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Abstract: Problem Statement: The current source inverter induction motor (CSI-IM) drive was widely used in 
various industries. The main disadvantage of this drive was nonlinearity and complexity.  This work was done to 
develop a simple drive systems models. Approach: The MATLAB/SIMULINK software was used for system 
modeling. Three reduced models were developed by choosing specific frame, neglecting stator transients and 
ignoring stator equations. Results: The dynamic performance of the models was examined in open loop form for a 
step change in control variable (the input voltage) as well as for step change in disturbance (mechanical 
load).Conclusion: The three models were equivalent in steady state. The error of these models in the transient 
response was less than 5 %, with the exception of the time performances of the transient model to step change of 
supply voltage. Recommendations: All three models were suggested to be used for designing torque control 
systems. The detailed and stator equation models were recommended to be used in speed control design. 
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INTRODUCTION 

 
 The advantages of ac motors in variable speed 
applications include lower initial cost compared to dc 
motors and less maintenance, because there are 
neither brushes nor replace, or commutator to 
resurface. Variable frequency Induction Motor (IM) 
drives are widely used in various industries. The IM 
is driven via a Voltage Source Inverter (VSI) or a 
Current Source Inverter (CSI). The current source 
inverter is more interactive with the load and 
therefore, a close match between the inverter and the 
machine is desirable. In addition to that, the CSI has 
an inherent four-quadrant operation capability and 
does not require any extra power components. 
Moreover, it is more rugged, reliable and simple to be 
controlled[1-4]. 

 The main disadvantages of the Current Source 
Inverter Induction Motor (CSI-IM) drive are sluggish 
 

  
 
Fig. 1: Current source inverter induction motor drive 

 Dynamic performance and stability problems at 
light load and in high-frequency conditions [5] Fig. 1 
 Various simplified methods of studying the 
dynamics of IM have been investigated and used in 
power system transients, stability studies and drive 
systems control[6-9]. All these models are developed 
for VSI-IM drives. In this study, reduced order 
dynamic models of a CSI-IM drive have been 
developed. The dynamics of a CSI-IM drive are 
described by a set of first order nonlinear differential 
equations. To linarite these equations, a small signal 
perturbation around steady state operating point can 
be used[10, 11], or the electromagnetic transient of the 
drive system can be studied assuming a constant rotor 
speed, i.e., large inertia[12, 13]. In the current study, 
three reduced order models are developed for a CSI-
IM drive.  
 A detailed fifth order model is obtained by 
selecting a specific reference frame, which is 
stationary with respect to the stator voltage vector 
and one of its axes is always aligned with it[14]. Based 
on this model, a stator-transient fourth order model is 
also derived by neglecting the stator transients[10,12]. 
Another fourth order, stator-equation model, is 
derived by neglecting the stator equations[11,15]. The 
transient response of all models resulting from the 
variations of the input signals and disturbances are 
studied and compared. 
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MATERIALS AND METHODS 
 
Inverter-machine modeling: A drive system with 
the following parameters was used: 
 
Nameplate motor data 
    Output  7.5 KW 
    Voltage  220 V 
    Primary current 27.3 A 
    Frequency  60 Hz  
    Number of poles 6   
    Inertia  1.5 kg.m2 
Motor parameters 
    rs   0.1695 Ώ 
    rr   0.2445 Ώ 
    Ls   32.5 mH 
    Lr   32.96 mH 
    M   31.59 mH 
Filter parameters 
    Rd   0.335 Ώ 
    Ld   324 mH 
 
 For a large dc link, the equation of the dc link 
circuit may be written as: 
  

d
R d d d D
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dt
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 The equations of the induction machine, 
expressed in the arbitrary reference frame rotating 
with velocity ω for the stator's circuit, are as follows: 
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And for the rotor's circuit, the equations are: 
 
 
 
 

 

 
  
 

The developed electromagnetic torque is defined by 
the following equation: 
 
Te = 1.5PXm (isqird-isdirq) (4) 
 
 Finally, the motion equation of the drive system 
is: 
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dt

ω− =  (5) 
 

RESULTS 
 
Assessment of the reduced order models: Before 
assessing the accuracy of the reduced order models in 
predicting the dynamic behavior of the drive system, 
it is necessary to investigate the dynamic of the IM 
when it is supplied from a CSI as well as from a VSI. 
As a case of study, a 7.5 kW induction motor drive is 
considered. The steady sate operating point for all 
cases is determined by applying a rated load torque to 
the machine.  The drive systems are simulated  using 
MATLAB/SIMULINK. Figure 2 shows the time 
response of the dc current, rotor speed and 
electromagnetic torque for a step decrease of the 
supply voltage from Fig. 2, it is evident that the 
output variables of the current fed drive exhibit more 
oscillation than those of the voltage fed drive, 
especially the rotor speed. Moreover, there is a step 
change in the dc current and electromagnetic torque 
in the starting point, which is the case in actual CSI-
IM drives. 
 
Reduced order modeling: The dynamic model of 
the CSI-IM is of a six-order and can be solved only 
by using a computer simulation to investigate the 
system's outputs. To simplify the simulation 
procedure and determine the analytical models, the 
following reduced order models will be developed. 
To compare the performance and accuracy of the 
reduced order models, the deviation of output 
variables of the drive system due to a 10% step 
decrease of the supply voltage and due to a 10% step 
decrease of the load torque are obtained 
 
Specific reference frame model: When the 
induction  machine equations  are  expressed  in  a 
synchronously  rotating  frame  of  reference  with 
machine  currents  and  when  the  harmonics  of  the 
line  currents  are  neglected,  thus  iqs =  Id, ids =  0 
and Vd = vqs, only  the  direct  stator  equation  is   
used in modeling, while the quadrature stator 
equation is omitted.  
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Fig. 2a: Voltage fed drive: Time response to a 10% 

step decrease of the supply voltage 
 

 
 
Fig. 2b: Current fed drive: Time response to a 10% 

step decrease of the supply voltage 
 

 
 
Fig. 3a: Detailed model: Time response to a 10% step 

increase  of the supply voltage.  

 
 
Fig. 3b: Detailed model: Time response to a 10% step 

increase of the load torque 
 
 Selecting the reference frame reduced the order 
of the mathematical model by one. But, this model is 
nonlinear because of the angular speed in the rotor 
equations and the transient conditions are unknown. 
The time response of this model is shown in Fig.3 for 
step change in supply voltage and step change in the 
load. 
 
Neglecting stator transients: This type of reduction 
to mathematical models of induction machines is 
widely used due to its computational efficiency, 
satisfactory accuracy and convenient form of 
equations. It is derived by setting equal to zero the 
derivatives of the stator currents in (2), or by setting 
to zero the derivatives of the stator fluxes, if these are 
used as state variables in mathematical modeling. 
This approach reduces the order of the original model 
of the drive system by two. The dynamic response for 
this case is depicted on Fig. 4 
 
Neglecting stator equations: For  normal  operation 
of  current  source  inverters,  an  internal  control 
loop  for  the machine  stator  currents  is  usually 
used. For such a case, we can assume that the 
machine  is  supplied  from  an  ideal  current  source 
with  sinusoidal  waves.  In addition,  we  can 
simplify  the  dynamic  model  of  the  drive  system 
by  neglecting  the  stator's   equation of the  
induction machine. The order of the dynamic model 
is  reduced  by two and  it  is  simpler  than  that  one 
obtained  by  neglecting  the  stator transients.  The 
outputs  of the drive are presented by Fig. 5. 
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Fig. 4a: Stator transient model: Time response to a 

10% step decrease of supply voltage 
 

 
 
Fig. 4b: Stator transient model: Time response to a 

10% step increase of load torque 
 

 
 
Fig. 5a: Stator equations model: Response to a 10% 

step decrease of supply voltage 

 
 
Fig. 5b: Stator equation model: Time response to a 

10% step increase of load torque 
 

DISCUSSION 
 
     The dynamics of the reduced order models are 
compared with the response of a full order model 
shown in Fig.2a. The obtained detailed model and 
full order model have the same time response. For 
that the detailed model will be considered as a 
reference when analyzing the dynamics of reduced 
models due a step change in the load torque. 
 
Dynamic response to a step decrease of the supply 
voltage: As expected, there is a decrease in the rotor 
speed and an increase in the dc current. The 
electromagnetic torque has oscillations with the same 
frequency in the interval immediately following the 
step change of the supply voltage. The torque 
response of the stator transient model differs from the 
other two responses and it has a smaller amount 
magnitude. When the transients of the rotor speed 
were analyzed, it was found that there is a slight 
deviation from the initial value and the transient 
model has an over damped shape. The error of the 
detailed model and the stator equation model is less 
than 5%, while the response of the transient model is 
not acceptable. 
 
Dynamic response to a step increase of the load 
torque:. The results indicated that there is a good 
agreement among these curves during the transient 
state and throughout the steady state. the deviations 
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in performance specifications, such a max overshoot 
and a settling time are not more than 5%. 
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