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 الخلاصه :

يهدف انبحث انحاني انى دراست الاستقراريت انعابرة نًسيطر يحرك حثي ثلاثي 

 انطىر .

اعتًد انبحث يُهجيت انتحهيم بانًحاكاة , وتى دراست انتيار انساكٍ وانعزو 

انكهرويغُاطيسي وسرعت اندوار كًا وقدو انبحث اًَىذج رياضي وانتحهيم بىاسطت 

 ندراست الاستجابت بشكم افضم .  FFTيحىل فىرير انسريع

 وَاقش انبحث انعىايم انًؤثرِ عهى استقراريت انًحرك.
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Abstract: 

This work aim to study the transient stability of a 3- phase 

induction motor controller. 

A simulation based analysis is depended. stator current 

electromagnetic torque and rotor speed has been studied, a 

mathematical model and FFT analysis also presented for the 

transient response, parameters effect stability margin was 

discussed. 

 

1- Introduction: 

      Transient stability of a system refers to the stability 

when subjected to large disturbances such as faults and 

switching of lines [1]. Hence linearized analysis is not 

applicable and the nonlinear equation of the system have 

to be solve in stability evaluation checking transient 

stability is only one of the many objectives of running a 

simulation program which can give lot more information 

such as predict the dynamic performance of the system 

involving low frequency transient. 

 

2- Mathematical formulation: 

           Consider a continuous time system of equation [2]. 

X=f(x,t)…………………………………………………..1 

The solution of the above equation can expressed as 

X(t)= t (x0,t0)…………………………………………….2 

Where x0 is the initial value of x at time t=t0 

The integration algorithms generate a sequence of points 

x0,x1,x2,…..at time t0,t1,t2,……with approximation  

XK=  tk(x0,t0)……………………………………………..3 

It is usually assumed that the points are uniformly spaced 

with size h>0,that is . 

TK=t0+hk                   for k=0,1,2,3……   …………..4 
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In the forward Euler method f is approximated as constant 

evaluated at time tk . 

Thus xk+1 can be calculated from  

Xk+1=xk+hf (xk,tk)………………………………………5 

By applying forward Euler method ,xk+1 can be expressed 

as  

Xk+1=[1+Ah]xk=[F]xk……………………………………6 

For numerical stability, the eigen value (λj,j=1,2,3,…….n) 

of the matrix [F] must satisfy | λj| <1. 

And using trapezoidal rule of integration: 

Xk+1=xk+(h/2)[f(xk,tk)+f(xk+1,tk+1)]……………………….

.7 

 

3- Induction motor modeling:  

                The equivalent circuit for an induction motor shown in 

fig. (1). And the motor is assumed to    

v1 es

l1r1

l0

r2

 
 

Fig.(1) equivalent circuit of an induction motor. 

Be driven by the stator voltage given by (3):  

 ⃗ 1=jθ (t) Lkik0 exp[jθ(t)]………………………………………8 

And the corresponding magnetizing current i0 is assumed to be 

represented by : 

i0= i0 exp{j(θ +  0)}……………………………………………..9 



0202نسُت  كاَىٌ الاولوانثًاَىٌ . نثايٍ....................انعدد ا.....يجهت انفتح ........................................  
//http://www.alfatehmag.uodiyala.edu.iq 

 

-4- 
 

And as shown in (3) the following are derived : 

Te=K L0 Ti0
2
( 0+θ-

ωr)…………………………………………..10 

(J/n) ωr=Te-

Tsh……………………………………………………11 

And taking into account the small deviation in the state variables 

(i0,  0,ωr) from an equilibrium point (i00,  00,ω00) as  

i0= i00+∆ i0→ i0=∆ 

i0.......................................................................12 

 0=  00+∆  0→  0=∆ 

 0……………………………………….13 

ωr= ωr0+∆ ωr→ ωr= 

∆ωr…………………………………………..14 

Substituting, and neglecting the higher order terms, the 

linearized equation are derived as follows (3): 

[A||∆i0,∆ό0,∆ώr]=0……………………………………………….

15 

[A]=[aij] ( ,j=1  3) 

where: 

a11=a22=α11p
2
+β11 p+γ11                                                         a12=-a21=-α12 p-

β12  
a13=β13                                                                                                 a23=-α23 p – β-β23 

a31=β13                                                                                                 a32=-k2p 

a33=p+k2                                                                                              

α11=L1T0                                                                                           β11=r1T0+L1               

γ11={L1 T0 (  -ωr0)ω}                                      α12=L1T0  (2   -

ωr0)                                                                                             

β11=r1T0(  -ωr0)                                                  β13=L1T0                                                                                             

α23=L1T0                                                                                           β23=r1T0                          

p=a/dt                                                                                         

 

4- Stability analysis: 

       Following the induction motor model for the voltage 

source type inverter ,H can derived (4) that the stator 

current error will satisfy the following equation : 

e1= (s)pjλ r(ω m-

ωm)………………………………………16 
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G(s)= -s/€ [s
2
I+s(Xi+yj)+Mi+Ni]

-1       

           
=[
      
      

] …………………………………….17 

Where: 

m=[Rr/Lr(h1+Rs/σ Ls+h3/€)-pωm(h2+h4/€)] 

n=[Rr/Lr(h2+h4/€)-pωm(h1 –R s σ Ls-  h3/€)] 

x=[h1+Rs/σ Ls+Rr/σ Lr]                    y=[h2-pωm] 

H1=[
     
    

]                               

H2=[
     
    

]………18 

 

H1,H2 are the observers gains and " " denotes the estimated 

value it should be noted that equation (16) and (17)  are the 

general form of error equation for most model _ 

adjustment based speed estimators. And form these 

equation we can composed the output error transfer 

function G(s) together with PI speed estimator as shown in 

fig (2) 

 

 

 

 

 e1 

+ 

 -  

 -Ф  -ωm 

 PJλre 

 + 

PJλr ωm 

 

 

Fig (2) Blok diagram of output error in adaptive observer 

 

To carry out the stability analysis easily we will transfer 

the estimation error system from the stator frame (α-β) to 

rotor flux frame (d-q) [4].and then simplify the error 

G(S) 

Kp+Ki 𝑑𝑡 
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system considering also measurement noise as shown in 

fig (3). 

ωm Ƞ ωm 

                                                                            

 

 

 

 

 

Fig(3) Blok diagram of SISO error system on rotor flux 

frame 

 

 

G22(s) is calculated to be  

 

G22(s)=
         (     )          

                                       
…………

…………..19 

Where ω0 is the angular frequency of the estimated rotor 

flux: 

ω0> ωc=-n/x (critical 

frequency)………………………………………20 

x>0…………………………………………………………

…………..21 

ω0n mx.................................................................................

..................22 

Where m,n and x depend on motor parameters and 

feedback gain H1, H2 as given in equation (18). 
The boundary for stability is the point when ω0, ωc, 

considering that: 

ω0=p ωm+ ωse    

.......................................................................................23 

ωc=p 

ωm/1+ …………………………………………………….

…….24 

When   can be changed by feedback gain h3,we can find 

that the stability boundary is given by: 

-p|λr|(t) G22(s) -p|λr|(t) Kp+Ki 𝑑𝑡 
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ωm = 
       

        
                              

 

From the condition equ(20) and equation (18),(25) we can 

compare conceptually the unstable region on the torque – 

speed plane for the system with and without error 

feedback. 

5- Simulation Results: 

This research use the block diagram shown in fig (4) to 

simulate the induction motor with electrical drive. 
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Fig(4) vector control of a variable frequency induction motor 

drive 

 

The three component of stator currents (ia,ib,ic)are shown in fig 

(5) 
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Fig (5) stator currents (ia,ib,ic) 

And its FFT analysis is shown in fig (6) which shown the main 

component at (60)Hz , i.e around the operation frequency. 
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Fig (6)FFT analysis of stator currents 

For the electromagnetic torque and rotor speed simulation 

results shown in fig (7) and their relative FFT analysis is in fig 

(8) 

 
Fig (7) torque and rotor speed 
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Fig (8) FFT analysis of torque and rotor speed 

The results shown if we a high Ki gain for fast tracking of motor 

speed and a low Kp gain for this phenomena is the phase shift of 

G22(s) is about -90  at the frequency nearly equal to the 

operation frequency ω0, then the design of the controller should 

insure that the ω0> ωm. 

6- Conclusion: 

The transient responses for stator currents electromagnetic 

torque and rotor speed was analysis . also FFT analysis of 

the above results was presented stability and its conditions 

was inspected for good performance of induction motor 

controller. 

Appendix: 

Motor parameters  

Rs=0.297       Ls=0.00139             Rr=0.156           

Lr=0.00074         Lm=0.041 

2P=6         moment of mertia=0.4                        VLL=220v                

f=60Hz 
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