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 Abstract-  This paper presents the use of wavelet transform for analyzing power system fault detection in order to 
determine the fault location and the fault phase selection in 500 kV  double circuit transmission lines of type DL3°°°° and 
DT20°°°° using genetic algorithms.  The wavelet transform (WT)has been successfully applied in many fields.    The 
technique is based on using the absolute sum value of coefficients in multiresolution signal decomposition based on the 
discrete wavelet transform(DWT).    By per-form the simulation of fault signal and parameter adjustments, with have 
effect wit ATP/EMTP program.    The result of experiment shows that can indicate the specify fault location,  fault 
classification, phase selection and fault circuit transmission line.     The simulation of the 500 kV power system using 
EMTP program were used to test the performance of the simple genetic algorithms.          
         
Keywords –  Power system, wavelet transform,  genetic algorithm, and transients analysis.  
   

 

I. INTRODUCTION 
                                 

      Transmission line system for fault location has long 
been one of the primary concerns of the power industry. 
Simulation of transients along 500 kV system can be best 
performed in the frequency domain,  since the line 
parameters are known to vary significantly as a function 
of frequency, and the other utilizing the high frequency 
contents of the transient fault signals.   The latter is also 
referred to as traveling wave.  The use of traveling wave 
theory for fault detection was initially proposed,  reliable 
phase selection of the faulted phase is very important in 
order to avoid unnecessary three-phase tripping or 
alternatively tripping of the incorrect phase. Wavelet 
transforms with their ability to focus on short transients 
and high frequency components can provide an effective 
solution to the accurate phase selection.   This paper 
presents a technique for fault location and phase selection 
by wavelet transform (WT)of genetic algorithms(GA). 
Genetic algorithms have shown a rapid growth of 
applications in power system.    A wavelet based 
technique for power system transients analysis was 
simulated using the ATP/EMTP program.               

 
II. T HE ANALYSIS 

A.   Structures of 500 kV Transmission lines 
      The following are the assumed characteristic of the 
line for which outage rate performance will be determined 
is given by: 
___________________________ 
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Conductor :  4 Bundle per phase x 795 MCM : 54/7   
                      Spacing between = 45.7 cm 

                   Diameter =   2.773 cm 
                      Ruling span =  420 m   
                      Ultimate strength =  12,800  kg 
                      Weight  =   1.52  kg/m 
                      Wind  span  =  500 m 
Shield wire:  3/8″ EHS, Class A,  Galvanized steel 
                      Number of wires = 2 per tower 
                      Shielding angle =  -5° to outer phases 
                      Ultimate strength =  6985  kg 
                      Diameter =   9.1444 mm 
                      Weight  =   0.406  kg/m 
Insulator :     Type Suspension, ball and socket 
                     ANSI Class 52-8 and ANSI Class 52-11 
                     Based on max.conductor tension of 22% 
                     rated tensile strength with wind pressure 
Grounding system : ground resistance10 ohms or less 
                     A. Stub angle to rebar :  used in all cases 
                     B. Ground rods : used in all cases,  
Lightning outage rate : Less than 0.05 /100 km/ year 
Right-of-way width :   70 meters for each line.   
        The method is to be envisioned in the following 4 
stages : 
     - Establishing the flashover probability in number of 
tower and the tower top voltage. 
     - Establishing the critical stroke current and the 
Gaussian frequency. 
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     - Establishing the probability of back-flashover as a 
function of line configuration,  footing resistance ,  CFO 
for a random stroke to the tower.  
     - Establishing the extreme value distribution and line 
back-flashover outage rate. 
B.   Discrete Wavelet Transform 
       Wavelet analysis is a recently developed mathe-
matical tool for signal analysis.   Wavelet transforms are 
based on a set of signal derived from a basic mother 
wavelet by adjusting the time-shifting and dilation 
parameters[1].    Discrete wavelet transform (DWT)is 
derived from a continuous wavelet transform (CWT).     
The CWT has a digitally implementable counterpart 
known as the DWT become as: 
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     g(n) is the mother wavelet 
     a and b are functions of integer parameter m 

 
 
 
 
 
 
 
 
 
      
 
 

 
 

 
 

Fig. 2 :  Structures characteristic of 500 kV double Circuit 

                        transmission lines of type DT20
°
 

     x(n) is the discritized signal function

 
      This scaling gives the DWT a logarithmic frequency 
coverage and this is in marked contrast to the uniform 
frequency coverage.  By simple interchange of the 
variables n, k and rear rangement of the DWT gives[2]. 
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      DWT can be easily and quickly implemented by 
filter bank techniques if the coefficients are thought of 
as a filter as shown in (3) 
 

DWT(m,n)  = C( i ,j ) = ( ) ( )∑
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        The implementation of the DWT with a filter bank 
is computationally efficient. The output of the high-pass 
filter(HPF) gives the detailed version of the high-
frequency component of the signal is shown in Fig.1 [3]   
where x(n)  is the original signal ,  h(n) and g(n) are 
high-pass and low-pass filter (LPF), respectively.  
(2↓)represents down sampling of the input signal ,  
a1and d1 represent approximations and details at first 
scale. 
 
 
 
 
 
 
 

 
 
 

Fig. 1:  Wavelet decomposition tree 
C.  Fault Location and Phase Selection  
        When the fault involves a connection to ground, 
then sending end signal may contain significant 
reflections from the remote end bus in addition to the 
ones from the fault point. The actual fault location can 
be accurately identified by the following formula [3]: 
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where 
      Nm   is  equal to zero too and at zero before fault.  
      Mm  is  the modal fault detection and the values of     
     Mm   are equal to 1 before the fault is detected. 
      Γm   is  represent modal propagation constant 
      L     is  the total length of the protected line 
 
       And then the modified modal fault detection indices 
are defined as:  
 

                      Mm = 
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M
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where 
      Mmprefault  is the last offset value before the fault is 
detected.  
      Type of fault is AG, BG, CG, ABG, BCG, CAG, 
AB, BC, CA and ABC  
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      Fault location is 10% -90% of all distance  
      Load size is 500 MVA (pf. =0.8) 

      Fault angles is 0°, 30°, 60°, 90°, 120°, 150°, 180°, 
210

°, 240
°, 270

°, 300
°, 330

° 
                                      
         The fault detection process by using the wavelet 
transform technique.   The WT detection technique 
provides the ability to detect the disturbance occurring 
in the related phase.   The fault classification and phase 
selection cannot be achieved directly from the pattern 
listed (phase A ,phase B and phase C).     

 
D. Genetic Algorithms Construction 
      A genetic algorithms(GA) may solve these kinds of 
complex problems.   This is the option to increase 
redundancy in the components. The objective function 
is to determine the number of components in parallel 
where reliability is maximized subject to restrictions.   
The problem for load point reliability optimization is 
discrete,   as transmission lines in parallel are added to 
the power system[4].    The inputs to the system are 
probabilistic distributions for the transmission lines 
failure rates[5].     Application of genetic algorithm to 
power system is found in areas such as economic 
dispatch, power system planning, reactive power 
allocation and the power load flow problem.   Genetic 
algorithm are appropriate for stochastic and large-scale 
problems with nonlinearities.   They satisfy the design 
requirements for reliability problems. The first one is 
the selection from parents and the second one is 
applying the crossover operator .    Selection procedures 
are as follows. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3 :  Crossover of A and B chromosomes 

                                             
Step 1)  Calculate the total fitness of the population 
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Step 2)  Calculate the probability of a selection for each 
chromosome i.  
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The fitness of the chromosome can be calculated as 
 
                Fiti    =  copyi,.Pi  or Fiti    = Pi                    (8) 
 
Step 3)   Calculate the cumulative probability qi for each 
chromosome “ i” by adding its selection probability to 
those of all previous “ i –1 ” chromosomes in the 
current population. 
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Step 4)     The selection process is based on spinning the 
roulette wheel pop_size times.   Where input parameters 
are pop_size.     A single chromosome is selected for the 
new population each time. 
 
 

 
 
 
 
 
 

Fig. 4: Crossover and Mutation 

 
Step 5)    Generate a random number r from the range 

[0,…,1].   If r < 
i
q , then select the first chromosome; 

otherwise select the ith one such that  
1i

q − < r ≤ 
i
q . 

Step 6)   In this manner,    the some chromosomes are 
selected more than once.  The best chromosomes get 
more copies;  the average stay even and the worst off. 
                                                       
E.  Model Transmission Line System                           
        The model system used in the study is the 
simplified double circuit transmission line as illustrated 
in Fig.5     The transmission line is a 500 kV.  The first 
section AB contains two 325 km long parallel lines, and 
the second section BC is equivalent to a 100 km line.    
It is able to transmit the power from the Mae 
Moh3(MM3) power plant in Lampang Province to 
substation plant at Tha Tako(TTK) in Nakornsawan 
province.   Each of the parallel lines has a zero sequence 
impedance is Z0 = 84.21+ j 325.6 ohms;  and positive 
sequence impedance is Zp = 7.65+ j 120.92 ohms. 

A1 A10A9A8A7A6A5A4A3A2

B1 B10B9B8B7B6B5B4B3B2

A1 A6A5A4A3A2 A10A9A8A7

B1 B6B5B4B3B2 B10B9B8B7

A1 A6A5A4A3A2 B10B9B8B7

B1 B6B5B4B3B2 A10A9A8A7

Chromosomes,X

Chromosomes,Y 

Crossover 

Chromosomes,X1 

Chromosomes,Y1 

A1 B10B9B8B7A6A5A4A3A2

A1 B10B9B8B7A6A5A4A3A2

Mutation 

Mutation 
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Fig.5:   Parallel transmission line model of the simulated 

                  
III. S IMULATION RESULTS 

      The simulation results have been carried out based 
on using ATP/EMTP program simulator.  This paper a 
novel technique for phase selection using wavelet 
transforms. The 3-phase transmission system consists of 
double circuit of type DL3° and DT20°.    The 
configuration of the lines are shown in Fig.5.   The 
selected fault inception angles were  90°, 180°, 270° and 
360° from phase A.     Fault locations were varied in 
steps of 15 % of line length.  In Fig. 6 show the 
frequency spectrum of phase voltages just after fault 
inception for a ground fault at different fault locations.    
The wavelet transform coefficient of a phase to ground 
fault at 40 miles from bas A.    The DWT result of 
differential current calculated by using measured 
primary and secondary currents in phase A, B and C for 
the incipient behavior are given in Fig.7 and Fig.9.    
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6:   Phase to ground fault at 40 miles at bus A 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7:  Wavelet transforms of 2 phase to ground fault; 
                          case for fault circuit 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8:  Fault current signal for differential components 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 9:   Wavelet transforms of 2 phase to ground fault ; 

                          case for fault circuit 2 
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IV. CONCLUSION 

            This paper has presented the application of wavelet 
transform for distance protection of 500 kV EHV 
transmission lines by using genetic algorithm.   The 
WCT at the two lowest scales are then used to 
determine the fault location for various types of faults 
and line configurations.   The fault location estimation 
error is less than 1% to the sampling time used in 
recording the fault transient and high frequency 
components of the fault signals can provide an effective 
solution to the accurate phase selection problem.   The 
results show that the proposed method provides high 
accuracy of fault type identifications and can be applied 
as a part of high speed protective relays.   
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Nomenclature 

 
, ,as bs csv v v     = Stator phase voltages 

,qs dsv v  =Stator phase voltages in d-q reference frame 

,qr drv v      = Rotor phase voltages in d-q reference frame 

, ,a b ci i i      = Inverter output currents 

,q di i    = Inverter output currents in d-q reference frame 

, ,as bs csi i i     = Stator currents 

,qs dsi i      = Stator currents in d-q reference frame 

,qr dri i      = Rotor currents in d-q reference frame 

,act reacti i     = Active & reactive component of stator current 

,ref ci i      = Reference current, Capacitor current 

eω       = Electrical angular velocity of d-q axis 

rω       = Electrical angular velocity of rotor 

slω       = Slip speed in rad/sec 

slrefω      = Slip speed command in rad/sec 

,e lT T       = Electromagnetic torque and load torque 

,dc dcv i      = Rectifier output voltage, DC link current 

iv        = Inverter input voltage 

,s rv v       = Amplitude of stator & rotor voltage 

,s rr r       = Stator & rotor resistance 

,s rl l       = Stator & rotor self inductance 

                                                           
1Piush Kumar is currently the Research Scholar of Electrical 

Engineering, Motilal Nehru National Institute of Technology Allahabad, 
India.  He can be reached at:  piushgg@yahoomail.com.  

2 Vineeta Agarwal is currently the Faculty of Electrical Engineering, 
Motilal Nehru National Institute of Technology Allahabad, India. She can 
be reached at: vineeta_agarwal123@rediffmail.com. 

 
 

ml       = Mutual inductance between stator and rotor 
C        = Capacitance of each output capacitor 

,f fr l      = DC link resistance & inductance 

P        = Number of pole 
J        = Moment of inertia of rotor ‘Kg-m2’ 

psK       = Proportional gain of speed controller 

piK       = Proportional gain of current controller 

1 2,K K  = Slope of active & reactive component of slip 

regulator characteristics respectively 

 
I.  INTRODUCTION 

The speed of an induction motor can be smoothly controlled 
over a desired speed range by varying the frequency of AC 
source. Due to inherent disadvantages in voltage source 
inverter [1], a slip regulated current source inverter (CSI) has 
been preferred for a wide range speed control [2, 3]. The 
current source inverter fed drive finds application in high 
power drives such as fan drives, where fast dynamic 
response is not needed. Also, since CSI drives employ fully 
controlled silicon-controlled rectifier (SCR) converter at the 
input.  Under regeneration the polarity of the voltage at the 
converter terminals will reverse and the energy will be fed 
back to the utility. So regeneration is built in to the system 
and unlike VSI fed drives does not require any additional 
circuit [4]. In CSI drives the dc link reactor limits the rate of 
rise of current under short circuit conditions, so the drives 
can be easily protected under short circuit and thus results in 
improved reliability of the drive [5, 6]. 
      The most common choice for the controller in CSI drive 
is the PID compensator due to its simple structure and 
satisfactory performance over a wide range of operation [7].   
To tune a PI controller (usually in drives applications the 
derivative part of the controller is not used) [8] a lot of 
strategies have been proposed.. The technique [9] uses 
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Current Source Inverter 

Fed Induction Motor Drive 

 
 

 
Abstract— Direct torque control (DTC) of Induction motor is preferred as compared to vector control scheme due 
to its quick torque response, simplicity and robustness against rotor parameters variation. PID controllers are very 
common since they can offer a satisfactory performance over a wide range of operation.  The main problem with this 
controller is the correct choice of the PID gains and the fact that by using fixed gains, the controller may not provide 
the required control performance, when there are variations in the plant parameters and operating conditions. 
Therefore, a tuning process must be performed to ensure that the controller can deal with the variations in the plant. 
The tuning of these controllers is governed by system nonlinearities and continuous parameter variations. In this 
paper, a complete and rigorous study is made for tuning of PI controller  used in a speed control loop in a Direct 
Torque Control (DTC) scheme applied in a current source inverter (CSI) fed induction motor drive system.  The 
controller value is adjusted by Ziegler and Nichols method. A comparative study is made between P and PI 
controller. It has been found that with P controller the transient time to reach the steady state value is small. 
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frequency response method to design and tune PI controller 
gains based on specified phase and gain margins as well as 
cross over frequency. Furthermore, root locus and pole 
assignment design techniques are also proposed in addition 
to transient response specifications. All these methods are 
considered as model based strategies and then the efficiency 
of the tuning law depends on the accuracy of the proposed 
model as well as the assumed conditions with respect to 
actual operating conditions [10, 11]. On the other hand the 
Ziegler-Nichols method does not require any system model 
and control parameters are designed only from the plant step 
response [12]. Tuning, using this method is characterized by 
a good disturbance rejection. This paper presents tuning of 
PI Controller for Current Source Inverter Fed Induction 
Motor Drive. In this study, the dynamic analysis of SCCSI 
fed induction motor system is done with proportional and 
integral controller in speed and current loops, the parameter 
of which  are adjusted by Ziegler and Nichols method.  
Simulation studies are made at various motor speeds for 
different loading conditions. It has been shown that due to 
very small offset, P controller works satisfactorily as 
compared to PI controller for all loads. 
 

II. CSI FED IM DRIVE SYSTEM 
  Fig. 1 shows a current controlled induction motor drive 
system. It consists of three phase power source, controlled 
rectifier bridge, a DC link smoothening reactor, a current 
source inverter and a three phase squirrel cage induction 
motor. The magnitude and polarity of the speed error are 
used to determine the slip speed reference. This maintains 
the air gap flux in the machine at a constant value and also 
used to determine the DC link current reference value. 
Rectifier output voltage is controlled by PI controller 
working on the DC link current error that decides the input 
current of CSI. The slip speed is added to the rotor speed in 
order to determine the synchronous speed, which then 
determines the inverter operating frequency. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Closed Loop Control of Induction Motor fed by CSI 

III.  MODELING OF CSI FED IM  DRIVE SYSTEM 

  The composite inverter fed induction motor system has 
been modeled in different structures and cascaded together to 
obtain the overall performance of system.  
 
A. Modeling of Induction Motor 
  The voltages and currents of the squirrel cage induction 
motor can be represented in a synchronously rotating d-q 
reference frame as follows [13] 
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Solving (1), following model of induction motor is obtained 
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Where  2
1 s r ml l l l= −              (3) 

  

The machine and load torque are related as 
 

r e lJp T Tω = −               (4) 

 
In  equation (4), friction and windage losses are neglected. 
The electromagnetic torque, eT and load torque, lT  is given 

by the following equations. 
 

( )(3 / 4)e m qs dr ds qrT P l i i i i= −        (5) 

*( / )l L r bT T ω ω=             (6) 

 
  The load torque in the present case is considered to be 
varying linearly with the speed.  
  
B. Modeling of Capacitors 
  For the balanced condition, the equations related to the 
output capacitors can be expressed, in term of phase voltages 
as following: 
 

3a as asi Cpv i= +             (7) 

3b bs bsi Cpv i= +             (8) 

3c cs csi Cpv i= +             (9) 
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  Transforming the inverter output currents , &a b ci i i  in a 

synchronously rotating d-q reference frame, following 
equations are obtained. 
 

3 3q qs e ds qsi Cpv C v iω= + +          (10) 

3 3d ds e qs dsi Cpv C v iω= − +          (11) 

 
  In CSI the inverter output current flows for 120˚ of each 
half cycle in the form of a rectangular wave. Their harmonic 
components are neglected on the assumptions that the drive 
system stability is primarily determined by the fundamental 
component of each variable. Thus, the inverter output 
currents, considering only the fundamental component, are 
obtained as below 

(2 3 / )q dci iπ= , 0di =          (12) 

 
From equation (10) to (12) the derivative of stator phase 
voltage in dq reference frame are obtained 
 

 ( )(1/ 3 ) 3ds ds e qspv C i C vω= − +           (13) 

( )(1/ 3 ) (2 2 / ) 3qs dc e ds qspv C i C v iπ ω= − −     (14) 

 
C. Modeling of DC Link 
 

The dc link is expressed as 
 

f dc f dc dc il pi r i v v+ = −          (15) 

 
If inverter is assumed lossless, the inverter input voltage be 
  

 (3 3 / )i qsv vπ=                (16) 

 
The relationship between the stator rms current and dc 
reference current is 
 

 3( 2 / )ref si K i=               (17) 

IV.  STEADY STATE CHARACTERISTICS 

     Tuning a controller involves setting the proportional, 
integral, and derivative values to get the best possible control 
for a particular process. In order to obtain the adequate 
control the motor is tuned here using Ziegler Nichols 
Method.  
   The test machine used in the work is a 3-phase, 400/440V, 
50 Hz, 4 poles, 7 Amps, induction motor. Different 
parameters of the motor are rs =  rr = 5.53 Ω/ph, ls = lr = 0.68 
H, lm=0.6503 H, 0.05fl H= , 3fr = Ω , C = 28.22 µF, K1 = 

0.0821 and K2 0.2474.  
    The steady state equation (18) is obtained by substituting   
all the derivative terms equal to zero in the equations (1), 

(13) and (14) and assuming the DC link current dci  as an 

input. 
 
 
 

 
 
 
 
 

 

 
 
 

                      (18) 

      The subscript ‘o’ denotes the steady state value. Once the 
DC link current required for an arbitrary speed and a load 
torque is determined, all the motor currents and the 
developed electromagnetic torque can be obtained using 
equations (18) and (5) respectively. Fig. 2 shows the torque 
versus slip characteristics for different value of dc link 
current. Near the synchronous speed i.e. at low slips the 
torque is linear and is proportional to slip; beyond the 
maximum torque the torque is approximately inversely 
proportional to slip. Fig.3 shows the rotor current 
characteristic for different value of dc link current. It shows 
that at unity slip the current taken by the motor is large as 
expected. 

 
Fig. 2.  Plot of electromagnetic torque (Te) vs slip(s) 

 
 
 
 
 
 
 
 

 
 

Fig. 3.  Plot of rotor current (ir) vs slip(s) 

V.  DYNAMIC  CHARACTERISTICS 

  To investigate the dynamic characteristics, the equations 
(1), (4), (5), (10), (11), (15) & (16) are linearzed about a 
steady state operating point. Then the resulting state equation 
can be expressed as 
.
x Ax Bu= +                  (19) 
 
Where 

[ ]T
qs ds qr dr qs ds dc rx i i i i v v iδ δ δ δ δ δ δ δω=     (20) 

 

[ ]T
s dc lu v Tδω δ δ=               (21)  
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                                                                                        (23) 
   Software MATLAB is used to solve Equation (19) to 
investigate the starting transient of the drive. Initially, load 
torque is kept at very low value equal to 0.8 N-M. In order to 
obtain the steady state operating value corresponding to this 
load torque, the dC link current range has been obtained with 
the help of steady state characteristic shown in Fig.2. To 
obtain high efficiency it is preferred to operate near low 
slips.  Now the controller gain is adjusted when speed was 
taken equal to 150 / secr radω = .  

     The sustain oscillation are obtained at the gain value of 
Kpsmax = 60 & Kpimax = 25 and ultimate period of Pu has been 
observed equal to 0.2 sec as shown in Fig. 4.  Now the 
controller gain is adjusted by Ziegler Nichols method, first 
for P controller. The steady state condition is reached with 
Kps= 30 & Kpi=12.5 as shown in Fig. 5. It is clear that time to 
reach steady state value is approximately 1.2 sec.   
                                                      

 
Fig. 4.  Plot of rotor speed (ωr) vs time (t) 

 

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
(22) 

 
Fig. 5. Plot of rotor speed (ωr) vs time (t) with P controller 

   
    Next the controller gain is adjusted for PI controller and in 
this case the steady state condition is reached with Kps = 27 
& K pi = 11.25 as shown in Fig. 6.  The time to reach steady 
state speed is approximately 1.3 sec in this case. Since with P 
controller there is no offset thus with PI controller system 
become sluggish as desired.  
 

 
 

Fig. 6.  Plot of rotor speed (ωr) vs time (t) with PI controller 

 
   The load torque is now increased gradually and it has been 
observed that up to a value of 4 Nm same controller gain 
value works satisfactorily as shown in Fig. 7, Fig. 8 and Fig 
9 for sustain oscillation, P controller, and PI controller 
respectively. It is observed that if the load torque is 
increased, the DC link current range increases to obtain the 
steady state operating value. This reduces the time to reach 
the steady state speed    as shown in Fig. 8 and Fig. 9. The 
DC link current taken by the CSI inverter with  Tl = 0.8 Nm 
is approximately 8 amps as shown in Fig. 10 and it reaches  
to 22 amps for a load torque of 4 Nm shown in Fig. 11. 
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These controller values work satisfactorily up to a torque of 
18 Nm. 

 
Fig. 7.  Plot of rotor speed (ωr) vs time (t) 

 

 
 

Fig. 8.  Plot of rotor speed (ωr) vs time (t) with P controller 
 

 
 

Fig. 9.  Plot of rotor speed (ωr) vs time (t) with PI controller 

 

 
 

Fig. 10 Plot of dc link current (idc) vs time (t) with P controller 
 

 
Fig. 11 Plot of dc link current (idc) vs time (t) with P controller 

      When the speed of the motor is reduced say, 
145 / secr radω = then for the same initial load torque of Tl 

= 0.8 Nm the sustain oscillation are now obtained at the gain 
value of Kpsmax = 38 and Kpimax = 20 and ultimate period of Pu 

= 0.203 sec as shown in Fig. 12.  The speed transients for P 
controller and PI controller are shown in Fig. 13 and Fig. 14, 
respectively for this staring load torque.  These gain values 
are constant if the load torque is increased up to a value of 4 
Nm as shown in Fig. 15, Fig. 16 and Fig. 17 for sustain 
oscillations, P controller and PI controller  respectively.  
 

 
 

Fig. 12.  Plot of rotor speed (ωr) vs time (t) 

 
 

Fig. 13.  Plot of rotor speed (ωr) vs time (t) with P controller 

 
Fig. 14.  Plot of rotor speed (ωr) vs time (t) with PI controller 

 
Fig. 15.  Plot of rotor speed (ωr) vs time (t) 

 
 

Fig.16.  Plot of rotor speed (ωr) vs time (t) with P controller 
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Fig. 17. Plot of rotor speed (ωr) vs time (t) with PI controller 
 

   It has also been observed that with a reduction in speed the 
corresponding DC link current range is reduced.  The DC 
link current taken by the CSI inverter with 

150 / secr radω = and Tl = 0.8 Nm was approximately 8 

amps (Fig. 10) but with increasing speed error and with same 
load torque DC link current has become approximately 6.8 
amp as shown in Fig. 18. This reduction in DC link current 
reduces the transient time of the system which can be 
observed in Fig. 12 as compared to Fig. 5 

 

 
 

Fig. 18 Plot of dc link current (idc) vs time (t) with P controller 

VI.  CONCLUSIONS 

   Mathematical modeling of current source inverter (CSI) 
fed induction motor drive system has been done in 
synchronously rotating d-q reference frame using 
proportional and integral regulators in speed and current 
loops.  Tuning of speed controller and current controller is 
performed using simulation in MATLAB in DTC approach.  
A capacitor bank is mounted on the terminal of drive for 
maintaining better power factor at each operating condition 
of the drive. The steady-state parameters and slip regulator 
characteristics of the drive are determined experimentally.  
Steady state and Transient performance are obtained by 
developing a computer program. A number of observations 
have been made to analyze various waveforms. Motor has 
been loaded with rated load. Optimum value of controller 
parameters is determined by Ziegler and Nichols method for 
different motor speed. It has been found that for low value of 
torque without any controller sustained oscillation are 
obtained and ultimate period of Pu has been observed equal 
to 0.2 sec. However, with P and PI controllers these 
oscillations are almost zero and the time to reach steady state 
value is approximately 1.2 sec for P controller and 1.3 sec 
for PI controller. Since with P controller there is no offset 
thus with PI controller system become sluggish as desired.  
   The controller constants remain same for increase of load 
torque but the DC current requirement increases which 
results the reduction in settling time.  

     The controller constants reduce with a decrease in speed 
and at the same time the DC link current requirement also 
decreases. This again increases the system stability. 
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