
 
  Electric Vehicles (EVs) and Hybrid Electric Vehicles 
(HEVs) are currently studied because they are the most 
practical solutions for load transportations in continuous 
effort to decrease global environmental as we
fossil fuel energy resources problems. EVs or HEVs are 
characterized by electric motor drives, where electric power 
conversion is done by power 
Recently, considerable advanced controllers for EV or HEV 
IM drives have been presented. The aim of these researches 
is to expand new designs to improve performances of EV or 
HEV while respecting cost, reliability, efficiency, 
complexity and e
battery
illustrated in Fig. 1. The system consists of an IM, an 
inverter, a DC
battery for energy storage. 
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Recently, considerable advanced controllers for EV or HEV 
IM drives have been presented. The aim of these researches 
is to expand new designs to improve performances of EV or 
HEV while respecting cost, reliability, efficiency, 
complexity and e
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illustrated in Fig. 1. The system consists of an IM, an 
inverter, a DC-
battery for energy storage. 

*  Corresponding Author :

Engineering, Gorgan Branch, Islamic Azad University, Gor

Email: ghanbari@gorganiau.ac.ir

 Department of Electrical Engineering, Gorgan Branch, Islamic 

University, Gorgan, Iran.

Received  2018.01.21

Journal of Applied Dynamic Systems and Control

A Simple Method for Vector Control of 3

under Open

Rahemeh Tabasian

Abstract – In this paper, a simple method based on Field
proposed for Fault
for the Electric Vehicle (EV) applications. The proposed method is able to control 3
drive under both normal and stator winding open
system is derived from a conventional FOC a
machine. The simulation results show that performance of the proposed control system is 
satisfactory in the case of 3

Keywords: Star
Tolerant Control, Field

1. Introduction

Electric Vehicles (EVs) and Hybrid Electric Vehicles 
(HEVs) are currently studied because they are the most 
practical solutions for load transportations in continuous 
effort to decrease global environmental as we
fossil fuel energy resources problems. EVs or HEVs are 
characterized by electric motor drives, where electric power 
conversion is done by power 
Recently, considerable advanced controllers for EV or HEV 
IM drives have been presented. The aim of these researches 
is to expand new designs to improve performances of EV or 
HEV while respecting cost, reliability, efficiency, 
complexity and etc [1]-[7]. The configuration of a typical 

powered EV utilizing Induction Motor (IM) is 
illustrated in Fig. 1. The system consists of an IM, an 

-DC converter, a charger, wheels and a 
battery for energy storage.  
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In (13), “A” can be voltage or current vector.  
Applying the variable substitutions as given by (14), a 
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variables (e.g, fig. 3(a) and fig. 3(c)) into a balanced set of 
variables (e.g, fig. 3(b) and fig. 3(d)) can be derived as 
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  where, θe is the angle between the stationary and rotating 
reference frames. In the RFOC technique, IM equations are 
transformed to a rotating reference frame fixed to the rotor 
flux; for this purpose, the transformation matrix is applied 
[32]. It can be seen that (15) is in fact the same as the 
transformation matrix. Therefore, it is expected that using 
(15), the unbalanced equations of the faulty machine split 
into two balanced equations. By applying (15) to the 
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for the stator voltage and 
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for the rotor voltage equations. Then, (16) and (17) can be 
written as (18)-(20): 
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for the stator voltage equations and 
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As it can be seen, (18) and (19) include two terms which 
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superscript “f” and backward term: superscript “b”). As 
expected, each term represents a healthy 3
fault condition, the backward terms are obtained because of 
the unequal inductances in the faulty 3
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As it can be seen, (18) and (19) include two terms which 
rotates in the forward or backward direction (forward term: 
superscript “f” and backward term: superscript “b”). As 
expected, each term represents a healthy 3
fault condition, the backward terms are obtained because of 
the unequal inductances in the faulty 3
(Ldm≠Lqm and Lds≠Lqs). 
     As mentioned above, the structure of the forward and 
backward equations is similar to the healthy
equations. The difference between forward and backward 
equations and healthy 3
Table I and Table II, respectively.

Table I: The Difference between the Forward Terms of 
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of the inductances ((Lds
simplify the equations of ve
possible to neglect backward terms since the values are 
typically small as compared to the forward terms. 
Consequently, for rotor flux FOC of a 3
open-phase fault, only the forward equations are used. Note 
that, the structure of the proposed method is the same as the 
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As it can be seen, (18) and (19) include two terms which 
rotates in the forward or backward direction (forward term: 
superscript “f” and backward term: superscript “b”). As 
expected, each term represents a healthy 3
fault condition, the backward terms are obtained because of 
the unequal inductances in the faulty 3

≠Lqm and Lds≠Lqs).  
As mentioned above, the structure of the forward and 

backward equations is similar to the healthy
equations. The difference between forward and backward 
equations and healthy 3-phase IM equations is listed in 
Table I and Table II, respectively.
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As it can be seen, (18) and (19) include two terms which 
rotates in the forward or backward direction (forward term: 
superscript “f” and backward term: superscript “b”). As 
expected, each term represents a healthy 3-
fault condition, the backward terms are obtained because of 
the unequal inductances in the faulty 3-phase IM model 

As mentioned above, the structure of the forward and 
backward equations is similar to the healthy
equations. The difference between forward and backward 

phase IM equations is listed in 
Table I and Table II, respectively. 
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the structure of the proposed method is the same as the 
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V. Conclusion

In this paper, a simple FTC for star
drive systems for EV applications has been proposed. The 
proposed system is based on a 
phase IM and applicable to the healthy and open
without requiring changes in the control structure. The 
proposed FTC strategy is verified through simulation on a 

connected 3-phase IM. Simulation results show 
that the proposed FOC has managed to reduce the torque 
and speed oscillations under open
low speed operation, the proposed FOC of 3
drive under open-phase fault is sensitive to the accurate 
values of machine parameters. To 
performance at low speed, parameter compensation 
technique can be incorporated to the proposed controller.
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