PROPOSED QUASSI-Z-SOURCE 
IMC  
The proposed quasi-Z-source IMC converter, as 
shown in Fig. 1, contains three parts: the quasi-
Z-source, the rectifier side, and the inverter 
side. The quasi-Z-source is added with the 
supply voltage, and it consists of three switches, 
Sj (j= a, b, and c), that can be controlled by the 
required switching signals (PWM), and six 
capacitors Cjz, and inductors Ljz (z= 1, 2, and 3). 
The proposed converter can operate in the buck 
and boost modes because it has the same 
switching signal PWM due to a special 
impedance network [17]. 

https://tj-es.com/
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Fig. 1 The Proposed Quasi-Z-Source IMC Converter. 

2.1.Space Vector Modulation for IMC 
(SVPWM) 
Space vector modulation is an alternate 
approach to operating PWM switches that 
focuses on efficiency, user-friendliness, 
reducing the total harmonic distortion (THD), 
and optimizing the transfer ratio. The SVM 
algorithm claims many advantages. These 
characteristics render SVPWM more suitable 
for applications that need high voltage, as the 
complexity of states and the number of 
redundant switching states show a substantial 
increase with the number of levels. The 
SVPWM is employed to ensure that the output 
voltages of the inverter match the correct values 
at any switching time with a smaller time delay 
[18]. SVPWM is a power electronic switching 
control technology that recognizes switching 
sequences by assigning a switching vector in the 
d-q space [19-21]. By selecting the valid 
switching States of a three-phase matrix 

converter and determining their corresponding 
on-time duration, the SVPWM approach is 
utilized to regulate the voltage and frequency of 
the inverter stage [22]. For the rectifier stage, 
the supply current is fed to the SVPWM to 
generate the desired sinusoidal input current 
and is controlled by the power factor. The 
modes of the rectifier's switches are classified as 
active vectors or zero vectors. To increase the 
output voltage of the quasi-Z-source by 
inserting the shoot-through zero vector during 
the zero vector of the rectifier stage, a simple 
boost control was presented in [23, 24], as 
shown in Table 1. In this condition, a voltage 
boost is obtained by short-circuiting the three-
phase supply voltage [25, 26]. For example, 
select sector one, the vectors Iab and Iac combine 
to generate the input reference current vector, 
Iref, as shown in Fig. 2. 

Table 1 DC-Bus Voltage, Switching Groups, and Input Current Vectors. 

N Udc Sa+ Sb+ Sc+ Sa- Sb- Sc- Vector State 

1 Uace 1 0 0 0 0 1 Iac Active  
2 Ubce 0 1 0 0 0 1 Ibc Active  
3 -Uabe 0 1 0 1 0 0 -Iab Active 
4 -Uace 0 0 1 1 0 0 -Iac Active  
5 -Ubce 0 0 1 0 1 0 -Ibc Active  
6 Uabe 1 0 0 0 1 0 Iab Active  
7 zero 1 0 0 1 0 0 Iaa Zero 
8 zero 0 1 0 0 1 0 Ibb Zero  
9 zero 0 0 1 0 0 1 Icc Zero  
10 zero 1 1 1 0 0 0 Id Shoot-through zero vector 
11 zero 0 0 0 1 1 1 Id Shoot-through zero vector 

https://tj-es.com/
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Fig. 2 SVPWM for Rectifier Side. 

From the three vectors in the sector, the duty 
cycles can be obtained by: 

ⅆ𝜶 = 𝒎𝒊𝒏 𝐬𝐢𝐧 ( 
𝝅

𝟔
− 𝜹𝒊) (1) 

ⅆ𝜷 = 𝒎𝒊𝒏 𝐬𝐢𝐧 (𝜹𝒊 +
𝝅

𝟔
) (2) 

ⅆ𝒔 = 𝑪𝒐𝒏𝒔𝒕(ⅆ𝑺 ≤ 𝟏 − ⅆ𝜶 − ⅆ𝑩) (3) 
ⅆ𝑶𝒓 = 𝟏 − ⅆ𝜶 − ⅆ𝜷 − ⅆ𝑺 (4) 

where (𝑚𝑖𝑛 = 1 − 𝐷) is the modulation index of 
the rectifier side, 𝛿𝑖  is the input current vector 
angle, and ⅆ𝛼, ⅆ𝛽, ⅆ𝑠, and ⅆ𝑂𝑟  are the duty ratios 

of active vectors, shoot-through, and zero 
vectors, respectively. Figure 3 shows the 
SVPWM diagram for the inverter side. 

 
Fig. 3 SVPWM Diagram of the Inverter Side.

The inverter side is similar to a conventional 
voltage source inverter, which contains six 
effective vectors and two zero vectors [27]. The 
duty ratios can be obtained by:  

ⅆ𝝉 = 𝒎𝒐𝒖𝒕 𝐬𝐢𝐧( 
𝛑

𝟑
− 𝜹𝒊) (5) 

ⅆ𝝋 = 𝒎𝒐𝒖𝒕 𝐬𝐢𝐧 𝜹𝟎 (6) 

ⅆ𝒐𝒊 = 𝟏 − ⅆ𝝉 − ⅆ𝝋 (7) 

where 𝑚𝑜𝑢𝑡 is the modulation index of the 
inverter side, 𝛿0 is the output voltage vector 
angle, and ⅆ𝜏, ⅆ𝜑, and ⅆ𝑜𝑖  are the duty ratios of 

active vectors and zero vectors, respectively. 
The modulation pattern combines the 
switching states of two stages in one switching 
period to provide a balance of the supply input 
currents and the output voltages. Because the 
DC-bus has two positive line-to-line input 
voltages, the inverter stage-switching pattern 
must be divided into two groups. The resulting 

switching sequence is shown in Fig. 4. Duty 
cycles can be determined using the following 
formulas: 

ⅆ𝒖𝜶 = ⅆ𝒖 ⋅ ⅆ𝜶 (8) 
ⅆ𝒖𝜷 = ⅆ𝒖 ⋅ ⅆ𝜷 (9) 

ⅆ𝒗𝜶 = ⅆ𝝂 ⋅ ⅆ𝜶 (10) 
ⅆ𝒐𝒊𝜶 = ⅆ𝒐𝒊 ⋅ ⅆ𝜶 (11) 
ⅆ𝒐𝒊𝜷 = ⅆ𝒐𝒊 ⋅ ⅆ𝜷 (12) 

where ⅆ𝑢𝛼, ⅆ𝑢𝛽, ⅆ𝑣𝛼, ⅆ𝑢𝛼, ⅆ𝑜𝑖𝛼, and ⅆ𝑜𝑖𝛽  are the 

duty cycles of different vectors of output voltage 
for one switching period. Figure 4 shows that 
during commutation in the rectifier stage, the 
DC bus current is zero, and the inverter 
operates on a zero vector. As a result, during 
commutation, zero current switching is ensured 
on the rectifier stage, reducing switching losses 
and simplifying the commutating problem, 
which is quite complex with DMC [28]. 

https://tj-es.com/
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Fig. 4 Switching Sequences for the Proposed Converter. 

2.2.Operation and Analysis of the 
Proposed Converter 
The proposed converter is operated in two 
states called the shoot-through state and non-
shoot-through state, as shown in Fig. 5. In the 
shoot-through state, the switch of the upper 
side of the rectifier, which is marked green color 
Sj+ (j= a, b, and c), is switched on (short circuit). 
The switches Sj of the quasi-Z-source are 
switched off (open circuit), as shown in Fig. 5 
(a). In this case, the arm inductors of the quasi-
Z-source will charge for one switching time. The 
shoot-through duty cycle can be obtained (𝐷 =
𝑇𝑜 𝑇𝑠⁄ ). Thus, by adjusting the shoot-through 
duty, the output voltages of the quasi-Z-source 
can be increased to the desired value. 

Since 𝐿 = 𝐿𝑗𝑧, and 𝐶=𝐶𝑗𝑖, j (a, b, c), z (1, 2, 3) 

from Fig. 5 (a), the following equations can be 
obtained: 

𝒖𝑳𝒋𝟏 = 𝒖𝒋 + 𝒖𝒄𝒋𝟐 − 𝑹𝑳 × 𝒊𝑳𝒋𝟏 (13) 

𝒖𝑳𝒋𝟐 = 𝒖𝒄𝒋𝟏 − 𝑹𝑳 × 𝒊𝑳𝒋𝟐 (14) 

𝒊𝑪𝒋𝟏
= −𝒊𝑳𝒋𝟐

 (15) 

𝒊𝑪𝒋𝟐
= −𝒊𝑳𝒋𝟐

 (16) 

In the non-shoot-through state, as shown in 
Fig. 5 (b), the three bidirectional switches Sj of 
the quasi-Z-source are switched on (short 
circuit), which is marked green, with a time 
period (1-D) Ts, and the switch of the upper side 
of the rectifier operates conventionally. In this 
case, the Inductors charge the capacitors, and 
the output voltages of the quasi-Z-source are 
the summation of the voltage across the two 
capacitors in each phase [13]. 

 

(a) 

 

Inverter stage 

Rectifier stage 

https://tj-es.com/
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(b) 

Fig. 5 The Proposed Converter with: (a) Shoot-Through State, (b) Non-Shoot-Through State. 

From Fig. 5 (b), the following equations can be 
obtained: 

𝒖𝑳𝒋𝟏
= 𝒖𝒋 − 𝒖𝒄𝒋𝟏

− 𝑹𝑳  × 𝒊𝑳𝒋𝟏 (17) 

𝒖𝑳𝒋𝟐
= −𝒖𝒄𝒋𝟐

− 𝑹𝑳  × 𝒊𝑳𝒋𝟐 (18) 

𝒊𝑪𝒋𝟏
= 𝒊𝑳𝒋𝟐

−  𝒊𝒋
′ (19) 

𝒊𝑪𝒋𝟐
= 𝒊𝑳𝒋𝟐

−  𝒊𝒋
′ (20) 

where 𝑢𝑗
′, and 𝑖𝑗

′ are the output voltages and 

currents of the quasi-Z-source, respectively. 
For one sampling time 𝑇𝑠, the average voltage 
across the quasi-Z-source inductors and the 
average current through the quasi-Z-source 
capacitors should be zero, 𝑅𝐿 = 0. Therefore, 
Eqs. (13)-(20), the average equations can be 
written as: 

𝒖𝑳𝒋𝟏
= 𝑫 (𝒖𝒋 + 𝒖𝒄𝒋𝟐

) + (𝟏 − 𝑫) (𝒖𝒋 − 𝒖𝒄𝒋𝟏
) = 𝟎 (21) 

𝒖𝑳𝒋𝟐
= 𝑫 (𝒖𝒄𝒋𝟏

) + (𝟏 − 𝑫) (−𝒖𝒄𝒋𝟐
) = 𝟎 (22) 

𝒊𝑪𝒋𝟏
= 𝑫 (𝒊𝑳𝒋𝟐

) + (𝟏 − 𝑫) (𝒊𝒄𝒋𝟏
− 𝒊𝒋

′ ) = 𝟎  (23) 

𝒊𝑪𝒋𝟐
= 𝑫 (−𝒊𝑳𝒋𝟏

) + (𝟏 − 𝑫) (𝒊𝑳𝒋𝟐
− 𝒊𝒋

′ ) = 𝟎 (24) 

where 𝑖𝐿𝑗𝑖
 is the inductor current. From Eqs. 

(21)-(24), the capacitor voltages and the current 
that pass through the inductors of the quasi-Z-
source are: 

𝒖𝒄𝒋𝟏
=

(𝟏−𝑫)

(𝟏−𝟐𝑫)
 𝒖𝒋  

(25) 

𝒖𝒄𝒋𝟐
=

𝑫

(𝟏−𝟐𝑫)
 𝒖𝒋  

(26) 

𝒊𝑳𝒋𝟏
= 𝒊𝑳𝒋𝟐

= 𝒊𝒋  (27) 

From Eqs. (25)-(27), the quasi-Z-source output 
voltages and currents can be written as: 

𝒖𝒋
′ =  

𝟏

𝟏−𝟐𝑫
𝒖𝒋  (28) 

𝒊𝒋
′ =

(𝟏−𝟐𝑫)

(𝟏−𝑫)
 𝒊𝒋  (29) 

As a result, the voltage boost factor (Q) can be 
written as: 

𝑸 =
𝟏

𝟏−𝟐𝑫
 (If D < 0.5)  (30) 

The average DC-bus voltage of the proposed 
converter is: 

𝑼′
ⅆ𝒄 =

𝟑

𝟐
𝑼𝒊 𝑸 𝒎𝒊𝒏 𝒄𝒐𝒔(𝜽𝒐)  (31) 

where 𝜃𝑜 is the phase angle between the output 
phase voltage and the current of the quasi-Z-
source. The modulation index 𝑚out of the 
inverter side and the voltage gain 𝑈𝑔 can be 

written as: 

𝒎𝐨𝐮𝐭 =   
√𝟑 𝑼𝒐

𝑼′
ⅆ𝒄

 (32) 

𝑼𝐠 =   
𝟎.𝟖𝟔𝟔(𝟏−𝑫) 𝒎𝐨𝐮𝐭

𝟏−𝟐𝑫
 (33) 

3.CONTROL SHOOT-THROUGH DUTY 
RATIO 
According to Eq. (33), to get the best choice of 
shoot-through duty ratio 𝐷, assume 𝑚out = 1. 
Therefore, the shoot-through duty ratio can be 
expressed as: 

D = 
𝑼𝟎−𝟎.𝟖𝟔𝟔 𝑼𝒊 

𝟐 𝑼𝟎−𝟎.𝟖𝟔𝟔 𝑼𝒊
 (34) 

Figure 6 shows the control algorithm of the 
shoot-through duty ratio D. In the first stage, 
the amplitude of the input voltage and output 
voltage of the proposed converter is measured 
to obtain the voltage gain. In the second stage, 
the voltage gain is compared with the 0.886 
factor to decide the operation of the proposed 
converter. If the voltage gain is equal to or less 
than 0.886. Then, the IMC does not need to 
increase the voltage, and the quasi-Z-source is 
operated as a filter with 𝑚in = 1, and 𝐷 = 0. On 
the other hand, when the voltage exceeds 
0.866, the duty ratio will equal Eq. (34) to 
achieve optimal operation of the proposed 
converter. 

https://tj-es.com/
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Fig. 6 Control Algorithm of the Duty Ratio. 

4.PARAMETERS SELECTION OF 
QUASI-Z-SOURCE 
Since the inductor of the quasi-Z-source is 
necessary to reduce the switching current 
fluctuation and the capacitor requires limiting 
switching voltage fluctuation, from shoot-
through to non-shoot-through states, the 
voltage and current fluctuations are 
represented by the following expressions [29]: 

𝜟𝒍̇𝑳 =
𝒖𝒋𝒛𝑫(𝟏−𝑫)

(𝟏−𝟐𝑫) 𝑳 
 𝑻𝒔  (35) 

𝜟𝒖𝑪 =
𝒊𝑳𝒋𝑫

𝐂
 𝑻𝒔 (36) 

The inductance and capacitance of the quasi-Z-
source can be calculated as [30]: 

𝑪 ≥
𝑰𝒊𝒏 𝒓𝒂𝒕𝒆ⅆ

𝒇𝒔𝒌𝐮𝑼𝑺
(𝟏 − 𝟐𝑫)  (37) 

𝑳 ≥
𝑼𝒊𝑫(𝟏−𝑫)

𝒇𝒔 𝒌𝐢 𝑰𝒓𝒂𝒕𝒆ⅆ  (𝟏−𝟐𝑫)
  (38) 

where 𝐼𝑖𝑛 𝑟𝑎𝑡𝑒𝑑  is the supply input current, 𝑓𝑠 is 
the carrier frequency, and 𝑘u and 𝑘i represent 

the fluctuation ratio of the voltage and current, 
respectively.  
5.FIELD ORIENTED CONTROL (FOC) 
Field-oriented control (FOC) is a high-
performance technique used to control 
synchronous and asynchronous machines, 
which is similar to the separately excited DC-
machines speed control method [31, 32]. In 
recent years, FOC has become a widely accepted 
technique for AC motor drive systems [33-35]. 
FOC provides excellent control capability over 
the applied load torque and variable speed 
ranges. The FOC requires a transformation of 
stator currents from the stationary reference 
frame to the rotor flux reference frame (also 
called Clark-Park transformation) to obtain the 
direct current 𝑖𝑑 and the quadrature current 𝑖𝑞  

[36]. The 𝑖𝑑𝑠 and 𝑖𝑞𝑠 can be calculated from the 

following expression: 

[
𝒊ⅆ

𝒊𝒒
] =

𝟐

𝟑
[

𝒄𝒐𝒔 𝜽𝒆 
−𝒔𝒊𝒏 𝜽𝒆 

       𝒄𝒐𝒔(𝜽𝒆 − 𝝏)
    −𝒔𝒊𝒏( 𝜽𝒆 − 𝝏) 

       𝒄𝒐𝒔(𝜽𝒆 − 𝟐𝝏)
    −𝒔𝒊𝒏( 𝜽𝒆 − 𝟐𝝏) 

] [

𝒊𝑨 𝒐𝒖𝒕

𝒊𝑩 𝒐𝒖𝒕

𝒊𝑪 𝒐𝒖𝒕

] (39) 

where 𝜃𝑒 represents the rotor angle, and 𝜕 =
2𝜋/3. For surface-mounted PMSM, the 
inductances 𝐿𝑑 and 𝐿𝑞  are equal, so the 

generated torque can be written as: 

𝑻𝒆 =
𝟑

𝟐

𝒑

𝟐
(𝝀𝒎 ⋅ 𝒊𝒒) (40) 

where 𝑝 is the number of pole pairs, and 𝜆𝑚 is 
the permanent magnet flux linkage. The 
mechanical load torque and the rotor 
mechanical speed 𝜔𝑟 can be written as: 

𝑻𝒆 = 𝑻𝑳 + 𝑩 ⋅ 𝝎𝒓 + 𝑱 ⋅
ⅆ𝝎𝒓

ⅆ𝒕
 (41) 
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𝝎𝒓 = ∫ (
𝑻𝒆−𝑻𝑳−𝑩⋅𝝎𝒓

𝑱
) ⋅ ⅆ𝒕  (42) 

where 𝑇𝐿  is the applied load torque on the 
motor, 𝐽 is the inertia coefficient, and 𝐵 is the 
friction coefficient. Figure 7 shows the 
implementation of FOC. The motor speed is 
compared with the reference speed, and the 
error is applied to the PI controller to obtain 𝑖𝑞

∗ , 

which is proportional to the torque. Since the 
surface-mounted PMSM, the 𝑖𝑑

∗  is set to zero. 
After that, 𝑖𝑞

∗  and 𝑖𝑑
∗  are compared with actual 𝑖𝑞  

and 𝑖𝑑, and the error is applied to the PI 
controller to get 𝑢𝑑 and 𝑢𝑞. At high speeds, to 

remove the coupling terms of 𝑢𝑞 and 

𝑢𝑞 ((𝜔𝑒(𝐿𝑑𝑖𝑑  +  λm) and−𝜔𝑒𝐿𝑞  𝑖𝑞)), a 

decoupling control block is used to remove the 
coupling part. 𝑢𝑞

∗∗ and 𝑢𝑑
∗∗ result from 

decoupling control block, and they are written 
as: 

𝒖ⅆ
∗∗ = −𝝎𝒆𝑳𝒒 𝒊𝒒 (43) 

𝒖𝒒
∗∗ = 𝝎𝒆 (𝑳ⅆ𝒊ⅆ + 𝛌𝐦) (44) 

where 𝜔𝑒 =
𝜔𝑟 𝑝

2
 is the electrical rotor speed in 

rad/s. Finally, the references 𝑢𝑑
∗  and 𝑢𝑞

∗  are 

converted into (𝑢𝑎
∗ , 𝑢𝑏

∗ , 𝑢𝑐
∗) using inverse Park-

Clark transformation [36]. 

 
Fig. 7 FOC of PMSM. 

6.PROPOSED CONVERTER BASED ON 
PMSM DRIVE SYSTEM 
Figure 8 shows the proposed converter-fed 
PMSM. The quasi-Z-source supplies the 
inverter stage. The inverter stage feeds the 

PMSM with variable frequency and voltage, 
FOC to get the desired speed, and SVPWM to 
generate the required switching signals for the 
rectifier and inverter stages. 

 

Fig. 8 The Proposed Converter Based on the PMSM Drive System. 

https://tj-es.com/


 

 

Ahmed K. Hannan, H. A. Hasan, et al. / Tikrit Journal of Engineering Sciences 2025; 32(3): 2346. 

Tikrit Journal of Engineering Sciences │Volume 32│No. 3│2025  9 Page 

7.SIMULATION RESULTS AND 
DISCUSSION 
To evaluate the effectiveness of the proposed 
converter, the MATLAB\Simulink environment 
was used. The parameters of the drive system 
are listed in Table 2. The proposed converter 
was tested under two states to demonstrate its 
performance, i.e., transient and steady-state. 

Table 2 Simulation Parameters. 
Propused Converter Parameters 

Parameters Value 
Supply voltage  Uin 220V/50Hz 
DC-bus voltage Udc 220V 
Capacitance of  quasi-Z-source C1 10 μF 
Capacitance of  quasi-Z-source C2 25 μF 
Inductance  of  quasi-Z-source 4mH 
Carrier frequency  fs 10kHz 

PMSM Parameters 
Parameters Value 
Rated active power Ps 1.5 hp 
Number of pole pairs  pp 2 
Rated speed  3000 rpm 
Rated line-to-line voltage Urated   380V  
Rated load torque  3 N∙m 
Stator resistance  2.564 Ω 
Stator inductance 8.5mH 
Magnetic flux 0.172Wb 
Moment of Inertia J 0.0008 kg-m2 

7.1.State 1  
In this state, the PMSM was operated with 
variable speeds, i.e., 500, 1500, 2500, and 3000 
rpm, with a load torque of 2 N∙m from 0 to 5.5 
seconds. After each 1.5 second, the speed 
increased, as shown in Fig. 9. At 5.5 second, the 

applied load torque increased with its rated 
value, as shown in Fig. 10. Also, the quadrature 
current iq increased because it is proportional to 
the torque, as shown in Fig. 11. The motor speed 
remained at the same value 3000 rpm because 
the PI controller returned it to the set value. As 
the applied load torque increased, the output 
currents also increased with THD, i.e., 1.85 %, 
2.5%, 2.91%, and 3.12%, respectively, as shown 
in Fig. 12. The torque increased with the speed, 
according to Eq. (41). The supply input current 
increased due to the increase in the output 
currents with THD, i.e., 2.12%, 2.35%, 2.6% and 
3.4%, as shown in Fig. 13. From (0-1500) rpm, 
there is no need to increase the voltage because 
the voltage gain Ug is less than 0.866. Thus, the 
shoot-through duty ratio was 0, and the quasi-
Z-source operated as a filter. However, when 
the speed exceeded 1500 rpm, the shoot-
through duty ratio D also increased. This 
behavior occurred because the quasi-Z-source's 
voltage gain exceeded that of the conventional 
IMC, with Ug > 0.866, which is determined by 
the required speed. Increasing the load torque 
at 5.5 seconds increased the duty ratio D, as 
shown in Figs. 14 and 15, respectively. The 
converter output voltages were regulated to 
obtain the required motor speed and load, as 
shown in Fig. 16. The DC-bus voltage increased 
as the output voltage increased to fit the desired 
output voltage, as shown in Fig. 17.

 
Fig. 9 The Motor Speed and Reference Speed. 

 
Fig. 10 The Applied Load Torque and Motor Torque. 
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Fig. 11 Id and Iq Current Components of the PMSM. 

 
Fig. 12 PMSM Input Currents. 

 
Fig. 13 Supply Input Currents. 

 
Fig. 14 Shoot-Through Duty Ratio. 
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Fig. 15 Voltage Gain Ug. 

 
Fig. 16 Converter Output Voltages. 

 
Fig. 17 DC-Bus Voltage. 

7.2.State 2  
In this state, the proposed converter operated 
with rated motor speed of 3000 rpm and 
applied load torque of 3 N∙m with 100% and 
under 75% and 40% voltage sag supply voltage 
from 220/√3 V to 165/√3 V to 132/√3 V and 
return to its rated value through a period of (1.5, 
3, and 4.5) second, respectively, to demonstrate 
that the system can automatically regulate 
output voltage by selecting the best D value, as 
shown in Fig. 18. Due to the supply voltage 
decrease, the voltage gain Ug increased to 
require the motor voltage gain from (1.2 to 1.52 
for 75% voltage sag) and (1.52 to 1.8 for 40% 
voltage sag). Thus, the shoot-through duty ratio 

also increased, as shown in Figs. 19 and 20, 
respectively. Figure 21 shows how the DC-bus 
voltage was adjusted during a voltage sag to the 
required level based on the reference motor 
speed, and then returned to its original value 
while the voltage sag returned to its rated value. 
As shown in Fig. 22, the converter output 
voltage responded similarly to the DC-bus 
voltage. The motor speed was maintained at 
3000 rpm when the supply voltage was reduced 
because the FOC regulated the output reference 
voltages to fit the set speed. However, the load 
torque ripple increased when the supply voltage 
decreased, as shown in Fig. 23. As the supply 
voltage decreased, the converter output current 

https://tj-es.com/
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remained at the same value with THD by 3.12%, 
4.92% and 5.74%, and 3.12%, respectively. 
However, the supply input current increased 

with THD by 3.4%, 5.3%, 6.23%, and 3.4%, 
respectively, as shown in Figs. 24 and 25, 
respectively. 

 
Fig. 18 Supply Input Voltages. 

 
Fig. 19 Voltage Gain Ug. 

 
Fig. 20 Shoot-Through Duty Ratio. 

 
Fig. 21 DC-Bus Voltage. 
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Fig. 22 Converter Output Voltages. 

 
Fig. 23 Motor Speed. 

 
Fig. 24 Motor Load Torque. 

 
Fig. 25 Converter Output Currents. 
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Fig. 26 Supply Input Currents. 

8.CONCLUSIONS 
The present paper proposes a quasi-Z-source 
IMC to drive a three-phase PMSM, as shown by 
the simulation results. The proposed quasi-Z-
source IMC included all the capabilities of a 
traditional IMC in addition to its ability to boost 
voltage, allowing it to achieve a greater voltage 
gain than conventional converters. The voltage 
boost control strategy D was used to adjust the 
voltage gain of the quasi-Z-source IMC in 
response to changes in supply voltage, motor 
speed, and torque load. This action is also 
helpful for reducing the current and voltage 
stresses in the quasi-Z-source by choosing the 
best possible value for D. The input currents 
were in continuous mode, which means that the 
system did not need to add an input filter, 
reducing the size and cost of the converter. 
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