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Abstract-This paper describes a dynamic d-g model of a three phase
induction motor in state space form and its computer simulation in
MATLAB/SIMULINK. The details on the construction of sub models
for the induction motor are given and their implementation in
SIMULINK delineated. The required equations are stated at the
beginning and then a d-q model of induction motor is developed. This
plan could be led to other engineering systems.
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I. INTRODUCTION

In an adjustable speed drive, the transient behaviour of
induction motor has to be taken into consideration. In addition,
high performance drive control such as vector or field oriented
control is based on dynamic d-g model of the induction motor.
The dynamic model in state space form is important for
transient analysis of induction motor particularly for computer
simulation study in MATLAB/SIMULINK. Thus the
SIMULINK software for dynamic modelling of induction
motor is used here. The motor can be modelled in rotating
reference frame and stationary frame. The electrical variables
in the model can be chosen as fluxes, currents, or a mixture of
both. In this paper, state space equations of the machine in
rotating frame are considered with flux linkages as the main
variables. Since SIMULINK is a model operation programmer,
the simulation model can be easily developed by addition of
new sub models to cater for various control functions. As a
sub model, the induction motor could be incorporated in a
complete electric motor drive system.

Il. ANALYSIS
Three phase voltages supplied to the motor are as follows,

Vs =V, sin(eo, ) 1)
Vo = Ve sin (ot — ) @)
Ve = Vpsin (w,t 4 5) 3)

Where, ¥, is the amplitude of terminal voltage, @, is the
supply frequency.

To develop dynamic model of induction motor, the three
phase to two axis transformation is needed.
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Fig.1.Model for power supply (three phase stator voltages)
This is done as follows.
A three phase stationary reference frame variables ¥, Vi , Vz)

are transformed into two phase stationary reference frame
variables (t}ssand V. %). This is done by following equations.

Vas® = Vas @)
1 1
Vﬁ'ss = _Evbs +EVG3 (5)
Fig.2 shows sub model to transform (V.. 6 V3. ,V..) to
(qussvvdss)-

Then the two phase stationary reference frame variables
(qu,Vdf) are transformed into two phase synchronously

rotating frame variables (V. and Vo).
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Fig.2. Vs Vys Vs to (V" Vi) transformation
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This is achieved by following equations and the Simulink
model is as shown in fig.3.
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Voe = Vg~ cosB, — V.7 sinf, (6)
Vgs = V" sinf, + V,.° cosf, 7)

Where, o, is the synchronous speed at which the rotating
frame rotates and 0e= .t is the angle of rotating frame with
respect to stationary frame.
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Fig.3. V", Vas ™ to V, V. transformation

Now let us represent both stator and rotor circuits (d°-g° and
d’-g") and their variables in a synchronously rotating frame d®-
g° frame. The stator circuit equations are given as follows.

£

Vo' =R, i+ ®)
&

V' = R+ 9)

Where ¥gs* and #ds* are stator flux linkages of g-axis and
d-axis respectively. After converting above equations to
synchronously rotating d°®-gq° frame, we get following

equations.

Vas = R, q3+_q_+m ds (10)
Ve = Ryig+ =2 —w, ¥, (11)
The rotor circuit equations are given by
Vpr = Rpigy + =L + 0,7, (12)
Vi = Roig, + =5 —w ¥, (13)

The rotor actually moves at speed w,. Therefore the d-q axes

fixed on the rotor move at speed (w, — w,.) relative to
synchronously rotating frame. Therefore in d °-g° frame, the
actual rotor equations are written as follows.

d';f-’gr

Vqr = r' qr + + [:m - mrj iPdr' (14)
— : ¥y

Vﬂ'?"‘ - RrI’r:.!r+ ar - [ma - mr':] iluqr (15)

As earlier said, in this paper dynamic model of induction
motor in state space form is going is developed. Therefore it is
necessary to define flux linkage variables and are given as
follows

Fos = wp ¥y, (16)
For = w7, (17)
Fye = wp ¥y, (18)
Far = 0¥y, (19)

Where, wy, is base frequency of the machine. Substituting the
relations (16) to (19) in stator and rotor equations (8), (9), (14)

and (15), we get the following equations assuming
Vor = Var =0

Vos = Relge t -2 +24F,, (20)
Vae = Riig + mid:; :: gs (21)
0= Ryig +_- —Zar “’m;::' F,, 22)
0= R Ldr+id:r - '“::'} F,, 23)

The flux linkage expressions in terms of currents can be
written as follows

Poe = Lig fge + L (ige +igy) (24)
For = Lip lgr + Ln (fgs +gr) (25)
o = Loy (e ¥ ig) (26)
Wae = Ly fge + Loy (s + i) (27)
Wyp = Lypigp+ Loy (g +15) (28)
Pim = L (g + i) (29)

Multiplying equations (24) to (28) by w3, on both sides, the
flux linkage expressions can be written as
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Fpo = 0% = Xyl + Xl +ig,)  (30)
For = wp ¥, = Xy iy + Xy (_i’qs + I’qr‘) (31)
Fom = @ ¥ = X, (i + ig,) (32)
Foo = @ ¥y, = Xplgo + X, (15 + i) (33)
For = Wy, = Xy g, + X, (Tg +1a,)  (39)
Fam = W ¥am = X ({0 +14,) (35)

Where X;. = w, L, = Stator leakage reactance

X}, = wy L, = Rotor leakage reactance

L

X =Ll

m = Magnetizing Reactance

Equations (30), (31), (33) and (34) are written as,

F,.=X.i +F,, (36)
For = Xip lgr T Fgm @37)
Fae = Xislgs T Fgm (38)
Far = Xpp tgr + Fam (39)

Now, currents can be expressed in terms of flux linkages as
follows

_ Fgs—Fgm

lqs X (40)
Fop—F.,
- _ Fgr—Fgm
lgr = Xy (41)
igy = TEm (42)
Fe, —F,
Lar . am (43)

Using equations (40) to (43) in equations (36) to (39), Fgmand
Fam are written as

Iz Ir

(44)

x"'l"l. x"'l"l._
Fym = 22Fp + 2AF,, (45)
Also,
_xmz X}'ﬂ.‘_
de S ds + ¥ Fdr' (46)
L= Lr
X X Xlr
Where, X, = m oL
ml g Kir 4+ KlrXm + Xls Em

Finally, the stator and rotor voltage equations can be written
after substituting equations (40) to (43) in equations (20) to
(23) as follows.

1 dFge

Vgs ——{Fqs—qu] + +EFdS (47)

Vds = = (Fds — Fam) + 225 % pgq (48)
_ —{F _ :] 1 dFgr | [we- wr) 49
= qr — Foqm) + —— =+ ——— Fdr (49)
_ FBr _ 1 dFgqr e wr)

0= P (Fdr — Fdm) + - & = Fgr (50)

Now, the above equations (47) to (50) can be modified to
express in state space form as follows

28t s + 225 B (PR s (3 1)] )

drq'i’_“b[(h"‘—hi’:]Fd +;,-r{ q's}’rr+F (__ 1‘]}] (53)

dt Xz

= o[ (5 rar+ BT+ Fer (3 - 1)) 69

Equations (51) to (54) are used to develop sub models for

obtaining F., Fg., Fy, and Fy,.. Figures 4, 5, 6, and 7 show

the sub models which have been implemented.
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Fig.4. Model to find F Once the state variables F,
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Fig.7. Sub model to find F,.

s Fas, Fgrand Fy,. are calculated,

further the variables Fy,, F,, are found which in turn are
used to find g-axis stator and rotor currents i.e. [ ;, I, and d-
axis stator and rotor currents i.e. £ 4., Lz~ by using equations

(40) to (43). The sub models for finding Fyp, Fam  Lgs Lgr

|—b-
© Frodut N}

Fs +
M
Fdr

mstanidr | mstarrt

T

L4z, L4, are shown in following figures.
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Fig.5. Model for finding F.
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Fig.8. Sub model to find Fy,, F,
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Fig.6. Model for finding F,. Fma

Fig.10. sub model to find i,
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TL

After finding state wvariables and currents, finally 5 i)
electromagnetic torque produced by the motor is found by induction machine El
Speed

following equation.
O
t

Te =2(2) 2 (Fay ige — Fe 1) (55) Fig.14.Proposed overall model of induction motor

111. PROPOSED MODEL
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Fig.12. sub model to find  ,. e Torque
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Once the torque is found, the speed of the motor can be

calculated by the equation, IV.SIMULATION RESULTS

dwr (56) The induction motor has the following parameters

ar Type: three phase, 6-pole, Rs = 0.8551),
R,.=1.1510, L;;=0.00392H,L;. = 0.00392H
J =006 kg m2

Te=TL+3]

Where, TL is load torque which is given by a step signal in
this simulation, P is the number of poles, | is the rotor inertia

and wr is the rotor speed in rad/sec. The sub model finding Te . . . .
and wr is shown in fig 13. To study the transient operation of the induction motor, a

simulation study is demonstrated. At t=0, the motor is stand
still. The moment supply is given, the motor reaches its
= nominal speed gradually. The load torque is initially kept zero
e D and then at time t=0.3, the load torque is made 40 N.m.

s Figure shows the results of computer simulation using the
simulink model.
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Fig.13. sub model for Te and wr,

o

Fig.15. Three phase stator voltages
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Fig.16.voltages Vgs and Vds

Fig.19. Waveforms for motor torque Te (upper) and Speed
t, (lower). @, is in rad/sec. Note that when load torque
increases to 40Nm, the speed slightly reduces from 314
rad/sec to 270 rad/sec.

V. CONCLUSION

Thus simulation of three phase induction motor has been

3 O A0 e LIRS carried out. Two phase stationary axis and rotating frame
Fig.17. Load torque T, a step signal which is currents are obtained. This induction motor model not only
initially zero and has value 40Nm at T=0.3 can be used alone but also can be used in high performance
motor drive systems such as field oriented control of induction
motor, sensorless speed control of induction motor.
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