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Abstract — In this paper, a modular Simulink model implementation of an induction motor model is described in a step-
by-step approach. The model is based on two-axis theory of revolving transformation. With the modular system, each
block solves one of the model equations; therefore unlike black box models, all of the machine parameters are accessible
for control and verification purposes.

After the implementation, examples are given with the model used in different drive applications. The model takes
power source and load torque as input and gives speed and electromagnetic torque as output.

I INTRODUCTION

The induction motor per-phase equivalent circuit discussed thus far is only valid for steady-state operation. The
dynamic model of the machine is important for transient analysis. When the machine is placed in a feedback control loop
for controlling its speed, the dynamics of the machine model dictate the stability of the system. The machine’s dynamics
are complex because the rotor windings move with respect to stator windings, creating a transformer with time-changing
coupling coefficient.

1. AXES TRANSFORMATION

Consider a symmetrical three-phase induction machine with stationary as-bs-cs axes at 2.z 7/ 3 -angle apart, as
shown in Figure 1. Our goal is to transform the three-phase stationary reference frame (as-bs-cs) variables in to two-phase

stationary reference frame (d° —g°) variables and then transform these to synchronously rotating reference frame (d° —a°
), and vice versa.

e

s
d -axis

=

Figure 1. Stationary frame (as-bs-cs to d °—Q° ) axes transformation

Since a three-phase machine is equivalent to a two-phase machine, the variables of a three-phase machine can be
converted into those of a two-phase machine, and vice versa. Consider a symmetrical three-phase machine with the as

axis aligned at lagging angle € with respect to the horizontal line. The equivalent two-phase machine stator axes d°
and q° (also defined as , B axes) at 90° phase difference are shown in the figure, where the q° axis is aligned

horizontally with the d*® axis lagging. If three phase voltages V V,..and V are applied in the respective stator

as !
phases, the corresponding two-phase machine stator phase voltages Vas® and VqsS in Cartesian form can be derived by

resolving the three phase voltages into the respective axes components. For convenience, it can be assumed that the Q s
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and as axes are aligned (&= 0). In that case, theV,,V,, and V voltages can be expressed in terms of Vgs® and

Vgs° voltages, as given in Egs. (1)—(3). From these equations, Vas® and Vgs® expressions can be solved in terms of
V1 Vpss and V¢ as shown in Egs.(4) and (5). The ¢ and d axis components can be combined into the complex polar

ej27r/3

form shown in Eq.(.6), where & = . Similar expressions are also valid in three-phase (ar,br,cr) to two-phase (

dr’,qgr") rotor phase voltages transformations, and vice versa.

Assume that the d°® — qS axes are oriented at & angle, as shown in fig.2. The voltage Vgs*and Vgs®° can be
resolved in to as @S —bS —CS components and can be represented in the matrix form as

vV, cosé sin@ )| Ves
Vy |=| cos(6-120") sin(@-120°) 1| v’ )
v cos(@+120°)  sin(6+120°) 1)y °

cs

The corresponding inverse relation is

Vs , cosd  cos(6—1200)  cos(f+1200) [V, ,
Vg =3 sin@  sin(@-120°)  sin(@+1200) || v,, @
vV, 0.5 0.5 0.5 Vv

as’ Cs

Where, Vos ° is added as the sequence component, which may or may not be present. We have considered voltage as the
variable. The current and flux linkages can be transformed by similar equations.

It is convenient to set@d =0, so that the qs—axis is aligned with the aS —axis. Ignoring the zero sequence
components, the transformation relation can be simplified as

-V S 1., \/§ s 1 V3
VaS _Vqs (3) Vbs = _qus — 7Vd5 (4) VCS = —quss + 7Vdss (5)
2 1 1 1 1
V. > ==V -=V, -=V =V (6) V' =-—=V,, +—=V, (7
gs 3 as 3 bs 3 cs as ds \/§ bs \/g cs

Fig 2 shows the synchronously rotating d °—Q° axes, which rotate at synchronous speed W, with respect to the
S S S S - - . . . .
d°—Q° axes and the angle 8,=®,t .The two-phase d°—Q° windings are transformed into the hypothetical windings
mounted on the d °—(q° axes. The voltages on the d °—Q° axes can be converted in to d °*—(° frame as follows:

hypothetical windings mounted on the d°—(q° axes. The voltages on the d°—(° axes can be converted in to

d °—q° frame as follows:

Vi =Vye Sing, +V,° cos o, (8)
Vi =V, €086, =V’ sin g, (9)
Vg =V SiNG, +V, cos b, (10)
Ve =V, C0sE, +V, sing, (11)
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q¥-axis

g, =wmgt
vsqs _

qe-axis

\

Y v%s d®-axis
g

Figure 2. Stationary frame to synchronously rotating frame transformation.

11. SYNCHRONOUSLY ROTATING REFRENCE FRAME- DYNAMIC MODEL

For the two-phase machine shown in Figure 1, we need to represent both ds— qsand d' — qr circuits and their

variable in a synchronously rotating d® - qeframe. We can write the following stator circuits equations:

. d .g d s
VQSS = Rs'qss +ansS (12) Vas® = Rsigs "‘a‘//ds (13)
When these equations are converted to d € qe frame, the following equations can be written:

. d . d
Vgs = Rs'qs"‘a'//qs"‘C‘)e'//ds (14) Vds = Rs'ds*‘a‘/ds_we‘//qs (15)

Where, all the variables are in rotating form. The last term in Equations (2.14) and (2.15) can be defines as speed emf due
to rotating of the axes, that is, when @ = 0, the equations revert to stationary form. Note that the flux linkage in the d®
and qe axes, respectively, with 77/ 2lead angle.

If the rotor is not moving, that is @, = 0, the rotor equations for a doubly-fed wound-rotor machine will be
similar to Equations (14)-(15).
i d _ri
Vagr = Rrlgr +a‘//dr + OV dr (16) Vdr = Rrldr +E'//dr —WeWqr (17)
Where all the variables and parameters are referred to the stator, since the rotor actually moves at speed @, , the d —q

axes fixed on the rotor move at a speed @,—@, relative to the synchronously rotating frame. Therefore, in d®—q°

frame, the rotor equations should be modified as
o d .d
Var = Rrlgr +a'/’qr +(we —or War (18 vdr = Rrlgr +a‘ﬂdr (e 'a’r)‘//qr (19)

Figure 2.4 shows the d°® —qe dynamic model equivalent circuits that satisfy Equations (14) and (18)-(19). A special

advantage of the d° —qe dynamic model of the machine is that all the sinusoidal variables in stationary frame appear as
dc quantities in synchronous frame.
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The flux linkage expressions in terms of the currents can be written from Figure 3 as follows

Was = Lsigs + Lm (igs +igr) (20) Var = birlgr + Lm(lqs * Iqr) (1)

¥gm = Lm (iqs + iqr) (22) ¥ds = Lislds + Lm (lgs +lqr) (23)

vdr = Liridr + L (igs +lar) (24) ¥dm = Lm (igs +1dr) (25)

i |

i + _ LI5=L5-L|11 L|r=|'r_|'m _‘i_'_ Rr i i

WO O—Wh—s T e NN .
0¥ (-0 R,
mewqb l:me'wr:'wqr
VCF ll'q, g Lm I’Pq’ Vql' VG Ty 3 Lm Wy 1Urdr
v 0 0 0
(a) q° Axes (b) d® Axes

Figure 3. Dynamic d® —g° equivalent circuit of machine.

Combining the above expressions with Equations (14), (15), (18) and (19), the electrical transient model in term of
voltages and currents can be given in matrix form as

Vgs R +SLg el Sl oLy | lgs
Vs —wplg Rs +SLg —weliy Sl igs
Vg | | Sl (@e-@)lm  Re+SLy  (@e—ap)Ly | igr (26)
Var | [—(@e —ar)ly Skm —(we —ax )L Re+SLe ||y,

Where, S is the Laplace operator. For a singly-fed machine, such as a cage motor, Vqr =Vgr = 0. If the speed
@y is considered constant (infinite inertia load), the electrical dynamics of the machine are given by a fourth-order linear
system. Then, knowing inputs Vg, Vs and @ the currents iqs’ Ids iqr and iy can be solved from Equation (26). If
the machine is fed by current source, iqs’ ids ,and @e are independent. Then, the dependent variables Vqs’Vds , iqrand
idr can be solved from Equation (26)

The speed @, in Equation (26) cannot normally be treated as a constant. It can be related to the torques as

don doy
T =T, +J M 7] 27
e” LT T M (27

Where T, =load torque, J = rotor inertia and @y, = mechanical speed.

Often, for compact representation, the machine model and equivalent circuit are expressed in complex form.
Multiplying Equation (15) by - ] and adding with Equation (14) gives

Vgs — IVds = Rs(igs — J'ds)+a(‘ﬂqs — Jwds) + Jae(ygs — iwds) (28)
or
. d .
Vgds = Rslqds +a§” qds T J@e¥qds (29)
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Where qu57iqu , etc. are complex vectors (the superscript € has been omitted), similarly, the rotor Equations

(18)-(19) can be combined to represent

. d .
Vgdr = Rrlgdr +al//qdr + J(@e — o )y yar (30)

Figure 4. Complex synchronous frame dqs equivalent circuit.

Fig 4 shows the complex equivalent circuit in rotating frame where qur =0. Note that the steady-state equations can

always be derived by substituting the time derivative components to zero. Therefore from Equations (29)-(30), the
steady-state equations can be derived as

Vs =Rsls + jorys (31) Oz%lr+ja)el//r (32)

Where the complex vectors have been substituted by the corresponding rms phasor. These equations satisfy the steady-
state equivalent circuit shown in Figure 4 if the parameter Rm is neglected.

The development of torque by the interaction of air gap flux and rotor mmf was discussed earlier. Here it will be
expressed in more general form, relating the d — ¢ components of variables. From Equation (1.6), the torque can be
generally expressed in the vector forma as

3(PY_ +
Te==| = |
e 2(2} m*Tr (33)
Resolving the variables into d® — q°components, as shown in Figure 5.
3(P . .
Te :Z[ZJ(‘/’dm'qr _‘//qm'dr) (34)
Several other torque expressions can be derived easily as follows:
3(P . .
Te :E[fJ(‘//dm'qs —‘//qm'ds) (35)
3(P . .
ZZ(ZJ(stqu_V/QSHS) (36)
3(P soa
= 2[2) Lm ('qs'dr —lgslgr ) (37)
3(P . .
ZZ(ZJ(Wd rlgr _V/erdr) (38)

Equation (26), (27), and (37) gives the complete model of the electro-mechanical dynamics of an induction machine in
synchronous frame.
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IV DYNAMIC MODEL STATE-SPACE EQUATIONS

The dynamic machine model in state-space form is important for transient analysis, particularly for computer

simulation study. Although the rotating frame model is generally preferred, the stationary frame model can also be used.

The electrical variables in the model can be chosen as fluxes, currents, or a mixture of both. In this section, we will

derive state-space equations of the machine in rotating frame with flux linkages as the main variables.
Let’s define the flux linkage variables as follows:
Fs=@Vgs (390  For=awgr 40y Fas=@Wes @4 Far =@Var
Where @, = base frequency of the machine.
Substituting the above relation in Equations (14)-(15) and (18)-(19), we can write.

. 1 dFgs @
Vs = Rgigg +— +—F
gs slgs @ dt @ ds
. 1 dRys @
Vgs = Rgigs +— —B + £ F
ds slds @, dt @ gs
dF, -
0=Ryigr +— dqr+(we A
@ at @
oeridr+id§?f (o6 —ar) o
@p

Where it is assumed that v, =V, =0
Multiplying Equation (20)-(25) by @, on both sides, the flux linkage expressions can be written as

Fas = @o¥gs = Xislgs + Xm(igs +igr)
For = ahygr = Xisigr + Xm(igs +igr)
Fgm = @¥gm = Xm(igs +igr)

Fas = apwds = Xisids + Xm (ids +idr)
Far = apvdr = Xirlgr + Xm (ids +dr)
Fam = @Wdm = Xm(ids +1dr)

where X =, L, X,=o,L, and X =L, or

Fgs = Xisigs + Fgm

For = XIriqr +Fgm
Fds = Xisids + Fam
Fdr = Xirigr +Fam

From Equations (53)-(56), the currents can be expressed in terms of the flux linkages as

P Fqs - qu
* Xls

. qu - qu
ar Xir
Fas —F

igs = dsxI dm
S
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. Fg—F
igr = drxI dm
r

Substituting equation (58)-(59) in (53)-(54), respectively, the F qm €Xpression is given as

Eo_x (FqS‘qu)+(qu‘qu)
gm = /m
Xis Xir
or
X X
Fom = <ML+ 2mL
LU SR
where
1

Similar derivation can be made for F 4, as follows:

X X
Fd :7ml Fd +7m| Fd
m Xls ° Xir '

Substituting the current Equations (57)-(60) in to voltage Equations (43)-(46)

R 1 dF,
VqSZTZ(FqS_qu)+E d§‘5+%Fds
R 1 dRys o
Vdszﬁ(Fds_de)Jra d?s+a?|:qs
s
dF, -
0=>F<er(FW‘qu)+l d?r+(me e,
Ir Wy @y
O:X_r(Fdr_de)+_ dsr_( )qu
Ir Wy @

which can be expressed in state-space form as

dF R
gs We s
= Vogs ——= Fgs ——(Fys — F
at 600{ as e ds Xls< gs qm)}

= @y | Vgs — & Fyg ——3-(Fys — F
dt a’o{ds o gs Xls< ds dm)

dF, (e — )
ar _ e
dt a"’{

Far +§Ifr(|=qr —qu)}

dF, W — @) R
7d£[jr :_%{—( ea)o r)':qr“LXIrr(Fdr_de)}

Finally form Equation (36),
3(P) 1 . .
Te= 2(2 ](Fds'qs - Fqs'ds)

Equations (69)-(73), along with Equation (27), describe the complete model in state-space form where F

and F , are the state variables.
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V  SIMULINK INDUCTION MACHINE MODEL

The inputs of a squirrel cage induction machine are the three-phase voltages, their fundamental frequency, and
the load torque. The outputs, on the other hand, are the three phase currents, the electrical torque, and the rotor speed.
The d-q model requires that all the three-phase variables have to be transformed to the two-phase synchronously rotating
frame. Consequently, the induction machine model will have blocks transforming the three-phase voltages to the d-q
frame and the d-q currents back to three-phase. The induction machine model implemented is shown in Fig. 5

It consists of five major blocks:

The o0-n conversion

abc-syn conversion

syn-abc conversion

Unit vector calculation, and

The induction machine d-q model blocks.
The following subsections will explain each block.

[A] O-N Conversion Block

This block is required for an isolated neutral system, otherwise it can be bypassed. The transformation done by
this block can be represented as follows:

Yal an P{'an .
wal Whil whn ol /bn v ol v e > " la
L oz s
Idd=
el wer —ven . I
P cositheta-e) I
7hil QOTOM ] sinntheta-g) Vs ) s : | sithetens) I
-] EIni a-e (a3
| cositheta-g)
abc-syn i synabc le
W | » (2D
el =
I -| Wiy
|-; il ot L -
- rD
) g Idr
e T Induction motor d-g model Te
[
lgr
inithets-
e theta-2 P theta-e snithet-e)
cos(theta-g)
theta-e unit vector
Figure 5. The complete induction machine simulink model
L2 11
3 3 3
an ao
1 2 1
Vin |= 3 +§ 3 Vio
VCH VCO
2112 (74)
3 3 3

This is implemented in Simulink by passing the input voltages through a Simulink "Matrix Gain" block, which contains
the above transformation matrix.

e O-N Conversion simulink block sub-system:

vl “wan

Wbl wbn

izl Win
OTOMN

Figure 6. O-N conversion simulink block sub-system.
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O-N Conversion simulink block :

(O
Wal
I
Ll
Wb »
M atriz
Concatenation
(3 —
Wil

Figu

[B] Unit Vector Block Calculation

re’.

O-N conversion simulink block.

=] Function Block Parameters: Gain

Gair

Main

Gair:

Signal Data Types

Sarnple tire [-1 far inherited):

Parameter D ata Types

[2/3 173123143 2/3 173 1/31/3273]

Multiplication: | b atrix(k.*u] [u vector]

Element-wize gain [y = K.*u) or matriz gain [v = K or y = uk].

[ o

|[ cancel

Help

Apply

X

Unit vectors COS &€ and SiN@e are used in vector rotation blocks, "abc-syn conversion block” and "syn-abc
conversion block". The angle 6e is calculated directly by integrating the frequency of the input three-phase voltages,

Qe:

(75)

The unit vectors are obtained simply by taking the sine and cosine of @€ . This block is also where the initial

rotor position can be inserted, if needed, by adding an initial condition to the Simulink "Integrator" block.

e Op calculation simulink block:

Figure 8. e Calculation simulink block.

Integratar

9

theta-e

theta-g

theta-e1

e sinbp and cosGg [ Unit Vector] calculation simulink block :

theta-e

[C] abc-syn conversion block

oS

costheta-e)

theta-e

sintheta-g)

cositheta-e)

unit vector

Figure 9. Unit vector simulink block.

To convert three-phase voltages to voltages in the two-phase synchronously rotating frame, they are first
converted to two-phase stationary frame using (76) and then from the stationary frame to the synchronously rotating

frame using Eqs. (77)
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_v.S S o
Vgs =Vgs~ C0se =V SiNGe -
_v._ Sai s e
Vs =Vgs Sinbe +V s~ C0sO

where the superscript "'s" refers to stationary frame.

Equation (76) is implemented similar to (74) because it is a simple matrix transformation. Equation (77), however,
contains the unit vectors; therefore, a simple matrix transformation cannot be used. Instead, vgs and vds are calculated
using basic Simulink "Sum" and "Product™ blocks.
e abc-syn conversion simulink block and simulink block sub-system & abc-syn-2 conversion simulink
block sub-system

Man ian s el sz
€ S— s
Whn . hids Pl s Was
.—|3 WA
abesyn-1 sintheta-2) "
on s wbn “iys
= | s theta-e) Vs skn
sin(theta-e) aboeynz sinftheta-g) s
cositheta-e)
C 5 } abz-sin
coztheta-e)
Figure 10. abc-sys conversion simulink block. Figure 11. abc-syn conversion simulink block sub-system.
e abc-syn conversion simulink block
1 <P
Vigs
Product
)
costheta-e) Wgs
>
Productd
L3 3 -
sinftheta-e) ; *
FProducts
& &
Wads L] Wds
- H
Froducts

Figure 12. abc-syn-2 conversion simulink block.

e abc-syn-1 conversion simulink block :

=] Function Block Parameters: Gain @

[Gain
Element-wise gain [y = K.*u) or matrix gain [y = K*u or y = uK).

Main | Signal Data Types | Parameter Data Types

Gair:

-1
an [1 0000 -1 [2qet(3)] 1 =art(3])]
Gain Wsgs Multiplication: | b atriz{k*u] (u vector] w
\,i: E vest > Samnple time [-1 for inherited)
N i
M atriz
Concatenation
sds

en oK H Cancel ” Help Apply

Figurel3. abc-syn-1 conversion simulink block.

[D] syn-abc conversion block
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This block does the opposite of the abc-syn conversion block for the current variables using (78) and (79)
following the same implementation techniques as before.

. . 1 0
igs =Vgs COS fa +Vs Sin e T
e ds (78) la 1B (79)
igs = —Vgs Sin G + V(s €OS G ibl=|"2 “2 ||
o) |1 gl
2 g

e syn-abc conversion simulink block & syn-abc conversion simulink block sub-system

Iq=
Ig= \a la
a ] lds l=qs I lzq=
lds cositheta-e) Ib L -
-
5 sinftheta-g) Izdz P I5dz L]

Iz . -
costheta-2) synabet synabel ds
Ib

costheta-a)
sinitheta-e) le
sintheta-2)
synabec
Figure 14. Syn-abc conversion simulink block Figure 15. Syn-abc conversion sub-system simulink block.

e syn-abc-1 conversion simulink block

comtheta-a)

3

sinftheta-2)

Froduct?

Figure 16. syn-abc-1 conversion simulink block.

e syn-abc-2 conversion simulink block sub-system

L=} Function Block Parameters: Gain g
Gain

Element-wise gain [y = K.*u] or matrix gain [y = K*u or y = wk).

Main | Signal Data Types | Parameter Data Types

El Gain:
lzqs [10;-1/2 {sqet[30)/2; 172 [sartf3))42]
B ) I:l Multiplication: | b atris[k.u] (u vector] v
|l=d= Sample time [-1 for inherited)
Il atriz
Concatenation le

[ [u]:4 H Cancel H Help Apply

Figure 17. syn-abc-2 conversion simulink block.
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[E]. Induction machine d-g model block

Fig.18 shows the inside of this block where each equation from the induction machine model is implemented in
a different block. First consider the flux linkage state equations because flux linkages are required to calculate all the
other variables. These equations could be implemented using Simulink "State-space™ block, but to have access to each
point of the model, implementation using discrete blocks is preferred.

The resulting model is modular and easy to follow. Any variable can be easily traced using the Simulink 'Scope
blocks. The blocks in the first two columns calculate the flux linkages, which can be used in vector control systems in a
flux loop. The blocks in Columns 3 calculate all the current variables, which can be used in the current loops of any
current control system and to calculate the three-phase currents. The two blocks of Column 4, on the other hand,
calculate the torque and the speed of the induction machine, which again can be used in torque control or speed control
loops. These two variables can also be used to calculate the output power of the machine.

*Fq=
19= Te bl Ta |
J|Fis 2
sfid=
*|Fds #Fas
R R Fyq Fos igs :E
Fgr Fmq Frig
5 tilie (5
™ Fa=
(A= i;ﬁgs Fd Fds
] r ids + jds
S Jeme (g )
TT™Fdr
inir Far Far
Ll slFqs iqr igs
(Cife o * e o Frrig
»{Fds
*|Far Frmd
*|Fds Fdr Fdr
i
Frnd
o Ve idr T
s{Fdr
|: Te

i
- i -|-

Figure 18. Induction machine d-q model block.

e Fdr Matlab simulink block sub-system & Fdr Matlab simulink block sub-system

Integratar

e Far
Fds
Fdr
¥ i
Xmlrxls R I ke Wiz
Fdr
Figure 19. Fdr simulink block. Figure 20. Fdr matlab simulink block sub-system.
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Fds Matlab simulink block & Fds Matlab simulink block Sub-system

(IR

Fd=1

Figure 21. Fds matlab simulink block Figure 22 . Fds matlab simulink block sub-system.

Fgr Matlab simulink block sub-system & Fgr Matlab simulink block

ik

Integratar

Fdr

Far

v Fq=

REIr CEmPA K- e
Fqri

Figure 23 . Fgr matlab simulink block. Figure 24. Fgr matlab simulink block sub-system

Fqs
AmlTxls

. Fgs Matlab simulink block Sub-system & Fgs Matlab simulink block

Ik

Fqg=1

Figure 25. Fgs matlab simulink block sub-system Figure 26. Fgs matlab simulink block.

e Fmd Matlab simulink block & Fmd Matlab simulink block sub-system
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Figure 27. Fmd matlab simulink block. Figure 28. Fmd matlab simulink block sub-system.
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¢ Fmqg Matlab simulink block & Fmq Matlab simulink block sub-system
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Figure 29. Fmq matlab simulink block. Figure 30. Fmq matlab simulink block sub-system.
e Igr Matlab simulink block & Iqr Matlab simulink block sub-system
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Figure 31. Igr matlab simulink block. Figure 32. Igr matlab simulink block sub-system.
¢ Igs Matlab simulink block & Igs Matlab simulink block sub-system
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Figure 33. Igs matlab simulink block. Figure 34. Igs matlab simulink block sub-system.
e Idr Matlab simulink block & Idr Matlab simulink block sub-system
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Figure 35. Idr matlab simulink block. Figure 36. 1dr matlab simulink block sub-system.
e Ids Matlab simulink block & Ids Matlab simulink block sub-system
Fd=
ld=
Frmd
Ids1
Figure 37. Ids matlab simulink block. Figure 38. 1ds matlab simulink block sub-system.
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e Te Matlab simulink block & Te Matlab simulink block sub-system
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Figure 39. Te matlab simulink block. Figure 40. Te matlab simulink block sub-system.

e o, Matlab simulink block & @, Matlab simulink block sub-system
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Figure 41. @, matlab simulink block. Figure 42. @, matlab simulink block sub-system.

e Induction Machine Parameters values corresponding to 50 HP motor
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13 Tr=Lr/Rr:
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16 XHls=Wh*Lls;

17 Hlr=Wh*L1lr:

18 Hmw=Th*Lm;
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Figure 43. Parameters of induction machine.
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[F] INDUCTION MACHINE D-Q SIMULATION MODEL
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Figure 44. Induction machine D-Q simulink model.
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Figure 45. Performance wave form of induction motor

V1. CONCLUSIONS

In this paper, implementation of a modular simulink model for induction machine simulation has been
introduced. Unlike most other induction machine model implementations, with this model, the user has access to all the
internal variables for getting an insight into the machine operation. Any machine control algorithm can be simulated in
the Simulink environment with this model without actually using estimators. If need be, when the estimators are
developed, they can be verified using the signals in the machine model. The ease of implementing controls with this
model is also demonstrated with several examples.
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