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Abstract – Parallel three-phase voltage source inverters in a direct connection configuration are 
widely used to increase system power ratings. A zero-sequence circulating current can be generated 
according to the switching method; however, the zero-sequence circulating current not only distorts 
current, but also reduces the system reliability and efficiency. In this paper, a model predictive control 
scheme is proposed for parallel inverters to drive an interior permanent magnet synchronous motor 
with zero-sequence circulating current suppression. The voltage vector of the parallel inverters is 
derived to predict and control the torque and stator flux components. In addition, the zero-sequence 
circulating current is suppressed by designing the cost function without an additional current sensor 
and high-impedance inductor. Simulation and experimental results are presented to verify the proposed 
control scheme. 
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1. Introduction 
 
The parallel connection of three-phase power converters 

is an effective method to enhance the power and reliability 
of the system. The use of standardized power converters 
has the additional advantage of reducing manufacturing 
costs; however, a zero-sequence circulating current 
occurs when a three-phase power converter is connected 
in parallel. The zero-sequence circulating current distorts 
the current and reduces the reliability and efficiency of 
the system. Many studies have been carried out on the 
suppression of zero-sequence circulating current in parallel 
inverters systems [1-9]. 

 A simple solution to suppress circulating current in a 
parallel inverter system is the use of a separate AC or DC 
power supply, or an isolation transformer on the AC side. 
Although this technique is easy to apply, it has the 
disadvantage of increasing the volume and cost of the 
entire system due to the use of additional power sources or 
transformers. To overcome this drawback, the addition of a 
high impedance reactor has been proposed to provide a 
high zero-sequence impedance [1, 2]. While this method 
can prevent increases in both the volume and price of the 
system, the circulating current of the low frequency is not 
sufficiently suppressed. 

Parallel power converters are generally connected directly 
to the AC and DC sides of two rectifiers or inverters 
through inverter control, without the use of additional 
components [3]. Since the inverter is directly connected, a 

circulating current may occur between the power 
converters in accordance with the control method. Also, in 
this case, since the sum of the three-phase inductor currents 
of each inverter output is not always zero, three-phase 
current sensing of the output inductor is needed to control 
the circulating current. Therefore, it is necessary to control 
the inverter to avoid generating circulating current in the 
direct connection method [4-6]. 

Many attempts have been made to apply the model 
predictive control (MPC) technique to power electronics 
systems due to the rapid and robust development of 
microprocessor technology in recent years [10-17]. MPC, 
which selects the optimal vector based on the cost function 
and includes a dynamic model of the system and the 
control variable, is easy to implement and has a fast 
dynamic response. MPC can be applied effectively to 
motor drives because it is suitable for non-linear and 
multivariable systems. Another reason to apply MPC to 
power electronics such as power converters and motor 
drives, is that one can take advantage of the inherent 
characteristics of power converters. Since the power 
converter has a limited number of switching states, the 
MPC optimization problem can be simplified to predict 
system operation for possible switching states. 

When MPC is used for motor drives in a single inverter 
system, a cost function related to the errors of the magnetic 
flux and torque components is defined, and a vector 
minimizing this cost function is applied to the inverter [11]. 
However, if the current control is performed using the cost 
function of [11] in a parallel inverter system, a current 
imbalance may occur between the inverters depending on 
the switching state, and the output inductor currents may 
diverge. The conventional method to suppress circulating 
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current in parallel inverter systems requires an additional 
current sensor to sense the current information of each 
output inductor [4-6]. While this allows for accurate 
control of the circulating current, both the volume and 
cost of the system are increased. Therefore, in this paper, 
we propose a circulating current suppression method using 
MPC in a parallel inverter-fed motor drive system, directly 
connected to the AC and DC side, without an additional 
current sensor or high-impedance inductor. The phase 
voltage, offset voltage, and output inductor voltage of the 
parallel inverters, including the motor, are modeled for 
parallel inverters and circulating current control. In order to 
suppress the circulating current in the MPC-based parallel 
inverter system, the appropriate voltage vector was applied 
to the inverters by adding the output inductor voltage term 
to the cost function using the predicted values of these 
voltages. 

This paper is organized as follows: The basic structure of 
a parallel inverter system including a motor is described, 
and a method of modeling a voltage vector of a parallel 
inverter is explained in Section 2. The cost function of the 
MPC, used to suppress the circulating current using the 
model of the parallel inverters, is outlined in Section 3. In 
section 4, simulations and experimental results are presented 
to demonstrate the validity of the proposed method. Finally, 
the conclusion is summarized in Section 5. 

 
 

2. System Model 
 

2.1 System configuration 
 
Fig. 1 shows the motor drive system using parallel three-

phase voltage source inverters. The system consists of two 
voltage source inverters, output inductors and an interior 
permanent magnet synchronous motor (IPMSM). The AC 
output terminals of the two voltage source inverters are 
connected directly in parallel through the output inductors. 
As shown in Fig. 1, the three phases are represented by a, b, 
and c, respectively. The output inductor and equivalent 
resistance are connected to each phase, and the symbols are 
represented by ipxL  and ipxR , respectively. Here, i  

represents the corresponding phase of the inverter and x  
represents the inverter number. Also, the nodes commonly 
connected to each output inductors and the motors are 
denoted by io , respectively. In Fig. 1, n  represents the 
virtual neutral point of the DC-link and the a-phase AC 
current, which is the sum of the a-phase currents of 
Inverter 1 and Inverter 2, and is indicated by asi . Similarly, 
the ac side currents of b-phase and c-phase are indicated by 

bsi  and csi , respectively. The current flowing in the output 
inductor of each inverter is represented by ixi . 

 
2.2 Modeling of PMSM 

 
The stator voltage equation of a permanent magnet 

synchronous motor viewed from the stationary reference 
frame is as follows: 

 

 s
s s s

d
R

dt
 

v i 
, (1) 

 
where s

v  is the stator voltage, s


i  is the stator current, s


λ  

is the magnetic flux, and sR  is the stator resistance. The 
stator flux linkage s


λ  is generated by the rotor magnet and 

the self-linked flux produced by the stator currents. This 
relation is described by 

 

 rj
s s s mL e  
 

i , (2) 

 
where sL  is the stator self-inductance, m  is the flux 
magnitude of the rotor magnet, and r  is the rotor 
position. By substituting (2) into (1), (3) can be obtained. 
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where /r rd dt   is the rotor speed. 

Multiplying by rje   and considering the stator voltage 
and current space vectors in the rotor reference frame 
aligned with the rotor flux axis, (3) can be represented by 
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i i , and the superscript r  

denote rotor coordinates. 
The stator equation (4) can be rewritten in d-q axis 

coordinates as follows: 
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, (5) 

 
where dL , qL  are the d-axis and q-axis inductances, 

di , qi  are the d-axis and q-axis stator currents, dv , qv  are 

 

Fig. 1 Parallel-connected inverter-fed motor drive system
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the d-axis and q-axis stator voltages, respectively, and 
r
s d qv jv 
v  and r

s d qi ji 

i . The electric torque 

produced by the machine can be expressed as follows: 
 

  3

2e m q d q d qT p i L L i i       , (6) 

 
where eT  is the electric torque and p denotes the number 
of pole pairs. The mechanical equation of the rotor is 
considered in (7), 

 

 m
e L

d
J T T

dt


  , (7) 

 
where the coefficient J  denotes the moment of inertia of 
the mechanical shaft, m  is the mechanical rotor speed, 
and LT  is the load torque of the machine. 

 
2.3 Modeling of Parallel Inverters 

 
Fig. 2 shows a parallel inverter circuit for driving a 

motor, including the pole voltage, phase voltage, and 
inductor output voltage of parallel inverters. For convenient 
analysis, it is assumed that the switches making up the 
parallel inverters are ideal and that the equivalent resistance 
of the output inductor in Fig. 2 is negligible. It is also 
assumed that the switches of each leg do not close at the 
same time, in order to prevent a DC-link short circuit. The 
switching state of each leg can be defined by the switching 
function iS  in (8). Here, "1" means that the upper switch 
is closed, and "0" means that the lower switch is closed. 

 

 
1

0
i

i
i

when S is closed
S

when S is open


 


 (8) 

 
From (8), the pole voltage of the inverter inxV  can be 

expressed by (9), 

 

 1
2 2

1

2
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V S S

V S

    

   
 

, (9) 

 
where dcV  represents a DC-link voltage. 

In Fig. 2, when KCL is applied to the node io  
connected in common to the output inductor and the motor, 
the following equation is satisfied: 

 
 1 2is is isi i i  .   (10) 

 
If the ratio of the output inductance to the d, q 

inductance of the IPMSM is defined as N , (11) can be 
obtained: 

 

 3 ipx

d q

L
N

L L



.  (11) 

 
At this time, assuming that the switching state does not 

change during one sampling time, the sampling time is 
sufficiently small, and the electromotive force is constant, 
the output inductor voltage and the phase voltage of the 
motor can also be regarded as constant during that time. 
Therefore, the currents of the output inductor and the 
motor can be approximated by (12) and (13), respectively, 
using the inductor voltage equation:  

 

    0 0

1
ix s ipx s ix

ipx

i t T V T i t
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    0 0

1
is s is s is

is

i t T V T i t
L

     ,  (13) 

 
where 0t  represents an arbitrary sampling time, sT  is one 
sampling time, isL  is each phase inductance of the motor, 

ipxV  is the output inductor voltage, and isV  represents the 
phase voltage of the motor. 

By substituting (11), (12), and (13) into (10), the 
relationship between the output inductor voltage and the 
motor phase voltage can be obtained as (14):  

 
 1 2ip ip isV V N V   , (14) 

 
where 1ipV  represents the output inductor voltage of 
Inverter 1 and 2ipV  represents the output inductor voltage 
of Inverter 2. 

 If KVL is applied to the virtual closed loop between the 
DC-link neutral point n  and the motor neutral point s  in 
Fig. 2, the inverter pole voltage inxV  is expressed as (15):  

 
 inx ipx is snV V V V   , (15) 

 
where snV  denotes the voltage between the virtual neutral 
point of the DC-link capacitor and the neutral point of the 
motor. 

 

Fig. 2. Parallel inverters equivalent circuit for a motor 
drive system 
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Assuming that the three-phase voltage of the motor is 
balanced, (16) can be obtained by summing the pole 
voltages of Inverter 1 and Inverter 2 according to (15): 

 

  1 1 1 2 2 2

1

6sn an bn cn an bn cnV V V V V V V      . (16) 

 
The motor phase voltages from (14) and (15) are as 

follows: 
 

    1 2

1
2

2is in in snV V V V
N

  
 .  (17) 

 
The following equation is obtained by substituting (9) 

and (16) into (17), and finally, the phase voltage of the 
motor in the parallel inverters can be expressed as a 
switching function in (18),  

 

    
1 2

1 1 1 2 2 2

1
2

3

i i
dc

is

a b c a b c

S S
V

V
N S S S S S S

 
   

        
. (18) 

The space voltage vectors of 19 parallel inverters are 
listed in Table 1 and can be expressed by the Clarke 
coordinate transformation equation of (19) in the stationary 
reference frame, as shown in Fig. 3. The space voltage 
vector of the parallel inverters is composed of one zero 
vector and 18 effective vectors. 

 

 

1 1
1

2 2 2

3 3 3
0

2 2

as
s

bs
s
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V
V

V
V

V





                    

  (19) 

 
Here, sV  and sV  represent the phase voltages of the 

motor transformed to the  -axis and  -axis in the 
stationary reference frames, respectively. 

 
 

3. Proposed Method for Zero-Sequence 
Circulating Current Suppression 

 
Fig. 4 shows a control block diagram of the parallel 

inverters based on MPC for driving IPMSM. In the 
proposed scheme, the control block diagram consists of a 
stator flux component and electromagnetic torque 
component controller based on MPC in the inner loop, and 
the speed controller, a traditional PI controller, in the outer 
loop. The internal controller is made up of three blocks. In 
the stator current prediction block, the stator current of the 
motor is sensed and expressed in the rotor reference frame 
aligned with the rotor flux axis, and then the stator current 
is predicted using the discrete time prediction model. In the 
zero-sequence circulating current suppression block, the 
output inductor voltage is predicted using the switching 
function relationship of the parallel inverters model derived 

Table 1. The voltage vector of parallel inverters 

Space 
Vector 

Switching State
Space 
Vector 

Switching State

Zero 
Vector 0V


 [000] [000] -  - 

1V


 [000] [100]  2V


 [000] [110] 

3V


 [000] [010] 4V


 [000] [011] 

5V


 [000] [001] 6V


 [000] [101] 

7V


 [100] [110] 8V


 [010] [110] 

9V


 [010] [011] 10V


 [001] [011] 

11V


 [001] [101]  12V


 [100] [101] 

13V


 [100] [100] 14V


 [110] [110] 

15V


 [010] [010] 16V


 [011] [011] 

Active 
Vector 

17V


 [001] [001] 18V


 [101] [101] 

 

 
Fig. 3. The space voltage vector of parallel inverters 

 

Fig. 4. Block diagram of the proposed control method for 
zero-sequence circulating current suppression 
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in Section 2. In the cost function block, the predicted 
current and output inductor voltage according to the 19 
switching states are applied to the cost function, and then 
the cost function values are compared with each other. 
Finally, the inverter voltage vector minimizing the cost 
function for the next sampling period k+1 is selected as the 
optimal switching state. Therefore, among the 19 voltage 
vectors, we can apply a voltage vector that suppresses the 
circulating current and supplies optimal current control to 
the parallel inverters. 

 
3.1 Stator current prediction 

 
The Euler approximation method is applied to the stator 

current differential term to predict the stator current after 
sampling time sT  as follows:  

 

 
( 1) ( )

s

di i k i k

dt T

 
 .  (20) 

 
By substituting (20) into (5), the predicted stator current 

on the d-q rotor reference frame can be obtained as in (21) 
and (22). 

 

( 1) 1 ( ) ( )p s s s r s
d d q q d
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i k i k L i k v
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   (21) 

 ( 1) 1 ( ) ( )p s s s r s
q q d d m q

q q q

R T T T
i k i k L i k v

L L L




 
       

 
 

  (22) 
 

where ( )di k  and ( )qi k  denote the d-q current at the resent 
sampling time, and ( 1)p

di k   and ( 1)p
qi k   represent the d-

q current predicted at the next sampling period k+1. As 
shown in (21) and (22), it is possible to predict the stator 
current of the next period via the stator current, voltage, 
sampling time and motor parameters. Further, by applying 
(21) and (22) to the cost function, predictive current 
control can be performed for the motor drive. 

 
3.2 Zero-Sequence Circulating Current Suppression 

 
3.2.1 Proposed zero-sequence circulating current suppres-

sion method 
 
Fig. 5 shows the equivalent circuit of the output inductor 

for any one phase. The current difference between Inverter 
1 and Inverter 2 can be defined as in (23),  

 
 1 2iz i ii i i  ,    (23) 

 
where izi  is defined as the circulating current of the phase. 
In Fig. 5, it is assumed that the inductance value of the 
output inductor is equal to ipL . The difference ipV  
between the output inductor voltage of Inverter 1 and the 

output inductor voltage of Inverter 2 can be expressed by 
(24): 

 

 1 1 2 2
iz

ip ip ip i ip i

di
V L R i R i

dt
   .   (24) 

 
At this time, if the inverters are controlled so that 

becomes 0, it should satisfy both (25) and (26) 
simultaneously, 

 
 1 2 .iz i ii i i const     (25) 

 
2

1 2
1

ip
i i

ip

R
i i

R
 . (26) 

 
Assuming that the equivalent resistances 1ipR  and 2ipR  

of the output inductor are the same in (26), finally, 1ii  and 
2ii  become equal, and the circulating current izi  is not 

generated. In other words, it can be seen that the circulating 
current can be suppressed by controlling ipV  at a minimum. 

 
3.2.2 Modeling of output inductor voltage 

 
The relationship in (15) between the output inductor 

voltage and the motor phase voltage can be rewritten as 
ipxV , as shown in (27). 
 

   ipx inx is snV V V V     (27) 
 
By substituting (9), (16), and (18) into (27), the output 

inductor voltage ipxV  can be obtained according to the DC-
link voltage, inductance ratio, and the switching state of 
each phase. 

 

   

 

1 2

1 1 1 2 2 2

1 1 1 2 2 2

1
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1
2
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3
6

ipx dc ix

i i
dc

a b c a b c

dc
a b c a b c

V V S
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S S S S S SN
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 (28) 

 
3.3 Cost function optimization 

 
The cost function, including the circulating current 

suppression, is expressed as (29):  

 
Fig. 5. The equivalent circuit of the output inductor of one 

phase 
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* *

1 2

( 1) ( 1) ( 1) ( 1)

( 1) 1

p p
d d q q

p p
ip ip

g i k i k i k i k

V k V k

       

   
,  (29) 

 
where * ( 1)di k  , * ( 1)qi k   are the reference currents in 
the rotor d-q reference frame, 1( 1)p

ipV k  , 2 ( 1)p
ipV k   are 

the output inductor voltages of Inverters 1 and 2 
predicted at the next sampling period k+1, g  is the cost 
function, and   is the weighting factor for circulating 
current suppression. In this paper, * ( 1)di k   is set to 0 and 

* ( 1)qi k   is generated in the PI speed controller. 
The cost function of (29) consists of the d-q axis stator 

current term for motor current control and the output 
inductor voltage term for circulating current control. In the 

rotor reference frame aligned with the rotor flux axis, the 
d-axis component of the stator current is proportional to the 
stator flux and the q-axis component is proportional to 
the electrical torque. Therefore, d-axis and q-axis current 
control is required to control the stator flux and torque 
component of the motor, so the term of the d-q axis stator 
current is included in the cost function. In addition, the 
inductor output voltage term to suppress the circulating 
current is further applied to the cost function. The cost 
function is expressed by the error between the reference 
value and the predicted value, and the voltage vector that 
minimizes the cost function is selected. 

All possible voltage vectors are substituted into (29) to 
determine the minimum value of the cost function, and an 
optimal voltage vector that suppresses circulating current is 
applied to the parallel inverters. This enables the parallel 
inverters to operate with motor side current sensing alone. 
The proposed control method can be implemented in the 
following sequence as shown in Fig. 6. 

As mentioned above, system nonlinearity and limited 
elements (circulating current suppression) can be included 
in the cost function of MPC, increasing flexibility and ease 
of application. 

 

Fig. 6. The flowchart of the proposed method 
 

Table 2. Motor and control parameters 

Parameter Value Unit 
Pole pairs 3 - 

d-axis inductance 11.5 mH 
q-axis inductance 20 mH 
Stator resistance 1.134 Ω 

Permanent magnet flux linkage 0.109 Wb 
Rated power 600 W 
Rated speed 3600 rpm 

DC-link voltage 100 V 
Interphase inductor inductance 326 uH 

Sampling time 66.7 us 

 

Fig. 7. Simulated waveforms without application of the 
proposed method in parallel inverters: (a) speed, (b) 
d-axis current, (c) q-axis current, (d) stator current, 
(e) output inductor current, and (f) circulating current
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4. Simulation and Experimental Results 
 
Simulations and experiments were conducted to verify 

the proposed model predictive control scheme used to 
suppress the circulating current of parallel inverters. The 
parameters of the motor and control system are listed in 
Table 2. 

Fig. 7 shows the simulation waveform without application 
of the proposed model predictive control method, where 
the speed varies from 0 to 1000 rpm under 50% load 
conditions. As shown in Fig. 7(a), the actual speed rpm  
follows the speed reference *

rpm  properly. From Figs. 
7(b), (c), and (d), it can be seen that the d-axis and q-axis 
currents di and qi  also follow the reference currents *

di  
and *

qi , respectively, and the three-phase stator current is 
balanced at the same time. However, as shown in Figs. 7(e) 
and (f), the output inductor currents 1ai  and 2ai  of 
Inverters 1 and 2, respectively, diverge, indicating the 
occurrence of a large circulating current azi . Fig. 8 shows 
the waveform with application of the proposed model 
predictive control method under the same operating 
conditions. The speed and current are appropriately 
controlled via the proposed method, as shown in Figs. 8(a) 
through (d). In addition, as shown in Figs. 8(e) and (f), the 

circulating current azi  is also effectively suppressed. 
In order to clearly show the comparison about with and 

 
Fig. 8. Simulated waveforms in parallel inverters using the 

proposed method: (a) speed, (b) d-axis current, (c) 
q-axis current, (d) stator current, (e) output inductor 
current, and (f) circulating current 

0 0.2 0.4 0.6 0.8 1
Time(s)

(a)

0 0.2 0.4 0.6 0.8 1
Time(s)

(b)

0 0.2 0.4 0.6 0.8 1
Time(s)

(c)

0 0.2 0.4 0.6 0.8 1
Time(s)

(d)

0 0.2 0.4 0.6 0.8 1
Time(s)

(e)

0 0.2 0.4 0.6 0.8 1
Time(s)

(f)

0.44 0.46 0.48 0.5

Time(s)
(g)  

Fig. 9. Simulated waveforms initially with proposed method
and without proposed method after 0.5s: (a) speed, 
(b) d-axis current, (c) q-axis current, (d) stator 
current, (e) output inductor current, (f) circulating 
current, and (g) zoomed output inductor current 

 

 

Fig. 10. Experimental setup 
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without the proposed method, Fig. 9 shows simulation 
waveforms of control mode change over. Initially, we set 
the weighting factor for circulating current control to 1 in 
the cost function of (29) and set the weighting factor to 0 in 
0.5 second. As shown in Figs. 9(e), (f), (g), the output 

inductor currents 1ai  and 2ai  diverge after 0.5 seconds, 
and the circulating current is generated. In addition, the 
zoomed inductor current waveform in Fig. 9(g) also shows 
the detail situation of the current divergence. 

Fig. 10 shows the prototype used in the experiment to 
verify the proposed method. Only two current sensors were 
used to measure the phase current of the motor without an 
additional current sensor in the output inductor, and the 
load torque was applied through the powder brake. 

Figs. 11 and 12 show the waveforms from the start to the 
steady state, and the rotor speed command value, real rotor 
speed, d, q-axis current, and a-phase current of Inverter 1 
and 2 at 50% load and 1000 rpm conditions. Figs. 11 (a), 
(b) show the experimental results when the proposed 
method is not used. Initially, the motor was driven by the 
proposed method and approximately 120ms after inputting 
the speed command value, the proposed method is no 
longer applied. The speed and current are well controlled in 
the beginning, but after 120ms, the output inductor current 
diverges from Inverter 1 and 2, causing a current fault and 
the speed decreases to zero. On the other hand, Figs. 12 (a), 
(b) show the experimental results when the proposed 
method is used. As shown in Fig. 12 (a), the speed and 
current are well controlled. Fig. 12 (b) shows the 
experimental result of the output inductor current with the 
application of the proposed method, where the two-phase 

C1C2

C4

C3

 * 500 /rpm rpm div

 500 /rpm rpm div
 2 /di A div

 2 /qi A div

C1C3

 1 1 /ai A div

 2 1 /ai A div

20 /ms div

20 /ms div

(a)

(b)  
Fig. 11. Experimental results without application of the 

proposed method: (a) rotor speed, d-axis current, 
q-axis current, (b) output inductor currents 

 

C1C2

C4

C3

C1C3

 * 500 /rpm rpm div

 500 /rpm rpm div
 2 /di A div

 2 /qi A div

20 /ms div

20 /ms div

 1 1 /ai A div

 2 1 /ai A div

(a)

(b)  

Fig. 12. Experimental results with application of the 
proposed method: (a) rotor speed, d-axis current, 
q-axis current, (b) output inductor currents 
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Fig. 13. Experimental results of the difference between the 
a-phase output inductor voltage of Inverter 1 and 
Inverter 2 without application of the proposed 
method 
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Inverter 2 with application of the proposed method



Shin-Won Kang, Jae-Hwan Soh and Rae-Young Kim 

 http://www.jeet.or.kr │ 1249

inductor currents are controlled to be equal to each other, 
and the circulating current is effectively suppressed. 
Likewise, inductor currents in the b-phase and c-phase 
were also suppressed. 

To show more the performance of the proposed method, 
Figs. 13 and 14 show the difference between the a-phase 
output inductor voltage of Inverter 1 and 2 with and 
without the proposed algorithm. If the weighting factor is 
changed from 10 to 0 as shown in Fig. 13, the output 
inductor voltage term is neglected in the cost function of 
(29), so the difference between the a-phase output inductor 
voltage of Inverter 1 and 2 is induced. Therefore, the 
output inductor current is diverging. On the other hand, 
when the weighing factor is kept at 10 as shown in Fig. 14, 
the proposed method controls the difference between the a-
phase output inductor voltage of Inverter 1 and 2 to 0, 
which effectively suppresses the circulating current. 

 
 

5. Conclusion 
 
In this paper, we analyze and discuss the use of an MPC 

scheme for a parallel inverter-fed IPMSM drive. We derive 
the voltage vectors of the parallel inverters for accurate 
prediction and control of the stator flux and torque 
components. When the parallel inverters are driven via 
MPC, the voltage vector that does not generate the zero-
sequence circulating current by sensing only the two-phase 
currents on the motor is selected using the cost function. 
This vector is then applied to the inverters. Finally, in the 
proposed method, a balanced three-phase stator current is 
achieved and the zero-sequence circulating current is 
suppressed. Simulation and experimental results are 
presented to verify the validity of the proposed method in a 
parallel inverter IPMSM drive system. 
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