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Abstract—The four-switch three-phase (B4) inverter, having 

a lower number of switches, was firstly presented for the 

possibility of reducing the inverter cost, and it became very 

attractive as it can be utilized in fault tolerant control to solve the 

open/short circuit fault of the six-switch three-phase (B6) 

inverter. However, the balance among the phase currents 

collapses due to the fluctuation of the two dc-link capacitor 

voltages, its application is limited. This paper proposes a 

predictive torque control (PTC) scheme for the B4 inverter-fed 

induction motor (IM) with the dc-link voltage offset suppression. 

The voltage vectors of the B4 inverter under the fluctuation of 

the two dc-link capacitor voltages are derived for precise 

prediction and control of the torque and stator flux. The 

three-phase currents are forced to stay balance by directly 

controlling the stator flux. The voltage offset of the two dc-link 

capacitors is modeled and controlled in the predictive point of 

view. A lot of simulation and experimental results are presented 

to validate the proposed control scheme. 

Index Terms—induction motor drives, model predictive control 

(MPC), four-switch inverter, current unbalance, cost function  

I. INTRODUCIOTN 

VER the years, the conventional three-phase voltage 
source inverter with six switches (B6) has been 

found widespread industrial applications in various forms, 
such as motor drives and active filters. However, in some 
certain applications, a further cost reduction for inverter 
configuration is considered by users. To achieve this goal, 
the three-phase inverter with only four switches was 
proposed by Broeck and Wyk[1] for the purpose of 
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minimizing the components’ cost, and it is named B4 
inverter in comparison with the B6 one, as shown in Fig. 1. 
Although this kind of cost reduction is at the expense of 
output performance, the B4 inverter can be utilized in fault 
tolerant control to solve the open/short circuit fault of the B6 
inverter. The idea of the B4 inverter applied to fault tolerant 
control is very valuable in some critical occasions such as 
rail traction, and it has consequently attracted the interest of 
many researchers [2-11]. 

The four-switch inverters are known to have several 
disadvantages compared to normal six-switch inverters: the 
voltage utilization factor is halved compared to the six-switch 
inverter. On the other hand, the capacitor center tap voltage is 
fluctuating, and it destroys the balance among the motor 
phase currents [12]. The capacitor center tap voltage 
fluctuation increases as the load torque becomes higher or the 
frequency of a B4 inverter becomes lower, and the unbalanced 
motor current leads to an inverter failure and torque 
pulsation[13].  

In order to mitigate the effects of the capacitor center tap 
voltage fluctuation, several papers were published. An 
adaptive space vector modulation (SVM) approach was 
proposed to compensate the dc-link voltage ripple in a B4 
inverter [12]. Kim et al. [13] investigated motor current 
unbalance from the perspective of source impedance and the 
voltage variation caused by the current flowing through the 
capacitor, and proposed a current distortion compensation 
scheme. Lee at el. [14] proposed a compensation method by 
adjusting switching times considering the capacitor center tap 
voltage fluctuation. Wang et al. [15] investigated the cause 
and effect of the capacitor center tap voltage fluctuation in 
analytical point of view, and the capacitor voltage offset was 
suppressed by employing certain switching states. However, 
the capacitor voltage offset suppression was achieved at the 
expense of the B4 inverter’s output performance. These above 
works were dedicated to obtain the balanced three-phase 
currents of the B4 inverter, but the flux and torque control 
was not considered. 

Regarding the flux and torque control of a B4 inverter-fed 
IM drive, several papers on closed-loop control scheme were 
published. Uddin et al. [16] discussed a closed-loop vector 
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control scheme for a B4 inverter-fed IPM synchronous motor, 
in which the current loop was controlled by a hysteresis 
controller and the speed loop was controlled by a 
fuzzy-logic-controller. Kashif et al. [17] utilized a three layer 
feed forward back propagation artificial neural network for 
flux control of a B4 inverter-fed IM drive. El Badsi et al. [18] 
used a DTC scheme for torque and flux control of a B4 
inverter-fed IM drive. Unfortunately, the two capacitor 
voltages were assumed constant in these papers. In fact, as a 
result of one-phase current flows through the split dc-link 
voltage sources, the fluctuation will inevitably appear in the 
two capacitor voltages, which deteriorates the output 
performance of the B4 inverter (i.e., torque pulsation and 
unbalanced three-phase currents). More seriously, if the 
balanced condition of the currents flowing in the two 
capacitor voltages is corrupted, the two-capacitor voltages 
will deviate in two opposite directions till shutting down of 
the B4 inverter. 

 
Fig. 1 Circuit diagrams of a B4 inverter-fed induction motor 
drive 

With the development of fast and powerful microprocessors, 
increasing attention has been dedicated to the use of model 
predictive control (MPC) in power electronics [19]. The first 
ideas about this strategy applied to power converters started in 
the 1980s [20, 21]. The main concept is based on calculating 
the system’s future behavior to obtain optimal values for the 
actuating variables. With this intuitive concept, predictive 
control can be applied to a variety of systems, in which 
constraints and nonlinearities can be easily included, 
multivariable case can be considered, and the resulting 
controller is easy to implement [22]. These features render the 
approach very attractive and effective for the control of power 
electronics system [23, 24], including drive control [25-27], 
especially PTC (particular for a two-level converter with 
horizon N=1).  

In the PTC, the complete model and future behavior of the 
inverter-fed drives are taken into account. A cost function 
relating to torque and flux errors reduction is defined to 
evaluate the effects of each voltage vector and the one 

minimizing the cost function is selected [28-36]. In spite of the 
outstanding performance of B6 inverter-fed drives based on 
the PTC, PTC for B4 inverter-fed drives did not get many 
attentions to the researchers. Some simulation results of PTC 
for the B4 inverter-fed drives emulating the B6 case were 
carried out in [36]. However, the dc-link voltages fluctuation 
which is the intrinsic feature of the B4 inverter was not 
considered. Additionally, and the offset suppression of the two 
capacitor voltages was not mentioned. 

In this paper, the special issues on using the famous PTC 
control scheme for B4 inverter-fed IM drives are analyzed and 
discussed. Each half dc-link voltage is measured to achieve 
precise prediction and control of torque and stator flux, the 
voltage vectors of the B4 inverter under the fluctuation of the 
two dc-link capacitor voltages are derived for precise 
prediction and control of the torque and stator flux. The 
closed-loop control of torque and stator flux is achieved by 
the cost function in the PTC. The balanced three-phase 
currents are achieved by controlling the stator flux well. The 
capacitor voltage offset is modeled and suppressed in the 
predictive point of view. The effectiveness of the proposed 
scheme is demonstrated by extensive simulation and 
experimental results. Because of the halved switch states 
corresponding to B6 one, the real-time implementation time 
cost for the PTC scheme in B4 inverter is reduced in a 
sampling period. This paper is organized as follows. In 
Section II, the model of B4 inverter and induction motor is 
illustrated. The proposed PTC control scheme with capacitor 
voltage suppression is explained in section III. The weight 
factors in the cost function are analyzed and discussed in 
section IV. In section V, experimental results are shown. The 
conclusions are presented in section VI. 

II. MODELING OF THE B4 INVERTER AND 
INDUCTION MOTOR 

A. Intrinsic Voltage Vector of a B4 inverter 

  The B4 topology consists of a two-leg inverter as illustrated 
in Fig. 1. The dc-link is split into two voltage sources, to the 
middle of which one load phase is connected. For convenient 
analysis, the inverter is considered for implementation by 
ideal switches (T1-T4) (i.e., with no dead time and no 
saturation voltage drop). This means, the switching states of 
leg b (T1-T2) and leg c (T3-T4) can be denoted as binary 

states variables bS  and c
S . To prevent the short circuit of 

the dc-link, the simultaneous closed states of two switches in 
each leg are usually forbidden. Therefore, a binary ‘1’ will 
indicate the close state of the upper switch, whereas a binary 
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‘0’ will indicate the close state of the lower switch. the basic 
voltage vectors can be defined according to the switching 
states. 
  Assume that the three-phase voltages are balanced, the 

phase-to-neutral voltages aNV , bNV , cNV  are given as follows: 

1 2

1 2

1 2

( S S ) (2 S S )
3 3

(2 S S ) (2 S S 1)
3 3

(2 S S ) (2 S S 1)
3 3

dc dc
aN b c b c

dc dc
bN b c b c

dc dc
cN c b c b

V V
V

V V
V

V V
V

= − − + − −

= ⋅ − + ⋅ − −

= ⋅ − + ⋅ − −

  (1) 

Where 1dcV , 2dcV  are the upper and lower dc-link capacitor 

voltages, respectively.  

  Considering all the possible combinations of ( bS , cS ), 

phase-to-neutral voltages values are given in TABLE I. 
TABLE I 

SWITCHING FUNCTION AND THE OUTPUT VOLTAGES OF 

THE B4 INVERTER 

0

0

0

0

1

1

1 1

Switch 
on

Output voltageStates

bS cS aNV bNV cNV

T1

T1

T2

T3T2

T4

T3

T4

22 / 3dcV⋅ 2 / 3dcV−2 / 3dcV−

2 1( ) / 3dc dcV V− 2 1(2 ) / 3dc dcV V− + 1 2(2 ) / 3dc dcV V+

2 1( ) / 3dc dcV V− 1 2(2 ) / 3dc dcV V+ 2 1(2 ) / 3dc dcV V− +

12 / 3dcV− ⋅ 1 / 3dcV 1 / 3dcV
 

The Clarke transform applied to the stator voltages yields 
as follows: 

1 1
1

2 2 2
3 3 3

0
2 2

aN
s

bN
s

cN

V
V

V
V

V

a

b

− −
=

−

                  

  (2) 

Where the sVa  and sVb  are the a and b  axis stator 

voltage, respectively. The voltage vectors are expressed by 

*su V j Va b= +


. Therefore, the four active voltage vectors 

( 1V to 4V ) in the ab plane are given in TABLE II. 

TABLE II 
BASIC VOLTAGE VECTORS OF THE B4 INVERTER 

00

10

01

11

Switching State(         )b cS S Voltage Vector(      )sv


Vector Symbol

1V

2V

3V

4V

22 / 3dcV⋅

2 1 1 2( ) / 3 3( ) / 3dc dc dc dcV V j V V− − ⋅ +

2 1 1 2( ) / 3 3( ) / 3dc dc dc dcV V j V V− + ⋅ +

12 / 3dcV− ⋅
 

  It is clearly revealed that in TABLE II, the B4 inverter can 
only produce four basic nonzero voltage vectors. The basic 
voltage vectors change in amplitude and angle in case of 
dc-link voltage are not equal. If the values of the upper and 
lower capacitance are big enough to keep the capacitor 

voltages a constant value of / 2dcV , the four voltage vectors 

produced by the four kinds of switching combination are 
presented in Fig. 2(a). Otherwise, a ripple in the two capacitor 
voltages leads to a deviation of these vectors from the 
previous positions. The vector positions are presented in Fig. 

2(b), (c) in the situation of 1 2dc dcV V<  and 1 2dc dcV V> , 

respectively. Therefore, the vector positions are calculated as 
given in Fig. 2. 

 

Fig. 2 Basic voltage vectors of the B4 inverter in the case of 

(a) 1 2dc dcV V=  (b) 1 2dc dcV V<  (c) 1 2dc dcV V>  

B. Machine Equations 

Stator Variables, voltage sv


, current si


,and flux sψ


 

are electrically related according to 

s
s s s

d
v R i

dt
ψ

= +



 

  (3) 

Where sR  is the stator resistance. 

  Rotor equation in a stator reference frame represents the 

relation between rotor current ri


 and rotor flux rψ


 as 

follows: 

0 r
r r r

d
R i j

dt

ψ
ωψ= + −



 

 (4) 
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Where rR  is the rotor resistance and ω  is the rotor speed. 

  Flux linkage equations relate stator and rotor currents are 

given in (5) and (6), where mL , sL  and rL  are the mutual, 

stator, and rotor inductance, respectively, 

s s s m rL i L iψ = ⋅ + ⋅
  

 (5) 

r m s r rL i L iψ = ⋅ + ⋅
  

 (6) 

Electromagnetic torque eT  can be expressed in terms of 

stator current and stator flux 

3

2
se sT p iψ= ×
 

  (7) 

Where p is the number of pole pairs. 
The ratio of change in the mechanical rotor speed ω  by 

the torque: 

e L
dJ T T
dt
ω

= −   (8) 

Where the coefficient J denotes the moment of inertia of the 

mechanical shaft, and LT  is the load torque to the machine. 

III. THE PROPODED SCHEME FOR THE B4 
INVERTER-FED IM DRIVE 

 
Fig. 3 The structure of the B4 inverter-fed IM drive based on 
the PTC scheme 

In the proposed scheme, the inner loop is a stator flux and 
electromagnetic torque controller based on PTC, while the 
outer speed loop is a traditional PI controller. As in any 

standard PTC scheme, a three-step algorithm is carried out: 
Flux Estimation, Flux and Torque Prediction and Cost 
Function Optimization [29, 33]. The structure of the B4 
inverter-fed IM drive based PTC scheme is shown in Fig. 3. 

A. Flux Estimation 

It is worthwhile to note that the voltage-model-based 
flux estimator using the command voltages can approximately 
estimate the stator flux in the B6 case [33].In a B6 inverter, 
the DC-link voltage ripple existence means a proportional 
alteration of all three output phase voltages and accordingly 
an amplitude error of the average voltage vector used. In a B4 
inverter, the voltage ripple leads to different modification of 
the voltages on the three phase (see TABLE I) and to both 
amplitude and angular errors of the switching voltage vectors. 
Moreover, a significant fluctuation of the dc-link voltages is 
inevitable due to one-phase current flows through the split 
dc-link voltage sources. Hence, the voltage-model-based flux 
estimator using the command voltages becomes less accurate 
in the B4 case. 

Here, a current-model-based flux estimator using instant 
currents and speed signals are adopted in the proposed 

scheme, the estimations of the stator flux sψ


 and the rotor 

flux rψ


, at the present sampling step k are required. The 

rotor flux can be calculated using equivalent equation of an 
induction machine the rotor dynamics : 

( )r
r r r k r m s

d
j L i

dt

ψ
ψ t t ω ω ψ+ ⋅ = − ⋅ − ⋅ + ⋅



  

 (9) 

where /r r rL Rt = , kω  is angular speed of a rotating 

coordinate frame and ω  corresponds to the rotor speed. 
  Writing (9) in terms of a rotating reference frame aligned 

with the stator winding ( 0kω = ) is given as follows: 

r
r r m s r r

d
L i j

dt

ψ
ψ t ω t ψ+ ⋅ = ⋅ + ⋅ ⋅



  

 (10) 

For the stator flux estimation, the rotor linkage equation (6) is 
used to write the rotor current in terms of the measured stator 

currents and the estimated rotor flux. Then, by replacing ri


 

of (6) in the stator flux equation (5),the stator flux estimation 
is obtained: 

( )r m s
s m r r

r

L i
L L i

L

ψ
ψ

− ⋅
= ⋅ + ⋅

 

 

  (11) 
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Using the Euler-based discretization in (10) and(11), the 
discrete equations of the rotor and stator flux estimation are as 
follows: 

ˆ ˆ(k) (k 1) (k)
(1 ) 1

mr
r r s

s r r

L
i

T j j

t
ψ ψ

ω t ω t
= ⋅ − + ⋅

− ⋅ − ⋅

 



(12) 

ˆ ˆ(k) k (k) (k)s r r s sL iψ ψ s= ⋅ + ⋅
 



  (13) 

Where sT  corresponds to the sampling time, /r m rk L L= is 

the rotor coupling factor and 
21 ( / )m s rL L Ls = − is the total 

leakage factor.  
As it is clear to see in (12), the rotor flux estimation is 

obtained without using the command voltages. Thus the 
accurate flux estimation for the B4 inverter-fed IM is achieved. 

B. Stator Flux and Electromagnetic Torque Prediction 

Since the control variables are stator flux and 
electromagnetic torque, their behaviors must be predicted at 

sampling step k+1. The stator flux prediction ˆ (k 1)sψ +


is 

obtained by the stator voltage equation. Using the Euler 
formula to discretize (3) and shifting the result to a single 
time step, the stator flux prediction is obtained:  

ˆ ˆ(k 1) (k) (k) (k)s s s s s s sT v R T iψ ψ+ = + ⋅ − ⋅
 





  (14) 

Where sT  is the sampling time used in the PTC algorithm. 

The electromagnetic torque prediction can be calculated as: 

{ }3ˆ ˆ(k 1) Im (k 1) (k 1)
2e s sT p iψ+ = ⋅ + ⋅ +





  (15) 

The prediction expression of the stator current (k 1)si +


is 

obtained using the equivalent equation of the stator dynamics 
of an induction machine: 

1
( )s

s s r r

r

d
v R i L k j

dts s

ψ
ω ψ

t
= ⋅ + ⋅ − ⋅ − ⋅ ⋅







  (16) 

Where 
2

s r rR R k Rs = +  corresponds to the equivalent 

resistance, sL Ls s=  is the leakage inductance of the 

machine. The last term in (16) represents the cross coupling 
between the rotor and the stator winding through the induced 
voltage. Thus, replacing the derivatives with the Euler 
formula in (16), the prediction equation of the stator current 

si


 at the instant k+1 is obtained: 

ˆ (k 1) (1 ) (k)

1
ˆ (k) (k)

s s
s s

s

r
r r s

r

T T
i i

T

k
j k v

R

s s

s

t t

ω ψ
t

+ = + ⋅ + ⋅
+

⋅ − ⋅ ⋅ ⋅ +
   
   

   









  (17) 

Once the predictions of the stator flux (14) and the stator 
current (17) are obtained, the prediction of the 
electromagnetic torque can be calculated in (15). 

C. Cost Function Optimization 

  The next step in predictive control is the optimization of an 
appropriate control law that is defined as a cost function. The 
structure form of the cost function is given as follows: 

* *

0

ˆ ˆ(k 1) (k 1)
,

{1, 2, 3, 4}
nom

e e i s s i

i

e s nom

T T

T

i

ψ ψ
λ

ψ

− + − +
= +

∈







g
 (18) 

Where i  denotes the index of the stator voltage vector used 

to calculate the predictions ˆ (k 1)eT + and ˆ (k 1)sψ +


, 

respectively. The rated torque 
nomeT  and rated stator flux 

magnitude s nom
ψ


 are used to normalize the cost function 

terms. The torque reference is externally generated by a 

PI-speed controller, The factor 0λ  denotes a weight factor. 

Finally, the optimization step is carried out, and the inverter 
voltage vector that minimizes the cost function is selected as 
the optimal switching state for the next sampling period k+1, 
thus the optimal torque and flux control is achieved. 

D. Time-Delay Compensation 

  It is well known that there is one-step delay in digital 
implementation. In other word, the voltage vector selected at 
the instant time k will not be applied until the instant time k+1 
[33-35]. To eliminate this delay, the value at the instant time 
k+2 should be used in (18) rather than the instant time k+1. 
Therefore, the cost function (18) is redefined as: 

* *

0

ˆ ˆ(k 2) (k 2)

, {1, 2, 3, 4}
nom

e e i s s i

i

e s nom

T T

T

i

ψ ψ
λ

ψ

− + − +
= +

∈







g
 (19) 

E. DC-link Voltage Offset Suppression 

The inappropriate initial phase angle of phase ‘a’ current 
or the imbalance current flowing in the two capacitors will 
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cause voltage deviation [15]. And as it is shown in Fig. 2, the 
capacitor voltage offset relates to the inverter gain increment 
and reliable operation of the B4 inverter. Therefore, 
suppressing the offset of the two-capacitor voltages is 
necessary 

 

Fig. 4 Current paths in the switching state 4V  

  Consider the switching state 4
(1, 0)V  shown in Fig. 4. Two 

current circuit loops are made. Applying Kirchhoff’s voltage 

law, 1dci  and 2dci  are obtained. In the same way, the 

dc-link currents of the other three vector are obtained. 
  The dc-link currents can also be expressed as a function of 
the switching states 

1

2 (1 ) (1 )
dc b b c c

dc b b c c

i i S i S
i i S i S

= ⋅ + ⋅
= ⋅ − + ⋅ −

  (20) 

Where 1dci , 2dci  are the upper and lower dc link currents 

and bi , ci  are the phase currents. With these capacitor 

currents (20), the capacitor voltages are obtained 

0

0

1 1 1

2 2 2

ˆ (1 / C) ( i )

ˆ (1 / C) i

t

dc dc dct

t

dc dc dct

V V dt

V V dt

= + −

= +

∫

∫
   (21) 

Where C is the capacitance of the two dc-link capacitors.  
Using the Euler formula to discretize (20) and shifting the 

result to a single time step, the capacitor currents at sample 
time k are obtained as follows: 

1

2

(k) (k) (k)

(k) (k) (1 ) (k) (1 )
dc b b c c

dc b b c c

i i S i S

i i S i S

= ⋅ + ⋅

= ⋅ − + ⋅ −
  (22) 

Using the Euler formula to discretize (21) and shifting the 
result to a single time step, the predicted capacitor voltages 

1
ˆ (k 1)dcV +  and 2

ˆ (k 1)dcV + at time k+1 are obtained as 

follows: 

1 1 1

2 2 2

ˆ ˆ(k 1) (k) (1 / C) i (k)
ˆ ˆ(k 1) (k) (1 / C) i (k).
dc dc dc s

dc dc dc s

V V T

V V T

+ = − ⋅ ⋅

+ = + ⋅
 (23) 

The 1
ˆ (k 2)dcV + and 2

ˆ (k 2)dcV +  can be obtained in the same 

way. 
The cost function including the voltage offset suppression 

is given by adding a third term to the cost function (19) 
* *

0

1 2

ˆ ˆ(k 2) (k 2)

ˆ ˆ(k 2) (k 2)
, {1, 2, 3, 4}

nom

e e i s s i

i

e s nom

dc i dc i

dc

dc

T T

T

V V
i

V

ψ ψ
λ

ψ

λ

− + − +
= +

+ − +
+ ∈







g

 (24) 

Where dcV  is dc-link voltage, which can be obtained by 

1 2dc dc dcV V V= + , dcλ  is the weight factor of the dc-link 

capacitor voltage offset suppression . 

 
Fig. 5 The implementation flow chart of the proposed scheme 
  The minimization of (24) is done by an exhaustive search 
for all feasible voltage vectors. The proposed control scheme 
can be implemented in the following sequence (see in Fig. 5). 
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The superscript k, k+1 and k+2 denote the variables’ value at 

sampling time k, k+1 and k+2, respectively. 
k
optv


 and 
1k

optv
+

 

are the optimal voltage vectors found in the previous loop 
iteration and the current loop iteration, respectively. 
  As it is shown above, a high degree of flexibility is 
obtained with the proposed control scheme due to the online 
optimization algorithm, where the system nonlinearities and 
restrictions (i.e., capacitor voltage offset suppression) can be 
included in the cost function. 

IV. ANALYSIS AND DISCUSSION ON WEIGHTING 
FACTORS 

In the proposed scheme, as it is clear in (24) that the only 
parameters to adjust are the weighting factors in the cost 
function. Therefore, it is necessary to analyze and discuss the 
effects of these parameters. However, there is no formal 
method to obtain the optimum value of these parameters to the 
date. Hence, these values are obtained by a simulation-based 
heuristic procedure. In order to analyze the effects of 
weighting factors, extensive simulations are performed in 
MATLAB/SIMULINK.. This environment allows to compare 
the performance of different weighting factors. The ratings 
and parameters of the B4 inverter and induction machine, 
used in the simulation as well as in the experimental study, are 
listed in TABLE III. The details are analyzed and discussed 
below. 

TABLE III 
MOTOR AND B4 INVERTER PARAMETERS 

Values

0.6Wb

dc-link voltage

Induction motor
Rated power

Rated frequency

Stator leakage inductance

Parameters

dc-link upper capacitor
dc-link lower capacitor

Number of poles
Stator resistance

Rotor leakage inductance
Magnetizing inductance

Rotor resistance

1( )C
2( )C

( )sR

( )rR
( )rL
( )mL

( )sL

540V
2040uF

2.2kW

2040uF

2.804

2.178
10.33

10.33
319.7

50Hz
4

W

W

mH

mH

mH

Nominal flux-linkage

Rated voltage

Rated current

Dead time

380V

4.9A
Rated speed 1430rpm

4 sm

Rated torque 14 N m⋅

 

A. Stator flux weighting factor 0λ  

 

Fig. 6 Simulated waveforms using the proposed scheme in a 
B4 inverter-fed IM. (a)Speed. (b)Developed torque. (c)Stator 
flux. (d)Stator current behaviors during a speed-reversal 

maneuver at 50% rated load torque ( 0
3λ = ).  

  

Fig. 7 Simulated waveforms using the proposed scheme in 
a B4 inverter-fed IM. (a) Speed. (b) Developed torque. (c) 
Stator flux. (d)Stator current behaviors during a 

speed-reversal maneuver at 50% rated load torque ( 0 1λ = ). 
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0λ  is a weighting factor which increases or decreases the 

relative importance of the torque versus flux control. If the 
same importance is assigned to both control objectives, this 

factor is given as 0 1λ = . Since the currents are forced by 

directly controlling the stator flux, to obtain the balanced 
currents versus the unbalanced structure of B4 inverter, a 

higher weighting factor 0λ  is expected (e.g., 0 3λ = ). 

Fig. 6 presents the simulation results using the proposed 
scheme in a B4 inverter-fed IM during a speed-reversal 
maneuver from 500 to -500rpm at 50% rated load torque for 

the case of 0 3λ = , where the stator flux reference is the 

nominal one at 0.6 Wb. A comparable study for the same 
system but considering a smaller weighting factor, namely 

0 1λ = , are presented in Fig. 7. Here, it can be appreciated that 

the flux exhibits a higher ripple during steady state when 
compared to the previous case. Additionally, it can be noticed 
that, during the transient, the balanced three-phase currents 
collapse due to the failure in stator flux control. Henceforth, 
considering the good performance obtained, in the remaining 

tests, the tuning factors 0λ  will be kept at the value of 

0 3λ = . 

B. Capacitor voltages offset suppression weighting factor  

The weighting factor dcλ  denotes a weight factor, which 

increases or decreases the relative importance of the dc-link 
capacitor voltage offset suppression versus the control 
performance. With a higher value of the weighting factor 

dcλ , the two capacitor voltages converge faster, but when a 

very high value of this weighting factor is applied, the control 
performance is affected. 

In order to analysis the effects of weighting factors dcλ , 

the simulation results at the speed of 500rpm with a torque of 
10 N m⋅  are shown in Fig. 8 and Fig. 9 in case of 

1000dcλ =  and 2000dcλ = , respectively. The 

capacitor voltage, electromagnetic torque, stator flux and 
speed waveform behaviors during the voltage suppression 
method added are shown. The voltage offset is obvious before 
the suppression method applied. In Fig. 8, after the voltage 
offset suppression term is added at t=3s, the two-capacitor 

voltages converge to 270V at t=7s and as it is shown that a 
slight increment in the torque ripple occurs when the 
capacitor voltage offset term added. This is acceptable with 
negligible effect on the flux and speed waveforms. For 

comparative study, the results in the cases of 2000dcλ =  are 

carried out in Fig. 9. It can be noticed that the two-capacitor 
voltages converging time is approximately 1s, but a 
significant stator flux and torque ripples are exhibited in the 

steady state. The aforementioned effect of dcλ  is validated. 

In consideration of the good performance obtained, in the 

remaining tests, the tuning factors dcλ  will be kept at the 

value of 1000dcλ = . 

 

Fig. 8 Simulated two capacitor voltages with offset 
suppression method. (a) Capacitor voltages. (b) Speed. (c) 
Stator flux. (d)Developed torque behaviors during a voltage 

suppression method applied ( 1000dcλ = ). 
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Fig. 9 Simulated two capacitor voltages with offset 
suppression method. (a) Capacitor voltages. (b) Speed. (c) 
Stator flux. (d) Developed torque behaviors during a voltage 

suppression method applied ( 2000dcλ = ). 

V. EXPERIMENTAL RESULTS 

 
Fig. 10 Experimental setup 

The experimental setup, as shown in Fig. 10, incorporates a 
control board, which is based on the 32-bit floating point DSP 

TI TMS320F28335. Two phase currents ai , bi  and two 

capacitor voltages 1dcV  and 2dcV  are sensed by the 

Hall-effect current and voltage sensors, respectively. These 
currents and voltages are fed to the DSP through the signal 
processing circuit. Furthermore, the position of the rotor is 
sensed by an incremental encoder and fed to the encoder 
interface on the DSP board. The generated pulses are then 
transmitted to the gate drives of the IGBTs (PM25RSB120). 
The sampling time for experimental implementation is 
determined to be 40 sm . Regarding to the proposed PTC 
computational effort, the tested calculation time is 13.4 sm . 

The speed control loop is implemented at a subsampled rated 
of 1000 Hz in order to reduce the quantization error in the 
speed signal derived from the incremental encoder. All the 
experimental data was saved to the DSP RAM every two 
sampling period, namely 80 sm , and it was read by an 

emulator which was connected to the computer. The magnetic 
powder brake drived by a constant current source is used as 
load. However, it is not an ideal step changed load, which 
causes a little mismatch of the simulation and experimental 
results. 

 

Fig. 11 Experimental waveforms using the proposed scheme 
in a B4 inverter-fed IM. (a) Speed. (b) Developed torque. (c) 
Stator flux. (d) Stator current behaviors during a 
speed-reversal maneuver at 50% rated load torque.  
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Fig. 12 Experimental results for the change in load at a speed 
of 500rpm. (a) Speed. (b) Developed torque. (c) Stator flux. (d) 
Stator current behaviors during the load change. 

 

Fig. 13 Experimental results of two capacitor voltages with 
offset suppression method. (a)Capacitor voltages. (b)Speed. 
(c)Stator flux. (d)Developed torque behaviors during a 
voltage suppression method applied 

The dynamic behaviors of the speed, electromagnetic 
torque, stator flux, and stator current during from 500 to 

-500rpm at 30% of the rated load torque are presented in Fig. 
11. The speed reversal command is applied at 0.16s. The 
balanced three-phase currents are obtained. A quick transient 
speed response with max torque reverse demonstrates the high 
dynamic performances of the proposed scheme. 

Fig. 12 shows the speed, torque, stator flux, and current 
dynamics of the load change from 0 N m⋅  to 5 N m⋅  with 
a speed of 500rpm at 0.16s. The load change is removed at 
0.95s. It can be observed that, the dynamic and steady speed 
control performance under load disturbance is acceptable. 

 

Fig. 14 Steady-state experimental result of stator flux locus 
described in the ab  plane. 

TABLE IV 
THE THD AND RMS VALUES OF THE STAOTR CURRENTS 

Phase Currents ai  
bi  

ci  

THD(%) 4.05 3.71 3.92 
RMS(A) 2.83 2.84 2.86 

Experimental results for the capacitor voltage offset 
suppression are shown in Fig. 13. With the suppression 
method applied at t=2s, the two-capacitor voltages converge 
as a result. As it is shown that the capacitor voltage offset 
term has no effect on the torque, flux and speed waveforms. 
The experimental results which are consistent with the 
simulation results validate the effectiveness of the proposed 
scheme. 

Steady-state experimental results of the stator flux locus 
described in the ab  plane with 30% rated load torque at a 

speed of 500rpm are presented in Fig. 14. It is clear that the 
stator flux produces good waveforms. As a consequence, the 
balanced three-phase currents are obtained in steady state. The 
FFT results are carried out for this analysis, as it is shown in 
TABLE IV there are nearly no difference in the amplitudes 
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and the THD among the three-phase currents. 

VI. CONCLUSION 

 In this paper, the special issues on using the famous PTC 
control scheme for a B4 inverter-fed IM drives are analyzed 
and discussed. The voltage vectors of the B4 inverter under 
the fluctuation of the two dc-link capacitor voltages are derived 
for precise prediction and control of the torque and stator flux. 
The balanced three-phase currents are achieved and the 
capacitor voltage offset is suppressed in the proposed scheme. 
The theory, design, and performance evaluation of the 
proposed scheme for the B4 inverter-fed IM drive are 
investigated. The proposed B4 inverter-fed IM drive has been 
found acceptable for high performance industrial variable 
speed-drive applications considering its cost reduction and 
other inherent advantageous features. Certainly, the additional 
work is still remained to develop more efficient PTC scheme 
and answers the remaining questions: the robustness towards 
parameter deviation, parameter sensitivity of this scheme, for 
the parameter values may vary in the motor drives while in 
other cases it is difficult to get a precise value of the 
parameters. 
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