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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].

D G (0.4 ) T N 1
The solution of the above equation can expressed as
X(t):Q)t (Xo,to) .................................................... 2

Where X is the initial value of x at time t=t,

The integration algorithms generate a sequence of points
X0,X1,X2,.....at time tg,t1,b,...... with approximation

XK= wtk(XOatO) ..................................................... 3
It is usually assumed that the points are uniformly spaced
with size h>0,that is .

Tk=to+hk fork=0,1,23...... .............. 4
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In the forward Euler method f is approximated as constant
evaluated at time t; .
Thus Xy+1 can be calculated from

Xis1=X+hf (Xk,tk) ............................................. 5
By applying forward Euler method ,Xx,.; can be expressed
as

Xiet=[LHFARIXEFIX ke e 6
For numerical stability, the eigen value (A;,j=1,2,3,....... n)

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

And using trapezoidal rule of integration:
Xis1=XH (W 2) [F(Xi, b ) H Xt LG D) ]
7

3- Induction motor modeling:
The equivalent circuit for an induction motor shown in

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

Em .

rl 11 r2

10

Fig.(1) equivalent circuit of an induction motor.
Be driven by the stator voltage given by (3):
V1=10 (1) Lo @XPLOM]. oo, 8
And the corresponding magnetizing current iq is assumed to be
represented by :
io: io cXp {J(e + @o)} ..................................................... 9
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And as shown in (3) the following are derived :
Te=K Lo Tip*(@g+6-

And taking into account the small deviation in the state variables
(ig, Dg,m;) from an equilibrium point (igg, @go,®qo) aS
io: ioo+A io—> io:A

d e et e 12
Do= DootA Do— Do=A

D0 e, 13

0= OrptA O— O
A 14

Substituting, and neglecting the higher order terms, the
linearized equation are derived as follows (3):
[A]|Aig,AG0, AD]=0. .o,

15

[Al=lay] (Lj=1-3)

where:

a11:6122:(111F)2+[311 ptyu d1p=-ap1=-0l12 P-
B12

a13=P13 ap3=-0l23 P — B-Po3
a31=P13 az=-kyp
azz=p+ks

a11=L1To B11=riTotl4
Y11={L1 ToB (6 -or)o} a12=L1To (20 -
Cl)rO)

B11=r1To(6 -00) B1=L1To 6
a3=L1Ty Bas=r1To

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 :
€1=G(s)pjXi(&m-
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G(s)= -s/€ [s°1+s(Xi+yj)+Mi+Ni]*
[G11 G12

- G21 G22 ...........................................
Where:

m=[R,/L(h1+Ry/c Lst+hs/€)-pom(hy+h4/€)]
N=[R//L;(hy+th4/€)-pon(h;—R so Ls- h3/€)]

x=[h;+R¢/c Ls+R/c L] y=[h2>-pon]
[l —h2

o

sz[h APl 18

H,,H, 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)

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 (a-p) to
rotor flux frame (d-q) [4].and then simplify the error
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system considering also measurement noise as shown in
fig (3).

Wm Il on

e -p| A (t) G2,(s) O -pIA|(t) Kp"'Kif dt

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

G,,(s) is calculated to be

oooooooooooo

Where g is the angular frequency of the estimated rotor
flux:

o> o.=-n/x (critical

frequEnCY) ..., 20

Where m,n and x depend on motor parameters and
feedback gain Hy, H, as given in equation (18).
The boundary for stability is the point when ®g ®,
considering that:

Wo=P OmT Wse

When t can be changed by feedback gain h;,we can find
that the stability boundary is given by:
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O =
(1+1)Rr

oz L0

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 (i,,iy,ic)are shown in fig

()
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Fig (5) stator currents (ig,ip,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

Fig (7) torque and rotor speed

-10-



/Inttp://www.alfatehmag.uodiyala.edu.iq

” spasd e e T ) o 5 o A ALV (o ey ik
800,00 (- i ' !

600.00
il
400,00 "l

s
1 O e
Tem_Ihh
VU PE—
‘\
8000 ) -- -
il

40,00 ,'L‘ :

|
20 .00 l| " . i e : [
\ s ) ; l

0.00 e o SRRSRES (O

0.00 A0 00 : 100,00 140,00

200
Frequeney (H2) St

Fig (8) FFT analysis of torque and rotor speed
The results shown if we a high K; gain for fast tracking of motor
speed and a low K, gain for this phenomena is the phase shift of
G,,(s) is about -90° at the frequency nearly equal to the
operation frequency wq, then the design of the controller should
insure that the wp> o
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
R=0.297 L,=0.00139 R,=0.156
L,=0.00074 L,=0.041
2P=6 moment of mertia=0.4 V 1=220v
f=60Hz
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