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Abstract 
This paper presents a current ripple analysis of new double-stator AC drive system. At first, a new 

double-stator AC drive system is proposed. The aim is to combine the benefits both the multilevel and 
multiphase system to provide the better performance to drive AC motor. The input and output current 
ripples of the proposed AC drive system are then analyzed. The current ripples of the proposed AC drive 
system are then compared to the ones of conventional double-stator AC drive system. Under the same DC 
input voltage, it is shown that the proposed results in less output current ripple. Under the same output 
voltage, the proposed AC drive system results in smaller input current and, therefore, fewer losses on the 
DC power supply. Experimental results are included to show the validity of the proposed concept. 
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1. Introduction 

Many studies have been conducted to improve the performance of AC drive system. 
With advanced progress of the power semiconductor switches, inverters can widely applied as 
AC drive with high-frequency switching and various levels of power requirements [1]-[4]. Various 
kinds of AC drive system topology by using an inverter has been researched and developed for 
a wide variety of applications, such as locomotive traction, electric ship propulsion, more-electric 
aircraft, and high-power industrial applications. For higher power requirements, multiphase and 
multilevel inverter is the most commonly used. The multiphase inverter basically consists of 
conventional n-half bridge inverter connected in parallel corresponding to the load supplies. It  
provides lower pulsating torque, better tolerance and the possibility of splitting motor current 
across a higher number of phases, thus reducing the converter rating [3], [5]-[7]. For high 
voltage applications, multilevel inverter is more suitable because the inverter output voltage is 
obtained through a few steps of voltage levels, although it also has some drawbacks. Multilevel 
system requires a lot of switches and has capacitor voltage unbalanced problem [8]-[11].  

In order to develop better performance of the AC drive system as Figure 1, some 
investigations have been done for both multiphase and multilevel system. Those are focusing to 
the input [12]-[17], [18], [20] and output [18]-[21] ripple to meet the standard that have been 
determined [22]. On the input side of the inverter, the current ripple determines the size of the 
DC link capacitor of the inverter. It has been reported that the DC link capacitor is the most 
vulnerable component in an inverter. Furthermore, on the output side of the inverter, the higher 
current ripple could cause the motor to heat faster. 

In this paper, a new topology of double-stator AC drive system is proposed to combine 
the benefits of both multiphase and multilevel system. In the proposed system, as shown in 
Figure 2, two conventional two-level three-phase inverters are connected in series on the DC 
sides. Each three-phase output of these two inverters is supplying three-phase stator winding 
set of double-stator AC motor. By using the proposed topology, the advantages of simple two-
level inverter topology and high reliability and power density of multiphase AC motors can be 
combined. Analytical expressions of input and output current ripples of the proposed system are 
then derived. It is shown that under the same DC input voltages, the output current ripple of the 
proposed system is lower than the conventional topology. Under the same output voltage, the 
proposed system has lower input current and therefore, fewer losses on the DC power supply 
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than the conventional ones. Experimental results are included to show the validity of the 
proposed concept. The proposed concept can be extended to higher phase number. 
 
 

 
 

Figure 1. Conventional double-stator AC drive system 
 
 

 
 

Figure 2. New double-stator AC drive system 
 
 
2. Proposed Method 

In a conventional double stator AC drive system, an AC motor that having two three-
phase stator winding sets is used. The neutrals of two winding sets are separated. The two  
stator winding sets are supplied by two two-level three-phase inverters as shown in Figure 1. 
The two three-phase inverters are supplied by a common DC voltage source. These two stator 
winding sets can be displaced by various angles. In this paper, only zero angle displacement is 
discussed. The main problems of this conventional system is the increasing DC input current 
with the associated large DC supply losses. 

In order to solve the mentioned problem, a new topology as shown in Figure 2 is 
proposed. In the proposed system, the two three-phase inverters are connected in series. As 
the input voltage is connected in series, the required DC input current is lower than the 
conventional ones. PWM techniques for the new topology and the conventional ones are the 
same. 
 
 
3. Input Current Ripple of New Double-Stator AC Drive System 

Input current ripple analysis is very important in designing the required DC filter 
capacitor. In the new topology, the input current of the upper side inverter can be expressed as, 

 
݅ௗ ൌ ݅௨భ. ௨భݏ ൅ ݅௩భ. ௩భݏ ൅ ݅௪భ.  ௪భ       (1)ݏ
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where ݏ௨ଵ, ݏ௩ଵ, and ݏ௪ଵis switching states of phases u1, v1, and w1, respectively. The value of 
switching state is unity (zero) when the upper switching device of the associated phase receives 
an ON (OFF) signal. The output currents are assumed to be balanced and sinusoidal: 
 

݅௨భ ൌ ௟ܫ2√ sinሺ	ߠ௥ െ ߶ሻ 

݅௩భ ൌ ௟ܫ2√ sinሺ	ߠ௥ െ
ߨ2
3
െ ߶ሻ 

݅௪భ ൌ ௟ܫ2√ sinሺ	ߠ௥ ൅
ଶగ

ଷ
െ ߶ሻ,       (2) 

 
where φ is the load phase angle, 	ߠ௥ ൌ ߨ2 ௥݂ݐ ൌ  ௥݂ is the fundamental output frequency of the ,ݐ߱
inverter and ܫ௟ is the rms value of the load current. 

In carrier based PWM inverter, the ON and OFF signals for the inverter switching 
devices are obtained by comparing a three-phase reference signal to a high-frequency 
triangular carrier signal with unity amplitude. The upper inverter switching device receives an 
ON (OFF) signal whenever the associated reference signal is higher (lower) than the triangular 
signal. If the frequency of the carrier signal is much higher than the reference one, the values of 
the reference signals in one carrier period can be assumed as constants. By using this 
assumption, the detailed inverter waveforms over one carrier period can be drawn as shown in 
Figure. 3.  
 
 

 
 

Figure 3. Inverter waveforms in one carrier period 
 
 

The time intervals in Figure 3 can be obtained as follows: 
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where, 
 

௨௥ݒ ൌ ݇ sin  ௥ߠ	

௩௥ݒ ൌ ݇	 sin ቀ	ߠ௥ െ
ଶగ

ଷ
ቁ        (4) 

௪௥ݒ ൌ ݇	 sin ൬	ߠ௥ ൅
ߨ2
3
൰ 

 
Based on Figure. 3, the inverter input current in one carrier period can be written as follow: 
 

ଓሶௗ ൌ

ە
ۖۖ
۔

ۖۖ
ۓ ଴ 				଴ஸ௧ஸ௧ሶభ

పሶೠభ ௧ሶభஸ௧ஸ௧ሶమ
ିపሶೡభ ௧ሶమஸ௧ஸ௧ሶయ
଴ ௧ሶయஸ௧ஸ௧ሶర

ିపሶೡభ ௧ሶరஸ௧ஸ௧ሶఱ
పሶೠభ ௧ሶఱஸ௧ஸ௧ሶల
଴ ௧ሶలஸ௧ஸ௧ሶళ

        (5) 

 
 

The mean square value of the inverter input current over one carrier period can be 
obtained as follow: 

 

ଶௗభܫ ൌ
ଵ

ೞ்
׬ ݅ௗ

ଶ݀ݐ
௧బା ೞ்
௧బ

        (6) 

								ൌ
2ሺݐଵ െ ଶሻݐ

௦ܶ
݅௨భ

ଶ ൅
2ሺݐଷ െ ଶሻݐ

௦ܶ
݅௩భ

ଶ 

 
Substituting (2) and (3) into (5) and the result is substituted into (6) then the following is 

obtained 
 

ଶௗభܫ ൌ ௟ܫ2
ଶ sinଶሺ߱ݐ െ ߶ሻ √

ଷ

ଶ
݇ sin ቀ߱ݐ െ

గ

଺
ቁ      (7) 

 

		൅	2ܫ௟
ଶ sinଶሺ߱ݐ െ

ߨ2
3
െ ߶ሻ

√3
2
݇ sin ቀ߱ݐ ൅

ߨ
2
ቁ 

 
The average value of the mean square of the inverter input current over one fundamental 
inverter period can be obtained as follow: 
 

ଶௗభ,௔௩ܫ ൌ 	
ଷ

గ
׬ ௗܫ

ଶ
ഏ
మ
ഏ
ల

݀ሺ߱ݐሻ        (8) 

 

ଶௗభ,௔௩ܫ ൌ
3√3
ߨ2

௟ܫ݇
ଶ ൤1 ൅

2
3
cos 2߶൨ 

 
As the inverter operation is symmetrical, the integral operation can be performed just over 60o 
period.  

If the inverter losses can be neglected, the DC component of the inverter input current 
can be obtained by equalizing the inverter input and output powers and, the result is   

ଓௗ̅ഥ ൌ
ଷ

√ଶ
. ݇. .௟ܫ cos߶        (9) 

 
Based on (8) and (9) then the ripple component of the inverter input current can be determined 
as follow: 
 

ଓௗభ෦ ൌ ටܫଶௗభ,௔௩ െ ௗഥܫ
ଶ
        (10) 
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ଓௗభ෦ 	ൌ 	 ௟ඨ݇ܫ ቈ
√3
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൅ ቆ
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െ
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݇ቇ cosଶ ߶቉ 

 
 
4. Output Current Ripple of New Double-Stator AC Drive System 

For output current ripple analysis, it is assumed that the load can be represented as 
shown in Figure 4.  
 
 

 
 

Figure 4. New double-stator AC drive system with delta load 
 
 

Based on the circuit in Figure 4, the voltage differences between phases u1and v1 and 
between u2 and v2 can be expressed as follow 

 

௨భ௩భݒ ൌ ܴ݅௨భ௩భ ൅ ܮ
ௗ

ௗ௧
݅௨భ௩భ ൅ ܯ

ௗ

ݐ݀
݅௨మ௩మ ൅ ݁௨భ௩భ      (11) 

 

௨మ௩మݒ ൌ ܴ݅௨మ௩మ ൅ ܮ
݀
ݐ݀
݅௨మ௩మ ൅ ܯ

݀
ݐ݀
݅௨భ௩భ ൅ ݁௨మ௩మ  

 
The inverter output voltage and current can be decomposed into the average (average over 

one carrier period) and ripple components. By neglecting the ripple voltage drop across the load 
resistances then the ripple component of the load currents can be expressed as follows: 
 

ଓ௨̃భ௩భ ൌ
ଵ

௅ାெ
௨భ௩భݒ൫׬ െ  (12)       ݐ෤௨భ௩భ൯݀ݒ

 
where tilde denoting ripple component.  
 
Based on the inverter voltage waveforms as shown in Figure 5, then the detailed output current 
ripple over one carrier period can be written as 

 

(13) 
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Figure 5. Inverter waveforms in one carrier period 

 
 

where 
 

௨భ௡ݒ̅ ൌ
௦ܶ 2⁄ െ ଶݐ

௦ܶ 4⁄
 ௗܧ

௩భ௡ݒ̅ ൌ
ೞ் ଶ⁄ ି௧య

ೞ் ସ⁄
ሺܧௗሻ        (14) 

௪௡ݒ̅ ൌ
௦ܶ 2⁄ െ ଵݐ

௦ܶ 4⁄
ሺെܧௗሻ 

 
The mean square value of the output current ripple over one carrier period can be 

determined as follow: 
 

ሚ௨௩ܫ
ଶ
ൌ

ଵ

ೞ்
׬ ଓ௨௩෦

ଶ݀ݐೞ்
଴ ൌ

ଶ

ೞ்
׬ ଓ௨̃௩

ଶ݀ݐೞ்/ଶ
଴       (15) 

 
Substituting (13) and (14) into (15) then and performing the integration the results as shown in 
Table 1 are obtained. 
 
 

Table 1.Output current ripple for one switching period 
Area A1 (0ωt/6) ۳܌૛࢑૛ܛ܂૛ሺ۱ܛܗሾ

૚
૟ ሺ࣊ െ ૟ࣂሻሿ ൅ ીሻ૛ሺ૝ܖܑ܁ ൅ ૜࢑૛ െ ૛√૜ܛܗ۱࢑ી െ ૟ܖܑ܁࢑ીሻ

ૠ૟ૡሺࡸ ൅ࡹሻ૛
 

Area A2 (/6ωt/2) ۳܌૛࢑૛ܛ܂૛ሺ۱ܛܗሾ
૚
૟ ሺ࣊ െ ૟ࣂሻሿ ൅ ીሻ૛ሺ૝ܖܑ܁ ൅ ૜࢑૛ െ ૛√૜ܛܗ۱࢑ી െ ૟ܖܑ܁࢑ીሻ

ૠ૟ૡሺࡸ ൅ࡹሻ૛
 

 
 
The average value of the mean square of the inverter output current over one fundamental 
inverter period can be obtained as follow: 
 

ሚ௨௩,௥௠௦ܫ	
ଶ
ൌ

ଵ

గ/ଶ
׬ ሚ௨௩ܫ

ଶ
ߠ݀

గ/ଶ
଴         (16) 

 
As the inverter operation is symmetrical, the integral operation can be performed just over 90o 
period. Then the ripple component of the inverter output current can be determined as follow: 
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ሚ௨భ௩భ,௥௠௦ܫ
ଶ
ൌ

ሺ୉ୢమ௞మሺଵଶሺ√ଷାగሻା௞ሺିହସିଶଶ√ଷାଽ௞ሺ√ଷାగሻሻሻ୘ୱమሻ

ଵହଷ଺ሺ௅ାெሻమగ
    (17) 

 
where 
Ed = DC voltage source of inverter 
Ts = Switching period 
L = Load inductance 
M = Mutual leakage inductance 
k = Modulation index 
 
 
5. Results and Discussion 

A small experimental system was constructed to verify the proposed concept. The DC 
voltage source is obtained by rectifying three-phase AC voltage source. The inverter switching 
devices are implemented by using power MOSFET. The load resistance and inductance are 
1.26 Ohm and 5.62 mH, respectively. The mutual leakage inductance can be neglected. The 
DC voltage source Ed is maintained constant at 26.25 Vdc. The switching devices are switched 
at 1000 Hz. The fundamental output frequency is 50 Hz. 

The validity of the analysis of the input and output current ripple of the proposed system 
is shown in Figure 6 and 7. From Figure 8-11, input and output current ripple comparison 
between proposed and conventional multiphase system are shown. Under the same input 
voltage, shown in Figure 8-9, input current ripple of both system are the same, but the output 
current ripple of the proposed system is lower.  Under the same output voltage, shown in Figure 
9-11, output current ripple of both system are the same, but the input current ripple of the 
proposed system is lower. Accuracy of the proposed analysis method can be appreciated from 
these figures.  

 
 

 
 

Figure 6. Input current ripple of the proposed topology 
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Figure 7. Output current ripple of the proposed topology 
 
 

 
Figure 8. Input current ripple comparison between conventional multiphase inverter and 

proposed topology under the same DC input voltage 
 

 

 
Figure 9. Output current ripple comparison between conventional multiphase inverter and 

proposed topology under the same DC input voltage 
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Figure 10. Input current ripple comparison between conventional multiphase inverter and 

proposed topology under the same output voltage 
 

 
Figure 11. Output current ripple comparison between conventional multiphase inverter and 

proposed topology under the same output voltage 
 
 
6. Conclusion 

In this paper, analytical expressions for total input and output current ripple of a new 
double-stator AC drive system have been derived and proved by experiment. The derived 
expressions are useful in designing DC input and output filters. It is expected that the proposed 
topology can be used as an alternative to the conventional topology. 
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