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Abstract 

In view of the shortcomings of the current electric propulsion ship converter, combined 
with the principle of the quasi-Z-source inverter, an enhanced high-boost ratio quasi-Z-
source inverter is proposed. The working principle of the modified and enhanced high 
boost ratio quasi-Z-source inverter is analyzed in detail, and compared with the steady-
state data of the new quasi-Z-source inverter and the traditional quasi-Z-source inverter. 
Compared with the traditional quasi-Z-source inverter, the new type of quasi-Z-source 
inverter has a stronger boosting capability than a quasi-Z-source inverter, and the 
capacitor stress is smaller, which can adapt to a wide range of load changes. The 
simulation results verify that the enhanced high boost ratio quasi-Z source inverter has 
good performance and is suitable for application on electric propulsion ships. 

Keywords 

Marine Electric Propulsion; Quasi-Z Source Inverter; Capacitor Voltage Stress; Boost 
Factor. 

 

1. Introduction 

The AC-DC-AC frequency conversion system [1] has an upward trend in the application of electric 

propulsion ships. At this stage, the branch sent to the propulsion motor needs to be boosted by adding 

a Boost circuit, which increases the cost of the system and the conversion efficiency is low; 

electromagnetic interference may be possible This leads to problems such as direct connection 

between the upper and lower tubes of the converter and damage to the switch tubes. In 2003, Professor 

Peng Fangzheng of Zhejiang University proposed the traditional Z-source inverter [2]. Although the 

traditional Z-source inverter has many advantages compared with ordinary inverters [3-7], it also has 

corresponding disadvantages. The step-up ratio is not significant, the LC network capacitor stress is 

large, and the input current is intermittent, which limits the practical application of the Z-source 

inverter. The proposed Z-source inverter topology overcomes the shortcomings of the voltage source 

and current source inverters currently used in ships. The bridge arm of the inverter can be either 

straight-through or open circuit, which realizes the function of buck-boost conversion, improves the 

reliability of the inverter, and proposes a new topology and theory for inverter. However, the capacitor 

voltage and switching inductor voltage stress of the traditional Z-source inverter are relatively large, 

and the boosting capability is limited. The boost and boost amplitude is small when applied to the 

ship propulsion system, which cannot meet the needs of ships. In response to this problem, Anderson 

et al. [8] proposed a quasi-Z source circuit in 2008, which inherited all the advantages of the 

traditional Z source network and greatly reduced the capacitive stress in the circuit under the same 

conditions. The literature [9-10] proposed several quasi-Z-source inverters with high boosting 

capability, Zhu et al. [11] used switched inductor technology for the first time to greatly improve the 

boosting capability. Nguyen et al. [12] proposed a switched-inductor I-type quasi-Z source inverter, 
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which solved the problems in the topology proposed by Zhu et al. [11]. The boost ratio has been 

improved to a certain extent, but it is still not enough. Deng Kai et al. [13] replaced the diode in the 

switched-inductor type I quasi-Z source inverter with a bootstrap capacitor, and proposed a switched-

inductor type II quasi-Z source inverter. It is higher than the I-type topology, but the boosting 

capability still does not meet the actual demand. Literature [14] proposed an improved switched-

inductance Z-source inverter. Compared with the traditional Z-source inverter, it The input current 

can be made continuous, the voltage variation range is enlarged, and the formation of the starting 

impulse loop is avoided, and the damage to the device is reduced. In practical applications, due to the 

increase in the number of groups of inductive switches, the modulation factor has to be increased, 

which limits the value of the through-duty ratio, and results in the limited boosting capability of the 

inverter. The new enhanced topology proposed in this article can still have a large boost capability at 

a small through duty cycle (hereinafter referred to as the new enhanced topology) 

2. The working principle of the new enhanced inverter topology 

The new enhanced inverter proposed in this paper is shown in Figure 1. This topology adds an 

inductor and a capacitor on the basis of the literature (improved switched inductor quasi-Z source 

inverter). This topology consists of 5 inductors and 4 capacitors. In Figure 1: 𝐷1-𝐷2-𝐷3-𝐿1-𝐿2 forms 

the first group of inductance units, 𝐷4 -𝐷5 -𝐷6 -𝐷7 -𝐿3 -𝐿4 -𝐿5 -𝐶3 -𝐶4  forms the second group of 

inductance units; 𝑈𝑖𝑛 is the input DC of the battery Voltage; 𝑈𝑃𝑁 is the DC link voltage. 
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Figure 1. New enhanced switched-inductor quasi-Z source inverter 

 

The new enhanced topology proposed in this article has been further improved in boost capability. 

When the three bridge arms are working, Z is in the through state, the inverter bridge arm is equivalent 

to a short-circuited DC wire, and this state is called the through state; on the contrary, the inverter 

bridge is in a non-through state. The specific working process is as follows: 

2.1 Through state 

In the through state, the topology equivalent circuit diagram is shown in Figure 2 below. In order to 

simplify the analysis, all components are idealizers, 𝐿1=𝐿2=𝐿3=𝐿4=𝐿5,𝐶1=𝐶2=𝐶3=𝐶4. In the through 

state, the diodes 𝐷1 and 𝐷3 in branch 1 are turned on because of the forward voltage, and the diode 

𝐷2 is disconnected because of the reverse voltage, so that the inductors 𝐿1 and 𝐿2 are connected in 

parallel. Similarly, in branch 2, the diodes 𝐷4, 𝐷5, 𝐷6 and 𝐷7 are turned on, so that the inductors 

𝐿3, 𝐿4  and 𝐿5  are connected in parallel, and the capacitor  𝐶1  charges the two parallel inductors 

together. 
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Figure 2. The equivalent diagram of the through state of the enhanced switched-inductor quasi-Z 

source inverter 

 

According to Kirchhoff's voltage law, the circuit equation of the topology shown in Figure 2 is: 

{
𝑈𝑖𝑛 +𝑈𝐶2 = 𝑈𝐿1 = 𝑈𝐿2
𝑈𝐶1 = 𝑈𝐿3 = 𝑈𝐶3 = 𝑈𝐿4 = 𝑈𝐶4 = 𝑈𝐿5

                     (1) 

Where: 𝑈𝐶1, 𝑈𝐶2 , 𝑈𝐶3 , 𝑈𝐶4  represent the capacitor voltages of capacitors 𝐶1, 𝐶2, 𝐶3 and 𝐶4 , 

respectively, 𝑈𝐿1, 𝑈𝐿2, 𝑈𝐿3, 𝑈𝐿4, 𝑈𝐿5  respectively represent the voltage across the inductors 

𝐿1, 𝐿2, 𝐿3, 𝐿4 and 𝐿5. 

2.2 Non-pass-through state 

In the non-through state, the equivalent circuit diagram is shown in Figure 3. In the non-through state, 

the diodes 𝐷1 and 𝐷3 in the branch 1 are reversely disconnected, and 𝐷2 is forward-conducting, so 

that the inductors 𝐿1 and 𝐿2are connected in series. Similarly, in branch 2, 𝐷4, 𝐷5, 𝐷6 and 𝐷7 are 

reversely connected, so that inductors 𝐿3, 𝐿4  and 𝐿5 are connected in series, inductors 

𝐿1, 𝐿2, 𝐿3, 𝐿4, 𝐿5 and capacitors 𝐶3, 𝐶4 and capacitors 𝐶1, 𝐶2 and Load charg 
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Figure 3. Equivalent diagram of the new enhanced switched-inductor quasi-Z source inverter in the 

non-through state 
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From Figure 3, the circuit equation in the non-through state is: 

{

𝑈𝐶1 = 𝑈𝑖𝑛 +𝑈𝐿1 +𝑈𝐿2
𝑈𝐶2 = 𝑈𝐿3 +𝑈𝐶3 +𝑈𝐿4 +𝑈𝐶4 +𝑈𝐿5
𝑈𝑃𝑁 = 𝑈𝐶1 +𝑈𝐶2

                      (2) 

From (1): 

𝑈𝐿1 = 𝑈𝑖𝑛 +𝑈𝐶2                                 (3) 

From (2): 

𝑈𝐿1 =
𝑈𝐶1−𝑈𝑖𝑛

2
                                 (4) 

According to the Kirchhoff laws, the average voltage across the inductor in a single cycle in the steady 

state is 0, From equation (3)(4), we get: 

𝐷𝑇(𝑈𝑖𝑛 +𝑈𝐶2) = (1 − 𝐷)𝑇
𝑈𝐶1−𝑈𝑖𝑛

2
                        (5) 

Where: 𝑇 is a switching period, 𝐷 is the proportion of the through time in a switching period. 

Simplify (5) to get: 

𝑈𝐶1 =
1+𝐷

1−𝐷
𝑈𝑖𝑛 +

2𝐷

1−𝐷
𝑈𝐶2                            (6) 

In the same way, in the through state; 

𝑈𝐿3 = 𝑈𝐿4 = 𝑈𝐿5 = 𝑈𝐶3 = 𝑈𝐶4 

In the non-through state; 

𝑈𝐿3 =
𝑈𝐶2 − 2𝑈𝐶3

3
 

According to the Kirchhoff laws: 

𝐷𝑇𝑈𝐶3 = (1 − 𝐷)𝑇
𝑈𝐶2−2𝑈𝐶3

3
                          (7) 

Simplify (7): 

𝑈𝐶2 =
2−𝐷

1−𝐷
𝑈𝐶3                                (8) 

In a switching cycle, since the capacitor voltage cannot change suddenly, it can be assumed that the 

capacitor is a voltage source, then the formula (1) can be obtained: 

𝑈𝐶1 = 𝑈𝐶3 = 𝑈𝐶4                               (9) 

Substitute (8)(9) into (6) to get: 

𝑈𝐶1 =
1+𝐷

1−𝐷
𝑈𝑖𝑛 +

2𝐷(2+𝐷)

(1−𝐷)2
𝑈𝐶1                          (10) 

Simplify (10): 

𝑈𝐶1 =
(1+𝐷)(1−𝐷)

1−6𝐷−𝐷2
𝑈𝑖𝑛                             (11) 

The same can be obtained: 

𝑈𝐶2 =
(1 + 𝐷)(2 + 𝐷)

1 − 6𝐷 − 𝐷2
 

{
 
 

 
 𝑈𝐶1 =

(1+𝐷)(1−𝐷)

1−6𝐷−𝐷2
𝑈𝑖𝑛

𝑈𝐶2 =
(1+𝐷)(2+𝐷)

1−6𝐷−𝐷2
 𝑈𝑖𝑛 

𝑈𝑃𝑁 =
3+3𝐷

1−6𝐷−𝐷2
𝑈𝑖𝑛

                           (12) 

The boost factor can be obtained from equation (12): 

𝐵 =
3+3𝐷

1−6𝐷−𝐷2
                               (13) 
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Boost is achieved when B≥1, namely: 
3+3𝐷

1−6𝐷−𝐷2
≥ 1                               (14) 

It can be obtained by solving the inequality of equation (14), when B≤0.162, the boost is realized. 

The corresponding relationship diagrams of several enhanced topologies are shown in the figure. 

 

 

Figure 4. Comparison of the relationship between the boost factor B of three quasi-Z-source 

inverters and the change of the through duty cycle D 

 

It can be seen that the boost of the new enhanced switched inductor quasi-Z source inverter can be 

significantly improved. 

3. Voltage and current stress analysis of components 

3.1 Voltage gain 

This paper adopts a control strategy based on SVPWM. Literature [15] pointed out that compared 

with the two control strategies proposed in literature [16-17], the maximum constant boost SVPWM 

control has the longest through time and the highest boost capacity; through time Constant, which is 

conducive to the stability of the DC link voltage and reduces the difficulty of control; the reduction 

of the switching frequency is conducive to reducing the inductor current ripple. Therefore, this article 

adopts the maximum constant boost control strategy. It is assumed that the power supply voltage and 

DC link voltage of the inverter system are the same. It is known from the literature [14] that the 

relationship between the through-duty ratio 𝐷 and the modulation factor 𝑀 is expressed as: 

𝐷 =
𝑇0

𝑇
= 1 −

√3

2
𝑀                             (15) 

In the formula: 𝑇0 is the through time of the inverter bridge, and 𝑇 is the period. 

The relationship between voltage gain G and B is: 

𝐺 = 𝑀𝐵                                 (16) 

Therefore, the relationship between the voltage gain G and the through duty ratio D of the new 

enhanced switched inductor quasi-Z source inverter can be obtained: 

𝐺 =
2√3−2√3𝐷2

1−6𝐷−𝐷2
                              (17) 
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The relationship between G and D of the traditional quasi-Z-source inverter and the enhanced 

switched-inductor quasi-Z-source inverter is: 

{
𝐺 =

2−2𝐷2

√3−2√3𝐷−√3𝐷2

𝐺 =
4−8𝐷2+4𝐷

√3−5√3𝐷−2√3𝐷2

                            (18) 

Figure 5 shows the relationship between the voltage gain of the three inverters and the through duty 

cycle D. 

 

Figure 5. Comparison of the relationship between the voltage gain of three quasi-Z-source inverters 

and the change of the through duty cycle D 

 

It can be seen from the figure that under the same conditions, the voltage gain of the new enhanced 

switched inductor quasi-Z source inverter is the largest. 

3.2 Capacitor voltage 

From equation (12), the capacitor voltage of the new enhanced switched-inductance quasi-Z source 

inverter can be obtained: 

{
𝑈𝐶11 =

(1+𝐷)(1−𝐷)

1−6𝐷−𝐷2
𝑈𝑖𝑛

𝑈𝐶21 =
(1+𝐷)(2+𝐷)

1−6𝐷−𝐷2
 𝑈𝑖𝑛 

                          (19) 

Capacitor voltage of traditional quasi-Z source inverter: 

{
𝑈𝐶12 =

1−𝐷

1−2𝐷−𝐷2

𝑈𝐶22 =
2𝐷

1−2𝐷−𝐷2

                             (20) 

From the literature [14], it can be seen that the capacitor voltage of the enhanced switched inductor 

quasi-Z source inverter is: 

{
𝑈𝐶13 =

(2𝐷+1)(1−𝐷)

1−5𝐷−2𝐷2

𝑈𝐶23 =
(2𝐷+1)(1+𝐷)

1−5𝐷−2𝐷2

                            (21) 

Set 𝑈𝐶11 ,𝑈𝐶12 ,𝑈𝐶13to the capacitance voltage of the new enhanced topology, the traditional quasi-Z 

source topology, and the enhanced topology capacitor 𝐶1, respectively. 

Figure 6 shows the comparison of capacitor voltage stress under the same through duty cycle 

conditions: 
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Figure 6. The relationship between the voltage stress of the three inverter capacitors and the voltage 

gain G 

 

It can be seen from the figure that the voltage stress of the two enhanced switched-inductance quasi-

Z source inverters under the same through duty cycle conditions is greater than that of the traditional 

quasi-Z-source inverter, and the new enhanced switched-inductance quasi-Z-source inverter Slightly 

larger than the enhanced switch inductor quasi-Z source inverter. However, the boost voltage gain of 

the new enhanced and enhanced inverters is far greater than that of the traditional quasi-Z source 

inverter under the same through-duty conditions. 

Substituting equation (15) into equation (12), the relationship between boost factor B, modulation 

factor M, and voltage gain G of the enhanced topology is: 

{
𝐵 =

24+6√3𝑀

−24+16√3𝑀−𝑀2

𝐺 =
24𝑀+6√3𝑀2

−24+16√3𝑀−𝑀2

                             (22) 

From equations (15) (17), the relationship between the through duty cycle D and the voltage gain G 

of the new enhanced topology can be obtained as: 

𝐷1,2 =
𝑎±𝑐

𝑏
                                (23) 

{
 

 𝑎 = 3√3𝐺
𝑏 = 6− √3𝐺

𝑐 = √30𝐺2− 12√3𝐺+ 36

                         (24) 

Since the through duty ratio 𝐷 ∈ [0,1], so: 

𝐷 =
𝑎−𝑐

𝑏
                                  (25) 

From the literature [14], the relationship between the stress and voltage gain of the enhanced switched 

inductor quasi-Z source inverter capacitor 𝐶1 and capacitor 𝐶2 can be obtained. 

In the formula: 𝑈𝐶12and 𝑈𝐶22represent the voltage stress of the capacitor 𝐶1 and the capacitor 𝐶2 of 

the enhanced switched-inductance quasi-Z source inverter, respectively. 

𝑈𝐶12 =
−𝑀2

2+√3𝑀2

−𝑀2
2+3√3𝑀2−4

                            (26) 

In the formula: 

𝑀2 =
−2𝑎+2𝑏+2𝑐

√3𝑏
                              (27) 
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{
 

 𝑎 = 5√3𝐺+ 4
𝑏 = 16− 4√3𝐺

𝑐 = √99𝐺2− 24√3𝐺+ 144

                         (28) 

In the same way, you can get: 

𝑈𝐶22 =
3𝑀2

2−7√3𝑀2+12

−3𝑀2
2+9√3𝑀2−12

                           (29) 

It can be obtained from the above formulas that under the same voltage gain, the capacitance stress 

of the new enhanced switched inductor quasi-Z source inverter is the lowest. 

3.3 Current ripple 

From Figure 2 and equation (1), the voltage across the inductor is: 

𝐿
𝑑𝑖𝐿1

𝑑𝑡
= 𝑈𝑖𝑛 +𝑈𝐶2                              (30) 

Where: 𝑖𝐿1 is the voltage across the inductor 𝐿1. 

The current across the inductor can be expressed as: 

∆𝑖𝐿1 =
(𝑈𝑖𝑛+𝑈𝐶2)𝐷𝑇

𝐿
                             (31) 

From equation (12), the relationship between 𝑈𝑖𝑛 and 𝑈𝐶2  can be obtained. Substitution can be used 

to obtain the inductor current ripple of the new enhanced switched inductor quasi-Z source inverter 

as: 

∆𝑖𝐿1 =
3𝐷−3𝐷2

1−6𝐷−𝐷2
∙
𝑇𝑈𝑖𝑛

𝐿
                            (32) 

In the same way, it can be obtained from the literature [14]: 

Δ𝑖𝐿1 =
4√3−2√3𝑀2−3𝑀2

2

−12+9√3𝑀2−3𝑀2
2 ∙

𝑇𝑈𝑖𝑛

𝐿
                         (33) 

Combining the relationship between the through duty cycle and the voltage gain G, it can be obtained 

that under the same voltage gain condition, the current ripple of the new enhanced switched-

inductance Quasi-Z source inverter is the smallest. 

4. Simulation verification 

On the basis of theoretical analysis, the three inverters, the traditional quasi-Z-source inverter, the 

enhanced switched-inductance quasi-Z-source inverter and the new enhanced switched-inductance 

quasi-Z-source inverter, adopt the maximum constant boost strategy. Build simulation model on 

MATLAB/SIMULINK simulation software. The parameters used in the simulation are shown in 

Table 1 

Table 1. Simulation parameters 

parameter Numerical value 

Quasi-Z source network inductance𝐿1, 𝐿2 , 𝐿3 , 𝐿4, 𝐿5/𝜇𝐻 500 

Quasi-Z source network capacitance𝐶1 , 𝐶2 , 𝐶3 , 𝐶4/𝜇𝐹 1500 

DC voltage 𝑈𝑖𝑛/𝑉 100 

Output filter inductor 𝐿/ 𝜇𝐻 1500 
Output filter capacitor 𝐶/ 𝜇𝐹 50 

Carrier frequency 𝑓/𝑘𝐻𝑧 13.5 

Load 𝑅/Ω 15 

 

Figure 7(a)(b)(c) shows the simulation waveforms of the new enhanced switched inductor quasi-Z 

source inverter, the enhanced switched inductor quasi-Z source inverter and the traditional quasi-Z 

source inverter. From top to bottom, the three-phase output voltage waveform 𝑈0, DC link voltage 

𝑈𝑃𝑁, Z source capacitor voltage 𝑈𝐶 and inductor current 𝑖𝐿. 
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(a)                                   (b) 

 

(c) 

Figure 7. The simulation waveforms of the new enhanced switched inductor quasi-Z source inverter 

 

It can be seen from the figure that the DC link output voltage of the two enhanced switched inductor 

quasi-Z source inverters is higher than that of the traditional quasi-Z source inverter under the same 

conditions of modulation ratio and through duty cycle. The new enhanced type The switching 

inductance quasi-Z source inverter and the enhanced switching inductance quasi-Z source inverter 

have basically the same boost capacity, but the new enhanced switching inductance quasi-Z source 

inverter has a higher capacitance voltage stress than the enhanced switching in the steady state. The 

capacitor voltage stress of the inductive quasi-Z source inverter is much smaller, the time to enter the 

steady state is also shorter, and the inrush current at startup is also significantly reduced, which 

verifies the performance of the new enhanced switched inductor quasi-Z source inverter Capacitor 

stress is small and starting shock is small. 

Figure 8 (a) (b) is the DC link voltage and inductance of the new enhanced switched inductor quasi-

Z source inverter and the enhanced switched inductor quasi-Z source inverter at light load 𝑅 =
300Ω, 𝐿𝑓 = 10𝑚𝐻) Simulation of current. It can be seen from the figure that the new enhanced 

switched inductor quasi-Z source inverter has a better effect and can eliminate distortion. 

  

(a)                         (b) 

Figure 8. DC link voltage and inductance of the new enhanced switched inductor quasi-Z source 

inverter 
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5. Conclusion 

Electric propulsion ships is an important development direction of ship research. Based on the 

characteristics of electric ship propulsion and the quasi-Z-source inverter, this paper proposes a new 

enhanced switched-inductance quasi-Z-source inverter based on the enhanced switched-inductance 

quasi-Z-source inverter. While improving the boosting capability, It can reduce the voltage stress of 

the topological capacitor and eliminate the phenomenon, and the simulation verification on the 

MATLAB/Simulink platform proves the superiority, which can meet the high-voltage and high-

quality power requirements of electric propulsion ships. 
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