A Discrete Sliding Observer for an Induction Motor Drive
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. . . estimation error. Its dynamic and steady state performance
Abstract This work presents an alternative discrete design for a h teristi det ined fits t f
Sliding Observer based on a simplified induction machine characteristics are determined bl norm of its transfer

discrete model. The rotor flux is obtained with this structure and  function including disturbance effects. In this work we applied
applied to a Direct Field Oriented Control. A robust design @ simplified discrete design method to obtain the discrete

method for the choice of the observer gain matrix is also applied Sliding Observer. This method, on the other hand, consists in
to this structure in order to improve the estimation error obtaining the time-variant discrete machine model and then
convergence. A Direct Field Oriented Control in an electrical writing observers equations from these discrete machine
drive system and the controller performance with the Sliding equations.
]E)bse:;]/er ar? tfs_te?'d Some etxperlmetntal resﬁ!tsh are f_obtat|rr11ed In this paper the performance of proposed ideas is tested in
from these electrical drive system prototype which confirm the o \qient and steady state conditions. Some experimental
ideas presented. . . . .

results, are obtained in a 2 HP electrical drive prototype, are

used to evaluate the performance of Sliding Observer. The

I. INTRODUCTION . . ; L
Direct Field Oriented Control System with discrete structure

] is also tested.
In the last three decades the Slide Mode Theory has been

studied and its results applied to control of power converters || |INDUCTION MACHINE DISCRETE MODEL
and electrical machines. Due to its fast response and

robustness it has shown to be very interesting in those kind otl_h idealized d . hi . . .
plant. On the other hand, the Direct Method of Field Oriented € ldealze ynamic machine equations in matnx
Control for induction motor drives, proposed by Blaschke jotation, in alq0 stationary reference frame are given by
1972, presents fast torque and speed response. However, as it

is well known, the Direct Orientation needs a reliable flux PA, =V, L @
information, concerning both flux magnitude and position. PA, =-ri +JwA,

For this reason, great efforts have been made in last decades -1 i ;

. . . \ Ao=Li+L |, @
in order to obtain the machine flux. Several studies can be N

found in this field, [1, 3, 4, 5, 11].
Taking into consideration Slide Mode and Field o o _ O -10 @)

Orientation Theories, Sliding Observers were recently I= %) 1% J= % OE

proposed [8, 9]. They are simpler than other topologies ancg] . . .

have shown to behave satisfactorily well, if it is compared fgnerevs, 1 the stator voltagd, andi, are stator and r otor

classical models [6]. In all the cases, associated %Jrr.ents and\s and A, are stator and rotor fluxes, all in the

technological advances in digital signal processing, samplgtgtionary reference frame, andr, are the stator and rotor

data implementation of power converter and electricagsistances andv, is rotor speed.L, L, and., are the

machine controllers has become very common nowadays. diator, rotor and mutual inductances.

this kind of implementation, dynamic equations are supposedafiter some rearrangement these machine dynamic

to be in a discrete time state space. In the estimation mogdglations and their state matrixes can be written as:
literature a common design procedure consist of two steps:

Fjrst, .cor!tinuous time es_timator equa?ions are obtained, then PA, = —ar\  +CrA +v,
dicretization of the continuous equations is developed. For

s 4
this purpose is frequently applied one of two discretization

pA, = cr), +(Jw, = br A,

methods: Foward Euler and Exact Matrix Exponential. The 3 arl crl 0 o0 ®)
first method presents poor performance and instability and A(t): Dcrl (Ju) —brl )D e B(t): % |D
acceptable results are obtained only with very short sampling Ehs O .
periods [10]. The second method, on the other hand, is T 0 00 (6)

difficult to apply in the full-order observer discretizations, and u= [Vsd Vi 0 O] 0= E) OE
requires excessive increase in the computational time [10].

The Sliding Observer presented in this work is based on
disturbance rejection capability and convergence rate of



where a=1/0l, b=1/0oL, e c=L /oLL, e A(k +1) = FA(k) +Gu(k)
o=1-12/(LL)).

(19)
F=[o+ra] e G=[G, q (20)

The induction machine discrete model presented here is
obtained as an adaptation of the ideas in [10], in a stationawkich, after a combination of (19) with (2) allow us to write:
reference frame. The design consist of a decomposition of the

matrix A(t) in two matrixesA. andA,, such ad\(t) = A + A.. 0, (k +1) 0 [F, Fabms(k) 0 6,0 1)
The matrixesA. andA, are respectively a constant and a time %\ K+ 1 B: %\ ot SE‘ D/s(k)
variant matrixes: E ba E o[
where
_ farl crd O _ 0 @ Fo=®, _arsru_(Lzrn /oL L r)(R r/L r)rzz (22)
=0 _blmeﬁu—% Jeo O
e, rlg @, Fo, =¢[®, ~ @, +(R /L),
By definition of vectoru, which represents voltage drops N Lm(R’ ! L’)r22
due to the current across the stator and rotor resistances, thesd~,, = ®,, —(Rr / Lr)l'22
matrixes and (4), (5) and (6) lead us to following equation: G =a
a 11
pA = AA+BU ®) G,=0
where\ = [)\TS )\T,]T :
_ Ill. THE SLIDING OBSERVER
u=u, +u
' C)
and The Sliding observer has a different topology from the
_ _ ) ) _ T classical ones [1, 11] because it is a non-linear model based
u =AA= [_ Riy —RJig, -Rj, —RI rq] (19 on slide Mode Theory [2]in this model a non-linear

corrective termKsign(¢) is added to machine equations and
If we assume the rotor speed constant over an intervaligfs given by:
length T the matrixA, can be taken as piecewise constant.

Since we also assume a zero-order-hold sampling in the input NP
o, we will obtain from (8), (9) and (10) the machine discrete A“' +A 2)\ * B s+ Ksigr(i, =i 23
model in stationary frame as: p)\ = Alls + AZJ\ - KL3|gr(| -i.)
)\(k+1)=q))\(k)+ra(k) (11) Where rS’Ers-'-rrl‘zm /Lzr’wbr E(rr / Lr) _‘J wr
ulk) =utk)+AAlk 12 =L A=t A=l A=, B =
(k)= (k) + AN @ A=A e, A A0, 8
w=evs ou o= 2L (19 K=K +K,J, L=l +L)
00 @,0
o 00 andg is the sliding hiperplane given by:
r _ %’TSeA\,r d[%B ou r - D 11 = D (14)
° 00 .0
where g=[e, &] =(i.-i.)=0 (24)
@, =1 (15)
®,, = COS(@rTs)l +sin((,orTs)J (16) The sufficient conditions that guarantee existence of sliding
mode are:
r,=T.
11 s 17 - .
4 £8,<0 | £F,<0 @)
_sin(w, T,) oL coqw,T,) ] 18)
22 w w

r r They are satisfied i;+K, < -Apax aNAK1-Ky < -Apax

Then, the substitution of (12) in (11), shows that:



Amax :ma>{ax|zl|+A1 a}(|£2|+A2] (26)

R = (28)
R R a —Loa+wp a
Alzboundof{|Z1|+ cx|>\m—>\rd +c1)\,q—>\rq} L =okbg L E
N N L, O ELE +(oo )2 O
A, =bound of{|Zz|+ cx|)\rd + 4)\ . —)\rq} A oo g
r r w oLL, O O
=— c=—",d=—",¢e= ,Dw =
& oL,’ " eL 3 L, [Z Z] o B-w,a U
_oLL, 0L 0
. . . . L, = L f U
The Sliding Observer is represented in block diagram form m Il 0+ (w )2 a
as in the Figure 1. L O “H
i,
i V.ROTOR FLUX FIELD ORIENTED CONTROL SYSTEM
- The corresponding machine equations to current fed
F} . induction motor are:
Vg B ﬂb 4 L
{0} 4 .[ ¢ 01 d M . (29)
* D_+_ = st
R o dtg " T,
A, Alz} ?L" M (30)
— 0 1| =
o RS T (o o = M,
| (31)
('0."_ __________ Te = EBM)\r Isy
221,

Figure 1 Block Diagram of the Sliding Observer

whereis, andisy are flux oriented direct axis and quadrature
The Discrete Sliding Observer can be written when th@XIS Stator currents.

linear corrective termsKsign(¢) and LKsign(§) are added  These equations show the rotor flux dependence to the

to discrete machine equations (21) which then become: dlrgct axis current and electromagnetic torque .to qu'adrgture
axis current. The rotor flux control applies in its
implementation these stator current components as shown in
EX(3 +1)D [F., F.0, (k)D [G.0 Ok O Figure 2.
5 s % (k)+ 1y @lgr(i)
(k + 1)@ ba bb (k)
AC Power Supply
IV. DESIGN METHOD % é %
The gain choice design method for the Sliding Observer in Acime
this work was proposed in [8]. The observer design must be Current Controller ‘
following some steps described in [5]. This method is based HH
on disturbance rejection capability and convergence rate of P % eimac
estimation error. It was developed to the Sliding Observer, but il n

it is also applicable to other classical reduced order observers
as shown in [6].

The Sliding Observer error dynamic, including the
disturbance effect is given by:

>

Observer e V Isa DC Machine
g |ABe
ap isb . Bl cC _a

é2 :( A&z + LA12)92+ Fo (27) “”

Induction

IMachine

Tachometer

Figure 2 Rotor Flux Direct Oriented Control System.



VI. EXPERIMENTAL RESULTS remember that observed current equations depend on the
observed flux equation.

This section presents practical results. The observers wer
implemented in a discrete time state space data system. Tt
discrete sliding model were designed using the machine
discrete model specially developed to this observer. The
observer was implemented in field orientated control as
shown in Figure 2, with a current controller using PWM [
inverter.

5 Direct Axis Current [A]

-5
Quadrature Axis Current [A]

10

A. Transient and Stead State Results

An AC electrical drive system with a IGBT inverter, a
system based on PC Pentium 133 MHz and an acquisitior
board - Advantec PCL 818, as Figure 3, were developed tc L S S
the control and the observer implementation. The algorithms oo 0.5 Lo 15 20 20
were written with BORLAND C software version 3.1. A 4.0
kHz sample rate and 300 V dc voltage were used to obtain the
experimental results. The flux and speed references are 0.5
Wb and 150 elec. rad./sec, and the observer poles were -
a+jB= -15.2+jw. The gains of the PI controllers in direct Flux [Wb]
field orientation were chosen by the dynamic machine °°
equations by pole/zero cancellation method. This gains we . -3
then tuned in simulation and in real plant.

Figure 4 Stepped up and speed reversion.
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Figure 3 Block Diagram AC drive system for IM. .
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The induction motor was submitted to two transient
conditions: the step up with speed reversion and a squai ' ’ ' I ~
wave torque command. The first transient condition appez- Speed [ele.rad./s]
in Figure 4 and Figure 5; then the second transient conditi |
will appear in Figure 6, Figure 7 and Figure 8. 1 !

In the Figure 5, initially the machine with the observer an  **°7 W,
control were stepped up from 0 to 150 elec. rad./sec. Sol 1 | W,
time after the machine with the observer and control is spe o :
reversed from 150 to -150 elec. rad./sec. The Figure 4 sha 1
real and observed axis stator currents and real and observe ... ]
g axis stator currents respectively, in the same interval 1
Figure 5. We note in the last picture that, bdthand g

observed currents follow andq real currents. It is important ofe "ol TN TN TR t ‘ []
ime [s




Figure 5 Stepped up and speed reversion

The Figures 6, 7 and 8 were obtained when the inductic
machine was submitted to a square wave torque command
the Figure 6, the flux magnitude, the reference and estimat
torque, and speed are presented. In this case, the sp
behaves like a triangular wave which goes from a positive tc
negative value. The torque x speed characteristic, and dir
flux x quadrature flux are also shown in the Figures 7 and
respectively.
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Figure 6 Square wave torque command.
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Figure 7 Square wave torque command. Torque x Speed
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Figure 8 Square wave torque - Direct Flux X Quadrature Flux.

VIl. CONCLUSIONS

This work presented an alternative discrete design for a
Sliding Observer based on a simplified induction machine
discrete model. The proposed structure has as advantage a
short implementation requirements, if it is compared to other
structures which requires excessive computational time. That
can be confirmed by its computational cost as presented in
[6]. A Evaluation Methods to this and others observers were
also studied to analyze the observer performance in [6]. The
Gain Design Method was presented to obtain the a good
dynamic performance and fast prediction error convergence.
The experimental results confirm the validity of the above
ideas, and the Discrete Sliding Observer together with the
direct field control and the gain method showed behave
satisfactorily in transient conditions and in low speed region.
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X.APPENDICES

Induction Machine: 2HP 220/380V, 1720 rpm
r=4.08 Ohms;,=4.87 Ohms;

Ls=10.4 mH; L=18.5 mH; L,=254.0 mH;
J=0.0045 kg.rh





