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Effects of Induction Motors Inductances
Modification on Stability Analyzed with
Numerical Methods

Monica Adela Enache, Sorin Enache, Mircea Dobriceanu

Abstract—The effects of the induction motors parameters
modification on stability of driving systems operating at variable
frequency are analyzed in this paper with the help of the numerical
methods and of the computer simulation. In this purpose, the used
numerical method is presented. The acquisition program necessary
for performing the experimental verifications is also presented.

Further on the induction motor is supposed to be supplied
by means of a sinusoidal voltage source having variable
frequency. In order to obtain the relations necessary to carry
out the proposed study the following matrix equation, written
in accordance with [5], will be used:

Finally the results and the conclusions of the study are presented. lgs (5)
lgs(s)
Keywor_ds—l\_lumerical _methods, _ir_1du<_:tion motors, stability, e (s) =
computer simulations, experimental verifications.
I gf (s)
. INTRODUCTION
HE computer aided resolution of scientific and _(i_ijl 1 o
Wy
technical problems involves to identify a numerical Ts Tr) o Ty o
method and to implement it on a computation system. Such a 1 131 1) 1
numerical method will be used further on for solving a 3 —@r T T, )o o To 1)
stability problem. 1
The stability is a qualitative feature of the systems 1. 0 0 s
associated with the dynamic regime behaviour. s 1
This problem is a very present one, especially in the field of 0 I -—os 0
the driving systems [3], [6] and [7]. The systems having S
induction motors operating at variable frequency do not make 1
an exception, too. lgs(s) 1
This paper aims to analyze this problem, first of all from s (5) Soa
mathematical point of view. In the second part a new analysis Ny (5) + 1 ['Uds (s),
method will be detailed, method conceived by authors. Idf ©) N
of >
0

Il. NUMERICAL METHOD

Further on we aim that, by using known representations of
the transfer locus and of the amplitude-phase characteristics,
to analyze the influences of the machine windings resistances
on stability. In this purpose, it is imposed, at the beginning, to
establish an adequate mathematical model of the system which
is referred to.
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where the following notations have been used:

L . Lo
Ts :R_S - time constant of the stator winding;
S
/
T/ =—r/ - time constant of the rotor winding;
RI’
L2
o=1-— Sh/
LS I‘I’

- leakage coefficient of the machine windings;
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The motion equation is added to (1):

Jda) 3

.
0 - —lgsigr) —my @)

p sh ('qs dr

If the electrical transient process is considered to be much
faster than the mechanical one (J is very great), it results that
the mathematical model which will be used further on, is
limited to the matrix equation.

This one may be also written as:

sl (s)]=[A][Y (9)]+ [B]- U (5)] (4)

or, equivalently:

[Y )= 60]-[AD~[B]- L )] (5)
which is the input-output operational equation for the
analyzed multivariable system.

The transfer matrix is obtained from this equation:

()= sl1]- [ -[B]- "’“"(SH { ]ﬁ 5] ©

det(s|I

where | is the unit matrix.
The transfer function denominator will have the form:

n(s) =a0+als+a252 +a353 +a454 @)
with
2 2
1 g Wy Wg Oy
dp = +2 (1—0)
T2T2 2 T2 2 Tzaz TSTrO'Z
2
- .(L+LJ+2&+& )
TT,o Ts Ty Tso Tro
a2=w52+a)r2+2 6+12+ 212 212
T T o TSo T o
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ag=—| —+—
o\Tg T,
day =1
Further on the following approximation will be used:
1(1 1 1 1
o E e ©)
20\Tg T, ) Tgo T,o

For a concrete case of an induction motor (Rg =7,5 Q,
R/=55 Q, Lg=0529 H, L} =0528 H, Ly, =0498 H)
the following data are obtained:
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c=0112, x=110 (10)
In order to determine the transfer function poles for the
studied system, its denominator will be made equal to zero:
n(s)=0 (11)
with n(s) given by the (7) and (8).
The following poles have been obtained by solving this
equation:

a)lf,u> @
51234=—ﬂ+wl (l-0)- T t j(o+20)/2 12)
b) If p<—2 |
2Vl-o
| |w? 2
S1234 = THEN T H (1-0) t(w+20)/2 (13)

/ 2
As one can observe, in Eq. (12), i > yz(l—a)—wT,

irrespective of the machine parameters or the operation point.
So, the real part of the transfer function poles is always
negative. In conclusion, the studied system is always stable.

Since the inductances Lg and L’r are inverse proportional
with u, these ones have a non-stabilizing effect on the
induction motor operating at variable frequency.

I1l. A NEw METHOD FOR STABILITY ANALYSIS

This method, detailed in [2], has as starting point the
following relations, written in per unit values:

hs-Aw” =—kAil, (14)
v S+ja):+g
Aify =— s —
S + (Sks + Skr + J@s)S + Sgr (€ + jas)
k(Ao -Awy) (15)
where
r* r*
e=(1-K)sps == (16)
XS XI’

At the same time it must be mentioned that the per unit
quantities used in the previous equations have been noted with
“*” the quantities depicted here having the significance from
[2].

The equation (15) may also be written in the following
form:
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* k L [x 1 I ""-.;

Ao = aif (17) -
L e e S X -

or, equivalently: ,

* e < y
A" =Gy(s)- Al , with Gy (s) = (18) :

Similarly, the equation (16) becomes:

Al =Gy (s) (Aws — Aw") (19)
where
Gy(s)=— S+ jog +¢ X Qo)

2 .* .*
$% + (Sks + Skr + J@s)S + S (6 + jog)

The previous relations lead to the equivalent scheme of the
induction machine operating at variable frequency.
Aot it Ao
s - GZ(S) dr Gl(s)
Fig. 1 Machine block scheme in the mentioned situation *E_'Pm
T T T T R T
b)
IV. SIMULATIONS Fig. 2 Transfer locus (a) and amplitude-phase characteristics (b)
A Matlab program for the Stab”'ty analysis has been obtained in the case of the inductances modification:
conceived, by using the previous scheme. The representations Ls =0,529 H(1)and Lg =0549 H(2)
from figures 2, 3 and 4 have been obtained by running this 1 — ——
program, for the concrete case of a motor rated at 1,1 kW. . ” : * .
There must be also mentioned the importance of the 05
introduced method resulting from the possibility to emphasize 1 i :

the machine parameters influence and especially the inertia
moment influence, on stability when operating at variable
frequency, fact that provides originality to this method.

In order to catch quantitatively these interdependences the
following table has been filled.

TABLE I
ABSOLUTE VALUES AND PHASE MARGINS
Absolute Per unit Per unit Phase
Param. 0
Value param. value margin ["]
L 0,549 x: 2,2735 69,13
L 0,548 X" 2,2694 75,31
Lsh 0, 558 Xim 2,3104 71,32

These results help us to emphasize a few important
conclusions regarding the resistances influence on the studied
system stability:

the increase of the inductance Lg leads to the stability

decrease; oo 6o 0 i 00
at the same time with the rotor inductance increase the _ b) . o
system stability decreases; Fig. 3 Tra.nsfer.locus (a) and amplltude-phase chex_ra}cterlstlcs (b)
. . —_ obtained in the case of the inductances modification:
the increase of the main inductance has a stabilizing / /
effect. Ly =0,528 H (1) and Ly =0,548 H (2)
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Fig. 4 Transfer locus (a) and amplitude-phase characteristics (b)
obtained in the case of the inductances modification:
Lsh =0,498 H (1) and Lgh = 0,558 H (2)

V. PROGRAM OF EXPERIMENTAL VERIFICATIONS

In order to verify the conclusions emphasized before, the
experimental circuit detailed in [1] has been carried out.

An original program has been conceived in Visual Basic for
acquiring and processing the obtained data.

This program can be run by a double click applied on the
pictogram placed on the desktop (figure 5).

JIEZ- ST
Fig. 5 Desktop
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When running the program, the presentation cover of the
program appears on the display, figure 6 (the texts
corresponding to the following windows are written in the
Romanian language).

The main windows of the program are detailed in figures 7-
14.

ista] | stet]| e rari | Bisewcisons [ Frachasotmen T

Fig. 7 Window “Meniu”

Figiere Editare DASTE01  Monitorizare  Accesori - Ajutar

Hou

Deszchide

Salveaza Chrl+5S
Salveazacu ...
Tipareste Clrl+P
lesire

Fig. 8 Detail of menu “Fisiere”

Eisiere|Egitare DASTE01  Monitorizare  Accesoni Ajubor

LCopiaza
Muta
Lipeste

Fig. 9 Detail of menu “Editare”
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Eiiers Egitore DASTEDT  Mondosizare  Sreoson At
Huard u af
Narme DAS1E01
Addrass &H30D
ClockSel 10MHz
W ailState YES
AL ChanMode Hipalar
{ADChanConfig Single-ended
DACIMode Dipolar
DACTModee Hipolar
DACDRef 5.0 (CDADDDDD)
DACT Ret -5.0 (COADDODD) i
DMAChannel 3
IntLewvel 7
Forta, Input
Puarll Inpt
PonCL Input i
ParlCH Inpat
NumOTEXP1E 0 |
HumOfCXPGP
MNum(MEXF1EI0 n |
MumOfSSH o
(ADChannels 16
E

[Gwsw
Fig. 10 Window “Configurare”
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Fisiere Editie DAS1ED] Moritorizare Accesori Ajutar
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- Optiuni

Frecventa de achizitie:

Domeniul
Nr_canale il

Start Salyare
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Nr. puncte achizitionate: Starea

i
|

— Timpul (s) Tensiunea [¥] =

0. 1953125 .
001, 1611328125
002, .0244140625
003.- 05859376
.004,-.0927734375
005.- 0341796875
006, 029296875
.007,-.0439453125
.- 1806640625

Inchide

Fisiers Egtare DAS1601 Moritoizars  Accesorl Apfor

astont | | 5 igistont| | Fcopeta Pain | T Beagics Sorves lewsme |78
Fig. 13 Window “Editare”

w EnacheSoftware . Ajutor

Fisiore Editae. DASTEDT  Moritorizare Accesori Ajutar

Programul de fata (proiectat in ¥isual Basic) este
deosehit de usor de ulilizat fiind insolit de o bara de meniuri
i 0 alta de iconite care permit asigurarea urmatoarelor
facilitati:

- ofere utili
fisierelor de dale obtinute in urma monitorizarii. precum si
editarea oricarui text ascii;

- permite configuiarea corespunzatoare a placii de
achizitie date DAS 1601:

- vizualizeaza, in diferite formate (linie, bare, pie)
semnalele monitorizate:

- permite salvarea si tipaiirea datele rezultate in urma
achizitiei;

- asigura prelucrarea datele obtinute; Continuar
- permita schimbarea culorilor textului si (sau) a fundalului;
- puna la dispozitia utilizatorului cateva instrumente

[absolut necesare lucrului fun ceas, un calculator de
buzunar. doua seturi de iconite etc.).

i Start ||| G Exploring -Desens | ) Graphics Server | cLmsav

[[ronzie ||| 2B s
Fig. 11 Window “Achizitie”

w EnacheSoliwaie
Froeos Egiors [ASTEN Mo
. 09765625

001, 1BOEEANGZS
002, 2001953125
003, .1B0GE40625
004, 1220703125
105, 0341 796875
006, 061359375
[007.-.0732421875
0B, DZIZIEHIS
004 - 009765675
A01.-.09765625
011.- 361328125
N2, ADDIH0E2S
013,- 3057421875

mzo
010.-05055375
019, 0048828125
02, 0927734375
021, 17578125
022, 2001953125
023, 1BOBEA0EZS
024, 1220703125
025.-0341 796875

Mston| | Doiaghcsserm | 06 |5 P |[3 Semnal

Fig. 12 Window “Semnal”
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08:18:51 e —

Sawe I||C7=TREE
Fig. 14 Window “Ajutor”

[ Stan || Ty Graphics Server | T3 EnacheSotuare

This program has many facilities:

- allows the configuration of the data acquisition board;

- ensures the work aided by a help window.

- ensures the acquisition corresponding to the dynamic
signal we want;

- allows the visualization in different forms (line, bars,
pie) for the acquired signal;

- allows to edit the files ASCII of the obtained data;

- allows to save and to type data;

- ensures the access to a series of accessories useful
during work (pocket computer, clock);

- allows the configuration corresponding to the work
interface (background and text colour, text dimensions, icons
on the desktop).

VI. EXPERIMENTAL RESULTS

A series of graphic results have been obtained with the help
of the acquisition program detailed before; the following
figures are presented further on.
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Fig. 15 Graphics dependences corresponding to the cases
Ls =0,529 H(1)and Lg =0,549 H(2)
]
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Fig. 16 Graphics dependences corresponding to the cases
L1 =0,528 H (1) and L} =0548 H (2)

i 0.1 02 k] 04 0.5
t[s]

Fig. 17 Graphics dependences corresponding to the cases
LSh =0,498 H (1) and LSh =0,558 H )
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VII. CONCLUSIONS

These graphics lead to the following conclusions:

- when the value of the stator inductance increases the
transient process duration increases (the stability decrease);

- the increase of the rotor inductance also involves the
increase of the transient process duration (the stability
decreases);

- the decrease of the main inductance value determines a
faster stabilization of the process (stability increase).

These conclusions confirm the theoretical analysis
performed before.
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