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Abstract - This paper proposes a vector control strategy for 
independent control of two permanent magnet synchronous 
motors (PMSMs) using a single four-leg inverter (4LI).  An 
expanded two-arm modulation to obtain balanced three-phase 
output voltage is described.  The paper also proposes a method 
to compensate the fluctuations in neutral point voltage of 
two-split capacitors in the dc link.  The experimental results 
show that independent speed and position control of two PMSMs 
can be achieved using a single  four leg inverter with the 
proposed vector control method. 

 Index terms- four-leg inverter (4LI); permanent magnet 
synchronous motor (PMSM); two-arm modulation; neutral point 
potential compensation 

I. INTRODUCTION 

To reduce the number of switching devices and also the 
volume, a V-connection inverter with two legs has been 
proposed in the literature [1, 2, 4-7].  V-connection inverter 
needs two capacitors to divide phase voltage of one inverter 
into two portions. A single inverter can drive only one 
three-phase permanent magnet synchronous motor (PMSM). 
Therefore, two V-connection inverters are necessary to drive 
two PMSMs independently. An alternate way of driving two 
motors independently is using a four-leg inverter (4LI). 
Independent speed control of induction motors fed by the 4LI 
has been reported in [8-13]. However, little or no work has 
been reported on the independent control of two PMSMs 
using a single four leg inverter.  This paper proposes in detail 
the independent vector control of two PMSMs fed by 4LI and 
techniques to compensate the fluctuation in neutral-point 
voltage of the two-split capacitors. The independent speed and 
position control of two PMSMs fed by the 4LI using vector 
control have several challenges. First, the pulse width 
modulation technique used for the three-phase voltage source 
inverter is not directly applicable for the 4LI because only two 
phases have to be modulated for each inverter. Secondly, the 
characteristics of speed and position drive are unstable when 
the voltage at the neutral point of the two capacitors deviates 
resulting in unbalance in capacitor voltages. In order to 
address these issues, this paper presents an expanded two-arm 

modulation technique.  This technique modulates only two 
phases to obtain three-phase voltages required to control two 
motor drives. This paper also proposes a method of achieving 
a balanced three-phase current automatically using the vector 
control method [3]. The effective method for compensating 
fluctuations in voltages across the two capacitors is also 
explained. The proposed compensation method and 
independent control of two PMSMs fed by the 4LI with speed 
control are validated experimentally and the results are 
presented. The experimental results of position control are 
also presented. 

II. MAIN CIRCUIT ARCHITECTURE OF FOUR-LEG 
INVERTER 

Figure 1 shows the 4LI driving two three-phase PM motors. 
The 4LI consists of four switching legs and two split 
capacitors connected in series. The inverter legs U1 and V1 
are connected to U and V phases of PMSM1, and U2 and V2 
are connected to U and V phases of PMSM2. The W phase of 
both the motors is shared in common and connected to the 
neutral point of two-split capacitors. v୧ , v୧  and 
v୧are the phase voltages of the PMSMi (i=1, 2). v୩୧ (k=U, 
V, W) is phase voltage of motor i. v indicates the neutral 
point potential of the two split capacitors. i୧, i୧ and i୧ 
are phase currents in the PMSMi and i  is the inverter 
current in the common connection to the midpoint of the dc 
link capacitors.  E is the DC-bus voltage and C is 
capacitance of each of the dc link capacitors.  In this paper, 
to simplify the analysis, negative side of the DC-bus is chosen 
as the reference point. 

III.EXPANDED TWO-ARM PWM 

Since the inverters’ W phase is connected to the neutral point 
of two-split capacitors, it is not possible to modulate voltage 
at this point. The 4LI has to be modulated using only U and V 
phases of the motor. Therefore, the conventional PWM 
technique used in three-phase VSI is directly not applicable 
for the 4LI. 
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