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Vi/f1 with slip compensation with motion
sensors or sensoreless;

Vector control (VC) or direct torque and flux
(DTFC) or feedback linearization control (FLC)
with motion sensors or sensoreless.
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AP - air-gapflux; A - statorflux and.* - rotor flux.

7_\,m:|_m'(i_s+i_r) Xs:LSi_s‘FLmi_r; 7_\,r:|_ri_r+|_mi_s
Vector control could be performedwith respectto any of theseflux
spacephasorsby attachingthe referencesystend axisto therespective
flux linkagespacephasordirection and by keepingits amplitudeunder
surveillance



SHlop Jyos

(motoring)

Figure9.l
_ o General
i, (generating’ flux
'g Oy rotor axis orientation
] > axis
Ber
T = 3 Phnd i a =15SINS,, ay,,
2 DA . a“']fo

For motoring T >0 (for ®>0) for 6,,>0 and thus
generating 1s obtained with §,,<0. In other words, for
direct (trigonometric) motion, the stator current l|eads
the general flux for motoring and lags it for generating.
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Figure9.2 General current decoupling network
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Figure9.3. Current decoupling network in rotor flux orientation
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The currentnetworkis a feedforward(indirect) methodto

produceflux orientation It presupposes knowledge of

machineparametersand an on-line computationeffort (in

DSP implementation) commensurableto the current
decouplingnetwork This is why indirect vector control is

mostadequatewith rotor flux orientation
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*(VECTOR CURRENT DECOUPLING
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As seen above the indirect current decoupling is either
complicated (for stator flux orientation) or (and) strongly
parameterdependentor rotor flux orientation To circumvent
this difficulty the currentdecouplingmay be performedthrough
direct closedloop control of flux and torque, basedon their

calculation through observersto produce the corresponding
feedbackfigure 9.5).
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Figure9.5. Direct (feedback) current decoupling with general flux orientatien



CONTROLLERS
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throughAC currentcontrollers
throughDC (synchronousgurrentcontrollers

In any case Park transformation is required:

[P( )] 2 COSeeer _ Ya) Coséeer —Yat 2_37[) COSeeer —Ya— 2_37[)
eer TY =5
3

Sin(_eer — Ya) Sin(_eer —Yat 2—37[) Sin(_eer —Ya~ 2—375)



AC VERSUS DC CURRENT
CONTROLLERS

la ) ac.

—’x;na Currel?t —”iéfa ™ \Lj- current T)[\
decoupling | (PO, + *)]-1 Ib O .
network " r ™ Va - -/ controller‘/
Te | fe92 iga ) PWM
&7 Current source
o * ! inverter
fig.9.5. Ta _
la
Ib
8 L from
er | speed
A' P sensor the

motor

0s1t10n
| p [P

sensor

Figure9.6. Indirect (or direct) vector current control with AQrrentcontrollers
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eer+Ya* T

Figure9.7. Indirect (or direct) vector current control with DC
(synchronous) current controllers
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VOLTAGE DECOUPLING
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VOLTAGE DECOUPLING
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calculator
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Figure9.8. Voltage decoupling network for general flux orientation



VOLTAGE DECOUPLING

oIt shouldbe noticedthat the voltagedecouplingnetwork getssimplified
only in statorflux orientationwhena=L JL , and
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Figure9.1Q Indirect (or direct) combined vector voltage and DC current
control in general flux orientation (combined voltagerent vector control)
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Table9.1 Summary of most appropriate strategies of vector control for
Induction motors

Flux Current | Voltage | Indirect| Direct | Constant power
orientation| control |and DC | methods| methods | speed range

current
AC| DC | control small | large
rotor flux | X | XX | XX XX XXX XXX XX
stator flux X | XXX XX XXX
airgap flux| X X X

X- satisfactory; XX good; XXX- very good.
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OPEN LOOP FLUX OBSERVERS
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OPEN LOOP FLUX OBSERVERS
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Figure9.30 Current control open loop flux observer



OPEN LOOP FLUX OBSERVERS

Wyl sy
sy 32|y

o Two coordinate transformations -one for

current and other for rotor flux- are
required to produce results 1n stator
coordinates. This time the observer works
even at zero frequency but 1s very
sensitive to the detuning of parameters T,
and L. due to temperature and magnetic

saturation variation. Besides, 1t requires a
rotor speed or position sensor.




CLOSED LOOP FLUX OBSERVERS
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Figure9.31 Close loop voltage and current model rotor flux observer



FLUX AND SPEED OBSERVERS IN
SENSORLESS DRIVES
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A. Speecdkstimators

B. ModelreferenceadaptivesystemgMRAS)

C. Luenbergespeedbservers

D. Kalmanfilters

E. Rotorslotripple
With the exceptionof rotor slot ripple all the othermethodsmply the
presencef flux observerso calculatethe motorspeed



DIRECT TORQUE AND FLUX
CONTROL (DTFCO)
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a.)
Figure9.41; a) Direct vector current control



DIRECT TORQUE AND FLUX
CONTROL (DTFCO)
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b.)
Figure9.41; b) DTFC control

As seenfrom figure 9.41 DTFC is a kind of direct vector DC (synchronous)
currentcontrol



DIRECT TORQUE AND FLUX
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DIRECT TORQUE AND FLUX
CONTROL (DTFC)
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0

In essencdhe torqueerror e; may be cancelledby stator
flux acceleratioror decelerationTo reducethe flux errors,
the flux trajectories will be driven along appropriate
voltage vectors(9.118) that increaseor decreasdhe flux

amplitude



DIRECT TORQUE AND FLUX
CONTROL (DTFCO)
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b.)

Figure9.42; a) Stator flux spagehasottrajectory, b) Selecting the
adequate voltage vector in the first sect8f{to +3(°)



DIRECT TORQUE AND FLUX
CONTROL (DTFCO)

~T Alge, Then K=1
If 0<AAL=<e, and d\L/dt>0 Then K =0
If 0<AA=e, and d\AL/dt<O Then K =1
If -e,<AAL<0and d\AJ/dt>0 Then K =-1
If -&,<AAL<0and d\AJ/dt<0 Then K =0
If AL<-e, Then K =-1

PL=Te-T,, PI=3—3

If AT ,>e; Then K=1

If -e; <AT_ <e; anddAT,/dt>0 Then K=-1
If -e; <AT_ <e; anddAT,/dt<0 Then K=1
If AT <-e; Then K=-1



DIRECT TORQUE AND FLUX
CONTROL (DTFCO)
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The complete table of optimal switching, TOS, is shown in t@lde

Table9.2 Basic voltage vector selection for DTFC
04(1) 05(1) | 64(2) | 65(3) | B5(4) | 64(5) | 65(6)
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