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1. INTRODUCTION

With development of DSPs and power electronic tetdgies, many novel control strategies can be
easily applied in electrical machines drives [8].

The variable structure control using sliding modss tattracted many researchers and made an
important development for the control of electriaabchinery, because it can offer good properties
[8][10][12]: good performance against unmolded dyi@ robustness to parameter variations and externa
disturbances, and fast dynamic response.

Generally, in some application of induction moteivd systems using SMC, “two-loop control”
strategy is applied in speed drive system. An elaigp speed controller that employs SMC strategiyh w
integral sliding surface , and an inner-loop vecontroller based on SMC regulator too .the ainvexftor
control is to enable decoupling control of torque #lux as separated excite DC motor .

The vector control of induction motor require theolwledge of rotor speed and stator current
measurement .however speed sensor cannot be monrgeche cases due to their high cost , exit diffies
in maintaining this speed sensors ,and make themysasy be disturbed . Several field-orientedrobn
methods without speed sensors have been proposet: & them can be applied only to the indiredtfie
oriented control and some to the direct field-aiégincontrol, and stability has not been explainiedrty. In
addition, some methods are unstable in a low spegidn

This study presents a sensorless decoupling costleéme. A description of model and field
oriented motor is presented in section Il. A spestimation algorithm is reported in section-Il, ian
overcomes the necessity of the speed sensor. Anglichode control is discussed in section-1V, to
compensate the uncertainties that are preseneigystem. The experimental results in section-Mastiee
validity of the proposed scheme, and we end withreclusion and some remarks in section-VI
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2. MATHEMATICAL MODEL AND VECTOR CONTROLLED IM DRIVE

One particular approach for the control of induetiotor is the field oriented control (FOC). This
control strategy is based on the orientation offtine on the d axis, which can be expressed by idenisg
[14]

@ =R andngq =C (1)

With field orientation the dynamic equations ofatet current components, rotor flux and
electromagnetic torque are given by:
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where,L ,L, andl are the rotor, stator and mutual inductances, rtisjedy, R and R, are respectively
rotor and stator resistances
QJ; is the synchronous speed (electrical) in rad/s

@ is rotor speed (mechanical) in rad/s
Vds and Vqs are d- and g-axis components of statitaige

2
o =1-—" s the leakage coefficient
STr
For the flux oriented control, we have two appraachThe first is known as indirect flux oriented
control. While, the second is named as direct @iuented control. For the IRFOC, the rotor flux tacis
aligned with d axis and setting the rotor flux #® ¢onstant and equal to the rated rotor flux. Basethese
conditions, we establish the d and q axis volt&gkile for the DRFOC, the d and q axis rotor fluxshbe
known and they will be regulated so that the d aaisr flux will be equal to the rated rotor flundthe g
axis rotor flux will be equal to zero.

3. SPEED ESTIMATION USING ROTOR FLUX OBSERVER

Many schemes have been developed to estimate rapémd from measured terminal quantities.
Most of these estimation techniques are based apti@é system. In order to obtain a better estiomatif
the motor speed, it is necessary to have dynamiesentation based on the stationar$) reference frame
[7]. Since motor voltages and currents are measuwredstationary frame, it is also convenient tpress

these equations in stationatyf}) reference frame

3.1. Full Order Observer of Induction Motor:
The state observer, which estimates the statoewcuand the rotor flux together, is written as the
following equation [17]:

O O

. ol
d | A s |, (1/oLy)l VS+G(i5—iDS) ©)
dt| Y o 0

@ @

IJPEDS Vol. 2, No. 3, September 2012 : 277 — 284



IJPEDS ISSN: 2088-8694 a 279

where:

O
I —yl ST, —w: J,)

(LT =(1/T, - 3)
. . . T
|S=[|0,S |ﬂS] stator curren1,¢g:[¢m %]T rotor flux
1 0 0o -
vV, =| Vv, V| Stator voltag: |= =
2 2
T :i ’0-:1 Lm 5— Lm —_ RS + Rer

R LL C oLy Yol oL

Where * means the estimated values and G is thenarsgain matrix which is decided so that (6) ban
stable. It is important to note that the estimaeeled is considered as a parameter in

3.2. Adaptive Schemefor Speed Estimation

The scheme consists of two models; reference aju$tatile ones and an adaptation mechanism.
The "reference model" represents the Real systdma. &djustable model" represents the observer wit
adjustable parameters. The "adaptation mechanismsists of a Pl-type of controller which estimaties
unknown parameter using the error between the eefer and the adjustable models and updates the
adjustable model with the estimated parameter gatisfactory performance is achieved. The conétion
is given in Figure 1 [2].
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Figure 1. Adaptive scheme for speed estimation

The induction motor speed observer equation isrgbse[1]:

O O O O O
CL{ :Kp(giaq)rﬂ _‘E}ﬂWa)-'- Kj(qaq)rﬁ _‘gﬁq% a)dt (7)
- .D - - D
Where &, =l,s 7lys » Eip =l g 45

Kp and K, is the arbitrary positive gain [15]-[17].

4. SLIDING-MODE CONTROL
According to the above analysis, the speed cordfolhe field oriented induction motor with
current-regulated PWM drive system can be reasgnmapresented by the block diagram shown in FiQure
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Figure 2. Overall induction motor control scheme

4.1. Speed Control
We define the error speed

ezw -w (8)
Wherew denotes the reference speed. Furthermore foramnsferenc speed
e=-w )
The speed switching surface is desigas [8][14]
S, = [e+(kg- W[ @r]=0 (10)
f 3
Where: m=—— g=—%¢r
J 2 JL,
| is a positive constant ark is choserso that (kg — ) is positive. The output of the SLM spe
controller, reference curreii&, is given by
L . m .
I, =ke+Asign ) -—w (11)
g

A is designed athe upper bound of uncertainties and disturbe

sign(.) is a sign function defineas
sign(S) = +1 if S>0
IMI =11 i s<o

The SMC speed controller given §(11) will result in control chattering, which in many ik
applications is undesirable [13]o reduce chattering of the SMC controller, we aeplthe switching conti

12)

. S
(sign(.)) in (11) by its smoadt approximatior( Asat(—) ) and obtain the speed controller as foll
£

i, =ke+ A sa’(i) -My (13)
€ 9

Where € is a positive constant representing boundarylayer set for the switching surfa
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+1 if S&
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4.2. Current Control
We define the error of direct and quadratic currespectively as:

&=l "y
S (15)
&=l Tl

The switching surfaces of two currents (direct goddratic) are designed:as

S, =i —i
S (16)
S, =k~
The outputs of SMC currents controllers, referemdealgevsd and Vsq respectively are given by:
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where Kd and KG| are positive gain which respect condition of cageace .

5. EXPERIMENTAL RESULTS
In this section the proposed overall closed-looptmd system including the speed observer has

been tested experimentally on a suitable test 4&tigp3). The test setup consists of the following

* Three-phase induction motor with rated values shiosvappendix;

*  Synchronous machine for loading the inductionanot

« Electronic power converter: three-phase dioddifiec and VSI composed of three IGBT modules
without any control system;

« Electronic card with voltage sensors (model LEM 25-P) and current sensors (model LEM LA 55-P)
for monitoring the instantaneous values of theostghase voltages and currents;

e Voltage sensor (model LEM CV3-1000) for monitgrithe instantaneous value of the dc-link voltage;

« Incremental encoder (model RS 256-499, 2500 pyise round), only for comparison measurements;

e« DSpace card (model DS1104) with a PowerPC 604408t MHz and a fixed-point digital signal
processor (DSP) TMS320F240

Figure 4 shows the behavior of the induction matodifferent values of speeds with load torque
T,= 0. It can be seen that the proposed SMC contioéree has a fast response time, a good tracking
performance.

We note that the real and the estimated speedaaame behavior. This means that even during the
speed transients the adaptive observer can trackpbed command accurately. It also important totiore
that the estimated speed coincides exactly withsgsed at low speed region (Figure 5)

Figure 6 is speed error between estimated andergfervalues. From Fig. 6 we can see that the
estimated rotor speed approaches the actual valled. means the observer system has good estimation
accuracy even in low speed region and satisfiesamurests completely.

The Figure 7 and Figure 8 depict the trajectoriethe quadratic and direct current (Igs and Ids)
respectively. We note that the Igs and Ids refersficllow the real Igs and Ids even in transieatest

The Figure 9 and Figure 10 show the correspondirgd and Igs response. When the load torque
changed from ONm to 1.5Nm, the control scheme tgsod robustness to external load torque variation.
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Figure 6. Speed estimation error
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Figure 9. Real and estimate speed Figure 10. Quadratic current response

From these Figures, we can find that the adaptbsever follows the actual speed even in transtates.
That means the observer system has good estinsmttamacy and satisfies our requests completely

6. CONCLUSION
In this paper, a field oriented controller by ussigling mode technique has been designed for IM
drive without mechanical sensors. The major coutiiims of this study are summarized as follows:

< An adaptive interconnected observer based on MR&8ntique has been presented to estimate speed
and fluxes, where its performance has been tested.

« An FOC combined with a robust sliding mode conéwohas been proposed to achieve a good speed
tracking for IM without mechanical sensor undefatiént operating conditions, and particularly at lo
speed.

The successful application of the observer—comroicheme on an experimental set-up with a
significant sensorless control benchmark dealirty trie low frequencies case.
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