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Abstract—In this paper an adaptive rotor flux observer is
developed. This observer performs a real-time corréon of the
mutual inductance and rotor resistance of the motowsing data
from the DC-link voltage sensor, the inverter stateand the phase
current and position sensors. The observer compareshe
behavior of two independent observers (sensorlesadsensored
observers) in order to correct the parameters of th sensored
observer. The adaptation algorithm corrects the mutal
inductance, which can vary due to change of the magtization
current, and the rotor resistance, which can changedue to
variation of the rotor temperature. Computer simulation results
are presented to validate the proposed method.

Index Terms—Digital control, Induction  motors,
Microcontrollers, Motion control, Observers, Variable speed
drives.

I.  INTRODUCTION

Flux vector control system provides most rapid pretise
control of the motor torque for AC electric drivids 2]. They
are implemented for various motors like inductiomton,
permanent magnet synchronous machine,
reluctance machine, and other. The main principléne flux
vector or field oriented control regardless of thetor type is
to find the flux position and control the quadratwurrent
which usually is proportional to the produced targiihus,
the flux is controlled by the D-axis current ané tiorque is
controlled by the Q-axis current.
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modes vary flux linkage, thus the motor moves ajfrantn
saturation knee (see Fig.la), and the mutual iadce
changes (see Fig. 1b). This change of the mutuhictance
affects to the rotor inductance and consequentithéorotor
time constant. The rotor resistance changes wigh rdtor
temperature, also affecting to the rotor time camist

II. ROTORFLUX LINKAGE OBSERVERS

A Sensored Observer

The sensored observer is based on the rotor eqaatib
the induction machine. The reference frames forotbserver
may vary depending on type of the sensor on the@mnsbtaft.
If it is incremental position encoder it is better use rotor
reference frames. If tachogenerator is used theorsta
reference frames are preferable. The rotor fluxadge
reference frames can be used for both types afehsor. The
various structures of this observer for speed aositipn

synchronfegdbacks are shown in Fig. 2. The rotor equatianthe

rotor flux linkage reference frame are
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The position of the flux can be estimated by direétherei, andi,, are the rotor currentsp,, and g,, are the

measurement of the field in the gap of the motom®@ans of
Hall-sensors [3] or by indirect estimation by mearfisflux

observers [2]. The direct measurement requires exiaip
motor design, thus it is more expensive. Most otlera field

oriented control systems use more cheap indireak fl

estimation. There are various types of the flux eobasrs
based on different principles such as sliding mobservers
(SMO), Kalman filters, model reference adaptive tsys
(MRAS) and others [4]. The main task of all thesetimds is
to improve the accuracy of the rotor flux linkagstimation.

But only very few of these methods adapt the patarseof
the model to avoid estimation error [5, 6, 7], alde

mathematical methods that they used are often ¢oaptex.

This paper deals with a simple method for the rogésistance
and mutual inductance estimation.

The estimation of mutual inductance is neededdfdhive
operates in the field weakening mode or an enesyng
control strategy using a decreased rotor flux. €rggeration

rotor flux linkage, w is the rotor speed ang,, is the speed

of the rotor flux linkage. Assuming that in the aotflux
linkage reference frame the Q component of ther ribtix is
equal to zero, equations (1) can be simplified to:
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Fig. 1. Flux linkage (a) and inductance (b) vs. n&iation current
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The rotor currents can be expressed from the statoents
and the rotor flux:

i g = LIer - LI’T'IISd
: : r
qud = Lm-lsd + Lr-lrd = .Lr . (3)
Wrg = Linigg + Lriyg I
irq _—Lr
And after substitution of (3) into (2) it gives:
. dy
Liisg = Wyg + T, —2;
m'sd qud r dt (4)
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and the structure depicted in Fig. 2.

This observer gives precise estimation of the rdhox
linkage and its angular position if all the obsergarameters
are equal to the actual motor parameters. It gfass and
accurate estimations independent of the operafieed So,
the accuracy of this observer mainly depends oraticgiracy
of the motor parameters. Unfortunately, these wfiange
from motor to motor due to constructive tolerancesd
during normal operation of the machine, e.g. due
desaturation of the machine in field weakening apien
modes or to temperature variations.

B. Sensorlessobserver

The sensorless rotor flux linkage observer is shawn
Fig. 3. It uses the stator voltage references #atdrscurrents
to estimate the rotor flux linkage. The stator eipues of the
induction motor in the stationary reference frames a
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The stator flux linkage can be expressed like:
Pg = Lol + Lilrp,
and the rotor current from:
D Yo — Lmiscx
LIJI’G = Lmlscx + Lrira h Lr
L R o (1)
Wrp = Ll + Lilig - g~ Lol

B~ L
.

After substitution of (7) into (6) and (5) it givethe
following equations for the rotor flux linkage olpger:

. di L, dy
Ug Tig R +Lo—2+ 0 —&,
A N T dt L dt ®
di L dy
Ug ZigR +Lo—2+ - m TF
s =leR Loy, L, dt
2
where 0 =1-—"- is the global leakage coefficient of the
ST
fgotor.

The structure of the rotor flux linkage observesludes a
sliding mode observer for terms in the right pdr(&). The
rotor flux linkage can be evaluated by integratioh the
sliding observer output. However, this requires arep
integration which results in drift problem. Thusetpure
integrator should be combined with the high-pa#terfito
supress the DC offset. The high-pass filter assednbith the
integrator gives the first order link.

This observer cannot operate at low and zero splaetdis
gives good accuracy on high speeds and is lessndept
from the motor parameters than the sensored olbrserve
Another problem is that it has some low frequency
oscillations in its output values which results torque
ripples. Therefore, this observer is not desirdblecontrol
but it can be used for correction of the sensorbsenver
parameters in real-time.
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Fig. 2. Sensored rotor flux linkage observers:far-speed feedback signal; brig. 3. Sensorless rotor flux linkage observer
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Ill. ALGORITHM FORCORRECTION OF THEOBSERVER V. MODEL SIMULATION

PARAMETERS . . . .
An electric drive model was developed for simulatio

The loci of the sensored and sensorless rotor lfhlkage MATLAB Simulink. The model includes inverter, indian
estimations are shown in Fig. 4. The amplitudethefvectors motor, and control system. Inverter model includead-time
are different, there is a phase shift, and theecesftthe locus and voltage drop in the switches and diodes. Iridnghotor
for sensorless observer can be displaced form thiet pf model includes the magnetization curve which modkés
origin during transients in torque and speed duienfmact of dependence between the mutual inductance and the

the high-pass filter and integration errors. magnetization current
The mutual inductance and rotor resistance aftbéetsotor i = \/(I +i )2 +(i +i )2 )
time constant, while the amplitude of the flux kge mainly m By $ B

depends on mutual inductance. Thus, the differemce The electric drive model is written in C language ke
amplitudes can be used to correct the value ofntiéual compiled into MEX-file for Simulink. Integrationep size is
inductance, and the difference in phase angleseamsed to 1/150000000s. This frequency corresponds to target
correct the value of the rotor resistance. microcontroller frequency 150 MHz. The motor andeirier
The adaptive observer structure is presented inFighe Models are calculated for each simulation step. t@bn
sensored observer uses the measured currents aad ep fsystem is performed at 16 kHz, ,Wh'Chd'S equal to NPW
rotor position to estimate the rotor flux linkagestationary Te€dquéncy. ADC quantization (12 bits) and nois¢-§B) are

reference frame. The sensorless observer uses ditege simulated. The inverter and motor models use double
references and measured currents to estimate tbe flox Precision (.64 bit) flqatmg pom_t and control systeuses
linkage in the rotor flux reference frame. To comgpaoth smngiJe Fgescri)l\c/)vg (?hzebg?ﬁzilér;@:tgétween the real métor
'?hs:n(]:it:)cigfngt]: st?;r;s;gerﬁ]oglsggl\:er_lflhuex Zg':gg?rzrﬂm’s;?golinkage (thin blue line), the sensored observeimegion

. . . (purple dot-dashed line) and the sensorless ohserve
observer are used in the field oriented controtesys The agtimation (green dashed line). Motor is running vif-

difference between amplitudes and angles are toeseo the onstant mode at a speed of 3500 rad/s and witdl fagd.

provide the estimations of these parameters. Findhe L, and R. The error between the real and model motor
estimated values are used to recalculate the pteesraf the

i = =159
sensored and sensorless observers. The differesigeedn PATaMeters Is set (@R =Ly, =15%. The bottom plot

both flux linkage estimations should be zero if thedel and Shows waveforms for the case of correct model pararrs.
the actual motor parameters are equal. It is seen from Fig. 6 that the sensorless obsdsvaruch

more accurate than the sensored one, when runnitig w
“qJ incorrect parameters and it's possible to usestsmation as
g a reference for the sensored observer correction.
The adaptive observer was tested on a model. Tive dr
n was operated with field oriented control systeme Thodel
[ Snsored parameters were set with the errold, =20% and
OR =10%. These values were corrected in a real-time. The
—> motor reached the speed of 3500 rad/s with ratephéo
Wrg Fig. 7 and Fig. 8 show the result of the mutualictdnce
and the rotor resistance correction respectivelye blue
dashed curve in Fig. 7 shows the real mutual irahed of
the motor. It can be seen that the motor goes Baturation
knee during acceleration when the field weakeniegian
starts. The red curve is the model mutual induaanbich
Fig. 4. Loci of the rotor flux linkage estimations tracks the change of the motor inductance. The gvlet
with the pink curve shows the change of the emd¥ito the
to FOC syster actual value. The same plots for the rotor reststan
estimation process can be seen in Fig. 8. Theitraa¥f the
. motor parameters is done with the error less tianfer the
observer Tl / 6 R controller j mutual inductance and less than 2% for the rotsist@nce.
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The response and stability of this adaptive observe
i —>] b depends on the tuning of thg- andR.-controllers. BothL,
Jsajsebnso"es 3 parf‘mlett‘?rs andR, outputs of the observer should be limited to reabte
| observer s recalcuralion iq range for the particular motor. In other way cohsgstem
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Fig. 5. Adaptive observer structure and Fig. 8
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V. CONCLUSIONS

An adaptive rotor flux linkage observer for inductimotor
drive control system has been proposed in this pdpés
applicable for the field oriented control systenssng speed
or position sensors, and provides accurate esbmaif the
rotor flux linkage for the whole speed range unadasonable
deviation of the motor parameters due to saturasind/or
temperature changes.

The considered observer can be implemented on moder
DSP-microcontrollers like TMS320F28xxx family. karrent
implementation is done in a single precision flogtpoint.
The sensorless part should be executed in ADCrugetwo
or four times per PWM cycle and its sensored paoukl be
executed in the same interrupt with the currentrodiers.

The tracked rotor resistance can be used not omly f
accurate estimation of the flux, but for indirectasurement
of the rotor temperature. This can be used for ntla¢r

Fig. 6. Comparison of the estimations provided Hhe tsensored and protection of the motor.
sensorless observers with incorrect and correcehpatameters
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Fig. 7. Mutual inductance correction. Initial erisr20%. Correction starts at
0.4 s, when the magnetization of the motor is ffietés The field weakening

mode starts at 3.1 s.
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Fig. 8. Rotor resistance correction. Initial errerl0%. Correction starts at

0.5 s. The rotor heat-up process is simulated frdrs.

Experimental verification of the proposed methoslsiri
progress.
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