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 This Paper presents a simplified computer program for the simulation of CSI fed 3-

Phase IM drive controlled by means of vector based V/f control method using 
MATLAB/SIMULINK simulation software. The main features of this type of 

simulation program are simplicity, accuracy and efficiency in terms of computation 

time. This simulation program can be used to verify the system design, to study system 
dynamic behavior and to investigate steady state waveforms of the drive system. The 

feasibility, reliability of the system and the validity of the control method are proved by 

the simulation results. The CSI drive has so many features compared to VSI drives. In 
addition, symmetrical GTO, when used as switching device in the CSI, makes the drive 

particularly suitable for implementation at medium high voltage (4160V and up) levels 

and also can be useful for wide range of speed control applications(from below to 
above rated speed). 
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INTRODUCTION 

 

 Compared with voltage source inverter fed drives, the CSI drive has the features of simple structure, 

reliable short circuit protection, four quadrant operation capability and nearly sinusoidal output voltage and 

current waveforms. In addition, the switching device (symmetrical GTO) used in the CSI can be easily 

connected in series, which makes the CSI drive particularly suitable for implementation at medium high voltage 

(4160V and up) levels. Therefore a block diagram of the GTO CSI fed IM drive system is shown in Fig. 1. It is 

replacing the conventional Current Source Inverter drive in high power applications Ahmet (1999) & 

Aleksandar (2004). 

 To date, most simulation work for this type of drive system is carried out on a steady state basis Aleksandar 

(2008), Alfredo (1998), Babaei (2010) & Bimal K. Bose (2002). It is difficult to use general purpose simulation 

programs such as EMTP (Electromagnetic Transient Program) and SPICE (Simulation Program with Integrated 

Circuit Emphasis) to simulate the dynamic performance of the drive system due to the special PWM techniques 

employed in the inverter and the complicated IM model. However the MATLAB/Simulink software simulation 

tool is specially conceived for the development of continuous and discrete control systems. The main 

disadvantage of MATLAB/Simulink software is the one of not being specific software for power electronic 

systems and, therefore, the designer must develop his own models for electronic systems. A toolbox of Simulink 

named power system blockset is especially dedicated to the power electronic systems, although for a fixed 

structure is not as versatile as user defined models (s-functions). Nevertheless, the power stages topologies are 

fixed and well defined as opposed to the great amount of possibilities of control that offers a digital system 

(DSP), for a same power stage. 

 This Paper consists 4 sections. These sections elaborately describe the d-q axes model of IM with flux 

linkages as state variables especially for stability studies. The different drive sections which include rectifier 

section, CSI-IM section and control section are presented in detail. The simulation procedures, results are 

discussed. The dynamic performance of the drive system is presented in tabular form. 
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2. CSI Fed Induction Motor Drive: 

 This section describes the main components involved in the control of Current source Inverter fed 3phase 

Induction motor drive such Rectifier Section, IM Drive System, Control Section and V/F control Mechanism in 

detail. 

 

2.1 Control Block Diagram of CSI Fed IM Drive System 

 The control block diagram of the CSI fed IM drive system is shown in Figure 1. The drive system has a 

number of prominent features such as simple structure and sinusoidal outputs, and therefore it replaces the 

conventional CSI drive in medium to high power applications. In this paper, a specially designed computer 

simulation program is developed for the drive system shown below. In the program, the above drive system is 

divided into three sections: rectifier section, CSI-IM section and control section. 

 

 
 

Fig. 1: Control Block Diagram of CSI Fed IM Drive System. 

 

 In general, switching of the power electronic switches in the power circuit increases the complexity for 

simulation. To simplify the simulation process, different simulation algorithms are developed for different 

sections. 

 

2.2 Rectifier Section: 

 Figure 2 shows a simplified circuit diagram of a 3𝜙 thyristor rectifier (line converter block of Figure.1. 

Since the effect of snubber circuits on the drive system performance is trivial, the snubber circuits are not 

considered in the simulation. It is also assumed that the line inductance between power supply and rectifier is 

zero, implying negligible DC voltage losses caused by the commutation of thyristors. Under these assumptions, 

the dc voltage waveform of the rectifier𝜈𝑑𝑐  is defined only by the input voltage, the delay angle 𝛼of gating 

pulses, and the continuity of dc link current𝑖𝑑𝑐 . Therefore, the simulation for the operation of the rectifier is 

straightforward and no numerical integration is required. 

 In this Paper a New MATLAB function program is developed for the rectifier section. The parameters 

passed to the program are RMS value of the line voltageVAB , time instantt, delay angle αand DClink 

current idc .The program brings back the instantaneous value of the dc link voltageνdc . The typical output 

waveforms are obtained from simulations, for continuous dc link current at the delay angles α = 0°, α = 30°and 

discontinuous dc link current at α = 75° are illustrated in Figure 3. 

 

2.3 CSI -IM Drive Section: 

A circuit diagram of the CSI-IM section is shown in Figure 4.This section includes a dc link inductor, a CSI, 3𝜙 

output capacitor and an IM. Two commonly used modulation techniques, the trapezoidal pulse width 

modulation (TPWM) and the selected harmonic elimination (SHE) techniques are considered in the program. 

According to Bin wu et al , six distinct states can be defined for the modulation patterns. 
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Fig. 2: Simplified Circuit Diagram of the            Fig. 3: Typical rectifier waveforms (a) Input line  

            Thyristor Rectifier.            voltages for 50 Hz, Output voltages (b) at  

               𝛼 = 0° (c) at 𝛼 = 30°(d) at 𝛼 = 75°. 

   
 

 The equivalent circuit for the CSI, capacitor and IM in a d-q axis rotating reference frame is shown in 

Figure 5. The corresponding state equation (differential equations) with motor flux linkages as variables is 

derived from Bin Wu (1994). 

 x =  Ax + Bu                                                                                                                                                           (1) 
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Fig.  5: Equivalent circuit of CSI-IM section. 
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Fig. 4: Circuit diagram for the inverter-motor section. 
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𝑥 =   𝜆𝑞𝑠 𝜆𝑑𝑠 𝜆𝑞𝑟 𝜆𝑑𝑟 𝜈𝑞𝑠 𝜈𝑑𝑠 𝑖𝑑𝑐 𝜔𝑚𝑒  𝑡  
 

𝐵 =  

 
 
 
 0 0 0 0 0 0

1

𝐿𝑑𝑐
0

0 0 0 0 0 0 0 −
𝑃

2𝐽 
 
 
 
𝑡

 

 

𝑢 =   𝜈𝑑𝑐 𝑇𝑙 
𝑡  

 

 This state equation has been arranged in such a way that it is valid for all states. For different states, only 

the switching coefficients K(1) to K(4) in the equation need to be modified. Therefore, simulation complexity is 

substantially reduced. Furthermore, this state equation is already expressed in a stator reference frame and thus 

time domain waveforms can be directly obtained by using any numerical integration method without further 

transformations.  As mentioned earlier, the operation of the inverter can be divided into six distinct states. Each 

state corresponds to a unique pair of on state thyristors. The definition of each state is given in Table 3.1. 

 
Table 1: Switching States. 

State On-state Thyristors 

1 T1& T2 

2 T2& T3 

3 T3& T4 

4 T4& T5 

5 T5& T6 

6 T6& T1 

 

 The switching coefficients for different states can be derived as follows. For example, in state 5, T5 and T6 

are turned on, and the following equations can be obtained. 

𝑖𝑎𝑖 = 0          (2) 

𝑖𝑏𝑖 =  −𝑖𝑑𝑐            (3) 

𝑖𝑐𝑖 =  𝑖𝑑𝑐           (4) 

𝑣𝑐𝑏 =  𝑣𝑐𝑠 − 𝑣𝑏𝑠            (5) 

 

Applying 3𝜙 to 2𝜙 transformation matrix to Equations (2) – (5) gives 

 

𝑣𝑐𝑏 =   3𝑣𝑑𝑠          (6) 

𝑖𝑞𝑖 = 0          (7) 

𝑖𝑑𝑖 =  
2

 3
𝑖𝑑𝑐          (8) 

 

DC link voltage is expressed as 

 

𝑣𝑑𝑐 =  𝐿𝑑𝑐
𝑑𝑖𝑑𝑐

𝑑𝑡
+  𝑅𝑑𝑐 𝑖𝑑𝑐 + 𝑣𝑐𝑏          (9) 

 

Equation (6) when substituted in Equation (9) results  

 
𝑑𝑖𝑑𝑐

𝑑𝑡
=  

𝑅𝑑𝑐

𝐿𝑑𝑐
𝑖𝑑𝑐 −

 3

𝐿𝑑𝑐
𝑣𝑑𝑠 +

1

𝐿𝑑𝑐
𝑣𝑑𝑐          (10) 

 

 Substitute Equation (7) and Equation (8) in stationary reference frame equation of Figure 5 and combine 

Equation (10) with Equation (1) in which the coefficient K is given as 

 

𝐾 1 = 0,   𝐾 2 =  
2

 3𝐶
,  𝐾 3 = 0,  𝐾 4 =

 3

𝐿𝑑𝑐
 

 

 The coefficients K(1) to K(4) for different states are summarized in Table 2. 

 

 In this paper, a MATLAB s-function program codes are developed for the CSI-IM section. The s-function 

file is saved as an m-file. It contains the protocol in which Simulink can access information from MATLAB. So, 

this program was a combination of MATLAB m-file codes and Simulink blocks. With the complexity of large-

size nonlinear models, such as Equation (1), it may be more efficient to use a set of differential equations written 
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in an m-file. These m-files will be accessed by Simulink through S-function block. Thus, this method mixes the 

advantages of an m-file which can be run directly by solvers such as ode45, with the graphical links to other 

Simulink blocks. 
 

Table 2: Switching coefficients K. 

State K(1) K(2) K(3) K(4) 

1 1

𝐶
 −

1

 3𝐶
 −
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2.4 Control Section: 

 The simulation for the control circuit is relatively simple. The dynamic performance of any control scheme 

can be described by a set of differential equations presented in Bin Wu (1994). These equations can be solved 

numerically. As an example, consider the control circuit of the drive shown in Figure 1. It is assumed that both 

the compensators are of PI type, that is, 

 

𝑉𝛼 =  𝐾𝑖 +
𝐾𝑖

𝜏𝑖𝑠
  𝐼𝑓

∗ − 𝐼𝑓 = 𝐾𝑖 𝐼𝑓
∗ − 𝐼𝑓 + 𝑉𝑝𝑖𝑖                                                                                                             (11) 

 

Where 
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and 
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 The outputs of the current and speed feedback filters can be expressed as 

 

𝐼𝑓 =
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and 
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Equations (12), (14) - (16) can be expressed in matrix form: 
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 In this paper, a MATLAB s-function program is developed for the control section. The input parameters 

passed to the simulation program for the control circuit are the speed reference 𝜔𝑚
∗  , the actual machine speed 

𝜔𝑚  and stator current 𝑖𝑠  . The output parameters brought back to the power circuit are the delay angle 𝛼 and 

stator frequency 𝜔𝑠 which is the sum of the motor speed and rotor (slip) frequency𝜔𝑟 . This rotor frequency is 

set at the rated value of the IM. 

 

2.5. Simulation Implementation of Vector Based V/F Control: 

 In this section, the simulation implementation procedures are described in detail. The developed MATLAB 

simulation programs are simulated using MATLAB software. The rectifier section is realized with the help of a 

MATLAB function. It is a user defined function; the parameters incorporated to the function for evaluation are 

frequency, time instant, firing angle, RMS value of input line voltage. After the evaluation, it brings back the 

instantaneous value of dc link voltage. The Simulink implementation is shown in Figure 6. The simulation 

results are already shown in Figure 3. 

 The CSI-IM section is realized by means of S-Function. It is a user defined block. In these blocks, the code 

that defines the model in state Equation (1) can be written. In the code, the number of inputs and outputs are 

defined like the states and the state space equations of the system. To solve Equation (1), an mfile program is 

developed. This csiimvf sfcn.m can be drafted from sfunction Simulink block. For the motor parameters, the 

sfcn.m file calls another mfile which has the motor parameters. The Simulink implementation of CSI-IM section 

is shown in Figure 7. The control section can also be realized with a similar fashion. In another way the control 

voltage 𝑉𝛼  Equation (11) can be obtained by using constant, transfer function blocks.      

 
Fig. 6: Simulink implementation of rectifier section. 

 

 A simplified simulation procedure is summarized as follows. 

1. Initialization. 

2. Call rectifier subroutine. 

3. Determine current state according to the switching pattern. 

4. Select coefficient Kfrom Table 2. 

5. Solve state equation (2.1)for the inverter-motor section. 

6. Calculate the stator frequency 𝜔𝑠 = 𝜔𝑟 + 𝜔𝑚𝑒
∗  

7. Solve equation (2.11) for the control Section. 

8. Calculate the delay angle 𝛼 

9. Go back to Step 2if the required ending time for simulation is not reached. 

 The proposed CSI fed IM control algorithm is validated by simulation. The IM parameters are obtained 

from Mummadi Veerachary (2002). The control system parameters are derived from Bin Wu (1994). The 

Simulink circuit diagram of vector based V/f controlled CSI fed IM drive shown in Figure 8 is simulated. The 

open loop and closed loop speed control and dynamic performance of the drive are obtained for different 

inverter switching frequency and are presented in the next section. 

 The developed vector based V/f control model shown in Figure 8 is simulated to compare the performance 

of the open loop and closed loop control modes of the CSI fed IM drives system. The following figures show 

the steady state and dynamic waveforms of the drive system at three different stator frequencies.  

 Figure 9 and 10 shows the dynamic performance of the drive system operated at the stator frequency of 50 

Hz in open loop and closed control. The step command of the motor torque is changed from no load to full load 

at a step time of 2 seconds. Due to this step command, there is a dip in motor speed at 2 seconds. After a few 

milliseconds, the motor speed raises to its reference speed. 
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Fig. 7: Simulink implementation. 

 
Fig. 8: Simulink implementation of V/f control method. 
 

3. Simulation Results: 
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 Similarly, Figure 11 and 12 shows the dynamic performance of drive system operated at the stator 

frequency of 30 Hz (below rated frequency) in open loop and closed loop controls and Figure 13 and 14 shows 

the dynamic performance of drive system operated at the stator frequency of 60 Hz (above rated frequency) for 

the full load step command of motor torque at 2 seconds. In closed loop control mode operation, 50% of torque 

and speed ripples (pulsations) are reduced compared to the open loop control mode of operation. Figure 15 (a), 

(b), (c) shows the steady state waveforms of the motor currents when the drive system is operated at 30 Hz, 50 

Hz and 60 Hz in closed loop control. When the drive is operated at low frequency and open loop control, 

switching transients are more, resulting in high torque pulsations Figure 15 (a). In Figure 15 (b) and (c) due to 

closed loop control and high operating frequency, the motor current waveforms are almost sinusoidal in nature 

and the switching transients are almost eliminated. The tabular presentation of the simulation results are shown 

in the Tables 3 and 4. 

 

 

Fig. 14: Dynamic performance of the drive at 60 Hz in 

Closed loop control. 
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Fig. 13: Dynamic performance of the drive at 60 Hz in 

Open loop control. 
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Fig. 12: Dynamic performance of the drive at 30 Hz in 

Closed loop control. 
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Fig. 11: Dynamic performance of the drive at 30 Hz in 

Open loop control. 
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Fig. 15: Steady state currents of closed loop drives after step change in load torque (a) at 30 Hz (b) at 50Hz and 

(c) at 60 Hz. 

 
Table 3: Dynamic performance of V/f controlled drive at 30 Hz. 

 OPEN LOOP CONTROL MODE 

Motor parameters Constant load Full load 

tr(ms) ts (ms) Mp  (%) tr(ms) ts (ms) Mp  (%) 

Stator current 216 1173 109 290 1172 149 

Motor speed 749 1173 100 630 1172 122 

 CLOSED LOOP CONTROL MODE 

Constant load Full load 

tr(ms) ts (ms) Mp  (%) tr(ms) ts (ms) Mp  (%) 

Stator current 120 1065 14 43 1100 180 

Motor speed 527 1065 106 43 1100 114 

 

Table 4: Dynamic performance of V/f controlled drive at 60 Hz. 

 OPEN LOOP CONTROL MODE 

Motor parameters Constant load Full load 

tr(ms) ts (ms) Mp  (%) tr(ms) ts (ms) Mp  (%) 

Stator current 197 1032 139 252 1032 587 

Motor speed 136 1032 126 114 1032 152 

 CLOSED LOOP CONTROL MODE 

Constant load Full load 

tr(ms) ts (ms) Mp  (%) tr(ms) ts (ms) Mp  (%) 

Stator current 328 996 78 138 1123 665 

Motor speed 109 996 136 46 1123 137 

 

RESULTS AND DISCUSSION 

 

 Alfredo Munoz-Garcia (1998) presented a new open loop constant V/f control method for VSI fed IM and 

concluded that it can be easily implemented in the existing V/f drives by modifying the software. In this paper, a 

vector based V/f control method for CSI fed IM drive is developed and simulated using MATLAB software. 

Simple control programs are developed for different sections in the drive system to avoid complexity in the 

simulation process. The developed MATLAB programs combine the advantages of an m-file which can be run 

directly by solvers such as ode45 with the graphical links to other Simulink blocks. These programs can modify 

any kind of drive system. The drive control system is developed using the model presented in Bin Wu 

(1994).The PWM switching states are derived using switching patterns presented in Bin Wu et al (1992). 

Dynamic performances are obtained for both open loop and closed loop operation modes of the drive system. It 

is evident from Tables 3 and 4 that during closed loop control mode operation with higher stator frequencies, 

there is a considerable improvement of the dynamic response in speed and current in terms of rise time and 

settling time. When the drive is operated at low frequency with open loop control, switching transients are more 

as shown in Figure 15 (a), resulting in high torque pulsations. When the drive is operated in closed loop control 
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and high frequency, the motor current waveforms are almost sinusoidal; the switching transients are almost 

eliminated as seen in Figure 15 (c). 

 

5. Conclusion: 

 This Paper contains a review of the theoretical concepts used in the simulation and implementation of 

vector based V/f control of CSI fed IM drives. It is the simplest motor drive since it requires no parameter 

knowledge and is essentially an open-loop drive. The typical control structures are presented in a synthetic form. 

A simplified computer simulation procedure is introduced. To simplify the simulation process, different 

simulation algorithms are developed. The above sections elaborately described the D-Q axes model of IM with 

flux linkages as state variables especially for stability studies, different drive sections, implementation 

procedures, results and discussion.  

The most important contributions in this paper are: 

 Simplified programming codes for the rectifier section using MATLAB functions are developed.  

 MATLAB S-function programming codes with Simulink blocks for CSI-IM drive section are developed 

and implemented.  

 The Sim-power system Simulink blocks are developed to solve the state equations of the control section. 

Results are presented in simulation waveforms and tabular forms. 
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